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Physics. - "The SY1711net1'y of tlte Rön~qen-pattl!1'ns of ~lonoelinie 
Crystals." By Prof. H. HAGA and Prof. F. M. JAEGER. 

(Communicated in the meeting of Jan. 29, 1916). 

§ 1. In the following pages we publish the re5ults, whieh were 
obtained by radiating through planeparallel plates of monoclinic crystals. 

As is weil lmown, the monoclinic system possesses three classes 
of symmetry. The cl'ystals of the sphenoïdieal class only have a 
polar binary axis as their single symmetry-element; those of the 
d01iwtie class only a single symmetry-plane; and those of the p1'is
matie elass are in possession of a plane of symmetry, a binary axis 
perpendicnlar to it and a symmetl'y-eentre. AccoJ'ding to the now 
adopted theory of the diffraetion-phenomenon here considered, a 
symmetl'y-centre is added to the eJements of symmetry ofthe crystal 
already present. A nd just because the simultaneous pl'esence of each 
pair of the three elements of symmetry here to be considered, 
necessarIly involves the presence of the third of them, the erystals 
of each of the three classes mentioned will thus behave with respect 
to the symmetry of their Röntgen-patterns, as if they belonged to 
the monoclinic-prismatic class: for here are the three elements of 
symmetry mentioned above, exactly cOpIbined. Thus, indifferently 
to which of the three said classes a monoclinic cl'ystal will belong, 
its I{öntgen-pattern for a seetion parallel to !100l or 1001l must 
always SlL~HV one sin,qle plane of synmwtry, while foL' a section 
parallel to 1010l only a single binary a,vis, perpendieular to the 
photographic plate will manifest itself. By the investigations described -
in tb:is paper, we have brought fuIl proof of ,the exactitude of these 
conelusions. 

§ 2. As rel'resentatives of the different classes of symmetry, we 
have studied the following crystals: 

a. Of the monoclinie-sphenoïclieal elass: dext1'ogymto1'y tal'tl'ie (J,('iel, 
eane-sugal' and cle,'lJt1'ogymtory 1'hmnnose. 

b. Of the rnonoelinie-elO1natie elass: seolezite. 
e. Of the munoelinie-)J1'ismatie class: gypswn, epiclote, mnphibole 

and aug~te. 
I. Monoclznie-sphenoiclieal class. 
Plates parallel to 11 OOI, !0101 and 1001 I were cut from some 

beautiful, transparent crystals of clext1'ogyratory ta1,t1'ic aciel: 0400HO' 
whose axial ratio is: a: b : e = 1,2747 : 1 : 1,0266, and ~ = 79°43. 
The crystal-plate parallel to (100) had a tbickness of 1,08 mm., 
that parallel to (010) of 1,15 mm., and the plate parallel to (001) 
of 1,18 mmo / 



- 3 -

1202 

Although the obtained patterns were very l'egularly built, they -
appeal'ed to be toa feebie for immediate reproduction. However, in 
fig.l to 3 of Plate VI their stereographical projections are published. 

In a qllite analogous way crystals of ca1]e-sugcw: Ol~H2~Oll were 
stlldied; their parameters are: (l: b : c = 1,2595 . 1 : 0,8782, and 
{J = 76°30'. In the case of the crystal-plate pa-eallel to (100) the 
thickness was: 1,86 mm.; that parallfl to (010) was 1,88 mm., 
and that parallel to (001) was 1,81 mm: thick. The obtained photos 
are l'eproduced in fig. 1 to 3 of Plate I, and in stereographical 
projeC'tion in fig. 4, 5, and 6 of Plate VI. 

