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BY ". 1. '«FRR IREI, l. A. Sc., F.Gt. S. lýit hlla-gi>t t< Ille Gc ohîgical StllV%!Y

o>f C.111.111.1

I have nothîng original to olfetr you on this subject, nor are my

remarks intended to constitute a lecture on crystallography, but mcereiy

Io iring to your notice sonie interes ing facts with regaid to those won-

derfuil forîns which wc cil ci ystais, andi more especiaily) to trace out the

progress miadle in the study of themi silice t0w cariiebt times. 'l'le suh*
jcCt 15 So vast that il ivili (11l)- be p>ossi bie for Ill o <cai l attL ntion to sonie
of the more pronîlnent andi ilutcrcsting facts, which constitute, as it wvere,
the mîiestoiLs aiong thoc road of our knioviedge of the SUi)ject.

A\t the c>uîset wce are confronted with the question 'l What is a

cryst.-l ?
So man), cielinitions have been given that it is somiewhat difficuit to

select one Nyhich is expressed in simple ternis and at the sanie tinie is

comprehiensive and accurate.
E. S. l)ana says :-" Structure in, Inorganic nature is a resuit of

mathemnaticail symmtncry in the action of cohiesive attraction. Th'le

formns produced ;ire regular solii(S caiied crys/als ; wlictnce inorphelogy

is, ini the 1norgamiic kingdotu, cailed cvs\î.oo6.It is tue science

of structureý ini this kiingdotii of nature."
i-le subdîvides the StIijeCt -.S foilo%'s

ystiiorajhy f treating of formis resutiing from
CItaogph ý crysîaiization.

Crysalioogytreatinc- of thc miethods of miaking
'Crysîtiilogeny -crystais, and the theories of their

Sorigin.

*(Rca1d before thc Ottawa Field Nîrls<Clti; I)eC. 20011. 1894.)
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Natrnanin's dt inition of a crystal is a v'.ry concise and satisfactory
cmei. Lt ks tluis :-'' Any rigid inorganic body possessing an cssential and
original (Iriiite) more or le3S regular j>ulyhiedric. ( afsdd ormi
which As direcil/y cwz,,ec/ed wl/ ils p/z>siw/ trlies.

Tlhis latter clause of t1il dermnition ks very imp wrtant as explaining
wiy cleavage fragnients, îseudoînorplis &c. are flot to be- ternied
crystal s.

'lO the qlu-stio:i wly clcite, for inbtanice, bliould assume one forni

of crystal, and garnet another, science cati rctul n nounwir but must
content itself wvithi determining and dcescriling tas Iîro~ad iuti-
fariouis formis.

'l'lie %word ý'crystal" is derived front the Greek %ord 'kzreiXoa"

nmeaning 'I ice ". r[iie ancients first gave this naie to thec varicty of

quartz which wecall " Rock crystal, " hecauise, fromi its, transparencv
its usual freedoni froîn color, and the %va), in %vhich h it vas fotund to en-
close other 1) )dies, they un imgined it hiad heeni formced l)y the action of
intense cold on water, whichi thuis hecîmnu ex-raordinarilv hardened.

'l'le naine %v'as Liter transferred tu pure transpare:nt stunes, sucil as
were afier used for sea.ls and engraved geins.

Sonie of the old wvrititigi mn this subject are ver>' amusing. Albertus
Magnus, in the middle Of thc i 3th century, gravely, relates hio% the
intense culd on the sumumiiits of soîne lofty motintains dr/eés the ice s0
thoroughly that it becomies crystal. Even as late as 1672 the learned
Robert Buyle goes into a long dissertation to l)iove that crystal cotîld
not be ice, adducin as twu of the strongest proufs of this, first, the fact
thiat ice floats on wvater and crystal dues not, and, secondl>', that Mada-
gascar, India, and other cotintries ini the torrid zone, abound in crystal,
and lie could miot lel--iv- thit any ice, lhoever liard, could %witlistanci
the lieat of those counitries. Liter the terni 4' crystal " was ai)llied to
aîiy minerai naturally liînited by plane faces.

It wvas not tintil 1669 that any important discovery
regardiîîg the I)roperties of crystals wvas imade, and then it
wvas tînt Nicolatis Steiîo, a l)anish physician, discovered for the
first tîmie the constancy of angles iii Rock-crystal. But it is generally
adt-itted tliat Stenio hiîâiself did flot fuhly grasp the importance of his dis-
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(O%'ery, whichi was miore a deduction (rmn the niathematicil forîîî of the

ptrticular b)ody hie observed than a broad gencraliition troa) a series of
observationsofdiff.-rent 1),>die.i. I. niubt beborne in mind that the anicienits
knew and had described crystals of certain mineris as hiaving a constcant

;zumber of faices (or planes) arrangcd in a parlieu/ar z'.Buit Stenio
wvent further than this and she.2%-d that anoather con.-tant existcd. 1-l e
eut a number of secti-mi of variously shaped prisii of quartz ( i.) at
righit angles to the edgres of the prismn,and (2.) at riglut angles to the edge
formed by a face of a pyramid with a face of the prismn and found Ili the
first case (sec Fig. i ) that the anigles of any one section were equal to cachi

other and also to every angle of1 tht. offher sinillar s-ctionis, and In the
second case (sec F<ig. :) hoe found, that the sections liad two angles equal

Fi.->2

toib an 1 four angles equal to c, exce->t when tic prisîn was il bsent in the
cryital, when-ci tlu2 s2ctio:i iv.l. a four-sided figuire wvith tvo opplosite angles
equal to b, as shewin on the left ini Fig. 2.

His iniference %vas that in aIl specimens of Rock-crystal correspond-
ing pairs of faces have Uic saine inclination.

