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Surely the fact thus established, that each term of a series of 
relative altitudes of the hexagonal pyramids in which a particular 
substance crystallises always has to some term of the serie.s thu< 
theoretically derived a particular ratio pecnliar to the substance, 
constrains us to conclude the above fourteen "roJt" forms 
are those to which all crystal forms involving regular six-sided 
pyramids are referable, and that the actual forms are produced 
from the " root" forms by difference in the degree of exp:msion 
in the direction of the axis of the crystal as compared with other 
directions at the time of crystallisation. 

Other allied forms, as allied octahedra or rhombohedra, can be 
in the same way ''"ith some one of the five kinds of 
internal symmetry. 

The peculiarities of C1')'Stal-grottJing di ;played in twin crystals 
can be shown to favour the supposition that we have in crystals 
symmetrical arrangement rather than symmetrical shape of 
atoms or small particle<. Thu.s if an octahedron be cut in half 
by a plane parallel to two opposite faces, and the hexagonal 
faces of separation, while kept in contact and their centres coin­
ci·ient, are turned one upon the other through 6o", we know 
that we get a familiar example of a form found in some twin 
crystals. And a stack can be made of layers of spheres placed 
triangularly in contact to depict this form as readily as to depict 
a regular octahedron, the only modificathn necessary being for 
the layers above the centre layer to be placed a;; though turned 
bodily through from the position necessary to depict an octa­
hedron (comp:ue Figs. 7 and 8). The modification, as we see, 

FIG. 7· FIG. 8. 

involves no dparture from the CMtdition that each particle is 
equidistant from the twelve nearest particles. 

Before closing, a few words may be said on tbe bearing of the 
conclusions of this paper on isom01phism and dimorphism. 

First, as to isomorphism. 
The conclusion that there are but five kinds of internal sym­

metry possible, three of which indicate a cubic form, evidently 
accords with the fact that not only the simplest combinations­
those in which two kinds of atoms are present in equal propor­
tions-but also many very complicated compounds crystallise in 
cubes. 

Out of the regular system we generally find that for the angles 
of crystals of different compounds to be the same there must be 
some resemblance in their atom-composition, and the explanation 
suggested is that the atoms which are common to two iso­
morphous compounds, e.g. the carbon and oxygen atoms in calc­
spar and spathic iron ore, have similar situations in the two 
different crystals, and that the change of bulk which occurs when 
crystallisation takes place is due to a change in these atoms only, 
the atoms not found in both remaining passive. 

There are, however, some cases which do not at first seem to 
be met by this view-cases in which the atom composition of 
isomorphous compounds has only a very partial similarity. Am­
monia compounds may be specially mentioned. Thus, ammonic 
sulphate, (NH3) 2H 2S04, is isomorphous with potassic sulphate 
.!(,SO,. 

The following snggestion would seem to enable us to suppose 
that in this, as in other cases of isomorphism, the phenomenon 
is referable to the passivity of s:>me of the atoms in the change 
of bulk which accompanies crystalli<ation. Let us write am­
monic sulphate •bus (NH3) 2H 2S0 4, and let us suppose that the 
symmetrical arrangement is such that the gronps, (NH3h just 
occupy places which might, without altering the symmetry, be 
filled by additional groups H 2S04 ; that, in other words, the 
relative position of the groups H 2S0 4 which are present in the 

symmetrical arran;ement is precisely the s:tme a;; it would be if 
the entire mas:; consisted of these group; instead of consisting 
partly of N H 3 groups. If now, in a 'ldition to supposing that 
in both compounds the active atom< in the process of crystallisa­
tion are the sulphur and oxygen atoms, and these only, we sup­
pose that the expansion of so.ne of the atoms of the active kind 
checks the expansion of others ; that only a certain proportion 
of these atoms expands, we perceive that we m ly have both the 
same amount and kind of atom expan;ion in the two cases, and 
as the nattual result, isomorphism. ' 

Next, as to dimorphism. 
It is evident that a very small change is requisite to convert 

one kind of internal symmetry into an)ther. Thus we have 
already had occasion to notice that the only difference in depict­

the third and fourth kinds of symmetry is that for the former 
the centres of the spheres in the first and fourth" layers, those in 
the seC·)nd and fifth, and so on, range verticalry, while for the 
latter the centres in the first and third, in the second and fourth 
and so on, mnge in this way. ' 

In the ca' e of a dimorphic compound consisting of two kinds 
of ato:ns in the proportion of 2 : I, e.g. water, H 20, we 
have only to supp)se therefore that the same layers of atoms 
which under one set of conditions produce hexagonal prisms, are 
by some alteration in conditions arranged in the slightly different 
way necessary to produce rhombohedral forms. Other cases ot 
dimorphism are probably to be accounted for much in the same 
way. 