From an aqueolls sollltion of d-1'!Ullnnose, magnificent lnstrous~nd 
faultlessly shaped crystals were obtained, and here alsó plates parallel 
to the three pinacoides were cui out of them. T!Je axia! ratios of 
these crystH.ls, whose chemical compositlOn is : C6H1 20 S + H20 (mtpt : 
93° C.), were: a: b : c = 0,9998 : 1 : 0,8435, and (J = 84°35'. The 
crJstal-plate parallel to (100) had a thiclmess of 1,91 m.m. ; that parallel 
to (010), of 1,95 m.m., and that parallel to (001) of 1.93 m.ll!. The 
obtained patterns are reproduced in fig. 4 011 Plate I, ltnd in fig. 5 
and 6 on Plate TI; thei1' stereogmphical projections in fig. 7,8, and 
9 on Plate VI. 

B'rom all these experiments it can be clearly seen, that notwith
standing the fact, that these crystals possess oIl]y a single binary 
axis, thei1' RÓNTGl!]N-patterns parallel to (100) and (001), however, 
always manifest a plftne of symmetry, while that parallel to (010) 
shows a binary axis, manifesting itself in the 'image as a centre of 
symmetry. Thus it is proved, th at these patterns possess the same . -
symme'Ü'y, as if they were obtained with monoclinic-p1'ismatic ~rystals. 

§ 3. H. Monoclinic·domatic Olass. 
Aftel' many teniatives we wel'e able to get some crystal-plates 

from a smalI, simple scolezite-crystal from 'l'eiga1's!wm in lceland. 
> lt is very difficult to find crystals of this mineral, - whose com
position is: CaA1 2Si,Olo + 3H2 0, and whose axiaJ ratio is: a: b : c = 
0,9764 : 1 : 0,3434, with (J = 89° j 8', - which appeal' not to be twins 
Ol' multiplex cl'ystals. The thickness of the small plates was as [ollows : 
for that parallel to (100), it was 0,78 m.m., fol' that parallel to (010) 
0,76 m.m.) and fol' that parallel to (001), 0.83 m.m. 

lOf the l'esulting photogl'ams we have only l'epl'odnced here the 
image parallel to (001), in fig. 7 and Plate 1I, whiIe the cOl'l'espond
ing stel'eogl'aphical pl'ojections are l'eproduced in fig. 10 and 11 
on Plate Vi. 

Notwithstanding the clqse appl'oximation of the symmetry of this 

'\ -
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mineral to that of a l'hombic crystal, its monoclinic symmetry, how
ever, is shown very clearly in tbe resp. RÖNTGEN-patterns. Also in 
this case the symmetry of the RÖNTGEN-images is quite in agreement 
with the conclusions drawn from the theoretical views. 

~. 4. lIL J.l1onoclinic-p1'is7lultic Class. Three plates parallel to (100), 
(010), and (001) were cut out of a beautiful t'l'ystal ofgypsum from 
Bun Abis, 8. lTT. Af1'ica; their tllickness was resp. 0,71, 0,89 anJ 
0,75 mmo The parameters of this compound are: a: b : c = 0,6895 : 
1 : 0,4:132, and ~ = 81°2'. The obtained RÓNTGENogl'amme& are repro-

I duced in fig. 9 to 11 on Plate lIl, and in stereographical projection 
in fig. 12, j 3 and 14 on Plate VI. • 

In the same way three plates parallel to (100), (OJ 0) aJld (001), 
whose tlllckness was l'espeetlvely 1.02, 1,00 alld 0,93 mm., were 
cut from a beautiful crystal of epicltJte: Ca2 HAlaSiaO!3' The para
meters of this minel'al originating from Untel'sztlzbac1t, are: a : b : c = 
1,51:;07: 1 : 1,8057, and ~ = 64°36'. The resulting photos al'Ü repro
duced in fig. 12 on Plate III, and in tig. 1? and 14 on Plate [V; 
wbile in fig. 15, 16 and 17 on Plate VI their slereogl'aphical 
projections are given. 