1'hus wvas laken the fîrst stel) towards the discovéry of one of the
tlireeïgreatl fundamental laws governing thc formation of crystals, which
bas been entunciaied ilts:

TifF* iWOF CONSrTIÇv OFAL.xiS. Crystals of týie satine substance,
whethier natural or f'rnied inii te laboratory, are essentially constant in
the angle of inclination hetvecni like planles.
Fora whole century the law discovered by Stento was flot elaborated until,
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in the year 1772, R011l I )CIlisle,a pupliil Of linn:oues, slcwed tha.t the variouls
shapes l)ossessc 1 b, crystals of the saine substance, ilaturil or artificial,
are ail intimaitely related to each other. Ucfre ag olction of

natural crystals wvhich lie carefuilly studied and %vas particularly intcrested
by the fact thaï. the saine inierai often occurrcd in wvidely différent
formis. 1-l is studies led hi ni to, the conclusion thât the shape of evcry
crystal of the sanie substance is such as caîi Ie derived hy a1 particular

process fromi a certain fundaiuental figure calleci thc P.;imiiL' J<'or,
the shape and( angles of which depend only on the nature of the subs-
tance itself. AIl the miuititudinous turms whvjh asubstance such as plyrite
(sulphide of iron) assumes, lie fouind coul(I bu I)roducccl b>' rcplacing the
edges or the solici angles of tlie primitive firmi by single planes os- grouips
of planes, lbut alwvays in such a nianner that the total alteration is
similarly relatc(l ta aIl parts of the I)ritnhitivc formi whichi are geomietri-
cally simiilar.

Ths sa simplle exinîple, l)y cutting off the angles of a cube it
mnay be converte(l into an octahiedron. Tlhese planes of replacement ivere

regarded by inii as being secondary and more or less accidentai.
WVerner in bis treatise I' On the External Characters of ïMinerals

hiad emiployed the tcrns /J/s/umiipJung,ý,= trutncati>n, Zusc/zaifing v 1ee-
ling, Zu.tpi/zu;gý,= acumiinaitioni, in spcaking of similar variations or
changes.fromi the fundamiental lorin of crystal, but it is thoughit that I)elisle
did not knowof this at the timie he wrote. I)elisle set to work to determine
the primitive formis of ail substances, which work was greatly fàcilitated
hy the invention at this tinie of the gonionmeter. 1 l'his instrument
%vas invented by a Frenchnian namied Carangeau, who prepared the
clay-rnodels used by Delisle ta illustrate bis theory. t ivas designed
for the measuremient of solid angles, particularly those of crystals, and
wvas of the forti- knoivi as the commnon or cinz/act -o;ziome/er.

A rnuch more elal)orate and accurate instrument for the sanie pur-

pe3e is the rceftec/IAg ý,o;ioinhdcr of D)r. WVollaston, devised by imi in 1809,
of which several elaborate miodificàtions are now enîployed by crystallo-
graphers. Carangeau's goniomieter consisted essentially of a graduiated
arc an-d two moveable armis. Its formi may be learned by referring to
the figlures given in aliiost aIl text-books -)f mineralogy. The great
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objection to it is that it is impossible to etnploy it in the case of very
sniall crystals, wbilst the rellecting gonionieter ii.-v be used to mecasure
accurately the angles of crystals only ý,th of an incli in size.

Roui 1)elisle, as the rest.it of bis researches, caime to the conclusion
tb.it the primitive formis of ail kniowni sub>stanices, iere only six in numbher,
namlely :--

i . 'l'le cube.
2. 'l'le regular octahiedron.

3. '1'l ie regular tetrahiedron.
-1. 'l'le rhomibolbedron.

5. 'l'lie octaliedron %vith a rhombic ba.se.
6. 'l'lie double six-sided pyrainid.
Tiiese Nvere announced in bis treatise on Crystallograplîy 1)ublislied

lin 1783, in wvhich lie figures no lces tian 500 distinct formis of crystals.
'l'lie %weak point of bis theory wvas the fact that the whole series of

formis of any one substance could be derived îiot onily fromi the
p>imtiive /f>rm;, but froîîî almost any of the series, thus rendering it
implossible t0 lay d wni an exact rule as to whicli of these Nvas to be
regarded as the true p)rimitive forai. H-e %vas guided in bis choice by
the largeness of developmnent ind frequency of occurrence of particular
faces and tbe simplicity of the figure tliîy formied. Thus lie chose hoth
cube and regular octabiedron, although, as wve nowv know,these formis
really belong 10 one and the saine series and ma'-, be derived tue one
froni the other. \I,.:y of bis (-on temipora ries .louibted not only bis
choice, of primitive fonm; bat thi: very existenîce of the series, andi
l3uffon's objections, as set forili in bis '« îNattirai Hlistory of Minerais '
pabliied ten years laier ( 1783), bore testimiony to the difficulty of the
important stel) take-n by Romné Delisie. Lt "'as far froni being ohvious
that ail the crystalline formis of a in 1 îbelong to one sertes.

As eariy as 1773, Berginaîi, a ceiebrated Swvedish cheinist, shewed
ini bis writings that lie recognized the importance of cieavage, and by it
lie tried to explain tue relationsIîir of the various fornis assumed by
the saine nîineral, wliicli lîad so interested and j)uzzled Delisie, who,
liowever, assigned littie or no importance to cleavage, speaking, as bie
does in -the 1)reface to bis treatise nîentioned above, inost contenîpt-
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uiously of the '' /';i'-irislau.0" or '< crystalloclastes." 13tt l3ergmnan did
flot p-occed far- enoughl, incl it remiained for anetlici- to tully develop
the theor), cf the structure of crystals a% îndicated by their cleavage.

