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INTRODUCTION,

Tue immediate purpose of the science of Crystal-
lography, regarded as a branch of Mineralogy, is to
teach the methods- of determining the species ‘to
which ‘a mineral belongs, from the characters-of its
crystalline forms. But the science itselfis also-capa-
ble of being rendered more extensively useful.

The crystalline forms of pharmaceutical prepara-
tions will furnish a certain test of the nature of -the
crystallised body, although it will not determine its
absolute state of purity. - In chemical analysis, the
forms of crystals will frequently supersede a more
rigorous examination of the crystallised matter; and
commercial transactions in the more precious mine-
ral productions may frequently be ‘guided by the
crystalline form, or by the character of the cleavage
planes, of those bodies.

It does not-appear in the works hitherto published
that the connection between the crystal and the mine-
ral has been any where so systematically explained as
to enable the mineralogical student readily to connect
-the one with the other.

The Abbé Haiiy’s works on crystalloo‘raphy are the
only ones in which a truly scientific exposition of the
theory of crystals is to be found ;* but by designating

* An interesting volume on Crystallization, founded on the Abbé
Hauy’s theory, was published in 1819, by Mr. Brochant de Villiers,
and will afford the reader a clear view of that theory, connected
with other interesting objects relating to the formation of crystals.
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most of their forms by separate names, he has pre-
sented those forms to the mind rather as indepen-
dent individuals, than as parts of such groups as
should render their relations to each other, and hence
their mineralogical relations, apparent.

I have been induced, therefore, to attempt such an
arrangement of the various forms of crystals, as will
indicate their constant relations to, or differences
from, each other, for the purpose of more readily re-
ferring from the crystal to the mineral; and:this ar-
rangement is contained in the Tables of Modifications
which'will be found in the following pages.*

The best illustration of the manner in which some
of the forms of crystals may be conceived to be allied
to others, is afforded by the Abbé Haiiy’s theory of
decrement. That' theory appears, however, much
‘encumbered by his adoption of two kinds of molecules,
and by the forms which he has assigned to particular
molecules of one of those kinds; in consequence of
this, I have ventured to propose a new theory, in re-
ference to several of the classes of primary forms,
which ' may in some respects be regarded as more
simple, and which forms the subject of the section
on molecules.t

* Since these tables were constructed I have leariied from Mr. Konig
of the British Museum, that he had for some time entertained an inten-
tion of framing a set of tables nearly on the same principle: and he has
shewn me a considerable number of drawmgs of the figures of crystals
which were made partly with a view to this object, yet serving at the
same time as records of many of the crystalline forms of minerals con-
tained in that rich collection, upon which his attention is so constantly
and so assiduously bestowed.

+ The theory of spherical molecules which has been entertained by
some distinguished philosophers, has not been alluded to in this treatise,
as the laws of’ decrement appeared more readily explicable on the sup-
positionof the molccules of crystals being solids contained within plane
surfaces.
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I have also attempted to supply some rules for
studying the forms of crystals, and for what may be
termed reading them ; which, although they may not
enable the ]edl ner to trace at once the relation of the
different crystalline forms to each other, they will
certainly assist him in his examination of the minerals
themselves ; and it is fronr an attentive study of these
that he must at last derive his best information,

. From the very elementary nature of some of the
deﬁmtlo'ls, it is evident that the reader of the earlier
part of the volume is supposed to be unacquainted
with the first rudiments of geometry. By being thus
elementary I have been inclined to hope that crystal-
lography may be rendered more familiar, and its prin-
ciples be more easily acquired; and that the young
collectors: of minerals may be led by these first and
easy steps in the path of science, to make their collec-
tions subservient to the cultivation of higher sources
of amusement.

The description of the principle and of the method
of using the reflective goniometer, has been wi-
nutely detailed on account of the importance of the
instrument to the practical mineralogist, and with a’
view to remove the impression of its application to
the measurement of crystals being difficult.

The Abbé Haiiy has used plane trigonometry in
his calculations of the laws of decrement. The sub-
stitution of spherical for plane trigonometry in this
volume, was made at the recommendation of Mr.
Levy; from whom I have also received many other
valuable suggestions relative to the methods of cal-
culation employed in the section on calculation;
which it will be apparent to the reader, is little more
than an outline of a method which must frequently be
filled up by the exercise of his own judgment. In
this as well as in other respects the mathematical
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part of the volume differs much from’the analytical
processes: ‘contained in the Abbé Haiiy’s more com-
prehensive works.*

- :When I first began to examine: the crystalline forms
of minerals I was much assisted by a large collection
of the drawings of crystals, which was very kindly
lent me by my friend Mr. William Phillips. The
number and, variety of the figures contained in this
collectlon was the lmmednte cause of the attempt to
reduce the forms of. crystals into classes, and of the ;
construction of the tables of modifications aheady al—
luded to. Since that period, and partlcularly durm«r'
the printing of this volume, Mr. Phillips has fre-
quentlv assisted me by his communications relative to
the forms, the cleavages, and the measurements . of
crysta]s, which I bad not other means of 1mmedxately
acquiring, .

During the course of my investigations I have fre-
quently found it necessary to consult larger collec-
tions of minerals than my own. - On these occasions
I have generally referred to my friend Mr. Heuland
and ILam bappy in the opportunity of acknowledwmcr
the,readmes}s and_the liberality with which he ‘h_“ls
invariably assisted my views, by permitting an access
at all times to his large and valuable cabinets, and
very, frequently by contributing rare and interest-
ing specimens to mine which I could not otherwise
have acquired.

1 have sometimes sought information. from the ex-
tensive cabinet in . the butlsh Museum, and have

* Mr. Levy isat present engaged in an examihation and description
of one of the finest collections of: minerals in’ the' kibgdom, ‘which be-
longs to C. H. Turner, Esq. - The opportunity which this examination
will afford him of connecting a knowledge of the forms of crystals with
his well-kuown mathemancal attainments, will enable him to convey
valuable instruction in this department of sciefice o 6thers; to which
object he intends to devote some portion of his time in future.
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always found the utmost facility afforded to research
‘by the habitual urbanity-and friendly attention of Mr.
Konig. ' And I have frequentlv heen indebted also to
‘Mr. G. B. Sowerby for illustrative specimens ofmme-
rals of unfrequent occurrence,

-

Since the committal of a considemble portion of
these pages to the hands of the compositor, und in-
deed subsequently to the printing a large part of the
volume, a new edition has appeared of 't Abbé
Hau_y s treatise on cr_ystdllowaphy, this event was
very soon followed by the decease of the learned
.author; and subsequently to his decease ‘three vo-
lumes of a new edition of his treatise on mmera]ogy
have been published :-events so intimately connected
with the subJect of this volume that I cannot well
pass them over in silence.

I am perfectly d:sposed to concur in- the public
eulogium which has’ been so deservedly passed upon
the deceased phllosopher, for having been the first
to elevate crystallograpby to the rank of a science,
and to trace out a secure path to its attainment ; but
I regret that I cannot agree in that unqudhﬁed ap-
probatlon ‘of his'recent works which some of his sur-
viving friends have so liberally bestowed upon them.
For those works will be found to contain errors of so
rémarkable a character, as to excite our surprise
when we recollect the generally accurate and enlwht'
ened judgment of the author.

Upon these, as criticism can nolonger réach the ear
of the author, I shall offer but few BAD

Orie of his sources of error may be discovered in an
apparently groundless notion which his_theory em-
braces, that nature has imposed limifs to the angles

b
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at which the primary planes of crystals incline to each
other. And some of the mistakes which: originate
from this supposition are so important, as to cast a
shade of disconfidence over his determinations relative
to the prlmary forms of crystals. :

His maccuracy with respect to the angle of carbo-
nate of lime is a well known example of one of these
theoretic errors.

His inaccurate measurements of many of the angles
of crystals, have probably been occasioned by the
comparatxvely imperfect instrument with which those
measurements were taken. That he should havecon-
tinued to prefer this, to the more perfect goniometer
invented by Dr. Wollaston, may possibly have been
owing to the decay of sight incident to his period of
life, and to that dislike to change which so frequently
accompanies advanced age.

But some of his inaccuracies are independent both
of his theory and his goniometer, and it would almost
appear that he had occasionally written from the dic-
tates of his fancy, without examining the minerals he
has described.

The resemblance he imagines to exist between the
crystals of bournonite and those of sulphuret of anti-
mony is an instance of this nature; and on some of
his figures, as those of wolfram, and some of those
_which he has still retained as stilbite, although they
belong to a distinct species of mineral to which I have
given the name of heulandite, he has placed imagi-
nary planes which have no existence on the crystals
themselves. ‘ :

His persisting in the identity of the angles of the
primary forms of carbonate of lime, bitter spar, and
carbonate of iron, if he has really been deceived by
his vomometer, evmces a carelessness in the use of
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that instrument which must still further diminish our
confidence in his results.

Dr. Wollaston in the year 1812 discovered that
these species differed from each other, and noticed
their differences in a paper published in the Philoso-
phical Transactions for that year. He found carbo-
nate of lime to measure 105°5’

Bitter spar . .04, 106°15
Carbonate of iron  107°

Notwithstanding the discovery of these facts, which’
have been so frequently verified by subsequent mea-
surements, the Abbé Haiiy has not only continued to
insist on the superior accuracy of his own measure-
ments, but discusses through several pages hoﬁw
it could have happened that the iron should have dis-
placed the lime in the crystals of carbonate of iron,
which his original error has led him to regard as pseu-
domorphous! :

With all the faults, however, which the late Abbé’s
works contain, many of which we must in justice to
his better judgment ascribe to feelings of a personal
nature, those works present to the reader truly phi-
losophical views of the sciences of which they treat,
and they cannot be perused without frequently afford-
ing him both gratification and improvement.

b2
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DEFINITIONS.

Tue object of the science of Crystallo«rraph),
regarded as a branch of mineralogy, is to trace and to
demonstrate those relations and differences between
the various crystalline forms of minerals, by means of
which we are enabled generally to discriminate the
different species of crystallized mmerals from each
other.

A crystal, in mineralogy, is any symmetrical mineral
solid, whether {ransparent or opaque, contained with-
in plane, or sometimes within curved surfaces.

These surfaces, as a, b, ¢, fig. 1., are called plancs
or faces. :

Fig. 1.

The exierior-planes of a crystal as they occur in
nature, are called its natural planes.

Crystals may sometimes ‘be split in directions
parallel to their natural planes, and frequent]y in
other directions.

The splitting -a cxystal in any direction, so as to
obtain a new plane, is termed cleavmg it, and.the
crystal is said to have:a cleaoage in the dlrectxon in
which it may be so split.

The planes produced by cleamng a crystal are. called
its cleavage planes. . Sria

An edge, as d fig. 1, is. theJme pmd;wed by lthe
meeting of tvyo‘planes.

A
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A plane angle, or as it is more commorly termed,
an angle, is formed by the meeting of any two lines
or edges. The angles doe, dog, fig. 1. are formed
by the meeting of the lities do, o'e, and do, og.

A solid angle is produced by the meeting of three or
more plane angles, as at o, fig. 1.

’

The measure, or, as it is sometimes termed, the
value of an angle, is the number of degrees, minutes,
&c. of which it consists; these bemg determined by
the portion of a circle which would be intercepted by
the two lines forming the angle, supposing the point
of their meeting to be in the centre of the circle.

For the purpose of measuring angles the circle is
divided into 360 equal parts, which are called degrees;
each degree into GO equal parts, which are called
minuteés’; ‘and each minute into 60 séconds ; ‘and these
divisions are thus déesignated; 860°, 60/, 60",—the °
signifying dégrees, the / minutes, the ” seconds ‘

* If £ of the circle, or 907, be'intercepted by the tivo
lmes &0, 0, fig. 2, which meet at an‘angle a o'd in
‘the “céntre, those lines are perpendlcular to each
other, and the angle at which they meet is said to
‘measure 90°, and'is terined a right angle.

If less than I of the circle be so intercepted, as by
‘the liries 0 b, o c, the'angle &0 ¢ will médsure less than
90°, and is sald to be acute. If it meéasure more than
90°, as it would'if the angle were fornied by ‘the lines
ao, oc, it is called obtuse.
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The lines @ 0, 0 b, or @ o, o ¢, or b 0, 0 ¢, are sometimes
said to contain a right, an obtuse, or an:acute angle.’

In fig. I, the plane a, and that on which the figure
is suppo:ed to rest, are called summils, or bases, ot
terminal planes, dnd the planes & and ¢, with those
pardllel to them, are termed lateral planes.

The edges of the terminal planes, as d, ¢, m, n,
fig. 1, are called lerminal edges.

The edges f, g, &, produced by the meeting of the
lateral planes, are termed lateral edges.

The planes of a crystal are said to be similar when
their corresponding edges are proportional, and their
corresponding angles equal,

Edges are similar when they are produced by the
meeting of planes respectively similar, at equal angles.

Angles are similar when they are equal and con-
tained within similar edges respectively.

Solid angles are similar when they are composed of
equal numbers of plane angles, of which the corre-
sponding ones are similar.

Fig. 3.

An equilateral iriangle, fig. 8, is a figure contained
within three equal sides, and. containing three equal
angles. ’

p Fig. 4.

A

!

An isosceles triangle, fig. 4, has two equal sides,
a, b, which may contain either a right angle, or an
A2
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acute, ‘or obtuse angle. If the contained angle be
less'than a right angle, the triangle is called acute,
but if greater, it is called obfuse. The line on which
¢ is placed is called the base of the triangle.

\ Fig. 5.

A scalene triangle, fig. 5, has three unequal sides,
and contains three unequal angles.

Fig. 6.

A square, fig. 6, has four equal sides, containing
four right angles.

Fig. 7.

o A

a0 o

f

A rectangle, fig. 7, has its adjacent sides, a and b,
unequal, the four contained angles being right angles.

Fig. 8.

a

A rhomb, fig. 8, has four equal sides, but its ad-
jacent angles, a and b, unequal.
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Fig. 9.

&

An oblique angled parallelogram,* fig. 9, ‘has its
opposite sides pdra]]e] but its adjacent sides a, b and
its adjacent angles, ¢, d, unequal.’

Where certain forms’ of' crystals are described with
reference to the rhomb as the figure of some of their
planes, they are termed rhombic.t ;

A parallelopiped is any solid contained within three
pairs of parallel planes.

Crystals are conceived to be formed by the aggre-
gation of homogeneous molecules, which may be again
separated from each other mechanically, that is, by
splitting or otherwise breaking the crystal.

These molecules, which relate properly to the crys-
tal, must be carefully distinguished from the elemen-
tary particles of which the mineral itself is composed.

Sulphur and lead are the elementary particles,
which, by their chemical union, constitute galena;
but the molecules of galena are portions of the com-
pound crystalline mass, and are therefore to be re-
garded as homogeneous, in reference to the mass itself.

* A parallelogram is any right lined quadrilateral plane figure, whose
opposite sides are equal and parallel.

+ What is here called rhombic, most writers on this subject have, in
imitation of the French idiom, denominated rkomboidal; but as the term
rhkomboid has been used in works on geometry to signify an oblique
angled parallelogram, and as the same term has also been already
appropriated in crystallography to a solid contained within six equal
rhombic planes, the application of the term rkomboidal to any other solid
seems to involve a degree of ambiguity. The term rhombic is, besides,
more conformable to the practice of our own language.
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All minerals which are composed of similar ele-
mentary particles combined in equal proportions, and
whose molecules are similar in form, are said to
belong to one species.

The same species of wmineral is frequently observed
to crystallizein a great variety of forms.

From among the variety of crystalline forms under
which any species of mineral may present itself; some
one is selected as the primary, and the remainder are
termed secondary. forms,

A primary form is that parent or derivative form,
from which all the secondary forms of the mineral
species to which it belongs, may be conceived to be
derived according to certain laws.

The primary forms are at present supposed to con-
sist of only the following classes.

Fig. 10.

i i £

i

The cube, fig. 10, contained within six square
planes.

Fig. 11.

«

The regular‘ tetrahedron, fig. 11, contained within
four equilateral triangular planes. The solid angle
at a, is sometimes called its summit.
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Fig. 12.

Y

The regular octahedron, fig. 12, resembling two
four-sided pyramids united base to base. The planes
are equilateral triangles, and the common base of the
two pyramids (which will hereafter be denotninated
the base of the octahedron) is a square.

Fig. 13.

The rhombic dodecahedron, fig. 13, contained with-
in twelve equal rhombic planes, having six solid
angles, consisting each of four icute plane angles,
‘two opposite ones as @, b, being sometimes called the
summits, ‘and eight solid angles ‘consisting each of
three bbtuse plane angles.
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Fig. 14.

An octahedron with a square base, fig. 14, contained
within eight equal isosceles triangular planes; the
bases of the triangles constitute the edges of the base
of the octahedron. '

When the plane angle at a measures less than 60°,
the octahedron is called acute.

When the angle at a is greater than 60°, the octa-
hedron is called obtuse.

The square base serves to distinguish this class from
the two which follow it. The isosceles triangular
planes distinguish it from the regular octahedron.

Fig. 15.

|4

%,%

J &

An octahedron with a rectangular base, fig. 15. The
planes of which are generally dsosceles triangles, but
not equal.  The plane angles at ¢ and d of the planes
a and &’ being more obtuse than those of the planes b
and ¥/; and the planes a, and &, inclining to each
other at a different angle from that at which those
marked &, and ¥, meet.
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Fig. 16.

o i

- An octahedron with a rhombic base, fig. 16, containred‘:
within eight equal scalene triangular planes. '

The solid angles at a, b, fig. 12 and 14, and ¢, d,

fig. 15 and 16, are sometimes called the summits of

the octahedron.
Fig. 17.

&

« s A

A right prism with a square base*, fig. 17, or right
square._prism, the edge, a, being always greater or
less than b : if a, and b, were equal, the ﬁgure would
be a cube. ¢

Fig. 18.

&

A right prism with a rectangular base, fig. 18, or
right rectangular prism, whose three edges a, b, c, are
unequal. For if any two of those were equal, the
prism would be square.

* A prism is a solid whose laferal edges ate parall el, and whose terminal
flanes are also parallel.

Those prisms which stand pierpiendicularly when restmg on their base,
are called right prisms. Those which incline “from the frerfundicular, are
called obligue prisms.

B
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Fig. 19.

sl
A right rhombic prism, or right prism whose base is
a rhomb, fig.'19, and whose lateral planes a, b, are

equal. 'These planes may be either square or rectan-
gular. ;

A ig. 20.
R

A right oblique-angled prism, or right prism whose
base is an oblique-angled parallelogram, fig. 20, and
whose adjacent lateral planes a, b, are unequal. One
of these planes must be rectangular, the other may
be either a square or a rectangle.

Fig. 21.

An obligue rhombic prism, or oblique prism whose
base is a rhomb, fig. 21, and whose lateral planes d, e,
are equal oblzque-angled parallelograms—if they were
equal rhombs the solid would be a rhomboid.
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~ Fig. 2:’

. A doubly oblique prism, fig. 22, whose bases and
whose lateral planes are generally oblique-angled paral-
lelograms.. The only equality subsisting among these
planes, is between each pair of opposite or parallel
ones.

Fig. 23.

The rhomboid, fig. 23, a solid contained within siz
equal rhombic planes, and having two of its solid
angles, and only two, as @, b, composed each of three
equal plane angles; these are sometimes called the

suminits.
Fig. 24.

The regular hexagonal prism, fig. 24, or right prhm
whose bases are regular hexao‘ons

.+ The secondary forms of crystals consist of all those
varieties belonging to each species of mineral, which
differ from the primary form.

- These, although extremely numerous, may be re-
duced to a few principal classes, as will appear in the
sequel,

B 2
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Fig. 25.

A line, as a b, or ¢ d, fig. 25, drawn through two
opposite angles ofany parallelo«rram, and dividing the
plane into two equal parts, is called a diagonal of
that plane, :

In the oblique rhombic prism, the doubly oblique
prism, and the rhomboid, fig. 21, 22, and 23, the line
a ¢, which appears to lean from the spectator, will be
termed the oblique diagonal, and the line f g of the
oblique rhombic prism, and d f of the rhomboid, the
horizontal diagonal.

The line dfof the doubly oblique prism, may also
for the sake of distinction be termed its horizontal
diagonal ; although from the nature of the figure,
that line must be oblique when the lateral edges are
perpendicular.

The diagonal plane of a solid, as-a b c d, fig. 25,
is an imaginary plane passing through the diagonal
lines of two exterior parallel planes, dividing the
solid into two equal parts.

* The axis of a crystal, generally, is an imaginary
line passing through the solid, and through two oppo-
site soléd angles.

In prisms, this may be termed an oblique azis, to
distinguish it from another line which passes through
the centres of their terminal planes, and may be
termed a prismatic awis.

The axis of a pyramid, passes through its terminal
point and through the centre of the base.
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Fig. 26.

In the cube, an axis passes through the centre and
through two opposite solid angles, a 5, fig. 26; from
the perfect symmetry of its form, the cube has a simi-
lar axis in four directions, or passing through its
centre and through each pair of opposite solid angles.

Fig. 27.

t

The axis of the regular tetrahedron passes through
the centres of the summit and base as a b, fig. 27, and
it has a similar axis in four directions in consequence
of the symmetrical nature of its form.

In all octahedrons the axis passes through the two
summits and through the centre of the base, as a 5,
fig. 28 the regular octahedron, having all its solid
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angles similar, may be said to have a similar axis
in three directions. 3
But the lines ¢ d, e f;, joining the opposite lateral
solid angles of irregular octahedrons, may be called
the diagonals of their base. 3

Fig. 29.

The rhombic dodecahedron has two dissimilar sets of
azes passing through its centre ; one set, as a b, fig. 29,
passes through the pairs of opposite solid angles,
which consist each of four acute plane angles, and
may be called the greater axes; another set, as c d,
passes through the solid angles which consist of three
obluse plane angles each, and may be called the lesser
axes of the crystal. :

N\

The right square, and right rectangular prisms,
have each an axis in four directions similar to & b,
fig. 30 and 31, but as prisms they have an additional
prismatic axis, ¢ d.
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The right rhombic prism, fig. 32, and right oblique
angled prism, fig. 33, have each two greater and two
lesser axes. 'The greater axis, a b, passes through the
solid angles which terminate the acute edges of the
prism, and the lesser, ¢ d, through those which ter-
minate the obtuse edges of the prism. They have also
the prismatic axis, e f. »

Fig. 34

pe Q Is

g AN ""
b

The oblique rhombic prism has, besides the pris-
matic axis, ¢ k, fig. 34, a greater, a lesser, and two
transvere axes. 'The greater axis is that which passes
through the two acute solid angles of the prism a, b;
the lesser that which passes through the two obtuse
solid - angles of the: prism ¢, d, and the tranverse,
those which pass through the lateral solid angles,

& f, gy k.
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Fig. 35:

.,,

e

The doubly oblique prism has four unequal axes
passing through the pairs of opposite solid - angles,
a b, &c. fig. 35; it has also the prismatic axis i £.

The line a b, fig. 36, which passes through the
summits of the rkomboid, may be called the perpen-
dicular axis, and those lines, c d, e f, g h, which
pass through the opposite pairs of lateral solid angles
may be termed the fransverse axes. But the lines
a b, and c d, are sometimes called the greater and
lesser axes of the rhomboid.

Fig. 37.

a

C

& N\
b

- The line @ b, fig. 87, passing through the opposite
solid angles of the hexagonal prism, may be termed
an axis; but the prismatic axis, ¢ d of this form, is
that which is most generally regarded as its axis.



DEFINITIONS, i

L}

- The diagonals and axes of crystals are imaginary
lines, by means of which the secondary planes of crys-
tals may frequently be described with greater pre-
cision than could be attained without their assistance ;
they also facilitate the mathematical investigations
into the relations which subsist between the primary
and secondary forms.

The diagonal p]anes are imaginary planes of a
similar character.

A crystal is said to be in position, when it is so
placed, or held, as to permit its being the most easily
and precisely observed and described.

For this purpose tetrahedrons are made to rest on
one of their planes, as in the figure already given.

Octahedrons are supposed to be held with the axis
vertical, and in this position the plane angles at «
and b, fig. 28, are called the terminal angles, and the

edgesac, ad, ae, af, the terminal edges, or edges of
the pyramid.

The edges ed, df, &e. may be termed edges of the
base; and the anﬂles aed, adf, lateral angles

The angles of the base are the angles ced, or edf.

The cube stands on one of its planes, and allprzsms
on their respective bases.

Rhombic dodecahedrons are supposed to be held
with a greater axis vertical, as in the former figure.

The rhomboid is also supposed to be held with its
perpendicular axis vertical, .

Crystals -are supposed ‘to be first formed by the
aggregation of a few homogeneous molecules, which
arrange themselves around a single central molecule
in some determinate manner; and they are conceived
to increase in magnitvde, by the continual additions
of similar melecules to their surfaces.

c
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In these additions, the molecules appear to arrange
themselves so as to form lamin®, or plates, which
successively, either partially, or wholly, cover each
other.

These plates are theoretically supposed to be either
single, that is, of the thickness of single molecules, or
to be double, treble, &c. that is of the thickness of two,
three, or mare molecules.

Fig. 38 represents a single plate of molecules.

Fig. 39.

=

Fig. 39 represents a double plate.

Fig. 40.
e /;/EV
L

1

When' such addltlons envelope the whole of a
smaller crystal, its orwmal form is preserved through
‘every increase of size.

Fig. 40 represents a right rectangular prism which
has increased in magnitude without change of figure.
° 'When the additions do not cover the whole surface
of a primary form, but there are rows of molecules
omitted on the edges, or angles of the superimposed
plates, such omission is called a decrement.
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The term decrement has been adopted to express
these omitted rows of molecu]es, because, in conse-
quence of such omissions, the primary form on which
the diminished plates are successively laid, appears
to decrease as it were, on the edge or angle on which
such omissions take place.

--Decrements are said to begin at, or to set outfrom,
the particular edge or angle at which the omission of
molecules first takes place and to proceed along that
plane on, which the defective plate of molecules is
conceived to he superlmposed And they are said to
take place either in breadth or in llezglu‘

Decrements in breadth are those which result from
the reduction of the superficial arca of the supers
imposed plate, by the abstraction of rows of molecules
from its edges or angles. :

Dec:ements in height relate to the thickness of the
plate from which the abstraction of rows of molecules
takes place.

Fig. 41.

Let ¢ d fig. 41, represent an edge of a primary
form, and let ¢ b represent an edge of' a double plate
of molecules, from which one row has been abstracted ;
the decrement, or omilted portion of this superimposed
plate, would be stated to consist of one row in breadth,
or one row omitted upon the terminal surface of the
primary crystal, and two rows in hcight, signifying
that the omitted row belonged to a double plate of
molecules; a b ¢ d would be the position of the new
plane produced by this decrement.’
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Fig. 42.
6

a

&2

Decrements have been divided by the Abbé Haiiy
into three principal classes—simple, mized, and inler-
mediary. The simple and mixed may however; in
strictness, be regarded as varieties of the same class.