In this case as weU as in both the foregoing, the patterns of cl'ystal
plates parallel to (100) and (001) only show a single plane of sym
metl'y; those cOl'l'esponding with sections parallel to (010), a single 
binal'y axis pel'pendlCular to tbe photograpbic plate. This is in full 
agreement with the theoretical expertatioJl; abo in these cases the 
observed symmetl'y of tlle RÓNTGEN-patterns thus appears to agree 
completeJ.r with the conclusions derivecl from the supposition. 

Finally we reprodlÎre here a pattern of heulrrnclite from l'eigm's
!tom on lee/anc! obtained with a cleavage-lainella parallel to (010), 
parallel to which' form this mineral, - whose composition is: 
CaAI~H4(Si08)6+3H20, and whose parameters are: a: b : c = 0,4035 : 
1: 0,4788,13= 63°40', is very perfectly cleavable. In tbe photo 
(fig. 8 on Plate IJ) the preseuce of a binary axis, perpellclicular to 
the photographic plate, is cleal'ly discernible. 

~ 5. In this connection a ca,se of climo1'p!ty may fin? ittl place 
H,t the same time, namely th at between'amphibole and augite (lJ.!Jl'o,vene). 
As is weIl lmown, according to the older conceptioll of TSCHEHlIIAK 

• and oUlers, tbe rIJombic, mOl1oclinic, and triclinic pyroxelles, alld 
the cOl'l'esponding rholll bir, monoclinic ancl Il'iclinic amphiboles, 
would be in the I'elation of polymel'ides, notwithstanding tlleir equal 
cl1lpil'ical chemical composition: to the ampltiboles according LO these 
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vi~.ws, a molecular formula of JOU?' times the single one, to the', 
pyl'o;renes suel! :of twice the single ehemical fOl'mula of the resp'. 
metasilicates wOllld have to be aitl'ibuted. FiIl'thermore the erystal: 
fol'~s themsé~ves of this' dimorphous· series are related to eaëh ot~er,: -
in a close and wen lmown way. 'Fhe composition of arnpltibole 
and aup.ite 'can be expressed as th at of mixed ·crystals.of Ca(Mg;F~)' 
(SiO a)2 and MgAI2SiOa ; their parameters are: 

Of amphibole:. a : b : c --: 0,5318' : 8 : 0,2936; [J --:' 750 2'. 
Of augite: a:' b : c =:1 ,05,8: 1 : 0,594; [J = 89°38'.~ . ' 
If now,fol: augite a somewhat different .choice ,of the a~~ê. lt than' 

the. one~ h~l:~: a.dopted is m~de, its para~etel's become.: ei :::b:. c =. , 
= 1,0921: 1; à,5893; [3 = 74°10'. In th is form_the ,analogy \yitl~ 
~tml)1tibole. immediately ,com~s to the fore: the v:alues for a and c 
in. t,he .. case of augite are evidently ~wice those of amphibole, while 
the angle of inelination.[3. is about the same. n· may be remarked 
f~lrth~rmOl'e, tl~at if the. e~)l1clllsions of BRAGG, according to whose 
invest.igátions the concept ion of "moleclllar' weight" for the solid 
cry~tal is losing' Üs significance, were right, appreciable differences ~ 
in the structures of the RÖNTGEN-patterns ~f amphibole and augite 
could hardly be expecte.d any more, if the above mentioned gi'eat 
analogy between the structure of the two minerals is taken into account. 

. lndeed, experiment shows this analogy in the RÖNTGEN-patterns of 
augite and arnphibole for sections parallel to (100). in a striking 
mannel' ; moreover ,it is quite weU diseernible for sections parallel 
to·' (001). It.is more difficllIt to distinguish in the patterns obtained .. ,' 
parallel to (010), whieh fact partially' may be explained by ,the not ' 
completely similar orientation of the two images with respect to ~ach, 
othel', and the aceompanying suppression of some ,spots and unequal " 
distributi,oI?- of. the intensities of the other ones;, a ,d~reet com parison' , 