Thus the folhwing interpretation of the fact that calcic 
carbonate, which we have seen crystallises in obtuse rhombo­
hedra a s calc-spar, sometimes crystallises in six·sidcd trimetric 
prisms as aragonite may be offered. 

We have already endeavoured to show that the first or second 
kind of internal symmetry is that proper to calc-spar. We will 
now endeavour to show that the fifth kind of internal symmetry 
(Fig. 6) is proper to aragonite. 

Alternate layers of spheres (plan b) will represent the oxygen 
atoms, and the other alter.1ate layers the calcium and carbon 
atoms; the central layers of the triplets above alluded to, viz. 
the second, the fourth, the sixth, &c., being the oxygen layers; 
the calcium and carbon atoms in the remaining layers will be 
symmetrically arranged (plan f). From the fact of the crystals 
being trimetric, the layers containing the last-named atoms, 
which, considered apart from the oxygen layers, are in the fourth 
kind of symmetry, probably have the arrangement above de­
scribed, in which the Jess numerous spheres form zigzags, the 
stack in this case having a different symmetry about three axes 
at right angles to each other (Fig. 6). 

The fact that the dimorphic varieties of the same substance 
have different densities is in harmony with the supposition that 
different sets of the atoms are concerned in the different cases; 
that the active atoms which produce one form are not those, or 
those only, which produce the other. 

It is not always necessary to refer two incompatible crystal 
forms of the same substance to two different kinds of internal 
symmetry: for example, from the third kind of internal sym­
metry we can produce square-based octahedra, and we can also 
produce right-rhombic prisms, and in accord with this we have 
the well-known fact that right-rhombic prisms of sulphate of 
nickel, N2S047H20, when exposed to sunlight are molecularly 
transformed, and, though they neither liquefy nor lose their form, 
when they are broken are found to be made up of square-based 
octahedra several lines in length. WILLIAM BARLOW 
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Royal Meteorological Society, December 19.-Mr. J. K. 
Laughton, M.A., F.H.A.S., president, in the chair.-The fol· 
lowing were elected Fellows :- R. Bentley, W. Bonallo, Miss 
E. Brookt>, Rev. A. Conder, T. H. Cowl, J. A. W. Oliver, 
C. M. Powell, W. B. Tripp, and Fung Yee. The papers read 
were :-On the •explanation <•f certain weather prognostics, by 
the Hon. Hal ph Ahrcromby. The author explains about forty­
four well-known prognostics belonging to the following groups 
-(1) diurnal; (2) sun, moon, and stars; (3.) sky; (4) rain, snow, 
and bail; and (5) wells, springs, and coal· mine;-by referring 
them to the isobaric conditions in which they are observed. By 
this means he is able to indicate the circumstances under which 
any prognostic faiiF, as well as those under which it succeeds.­
Preliminary inquiry into the causes of the variations in the read­
ing of black-bulb thermometers in vacuo, by G. M. Whipple, 

c. It has long been known that there is a want of accordance 
between the different instruments u<ed for measuring the intensity 
cf radiation, and with a view of ascertaining the cause of the 
variations in the readings of the bbck-bulb thermometers in 
vacuo, the author bas made a comparison with a number of these 
thermometers, the results of which are given in the paper. It is 
shown di>tinctly that the effect of an increased coating of lamp­
black on the bulb is to the temperature, and also that the 
size of the thermometer-bulb is a most important factor in the 
case of this instrument -Report on the phenological observa­
tions for 1883, by the Rev. T. A. Preston, M.A.-Mr. J. S. 
Dyason exhibited a series of coloured sketches illustrating the 

atmospheric phenomena during N ovember and Decembel'. 

Geological Society, December 5-- J . W. Hulke, F.R.S., 
president, in the chair.-George Jonathan Binns, Horace T. 
Brown, lames Dairon, Rodolph De Salis, Exton, John 
Forrest;Prof. Bernard J. Harrington, James Patrick Howley, 
John Sylvester Hughes, Prof. George T. Kennedy, I<ev. Arthur 
Noel Malan, Robert Sydney Milles, Edwin Radtprd, Edward 
Piers.:ln Ramsay, William Henry Rands, Thoriias Roberts, 
Joseph Ridgway, and Harry Page Woodward we"e elected 
Fellows of the Society.-On the Cambrian conglomerates restir.g 
upon anu in the vicinity of some pre-Cambrian Rocks (the so­
called intru;ive ma;ses) in Anglesey and Carnarvonshire, by 
Henry Hicks, M.D., F.G.S. In a former paper the author had 
maintained that there was no evidence to show that the w-called 
intrusive granite in Anglesey had altered the Cambrian and 
Silurian rocks in its immediate vicinity, or that they had been 
entan<>led in it as described, but that it seemed to be a rock of 