Simple decrements are those which consist in the
abstraction of any number of rows, in breadth of single
molecules, or of single rows, belonging to plates of
two or more molecules in thickness.

Fig. 42 exhibits a simple decrement by one row in
breadth on the edge ¢ d of the primary form.

Fig. 43.

o

e

Fig. 43 exhibits a simple decrement by one row in
breadth, on the angle c of the primary form.

For the sake of rendering the expression rows
of molecules generally applicable to decrements both
on the angles and edges of a primary form, the term
row is applied to express the single molecule first
abstracted from the angle of any plate.

Fig. 44.

el ol 2
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In fig. 44, the single molecule a, &, is regarded as
the first row to be abstracted from the angle of the
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imaginary plate; the two molecules ¢, d, as the second

row ; the three molecules e, £ as the third row, and so
on.

Fig. 45.

3
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Fig. 45 shews a simple decrement by two rows in
height on the edge of the primary form.

Fig. 46.

Fig. 46 shews a simple decrement by {wo rows in
height on the angle of the primary form.

It is observable in these figures, that each successive
plate is less by one row of molecules than the plate
on which it rests. It is by this continual recession of
the edges of the added plates, that the crystal appears
to decrease on its edges or angles, and that new planes
are produced. The edges of the new planes which
would be produced by the four preceding decrements,
are shewn by the lines a b ¢ d, fig. 42 and 45, and
by the lines a b ¢, fig. 43 and 46.*

A mixed decrement is one in which unequal numbers
of molecules are omitted in height and in breadth,
neither of the numbers being a mulliple of the other,
‘such as three in height and two in breadth, or four in

* The molecules of crystals are so minute, as to render those in-
_equalities of surface imperceptible which are occasioned by decrements.
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height and three in breadth; for if either number
were a multiple of the other, as would be the case if
the supposed decrement took place by two rows. in
height and four in breadth, or three in height and six
in breadth, the new plane thus produced would be
perfectly similar to that which would result from a
decrement by one row in height and {wo in breadth,
and would therefore belong to the planes produced by
simple decrements.

- Fig. 47 shews a mized decrement on an edge of the
primary form by fwo rows in breadth and three in
height, and the lines a b ¢ d mark the position of the
new plane produced by this decrement.

It has been found convenient to express mized
decrements by fractions, of which the numerator, or
upper figuré, denotes the number of molecules in
breadth, and the denominator, or lower figure, the
number in height, abstracted from the edge or angle
of the superimposed plates; thus, a decrement by
would imply a decrement by three molecules in
breadth and four in height,

Entermediary decrements affect only the solid angles
of crystals, and may be conceived to consist in the
abstraction of rows of compound molecules from the
successively saperimposed plates, each compound mo-
fecule contuining uncqual numbers of single molecules
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in length, breadth, and height. Thus if we suppose the
compound molecule abstracted in an intermediary
decrement to belong to'a single plate, it must consist
of some other numbers of molecules in the directions
d, and e, fig. 48.%

Fig. 48,
L g)
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In fig. 48 the compound molecule ¢onsists of a single
molecule in height, two on the edge d, and three on
the edge e, producing the new plane a b c. ¢
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ig. 49.
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Fig. 49 exhibits. an intermediary decrement in
whlch the compound molecule consists of three single
molecules in height, four on the edge 4, and {wo on
the edge-e, producmg the new plane abe.

In the simple and mized decrements upon an angle,
as shewn in ﬁg. 43 and 46, the number of molecules

* It may be remarked that the. planes produced hy simpile and mixed
decrements, i intersect one or more of the primary planesin lines parallel
ta one of their edges or diagonals. The term mtermedzary has been used
to express this third class of decrement, because the line’at which the
secondary plane produced by it, intersects any primary plane, is Bever
parallel to either an edge or diagonal of that plane, but is an jntermediate
line between the edge and the diagonal, as may be observed by com-
paring the figures 42, 43, and 48.
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abstracted in the direction d, will always be equal to
the number abstracted in the direction e.  Thus if it
be a simple decrement by one row in breadth, one
molecule will apparently be omitted on each of the

edges d, and e, as in fig 43. But in an infermediary
decrement the numbers are obviously unequal in the
direction of those edges, and the number in Izezght
will also differ from botk the numbers in the direction
of the edges, as in fig. 48 and 49.

The new planes produced by decrements are deno-
minated secondary planes, and the primary form, when
altered " in shape by the interference of secondary
planes, is said to be modified on the edges or angles
on which the secondary planes have been producéd.
And such edges or angles are sometimes also said to
be replaced by the secondary planes.

The law of a decrement is a term used to express
the number of molecules in height, and breadth
abstracted from each of the successively superimposed
plates, in the production of a secondary plane.

When an edge, or solid angle, is replaced by one
plane, it is said to be truncated. When an edge is
replaced by {wo planes, which respectively incline on

the adjacent primary planes at equal angles, it is
bevilled.

If any secondary plane replacing an edge, and being
paralle to it, incline equally on the two adjacent primary
planes, or if replacing a solid angle, it incline equally

on all the adjacent primary planes, it is called a tangent
plane.
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The instruments used for measuring the angles at
which the planes of crystals meet, or, as it is frequently
expressed, incline to each other, are called goniometers.

Fig. 50.

Let us suppose the angle required at which the
planes a, and b, of fig. 50, incline to each other.

The inclinalion of those planes is determined by the
portion of a circle which would be intercepted by two
lines ed, ef, drawn upon them from any point e of the
edge formed by their meeting, and perpendicular to
that edge—the point e being supposed to stand in the
cenire of the circle. , /

Fig. 51.
54

#

Now it is known that if two right lines as g f, d k,
fig. 51, cross each other in any direction, the opposite
angles def, geh, are equal,

D
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If therefore we suppose the lines g f; d , to be very
thin and narrow plates, and to be attached together
by a pin at ¢, serving as an axis to permit the point
JS to be brought nearer either to d, or to /; and that
we were to apply the edges e d, e f, of those plates, to
the planes of the crystal fig. 50, so as fo rest upon the
lines ed, ef, it is obvious that the angle ge¢h, of
the moveable plates fig. 51, would be exactly equal to
the angle def of the crystal fig. 50..

Fig. 52.
J
d ==
\

The common goniometer is a‘small instrument cal-
culated for measuring this angle gek, of the move-
able plates. ' It consists of a semi-circle, fig. 53,
whose edge is divided into' 860 equal parts, those
parts being half degrees, and a pair of moveable
arms d h, gf, fig. 52. The semicircle having a pin at
7, which fits into a hole in the moveable arms at e.

The method of using this instrument is, to apply the
edges de, ef, of the moveable arms, fig. 52, to the
two adjacent planes of any crystal, so that they shall
accurately touch or rest upon those planes in directions
perpendicular to the edge at which they meet. The
arm d &, is then to be laid on the plate m n of the
semicircle fig. 53, the hole at e being suffered to drop
on the pinat 7, and the edge nearest to % of the arm
g e, will then indicate on the semicircle, as in fig. 54,
the number of degrees .which-the ‘measured angle
contains.
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When this instrument is applied to the planes of a
crystal, the points d and f, fig. 52, should be previously
brought sufficiently near together for the edges de,
ef, to form a more acute angle than that about to be
measured. The edges being then gently pressed upon
the crystal, the points d, and f, will be gradually
separated, until the edges coincide so accurately with
the planes, that no light can be perceived between
them.

The common goniometer is however incapable of
affording very precise results, owing to the occasional
imperfection of the planes of crystals, their frequent
minuteness, and the difficulty of applying the instru-
ment with the requisite degree of precision.

The more perfect instrument, and one of the high-
est value to Crystallography, is the reflective gonio-
meter invented by Dr. Wollaston, which will give the
inclination of planes whose area is less than ;55'550
of an inch, to a minute of a degree.

This instrument has been less resorted to, than
might, from its importance to the science, have heen
expected, owing perhaps to an opinion of its use
being attended with some difficulty. But the ohserv-
ance of a few simple rules will render its application
easy.

D92

~
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Fig. 55.

" The principle of the instrument may be thus ex-
plained.

Let us suppose a b ¢, fig. 55, to be a crystal, of which
one plane only is visible in the figure, attached to a
circle, graduated on its edge, and moveable on its
axis at o; and ¢ and b the two planes whose inclina-
tion we require to know.

And let us further suppose the lines oe, 0 g, to be
imaginary lines resting on those planes in directions
perpendicular to their common edge, and the dots at ¢
and /%, to be some permanent marks in a line with the
centre o.

Let us suppose the circle in such a position, that
the line o e would pass through the dot at %, if ex-
tended in that direction as in fig. 55.

Fig. 56.
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If we now turn round the circle with its attached
crystal, as in fig. 56, until the imaginary line o g, is
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brought into the same position as the line o e is in
fig. 55, we may observe that the No 120 will stand
opposxte the dot at ¢.

This is the number of degrees at which the planes
a and b incline to each other. For if we suppose the
line o g, extended in the direction o4, as in fig. 56, it
is obvious that the lines oe, o, which are perpen-
dicular to the common edge of the planes a and b,
would intercept exactly 120° of the circle.

Hence an instrument constructed upon the principle
of these diagrams, is capable of giving with accuracy
the mutual inclination of any two planes, if the means
can be found for placing them successively in the
relative positions shewn in the two preceding figures.

Fig. 57.

2
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When the planes are sufficiently brilliant, this pur-
pose is effected by causing an object, as the line at m,
fig. 57, to be reflected from the two planes a, and b,
successively, at the same angle.

It is well known that the images of objects are
reflected from bright planes at the same angle as that
at which their rays fall on those planes; and that
when the image of an object reflected from a horizon-
tal plane is observed, that image appears as much
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below the reflecting surface, as the object itself is
above it.

If therefore the planes a, and b, fig. 57, be suc-
cessively brought into such positions, as will cause
the reflection of the line at, m, from eack plane, to
appear to coincide with another line at n, both planes
will be successively placed in the relative positions
of the corresponding planes in figs. 55 and 56.

Fig. 58.

To bring the planes of any crystal successively into
these relative positions by the assistance of the reflec-
tive goniometer, the following directions will be
found useful.

The instrument, as shewn in the sketch fig. 58,
should be first placed on a pyramidal stand, and the
stand on a small steady table, placed about 6 to 10 or
12 feet from a flat window.

‘The graduated circular plate should stand perpen-
dicularly from the window, the pin x being horizontal,
with the slit end nearest to the eye.*

Place the crystal which is to be measured, on the
table, resting on one of the planes whose inclination is

* This goniometer is sometimes drawn with the pin x in ke dircction of
its axis, in which position of the pin, the instrument may be regarded
as nearly uscless,
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required, and with the edge ai'which those planes.
meet, the farthest froni you, and parallel to the win-
dow in your. front. i

Fig 59.
= Z ) e

o

Attach a portion of wax about the size of d, to one
side of a small brass plate e, fig. 59—lay the plate on
the table with the edge f parallel to the window, the
side to which the wax is attached being uppermost,
and press the end of the wax against the crystal uutil
it adheres ; then lift the plate with its attached crys-
tal, and place it in the slit of the pin x, with that
side uppermost which rested on the table.

Bring the eye now so near the crystal, as, without
perceiving the erystal itself; to permit your ohserving
distinctly the images of objects reflected from its
planes; and raise or lower that end of the. pin'z»
which has the'small circular plate affixed to it, until
one of the horizontal upper bars of the window is
seen reflected from the upper or first plane of the crys-
tal, which corresponds with plane «, fig. 55 and 56,
and until the image of the bar is brought nearly to
coincide .with some line below the window, as the
edge of the skirting board where it joins the floor.

Turn the pin x on ils own axis, if necessary, until
the reflected image of the bar of the window coincides
accuralely with the observed line below the window.

Tuwrn now the small circular plate ¢ on its axis,
and from you, until you observe the same bar of the
window reflected from the second plane of the crystal
corresponding with plane b, fig. 55 & 50, and nearly
coincident with the line below ; and having, in adjusting
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the first plane, turned the pin x on its axis to bring the
reflected image of the bar of the window to coincide
accurately with the line below, now move the lower
end of that pin laterally, either towards or from the
instrument, in order to make the image of the same
bar, reflected from the second plane, coincide with the
same line below.

Having assured yourself by looking repeatedly at
both planes, that the image of the horizontal bar
reflected successively from each, coincides with the
same line below, the crystal may be considered as
adjusted for measurement.

Let the 180° on the graduated circle be now brought
opposite the o of the vernier at ¢, by turhing the
middle plate & ; andwhilethe circleisretained accurately
in this position, bring the reflected image of the bar
from the first plane to coincide with the line below,
by turning the small circular plate a. Now turn the
graduated circle from you, by means of the middle
plate b, until the image of the bar reflected from the
second plane is also observed to coincide with the same
line below. In this state of the instrument the ver-
nier at ¢ will indicate the degrees and minutes at
which the two planes incline to each other.



‘Secrion I.
GENERAL VIEW.

Tue regularity and symmetry observable in the
forms of crystallized bodies, must have early attracted
the notice of naturalists; but they do not appear to
have become objects of scientific research, as a branch
of natural history, until the time of Linnzus. He
first gave drawings and descriptions of crystals, and
attempted to construct a theory concerning them,
somewhat analogous to his system of Botany.

We are indebted however to Romé de L’Isle for
the first rudiments of crystallography. He classed
together those crystals which bore some common
resemblance, -and selected from each class some sim-
ple form as the primary, or fundamental one; and
conceiving this to be fruncated in different directions,
he deduced from it all its:secondary forms; and it
was he who first distinguished the ‘different species
of minerals from each other by the measurements of
their primary forms.

The enquiries of ‘Bergman were nearly contem-
poraneous with those of the Abbé Haiiy, and both
these philosophers appear to have entertained at the
same time nearly the same views with regard to the
structure of 'crystals; both having supposed that
the production of secondary forms might be explained
by the theory of decrements on the edges or angles of
the primary. :

E
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Here, however, Bergman’s investigation appears
to have terminated, while the Abbé Haiiy proceeded
to complete this theory, by determining the forms and
dimensions of the molecules of which he conceived the
prirﬁary forms were composed, and by demonstrating
mathematically the laws of decrement by which the
secondary forms might be produced.

He also established a peculiar nomenclature, to
designate individually each of the observed secondary
forms of crystals; the nomenclature consisting of
terms derived from some remarkable character or
relation peculiar to each individual form. But the
disadvantage accruing to the science from encumber-
ing -each individual crystal with a separate name,
must be immediately apparent, when it is considered
that the rhemboid of carbonate of lime alone is capa-
ble of producing some millions of secondary crystals
by the operation of a few simple laws of decrement.

The number of names requisite to designate all
these, if they existed, would form an insuperable
obstacle to ‘the cultivation of the science of crystal-
lography, even if it were practicable to devise some
sufficiently short and simple terms for the purpose.

To obviate the inconvenience arising from the use
of so many individual names, the Comte de Bournon
adopted a much simpler method of denoting the
secondary forms. He numbered all the individual
modifications he had observed, from one onwards,
and as the secondary forms are produced either by a
single modification, or by the concurrence of two or
more single modifications, any secondary form what-
ever might, according to his method, be expressed by
the numbers. which designate all the particular modi-
fications which it is found to contain.

Mr. Phillips has adopted this method in his papers
on oxide of tin, red oxide of copper, &c. published in
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the Transactions of the Geological Society, and has
thus proved its utility for the purpose of crystallo-
graphical description.

The descriptive system of the Comte de Bournon,
with some alterations, will be adopted in this volunie,
as well as the theory of decrements which constitutes
the basis of the Abbé Haiiy’s System of Crystallo-

graphy.

EQ



Skcriox I1.
MOLECULES.

The homogeneous molecules which are aggregated
together in the production of crystals, are supposed
to be minute, symmetrical, solid particles, contained
within plane surfaces. They are also conceived to be
again separable from each other by mechanical divi-
sion, which however stops very short of the separa-
tion of single molecules from the mass which has been
formed by their union.

For, however minutely we may divide a piece of
carbonate of lime, we cannot imagine that we have
ever obtained any single portion or molecule contain-
ing only one atom or proportion of carbonic acid,and
one atom or proportion of lime.

This effect of mechanical division merely implies
that the molecules are separated at their surfaces by
cleavage, and are not divided or broken. And it thus
serves to distinguish them from the elementary par-
ticles or atoms which enter into their composition,
and which cannot be separated from each other but
by chemical agency.*

* Although it is not immediately connected with Crystallography,
1 am induced to state an observation here which has occurred to me
relative to the forms of the komogencous molecules of minerals, when com-
pared with the forms of the atoms, or elementary particles, of which those
molecules are composed.

We certainly know nothing of the forms of the afoms of those elemen-
tary substances which do not occur crystallized, such as oxygen, hydro-
gen, and many others. But we infer from analogy that the atoms of
sulphur, carbon, the metals, and such 9thcr elementary substances as
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The figures of the solid molecules require to be
explamed in reference to each of the five following
classes of primary forms.

1. The cube and all the other-classes of parallelo-
pipeds, or solids contained within six planes.

2. The regular octahedron and all the other classes
of octahedrons.

3. The regular tetrahedron.

4. The rhombic dodecahedron.

5. The hexagonal prism.

If we attempt to fracture a piece of galena, it will
split into rectangular fragments. But we -find by
observing the secondary forms of galena, that its
primary crystal may be a cube, and we know also
that by supposing this cube to he composed of cubic
molecules, the angles at which the secondary planes
incline upon the primary, may be computed and de-
termined with mathematical precision. We are there-
fore led to infer, that if the rectangular Jragments ob-
tained by cleavage could be reduced to single molecules,
those molecules would be cubes.t

are found crystallized, are similar in form to the molecules of other crys-
tallized substances which present similar primary forms.

Now according to two suppositions, the first being that entertained
by the Abbé Haiiy, the other arising out of a theory which will be pre-
sently stated, the molecule of sulphur may be an irregular tetrahedron, or a
right rhombic firism, and the molecule of silver a regular tetrahedron, or a cube.
But the compound of sulphur and silver crystallizes in the form of a cube.
Hence the molecule of sulphuret of silver, arising out of the chemical
union of irregular tetrahedrons with the regular tetrahedrons or cubes, accord-
ing to one supposmon, or of rxglrt rhombic pirisms and cubes, according to
the cther supposition, serforms tlzefunctwn of @ cube, If this subject were
pursued it might be shewn that the cubic function is performed by
molecules very variously composed

+ Whether these little cubes would consist of one or more aforzs of

‘lead and of sulphur, or how these elementary particles would be com-
bined in the production of 2 cubic molecule, are circurstances not im-
mediately relating to Crystallography, howevcr interesting they may
be as separate branches of enquiry.
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- If we reduce a crystal of carbonate of lime to frag-
ments, the planes of those fragménts will be found to
incline to each other at angles which are respectively
equal to those of the primary rhomboid. We there-
fore infer that the molecule of carbonate of lime is. a
minute rhomboid similar to the primary form.

Sulphate of barytes may be split into right rhombic
prisms, whose angles are respectively equal to those
of the primary crystal. 1t is therefore supposed ¢hat
the primary crystal and the molecules of this substance
are similar prisms.

Having thus found that crystals belonging to seve-
ral of the classes of parallelopipeds may be split into
fragments resembling their respective primary forms;
and having assumed that these fragments represent
the molecules of each of those forms respectively, it
has been concluded that the primary forms and the
molecules of all the classes of parallelopipeds are
respectively similar to each other.

This similarity does not however exist between the
other classes of primary forms and their respective
molecules.

Fig. 60. Fig. 61.
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If a regular hexagonal prism of phosphate of lime
be split in directions parallel to all its sides, it may
be divided into trihedral prisms whose bases are equi-
lateral triangles ; these may be regarded as the mole-
cules of this class of primary forms.

Fig. 60 shews the hexagonal prism composed of
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trihedral prisms; and fig. 61 shews the trihedral
prism separately.

Fig. 62.
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If we reduce a cube of fluate of lime to fragments,
we shall find that it does not split in directions paral-
lel to its planes as galena does, but that it splits
obliquely. If we suppose fig. 62 a cube of fluor, and
we apply the edge of a knife to the diagonal line a 5,
and strike it in the direction of ¢, we may remove the
solid angle a b e c.

Fig. 63.

If we again apply the edge of the knife to the same
line a b, and strike it in the direction of f; we may
remove another solid angle a b f d; applying the
knife again in the direction of the line ¢ d, and strik-
ing successively in the directions g, and %, we may
remove two other solid angles.

The new solid produced by these cleavages is re-
presented by fig. 63.
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Fig. 64.

If we apply our knife again to theline i k, k{, I m,
m i, fig. 64, and strike in the direction of », we may
remove the remaining solid angles of the cube, and
we shall then obtain the regular octahedron i kimno.

Fig. 65.

The position of this octahedron in the cube is
shewn by fig. 65.

This octahedron is the primary form of fluate of
lime, and it may obviously be cleaved in a direction
parallel to its own planes.

To illustrate more perspicuously the relation we
are about to trace between the octahedron and tetra-
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hedron, it will be convenient to place the octahedron
of fluor, which we have just obtained, in the position
represented in fig. 66, resting on one of its planes.

In this position of the crystal, if we suppose the
three lines @ b, ¢ d, e f, to be drawn through the
centre, and parallel to the edges, of the now.upper-
most plane, and if we apply our knife to the line « b,
we may cleave. the crystal parallel to the plane g,
and may detach the portion a b g I, fig. 67.

By cleaving again from the lines ¢ d, and e f] paral-
lel to the plane %, and to the back plane of fig. 66,
and by also cleaving parallel to the plane on which
the figure rests, beginning at the line ¢ k, we shall
obtain a regular tetrahedron as seenin fig. 69. In
fig. 68 this tetrahedron is exhibited in the position
which it occupied in the octahedron.

r
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The tetrahedron thus obtained, may be reduced
again to an octahedron, as shewn in fig. 69, by
removing a smaller tetrahedron, as a b ¢ d, from each

* of its solid angles.

And all the fragments separated from the octa-
hedron by the cleavages just described, may also be
reduced, by cleavmg in the proper dlrectlons, to
regular octahedl ons and tetrahedrons.

In this case {wo distinct solids are obtained from the

cleavage of an octahedral crystal ; and the Abbé Haiiy
has chosen o assume the tetrakedron as the molecule of
the octahedral crystal, upon the supposition that if the
cleavage were continued until only single molecules
remained to be separaled, these molecules would be
tetrahedrons ; and the octahedron is, according to his
theory, conceived to be composed of tetrahedral solids
united by their points, and octahedral spaces.*
* From considerations analogous to these, the Abhé
Haiiy has concluded that the tetrahedron, when it
occurs as a primary form, is constituted also of tetra-
hedral molecules and octahedral spaces.

*.The same imaginary structure has also been supposed by the Abbé
Haiiy to exist in every class of octahedrons, the ‘molecules peculiar to
each being distinet irregular tetrahedrons, varying in their angles and
relative dlmcnsxons in each particular case.

But it will_be ‘attempted to be shewn presently that Mu imaginary.
structure docs not belong to the o:tahdraﬂ, and ¢hat the tetrahedral solid does not
repiresent the molecule of that form.
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The regular: dodécahedron may be cleaved. into
obtuse rhomboids,. obluse  octahedrons, and  irregular
tetrahedrons, as will be shewn in the section.onclea-
vage. Of these the .Abbé Haiiy has chosén the irregu-
lar tetrahedron: jor the molecule of the dodecahedron,
and he has supposed that the, decremenls an this form
are produced by the abstraction, not of single molecules,
but of masses of single molecules packed into the figure
of those obtuse rhomboids which are produced from ils
eleavage.*

The very complicated system of molecules which
the Abbé Haiiy has, by this view of the structure of
the octahedron and dodecahedron, introduced into
his otherwise beautiful theory of crystals, and the
apparent improbability that the molecules of the
cube, the regular octahedron, tetrahedron and dode-
cahedron, among whose primury and secondary forms
so perfect an identity subsists, should really differ from
each other, have induced me to propose a new theory
of molecules in reference to all the classes of octa-
hedrons, to the tetrahedrons, and the rhombic dode-
cahedron, which 1 shall now state.

. Fluate of lime, as we have seen, has for its primary
form a regular octahedron, under which it sometimes
occurs in nature; but it is generally found in the
form of a cube, and sometimes as a rhombic dodeca-
hedron, and it has a cleavage in the direction of ils
primary planes.

Galena, whose primary form is a cube, is also found
under the formns of an octahedron, and rhombic dode-
.cahedron, with a cleavage parallel to its cubic planes.

" _* Under the head of cleavage I shall endeavour to explain the nature
of the relation which the different solids obtained by cleavage from the
‘tetrahedron, octahedron, and rhombic dodecahedron, respectively bear
to those primary forrhs, and to each other; and to shew #hat they do. not
in either case refresent the moleoules of these forms,

¥ 2
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Grey copper, whose primary form is a tetrahedron,
occurs under ‘the forms of the cube, octakedmn, and
rhombic dodecahedron.

Blende is found sometimes, though rarely, crystal-
lized in cubes, sometimes in octahedrons, tetrahedrons,
and rhombic dodecahedrons.

Fig. 70.
< 3 d
» d

If we attempt to fracture a cube of blende, we find
it will split in directions parallel only to its diagonal
planes. These cleavages will truncate the edges of
the cube, and if contmued until all the edtres are
removed, and the face of the cube disappear, a rhom-
bic dodecahedron will be produced, which has been
considered the primary crystal of blende.

If a cube of blende, fig. 70, be cleaved in directions
parallel to its diagonal planes, beginning at the lines
ab, cd, fig. 71 will be produced.

Fig. 71.
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If fig. 71 be further cleaved in directions corres-
ponding to a b ¢ d e, so as to remove all the perpen-
dicular edges, and to obliterate the remainder of the
perpendicular planes of the cube, fig. 72 will remain.
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Fig. 73 exhibits the dodecahedron contained in
fig. 72; this may be obtained by cleavages in direc-
tions corresponding with the lines ¢ d f, fig. 72, which
will remove the solid angles of the base on which fig.
72 and 73 rest.

Fig. 74.

Fig. 74 shews the position of the rhombic dodeca-
hedron in the cube. 2 .

Having thus observed that the cube, the regular
tetrahedron and oclahedron, and the rhombic dodeca-
hedron are common as primary or secondary forms {o
different crystallized substances, we may reasonably
infer that they are produced in each instance by mole-
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cules of a form which is common to all; and let us

suppose this common molecule to be a cube.

Fig. 75, 76, 77, and 78, shew the arrangement of
the cubic molecules in each of these forms.

Fig. 75.

Fig. 75 in the cube.
Fig. 76.

Fig. 76 in the tetrahedron.
Fig. 77.

S1

¥ig. 77 in the octahedron. .
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Fig. 78 in the rhombic dodecahedron.