1u i 1784 the Ahié laiy made bis remarkable discovery, wvhiclh,
like Nevtoni's immiiortal one, %vas the resuit of a mecre accident.

A .six-sided prisin of calcite (cai bonate of lime) hiad been broken
frum a large gloulp in the cab)inet of î\I. 1)cfrance, and lie noticed that
the fr-actures %vere smioothl and polished, nuL irregular as in the case (À

ken glass. 1-le then c:ommenced sli ittungi-upl the crystal %vithll is
knife andl finally reduced the six-sided prisin to a rhomnbolwedron
Ex'.teniditig bis expzterimienit to other minerais Iliiiv arrived at the con
clusion that the kernel obtiued from a roinetal by cleavage was to be
r-egardled as its truc p)rimitiv~e fjrmi.

E. S. 1 )âna defines cag as the tendcncy tu break or cleave
aloug certain p)lan~es due to repilarity of internaI structure and fracture,
l)rudtlced, in add.tion to external symnietry of form., by crystalliz.ation:
and he states two principles:-

(i) Inl any species, thie direction ini which cleavage takes place
is alwvays paralUel t0 somie plane wluich cithier ac-tually occurs in die
crvst.-ls or ia;' cxkst there in accordance %vith certain general Ilws.

(2) Cleavag4e !S unifoinm as to easc parall] to aIl like planes. That
is 10 say that if it maly be obtained l)arallel to oneC of the faces of a regular
ociahcedron, for ins!ance, il may be obtained ivith the saine faciliiy

l)arallel tw eachi of the reniiining octaiecil faces.
H-aiiy's primtitive furmis %verc teti in numiber, four more than those

ut Rriii dc l'Isle . lhey we-re
The cube.

2. 'l'le regular octahiedron.
l'ibe regular tetrahiedron.

4. 'ihe rhombic dodecahiedron.
5. 'l'le rhionbohiedron, obtuse or acute.
6. The octahiedron, with square, rectangular, or rhom bic base.
7. Thle four-sided p)risin1, with edges at righit angles to the bise, the

base being either a square, a rectangle, a rhonib, or merely a parallelo-
gramn.



8. The fuur-sided prismn, with edges, inclined obliquely to the base,
the base being cither a rectangle, a rhomb, or mnercly, a p)arallelogrami.

9. 'lie regular six-sided prismi,
io. The double siN-sided pyraînid.

H-e also grouped ail these formis in a gcneral way thu3: -

i. Figures bounded by j)arallclogranis.
2. Figures botinded by eight triangles.

3. 'l'le regular tetrabiedron.
4. 'l'le regular six-sided prismi-.

5. 'l'le double six-sided pyramid.
Haiiy %vas let by bis study of cleavage tufam a theory rega.rdine-

the sIiclur-e of crvstals and to discover a second great law %vein
tbeir formation, namiely tlîe one whliclî c ,nnects the scconclary faces
%vitb tliose of the priitive form.

He found that tbe kernels ivhiclî lie obtained by cleavage cotîld be
split up,apparently inidefinitel>', mbt smaller fragmîents of tlie sanie shape.
and, not believing that tbis process could go on to iniiîiy, caime to the
conclusion ibat every crystal of tbe saine substance could, theoretically
at le.ast, be cleaved into mninue bricks of a dlefiiie size and shape tbough
two small t0 be separately visib)le, and the-refore that wjth these 1).icks
a crystal posscssing an>' of the formis in %wbîcb the particular mineraI
occurs, migbit bc b uilt up.

As the siinplcst, illustration take Uice case wbere the bricks are
littie cubes Tb'le conditions to be I)roduced are tbat tbe buiît-up
zrystal mnust, possess cleavage, and at aIl its parts tie faces obitainable by
cleavage are to hav~e tie saine directions, also that its miter surface miust
consist of a series of plane faces.

A cub)e cornposed of these uie bricks could bec increased in-
definitely in size b>' adding layers of these bricks to each of its faces.
Conversely, it iit be decreased in size by taking away the layers.

But suppose iliat tlie decrease takes place b>' tic regular subtraction
of one or several ranges of bricks in each suîccessive layer ; tlieory, by
calculating the iîumber of tliese ranges required for a ;iatticular form,
cin represent aIll known fornis of crystals and also indicatcpossib!e formis
for a particular minerai wliicli iay tiot yet have been observcd iii th
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natural crys5talts. Figs. 3and -1
jus-. leen discussing.

will serve to illustrate whaî we have

Fig.- illustrates a cube compjsed of little cubicýil bric:ks, sonie
rows of wvhiclh are remiovcd to shew the resulting step)like airrl*Iogeelt
of the layers. Ail the edges of the steps lie in one plane, as seen' in

If ive remember that the litle bricks ire supposed to be s0 minute
as to he senarazely invisibie, it wi!l be seen ilhat the steI)s vili ilpper t0
lie wholly in the plane, whicli thus îornms a secondary face equally, In

clined to two faces of the cube.
H-aüiy also shewed how a rhombic dodecahedron resulted

fromi t1ue application of succcsivc layers; of iliese littie bricks, each Iess
by one roiw il] round. 10, the faces of the primitive cube, and of course
the saine resuit Ina) be oblained by subtracting roivs in the saine n
ner. (Sec Fig4.

H-!e also assuîwed in soine cases that the decrense wns parallul, nut
to the edges of ilie cr -sial, but to a diagonal, taking the angles as ils

Imin of departure. Ilis theory est.il,!islied the Lact that the various
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formis of crystals are not irregular or accidentai, but definite, and bascd
on certain fi.-ed lavs; and lie pointed out that wvhilst certaini fornis are
derivable froni a giv'en nucleus, tiiere are odiers %vlicli cannot occur.