) i.s -here' mueh more difficult than in cases,. wh ere' the images possess 
one Ol' more planes. of symmetry. _. , 

The plates of ampltibole ,had a thiclmess of respectively 1,08; 1,11, . 
and: .0,84 mm.; those of au,qite: of' 1,02, 1,08, and 1,00 mm.'. B.otli
mine~·ij.Is eame tl'om Bohernia; the photos are reproduced· in fig. 15 
and 16 of- Plate IV, and in fig. :17 ,to 20 on Plate V; the stereo
gTttphicaI projections in fig. 18 to 23 on Plate' VI: 

In every r.ase also these patterns show' a symmetry quite in 
concordanc~ with the conèlLlsións drawn from. the pl'oposed ,theory 
of tlJe diffraction-phenomenon. . . . , 

.' 1) In the fil'st choice of parameters, the pyramid' 0 had the symbol·11221. W~ 
simply' take 0 = 11111, which symbols are also given by NAUMANN-ZIRKEL, according 
tI) the measurements of VON KOKSCHAROW • 

. ( 
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H. HAGA ANO P. M.. JAEGER' THE SVMMETRV OP THE RONTOES-PATîERNS 
OP MONOCLINIC CRVSTALS. 
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I::iimilar relations as exist bet ween ampldbole and mt,qite, which 
are found with the mineI'als bronzite and anthopltyllite, we hope 111 

future to dlscuss jn defall. 
In addJtion we ~wlsh to make a remark on som€' RONTGENogrammes 

pl1blrshed here, wh ere a brlght ring IS visIble round the black 
central spot. This occurs In those cases, where by the crystal or by 
the glass, upon which in some cases the crystal-plates were fixed, 
secondary RÓNTGEK-rays are emItted, giving a veil of the photographic 
image; this veIl will be intensified of course by the action of the 
intensifyi.ng screen. Now tlns screen is perfol'ated m its central part, _ 
for reasons formerly explained; th us 111 this part of the photo tlle 
said veil will not be intensified by the action of the screen, and a 
bright ring will appeal' round the black central spot. From this 
it follows, tbat if the crystals must be fixed upon a glass-Iayer, it 
will be of advantage to keep this glass-Iayer as thin as po&sible, 
becal1se the secondary radiation of a thinner layer wilt be less 
intenSIve than th at of a thicker one. 

Labomtories of Pltysics anc! of General anc! 
Pltysical C/zemistr.1l of tlle Unive1'sity. 

G1'onin[Jen, Janual'y 1916. 

u Palaeontology. - "Some youn,q-pliocene Ostmcods of Tinw?'''. By 
Miss E. O. FYAN. (Oomml1nicated by Prof. J. W. Man). 

(Communicated JU tbe meetmg of Jan. 29, 1916). 

The Ostracods, whiclt wIlI be dlSCl1ssed in this essay, have been 
obtained from washings of tertIary clay of the left bank of the 
Mota Talau neal' Atamboea in Timor. This clay, which accordwg 
to the label which went with it, was formed in the latest part of 
the Pliocene, was collected by Prof. Dr. G. A. F. MOI)ENGRAAFF and 
Mr. F. A. H. WECKHERLIN DE MAR EZ OYENS m. e. on the expedition 
which took plare during 1910-1912 to the is Ie of Timor undel' 
the auspIces of the farmer. The leader kindly allo wed me the use 
of the material, for which kindness 1 expl'ess my thanks to him here. 

The rests of the different Ostracods have been pt'eserved excel
lently. Very of ten they are quite transparent, aften white, sometImes 
black and oC'casionally blue. 1his last dolour is very likely caused 
by vivianite. By a treatment with hydroC'hloric acid appeared, that 
the transparent ones consist also almast quite of carbonate of lime. 

This last kind of valves are particularly fit to mark the "Innen
rand", the "Verwachsung&linie" and the "randstandige Parenkanale" 
(10, p. 102 î 11, p. 2). 