These arrangements of cubic molecules cannot be
objected to on account of any supposed imperfection
of surface which would be occasioned by the faces of
all the primary forms, except the cube, being con-
stituted of the edges, or solid angles, of the molecules.
For as we observe that the octahedral and dodeca-
hedral planes of some of the secondary crystals of
galena, which are obviously composed of the solid
angles, or edges, of the cubic molecules, are capable
of reflecting objects with great distinctness, it is
evident that the size of the molecules of galena is
less than the smallest perceptible inequality of the
splendent. surface of those planes, and hence we in-
fer generally that there will be no observable difference
in brilliancy between the surfaces of the planes obtained
by cleavage parallel to the sides of molecules, and of
those which would expose their edges or solid angles.

This, theory may be. reconciled with . tlhe. cleavages
which are found. to take place parallel to the primary
Pplanes of the letrahedron, the octahedron, and the rhom-
bic dodecahedron, as well as 1o those of the cube, if we
suppose the cubic molecules capable of being held to-
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gether with different degrees of allractive force in dif-

Jferent directions. *
1 shall call this force molecular attraction.

Fig. 79.

When this attraction is least between the planes of
the molecules,:they will be more easily separated by
cleavige-inithe direction of their planes, than in any
other direction, as shewn in fig. 79,-and a cubic solid
will be:obtained. '

When the attraction is least in the direction of the
axis of the molecules, they will be the most easily se-
parated in that direction, as in fig. 80, and the octa-
hedron or tetrahedron will be the result of cleavage.

* It is possible to conceive that the nature, the number, and the par-
ticular forms, of the elementary particles which enter, respectively, into
the composition of these three species of cubic 'molecules, may vary so
much as to produce the variety of character which I have supposed to
exist,
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And if the attraction be least in the direction of its
diagonal planes, the edges will be most easily sepa-
rated, as in fig. 81, and a rhombic dodecahedron will
be the solid pmduced by cleavage. :

This suppoutxon of greater or less defrree of mole-
cular attraction in one direction of the molecule than
in another, is consistent with many well known facts
in Crystallography.

Fig. 82.

The primary form both of corundum, and of car-
bonate of lime, is a rhomboid; and the crystals of
these substances may be cleaved parallel to their pri-
mary planes, the carbonate of lime cleaving much
more readily than the corundum. But the corundum
may also be cleaved in a direction a b, fig. 82, perpen-
dicular to its axis, which carbonate of lime cannot be.

This cleavage would either divide the rhombic mole-
cules in half, or,) the cleavage planes would expose the
terminal solid angles of the contiguous molecules.

G

1
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But it is contrary to the nature of molecules that
they should be thus divided, and we may therefore
infer from this transverse cleavage that the molecular
atlraction is comparatively less in the direction of the
perpendicular axis of the molecules of corundum,
than it is in the same direction of those of carbonate
of lime. And from the greater adhesion of the planes
of corundum, than of those of carbonate of lime, we
infer that the attraction is comparatively greater be-
tween the planes of the molecules of the corundum,
than between those of carbonate of lime.*

This supposition of the existence of a greater or
less degree of molecular attraction in ‘one direction of
the molecule than in another, appears to explain the
nature of the two séts of cleavages which occur in
Tungstat of lime : one of these sets is parallel to the
planes of an acute octahedron with a square base,
which we will call the primary crystal; the other set
would produce tangent planes upon the terminal
edges of that crystal. If we suppose the molecules to
consist of square prisms whose molecular attraction is
greatest in the direction of their prismatic axis, and
nearly equal in the direction of their diagonal planes,
and of their oblique azes, the first set of cleavages may
be conceived to expose the edges of the molecules, and
the second set to expose their solid angles.

_ * Tam aware of an objection that may be made to this view of the
subject, by supposing all the cleavages which are not parallel to the
primary planes of a crystal, to be parallel to some secondary plane, and
to be occasioned by the slight degree of cohesion which frequently sub-
sists between the secondary planes of crystals and the plates of mole-
cules which successively cover them during the increase of the crystal
in size; but althgugh the second set of cleavages may sometimes be
connected with the previous existence of a secondary plane, it may also
be explained according to the theory I have assumed.

Those cleavage planes which would not expose the planes, edges or
solid angles of the molecules, must be considered to belong always to
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This theory may, by analogy, be extended to the
form of molecules of every class of octahedron.

For we may conceive the molecules of all the irre-
gular octahedrons to be parallelopipeds, whose least
molecular attraction is in the direction of their diagonal
planés. '

Thus the molecules of octahedrons with a square, a
rectangular, and a rhombic base, would be square,
rectangular, and rhombic prisms respectively ; the
dimensions of such molecules being proportional re-
spectively to the edges of the base and to the axis of
each particular octahedron.

According to the view here taken, the following
table will exhibit the form of the molecules belong-
ing to each of the classes of primary forms.

e CUDE T3 0n oo e s s o 28 iaa's 00 s 5
regular tetrahedron
————— octahedron......e...
rhombic dodecahedron ......

all quadrangular prisms...... molecules, similar prisms,

Proportional
in dimensions
to the edges

ceee

molecule, a cube.

octahedron with a square base g fclecule;’ aimgane

i rectangula m(ﬁzlcsl?;e' .;.;E-C't;;l. of the base,
i baseg ; lar ’rism & to the axis
vt mﬁgculepa rhon.li).i;: of each parti-
rhombic base it cular octohe-
prism.....c.oew | Gion, respece

tively.

rhomboid ¢eveeveesesrsss .. molecule, a similar rhomboid

G ' §molecule, an equilateral triangular
hexagonal prism ............ prism.

Having thus advanced a new theory of molecules
in opposition to one that had been long established,
and possibly without a much better claim to general

the class of planes of composition, a term which Mr. W, Phillips has
plied to those cleavage planes which result from cleavages parallel
secondary planes only.

G 2
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reception than the former theory possessed, I cannot
avoid observing that the whole theory of molecules and
decrements, is to be regarded as little else than a series
of symbolic characters, by whose assistance we are
enabled to investigate and to demonstrate with greater.
facility the relations between the primary and second-
ary forms of crystals. ~And under this view of the
subject, we ought to divest our notions of molecules,
and decrements, of that absolute reality, which the
manner in which it is necessary to speak of them in
order to render our illustrations intelligible, seems
generally to imply. '
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STRUCTURE.

TuE structure of crystals, or the order in which
their molecules are arranged, ma;? be inferred from
an experiment with common salt. ' If we dissolve a
portion of this salt inwater, and then suffer the water
to evaporate slowly, crystals:of salt will be deposited
on the sides and bottom of the vessel. These will at
first be very minute, but they will increase in size as
the evaporation proceeds; and if the quantity of salt
dissolved be sufficient, they.will at length attain a
considerable bulk. If the forms of the small crystals
be examined, they may be found to consist of en-
tire, or modified cubes. ' If we continue to observe
any of these cubic or modified crystals during. their
increase in bulk, we may find that the forms of some
of them undergo a change, by the addition of new
planes, or the extinction of some that had previously
existed. But we shall also frequently find that both
the cube, and the modified erystal, when enlarged,
preserve their respective forms.  The increase of a
crystal in sise appears therefore to be occasioned by the
addition of molecules to some, or all, of*the planes of
the smaller crystal, whether these planes be primary or
secondary.
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Fig. 83.
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If we apply the edge of a knife to the surface of
any one of these cubic crystals of common salt, in a
direction parallel to an edge of the cube, as at a b,
fig. 83, the crystal'may, by a slight blow, be cleaved
parallel to one of its sides.

If we apply a knife in the same manner successively
to the other lines ¢ d, e f; g &, and to the other sur-
faces of-the crystal, so that its edge be parallel in
each instance to the edge of the cube, we shall find
that there are cleavages parallel to all the planes of
the cube; and if the crystal be split with perfect
accuracy, a cubic solid may be extracted; and the
rectangular plates which have been removed by
these cleavages, may be also subdivided into smaller
cubes.

From these circumstances we infer that tke mole-
cules which have successively covered the planes of
the small crystals, are cubes, and that they are so
arranged as to constitute a series of plates, as shewn
in p. 18. And we further conclude that the molecular
attraction is least, in common salt, between the sur-
Juces of the molecules.

This regular structure is supposed to belong to all
regularly crystallized bodies.

It frequently happens that the regular crystal-
lization of bodies has been prevented by some dis-
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turbing cause, in which case the crystalline mass will
be curved or otherwise irregular, or it may even
present a granular character, This granular cha-
racter would be presented if the solution we have

supposed of common salt were 1ap1dly evaporated
and suddenly cooled.
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CLEAVAGE.

The spliting a crystal in the manner already des-
cribed, is, in the language of Mineralogy, termed
cleaving it. -

The direction in which the crystal can be split is
called the direction of the cleavage, or the natural
Joint of the crystal.

The direction of the natural joints may depend,
according to the preceding theory, upon the com-
parative degrees of molecular attraction existing in
the different directions of the molecules. This may
be so proportioned in different directions, as to occa-
sion other cleavages than those which are parallel to
the planes which we may assume as the primary
planes, as in the instances already cited of the corun-
dum, and tungstat of lime.

When this occurs the crystal is said to possess two
or more sels of cleavages. Those which are parallel
to the planes of the primary form, are called the
primary set, and those whieh are not parallel to those
planes are termed supernumerary sets.

The oxide of tin, described by Mr. Phillips in the
Geological Transactions, has three sets of cleavages ;
one parallel to the planes of an obtuse octahedron
with a square base, which is considered the primary
set, and two others which are swupernumerary, and



CLEAVAGE. b7

are parallel to the edges, and to the diagonals, of
the square base, being at the same time perpendicular
to the plane of that base.

If all the planes of any primary form be similar, as
those -are of the cube, rhomboid, and some other
forms, the primary cleavages w1ll generally. be ef-
ected with equal facility in the direction of each of
those planes, and the new planes developed by this
cleavage will be similar in lustre and general cha-
racter. This may be illustrated by cleaving galena
and carbonate of lime.

Where the p]anes of a primary form are not all
snmlar, as.in all prisms, and some octahedrons, the
primary cleavage is not effected with equal facility in
all directions, nor do the new planes all ‘agree in
their general characters. Hence the cleavage planes
of a mineral will frequently enable us to determine
what is not its primary: form, by their similarity or
dissimilarity ; but, as will be seen in the section on
primary forms, the cleavage is not sufficient to deter-
mine what the primary form really is.

Felspar, cyanite, and sulphate of lime, afford in-
stances of the greater facility with which a cleavage
takes place in one or two directions than in any
other.

The Abbé Haiiy has supposed that these unequal
cleavages are occasioned by the unequal extension of
~ the different primary planes. The broader planes,
preser:ting more points of contact than the narrower
ones, may, he imagines, be held together with greater
force than the narrower ones are. - This may possibly
be the cause of the observed inequality:of cleavage,
or possibly where the planes are unequal, the degree
of attraction between point and point is unequal
also.

H
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There are among minerals some substances which
yield readily to mechanical division in one or two
directions, but do not admit of distinct cleavage in a

v thirddirection, so as to produce a regular solid.
* This circumstance has introduced into mineralogy
the terms single cleavage, or double, triple, fourfold,

c. cleavage, which are sometimes perplexing to a
learner, ‘as they may be confounded with the different
sets of cleavages before spoken of. _

But these terms single, double, triple cleavage, &c.
are intended to refer strictly to the sets of primary
cleavage only.

s+ When a mineral can be split in only one direction,
the cleavage is said to be single; when in {wo direc-
tions; which may be conceived to give four sides of a
prism, it has a double cleavage.

When there is a cleavage in.three directions, such
as to produce either the lateral planes of the hex-
agonal prism, or a solid bounded by six p]anes which
are parallel when taken two and two, it is termed a
triple cleavage. -

A four-fold cleavage, or one in _four directions, will
produce a tetlahetgon, an octahedron, or a perfect
hexagonal prism ; he two latter solids consisting of
four_pairs of parallel planes, lying in as many dlf-
ferent directions.

The rhombic dodecahedron possesses six pairs of
parallel ‘planes lying in different directions, and may
be said therefore to have a sizfold cleavage.

Sometimes the natural joints of a crystal may be
“perceived by turning it round in a strong light, al-
though it camnot be cleaved in the direction of those
joints.

. Different specimens of the same substance will also
yield to the knife or hammer with unequal degrees of
facility ; and even carbonate of lime, which splits
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readily in general, will sometimes present a con-
choidal fracture.*

As a erystalline solid cannot be contained within planes
lying in less than three directions, it is obvious that it
cannot be produced by a single or double cleavage.

The solids obtained by cleavage may therefore,
according to what has preceded, consist either of
primary forms produced by friple, fourfold, or sizfold
Pprimary cleag@ges, or of other forms resulting from
the supernumerary cleavages, either alone or com-
bined with the primary.

But. another class-of solids may also result from
cleavag%when that takes place parallel to some only
of the primary . planes of those forms which possess
Jourfold or sizfold cleavages. 2o

" From a primary triple cleavage it is clear that only
a single solid can be produced, that solid being a
parallelopiped. But lslrrqm either a_fourfold or sizfald
primary cleavage, more than one solid may result,
according as the cleavage takes place parallel to all,
or only to some, of the primary planes.

X

* Some practice is necessary in order to cleave minerals neatly, and

some experiefice in the choice of the instruments to be used for this
purpose.
" In many instances, the mineral being placed on a small anvil Q%’;on
or lead, a blow with a hammer will be sufficient for dividing it 1fi the
direction of its natural joints; and sometimes a knife or small chissel
may be applied in the direction of those joints, and pressed with the
hand, or struck with a hammer; or the crystal may be held in the
hand and split with a small knife; or it may be spli&by means of a pair
of sinall cutting pincers whose edges are parallel: 8 € {

A small short chissel, fixed with its edge outward in a block of wood,
is a_convenient instrument for resting a mineral upon which we are
desirous of cleaving. : E

'
+

2
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Fig. 84.

L i

If we cleave an octahedron parallel to six only of
its planes, omitting any two opposite ones, as b and e,
fig. 84, and if we continue the cleavage until only
the central points of the planes b and e remain, a
figure of six sides will evidently be produced.

This figure is a rhomboid whose plane angles are
60° and 120°. &

i

Fig. 85 shews the position of this rhomboid in the
octahedron, from which it is evident that the cleavage
would be continued as far as the lines ¢ £, ! m, 7 o,
and those which are parallel to them on the opposite
plane.
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Fig. 86 exhibits the same rhomboid separately, the
planes being marked with the same letters as are
placed on such. planes of the octahedron as are pa-
rallel to those of the included rhomboid.

Fig. 87.

s s
o

r

Our rhomboid may thus be regarded as an imperfect
octahedron, two of its planes being concealed, or covered
by small tetrahedrons p r s, and ¢ u x, as in figure
86. These tetrahedrons consist of masses of cubic
molecules, and by their removal, as in fig. 87, we
shall obviously reproduce the perj‘e_g octahedron.

Fig. 88.

If we now cleave the octahedron parallel to any
Jour alternate planes, as c d, e f, fig. 84, and continue
the cleavage as far as the lines i k, I m, n o, fig. 88,
and until only the central points of the four planes
a, b, g, I, remain, we shall produce a regular tetra-
hedron, as shewn by the interior lines in the figure.
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b | Fig. 89,

b/

Fig. 89 exhibits this tetrahedron separately, -its
planes being marked with the same letters as appear
on the planes of the octahedron, fig: 84, which are
parallel to those of the included tetrahedron.

The tetrahedron thus obtained may be regarded as
an émperfect octahedron, four of its planes being con-
cealed, or covered by smaller tetrahedrons, p ¢ r s,
pqut, uqaxv, qrry,asin fig. 90, and itis
capable of being reduced again to the perfect octa-
hedron by the ?’emoval of those masses of cubic
molecules which constitute the tetrahedrons by which
the concealed planes are covered.

The tetrahedron and- octahedron have thus ob-
viously the same set of cleavages, and if the tetra-
hedron be the primary form, the octahedron may be
regarded as an imperfect tetrahedron, requiring cer-
tain additions to complete that form.* :

* The student is advised to trace the relation of the octahedron to
the acute rhomboid and tetrahedron, by means of an octahedron of
fluor produced by cleavage or otherwise. Let him place this on a
table, and by the assistance of 2 small hlammer and a knife, he may
procure from it, bv well observing the figures as he proceeds, the
acute rhomboid, and tetrahedrop, and from.them he may re-produce
the octahedron.

L
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& Fig. 91.

If the rhom‘?)ic dodecahedron, fig. 91, be cleaved
parallel to the planes, a, b, ¢, d, and to the four
planes oppositeito these, ‘wuntil the four remaining
planes of the dodecahedron disappear, an obluse octa-
hedron will be produced.

s

Fig. 92.

Fig. 92 exhibits this octahedron éeparately, the
planes being marked by the same letters as appear
on the corresponding planes of the dodecahedron.

Fig. 93. -

If the cleavage be effected parallel only to the
planes a, d, e, and hy b, k, until the other primary
planes disappear, an obtuse rhomboid will result, as
seen in fig. 93; this rhomboid measures 120° over
the edges at which the planes «, and e, meet.
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Fig. 94. -

r

If the cleavage take place parallel only to the
planes ¢ d and i k, and be continued ‘until only the
four cleavage planes remain, an irregular tetrahedron,
fig. 94, Will be produced, whose planes meet at an
anwle of 90° at the edges n o, p q, and at an angle
of 60" at the other edweq

Thus an obluse octahedron, d on m, fig. 92, mea-
suring 60°, an obtuse rhomboid of ]QO“ and an
zrregular tcirahedron, obtained by pmtwl cleavages
from the rhombic dodecahedron, may be regarded as
imperfect dodecahedrons, to which figure they may be
reduced, by detaching from each solid the portions of
cubic molecules which respectuely cover the obscured
dodecahedral planes.

But it is very obvious that these imperfect forms
may be obtained as well by cleaving at once through
the interior of the erystal, in directions parallel to 8 to
6 or to 4 only of the primary planes, as by beginning
lo cleave from the oulside, and arriving by degrees at
the new figure in the manner already described.

Hence it appears that a dissection of the octahedral
and dodecahedral crystals by cleavages, parallel to some
only, of the primary planes, will yield only the imper-
Ject solids above described, not any of which will
represent the molecules of which the crystals are com-
posed.*

* Blende will afford the student an opportunity of producmg, b!
cleavage, the solids represented by fig. 91 to 94.
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The relation of the tetrahedron to: the octahedron
in reference to the theory of cubic molecules, may be
explained in the following manner. ,

The Abbé Haiiy’s theory, it will be recollected,
supposes that if the tetrahedron obtained by cleavage
from the octahedron, were to be successively reduced
to an octahedron and four still smaller tetrahedrons,
we should at length arrive at a tetrahedron consisting
of four single tetrahedral molecules enclosing only an
oclahedral space, instead of an octahedral solid.

But according to the-structure assigned to the
octahedron by the theory of cubic molecules, that
figure is an entire solid; aund the smallest tetra-
hedron that can be imagined to exist, will contain
an octahedral solid, and would be reduced to:an
octahedron by the removal of four cubic molecules
from its four solid angles, and not of four fetrahedrons.

Fig. 95.

Let fig. 96 be supposed to represent the smallest
octahedron that can be imagined to exist, formed of
seven cubic molecules, and let fig. 95 represent a

I
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tetraliedron containing this minute octahedron. The
tetrahedron would obviously be reducible to the oc-
tahedron, as other tetrahedrons are, by the removal
ofallits solid angles. . *

But it is apparent that the solid angles to be re-
moved in this instance, are the small cubes a e g 1,
and by thieir rémoval the octahedral solid shewn in
fig. 96 will remain.

This octahedron is supposed to rest on one of its
p]anes, and the molecules & ¢, ¢ &, fe, ¢'d, may be
conceived to constitute four of its edges.

Thus the necessity of adopting the tetrahedron as
the ‘molecule of ‘the octahedron is removed, and in
¢onsequence a more simple theory of ‘the structure
of the octahedron, may be substituted for that which
has been established upon the adoption of tetrahedral
molecules.

By a similar mode of reasoning, the compatibility
of the cubic molecule ‘with the solids obtained by
cleavage from the rhombic dodecahedron, might be
shewn; and by adopting the cubic molecule, a more
simple theory of decrement, in relation to the rhom-
bic dodecahedron, may be substituted for that which
has been established upon the assumption of the
irregular tetrahedron as the integrant molecule, and
the obtuse rhomboid as the subtractive molecule.



Secrion V.
DECREMENTS.

Decrements have been already defined to be either
simple, mized, or intermediary ; and the simple decre-
ments have been divided into two classes, according
as they take place in breadth, or in hezglzt see Defi-
nitions, page 19.

The manner in which all the classes of decrements
operate in the productlon of new planes, has also
been explained.

Simple and mixed decrements take place either on
the edges of crystals, or on the angles, and produce
new planes which intersect one at least of the primary
planes, in lines parallel to one of its edges or diagonals.

Fig. 97.

-

If either a simple or mized decrement take place on
the edge a b, of any primary form whatever, a new
plane ‘is produced whose intersection ¢ d, with the pri-
mary plane along which the decrement may be concetved
to proceed, is parallel to the edge a b, ﬁ-om which it
may be said to begin or set out.

Fig. 97 shews the character of the secondary plane
produced by a szmple or mired decrement . the edge
of a rectangular prism,

12
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Fig. 98.

Fig. 98 shews the character of a similar plane on
the edge of a tetrahedron.

Fig. 99 shews the character of a similar plane on
the edge of an octahedron.

If a simple or mized decrement take place on the
angle of a tetrahedron or octahedron, one new edge
¢ d’, of the secondary plane, will be always parallel
to an ed«re a b, of the primary form, as shewn in
figures 98 and 99

If either a szmplc or mized decrement take place on
the angle of any primary form, except the tetrahedron
and octa]zedron, a new plane is produced, whose in-
tersection with the primary plane, along which the
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decrement may be conceived to proceed, is parallel
to the diagonal of that plane.

Fig. 100.

Fig. 100 exhibits a plane produced on the angle of
a rectangular prism, by a simple or mixed decrement ;
the edge c d, of the secondary plane, being parallel to .
the diagonal a b, of the primary form.

Fig. 101.

e
v

e

Intermediary decrements may be sald to take place
“only on the solid angles of crystals, by the omission of
unequal numbers of molecules in the direction of :the
~ edges which meet at such solid angle. And a plane
1s thus produced, none of whose lines of intersection,
@ by ¢ b, ac, with the primary planes, are parallel to
any edge, or diagonal of those planes.
Fig. 101 shews the position of a plane produced by
an intermediary decrement on the angle of a rectan-
gular prism.



70 DECREMENTS.

,  Fig, 102.

Fig. 102 contains a similar decrement on the angle
of a tetmhedron

Fig. 105.

Fig. 103 shews the effect of a similar decrement on
the angle of an octahedron.

In‘the illustrations hitherto given of the nature of
decrements, and of the characters of the secondary
planes ‘produced by them, we have considered the
‘effect 'produced upon only « single edge or angle of
the primary form. But'as decrements generally take
place equally on all the similar edges and angles of
any primary form, it will be necessary now to enquire
into the manner in which these similar edges and
angles are affected, when they are all operated upon
at the same time, by any given decrement.

From the definition already given in page 3, of the
nature of similar edges and angles, it will appear that
in the rectangular prism, those edges only are similar



, DECREMENTS. 71

which dre parallel to each other. And if we refer to’
the tables of madifications of that form, which will be
found in‘a subsequeiit section, ‘we shall observe it is
ofily the ‘parallel edges Whl(:h are affected by the

modifications by ¢ anel d.
: Fig. 104

A

A g

Let us now suppose a modlﬁcatlon belonging to
the class ¢ to have taken place on a right rectangular
prism, and let us suppose the secondary crystal pro-
duced by this modification represented by fig. 104.
The upper part of this figure shews the manner in
which, the new planes are conceived to be produced,
by the continual abs(raction of single rows of mole-
cules on_both the edges a b, and ¢, of each of the
superimposed plates, until the last p]ate con51sts of

only one row, forming the new edge of the secondary
crystal.

Fig. 105.

TITI11]

The square prism has all its terminal edges similar,
-and “all 'its teriminal ‘angles also similar, and con-
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sequently when one of those edges or angles is affected
by any decrement, they will generally all be so.

i Fig.. 105 .exhibits modification ¢, of the square
prism, the upper part of the figure shewing the man-
ner in which the secondary planes are conceived to
be generated, by the continual abstraction of single
rows of molecules from each edge of each of the suc-
cessively superimposed plates.

Fig. 106.

Fig, 106 exhibits the effect of a decrement by one
row_ of molecules on the angle of a square prism,
_producing a secondary form belonging to the class a
of the modifications of that figure. See tables.

The cube has its three
consequently. they are all affected equally by decre-
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ments upon-the edge of that form, except in some
particular cases which will be referred to in a future
section.

‘Fig. 107 shews the effect of a decrement by one
row of molecules on the edges of a cube; producing
the planes of the rhombic dodecahedron.

Fig. 108.

ﬁﬁl/ﬂ\ L,
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Fig. 108 shews the manner in which an inter-
mediary decrement, taking place at the same time
upon the three adjacent angles of the cube, is con-
ccived to produce six planes on the solid angle. -

The causes which occasion decrements do not ap-
pear at present to be understood : crystals so minute
as to be seen only by the aid of a microscope, are
found variously medified; hence the circumstance,
whatever it may be, which occasions the modifica-
tion, begins to operate very soon after the crystal has;
been formed.

Perhaps it may influence the arrangement of the
first few molecules ‘'which combine to produce the
crystal in its nascent state ; and as we find that crys-
tals during their increase in magnitude, sometimes
undergo a change of form, by the extinction of some
modifying planes, or the production of others, it is
evident that the cause which occasjons a decrement,
may be.suspended, or may be first brought into ope-
ration, at any period during the increase of a crystal
in size. % :

K
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 For the purpose, however, of affording a clearer
illustration of the theory of decrements, it has been
found convenient to imagine that the primary form
of any modified crystal had attained such a magni-
tude, before the law of decrement had begun to act
upon it, as to require for the completion of the mo-
dified crystal, the addition of only those defective
plates of molecules by which the modifying planes
were produced. A primary form of this magnitude,
is evidently the greatest that could be inscribed in
the given secondary form. And a primary form so
related to the secondary, is in theory termed the nu-
cleus of the secondary form.

This nucleus may frequently be extractéd from the
secondary crystals by cleavage.

If we take a crystal of carbonate of lime of the
variety called dog-tooth spar (the metastatique of
the Abbé Haiiy,) and begin to eleave it at its sum-
mit, we shall first remove those molecules which
were last added in the production of the crystal ; and
by continuing to detach successive portions, thus pro-
ceeding in an order the inverse of that by which the
modified crystal has been formed, we may remove
the whole of the lamina, which enclose or cover the
theoretical primary nucleus.