M-oreover lie observed that Mvien an)' change in a crystal took

place b>' ils comibination with otiier forins, ail si milar parts (angles,
edges and faces) were rnodified in the saine %vay. Most important of
ail, lie sîi;.w,ýd tlint thiese changes could ie indicated by 2'a7/WJW/

co*'ticien is.

Thus H-auy l)ecanie the discoverer of' two of the three great laws of
crystaliGgrapiv, nanmcly, *IIELANIr OFS~M îIY anld ''EI.AwV OF

~'0ENL'MIiWRSiz,. 'l'lie othier, 'l'îlE iAw OF çoNs-T..NC\' m.. N;~II

wve have aiready mientioned.
Let us consider for a moment Haiiy's two laws, taking irst
THuE LAW OF SMETV

ES. 1)ana enuniciates this as follows "''esyninelry of
civstals is based upon the law that cubler:

r. éil/pai/s o/~ ci crystal sin//ar ini pos:/wnoj wu/zi 'eference A;

Me~ axes are sielf/ar in plaines or niwdi/it-a/on, or

Eï Each hlafaof the similar parts <>1 a crystal, alterna/e or
sp'ime/rical ini position or ie/a/t,*on to the o/hicr lia/i
ia,' l'e a/eue siii/a>. ini i/s planes or ;îwdiîcations.

Th'ie fornis resulting according to the first miethod ire termcd
htliohedral fornis and those according to the second, heinihlediral.'*

Anr easy experimeîiîal %Y'ay of siudying, the synimetry of crystals is
10 cut one, or the model of one, in tw'o, and place the par~ts agaiin:t
the surface of a mirror, wiîicii miay or may flot produce the exact ap-
pearanice, of the original crystal. If it does produce the exact
apl)earalice we hiave sevcred the crystal in a plane of' s>'mielrj'.
By referring to Fia. 63 it wîli readily bc seen îlîat a cube, for in-
stance, l)ossèsses n/ne such planes, indicated by thie dotted lines.

Iii a sliere thiere would of course be an infinite number of these

planes.
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Now with regard toj the second law~
rTHE LAWV 0F WVFI01E NUMIIERS. Ti~h exnn of thws is sillply

thiat Haüiy found thiat the secondary faces hiad onl]y such positions as
would resuit fromn the omission of w/w/hoe nunabers of r-ows of bricks
and froni the layers having a thickness rneasured by somie multiple
of that of a sintIe brick. I-le actually proved l)y mieasurenients that
the numiber of bricks in the wvidti or lieight of a stel) rarely exceeds six
But 1-1aii y's theory of th-e structure of crystals hiad mnany wveak
p)oints in iL wvhich 5j)eedily becamie objects of attack.
One of Ihis tirst critics %vas \Veiss, Professor of ',\iierilogy at
Berlin, wlii) translated I-Iaiiy's wvurk into Germian, in i Su4.

1-le sliewed that -laiiy's " primitive fornwi," as professor Nichol ptt
it, " erred bot'i in excess and dlefeci," and that the 'I bricks " were flot
needed at all to explain the facts observed, in tact, the î>Ianci,sica1d
built up of thieni, %would not refIect liglhr.

l3ernhardi, a doctor reiding in Erfurt, pointed out that the
dimensions of the " primitive fori us" could not be determined froni
themselves. their hieighit dcpending on another form. Also that various
crystais, whici lie nanied, wvere muchi more readily explairied from other
formis than thos.ý taken by H-aüiy as their " I;riiiitiv'es luI fâct,
numiberless objections werc raised ; thus, it by no mieans follows ilhat
because a crystal miy be redticed to a certain forii by cleavage, Ilhat ils
growth has; resuited fromn the groupingy together of fragnients hiaving thiat

fornm again, somne minerals have no cleavage, whilst others cleave only
in one or two directions; again, it is liard to conceive of a crystal built
omp, for instance, of little octahiedrons, whichi, iii order to have thieir
faces parallel to thc cleavages of the resulting crystal, and be parallel to
eachi otiier, %vould have only their angular p)oints in contact, thîis formi-
in- a miost skeleton-like and unstable structure.

But IlIaiy's theorv, pointingy as it did to the great importance of (lie
angles of the faices and cleavages of crystals, served to direct attention
to them, and led to their more accurate study and deteriîiation.

It wvas not s0 muchi l-aiy's data that required correction, but the
substitution of a better theory to connect his facts Nvas needed.

l'lie developnient of the atomnic theory of the coristiUtîtion of
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'na.tte:r faîjiisliet this, and, in-st'-ad of "brick,'', we reasoîî about
atomic groups," whiose centres of mass are arranged in strailiht line

and parailel planes, as \ver, the centres of the bricks " in H-aity's
original ilheory.

\Veiss wvas the Cirst, in i 8.23. to pint out the imiortanîwe of th-2 axes
of c: 'Srals, -11106(1-1 l-laüy hiad referred Lo themi.

I-le .say's a-"hL:xis is truly the uine governing every figure rouai
%vhich the whio!e is u:uiformually disposed. :\il the parts look to it, and
by it t bey ;--re Il )nd , g!1(1 as iy a commun chai n and umutui
contact. 'lm a xes' it mlust be borne in minci, ire not miere geo-
nittrical line, but it Nis i ref, runce to themi thiat the forces xvork whichi
have iormi ci the cr3ys!als.

\\ei>s irceeded tu arrange IIlaüy's piiieformis into four classes,
ecch distinguishied by a purÀ-y geonicitical cliaracier ; anli ten from
tiiese four classes of sets of Iines,» he dedueed ail the prim.ii'c forums by,
the construction of planes p)assilln,-

t. Tihrough ends of thirec lines.
T lhrough ends of t'vo of the lines and parailel to the tîtird.