origin, varying much in its general aprearance at 
different points. He contended that, instead of being an in­
trusive granite, as supposed by the officers of the Survey, it was 
in all probability the oldest rock in Anglesey. The basal Cam­
brian conglomerate in contact with it is in an unaltered condi­
tion, and at Llanfaelog contains an extraordinazy proportion of 
well-rolled pebbles, identical in mineral composition with the 
so-called granite immediately below. Fragments of all the 
varieties of ruck found in the granitoid axis are recognisable in 
the conglomerate, and in precisely the same condition as in the 
parent rock. Fragments of the various schists of the area were 
also present ; so that he thought there cannot be the shadow of 
a doubt that the so-called granite and · the metamorphic schists 
are older than the conglomerate, and therefore pre-Cambrian. 
The view maintained by the Survey that the schists are altered 
Cambrian and Silurian strata, and the granitoid rock an intrusive 
granite of Lower Silurian age, is consequently quite untenable. 
In Carnarvonshire equally conclusive evidence was obtained 
from many areas. Fragments of the Dimetian (Twt Hill type) 
occurred abundantly in the basal Cambrian conglomerates at 
Dinas Dinorwig, Pont Rothe!, Moe! Tryfane, and Glyn Llifon. 
Quartz-felsite pebbles in every respect identical with the varieties 
found in the so-called intrusive ridges between Bangor and 
Carnarvon, and to the north and south of Llyn Padarn, were 
found on the shores of the Menai Straits, in the railway-cutting 
at Bangor, at Liandeiniolen, Dinas Dinorwig, Llyn Padarn, and 

ehew here. This evidence, ;upplementary to that previously 
furnished by Prof. Hughes, Prof. Bonr.ey, and the author, is 
conclmive as to these areas, , ince the basal Cambrian con· 
glomerates, which are in contact with these supposed intrusive 
maS>es, are composed almost entirely of rocks identical with the 
latter ; and this could not pos> ibly be the case if the granitoid 

es bad been intrudtd among the conglomerates after their 
deposition.-On some rock-sptcimens collected by Dr. Hicks in 
Anglesey and North- West Carnarvon shire, by Prof. T. G. 
Bonney, F. I<. S., Sec. G. S. 1 he author staud that pebbles in 
the blocks of conglomerate collected by Dr. Hicks to the north 
of Llanfaelog were practically undistinguishable macroscopically 
and microscopically from the granitoid and gneissic rocks which 
occur in situ between that place and Ty CroeF, and that the 
matrix contained smaller fragrr.ents, probably from the same 
rock, with schist bearing a general resemblance to members of 
the group of schists so largely develo1 ed in Anglesey, and with 
grits, argillites, &c. Pebbles of granitoid aspect in the Cam­
br!an conglomerate near Dinas Dinorwig, &c., bear a very clo;e 
resemblance to the Twt Hill rock, and are a'Fociated with 
al:,undant rolled fragments of rhyolite resembling those already 
described from the Cambrian conglomerate and the underlying 
conglomeratic beds and rhyolites. Two pebbles of rather 
granitoid aspect in the Cambrian conglomerate by the shore of 
the Menai Straits, near Garth, prove to be spherulitic fel5ite, 
somewhat resembling that already descril:,ed by the author from 
Tan-y-maeF. He pointed rut that the evidence of these speci­
mens collected by Dr. Hicks, added to that already obtained, 
led irre>i>tibly to one of two conclusions-eitler that, when the 
Cambrian was formed, an area of very ancient metamorphic 
rock was exJ..o,ed near Ty Crees and in the Carnarvonshire 
district, or that rhyolitic volcanoes were so much older than 
the Cambrian time that thc:ir granitic cores were already laid 
bare by denudation. Hence, in either case, the existence of 
Archrean rock in North Wales was proved. To one or other of 
these conclusions he could see no possible alternative, and he 
considered the former to be (even if some of the granitoid rock 
were granite) far the most probable.-On some pGst-Giacial 
ravines in the Chalk Wolds of Lincolnshire, by A. J. Jukes­
Browne, F.G.S. 

EDINBURGH 

Mathematical Society, December 14.-Mr. Thomas Muir, 
pre,ident, in the chair.-:Mr. J. S. Mackay read a paper on the 
medioscribed circle of a triangle with its analogous and asso­
ciated circles viewed from their centres of >imilitude.-Prof. 
Chrystahtated some propositions in geometry for which he wished 
proofs.-Mr. Muir made a communication on determinants with 
p-termed elements.- The Secretary gave a new construction by 
the Hev. G. McArthur for Euclid ii. g, ro; and Mr. James 
Taylor Dollar for solution a theorem in elementary 
geometry. 
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