As far as we have proceeded with the theory of
decrements, we have supposed the diminished plates
of molecules to be laid constantly upon the primary
form, in order to produce the modifications which
are found to exist in nature. But from a comparison
of the angles at which some secondary planes incline
on the primary, and on each other, it is probable
that the decrements sometimes take place on second-
ary cerystals. Thus, for example, we may conceive
decrements to take place on any secondary rhomboid
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of carbonate of lime by the abstraction of secondary
molecules similar in form to that secondary rhomboid.

These secondary molecules would consist of certain
numbers of primary ones arranged in the same order
as they would be in the production of the entire
secondary crystals, and they would in fact be minute
secondary crystals.

There is an interesting paper on this subject by
the Abbé Haiiy, in the 14th vol. of the Annales du
Museum, p. 290, where, in order to express the laws
of decrement in as low numbers as possible, he has
in several instances conceived the decrements to take
place on secondary forms.

Another circumstance apparently influenced by a
cause in some degree similar to that which produces
decrements, is the colour which occasionally covers
some of the modifying planes of a crystal while the
other planes remain uncoloured.

A specimen of carbonate of lime, from St. Vincent’s
rocks near Bristol, which now lies before me, affords
an instance of this.

Fig. 109.

T3
In this specimen the planes @, b, of some of the
crystals and those planes only, are covered with par-
ticles of, I believe, oxide of iron, upon which no
molecules of carbonate of lime appear to haye been
subsequently deposited; but a thin plate of that sub-
stance is observed on some crystals as at ¢, to cover
K 2
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part of the coloured plane, having apparently begun
to form at the edge d, and to have proceeded from
that edge over part of the coloured plane a, but
scarcely touching the colouring matter, ~

"Mr. Beudant has collected together many facts
relative to the influence which particular circum-
stances are supposed to exert upon the formation of
crystals in the laboratory; but these facts are insuf-
ficient to explain the causes which determine the
particular crystalline form of a mineral, or to account
for its modifications. His memoirs, however, are
interesting, and may be found in the Annals of Phi-
losophy, vol. xi. p. 262; and in the Royal Institution
Journal.

Decrements appear to be sometimes influenced, as
will appear in the next section on the symmetry of
crystals, by the capacity of a body to become electric
by heat, but I am not aware that any explanation
has been given of the manner in which this influence
is exerted.
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SYMMETRY.

AmonG the definitions will be found an explana-
tion ‘of what is meant by similar edges, angles and
planes of a crystal.

It has been discovered, by the observation of a
great number of secondary forms of crystals, that
when a modification takes place on any one edge or
angle of any primary form, a similar modification
generally takes place on all the similar edges or
angles. And this has been observed to occur so fre-
quently, as to induce the conclusion of its being the
effect of a general law, which the Abbé Haiiy has
called the law of Symmetry. 'Fhis law however does
not act universally with regard to all such similar
edges or angles as are included under the definitions
already given. The tourmaline will present an in-
stance of deviation from this law. The primary form
of the tourmaline is a rhomboid, and the three edges
terminating in a, fig. 36, are similar to the three ter-
minating in &; the siz lateral edges, as well as the
siz lateral solid angles, are also respectively similar.

Yet it is found that the three edges terminating in
a, are sometimes truncated, while those terminating
in b, are not. It is also observed that sometimes only
the alternate three of the lateral solid angles are mo-
dified, the three others remaining entire; but the
tourmaline is pyro-electric, that is, capable of becom-
ing electric by heat, and many other substances which
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are endued with a similar property, appear equally
subject to a similar interference with the general law
of symmetry.

But other substances which are not pyro-electric,
as, for example, iron-pyrites, afford instances of de-
viation from that kind of symmetrical modification
by which the cube of galena is affected. Pyro-elec-
tricity is not therefore the only disturbing cause which
influences the deviation from the general law of sym-
metry.

With all the known exceptions however to this
law, there are still so many substances influenced by
it, that the character it confers on crystals is generally
serviceable for determining the class of primary form
to which any secondary crystal belongs.
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PRIMARY FORMS.

TuE derivative or parent form, from which the
secondary forms of any crystallized mineral may be
conceived to be derived by the operation of certain
laws of decrement, has been denominated the primary
Jorm of such mmeral

It may be added that the przmar y form of a mineral
should not be inconsistent with its known cleavages, and
it should generally be such also as would produce the
secondary forms of the species to which it belongs by
the fewest and simplest laws of decrement.*

It is for the sake of rendering our notions of a
primary form more precise, that we give this limiting,
and in some degree arbitrary, definition of the term.
Our purpose throughout this treatise is, to find the
‘shortest and most direct road from the secondary
crystal to the mineral species to which it belongs.

But as we must travel first from the secondary to
the primary form, it is essential that our ideas of that
figure which we agree to call the primary form, should
be as precise as possible.

The primary forms of crystals‘may sometimes be
developed by cleavage.

* The term pirimary, so defined, is merely relative, being used in con-
tradistinction to secondary. It appears therefore preferable to the term
Zfrimitive, which has been generally used to designate this -original or
parent form, and which seems to jmply something more intrinsic, and
absolute, than is required by the science into which it is introduced.
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Thus a hexagonal prism of carbonate of lime, which
is one of the secondary forms of that mineral, may
be cleaved in a direction parallel to the planes of a
rhomboid, which is its primary form.

Fig. 110.

When the prism results from a decrement pn the
inferior angle of the rhomboid, as shewn in the table
of modifications of the rhomboid class e, this cleavage
will take place parallel to the three alternate terminal
edges of the prism, as shewn in fig. 110.

Fig. 111.

But when the prism results from a modification
on the inferior edges of the rhomboid, corresponding
with modification class #, the cleavage will take place
on the alternate solid angles of the prism as in fig. 111.

A similar prism of phosphate of lime, which is the
primary jform of that substance, cannot be cleaved in
any.other direction than parallel to its own planes.

But cleavage alone cannot be relied on for deter-
mining the primary form of a mineral. For if, as.it
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frequently happens, two or more solids can be ex-
tracted from a crystallized mineral by. cleavage, we
must refer to its secondary forms, in order to deter-
mine which of those solids ought to be adopted as its
primary form. And if the secondary forms can be
derived from one of such solids by the operation of
single decrements, while it would require two or more
decrements to operate simultaneously on the other,
in order to produce the same secondary forms, that
solid will be adopted as the primary, from which the
secondary ferms belonging to the species might be
derived by the single decrement.

A ctase however may occur in which two different
solids may be produced by cleavage, from either of
which, the secondary forms of the particular.species
of mineral in which it occurs, may be derived by laws
of decrement equally simple. Whenever this hap-
pens we shall be at liberty to adopt either as the
primary, and we should probably adopt that which
predominates most among the secondary forms.

In the section on cleavage we have seen that the
same set of cleavages will produce either a regular
tetrahedron, or a regular octahedron, or a particular
rhomboid, one only of which is to be regarded as the
primary form of the species in which such cleavages
occur. _ ‘

In this case the secondary forms of the mineral we
are supposed to be examining, can alone enable us
to determine which to adopt.

The secondary forms of a rhomboid differ so much
from those of the octahedron and tetrahedron, as to
admit no doubt in the instance of fluor, that the pri-
mary form of this substance is not a rthomboid.

According to the law of symmetry, the modifications
of a regular octahedron should equally affect all its

L -
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edges or angles, and tend equally to the extinction of
all its planes, while the modifications of the tetra-
hedron, regulated by the same law, would affect only
some of tlzc edges or angles of a crystal containing all
the ‘octahedral planes.

It may be observed by examining the crystals of
spinelle and red oxide of copper, that the solid angles
are sometimes replaced by four planes resting on the
primary planes.

This change of figure results from a single modifica-
tion of the octahedron belonging to class b. See tables.

But in order to produce four similar planes on each

“of the solid angles of the octahedron, regarded as a
secondary form of the tetrahedron, two modifications of
the tetrahedron must concur. We must suppose cack
of the solid angles of the tetrahedron to be replaced by
three planes resting on its edges, at the same time that
its edges are bevilled.

The octahedron will therefore, under the definition
I have given of a primary form, be adopted as the
primary form of spinelle and red oxide of copper, and
of such other minerals as present secondary forms of
a similar-character.

I shall cite only one other instance of the insuffi-
ciency of cleavage alone to determine the primary
form of a mineral, although many more might be
adduced.

Fig. 112.
e e 7
i 4
J
7t d Ed

The petalite has two sets of cleavages, one in the
direction of @ b, ¢ d, fig. 112, at right angles to each
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other, and another e f, g &, such that the angle e 0 g,
measures about 100° and the angle g o f; about 80°.

Now these cleavages are respectively parallel to
the sides of either a rectangular, or a rhombic prism,
and either of these may therefore be the primary form
of petalite. But there is no cleavage which indicates
with certainty whether the prism, whichever of the
two we may adopt, be right or oblique.

We cannot therefore determine the primary form
of petalite, without a reference to crystals possessing
their natural terminal planes, or such modifications
of those planes as will shew whether the primary
crystal be right or oblique.

If we discover from the crystal of petalite that the
primary form is a right prism, we should still be at
liberty to take either the right rectangular or right
rhombic prism.

But as the angles at which the planes of the rhom-
bic prism incline to each other, are those by which
the particular species of mineral would in this case
be distinguished, we should at once adopt the rhom-
bic prism as the primary form. =

It has heen observed in the section on cleavage,
that the character of the planes developed by cleavage
sometimes afforded indications of the primary form.

The striee on the natural surfaces of the secondary
planes of crystals have been also considered to afford
indications of primary form. As those which are
parallel to the shorter diagonal of the dodecahedral
planes of the aplome, have been regarded as indica-
tions of the, primary form being a cube, as it appears
to be from its cleavage.
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But this circumstance cannot be relied upon in all
instances for determining the primary form of a mi-
neral. TFor the cubic planes of iron pyrites, which
are found by cleavage to be the primary planes, are
striated in such directions, as might lead us to sup-
pose them secondary planes, and its primary form to
be a pentagonal dodecahedron. And the cubic crys-
tals of blende are frequently striated parallel to the
alternate diagonals, as shewn in fig. 113, which would
indicate a tetrahedral primary form. ‘But the cleavage
is parallel, as we have seen, to all the diagonal planes
of the cube, producing a rhombic dodecahedron, and
not parallel to the planes a b i, as it should be if the
tetrahedron were the primary form and consequently
were to be produced by cleavage.

Fig. 114.

To illustrate the relation of these striz to the sup-
posed tetrahedron, we shall derive that figure from a
cube by cleavage, and to do thls we may again have
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recourse to a cube of fluor. Let fig. 114 represent
this cube. 1If we apply a knife to the diagonal a b,
and detach successively the two solid angles a b c,
@ bd, and then place the crystal with the edge a b,
downwards, and remove the solid angles c d a, ¢ d b,
the figure we shall obtain will be the regular tetra-
hedron. !

Each of the classes of primary forms contained in
puge 6 to 11, except the cube, the regular tetrahedron,
octahedron, and rhombic dodecahedron, comprehends
many individual forms belonging to as many species of
minerals ;. which individual forms differ from each other
in some of their angles, or in the relative lengths of
some of their adjucent edges. '



Secrion VIIL
SECONDARY FORMS.

TuE secondary forms of crystals are either simple
or compound. The simple consist of modifications
of the primary forms, produced by single decrements.
The compound consist of several modifications occur-
ing logether on one crystal, produced by as many
decrements operating simultaneously upon it. The
cube with the solid angles truncated or replaced by
three or six planes, is an instance of a simple second-
ary form produced by a single modification ; but if
the edges be also truncated. or bevilled, or the solid
angle be both truncated and replaced by three or six
planes, it will afford an example of a compound
secondary form.

The secondary planes frequently obliterate entirely
the primary ones, and produee a new form apparently
belonging to another class of primary forms, as in
the instance of the rhomboid being converted into a
six-sided prism by the truncation of all its solid
angles, or of its terminal solid angles and its lateral
edges, ;

Particular secondary forms sometimes predominate
in particular species of minerals, as the cube in fluate
of lime, whose primary form is an octahedron. Par-
ticular modifications of primary forws are also found
to aflect particular districts of country.



SECONDARY FORMS. 87

Thus the dodecahedral variety of carbonate of
lime, commonly called dog-tooth spar, occurs the
most frequently in Derbyshire.

In Cumberland, the most common variety is a six-
sided prism terminated by the planes of an obtuse
secondary rhomboid.

In the Hartz, the entire six-sided prism occurs
more frequently than in other places.

Particular secondary forms are found to occur con-
stantly among some species of minerals, and rarely

among other species belonging to the same class of
primary forms.

Thus the regular hexagonal pyramids, which occur
constantly among the secondary forms of quartz,
rarely occur in carbonate of lime.

The causes of these peculiar habitudes of minerals
have not I believe been investigated, nor do I appre-
hend that the investigation would lead to any satis-
factory result. They appear to beloug to that class
of facts, which our limited knowledge of the opera-
tions of nature does not enable us at presont to com-
prehend.



Secrion IX.

HEMITROPE AND INTERSECTED
CRYSTALS.

Besipes the secondury forms referred to in the
preceding section, there is another class of crystals
which were denominated macles by Romé-de I'Isle,
. but which the Abbé Haiiy has called hemitrope crys-
tals, having assigned the term macle to a species of
mineral more generally known by the name of chi-
astolite.

The term hemitrope has been derived from the
resemblance of this class of forms to crystals which
might be conceived to have been slit in a particular
direction, and then to have had one half partly
turned round on an imaginary axis, passing through
the centre of, and perpendicular to, the planes of
section.

This kind of structure may be readily understood
from one or two examples.

Fig. 115.

If we conceive an octahedron a b c d e f, fig. 115,
to he cut through in the direction g 7,
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and if we suppose the half b d f, partly turned
round as in fig. 116, until b is opposite to, ¢, and d
opposite to e, a hemitrope crystal would be produced,
resembling one of the varieties of the common: spi-
nelle.

_ Fig. 117,
/ ’;_’5

ey o 0 ok

Again, if we suppose a right prism, whose base is
an oblique angled parallelogram, fig. 117, to be cut
through its centre and parallel to its lateral planes ;

Fig. 118.

it otk
e

and if we then conceive the portion marked a ¢,
turned round until the edges b and ¢, again become
parallel as in fig. 118, we shall have a form of hemi-
trope crystal not of unfrequent occurrence in sulphate
of lime.

These examples are sufficient to illustrate the man-
ner in which hemitrope crystals may be conceived to
be produced. But we cannot for a moment imagine

M
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that they are so produced. The arrangement of the
molecules in so apparently capricious a manner, is
doubtless the consequence of some law operating on
the structure of the crystal from the commencement
of its formation, and analogous to those laws by
which other secondary forms are produced.

Hemitrope crystals consist of portions of either
unmodified primary forms, or of secondary forms;
and the plane of the imaginary section is found to be
parallel either to the primary planes, or to some
secondary plane which would result from some regu-
lar decrement.

Oxide of tin, as shewn in Mr. Phillips’s paper on
that substance in the 2nd vol. of the Geological
Transactions, exhibits a considerable variety of this
species of secondary form. It is very common also
in felspar, in rutile, and sphene, and it occurs in
many other substances.

One character by which hemitrope crystals may
generally be known, is the re-entering angle produced
by the meeting of some of their planes. This is very
obvious in the figures 114 and 116. But even where
this re-entering angle does not appear, there is gene-
rally some line, or some other character, which in-
dicates the nature of the crystal.

Crystals are frequently found intersecting each other
with greater regularity than can be ascribed to acci-
dent, and forming a class very analagous to hemi-
tropes, and probably governed in their structure by
the same general laws to which those forms owe their
existence,
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Fig. 119.

The staurotide affords a good example of this

variety of form.
The primary form of the staurotide is a right

rhombic prism, fig. 119.

Fig. 120.

Two of these prisms frequently cross each other at
right angles as in fig. 120.

Fig. 121.

And sometimes at an oblique angle as in fig. 121.

In other minerals it is sometimes observed that
thfee, four, or more crystals, intersect each other in
this manner, and produce figures apparently remote

M2
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in character from the primary forms to which they
belong, and from which they could not be deduced
by any ordinary law of decrement. This class of
combined or intersecting crystals generally occurs in
arragonite : such forms also frequently occur in car-
bonate of lead, in sulphuret of copper, and in other
species of minerals.



SecrioN X.

EPIGENE AND PSEUDOMORPHOUS
CRYSTALS. .

I~ addition to the variety of crystals already des-
cribed, there are others whose forms are not natural
to the substances in which they occur.

To one class of these the Abbé Haiiy has applied
the name of Epigene, where a chemical alteration has
taken place in the substance of the crystal subsequently
to its formation.

Thus crystals of blue carbonate, and of red oxide
of copper, are frequently found converted into green
carbonate. Sulphuret, and carbonate, of iron, are
changed into oxides, without losing their peculiar
crystalline forms ; and the same alteration takes place
in other substances.

Another class of crystals, not belonging to the
substances in which they occur, have been denomi-
nated Psecudomorphous. 'These have been formed
either within cavities from which crystals of some other
substance have been previously removed by some natu-
ral cause, probably by solution, or upon crystals of
some other substance which have subsequently dis- -
appeared ; the space they occupied either remaining
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a void, or having been afterwards filled with some
other matter.

Both these classes of crystals, particularly the first,
may present some little difficulty to the young mine-
ralogist, but this will be overcome by an improved
acquaintance with the minerals in which they occur.



Secrion XI.

ON THE TABLES OF MODIFICATIONS.

Tue preceding sections have explained the theory
of crystals in reference to

The forms of their molecules.

The manner in which those molecules are aggre-
gated in the production of crystals, and to

The nature of decrements, or the manner in
which the secondary forms of crystals may
be conceived to be produced.

The most important practical purpose of this theory
is, to enable the mineralogist to determine the species
to which any crystallized mineral belongs, from an
examination of any of its crystalline forms.

Minerals which differ in species, may belong either
to different classes, or to the same class, of the pri-
mary forms. If several species belong to the same
class, they will be found, with the exception of such

- as crystallize in cubes, regular tetrahedrons, regular
octahedrons, and rhombic dodecahedrons, to differ
Jrom each other, sometimes in the angles at which their
primary planes incline to each other, and sometimes in
the comparative lengths of some of their primary edges.

Thus the general class of square prisms may con-
sist of any number of particular prisms, belonging to
as many different species of minerals; and these indi-
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vidual or particular prisms may be conceived to differ
from each other in the relation of their respective
heights to the length of the edge of their square base.
The class of rectangular prisms may be supposed to
contain many particular prisms, which vary from each
other in the relative dimensions of their planes.

The individuals of the'class of rhombic prisms may
vary from each other in their relative heights, and in
the angle at which the lateral planes incline to-each
other. Those of the class of rhomboids will differ in
the angles at which their planes incline respectively
to each ‘other; constituting a series of particular
rhomboids, of which the most acute, and the most
obhtuse, will be the two extremes; and similar dif-
ferences may be imagined to exist among the indi-
viduals belonging to such of the other classes of pri-
mary forms as admit of analagous variations.

But crystals rarely present themselves under their
respective primary forms; they are usually modified
by new planes, producing secondary crystals, from
which the primary forms are to'be inferred.

And although, as we have already seen, we may,
to a certain extent, be guided by cleavage in our
attempts to discover the primary forms of minerals,
those forms cannot in general be determined withoat
a reference to the secondary crystals.

Hence the relations between the various secondary
forms of crystals, and their respective primary forms,
constitute a highly important feature in the science of
which we are treating.

The secondary forms of crystals have been ex-
plained to consist of modifications of the primary,
occasioned by decrements on some of their edges or
angles.

The character of the modifying planes, and their
geometrical relations to the primary form, as con-
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nected with the theory of decrements, will be ex-
plained in the Appendix, together with a system of
notation connected with the same theory, and capahle
of expressing the figure of any secondary form by
means of certain symbols.

But there are many who. form collections of mi-
nerals as an amusement, who are not in the habit
of mathematical investigations, and who cannot avail
themselves of the theory of decrements, for the pur-
pose of tracing the relations between the secondary
and primary forms of crystals; and I am not aware
of the existence of any published work unconnected
with that theory, which attempts.to point out these
relations so as to enable the mineralogist to trace
in a secondary crystal the characters of the primary
to which it belongs, *

I have attempted to supply this desideratum by the
following tables of medifications of the primary forms,
and by the explanations which follow them.:  And
although these may not furnish the young enquirer
with all the assistance he desires, but may leave him
still to encounter some difficulty in his pursuit; he
will certainly derive advantages from the opportunity
the tables will afford him, of comparing all the classes
of simple secondary forms, belonging to the several

* A systematic method of describing crystals was taught by Werner ;
but that method has been found inconvenicnt even for the purpose of
deseriptiony and it supplies nio rules for deducing the primary form of a
crystal from any of its secondary forms. The system of Mohs has not

. yet been sufficiently developed to the English reader, to enable him to
judge fairly of its merits; but from what has been published here, it
appears that the purpose I have attempted to effect, may also be
effected by his system, although by a less direct course.

The consideration of infinite lines which he has introduced into his
system, and his notation founded on this character, are parts of his

_theory which will probably render its public reception less general than
it might have been from its merits in other respects.

N
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classés of primary ones, with each other, and with
their respective primary forms ; as he will thus obtain
a general view of the entire series of simple secondary
forms belonging to all the known classes of the pri-
mary. '

In these tables, not merely the observed modifications
of crystals, ‘but all the numerous modifications of which
each class of primary form ‘is susceptible, while in-
Jluenced by the law of symmetry, are reduced into
classes, and arranged in an orderly series ; and I have
-added. some of the observed instances ‘of departure
from this law, in the production of peculiar and
anomalous secondary forms.

From a general view of the tables, it will be seen
that the first classes of modifications are those on'the
solid angles of the primary form; these being suc-
ceeded by the modifications upon the edges, beginning
in all cases with the simplest change of form.

It has been already stated, that each of the classes
of primary forms, may comprise many individual forms
belonging to as many different species - of minerals ;
‘which ‘individual forms, with the exception of such
as belong to the cube, the regular tetrahedron and
‘octahedron, and rhombic dodecahedron, will be found
‘to 'differ from each other in the measurement of some
of their angles, or in the ratios of some of their
edges.

Each of the classes of modifications, exceptmg those
Whlch produce tangent planes, and which consequently
admit of no variation, may also comprise a séries of
_individual modifications ; which individual modifications
will be found to differ from each other, in the angles

+at which the modifying planesincline on the adjacent
primary planes. o

Thus ‘the series of modifying planes which. would

be comprehended under class b, in the table of modi-
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fications of the cube, may be conceived to be com-

prised within two natural limits; the one being the
pumaly plane of the cube, and the other the plane a.
For it is obyious that the inclination of 4 on P, may,
approach nearly to 180°, but it can never reach that
limit. . And it may pass from such an obtuse angle,
through an almost unlimited series of planes inclining
less and less on P, until at length the mclmatloq-
would be nearly the same as that ofa on P; but jt'is
apparent that it can never attain this llmlt there
being only the one plane a, which can mclme to the
primary p]anes at that angle,

The series of planes belonvmc to class ¢ of the
cube, are limited within,the: planes ¢ and e. The
angle at which the planes marked ¢ incline to each
other, may be conceived to increase, until it ap-
proaches very near to 180°; the three planes would
then very nearly become on.e, and similar to ¢, but
they can never reach that limit. . And they may also
be conceived to incline more and more upon the edge,
until at length they would very nearly coincide with
the plane ¢, but they could never exactly coincide
with that plane.

This may be readily comprehended lf we refer to
the tables, and remark that each of the series of neyw
solids which would, result from the series of planes
belonging to class ¢, would be contained within 24
planes, while only one single solid contained within
8 planes could be produced . from class a, and only
one other by class, b, contained within 12 planes,
neither of which therefore could fall within the series
resultmo from class ¢,

The series of individual modifications belonging
to class d of the cube, may be conceived to lie within
several limits, according to the direction in which the
ch.mge of position of the modifying planes may be

N2
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supposed to take place. The angle at which the two
planes d, resting on P, meet, may be supposed to
increase until those planes would nearly approach to
one plane, corresponding with class 4; or the angle
at which the two planes d, which meet at the edge of
the cube, incline to each other, may approach nearly
to 180°, when those two planes would nearly become
one analogous to class ¢. Or if the two planes d,
which meet at the edge ‘of the cube, be conceived to
incline more and more on that edge, they will at
Iength approach nearly to the position of the planes
of class f; but they can never coincide with those
planes.

These remarks on the nature of the differences
which may be conceived to exist among the individual
modifications belonging to some of the classes con-
tained in the following tables, might be easily ex-
tended to all. But it will not be difficult for'the
reader to apply them himself to all the other variable
classes contained In the tables. The nature of the
variation, however, in many of the classes, will be
pointed out in the tables,

When the sets of new planes, resulting from the
individual modifications belonging to any one of the
classes, are so much extended as entirely to efface
the primary planes, a series of entirely new solids
will result. The planes of these new solids will
generally possess one common character throughout
the series ; that is, their planes will gererally be all
triangular, or all quadrilateral, or all pentagonal, or
be of some other polygonal form; but the planes be-
longing to each individual of the series, will differ
from ' those belonging to every other individual, in
their angles, or the relative lengths of some of their
edges.

But although it is gencrally true that the planes of
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the entire series of secondary forms, resulting from
any given class of modifications, are similar through-
out the series, it is not invariably so. Among the series
of secondary forms resulting from particular classes
of modifications of the rhomboid, there are some con-
tained within scalene triangular planes, and others,
belonging to the same class, contained within isos-
celes triangular planes. These differences will gene-
rally be pointed out in the tables. :

The series of new solids, or complete simple second-
ary forms, resulting from each of the classes of modi-
fications, will be described in the tables under the
appellation of new figures.

It is to be observed that very few of the individual
modifications belonging to the several classes, have
yet been found to exist among crystals. And it is
doubtful whether all the classes even have been
hitherto noticed.

The figures of the primary and secondary forms,
given in-the following tables, are not to be regarded
as representations. of crystalline forms. of any par-
ticular minerals, but as exhibiting a type, or general
character, of each of the classes of primary forms, and
of the modifications belonging to each of those classes.

A position is chosen for the figure of each of the
primary forms, which is supposed to be constant
throughout the series of modifications belonging to
each. The position of the greater number will be
readily comprehended from the figures themselves,
but there are a few which require a short explanation.

The figure of the right rectangular prism has its
greater edge horizontal, and its largest plane is sup-
posed to be a terminal one.*

*The horizontal lines here refcrred to, are those.which are paraliel
to the upper or lower edges of the page.
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The figure of the, actakedron with a rectangulax
base, has the greater edge of its base horizontal.

The figures of the right rhombic prism, and of the
octahedron with a rhombic base, have their greater
diagonals horizontal.