3.Throughi an end of une of the: bnes and p.Lr.tlII to two of theni

mhat is, these planes passed thir)ii tmh e endi of a uine, or else dkd
îlot nîcet it at ail. These axes wvere, in fact, the co-ordinates of the
crystal faces of the friiii,-e forins of I-aùy. By taking points along,
cach of thiese uines at distances equal tu twice, thiree imes, four ties,
etc., the original Lghlie fuuind, constructing planes as before, thiat lie
obtained a set including ail the %econdaiy planes described by I-Iauy as
occurring iii actuai crystais.

Thos lie %u as enabled Lu devibke a very simple system of designating
ihie varlous faces of crystals, \vith also grc .,!y facilitated tlhe calcula-
Lion of thieir angles.

Haüiy had attempted ti in conformity %vith his theory, but his
sym bols wcere conîî>ex anc iunwieldy.

It is a curious coincidence that at the sanie tie as W\ciss wvas
deveioping bis system, Mohs, Werner's successer at Freiberg, working
quite indepcndently, arrived at Oie sanie division of crystals into four
classes, but by a very differen, îrocebs of reasoning. These four
classes le te-riied ' Systemis of Crystalliz.itioti."
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:\lbs also shiewcd( that since ail the similar cdges and solid angles
of bis fundamiental figures %vere to be similirly altered, the existence of
one derived plane neccssitated, as in Roîni l)elisle's tlbeory, the
sinîltaleotIS existenlce ol a lltuml)er of othiers liaving dermnite positions.
Sucli a set of faces lie called a. simutle foini. If the faces of miore diati

()ne simple formi are present, tbne resultingy form %vis termied a

At this time s:r D avid B3rewster "'as en.-aged ln lîib %\ondrcfuil
rescarches on the optical properties of ci),y-tals, and tbe results of blis
experinients on the polirization of liglbt brought oui in sucb a remark-
able mariner the intimate relat ions exist ing betvwen tbeir beblaviour-
witb regard to ligli~t passing tbroLîgb tbem, and thbe number of k inds of
axes tbey possessed, ibiat \\'b)ewfell bas justly said, " S*r 1). lire ster's
optical experimients niust bave led to a classification of crystals mbt ilbe
above systins, or sometbing nearly equvaxteen if tbe crystals biad
no'. been so arranged by attention to tbeir fortm"

Somnetimes crystals %vre obse:rved by bûtl b Wekýs and ïMobs %vbîcbl,
insteaid of being complete simple fortil, like Ilbe li glar )ctabiedroni,

presented only hlf tbe regular number of faces, as, for- exanlle)], tble
regular tetrabiedron, wbicbi ray bc dt ilivec froni the regular octabledron
by suppressing its alternate faces. I e!isle ai:d Flafiv h .id regarded the
tetrahedron as a. distinct kind of primitive forni, but Weiss and Mobis
found it necessary to postulate that simple foruns ma), not only be
coml)lete, b)ut seini-coinllete also, pointing out, bowever, tbat the
bialf %vbicbi presents itself is not an arbitrîi on e, but can always l)e
deri ved syste-matically frovn the complete sim îl)e forni.

'lble comipletc simple formis %vere termed ho/o/;'driia/, and the semi.
comlpîcte ones Ie;nzl.edr-a/.

111 1822, Mobs added tvo more systems of crystallization to the
four already descrihed by WVeiss and bimiself: btît Weiss l)rougbit forward
very st rolg -Objections to their recognition, and tbeir independance wvas
not fully establisbied until i 833, M~iecn the actions on ligbit of crystals
belon-ing to ilbese systemns wvere first studied. Tbey wvere wliat wve now
call the :nonocluic and fi ic/iinic systenis.

'l'bie researches of Weiss and Mobis niay be said to biave given to



crystallography its present forn, iii ail esseiitiai ')0intsas . aesine
and subsequent progrcss lins heen aiong thc lines (>1 wurking out detîls
ratier than miodify-ing. iti lotidations.

'l'ie acconi)anying table, (page i -o), wvill shew at a glarce the six
systcmis of crystalization nowv recogtiil .0., %wîti their. prîncîpie sytionynis
aîid examii>es of minerais for cacli systemi.

\Tery often crystais arc met wulîi ]n wli*cli on~e or more i>alS 'are
reversed witlî regard to tue others, often prt senting the appearance of
two crystals synmetricaiiy united. Tihese are tertned /wncy/Ibut

tue theory of their formiation is too eiaborate to bc~ plie itito il, the

present paper. itie wvilI not permhit mie, clther, to go into details
res))ecting tic various metiiods of designatitig the faces of crystak- by
numbers or symbols, and of caiculiting tiieir ang!es. Tilat of Naum:'nti
is, periiais, the onle niost emliîioved. 'Ul ubcti)ittoi(wevermiore to

pure geoilietrie crystaiiograpiîy, and %vî.! b-- found fuily t.xiîini tAie
tt2xt-i)00ks. I cati oniy briefiy mention liere sorne of tAie inany %vonderfui

plî3sicai properr ies possessed by crystais.
''ie researches of Brewster o11 poiarized liglît have aiready been

refcrred to. 'l'ie discovery tiîat tue shape of the cleavage.foriîî is
intiniately reiated to the action of tAie crystai upon liîglt is dtte to iimii
and lus researciies, as aiready mientioned, confirmed the exisience of
tue two a(iditiotii systeris of crystai i/,.tti(>f recognied ,,otiieviiat cloutih-
fuiiy iîy MNouis.