The ﬁrrure of the right oblzque-angled prism, has
its. grealer diagonal horizontal, and the greater lateral
plane. of the prism standing, opposite the right hand of
the spectator.

Thus where the angles of the base of a primar J
form are right angles, four of its terminal edges, as
seen in the figures, are horizontal. But where the
angles of the base are not right angles, the figure is
drawn with its greater diagonals horizontal, and all its
terminal edges are oblique lines,

1 conceive that an advantage will attend the placing
the figures of crystals of dlﬂ'erent mmerals, belonging
to the same class of primary forms, always in the
same position. The crystals of different substances
may be then more easily compared with each other,
and their ‘peculiar ‘characters be more. readily ob-
served. ' Euclase, and sulphate' of lime, are right
oblique-angled  prisms; but the figures of euclase
which accompany the Abbé Haiiy’s description of that
substance, are made to rest on one of the lateral
planes of the primary form, as it is exhibited in p. 10,
while his primary form of sulphate of lime is made to
rest on its base as that figure does.

'On each of the primary forms, it will be observed,
that certain letters are placed, which are intended to
designate the angles, edges, and planes, of crystals,
and to denote their similarity or dissimifarity.

We are indebted to the Abbé Haiiy for the adapta-
tion of letters to these purposes; and in a future
section the manner will ‘be explained in which they
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are applicable in describing the ‘secondary forms of
crystals,

Some, or all, of the vowels A E 1 O, are used to
designate the solid angles; some of the consonants,
B'C DFGH, todesignate the primary edges; and
P M T to designate the primary planes of crystals.

The same letter is repeated where the angles, edges,
or planes are ‘similar; and different letters are used
where ‘those angles, edges, or planes are dissimilar,
according to the definitions of similar angles, &c gnen
in p. 3.

Thus the letter A is repeated on all the angles of
the cube, these being all similar; while A and E are
placed on the alternate angles of the right rhombic
prism, to shew that there, the opposite angles only
are similar. : ; :

So in the cube, the letter P is repeated onall the
‘planes because they are all similar.

In the right rhombic prism, the letter P stands only
‘on the terminal plane, the lateral planes having the
letter M placed upon them. This implics that the
Tateral planes are not similfar to the terminal plane
‘but the letter M being repeated on Dotk the lateral
planes, denotes that tkése are similar fo each other.

In the right oblique-angled prism, the lateral planes
"are distingnished from each other by the letters M,
and T, 1mp]ymfr that theJ are dissimilar to_each other,
“as both are to the terminal plane which is designated
by P.

The ’ and " added to some of these letters, serve
merely to distinguish two or more similar planes from
each other.

Thus, by carefully observing the position of the
edges of the base of any figure, as it is explained in
p. 101 and 102, and the letters used to designate the
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‘planes, as explained above, we may immediately dis-
cover the class of prlmary form to which the figure
belongs..

The front planes exhibited in the drawing of any
erystal are generally one half the number belonging to
it; hence it is obviouns that if these be described, the
parallel planes of crystals being always similar to
each other, the planes which are parallel to those
shewn in the drawing, may be conceived to be des-

cribed also.

It may be remarked that the modifying planes of
the series of forms contained in the tables, are pro-
duced by cutting off portions of the figure of the
primary crystal and thus reducing its bulk. It is
almost unnecessary, after what has been already said
on the formation of crystals, to observe, that nature
proceeds by building up the secondary forms instead
of thus truncating the primary. And we may, if we
please, imagine, that the secondary figures given in
these tables, have been produced by additions to
primary crystals of smaller relative dimensions than
those placed at the head of the several tables.

The énclination of any two planes to each other, as
a and P, modification a of the cube, or the angle at
which they meet, is commonly expressed in this man-
ner, a on P so many degrees and minutes.
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ITS MODIFICATIONS.

Primary form. The cube.

Modifications.

Class a. Solid angles replaced by tangent planes.

The modifying planes are equilateral triangles.

When the modifying planes are so extended as to
efface the primary planes, a regular octahedron will
be produced.

Plane a on P, P’ or P”, 120° 15’ 52'".

Class b. Solid angles replaced by three planes
resting on the primary planes.

Each of the series of new figures produced by this
class, would be contained within 24 equal trapezoidal
planes. But the trapezoidal planes belonging to each
figure of the series would differ in their angles from
those belonging to every other figure of the same
series.

Obs. A trapezoid is a four-sided figure whose
opposite edges are unequal, and in which, if lines be
drawn through the angles 4, and &, ¢, and d, they

: o2
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Class c.

“Class d.

Class e.

Class fo
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will intersect each other at right angles, as in the
following figure.

Fig. 133.

/

]
Class c. "Solid amgles replaced by three planes
resting on the edges of the cube.
The series of new figures resulting from this class,
would be contained within 24 isosceles triangular
planes.

Class d. Solid angles replaced by six planes.
The new figures would be contained within 48
triangular planes.

Class e. Edges replaced by tangent planes.
The new figure would be the rhombic dodecahedron.
Plane ¢ on P or I, 135°.

Class /. Edges replaced by two planes.

This class would produce a series of four-sided
pyramids on the planes of the cube. The planes of
the rhombic dodecahedron, and those of the cube,
will evidently be the limits of this series.
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The following modifications do not accord with the
law of symmetry as defined in p. 77.

Class g. Alternate solid angles replaced by tan-
gent planes.

A regular tetrahedron would result from this
modification.

Class k.- Alternate solid angles replaced by three
planes resting on the primary planes.

The series of new figures resulting from this class,
would be similar to those produced by class ¢ of the
tetrahedron.

Class i. Solid angles replaced by three planes,
each of which inclines unequally on the three adjacent
primary planes.

The unequal inclination of each of the modifying
planes on the three adjacent primary planes, distin-
guishes this class from class &, each plane of which
inclines equally on two of the adjacent planes, and
unequally on the third plane.

The character of this class is similar to that of
class d, if we suppose the alternate three only of the
modifying planes to be produced on each solid angle.

Class k. Edges replaced by single planes inclining
at unequal angles on the adjacent primary planes,
and bearing the same analogy to class /, that class ¢
does to class d.

A series of dodecahedrons with pentagonal planes
would result from this class of modifications, but
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f

there is only one of the series known to exist among
crystals. :

It appears that in all these irregular modifications,
only one half the number of modifying planes is pro-
duced, which would be required by the law of sym-
metry.

ITS MODIFICATIONS.

Primary form. The regular tetrahedron.
Plane P on P, 70° 31’ 43".

Modifications.

Class a. Solid angles replaced by tangent planes.

When the modifying planes first touch each other on
the edges of the tetrahedron, a regular octahedron is
produced.

When the primary planes are entirely effaced, the
new figure is a tetrahedron similar to the primary.

Plane @ on P or P/, 109° 28' 16".

Class 6. Solid angles replaced by three planes
resting on the primary planes.

The new figures would be dodecahedrons, gene-
rally with trapezoidal planes; but one individual
modification belonging to this class produces the
rhombic dodecahedron.

P
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Class c.

Class d.

Class e.

Class f.
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Class ¢. Solid angles replaced by three planes
resting on the primary edges.

The new figures would be dodecahedrons with
triangular planes.

The planes resulting from classes , and ¢, would
produce a great variety of dodecahedral solids; not
any of which, except the rhombic dodecahedron, can
be derived from the octahedron according to the law
of symmetry.

Class d. Solid angles replaced by six planes.
The new figures would be contained within 24
triangular planes

Class e. Edges replaced by tangent planes.
Produces the cube.
Plane e on P or P/, 120° 15’ 52"

Classf. Edges replaced by two planes,

The new figures would be dodecahedrons with
triangular planes, appearing as three-sided pyramids
on the planes of the tetrahedron.

r2
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Primary form. The regular octahedron.
Plane P on P/, or P”, 109° 28' 16".

Modifications. _

Class a. Solid angles replaced by tangent planes.

The new figure resulting from this modification is
the cube.

Class b. Solid angles replaced by four planes
resting on the primary planes. ‘

The new figures would be contained within 24
trapezoidal planes.

*Class ¢. Solid angles replaced by four planes
resting on the primary edges.

The new figures would be contained within 24
isosceles triangular planes.
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Class d.

Class e.

Class /.
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Class d. Solid angles replaced by eight planes.
The new figures would be contained within 48
triangular planes. .

A Y

Class e. Edges replaced by tangent planes.
The new figure would be therhombic dodecaliedron.
Plane e on P or P/, 144° 44' 8",

Class f. Edges replaced by two planes.
The new figures would present a trihedral pyramid
on each primary plane.

It has been already stated that the cleavages of the
octahedron and the tetrahedron are perfectly similar,
and that it is only by means of the secondary planes
of each, that we can discriminate these primary forms
from each other.

The octahedron may be distinguished as a primary
form from the tetrahedron, according to the rules
laid down in d former section, by such of its single
modifications as could be produced on the tetra-
hedron only by the simultancous operation of lwo or
more separate modifications.

But it is obvious that ¢/l the modifications of the
octahedron, except mod. ¢ and d, would require a
double decrement for their production, supposing the
tetrahedron were the primary forni.
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Primary form.

' Modifications.
Class a.
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This may be easily conceived, if we recollect that
the octahedron itself is a figure resulting from the
modification ¢ of the tetrahedron; and that the edges
of the modifying plane a, of the tetrahedron, are not
affected by modification e, or f;; which replace the
primary edges of the tetrahedron; and that the pri-
mary edges of the tetrahedron are not affected by the
modifications b, and ¢, which would replace the edges
of the modifying plane a. Three classes of modifica-
tion must therefore concur upon the tetrahedron, to
produce most of the secondary forms of the octa-
hedron.

ITS MODIFICATIONS.

Primary form. The rhombic dodecahedron.
Plane P on P/, 90°.
P on P, 120°.

For the sake of avoiding a frequent repetition of
the description of the two kinds of solid angles of this
figure, those contained within jfour acute plane angles
will be called the acute solid angles, and those con-
tained within three obtuse plane angles, will be called
the obtuse solid angles.

Modifications.

Class a. Acute 5o0lid angles replaced by tangent
planes.

The new figure would be the cube.

Plane a on P, 135°.
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Class . Acute solid angles replaced by four planes
resting on the primary planes.

The new figures would be contained within 24
isosceles triangular planes.

Class ¢. Acute solid angles replaced by four planes
resting on the primary edges,

The new figures would be contained within 24
trapezoidal planes.

Class d. Acute solid angles replaced by eight
planes.

The new figures would be contained within 48
triangular planes.

Class e. Obtuse solid angles replaced by tangent
planes.

The new figure would be the regular octahedron.
Plane ¢ on P 144° 44' 8.

Q2
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Class f. Obtuse solid angles replaced by three
planes resting on the primary planes. ‘

The new figures would be contained within 24
isosceles triangular planes.

Class g. Obtuse solid angles replaced by three
planes resting on the primary edges.

The new figures would be contained within 24
trapezoidal planes.

Class h.  Obtuse solid angles replaced by six
planes.

The new figures would be contained within 48
triangular planes.

Class i. Edges replaced by tangent planes.
The new figures would be contained within 24
trapezoidal planes. "
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v Class k.. o

THE OCTAHEDRON WITH A SQUARE

Primary form.

Modifications:
Class a.
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Class k. Edges replaced by two planes.

The new figures would be contained within 48
triangular planes.

It may be remarked that the secondary forms be-
longing to the four preceding classes of primary
forms, are nearly similar to each other. And, with
the exception of the tetrahedron, each primary form
is found to be also a secondary form to each of the
other primary.

The table of secondary forms, which will be found -
at the end of the tables of modifications, exhibits the
relation to each other of each of the preceding classes
of secondary forms. ;

BASE, AND ITS MODIFICATIONS.

Primary form. The octahedron with a square base.

The individuals belonging to this class will differ
from each other in the inclination of P on P and
consequently of P on P,

Modifications. :

Class a. Terminal solid angles repluced by tan-
gent planes.

As this modification contains only fwo parallel
planes, those planes can never efface the primary
planes and produce a solid. The same ohservation
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Class b.

Class c.

Class d.




‘BASE; AND ITS MODIFICATIONS. 129
¢

will apply to all those classes which produce only two,
or four, parallel planes upon the primary form. In
these cases, as no entire secondary form can result

from the secondary planes alone, no new figure is
described.

Class b. Terminal solid angles replaced by four
planes resting on the primary planes.

The new figures would be more obtuse octa-
hedrons.

Class ¢. 'Terminal solid angles replaced by four
planes resting on the primary edges.

Another series of octahedrons more obtuse than
the primary would result from this class.

Class d. Terminal solid angles replaced by eight
planes.

The new figures would be double eight-sided pyra-
mids united at a common base, and measuring un-
equally over the two pyramidal edges of each of the
planes. The surfaces of the new planes would
generally be scalene triangles.
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1Class-e.

Class f.

Class g.
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Class e. Solid angles of the base replaced by tan-
gent planes.

This modification would produce only four sides of
a prism.

Class f. Solid angles of the base replaced by two
planes resting on the edges of the summits.

This modification would produce a series of octa-
hedrons more acute than the primary.

Class g. Solid angles of the base replaced by two
planes resting on the edges of the base.

rR2
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Class /. Solid angles of the base replaced by four
planes resting on the primary planes, and having their
edges parallel to the edges of the pyramids.

Class i, Solid angles of the base replaced by four
planes inclining more on- the terminal edges than
modification 4.

Class k. Solid angles of the base replaced by four
planes inclining more on the edges of the base than
modification 4.

A series of double eight-sided pyramids might
result from class %, 4, and %, analogous to those re-
sulting from class d, but more acute,
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4

Class /. Edges of the pyramids replaced by tan- -
gerit planes.

The new figure resulting from this modification
would be an octahedron with a square base, but more
obtuse than the primary.

Class m. Edges of the pyramids replaced by two
planes.

Class m would produce ewht-sxded pyramids simi-
lar in character to those resultmg from class d.

Class n. Edges of the hase replaced by tangent
planes.
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:Class o.
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Class 0. Edges of the base replaced by two planes.
The new figures would be octahedrohs, more acute
than the primary.

The character, and number, of the modifications of
. this, and some other of the following classes of pri-
mary forms, arise from the dissimilarity between the
edges and angles of the summits, and those of the
base, in the octahedrons; and hetween the angles of
the terminal planes, or the terminal and the lateral
edges of the prisms, and sometimes between the la-
teral edges themselves.

The primary crystals belonging to this class of
primary forms, are distinguishable from regular octa-
hedrons by the unequal inclinations of the plane P
on P/, and P on P”; and the secondary forms may be
distinguished by the modifications taking place on
some only of the edges or angles, and not on all, as
they do on the regular octahedron. If two of its
edges measure over the summit more than 90°, the
octahedron of this class is called obtuse; if less than -
90°, it is called acute. In the regular octahedron the
edges measure exactly 90° over the summit.

The secondary octahedrons belonging to this class,
have, like the primary, square bases.
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Primary form.

Modi_ﬁcations.
Class a.

Class b.
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Primary form. An octahedron with a rectangular
base.

In this figure the broad planes P P’, meet at the
edge of the base at a more obtuse angle than the nar-
row ones M M’/. The edge D may therefore be
denominated the 'obfuse edge of the base, and the
edge F the acute edge; or thev may be termed the
greater and lesser edges of the base.

The individuals belonging to this class of primary
forms will differ from each other in the inclination
of P on P/, or of M on M.

Modifications.
Class a. Terminal solid angles replaced by single
planes.

Class 5. Terminal solid angles replaced by two
planes, resting on the broad planes.

s2
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Class c. Terminal solid angles replaced by two
planes, resting on the narrow planes.

Class d. Terminal solid angles replaced by four
oblique planes.

The new figures would be octahédrons with
rhombic bases.

Class e. Solid angles of the base replaced by
single planes, whose edges are parallel to the edges
of the pyramids. -

Class f. = Solid angles of the base replaced by
single planes, inclining on the greater edges of the
base more than those of modification e.
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Class g.

Class £,

Class 7,

Class £, : ‘ )
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Class g. Solid angles of the base replaced by
single planes inclining more on the lesser edges of
the base than those of modification e.

Classes e fand g, would give the lateral planes of
a series of right rhombic prisms,

Class . Solid angles of the base replaced by two
planes, one edge of each new plane being parallel
to a pyramidal edge of the broad primary planes.

Class . Solid angles of the base replaced by two
planes, one edge of each new plane being parallel to
a pyramidal edge of the narrow primary planes.

Class £. Solid angles of the base replaced by two
planes, neither of whose edges are parallel to any
edge of the primary form.
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Class /.-

Class m.

Class n.

Class o,
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Class I. [Edges of the pyramids replaced by single

planes.
A series of octahedrons with rhombic bases would

result from Classes £, i, &, and /.

Class m. Greater edges of the base replaced by
single planes.

Class n. Greater edges of the base replaced by
two planes.

Class 0. Lesser edges of the base replaced by
single planes.
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Class p.

THE OCTAHEDRON WITH A RHOMBIC

Primary form.
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Class p. Lesser edges of the base replaced by two
planes. ik

This species of octahedron has been adopted here
as a primary form, in conformity with the opinions
entertained by the Abbé Haiiy of its belonging to
certain species of minerals. But it is probable that
the right rhombic prism is really the primary form,
of most, if not of all, those species, and that there is
not any mineral whose crystals are strictly referable
to this class of octahedrons.

'BASE, AND ITS MODIFICATIONS.

Primary form. An octahedron with a rhombic base.
It has been already observed that this figure is
drawn with the greater diagonal of the base horizontal.
Hence the primary planes meet at the edge B, at a
more acute angle than at the edge C. The edge B
. will therefore be denominated an acute edge of the
pyramid, and the edge C, an obtuse edge of the pyra-
mid. The solid angle at E will be termed the acute
lateral solid angle, and that at I the obluse lateral
solid angle.
The individuals belonging to this class will differ
from each other in the inclinations of P on P’ and
on P,

T 2



148 THE OCTAHEDRON WITH A'RHOMBIC

Modifications.
Class a.

Class &.

Class c.

Class d.
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Modifications.
Class a. Terminal solid angles repldced by tangent
planes.

Class b. Terminal solid angles replaced by two
planes, resting on the obtuse edges of the pyramids.

Class c. Terminal solid angles replaced by two
planes, resting on the acute edges of the pyramids.

Class d. 'l'erminal solid angles replaced by four
planes, resting on the primary planes

The edges of the planes d, which intersect the
primary planes, are parallel to the edges of the base.
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Class e.

Class f.

Class g.
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Class e. Terminal solid angles replaced by four
oblique planes, inclining on the obtuse edges of the
pyramids.

Class f. Terminal solid angles replaced by four
oblique planes, inclining on the acute edges of the
pyramids.

Modifications e, and f, may be distinguished from
modification d, by the edges of the modifying planes
which intersect the primary planes, not being parallel
to the edges of the base.

Classes d, e, and f, would produce a series of octa-
hedrons With rhombic bases, more obtuse than the
primary.

Class g. Obtuse lateral solid angles 1eplaced by
tangent planes.
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Class &.-

'Class i.

Class £.
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Class &. Obtuse lateral solid angles replaced by
two planes, resting on the edges of the pyramids.

Classi. Obtuse lateral solid angles replaced by
two planes, resting on the edges of the base.

Planes ¢ might be the lateral planes of a right
rhombic prism.

Class k. Obtuse lateral solid angles replaced by
four planes, resting on the primary planes.

The edges produced by the intersection of the
planes of this modification with the primary planes,
are parallel to the primary edges of the pyramids.
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Class /. -

Class .

Class zn. ,
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Class /. Obtuse lateral solid angles replaced by
four oblique planes, inclining on the obtuse edges of
the pyramids. '

[ 3

Class m. Obtuse lateral solid_angles replaced by
four oblique planes inclining on the edges of the
base. iyl '

The edges of planes /, and m, intersect the primary
planes in lines which are not parallel to the primary
edges of the pyramids. '

The new figures resulting from classes %, / and m,
would be octahedrons, more acute than the primary,
with rhombic bases.

Class 7. Acute lateral solid angles replaced by
tangent planes.



156 THE OCTAHEDRON WITH A RHOMBIC

Class 0. k
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Class 0. Acute lateral solid angles replaced by
two planes, resting on the edges of the pyramids.

If we suppose the octahedron to be placed with its
axis horizontally, the planes of classes b, ¢, %, or o,
might be the lateral planes of right rhombic prisms.

Class p. Acute lateral solid angles replaced by
two planes, resting on the edges of the base.

Planes p might be the lateral planes of a right
rhombic prism.

Class ¢g. Acute lateral solid angles replaced by
four planes, resting on the primary planes, and inter-
secting those planes in lines parallel to the edges of
the pyramids. :



.
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Class r.

Class s.
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Class r. Acute lateral solid angles replaced by
four oblique planes, inclining on the edl,es of the
* pyramids.

Fa

Class s. Acute lateral solid angles replaced by
~ four oblique planes, inclining on the edges of the base.
The planes r, and s, intersect the primary planes
in lines which are not parallel to the edges of the
pyramids.
The new figures resulting from class ¢, r, and s,
would be octahedrons, more acute than the primary,
with rhombic bases.

A}

Class . Obtuse edges of the pyramids replaced
by tangent planes.
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Class .

Class v.

Class 7.

Class Y-
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Class #. Obtuse edges of the pyramid replaced by
two planes,

Class v. Acute edges of the pyramid replaced by
tangent planes. .

Class . Acute edges of the pyramld replaced by

two planes.
The new figures produced by class u, and x, would

_be octahedrons, more obtuse than the primary, with

rhombic hases.

Class y. Edwes of the base replaced by tano'ent
planes.

Planes Y might be the lateral planes of a rlght
rhombic prism.
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Class z. Edges of the base replaced by two planes.

The new figures would be more acute octahedrons,
with rhombic bases.

The unequal angles at which the primary planes
incline to each other at the edges B and C, sufficiently
distinguish this class of octahedrons from the pre-
ceding classes.

ITS MODIFICATIONS.

Primary form. A right square prism.

The individuals of this class will differ from each
other in the comparative length of the edges G and B.

Modifications.

Class a. Solid angles replaced by single planes
whose edges are generally isosceles triangles.

But they are not necessarily always so.

For if the decrements in height be to those in
breadth in exactly the same ratio that the terminal
edge of the prism bears to its height, the truncating
planes on the angles will be equilateral triangles,
and those on the edges of the summit would, under
similar circumstances, be tangent planes.

X 2
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It is however extremely improbable that'this pre-
cise relation between the dimensions of the prism and
the law of decrement should ever exist. The charac-
ter of the modifying planes, as given above, may
therefore be considered to exist in all the prisms
belonging to this class.

Modlﬁcatlon a would produce a series of four-
sided pyramids on each summit, resting on the lateral
edges of the prism. And if the modlfym planes
were so enlarged as to efface the primary planes, a
series of octahedrons with square bases would result.

The planes produced by this modification incline
equally on M and M/, -but at a different angle from
that at which they incline on P. This character of
the plane @, will distinguish it from plane a of the
cube; and its equal inclination on M and M', will
distinguish it from plane a of the right rectangular
prism.

Class b. Solid angles replaced by two planes.

The new figures produced by this class would be
eight-sided pyramids, similar to those produced by
d, k, i, k and m of the octahedron with a square base.

Class c¢. Edges of summit replaced by single
planes not forming equal angles generally with the
adjacent terminal and lateral planes.

Produces a series of four-sided pyramids resting
on the lateral planes of the prism; and by an exten-
sion of the modifying planes, a series of octahedrons
with square bases would result.
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’

Class d. Edges of prism replaced by tangent planes.

The equal inclination of the planes d,; upon the
adjacent primary lateral planes, distinguishes these
secondary forms from those of the right rectangular
prism.

Class e. Edges of prism replaced by two planes.

The modifications of the terminal edges alone, or
the lateral edges alone, will tend to distinguish the
secondary crystals belonging to this class of prisms,
from those derived from the cube.

A close resemblance may be remarked between the
primary and secondary forms of this class of prisms,
and those of the octahedron with a square base ; and
it is only from the cleavage that we are enabled to
decide which of these forms is to be regarded as the
primary, in reference to such secondary forms as are
common to both.

ITS MODIFICATIONS.

Primary form. A right rectangular prism.

The individuals belonging to this class will differ
from each other in the comparative length of the
three adjacent edges C, B, and G.
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Modifications.

Class a. Solid angles replaced by single scalene
triangular planes, whichincline on the three adjacent
primary planes at unequal angles.

The new figures which would be ultimately px"o-
duced by this c]ass of modifications, would be a series
of octahedrons with rhombic bases.

Class 6. Greater terminal edges replaced by single
planes. bt

Class c. Lesser terminal edges replaced by single
planes.

The new figures which would be produced by a
combination of modifications b and ¢, would be a
series of octahedrons with rectangular bases.

Class d. Lateral edges of the prism replaced by
single planes.

A series of right rhombic prisms would result from
this class of modifications. ;

If more planes than one be found modifying any
one of the edges or angles of this form, they are sup-
posed to result from as many individual modifications,
as there are planes upon the particular edge or angle
on which they occur.

The planes produced by modifications class b, c,

Y
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THE RIGHT RHOMBIC PRISM, AND

Primary form.

Modifications.
Class a.




1TS MODIFICATIONS. 171

and d, will generally incline on the adjacent primary
planes at unequal angles.

The occurrence of modification b, alone, or modifi-
cation ¢, alone, or the unequal inclination of plane d,
or M, and T, will tend to distinguish the crystals
belonging -to this class of prisms from those of the
square prism or cube. S

ITS MODIFICATIONS.

Primary form. A right rhombic prism.

The solid angles at A will be termed the obtuse,
and those at I the acute solid angles, of this class of
prisms. The edge G will be called the acute, and the
edge H the obtuse, lateral edges of the prisms.

The individuals belonging to this class will differ
from each other in the inclination of M on M’, or in
the ratio of the edge H to the edge B.

Modifications.

Class a. Obtuse solid angles replaced by single
planes which intersect the terminal plane parallel
to its greater diagonal.

When the planes g, increase so much as to meet
above the terminal plane, the resulting figure may
be an octahedron with a rectangular base, as shewn
in fig. 228.

Fig. 228.
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Class b. Obtuse solid angles replaced-by two
planes.

This modification would produce a series of four-
sided pyramids, replacing the terminal plane, and
the new figures would be octahedrons with rhombic
bases.

Class ¢. Acute solid angles replaced by single
planes, which intersect the terminal plane parallel
to its short diagonal.

An octahedron with a rectangular base, as shewn
in fig. 231, may result from this class of modifications
also, but reversed in its position when compared with .
that produced by modification a.

Fig. 251. -

Class d. Acute solid angles replaced by.two planes.

This class produces octahedrons with rhombic bases,
differing from those which might result from class .
only in the relative inclination of the secondary planes
to each other,
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Class e.

Class /.

Class g.

Class A.
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’

Class e. Terminal edges replaced by single planes.
This modification would produce a series of four-
sided pyramids replacing the terminal planes, and the
new figures would be octahedrons with rhombic bases.