One of tAie mîost renai kabie dtscoveries of recent timies %vas the
nuatAematical dem onst-ration by v'on I.-ang, Quenstedl, and othiers, thlat
six, and on/.)' six, systemis of synimetry are possible for all crystailixed
mîatter.

In 1822, i\,itsciiericli a-nnounced lils discovery of isomitn.P/zis;n. tue
property whiclî substances analogous in chenical comiposition possess
of crystallizing in fornms cioseiy resenibiing eaciî otiier, and witii oniy a1
slighit difference betveýn tiîeir corresponding angles. A good eximpie
is siderite and dolinite, the crystai forîîi being a rtiiîiicl)-dron.
Mitschierlichî also î,ointed otit that the saine substance (simiple or
conipounid) niay crystailize iii two distinct systems (dimiorpi~isiii),or even
in tiîree or miore (/Iýùmy5ism; and po/ïnmo;,p/ism) Thtîs the suiphiie of
iron crystallizes in tue isomnetric systeni (pi/e), and alio in the
ortlîorioibic systern (marirasite>.
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The mnagnetic and electrie 1)roperties of cry'stals, and their relations
to heat, ail shew the saine intiniate connection and dependence on
their crystalline forni observed in the case of their optic prol)eTties.

For fuller details of the subject treated of iii this paper I wouid refer
you to the inany excellent text-books of mineraiogy, and to the articles
treating of the varions divisions of the subject in the encyclopo2dias. A
mnost excellent little %vork is that l)y Mr. Fietelier of the B3ritish .Museumn,
froun which 1 have freely quoted.

Iii conclusion I %would cail your attention to the fact that %ve
Canadians have in our- own country a vast unexpiored fit-d of research
in crystallography. Canada lias afforded the miost magnificent crystis
of mnany inierai species, which the world lias ever seen. I need oniy,
mention the superb and uinrivaled crystals of zircon, apatîte,
phlogopite, sphiene &c. which grace the nmuseuis of Europe and this
continent.

'Many of our localities l)resent unusually favorable conditions for
studying the mode of formation of the various crystailized mineraIs, andl
if my renmarks this evening awaken in somne of my hearers an interest in
the fascinating stu dv of" the wonderfui iaws gover-ning structure in
inorganic nature, niy object will lbe accoml)lishied.

CLUB EXCURSION 'lO PAUGAN FALL~S.

'l'le last Excursion of the season ivili be lield on Sxu1v 4 th'
instant. to IP:xUGAN FALLS, on the Gatineau. 'l'lie train %vill le.-ve Union
Station ait 9.45 a.m.; returning, reaching Ottawa at S.oo p.mi.

This is a new locality to, members of the Club, and mnust prove of
great interest, both a3 a collecting ground, and frorn is scenic beauty.

Menibers will assist the Club by notifying their frtends of the
Excursion.

RATEs-M emnibers, Adults, 6oc. Non-Mý-embel)rs, 70C. Chiidren,
half-price.
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'T'HE CENTlRAL. EXPERIMEN'i'.I. "

OTTAWA, J L LX, 18395.

B' NV. T. MxoN

SAPIN DACE-./E, -(continued)

(4 i ) AciîAR N6 i.M, chx.
On tario.

Large irce - hardy.

(420). Ai .SCR>',F1111. 'Silver, or Whitc Nlaple.

N.13. Que. ; Ont.
Large tree ; hardy ; leaves ornamiental in Autun

(42 1.) A. î~î~~,Linn. Red, or Soit Niapie.

Large tree: hardy leaves ornamental in Atjuinrý.

126. NEGUNI)O, Mcench. (:\sh'leaved ïMapie.)

(422.) N. ACEuOES, Ni ench. Box* Eider.
Ont.. 'Mani; N.W\.Tl.

Tree; hardy.

XXX. ANACARDIACEF-Surnach Family.

127. RHUS, Linn. (Surnach.)

(423.) R. 'rN*imii ý, Linn. Siag«-Iorn Sîîmach.
N.S. ; N.13. ; Que.; Ont.

'l'ail ?,hrub or snmuli tree ; hardy ; le-aves ornamental in autun

( R4)1. c;LABRA, Linn. Sniooth Suniaeh.
N.S. ; N.B.; Que.; Ont.

'l'ail shrub ; hardy.

(427.) R. ToxcoDr-NDRoN, Linn. Poison Ivy.

N.S. ; N.B. ; Que. ; Ont. ; Mýan. ;N.W.T.;i3C

Srnall clinmhine 'shrub ; hardy.
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(429.) R. AIZO.\A.TicA, Ait. JFragranjt StimlaCh.
Ont.

Shrub ;hardy.

N.W.T.; B.C.
Shrub ; hardy.

XXXI. LEGUMINOSF-Pea Family.

.AMORPHl'FA, Linn. (Valse Indigo.>
(48o.) A\. (ANESCENs, Nuti. Lead lant.

.Man.
Shruh ; hardy.

(481.) A. 'R~UTICOS:x, Linn. Valse Indigo
Mani.

Shrub hardy.

153. GYMINOCLAI)US, Lam. (KenituckvCoffee'lTrce.)
(566.> G. CANADENSIS, Lam.

Western Ontario.
Large tree; hardy.

XXXII. ROSACEF-Rose Family.

155. PRUNUS, '1ourn. (Plum. Cherry.)
(568.) P. AmERICANA, Mar75hall. WHid Iluni.

Que. ; Ont. ; Ma.
Smiall tree ;hardy.

(569.) P. MRTMWang. B3each Pllumn.
N. B. ;

Shrub;- hardy.

(570.) P. FUMILA, Linn. Sand or Dvarf Cherry.
N.B. ; Que.; Ont.; M\an.

Shrub;, hardy.

(571.) P. PENNSYLVANICA, Linn. Bird Cherry.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T. ; B.C.