Class /. Obtuse lateral edges replaced by tangent
planes.

Class g. Obtuse lateral edges replaced by two
planes.

When the primary lateral planes are effaced by
the planes g, a series of secondary right rhombic
prisms would be produced.

Class k. Acute lateral edges replaced by tangent
planes,
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couClass 4

THE RIGHT OBLIQUE-ANGLED PRISM,

Primary form. 44

Modifications.
Class a.
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Class i, Acute lateral edges replaced by two planes.

This modification would produce another series of
right rhombic prisms.

A general analogy may be observed to prevail be-
tween these secondary forms, and those of the octa-
hedron and a rhombic base, and it is only from
cleavage that we are enabled to refer the secondary
forms to either of these primary ones.

AND ITS MODIFICATIONS.

Primary form. A right oblique-angled prism.

The angles and edges of this class of prisms may
be designated as those of the right rhombic prism
have been, calling the solid angles at A the obtuse,
those at E the acute solid angles ; the lateral edges
at H the obtuse, those at G the acute lateral edges;
the edges B may be called the greater, and C the
lesser terminal edges.

The individuals belonging to this class of prisms
will differ from each other in the inclination of M on
T, and in the relative lengths of the edges C, B,
and H.

Modifications.
Class a. Obtuse solid angles replaced by single
planes. : |
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Class b.

Class c.

Class d.

Class e.
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Class b. Acute solid angles replaced by single
planes.

The planes of both these modifications are scalene
triangles.

Class ¢. Greater terminal edges replaced by single
planes.

Class d. Lesser terminal edges replaced by single
planes.

The relative dimensions of the terminal edges can
be ascertained only from some modification which is
supposed to indicate the direction of one of the diago-
nals of the terminal plane ; from this the angle which
the diagonal makes with an edge of the same plane
may be deduced, and thence the ratio of the terminal
edges may be known.

Class e. Obtuse edges of the prism replaced by
single planes. :

z 2
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Class f. Acute edges of the prism replaced by
single planes.

Modifications e, and f, incline unequally on the
adjacent lateral planes.

The characters which distinguish “this- class” of
prisms from right rhombic prisms, are, first, the un-
equal inclinations of any secondary lateral plane on
the two adjacent lateral primary planes ; and secondly,
the occurrence of similar modifying planes upon two
only of the terminal edges.

There is a remarkable general character of obliquity
in the planes resulting from modifications ¢, and d,
which tends to distinguish the secondary forms be-
longing to this class of primary forms from those
belonging to the right rectangular prism.

Epidote affords a good illustration of this character.

1TS MODIFICATIONS.

Primary form. An oblique rhombic prism. 4

'The figure is supposed to be oblique in the direc-
tion G A, so that the terminal plane forms an obtuse
angle with the edge H. The planes M M’, may meet
at an acute, or an obtuse angle. For the convenience
of description, the solid angle at A, will, in either
case, be called the acute solid angle; thatat O, the
obtuse solid angle ; aud those at F, the lateral solid
angles.

The edges B will be called the acute terminal edges,
and those at D the obtuse terminal edges. The edge
H, and its opposite, are the oblique edges of the prism,
and G and (3’ the lateral edges of the prism.
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“ Class e,
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v

The individuals of this class will differ from each
other in the inclination of M on M/, and in the ratio
of the edge H to the edge D.

Modifications.
Class a. Obtuse solid angles replaced by single

planes.

Class b. Obtuse solid angles replaced by two
planes.

Class c. Acute solid angles replaced by single
planes. N
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Class d. Acute solid angles replaced. by two
planes. .

Class e. Lateral solid angles replaced by single
planes.

This class would produce a series of octahedrons
analogous to those resulting from modification ¢ of
the right rhombic prism, but whose bases instead of
being rectangles, would be oblique-angled parallelo-
grams. 4

Class f. Obtuse terminal edges replaced by single
planes.
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Class g.

Class &,

Class 7.,
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Class g. Acute terminal edges replaced by single
planes.

Class & Oblique edges of the prism replaced by
tangent planes,

Classi. Oblique edges of the prism replaced by
two planes.

2.A'2
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Class k. Lateral edges of the prism replaced by
tangent planes.

Class . Lateral edges of the prism replaced by
two planes,

Classes ¢, and /, would produce other oblique rhom-
bic prisms, varying from the primary, and from each
other, in the angles at which their lateral planes
would meet. ‘

In this class of primary forms the cleavage planes,
parallel to one of the lateral planes, are sometimes
brighter than those parallel to the other planes, which
is not the general character of symmetric cleavage.

This class of prisms may generally be distinguished
from rhomboids, by the unequal angles at which the
adjacent planes incline to each other at a terminal
edge, and at an adjacent lateral oblique edge; but if
these planes should respectively meet at equal angles,
as it is possible they may do, the distinction then would
arise from the lateral edge being greater or less than
the terminal one. For it is possible that the in-
clination of P on M, or M, should be equal to that of
M on M, but in this case the edges D would be
greater or less than the edges H, and this prism
would then bear the same analogy to the rhomboid,
that the square prism does to the cube.
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Primary form.

Modifications.

Class a.

\V4
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Primary form. A doubly oblique prism.

This class of prisms may be supposed to stand in
the same relation to the right oblique-angled prisms,
that the oblique rhombic prism does to the right
 rhombic prism ; and the following modifications will
be better understood, by supposing a right oblique-
angled prism to become oblique from an acute or
an obtuse edge of the prism. This form will then be
readily perceived to vary from the oblique rhombic
prism, in the dissimilarity of its plane angles A, E,
I, and O, of its acute terminal edges B C, and of its
obtuse terminal edges D and F.

The edges and angles of this class of prisms may
be designated by the same terms as have been used
for the corresponding ones of the oblique rhombic
prism.

The individuals belonging to this class will differ
from each other in the inclination of Pon M, Pon T,
and M on T, and in the ratios of the edges D, H,
and F.

Modifications.

Class . Obtuse solid angles O, replaced by single
planes.
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Class c.

Class d.

Class e.
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Class b. Acute solid angles A, replaced by single
planes. :

Class ¢. Lateral solid angles E, replaced by single
planes.

Class d. Lateral solid angles I, replaced by single
planes.

Class e. Acute terminal edges B, replaced by
single planes.



{
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Class f.

Class g.
Class k.
Class 1.
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Class /. "Acute terminal edges C, replaced bysingle
planes.

Class g. Obtuse terminal edges D, replaced by
single planes.

Class k. Obtuse terminal edges F, replaced by
single planes.

4 ¢

Class i. Oblique edges of prism replaced by single
planes. . ,

282
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« 2 Class k. )

THE REGULAR HEXAGONAL PRISM, AND

Primary form.

Modifications.
Class a.
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Class k. Lateral edges of prism replaced by single
planes.

From the dissimilarity of any two adjacent edges
or angles of this class of primary forms, the modi-
fications, it will be remarked, are all single planes;
some of the compound secondary forms belonging to
this class, are among the most difficult crystals to be
understood.

ITS MODIFICATIONS.

Primary form. A regular hexagonal prism.

The planes M on M/, measure 120°. M on d, 150"

The individuals belonging to this class will differ
from each other in the ratio of the edge G to the
edge B.

Modifications. y

Class @. Solid angles replaced by single planes.

Produces a six-sided pyramid on each summit,
resting on the edges of the prism.

The new figures would be a series of dodecahedrons
with isosceles triangular planes.



198 THE REGULAR HEXAGONAL PRISM, AND

Class &.

Class c.

Class d.

Class e. -
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Class b. Solid angles replaced by two planes.
~ The series of new figures would be contained
within 24 triangular planes.

- Class ¢. Terminal edges replaced by single planes.
Produces a regular hexagonal pyramid on each
summit, resting on the planes of the prism.
The new figures would be dodecahedrons with
isosceles triangular planes.

Class d. Lateral edges replaced by tangent planes.

Class e. Lateral edges replaced by two planes.

The primary and secondary forms of this class, are
similar in character to some of the secondary forms
of the rhomboid; and it is only by their respective
cleavages that they can be distinguished from each
other. :
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. Primary form. A rhomboid.

It is found convenient to designate the edges and

‘angles of this figure as follows.

The angle at A is the superior angle of the plane P ;
that at O is the inferior angle; those at I are the
lateral angles ; the edges B are the superior edges;
those at D the inferior edges. !

The solid angle at A may also be called the termi-
nal sclid angle, or solid angle of the summit. The
edges B the terminal edges, or edges of the summit.
The solid angles at E, the lateral solid angles, and
the edges D, the lateral edges.

The individuals belonging to this class are usually
distinguished from each other by the inclination of P
on P When P on P’ measures more than 90°, the
rhomboid is called obtuse; when less, it is called
acute.

The angle P on P, is limited between 180° and 60",
but it is obvious it can never reach either of those
limits ; for the axis must vanish, before the planes P
and P’ would reach 180°, or become one plane, and
it must be infinite, before these planes could incline
to each other at an angle of 60°; in either of which
cases the figure would cease to be a rhomboid.
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Modifications.
Class a.

Class b.

Class c.
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Modifications.
Class a. Terminal solid angles replaced by tangent
planes. i

Class b. Terminal solid angles repléced by three
planes resting on the primary planes.

Class c. Terminal solid angles replaced by three
planes resting on the primary edges.
Modifications b, and ¢, would produce a series of
rhomboids more obtuse than the primary.

2c¢c2
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Class e.

“Class f.
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Class d. Terminal solid angles replaced by six
planes, producing, ultimately, a series of dodeca=
hedrons whose planes are generally scalene triangles.

Class e. Lateral solid angles replaced by single
planes parallel to the perpendicular axis of the
rhomboid.

Planes e, are the lateral planes of a regular hex-
agonal prism.

Class f. Lateral solid angles replaced by two
planes, meeting at an edge which is parallel to the
perpendicular axis of the rhomboid.

Planes f represent the lateral planes of a series of
dodecahedral prisms.
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Class g. Lateral solid angles replaced by single
planes inclining on the superior edges.

Class £. Lateral solid angles replaced by two
planes, which intersect each other at an edge that
inclines on the superior edges; and which also in-
tersect the adjacent primary planes parallel to their
oblique diagonals.

Class i. Lateral solid angles replaced by two
planes, which like those of class %, intersect each
other at an edge that inclines on the superior edges,
but do not intersect the adjacent primary planes
parallel to their oblique diagonals.



.
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Class £.

Class 1.

Class m.
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Class k. Lateral solid angles replaced by single
planes inclining on the primary planes.

Modifications g, and k, will produce a series of
rhomboids more acute than the primary, except one
variety of class g, which produces a rhomboid similar
to the primary.

~ Class I. Lateral solid angles replaced by two
planes, which intersect each other at an edge that
inclines on the primary planes.

Modifications %, ¢, and %, lead to a series of dode-
cahedrons whose planes are generally scalene tri-
angles.

Class m. Superior edges replaced by tangent
planes.

Produces a rhomboid more obtuse than the pri-
mary.
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Class n. Superior edges replaced by two planes.

A series of dodecahedrons may result from this
modification, whose planes are gemerally isosceles
triangles.

Class 0. Lateral edges replaced by tangent planes.
Planes o are the lateral planes of a regular hex-
agonal prism. !

Class p. Lateral edges replaced by two planes.

From this modification there results a series of
dodecahedrons, whose planes are generally scalene
triangles.
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.T'he modifications of the rhonmboid, and the second-

‘ary figures to which ‘they lead, are generally dis-
tinguishable from those of the oblique rhombic prism.

But those which mark the distinction with the great-
est certainty, are modifications g, e, g, k, and m, of
the rhomboid. In the oblique rhombic prism, modifi-
cation ¢, corresponding with & on the rhomboid, is
not a tangent plane ; and modification e of the prism,
corresponding in position to some of the planes of
modification e, g, %, and m, of the rhomboid, affects
only four solid angles of the prism instead of the six
which are simultaneously modified on the rhomboid.

The three edges of the rhombic prism which meet
at the solid angle A, are not generally all modified
at the same time, as those of the rhomboid are; nor
are the edges G and D modified together as the cor-
responding edges are in class m of the rhomboid.

When the primary planes of the rhomboid are
effaced, it is frequently only by observing the direc-
tion of the natural joints, or cleavage planes, that
we are enabled to determine the classes of modifi-
cation to which its secondary forms belong.

Several of the preceding classes of primary forms
stand in certain relations to each other, which it has
not fallen within the scope of the tables to point out.

If we imagine the lateral edges of the cube to be
lengthened or shortened, a square prism would be
produced. If while the lateral edges are lengthened,
or shortened, we conceive four parallel terminal
edges to be lengthened or shortened also, but in a
different ratio to the remaining edges of the cube
from that in -which the lateral edges have been varied,
we shall then have the right rectangular prism.

It will facilitate our description of the relation of
some of the primary forms to certain others, if we
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conceive the edges to represent wires, united at the
solid angles by universal hinges or joints, and capable
of being moved in every dlrectlon, and, together
with the axes, capable also of bemg len«rthened or
shortened.

If ‘we' conceive one of the axes of the cube to be
lengthened, the resulting figure would be an acute
rhomboid. If we suppose the "axis shortened by
pressing at the same time upon the two opposite
'solid angles through which the axis'to be shortened
passes, an obluse rhomboid would be produced.

If two opposite lateral edges of the square prism
be supposed to be gradually pressed together, so as
to shorten one of the diagonals of the terminal plane,
-and to lengthen the other, the resultmg figure would
‘be a'right rhombzc prism.

If we now suppose pressure applied to an acute or
an obtuse solid angle of this rhombic prism, and the
prism to’be forced from its perpendicular in the
direction of one or other of the diagonals of its ter-
minal plane, an oblique rhombic prism would be pro-
duced.

Iftwo opposite lateral edges of the right rectangular
prism be pressed more or less towards each other, a
right oblique-angled prism would be produced.

And if this right ablique-angled prism were slightly
forced from its perpendicular position, in the direc-
tion of either of its diagonals, a doubly oblique prism
would result.

So if the :vertical axis of the regular octahedron
were to be lengthened or shortened, an:octahedron
with a squarve base would be produced. 'And if two
opposite angles of that square base were pressed
together so as to shorten one of its diagonals, and to
lengthen the other, the resulting figure would be the
octahedron wilk’'a rhombic base.



TABLE OF SECONDARY FORMS.

It may be cbserved in the preceding tables of
modifications, that many of the secondary forms of
crystals, are similar to some of the classes of the pri-
mary. And it may also be remarked, in many in-
stances, that the secondary forms when complete, or
the new figures, as they are termed, are different from
all the primary forms.

The following table exhibits the relations of both
these descriptions of secondary forms to the several
classes of the primary from which they might be pro-
duced; and it may thus be regarded as a kind of
index to the tables of modifications.

The first column contains a list of the secondary
forms, several of which are exhibited in their com-
plete state, or as they would appear if they were
contained within the modifying planes only. '

The second column contains the references to the
classes of primary forms, and of modifications, from
which the figures in the first column might respec-
tively result.

A single example will sufficiently illustrate the use
of this-table.

If we desire to know from what primary form a
right square prism may be derived, we find that it
may result from its own modification d; or from an
octahedron with a square pase, by the concurrence,
on one crystal of that form, of the modifications'a and
e, ora and n, when those modifications efface the pri-
mary planes. And if we turn to those modifications
of the octahedron with a square base, we shall observe
that modification ¢ would produce the terminal
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planes, and e, or », the lateral planes of a right

square prism.

A

Secondary forms.

How they may be derived.

1. CONTAINED WITHIN FOUR
PLANES.

——

The regular tetrahedron .

From the cube. Mod. g.

2. CONTAINED WITHIN SIX
PLANES,

ELHE eabe! 70 AT

The right square prism ..

The right rectangular
PYISDN 375 wie o s ge s T

From the regular tetrahedron.
Modification e.

....... . regular octahedron.
Modification a.

rhombic dodeca-

Modification a.

sess s

hedron.

Bsss St s right square prism.
Modification d. The octa-
hedron with a square base,
by a concurrence of Modi-
fications¢and e, or zand 7,
on the same crystal.

octahedron with a
rectangular base, by the
concurrence of Modifica-
tions @, m, and o, on the
same crystal.

........ octahedron with a
rhombic base, by the con-
currence of Modifications
a, g, and 7, on the same
crystal.

fa0 right rhombic

prlsm, if Modifications f

and k occur on the same

crystal, and efface the la-
teral primary planes.
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How they may be derived.

The right rhombic prism .
-

»

The right oblique-angled
DS e

From the octahedron with a
rectangular hase, by the
concurrence of Modifications
a and ¢, or ¢ and f, or ¢
and g, on the same crystal;
or of 4 and o, or 7 and o, in
which case o would appear
a terminal plane ; or of ¢
and m, or p and m, appear-
ing then as the terminal
plane, f
........ octahedron with a.
rhombic base, by the con-
currence of Modifications
aand 7, or @ and p, ora
and y,.on the same crystal ;
or of & and 7, or h and n,
ortand n; or of ¢ and g,
or o and g, orvand g; but
in these latter combina-~
tions, » and g would ap-
pear as terminal planes.
...... .. right rectangular
prism, Modification d; or
Modification &, or ¢, if we
suppose the planes &, or c,
to have effaced four of the
primary planes, and . the
figure then rest on the plane
MorT.
«ooo....rightrhombicprism,
Modification g, or 4.

++se+ee... Oblique rhombic
prism, by the concurrence
of Modifications 2 and %, on

~ the same crystal, and by
supposing the secondary
form to rest upon the plane
k. In this position the
planes % would appear as
the terminal planes of the
new figure, and plane P as
one of the lateral planes.

»
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| How they may be derived.

The rhomboid ..,.....

From the-rhomboid, Modi-
fication, b, ¢, g, k, or m.

8. CONTAINED WITHIN EIGHT
PLANES.

The regular octahedron.

The octahedron - with -a
square base..........

The octahedron with a
rectangular base..,...

The octahedron with a
rhombic base ........

From the cube, Mod. a.

<. .. regulartetrahedron,
Modification @, when the
secondary planes first touch
each otlier on the edges of
the tetrahedron. In this
state.of the figure, four of
the octahedral planes are
obviously the ’ primary
planes of the tetrahedron.

" rhombic . dodeca-

hedron, Modification e,

«+.... octahedron with a
square base, Modification
b, ¢, f, I, or o.

g right square prism,
Modification ¢ or c.

right rectangular
prism, by the concurrence
of Modifications & and c.

the. right rhombic
prism, when Modification
a, or ¢y is combined with
four of the primary planes.

octahedron with a
rectangular base, Modifi-

~ cation A, 4, k, or /.

A {8200 SEb octahedron with a
rhombic base, Modification
dy &5 f5 by by my 4575 550, 7,
or 2.

........ right rectangular
prism, Modification a.

....... right rhombic prism,
Modification 2, d, or e.
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How they may be derived.

- The hexagonal prism ....

.........

CONTAINED WITHIN
TWELVE PLANES.

4.

a. The planes being isosceles
triangles.

Fig. 289.

From the rhomboid, by a
combination of Modifica-
tions @ and e, or @ and m.
...... hexagonal prism,
Modxﬁcatwn d.

right rhombic prism

of 120°, Modification A.

Fromthe regular tetrahedron,
Modification c.
cube, Modification

| From the regular tetrahe-

dron, Modification f.
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How they may be dertved.

Fig. 291.

b. The planes being sca-
lene triangles.

Fig. 292.

v

¢, The plunes being
rhombs.

The rhombic dodecahe-
QI i SyEafie o w e sn s

From the rhomboid, particu-
lar planes of Modification
d, hy i, 1, or nn.

........ hexagonal prism,
Modification a, or c.

«+-.0... thomboid, Modifi-
cation d, k, ¢, I, n, or p,

........ cube, Modification
(- %oy

i, .regular tetrahedron,
particular Modification be-
longing to class &.

........ regular octahedron,

Modification e.

SREL
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Secondary forms.
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How they may be derived.

d. The planes being tra-
pezoids.

. Fig. 293. e

e. The planes being pen-
tagons.

Fig. 294.

From the regulartetrahedron,
Modification b generally.

«+eeo... cube, Modification

........ regulartetrahedron,
particular Modification be-
longing to class d.

5. CoNTAINED WITHIN SIX-
TEEN TRIANGULAR PLANES,
which are generally sca-
lene, but may be isosceles
triangles.

Fig. 295.

From' the octahedron with a
square base, Modification
- dy ky iy k, or m.
........ right square prism,
Modification b.
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"How they may be derived.

6. CONTAINED WITHIN TWEN=-
TY-FOUR PLANES.

. a. The planes being isos-
celes triangles.

Fig. 296.

Fig. 297.

b, The pldnes being equal
trapezoids.

Fig. 298. °

f esannees

From the cube, Modification

. . ... .regular tetrahedron,
Modlﬁcatlon it

«++« ... regular octahedron,
Modification c.

rhombic dodecahe-

dron, Modification 5.

es s e s sue

«+v..... cube, Modification
a

. ... .regular octahedron,
Modification f.
rhombic dodecahe-

dron, Modification f.

........

'

+«.eve.. cube, Modification

regular octahedron,
Modxﬁcatlon b.

rhombic dodecahe-
dron, Modification ¢, g, or
i
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Secondary forms.

How they may be derived.

7.CONTAINED WITHIN FOR!

TY=-

EIGHT TRIANGULAR PLANES.,

Fig. 299.

From the cube, Modification
d.

. <<« os00 regular octahedron,
Modification d.

........ rhombic dodecahe-
dron, Modification d, &, or
k.



Section XII.

ON THE APPLICATION OF THE TABLES
OF MODIFICATIONS.

- TuE preceding tables of modifications are adapted
principally to two purposes. The first is, by the re-
marks they contain upon the comparative characters
of the secondary forms belonging to the different
classes of the primary, to assist the mineralogist in
determining the primary form of any mineral from an
examination of its secondary forms, And the second
is to enable him to describe any secondary crystal,
whose primary form is known. An attempt is thus
made to supply a language, by means of which the
secondary forms of crystals may be deseribed inde-
pendently of the theory of decrements, and without
the assistance of mathematical calculation. .

The remarks upon the comparative characters of
the secondary forms, may not however be sufficient
to lead the observer from the secondary to the pri-
mary form of a mineral, without the assistance of a
few general rules. :
. And although I cannot flatter myself that the slight
outline I am about to trace of the method of reading
crystals, will enable a person at once to refer any
given secondary crystal to its primary form, it will
nevertheless afford him a useful clue to the discovery
of that form.

The first step in the process of determining the
mineral species to which any given secondary crystal
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belongs, is, as we have already seen, to determine
the class of primary forms to which it belongs. And
if the individuals of that class differ from each other
in the mutual inclinatjon of some of the primary
planes, the goniometer must be resorted to for deter-
mining that inclination in the crystal we are ex-
amining.

It happens, however, not unfrequently, that all the
primary planes of a erystal are obliterated, and that
the secondary form consists of an entirely new figure.

In this case the observer will encounter a difficulty
in his attempt to deduce the characters of the pri-
mary form from the secondary crystal, unless the
secondary crystal can be referred to one of those
entire secondary forms described in the table of second-
ary forms ; but in any case this difficulty will be in’
some degree overcome, by a habit of examining and
comparing crystals with each other, although it pro-
bably cannot be entirely removed. - For if any rules
could be given for determining a primary form from
the.inspection of a secondary form, on which no trace
of the primary planes remain, and where no assistance
is afforded. by cleavage, they must be too numerous
and : complicated to be serviceable to the young
mineralogist, for whose use these pages are princiz
pally designed.

In the few rules, therefore, which I propose to give,
I shall suppose, generally, that the secondary crystal
which is to be. examined retains some portion of the
natural primary planes, or of cleavage planes which
are parallel to these.* .

* The planes of the regular tetrahedron, and of all the octahedrons,
and of tlie rhombic dodecahedron, may be. easily recognised from the
figures in the preceding tables, and they will not therefore be par=
ticularly noticed here. And the different varieties of octahedrons are
distinguishable from each ather by the angles at which their several
planes respectively meet, :
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To ascertain the class of primary forms to. which
such secondary crystal belongs, we should first ob-
serve whether there be on the crystal any, series of
planes whose edges are parallel to each other. If we
obserye such a series of planes, we should then hold
the  crystal ‘in-such ‘a manner,, that the series’ of
parallel edges may be vertical, or upright. And while
it is in this poszlzon, we. should observe whether there
be any plane at, right. angles -to the series of vertical
planes we have noticed.*

But on examining the secondary. forms of crystals,
we may sometimes find that there are fwo: sels of
parallel edges, either of which being held upright,
the crystal would present a series of vertical planes.
We should in this case endeavour to ascertain whether
the planes belorging to one set, are not so symmetri-
cally arranged - wnth respect to those of the other, as
to possess the character of modifications . of the ter,
minal edges of a primary form ; if we find them so,
we should not make that the vertical series. -

If there be a series of vertical planes; and a horizontal
plane, we should ohserve whether any of the vertical
planes are at right angles to each other, and whether
there be any oblique planes lying between some of
the vertical planes, and the horizontal plane.

" We should remark the equality, or.inequality, of
the angle at which any of the vertical or oblique
planes incline on the several.adjacent planes.

We 'should notice whether there be any such sym-
metrical -arrangement of the vertical planes, or of
‘the oblique planes, if there be any, as would induce

, ¥ When the series of planes with parallel edges are-held wvertieally,
the plane at right angles to them will of course be %orizontal. These
‘may therefore be-called the’ vertical and horizontal pilaness all other planés
\avill be termed obligue 5 and the edges'of the horizontal and vertical planes,
.will be termed Izmzan'al and wmml edges. .

2%
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us to refer our crystal to any particular class of
primary forms ; and by comparing the characters we
thus observe with those described in the tables, we
shall probably discover the class of prlmary forms to
which our crystal belongs.

Let us now suppose our crystal to be contained within
any series of vertical planes, and to be terminated, not
by a horizontal plane, but by a single ‘oblique plane,
the crystal may then belong to the class of oblique
rhombic prlsms, doubly obhque prisms, or rhomboids..

If there be four oblique planes, inclining to each
other at equal angles, the crystal may belong to the
class of square prisms, or of octahedrons with square
Dases. . : g ' ’

If there be jfour oblique planes, each of which in-
clines on two adjacent planes at unequal angles, the
crystal will probably belong to the class of right
rectangular prisms, right rhomblc prlsms, or octa-
hedrons with’ rectangular or rhombic ‘bases.

If the series of vertical planes consist of 6, 9, 12, or
some other multzple of 8, and if there be a single hori-
zontal plane, the crystal may belong to one of the
classes of' right prisms, rhombonds, or hexagonal
prisms.

If there should be three oblique planes, the primary
form is a thomboid.

But if the termination consists of siz oblique
and equal planes, the crystal may belong to the class
of rhomboids or hexagonal prisms.