Tlree; hardy.



(53)I. Vîi.NANA, Linn. Chioke Cherry.
N.S. ; NB1. ; Que. ;Ont. ;Man. ; N.WV.TI. ; B.C.

'l'ail shirub, or sinail tree; hiardy.

) . smROTIs' Elhrli. Black Cherry.
N. S. N NB1. (2 Que. ; On11t.

l'ree; hardy.

157. SPI R/EýA, Linn. (Mcezadow-sweet.>

(577.) S. .SALICÎFOLIAx, Linn. Common MNeadowv-seet.)
N.S. ; N.B.; Que. ; Ont. ; MNian. ; N.W.T.

Shirub ; hardy; flowers ornamiental.

(578.) S. TONMENTOSA, Linn. I-ardhiack. Steeple I3ushi.
N.S. ; N.B. ; Que. ; Ont.

Slirub ; hiardy ; flow'ers ornamiental

(579.) S. JIETULIFOLIA, lPallas. B.'irchi-leaived Spiroea.
N.W.T. ; B.C.

Shirub recently planted.

B.C.
Shirub ; hardy ; lovers ornamiental.

(581.) S. DIscoi.oi, Pursh. var. :\kI.EI:OLI:\, Watson1.

13.C.
Shrub; hardy.

i5S. NEILI.IA, D)on. (Nine l3ark.)

(584.) N. opui r.IF:\, Benth. and Hook.
Que. ; Ont.

Shrub; hardy.

1 6o. RU BUS , Tourn. (Brani bic.)

(586.) R. 0I)ORATUS, Lin n. Puirple, Flowering Ras pherry.
N.S. ; N.B.; Que. ; Ont.

Shrub ; hardy ; fiowers ornamiental.

(587.) R. NUTKANUS, 'Mocins. White, Flowering Raspberry.
Ont.; Mdan.; N.W.T. ; B.C.

Shrub ; hardy ; ,flowers ornamental.

Tm-ý OTTANVA NATURALIST.
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(54. R. smuzi;osus, Miclhx. Red Raspberry.
N.S. ; N. B. ; Que. ; Ont. ; Man. ; NA. l.; B.C.

Shruh ; hiardy.

(596 ) R. OCCIDENTAI.IS, inn. !flack Raspberry.
N.B. ; Que.; Ont.

Shirub ; hiardy.

(6oo.) R. vii rwosus, A\it. TIhimible Berry.
N.S. ; N. B. ; Que. ; Ont.

Shrub h hardy.

1 72. ROSA, Tourn. (Rose.)
(659.) R. SIf î,M ichix.

Ont.
Shirubh; hiardy .flovers ornamienta I.

(66o.) R. CAROI sA, Li nn. SWanîp1 R%'oSe.
N. S.; N.-B.; Que.; Ont.

Shirub ; hiardy ; flowers ornamiental.

(66 i.) R. 1.1-CtDA, Ehlrh. D warf W\Ild Rose.
N.S. ; N.B. ; Que. ; Ont.

Shirub ; hiardy ; flowers ornamiental.

(662.) R. BLNA Ait. ERarly WVild Rose.
Que.; Ont. ; Man. ; N.W.T. ; B.C.

Slirul); hardy ; flowers ornamiental.

(66-J) R. ACICUI.ARIS, Lindi.
Man.; N. W. T.

Shrub ; hardy ; tlowers ornaniiental.

173. PIRLS, Linn. (Pear. Apple.)
(671.) P. CORONARIA, bin. Amierican Crab Apple.

Ont.
SnialI tree;, hardy.

(673-.) P. ARBUTIFOLIA, L.inn. Choke-beri y
N.S.: Que. ; Ont.;

Shirub ; hardy.
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VA R. NIE'LA NOCARî~i,.ý, I-ook.

N.S.; N.13,; Que.. Ont.
Shruhb ; hardy.

(674.) 1> :\NERIÇANA, M). Anierican Mounitain Ashi.
N.S. zN. B. ; Oue. ;Ont. ; MNari.

S:naII tree lihard),; fruit ornanmental.

17-4. CR *VLE-11S, [\\Vite Thorni.]
1678.1 C. COCCINEA, Liil. Sc-11leýt Fruited Thorn.

N.S ; Que. ;Ont. ;Mani. :NA..
Sinal treý liard\. ; fruit ornamiental.

[679 1 C. -rom i.- I*os.\, I inn. Black or lcar rhorm.
N S. - N. B. (?uc. :Ont.

Sinali tree hiardy.

[6S i.] U . CU;:rLlinri. Cockspur TIhorn.
\Vestern Ontario.

Siial trec hardy: leaves and fruit ornamcental.

175. N\MEfN H!ER edic. [ n.er.
[6S5.] A. C.~l~î,Torr. and Gray.

N.S. ; N.U. ; Que. .Ont.
'J'ai] shirut or sniail trec ; hiardy.

XXXIII. SAXIFRAGACE,.-Saxifrage Family,

S6. 1>-1IL.AI ELl' i-lUS, Linri.[IQkOag.

1744] P (.~RI Us I indi.

'lal slirii3 - hardy - flowers ornaniental.
îS7  RflS, .in.[Currant. (.;oostebetrry.]

[7419.] R. CN'Nosnl.vr,1, Linri. WViid Goosebcrry.
N.13. ; Que. ; Ont ; 'Mani

Shirub ; hiardy.

[750.] R. L.ACUSTRE, Poir. Sanmp Gooseberry,

N.-S. ; N.B. ;Que. ; Ont. ; \Mari. ; N.W.T. ;B.C.
Shirub ; hardy.



[752.]1 RRURIM I inn. l'ed Ctlrrat.
N.S. ; N li. ,Que. ; O nt.; Mat.n.. B.C.

Shirub ; hiardN.

[73- R PROSI RATUNI, I F-.r etid Currant.
N S. ; N. I'. ; Que. ; On(. M an. ; N.W.T. zB C.

Li.o .Shruh ary

[757.1 R. vîouuî .IIr IikCurrant.
N.S ;N.B. ,Que. ; Ont. M Nan.

Shirul, ; hardy.

[760.] R. .SAN(;UINEUMI, I>ursh. Red, Fiowering Currant.

B.C.
Shrub tender ; flowers ornaniental.

176 i.] R. ARUPtîrsh. Mlissouri Currant.

Shrub ;hirdy ; flowers orrtanivntal.

XXXVI. HAMAMELACEE-Witch Hazel Farnily.

N. S.; N.B.; Que.; Ont.
'Fali shrub ; hardy.

XLVII. CORNAC E-Dogwood Family.

242. CORNUS, Tourn. [Corne]. I)ogwood.]
[3 9 S.] C. vîORDa inn. Flowering 1)ogwood.

Wecstern Ontario.

Smnall trc : senii-hardy ; flowers and fruit ornamiental.

[S9cj.] C. NUTA.1r~.u t, Andubon. Western Flowvering I)ogwood.

Sinall trec: recently planted ; (Ioers ind fruit ornimental.

902z.] C. slo.siý ux ed-osier I)ogtvoodl.
N.S. ; N. B. ; Que. ; Ont. ; a.zN.W.T. - B.C.

Shrub ; hardy.
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[oc6.] C. .~.îîî~î.lIIn.Aitertiate-lea "cd 'i ni

N.S. ; N.B3.; Qte. ; Ont.
'lilitçh u or sîîali tree :liard)-..

XLVIII. CAPRIFOLIAC.IF- Hom ysuck'c Fnimiy.

2;15. SAM IBUCUS, linu. [ie.

L[909.] S. I<ACEMOSA, Lilli. Red i''r iEider.
NA..T. ; B.C.
'll shrub ;hardy ; fruit ornaîniciiai.

N.S. ; NA,. ; Que. ; Ont. ; NlM. 1.\V''

'll shruth -. hardy ; fruit, ornanienta-l.
[oîo0.] S. C 2ANAnENSIS, Linn. Comnon Eilder.

N.S. ; N.B3.; Que. ; Ont. ; 'Man.; N.W.*'.

Shruib ,hardy ; flowcrs ornaimental.

246. VIBU RNUNM, Linn. [Arrow %wond.]

[912.] V. CASSIN'01E'S. L.inn.
'N.S. ; N.B. ; Que. ; Ont. Man. NA...

Tail slirtb ; hardy.

Ont.
Slirial hardy ; Icaves oanan'îcraal.

[9i1.] V. i' :Sîi~,Ptrsh. J )ownty A rroiv-imofl.

Quie. Ont. Mn
Shrub ,hardy.

[915.1 V. CE1O.UIIin.Mpcla'(:\ttt'Wt ocI.

Que. ; Ont. . iMani. ; NA...
Slîrtb ; hardy.

[917.]\: OPUI.us, -inn.l Hligh-bush Cr.-iilcrry.
N.S ;N.B. ; Que. ; Ont. ; MNaîi. ; NA.'..

'll shrtib ; hardy ; fruit ornamnental.

247. .INN.'E-A, G ronov. [lwnfoc.
L99]i.I1RA.S Gionov. îNorthcî n 'I'win.-flowe-r

N.S.; N.O1. u.; Ont.; Naki.;n W.; ; B.C.
] ow crccping cvcr-recn; shrtiby hardy. floweis ornanniil

1118



248. SYNM >1-OR ICA RPOS, J uss. [Sniow-bcrry.*l
[921i.] S. îiNliCus iIX. Snow-bcerry,.

N.S. ; N.Bh.; Que.; Ont.; Man.; N.W.TI.: L).C.
Slxrtb ; hardy ; fruit ornamrental.

249. LOIIRA itn. [H-oneysuickle. Wýoodbitnc.]
[025 . L. SUI..VA 1-1, (hay (?

ont . ; MNan.
1' «ining shirub ; hardy ; flowers ornamnental.

f (>26.] L. 1-li. Smooth 1-Ioneysuckle.
Ont., MN-an.; ÏN.W.T.

1Wn.4 shru bl ; hardy ,floivcrs ornamnentai.

[927 .] I.. i V1Ui.T.Banks.

N.B.; Que.; ,;it .; Min.; N .W. T. .;.C.
shrub ; hnay

[928.1 L. Cîî.îvîx-, M0111. Fly I-Ioneystickle.
N.S.; N.B. ; Que.; Ont.; Man.-, NA.. 13.C.

Slirtil ; hardy.
250. DI E'RVI 1 I, \, Tourn. [Bush H-oneysuckle.j

[932.1 1). ~I~ i~ Mculch.

N.S.; N-11.; Que.; Ont.; 'Man.. N.w.Tr.
I.ow shrub; hardy.

XLIX. RUB3IACE-iF-Madder Family.

25:? CE- PHA LA .N« 'I US, I iiin, L>ILI1LSI*
1 934 .1 C. Occi i;IETAI.iS, I .illi ButtOll-buEil

Que.; Ont.

Shirub . hiardy.

LV. VACCIN IACEiF-Huckleberry Family.

34.VACCINIUM, Lin.

[1355.] V. coiz%îîtiosu.ý\, Iinn.
N.S.; N.B).; Que.

I.owv shrub ; hardy.

P-359.] V. MvuîîuLinn . \Vhortleberry. Bilberry.
N.\V.T.: B.C.

Low shirub ; hiardy.
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