Crystals not falling within any of the- precedm«
descriptions, may yet be found to resemble some of
the secondary forms given in the tables.

Those which belong to the class of doubly oblique
prisms, are sometimes very dlfﬁcult to be understood ;
and the relation between the primary and secondary
forms of this class, can be learned only by a com-
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parison of the crystals themselves with each other,
assisted by the tables of modifications already given.
A circumstance, which has not yet been alluded to,
will also frequently render it very difficult to read a
crystal. This is the unequal extension of some of its
parallel planes. A very remarkable instance of this
character prevails in copper pyrites, and has been
the occasion of the erroneous opinions entertained
until very lately, respecting the primary form of that
substance. 1
- ~In all the works on mineralogy, except that by
Professor Mohs, its primary form is stated to be a
regular tetrahedron. Mohs, however, discovered that
its form was an octahedron with a square base. The
two following figures, for the drawings of which,
anade from crystals in his own possession, I am obliged
to Mr, W. Phillips, exhibit crystals containing equal
numbers of similar planes ; fig. 300 having these planes
regularly placed on the primary form, and fig. 301
representing the same crystal as it frequently occurs
in nature, with some of its planes considerably enlarged.
The same letters are placed on the corresponding
planes of each. :

Fig. 800. Fig. S01.

Mr. Phillips had discovered from the cleavage of
this substance, before the publication of Professor

Mohs’s book, that its primary form was not a tetra-
2F2
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hiédron, as appears by % ‘papér in the Annals of Phi-
losophy, new series, vol. 3. p. 297. ;

When crystals of this irregular character occur, it
is generally, only by cleava«re, and by using the
goniometer, that we can be led to an ‘accurate deter-
mination of their true forms.

Having ascertained the class of primary forms to
which our supposed crystal belongs, our next step
would ‘be to measure the angles of its primary or
secondary planes, in order to determine the species
to which-the mineral itself belongs.

If the crystal belongs to one of the four regular
solids, whose angles, ‘when the forms are similar, are
always equal, its hardness, or specific gravity, or some
other character, will the most readily lead to a de-
termination of its mineral species.

But it may happen that the secondary crystal we
are examining, may be referred with equal propriety
to either of the two, or more, classes of primary forms.
If we turn to the modifications of the octahedron
with a square base, and to those of the square prism,
and imagine the modifying planes of the square prism
much enlarged, .we shall observe such a resemblance
between them, that either form may he taken as the
primary, in reference to the secondary forms of both.
The same remark will apply to the octahedron with
a rectangular or a rhombic base, and the right rect-
angular, or rhombic prism.

In these cases it has been usual to adopt that as
the primary form which is developed by cleavage.
But if there be no practicable cleavage, or if there
be two sets of cleavages, parallel to the planes of
two primary forms, we are then at liberty, as it has
been already stated, to. adopt either of these, and
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our choice would probably fix on 'that which was
most predominant among the secondary forms.

Ifa crystal is to be described by the assistance of the
preceding tables, we must suppose the primary form
to be known; this must be first described according
to its class, and if necessary by its angles also. '

Its modifications, if they are single, may then be
denoted by the letters under which they are arranged
in the tables. But'as each of the classes of modifications;
except those which consist of tangent planes, compre-
hends an almost unlimited number of individual modi-
Jying planes, dg'ﬁ“erz'ng Jrom each other in the angles at
which they respectively incline on the primary planes, it
becomes necessary to add to the tabular letter which
- expresses the modification, the value of the angles at

which the plane we have observed mclmes on the
adjacent primary planes.

We have already seen that modlﬁcatxon a of the
right rectangular pnsm, comprehends a 'considerable
number of planes varying in their relative inclinations
on'P, M, and T." Let us suppose the erystal we are
examining, to belong to the class of right rectangular
prisms, and to be modlﬁed by a plane a, and let ‘the
inclination of the plane we have observed, on P, M,
and T, be called m®; 7°; and o*, these le'tters signifying

- any number of degrees and minutes whatsoever.

A crystal containing the primary planes of the
right rectangular prism, and a set of planes belong-
ing to modification @ might then be thus described.

Rl"'ht rectangular prlsm, Modification d, m® on P.

n° —M.:
o° — T.

The character of the plaue being thus established,

Wwe may in future, in order to avoid the repetition of
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the measurements, describe the plane as Modification
a, plane 1, and it may be marked in the figure of the
crystal as a 1.

Let us now suppose we find on another crystal,
another plane modifying the same solid angle, and
inclining on P; M, and T; at p°, ¢°, and 7°; and a
third plane, also modlfymg the same solid anwle, and
1nclmmv on P, M, and T, at s°, #%; v°, we should de-
scribe these: planes as we did the first, by ’

\Todlﬁcatlon a, p°on P ;
; q —M }plane 2
=T

Modification a; s° — P :
' —M }plane 3.
- vo T T N
And having thus recorded the character of the planes;
we may in future describe them as
Modification ¢ 2,
Modification a 3. :
This method of description may be applied, whe-
ther the three planes have occurred on the same
crystal, or on different crystals.

The inclination of the modifying plane on two of
the primary planes, is generally sufficient, when a
solid angle is modified, for determining the law  of
decrement ; but the third inclination serves as a
check upon the accuracy of the other two.

If the edge of any prism be modified by one or
more planes, it will be sufficient to give the incli-
nation of each plane, on either of the primary planes,
where the inclination of the primary planes to each
other is known, as the inclination on the other pri-
mary plane -may be readily ascertained. But when
an edge is modified, of any crystal whose adjacent
primary planes do not meet at a right angle, and
‘when their matual inclination is unknown, the in-
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clination of the modifying plane on bot/ the primary
should be given.

This method of descrlptlon may be readily extended
to all the classes of primary forms; and although it
may sometimes be rather tedious in its application, it
will convey an accurate description of the planes to
which it is applied.

It may frequently happen that we are examining a
crystal whose .primary form is unknown to us, and.
whose secondary planes do not enable us to deter-
mine that form; we can in such case describe the
crystal only by giving a drawing of it, accompanied
by the inclinations of its sever al planes to each other,

It will perhaps be found convenient, where it can
be done, to number the observed planes, ‘belonging
to each class of modlﬁcatlons, in some certain order,
when there is a series of secondary planes ‘whose
edﬂes are parallel, that plane may be denoted by
No 1, which forms the most obtuse angle with thq
primary plane to which the series may be referred, "



Secrion XIV.

- ON THE USE QF SYMBOLS FOR
DESCRIBING THE SECONDARY FORMS
OF CRYSTALS.

In Section 11, p. 102, it was statefd that certain
letters had been appropriated by the Abbé Haiiy, as
symbols, to designate the similar and dissimilar edges,
angles, and planes of each of the classes of primary
forms. And in the tables of modlﬁcatlons, these let-
ters are placed on the figures of the primary forms,
1o denote in each its snmllar, and dissimilar, edges,
angles, and planes,

The order in which they are placed on the figures
is obviously that of the alphabet and they are ar-
ranged also according to the ordinary method of
writing, beginning at the upper part of the figure,
and then proceeding from left to right until the seve-
ral parts of the crystal are marked by the appropriate
letters.

This will be very apparent, lf we refer to the pri-
mary form of the doubly oblique prism.

The letters P M T are retained to designate the
primary planes of crystals, although the term primi-
tive, from which those letters were derived, is not
used in this treatise.

The letter A is, by the Abbé Haiiy, placed, gene-
rally, on an obtuse angle of the primary form; but
according to the positions in which the primary forms |
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are drawn in the preceding tables, the letter A will
not necessarily stand on an obtuse angle, excepting
on the rhombic dodecahedron, the right rhombic, the
right oblique-angled, and the hexagonal prisms.

The edges and angles of that terminal plane of the
prism,_on which the figures appear to rest, and the
edges and planes which constitute the back of the figures,
are supposed to be denoted by a series of small letters,
corresponding with the capitals, by which the diametri-
cally opposite edges, angles, and planes, exhibited in
the front of the figure, are designated.

The representation of the secondary forms of crys-
tals by means of these symbols, is effected by annex-
ing numbers, expressive of the particular laws of
decrement by which the secondary planes are con-
ceived to have been respectively produced, to the
letters which denote the edges or angles on which
the decrements have taken place.

These numbers will be termed the indices of the
secondary planes, and will generdlly be represented by
the letters p q 1 s.

Before we proceed, however, to explain the man-
ner in which these symbols may be applied to the
representation of the secondary forms of crysfals, we
shall for a moment consider the theory of decrements
more particularly in reference to the descriptive cha-
racter it affords.

As this character is to be regarded as little else
than a symbol, indicating the change of figure which
the primary form has undergone, if there be two laws
of decrement which will equally well express this
change of figure, we are obviously at liberty to adopt
either law, as the generator of the new plane by
which the figure of the primary form is altered ; but it
will be found convenient to be guided by sofne rule
in our choice.

2a
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. Fig..302.

it %7 5

If, for example, we find a secondary plane, such as
a b, fig. 302, on the terminal edge of any prism, pro-
duced by the abstraction of three rows of molecules
in the direction of the lateral edges, and of one row in
the direction of the terminal edges, such a plane
might be conceived to be produced by a decrement
proceeding along the plane a ¢, consisting of three
molecules in height and one in breadth, or of three
molecules in breadth, if we suppose it to proceed along
the planes b d; and the symbol denoting either of
these decrements, might therefore with equal.pro-
priety be used to describe the new plane; and it
would be indifferent, as far as the descriptive charac-
ter of the symbol is regarded, which of the two we
should adopt.
_ The rule which it will be more convenient to fol-
low, is, to suppose all planes on the ferminal edges of
prisms, to be  produced by decrements proceeding
along the terminal planes; and the planes replacing
the lateral edges of prisms, and the edges of all the
other classes of primary forms, may be conceived to
result from decrements proceeding along those planes
in the direction of which the greatest number of
molecules appear to have been abstracted. And any
intermediary decrement may be conceived to proceed
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along that plane in the directions of whose edges the
greatest number of molecules have been abstracted.

It may not be useless to remark, that when two or
more planes replace the solid angle of a crystal, if
an edge at which the secondary planes intersect each
other be parallel to the edge at which one of them
intersects the primary plane, they will generally both
result from simple or mixed decrements.

Intermediary decrements however sometimes pro-
duce a series of planes whose intersecting edges are
parallel to each other, and when this happens; the
symbols of those planes will have two of their corre-
sponding indices in the same ratio to each other.

The edges of such secondary planes as replace the
edges of crystals, and which result from simple or
mixed decrements, are always parallel. _

From what has been already stated it will appear,
that if we are about to describe a secondary crystal,
belonging to any species of mineral whose primary
form is known, and upon several of whose edges, or
angles, similar decrements have produced similar
planes, it will be sufficient, gererally, to describe one
only of the new planes, produced upon one of those
edges or angles.

And if'two or more laws of decrement have con-
curred in the production of any secondary crystal, we
should be required, generally, to describe only one
of the planes produced by each particular law. For
the change of figure which any primary form has
undergone would be, generally, thus indicated. And
in drawing the crystal we might construct planes,
similar to those which are described, upon all its
similar edges or angles.

262
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As it sometimes, however, occurs that all the simi-
lar edges: or angles of crystals are not similarly
modified, it: will not:be sufficient in all cases to indi-
cate the- decrement which has taken place on one
edge or angle, but our representative symbol should
also indicate the absence of the modifying plane from
some other edge or angle, where according to the
law of symmetry, it might bé expected to appear, -

This necessity of distinguishing the symmetrical
modifications of crystals, from those which are not
so, will render the symbols rather more complicated
than they would be otherwise.

'The new theory of molecules which has been in-
troduced into this treatise, will render it necessary to
vary the character of some of the symbols employed
by the Abbé Haiiy in reference to the tetrahedron, to
all the classes of octaliedrons, and to the rhombic
dodecahedron ; and as these changes will occasion
some other slight deviations from his system of no-
tation, it will conduce to perspicuity if we consider
the application of the symbols to each of the classes
of the primary forms separately. This will be done
in a table subjoined to this section, where the order
of the primary forms will correspond with that
adopted in the tables of modifications.

The general nature of this system of notation will
be best illustrated by its application to one of the
least regular of the primary ferms.

Let us suppose that we are about to represent a
secondary crystal belonging to the class of doubly
oblique prisms, gccording to the theory of decre-
ments, and by. means of the symbolic letters already
alluded to, the primary form being known, and the
law of decrement by which the secondary plane has
been produced, having been also ascertained.
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The crystal is s’upposed to be held with the plane
marked P, horizontal, and with that edge or angle
nearest to the eye on which the decrement we are
about to describe has taken place.

Let us suppose this crystal to be modified by an
individual plane, belonging to the series of modifi-
cations of that figure comprehended under class .

The planes belonging to this class of modifications,
may incline more or less: on either of the adjacent
primary planes, and may result from a decrement on
either of the adjacent plane angles which constitute
the solid angle on which O is placed.

If the modifying plane be produced by a simple or
mixed decrement, beginning at the ‘angle O, and
proceeding along the terminal plane, consisting of
one row of single molecules, it should be expressed

thus, O, and be read, one over O, signifying that the
abstractlon of molecules from the superimposed plates
took place above, or receding from O, in the direction
O A. .If the decrement be simple, and by two rows
of molecules in breadth, it would be expressed by

O and if it be a mixed decrement by t hree rows m

breath and two in height, it would be denoted by O
and so of any other decrement acting in that di-
rection. : :
- If the modifying planc be occasioned by a simple
or mixed decrement, beginning at the angle of the
plane M adjacent to O, and proceeding along the
plane M, by p rows of molecules, p signifying any
whole number or fraction, it would be denoted by
¥Q, and be read p on the left of O.

If the new plane were produced by a simple or
mixed decrement by p rows on the angle of the plane
T, adjacent to O, and proceeding along that plane, it



258 ON THE USE OF SYMBOLS.

would be denoted by O®, and be read p on the right
of O. :

In either of the preceding cases, the intersection of
the new plane with the primary plane along which
the decrement is' conceived to- proceed, will, as we
have already seen, be parallel to the dla‘ronal ofthat
plane.

Let us now suppose an intermediary decrement to
have taken place on’the angle O, of such a nature,
" ‘that the mass of molecules abstracted should belong
to a double plate, or'be two molecules in height, or
as it might be otherwise expressed, 2 molecules in
the direction of the edge H, 3 in the direction of the
edge D, and 4 in the direction of the'edge F.

» 'The appropriate symbol to denote such a’decre-
ment, ought obviously to represent 'this threefold
character; which it does by combining the indices
expressive of the particular law of decrement, with
the letters which represent the edges and angles af-
fected by it, in. this maunner, (D3 H2 I'4). This
symbol is placed in a parenthesis to distinguish it
from a_combination of three simple or mixed decre-
ments, and it would be read thus, 3 on the edge D,
2 on the edge H, 4 on the edge F.*
< If instead of the angle marked by O, we now
imagine the solid angle on which A is placed to be
modified simlarly to that denoted by O ; before we
describe the modifications of A, the crystal is con-
ceived.to-be turned round, until the angle on which

* Thismode of representing intermediary decrements differs from that
adopted by the Abbé Haily, in referring the decrement to the adjacent
edges; whereas he refers them to two edges and the angle they include.
But the form of the symbol here given will best accord with ‘the results
obtaiped by;the methods of calculating the laws of decrement,: which
will be given in the Appendix.
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A is placed is nearest to the eye; or-we may be sup-
posed to pass round the crystal, until.we place our-
selves opposite the angle at A ; and while the eye and
that angle are in these relative positions, we should
proceed to describe the new planes, as we dld those
on the solid angle at O.

If two or more planes, resulting from simple or
mixed decrements, are found modifying the same
solid angle of any crystal, the symbols representing
them are to be placed immediately following each
other. Thus if the three planes we have supposed on
the angle O, should occur on the same crystal, its
change of ﬁuure would be thus represented,

200 0P,
The:e symbols not being placed in a parenthesis, are
understood to represent three separate planes. .
If three intermediary decrements should occur on
the same solid angle, their symbols would also be
placed following each other, thus,

(D3 H2 F4)(D1 H3 F2) (D4 H1 F3)

Here, each of the three sets of characters being
included within a séparate parenthesis, three varicties
of intermediary decrement are implied ; and as they
stand singly; ‘it-is implied that they are independent of
each other 5 and they are evidently produced by dif-
Jferent laws of decrement.

Let us now suppose we are about to describe a
decrement ona terminal .edge of a doubly oblique
prism. . The prism is again supposed to be placed or

- held with that edge nearest to:us, the plane P con-
tinuing horizontal.

And first let us suppose a terminal edge F to be
replaced by a plane resulting from a.decrement by p
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rows of molecules proceeding along the plane P; p,
meaning, as before; any whole number or fraction.

The symbol to denote this decrement, would be Ig,
and be read as before, p over F.

If the decrement be supposed to have proceeded
along the plane T by three rows of molecules, as in
figure 803, the general symbol used to represent the

P
new plane would still be I, but p would in this case
represent the fraction 3, and the particular symbol

would be F,

If we suppose p to be a fraction, it is evident from
what has been already staled, that the numerator of that
fraction may be cither grealer or less than the denomi-
nator, according as the decrement in breadth exceeds or
falls short of that in height. *

If either of the other terminal edges be modified,
the modified edge is supposed to be the nearest to
the eye, when the modifying plane is described.

This change of position must be understood to
take place in every instance where the position of
the modified edge or angle requires it.

If two dissimilar planes occur on the same terminal

edge of a crystal, the symbol is repeated thus FF .
which expresses the coexistence of the two planes on
one edge. )

If the lateral edge H of a doubly oblique prism be
modified, and if it has been found that the decrement
producing it has proceeded along the plane M, by p
rows of molecules, its characteristic symbol would be
*H,-and it would be read p on the left of H.

If the decrement appears to have proceeded along
the plane T by p rows of molecules, its symbol would
be H?, or p on:the right of X ; p being cither a
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whole number or fraction, expressive of the particu-
lar law of decrement, ‘in reference to each plane
respectively, as it is supposed to have been ascer-
tained by calculation. :

If the two planes occur on the same crystal, they
would be denoted by the two symbols being used to-
gether, thus, "H HP,

If it should be required to describe any decrement
acting upon an edge or angle of the lower plane of
the crystal, upon which the small letters are supposed
to be placed, the crystal is imagined to be turned
with that plane upwards, the edge or angle on which
the decrement has taken place is to be brought the
nearest to the eye, and we are then to describe the
plane or planes in the manner already directed, only
using the small letter, instead of the capital, to indi-
cate the edge or angle which is modified. And if it
should be necessary to describe a decrement upon
the back planes of the crystal, we are supp’osed to
pass round it, and to substitute small letters in the
symbol for the capitals which  designate the cor-
responding front planes.

The preceding explanations will render sufficiently
intelligible the general method of representing the
secondary planes of crystals by means of symbolic
characters. = Before we proceed, lxowever, to apply
this method to the different iclasses of primary forms,
it will be necessary to separate’ the secondary forms
of the crystals to be represented into three prmclpal:
classes.

1. Those which are strictly symmetrical, as modifi-
cation a, b, ¢, d, e, or f, of the cube, where:
similar decrements take place on similar edges
or angles, and proceed along similar planes.

2nu
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2. Those which are partially modified, or on which
the same modification does not occur on all
the similar edges or angles; as in modification
2, hy i, k, of the cube.

These may be termed defective modifications,
and they may be again subdivided into two
portions.

a. Those in which an edge or angle is replaced

- by only half the number of planes which the
law of symmetry would require.

b. Those in which only one of two similar edges
or angles is modified, while the other remains
entire.

8. Those in which two or more similar edges or
angles are affected by different laws of decrement.

And the symbols, to be perfect, ought to represent

each of these divisions clearly and perspicuously.

In the table subjoined to this section, which will
point out the relation of the theory of decrements to
the  different classes of modifications, the various
modes of adopting the symbols to particular cases will
be fully explained. Whence it will not be necessary
here to give more than an outline of the general
principle which will regulate their application.

- To represent the secondary forms belonging to the
first of these divisions, it may not appear strictly
necessary to do more than indicate the character of a
single plane belonging to any set of similar planes
occurring upon the same crystal ; but it may tend to
prevent ambiguity if we construct our symbol so as
to indicate ‘that the secondary planes occur sym-
metrically on certain edges or angles of the erystal.

We may here remark, that the sets of planes which,
in the tables of modifications, replace the solid angles
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of the cube, tetrahedron, and rhomboid, and rest, as
it is said, upon the planes of those primary forms, are
distinguished from those which are said to rest upon
their edges. But in reference to the theory of decre-
ments, both these sets of planes are similar in character,
and result from simple or mized decrements on an angle
of the primary form.

The planes which are said to rest upon the primary
planes, are produced by decrements in which the:
number of molecules abstracted in breadth, is greater
than the number in height, while those which are said
to rest upon the edges, result from decrements where-
in the number in height exceeds the number in breadth.
The numbers or fractions expressing the firs¢ of these
sets will be always greater than unity, as 2, 3, 4, 4, 4,
&c. ; those expressive of the latter set, will be al-
ways less than unity, as 4, %, 3, &c.; and the planes.
in this latter case are conceived to be carried, as'it
were, over the solid angle, and made to replace a
portion of the adjacent edge. :

The Cube.

Fig. 303.

Let us now suppose a cubic crystal, modified on
the angles by three planes belonging to class b of the
modifications of that form; and let us suppose that
the modifying planes result from a decrement by two
rows in breadth on the angles of the cube. The sym-

bol denoting these planes would be ’}2&’, and if this
2u2
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be unaccompanied by any other symbol, it would be
implied that all the solid angles were similarly mo-
dified. The symbol representmv class C might be

3

The planes of modification a of the cube might be

denoted thus, A but for the sake of uniformity with
the precedmg symbol they will he repreaented hy
the symbol A '
- ‘The planes belonging to class i of the cube, do not
differ from those belonging to class d, except in being
three single similar planes, instead of three pairs of
similar planes, as there are in class d. To distinguish
class d therefore, by its symbol, it will be requisite
that ‘the symbol should represent one of the puirs of
planes, and not merely a single plane, as might have
been sufficient if class ¢ had not existed.

‘Suppose an individual ‘modification belonging to
class d is to 'be denoted, and if the decrement pro-
ducing it be by three meolecules on the edge B, one
on the edge B',* and two in height on the angle A, the
symbol would be

(B3 B"2B'1:B1B"2 B'3),
which would imply a pair of planes resting on the
plane P. And the two symbols being both included
within a parenthesis, and separated. from each other
by two dots, implies that both the planes represented
result from the same law of decrement, but acting in
two different directions.

If two similar planes belonging to class f of the
cube, resulting from a decrement by three rows in
breadth, occur on all the edges of a cubic crystal, the

symbol B will be used to denote their existence on
one of the edges ; and their existence on the other

* B, BY, &c. is read B dash, B two dash, &c.
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edges is implied, unless their absence be denoted by
the characters which will be presently given and ex-
plained. This symbol implies that the edge B is
replaced by two planes, one of which results from a
decrement by three rows in breadth proceeding along
~ the terminal plane, and the other by three rows in
breadth proceeding along the lateral plane. The

s’ym'bol'l‘} might be sufficient to denote the planes of
modification e, but fur the sake of conformity with
the general system of notation, it should be written

1

B.

1

© When the lateral edge of a prism is modified by
two similar planes, 'the symbol representing them
will be *G®, The G standing single, implies that
the symbol refers to a single edo-e

The planes belonging to clas: d of the modifications
of the right rectangular prism, may be readily con-
ceived to result from decrements proceeding along
either of the planes M or T. If along the plane M,
the symbol would be G'* G ; but if the decrement
be supposed to have’proceeded along the plane T,
its symbol would be *G’' G*.

The Tetrahedron.
Fig. 304.

Simple and mixed decrements on the angles of the
tetrahedron producing planes belonging to class b,
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are supposed to proceed along the plane P; and the
symbol by which they are to be represented is
] A"

The-symbol representlmr a pair of planes of any
particular modification belonging to class d would be
(Bp B’q B"r : Bp Blr B”q)

The edges of this primary form are neither per-
pendicular nor horizontal, and the decrements by
which they become modified might therefore be ex-
pressed by the symbols which represent the modifi-
cations upon either the terminal or lateral edges of
prisms. But as the edges of the tetrahedron are
more analagous to the lateral, than to the terminal
edges of prisms, the symbol *B? will be used to de-
note the modifying planes belonging to class f.

The Octahedrons.

The laws of decrement which produce the modify-
ing planes of the octahedrons, are, according to the
Abb¢ Haiiy’s theory, supposed to take place on paral=
lelopipeds, which would be formed by adding two
tetrahedrons to two opposite planes of the octahedron.
In the appendix to this treatise, rules will be given
for determining directly the laws of decrement on the
octahedrons, 1ndependently of these added tetra-
hedrons. And the symbols representing the secondary
planes will therefore vary from those adopted by the
Abbé Haiiy.
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The regular Octahedron.
Fig. $05.

The simple and mixed decrements on the angles,
which would produce the planes belonging to class b,

may be represented by the symbol PA?; which im-
plies that similar planes occur on the three adjacent
angles, and consequently on the fourth.

The intermediary decrements are of two kinds,

1. Those which produce the planes _compre-
hended under class c.
The general symbol to represent these would
be (Bp BI b’ r)
2. Those which produce the planes comprc-
hended under class d.
The general symbol to represent these would
be (Bp B’y b’r bs : By Br by by).

These symbols denote the abstraction of p, ¢, r, or
$ molecules from some of the edges B, B, b/, and b,
in the production of the planes belonfrmg to classes
¢, or d.

The Rhombic Dodecahedron.

The modifications on the edges of this primary
form may be denoted by the general symbol *B”.
Those on the acute solid argles may be represented
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by symbols analogous in character to those used for
the octahedron.

The modifications on the obluse solid angles may
be represented by symbols resembling in character
those used for the tetrahedron.

The Rhomboid.

The modification on the superior edges may be
represented by the general symbol *B?, and those on
the inferior edges by the general symbol *D?.

The modifications a, b, ¢, d, may be represented by
symbols of the same character as those adopted for
the tetrahedron. _ ‘ s

The remaining modifications, on the lateral solid
angles, may very obviously be conceived to result
from decrements upon either the angles at E, or
the angle at O. For if we refer to any of the modi-
cations from e to &, we may perceive that the planes
which replace the angles at E, are similar to those
which replace the angle at O, but are in an inverted
position. It is therefore indifferent, as far as the
representative character of the symbol is concerned,
whether we refer the planes belonging to any of those
modifications, to the angle at E or at O. 1n either
case, the symbols will be similar in character to those
which relate to the solid angles of some other paral-
lelopipeds. :

In the following tables, both these classes of sym-
bols will be again alluded to, and their differences
pointed out in reference to several of the classes of
modifications.

In the examples which we have given of the appli-
cation of synibols to represent the secondary forms of



ON THE USE OF SYMBOLS. 49

v

crystals, we have supposed those forms to have been
strictly symmetrical, or to have resulted from sintilar
modifications on all the similar edges or angles of the
primary form,

It remains now to point out the methods of dis-
tinguishing by appropriate symbols, those secondary
forms in which similar planes do not occur on all the
similar primary edges and angles.

Ist. Let us consider the case where an angle or
edge is only partially modified. See cube, fig. 303,
p- 243.

In class ¢ of the modifications of the cube, the solid
angles are replaced by only three planes, which are
found to correspond with the allternate planes of
class d.

But the symbol representing class d, is such as to
1mp1y that there are three pairs of planes on each

solid angle. 'We should therefore construct the sym-
bol which is to represent class ¢, so as to indicate the
existence of only three single planes on each solid
angle; and it should denote the relative positions of
the analagous planes on the solid angles at A’, and
at A.

The three planes at A’ may be represented by the
following symbol, in which ¢ is supposed to be
greater than r;

(B’q By B'"x)(B"q B Br)(B'x By Byg).

And the three planes at A by the following ;

(By B B'r)(B"q By Br)(B'q By B").

If these symbols be attentively regarded; they will
be observed to express the relative positions of the
corresponding planes on each of the solid angles.
And by substituting in them b and b for B and ‘B,
the planes on the lower solid angles might also be
represented, and thus the entire figure would be
implied.

21
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The planes belonging to class &, which may be said
to modify the edges partially; may be thus denoted.

f;« E[ BIIP PBIII.

The index not being repeated below, and on both sides
of the letters B, &c. affords an indication that the planes
are single upon each edge; in which respect only,
does class k differ from class f.

2. Let us suppose some angles or edges.of a crystal
to be modified, while others, which are similar, re-
main entire.

From what has preceded, it will be apparent, that

.the character representing these differences may be
generally conferred on the symbol, by introducing
into it the letters which denote the unmodified edges
or angles, and by substituting cyphers in appropriate
positions near those letters, for the indices of the
symmetrical modifying planes.

An example derived from the defective modifica-
tions of the cube, will sufficiently illustrate the cha-
racters of these particular forms of symbols ; and in
the following tables they will be further explained
in reference to the different classes of primary forms
in which irregular secondary forms occur.

The angles of the lower plane of the cube, cor-
responding with those marked A and A’ of the upper
plane, are, as it has been already stated, supposed
to be denoted by a and a’. The planes belonging to
class 2 may be represented by the following svmbol.

P o P o
DAL %2 Ba Pmlal

This implies the occurrence of the modifying planes
on the alternate solid angles only. )
If, as it sometimes happens, one of the terminal
solid angles of a rhomboid is replaced by a tangent
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plane, while the other remains entire, the symbol

representing the change of figure would be
'A' °a’

8. When different decrements take place on two
similar angles or edges, the number expressing the
law of one of them may be represented by p, and the
number representing the law of the other, may be
substituted for the o, by which we have proposed to
denote the unmodified angles or edges. Thus, if one
terminal solid angle of a rhomboid were replaced by
a tangent plane, and the other by three planes be-
longing to class b, resulting from a decrement by two
rows in breadth, the symbol would become

IAI LY %8

1 2

It will be convenient when we describe the second-
ary forms of crystals by means of these symbols, to
observe some certain order in their arrangement into
what may be termed the theoretical image of the
crystal. 'The Abbé Haiiy places the symbols re-
presenting the lateral edges of prisms, first; then
those which represent the terminal edges; and lastly,
those which represent the.solid angles. As it is evi-
dently indifferent whether they be taken in this order
or in any other, as far as their descriptive character
is concerned, I shall observe the same order of ar-
rangement that he has given; although if that had
not been established, I should have reversed it, for
the sake of conformity with the order in which the
modifications are placed in the tables.

The Abbé Haiiy has also proposed to designate the
secondary planes by small letters, and to place these
under the respective symbols of the planes they refer
to. And in order to render the character of the sym-
bol more complete, he repeats the letters which
designate the primary planes, among those which

. 212
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denote the ‘secondary ones, as in the sollowing ex-
ample. 7
Thus, if a right rhombic prism should be found
containing the modifying planes belonging to the
classes a, ¢, e, h, and g, and also containing the pri-
mary planes, the representative symbol might be this.

3

'G* M *H* B E AP

Ry ML e e ead B

Here the laws of decrement producing the second-

ary planes are represented by the upper series of
characters; and the lower series consists of the let-
ters which are placed on the figure of the crystal, to
distinguish the secondary planes.



ON THE RELATION'  OF THE LAWS OF
DECREMENT TO THE DIFFERENT
CLASSES OF MODIFICATIONS.

. Tae following tables, which exhibit these relations,
will illustrate fully the uses of the-symbols we have
just described.

It may be remarked, that the letters placed on the
figures of the primary forms contained in these tables,
differ from those which stand on the corresponding
primary forms placed at the heads of the several
tables of modifications; and that some new letters
have also been added to them.

These changes have been introduced for the pur-
pose of indicating more explicitly, by means of sym-
bols, the changes of figure which any modified pri-
mary form may have undergone.

The letters p, g, 7, s, are used as the general indices
of the different classes of modifying planes, and thus
represent any numbers whatever ; but they will re-
present different numbers, in relation to the different
individual planes belonging to each of the classes.

When these letters are used as the indices of the
modifying planes produced by intermediary decre-
ments, they represent whole numbers only. But when
p denotes the law of a simple or mixed decrement, it
may represent any whole number or fraction.
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This whole number or fraction may be either
greater than 1, which may be thus denoted p > 1;
oapakdn bons: dronigiiisn kb, o ocite e p =13
or less than 1, . . Mol el p < L
The mark > si O‘mfyln greater than,
= . . . equalto,
o o lessthan.

" The letter p will generally be used to denote the
greater edge of the defect, the letter ¢ the next, and
r the least, when there are only three edges to be
denoted. But when the symbol represents a modifi-
cation on the solid angle of an octahedron, s is intro-
duced to denote the fourth and least edge of the
defect. Hence the relative values of p, ¢, r, and s,

may be thus expressed, p™> ¢ > r> =.

The Cube.

Fig. 306.

L. Symmetrical modifications.

Simple and mixed decrements on the angles, produce
the planes belonging to modifications a, 4, and c.
The general symbol to represent these is

&
PAP,
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If p > 1, class b is represented, and as the value
of p increases, the planes b
incline more and more on the
primary planes. A

p = 1, mod. a is represented.

p < 1, class ¢ is represented, and as the value
of p diminishes, the planes ¢
incline more and more on the
primary edges.

Intermediary decrements produce the planes be-
longing to class d.

The general symbol representing these, is

(Bp B’q B’”r : Bq Blp B”Ir)-

Decrements on the edges, produce the planes be-
longing to the classes ¢ and f.

The general symbol representing these is
e

B

»
If p =1, class e is represented.
p > 1, class fis represented.

2. Modifications not strictly conformable with the law
of symmetry ; or, such as have been termed defective
modifications.

The following are the symbols representing these
classes.

o t 1 o
°A’® *A' ta'* °a® represents class g.

oA PAP Bam ogo S R

(B'qy By B”r)(B"q B’» Br)(B'r B"p By) represents
the planes at A’ belonging to class i.

(Bq B”,p B’r)(B”’q B’p Br)(B’q Bp B”Ir) represents
the planes at A belonging to the same class.
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When the symbolic character is not accompanied
by a figure of the crystal, both the preceding symbols
should be given; but when there is a figure, it will
be sufficient to use the second only.

I
Py
B B’ B PB" is the symbol representing class k.

The regular Teirahedron.

Fig. 307.

Simple and mixed decrements on the angles.
General symbol PA*’.

Ifp > 1, the sy mbol represents class b.
p:l,... . . mod.a.

P Lyia i qn b it e . LGS C-

Intermediary decrements.
General symbol, (By B’y B"x)(Bp B'r B”) repre-

sents class d.
Decrements on the edges.

General symbol, PRe,

If p = 1, the symbol represents mod. e.
8 PR i - S P W A
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The regular Octahedron.

Simple and mized decrements on the angles.
General symbol, PAP,
P

If p = 1, the symbol represents med. a.
o Ry B A A e O AT,

Intermediary decrements
Are of two kinds, and require two general symbols.
Ist. (By B'q b’y br) represents class c;
2d. (Bp B'q b'rbs : By B'r b/ bs) representsclass d.

Decrements on the edges.
General symbol, *B*.

If p = 1, the symbol represents mod. e.
P10 L LR ok

The planes belonging to classes @ and £ of the cube,
sometimes occur on the same crystal, and when the
planes a are much enlarged, the secondary form. pre-

-sents the figure of the octahedron modified by two
~only of the planes ¢ of that figure. The secondary
crystal may however be referred properly to the cube,
so long as it retains any portion of the planes £.

2K
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The rhombic Dodccaliedron.
Fig. 309.

Simple and mixed decrements on the obtuse solid angles.

; P
General symbol PAY, represents the classes e, f, & g.
If p > 1, the symbol represents class f.
pi=T Pl s e e IO G

p<l,. SR vie st s s ClOBS .

Intermediary decrements on the obtuse solid angles
produce . the planes of class h, which class may be
generally represented thus :

(B'p Bq B”r : B’q Bp B”l’).

Simple and mized decrements on the acute solid
angles, produce the planes belonging to classes a
and b.

General symbol v,
P

If p = 1, the symbol represents mod. a.
B L o i T Sk D,

Intermediary decrements on the acute solid angle,
consist of two kinds, producing the planes of c]asses
c and d.

The general symbol representing class c, is

(Bp B’q b’q br).
The general symbol representing class d, is

(Bp B'q bx bs : Bp B’x b’q bs).
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Decrements on the edges, may be represented by the
general symbol *B?,
If p = 1, the symbol represents mod. 7.
05 PRSI S e 17 N R

Some of the secondary crystals of Blende are pro-
duced by defective modifications of this primary form,
and are such as might result from regular modifi-
cations of the tetrahedron.

The Octahedron with a square base.
Fig. 310.

Simple and mixed decrements on the terminal edges.
General symbol, PAP.
P

If p = 1, the symbol represents mod. a.
RSSO RIS TR R, | e O
Intermediary decrements on the terminal solid angles.

These are of two kinds, and require two general
symbols. ’

Ist. (Bp B’y b/q br) represents class c;

2d. (Bp B’q b’ bs : By B'x b/q bs) represents class d.

Simple or mixed decrements on the lateral angles.
General symbol ?EP.
If p = 1, the symbol represents class e.

RIS A . class k.
2K 2
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Intermediary decrements on the lateral solid angles.

These are of three kmds, and require lhrec general
symbols. :
Ist."(By Dq D’ B”:) represents class f.
2d. (Dy Bq B’ Di) . . . . classg.
3d. (Bp D4 D’x B"s: By Dr D4 B's) represents
class i when p > ¢;
The same symbol represents class k when p < ¢.

Decrements on the edges of the pyramids.

General symbol ?BP.
If p = 1, the symbol represents mod. 1.
p>1, . . ... . . . classm.

Decrements on the kdges of the base.
General symbol D

P
Ifp = 1, the symbol represents mod. .
! i Tpkeh st it A e T R

The Octahedron with a rectangular base.

Fig. 311.

Simple and mizxed decrements on the terminal (moles of
the planes P.

General symbol 1’

Ifp =1, the symbol represents mod. a.
B e e e o WSS b,
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Simple and mized decrements on the terminal angles of
planes M.

(xencml symbol PA?,
If p = 1, mod. a is again represented, because

plane a results from a decre-
ment by one row on all the ter-
minal angles.

p>1, class c is represented

Intermediary decrements on the terminal solid angles.
General symbol (Bp B'q b'r bs) represents class d.

Simple and mizved decrements-on the lateral angles of
the plane P.
General symbol E” PE.
If p = 1, the symbol represents mod. e.
P8 B e Q0350 RUIRTY olass i

Simple and mized decrements on the lateral angles of
the plane M.
General symbol PE’ EP.
If p = 1, mod. e is again represented.
p > 1, class i is represented.

Intermediary, decrements on the lateral solid angles.
These are of two kinds. :
1. Such ‘as produce the single ‘planes on each
angle, which are comprehended under class
g, or class f.
The general symbol is (Dp Bq By Fr).
If p > r, the symbol represents class f.
T | RN S B L
2. Such as produce two planes on each angle
belonging to class k.

General symbol (Dy Bq B'r Fs.)
In this symbol, the particular values of either of
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- the indices may be greater or less than either of
the others, in reference to particular modifying
planes.

Decrements on the terminal edges.

The planes produced by these decrements are all
comprehended under class /, although they may be
said to consist of three varieties.

Ist. When the decrements proceed along the
plane P.

2d. When the edge at which the planes / inter-
sect each other at the base, is parallel to a
diagonal of that base.

3d. When the decrements proceed along the plane

M.
The general symhol of the 1st, is. B *B.
Al B Y.
8d, — *B’ B,

Decrements upon the edge D of the base.

General symbol D.
P

If p = 1, the symbol represents mod. m.
PRSI 3R] 8 M (0 b oTass .

Decrements upon the edge F of the base.
General symbol k.

»
If p = 1, the symbol represents mod. o.
P By wpntdodingg . veldss pi
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The Octahedron with a rhombic base.

Fig. 312.

Simple and mizxed decrements on the terminal angles.
General symbol PA®,
P

If p = 1, the symbol represents mod. «.
w2 Lt s 05 skl | class.ds

Intermediary decrements on the terminal solid angles.

These are of four kinds, and require four general
symbols.

We suppose the edges of the upper pyramid, which
are opposite to those marked with B and C, to be
denoted by b and c.

Class b is represented by (Cp By by cr).

Classc . . . . « . (Bp Cieqd b

Classe . . . (Cqu bres: Cp B: bq Cs).
p Cl(tSSf e, (Bp Cq'Cr‘bs': Bp Cr Cq bs).

Simple and mixed decrements on the angle T at the base.
General symbol PE?.
If p == 1, the symbol represents mod. n.
Y L SR et X e
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Intermediary decremenls on the acute solid angle at E,

' These are of four kinds, and require four general
symbols.
Class o is represented by (Bp dq Dq B').
Glass p Tt 2 B MDDy B By d ).
Classr . . (Bp Dqdx Bs : Bp d’q De B%).
Class SONEL S (Dp ‘qu Be ds : Dp B'r Bq dls).
)
Simple and mized decrements on the angle 1 at the base.
General symbol *I”.
If p = 1, the symbol represents mod. g.

P alyosh o w8 a o, class k.

Intermediary decrements on the obtuse solid angle at 1.
These are of four kinds, and require four general
symbols. .
Class h is represented by (Cp Dq D'y Cir).
Classt . . . . . . (Dp Cq C4y DH).
Class? . . (CpDq DL’ : Cp D'y Dr Cl).
Classm . . (Dp Cq C'x D’s : Dp Clq Cr D%).

Decrements on the acute terminal edges.

General symbol *B”.
If p = 1, the symbol represents mod. v.

Pwdy O i basbicm. ssod velassas

Decrements on the obtuse terminal edges.
General symbol *C".
If p = 1, the symbol represents mod. i.
Ricalb il or e Fadis. o, elage u.

Decrements on the edges of the base.

General symbol D.

’ P
If p = 1, the symbol represents mod. y.
Pl L L gy v
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The right Square Prism,

Fig. 813.

-5

Simple and mized decrements on the terminal angles.

General symbol 111, represents class a generally.
In this symbol p may be > 1.
or — 1.
2
If p = 1, an individual plane belonging to the
" class is represented, whose three
edges would be respectively parallel
to the diagonals of the adjacent pri-
mary planes. This plane may, from
its station in the series, be denomi-
nated the middle plane. ;
p > 1, the planes represented would incline
more on P than the middle plane does.
p < 1, the planes represented would incline
more on the edge G.

Simple and mizxed decrements on the lateral angles.

General symbol PA?, p being > 1.

This symbol represents a series of planes belonging
to class b, whose intersections with the planes M and
M’, are parallel to the diagonals of those planes.

2L
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Intermediary decrements.

General symbhol (By Gq B'x : Br Gq B%p), repre-
sents the remainder of the series of planes belonging
to class b.

Decrements on the terminal edges.

General symbol ﬁ.

If p = 1, an individual plane belonging to class c
is represented, which may be termed
the middle plane of the series com-
prehended under that class; and it
would intersect the lateral planes in
lines parallel to one of their diagonals.

p >1, the symbol would represent that part
of the series of class ¢, which inclines
more on the terminal plane than the
middle plane does.

p < 1, the same symbol would represent that
part of the series which inclines more
on the lateral plane than the middle
plane does.

Decrements on the lateral edges.

General symbol *G”.
If p = 1, mod. d is represented.
p > 1, class e is represented.
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The right Rectangular Prism.

Fig. 314.

[+
P

Decrements on the angles.

The planes belonging to class a, comprehend the
following varieties.

Ist. Those which result from simple and mized
decrements on the

terminal angles, of which the general symbols is A.
anglas of plaad ME Lo L 00X Lo 0 AL
angles of plane T', . . . . . SR

Ifp =1, in either of these symbols, the same
individual plane belonging to the
class is represented by each; the
three edges of which are, respective-
ly, parallel to the diagonals of the
planes P M and T. This may be
termed the middle plane of the series.

p > 1, the planes represented will incline on
the plane P, or M, or T, more than
the middle plane does.

p < 1, the plane represented will incline less
on the respective primary planes than
the middle plane does.

21 2
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2d. Those which result from intermediary decre-
ments,. which may be represented by this
general symbol,
(Cp Gq Br).
in which p, ¢, and r, will vary relatively to
each other as the decrements proceed along
the plane P, M, or T.

Decrements on the terminal edges.

P
General symbols, C represents class b.
P

BRIy ORSE C.

If p = 1, in either of these symbols, a middle
plane will be represented belonging
to each class respectively. And the
planes of each class would respec-
tively incline more on the terminal,
or on the lateral plane, than its cor-
responding middle plane does, as

pis>1or .

Decrements on the lateral edges, producing the planes
of class d.

These are of three kinds, and require three general
symbols.
1. G *G, when the decrement proceeds along
the plane M.
2. PG’ G?, when the decrement proceeds along
the plane T.
3. When p = 1, in either of the two preceding
symbols, the middle plane of the series
will be represented.
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The right Rhombic Prism.
. Fig. 315.

Simple and mixed decrements on the acute terminal

U angles.
General symbol ]l:_‘., represents class ¢, generally.

If p = 1, the symbol represents the middie plane
of the series.

p > 1. or < 1, the planes represented incline

more on plane P, or on the edge G,

than the middle plane does.

Simple and mixed decrements on the obtuse terminul
angles. :

General symbol A repreéents class a generally.

A, represents the middle plane.

Simple and mixed decrements on the lateral angles.

1. On those adjacent to E.

General symbol PEP, represents one series of
planes belonging to class d, which intersect
the lateral planes parallel to one of their
diagonals.

2. On those adjacent to A,

General symbol PA?, represents a similar series

of planes belonging to class b.
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Intermediary decrements on the acute and obtuse solid
angles.

General symbol (B’» Gq B:r : Br Gy By) repre-
sentsa further series of planes
belonging to class d.
« « « « (Bp Hy Br : Br Bq By) repre-
sents a further series of planes
belonging to class b.

Decrements on the terminal edges.

P
General symbol B, represents class e, generally.

B, represents its middle plane.

Decrements on the lateral edges.

1. On the acute edges.
1G! represents mod. h.
PGP, . . class .

2. On the obtuse edges.
'H' represents mod. f.
2 At B . 1L

The exposition which has been given, in reference
to the preceding classes of primary forms, of the re-
lations of the laws of decrement to the several classes
of modifications, will, it is presumed, have been suf-
ficiently full, to render more than an outline of those
relations unnecessary, in reference to the classes of
primary forms which are to follow.
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The right Oblique-angled Prism.

Fig. S16.

Decrements on the acule solid angles, are all comprised
within class b.

~

1. Simple and mized.

E represents the middle plane.
P

E .. - 'the planes which intersect the
plane P parallel to a diagonal.
PE . . . the planes which in the same
manner intersect the plane T.

Er- 0 ROaaserl M s ane Shiepoogl
2. Intermediary. General symbol (Bp Gr Cy).

Decrements on the obtuse solid angles are all comprised
within class a.
The symbols representing the planes corresponding
in character with those above described, are,

A.

P

A,

PIL '
AP, ‘
(Cv Hr By).
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Decrements on the terminal edges.

CP, symbol of middle plane}of B s
C ,

, general symbol .

113), symbol of middle plane}of DIt
B

, general symbol

Decrements on the lateral edges.

IG! symbol of middle plane
ng }other planes of class f.

H' . .. . middle plane
ng AT T }o{herplanes of class e.

The Oblique Rhombic Prism.

Fig. 317.

Decrements on the acute solid angles.

1. Simple and mized decrements on the angle A.
The gener al symbol A represents class c.

A represents the middle plane of that class.
PAP represents part of the series of class d.
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2. Intermediary.

(B> hq Br : By hq B'x) represents another
part of the series of class d.
The corresponding decrements on the obtuse solid
angles are,

0.

O.
POPr.
(Dlp I‘Iq Dr b D'r IIq Dp).

Decrements on the lateral solid angles, are all com-
. : prised within class e.

1. Simple and mized.

E represents the middle plane of the class.

E is the symbol, when the intersection of the
planess e and P, is parallel to the oblique
diagonal of P.

When the lateral planes are intersected
by the planes e, parallel to a diagonal,
the symbol will be either *Ii or E”.

2. Intermediary. General symbol (Bp Gq D).

In this symbol the comparative values of p, ¢,
and 7, will vary according to the positions
of the planes represented.

Decrements on the acute terminal edges.
B represents the middle plane of class g.

B is the general symbol of that class.

2m
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Decrements on the obtuse terminal edges.

D represeiits the middle plane of clas‘é‘f.
. .

D is the general symbel of that class.

i Decrements on the edges of the prism.

1. On the lateral edges G.
'G! represents mod. k.
PaEPirins ol ariidlnsgd

2. On the oblique edges H.
' represents mod. h.
FE s b - MAGSS K,

The doubly Oblique Prism.

Decrements on the solid angles.

The planes comprehended under class a, may bo
represented by the following symbols.

(P), when the decrement proceeds along the plane P.

2O il Bl o Ao Tavra A0 il U MS
RIS P SRR e D L dhing g,
(Dp Hq Fr) is intermediary.
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The corresponding planes belonging to the other
classes, may be represented as follows.

Class b, A. Class c, k. Class d, i.
PA. *E. 2B
AP, E?, I,

(B hq Cr). (By Gq Dr). (Fp» G'q Cr).

Decrements on the edges may be expressed as follows.

» . p Class i, "H.

Class e, B. Class g, D. oe.
- ) P

Class f, C. . Class h, T. Class I, *G.

G*.

Hexagonal Prism.

Fig. 319.

.
T & ™ »

Decrements on the angles.

A represents the middle plane of the series be-
longing to class a.

1{ . .« . the other planes belonging to that
class.
PA* ., . . those planes belonging to cluss b,
whose edges intersect the planes
M parallel to a diagenal.

2m 2
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(Be Gq B'r : Br Gq B'p) represents those planes
of class b which are produced by
intermediary decrements.

P

B represents class c.
IG! . . . mod.d.
PG? . . . classe.

In some crystals of phosphate of lime, the planes
belonging to class b occur singly. If they result from
simple or mixed decrements, their symbol would be
°A? or PA° according as they lie on the left or right
of the modified angle. And if they are produced by
intermediary decrements, their symbol might be

(Bo' Go B : Bq Gp B’r.)

The Rhomboid.

Simple and mixed decrements on the superior angles.
General symbol PAP.
)
If p = 1, the symbol represents mod. a.

RSB E 4o WIREIEIL B v, o classd.
PAL AEIASRIPEORII F O U clgss e,



MODIFICATIONS. 7

. Intermediary decrements on the superior angles.

(B» By B’: : By By B"x) represents class d.

The inferior plane angle at O, and the lateral plane
angle at E, both belong to the lateral solid angles, all
of which are similar, according to the definitions
already given.

The planes modifying the angles at E are therefore
similar ‘to those modifying the angle at O, but are
reversed in their position on the crystal. The laws
of decrement producing both are consequently simi-
lar. But if we refer the decrements producing the
planes belonging to any of the classes ¢, f, g, &, i, £,
I, to the solid angle at E, the symbols representing
them will differ from those which would represent
the same planes, if we refer the decrement o the solid
angle at O.

A single example will sufficiently illustrate this
observation. Let us imagine the lateral solid angles of
a rhomboid to be modified by two planes, which inter-
sect the primary planes parallel to their oblique diago-
nals. If the decrement producing these planes were
referred to the angle at E, it would appear as a sim-
ple or mixed decrement, and its symbol would be
E™ *E. Bat if it be referred to the angle at O, it
might be regarded either as'a simple or mixed, or as
an intermediary decrement, of which latter the symbol
would be (D'» Dy b’ : Dp D'q b"). If we regard
these symbols with a little attention, we shall per-
ceive that the variation in their form, does not alter
the identity of their character, which is derived from
the parallelism of one edge of each of the secondary
planes to an oblique diagonal of the primary. But
this character is implied in the supposition of a sim-
ple or mixed decrement, which the first symbol
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- represents ; and it is directly indicated in each branch
of the second symbol, by those indices which denote
the abstraction of equal numbers of molecules in the
direction of the edges D' b”, and D b",

The Abbé Haiiy has referred some of the planes
which modify the lateral solid angles, to the angle at
E, and others to the angle at Q. It may therefore be
convenient to possess the symbols representing those
planes, in reference to both angles, and they will
accordingly be given below. The symbol on the left
represents the modification when the decrement is
seferred to the angle at O, and that on the right
represents the same modification when the decrement
is referred to the angle at E.

Y. Simple and mized decrements on the lateral solid
: angles.

1. Producing one plane on each solid angle.

) General symbols.
In reference to angle C. | In reference to angle E.
. ;

8. : (D Bg D).
If p = 2 ¢, in either of these symbols, mod. ¢ is

represented.
P D B e g e v e s CGSE &

P>2Gy sieie o aeisos s Classk,
2. Producing two planes on each solid angle.
General symbols.
POP‘.
or
(D’p b”p Dq' 3 bp b”p D’q).
These symbols represent the series of planes be-
longing to class k.

E* *E.
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-

9. Inlermediary decrenients on the lateral solid angles.

The general symbols to represent the modifications
produced by these, are, :

(D’p b"r Dq H D’q b”r Dp). I (Dp D”q Br H Dq D”p Br).
If r = p, the symbol represents the planes be-
longing to class k, as described above.

r > p, the planes of class ¢ are represented.
r < p, the planes of class I, and class f, are

represented.

Although these two classes are represented by a
common symbol, there is’ this distinction between
them ; that the edge produced by the intersection
of the planes belonging to class f; is always paral-
lel to the vertical axis of the rh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>