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Crystallography. - "On the 8ynl1netl'y of tlw RÖI\TGENjJl1ttems 
of R/wmbic C1'ystal~". I. By Prof. H. RAGA and Prof. F. M. 
JAEGER. 

§ 1. With the purpose to test Jet fllrthel' by expel'iments the 
conclLlsions with respect to 1 he special sym metry of tbe dim'action
patterns of RONTGEN-rays in crystals, as may he delwed from thë 
theory adopted till now, we have moreovel' made a series of experiments 
with optICally - biaxlal crystals In the followmg pages are recol'ded 
the results obtained in the in vestlgations with 1'iwmbic crystaJs, and 
especially with repl'esentaüves fl'om eacl! of the possible symmetl'y
classes of the rhombic system. As ah'eady fOl'merly mentlOned 1), 

; tbe RÓNTG:mN-patterns of plates from rbombic cr,) stals of bisphenoidical, 
pY}'(t1nidal, Ol' bipymmidal symmett·y, must always show the symmetry 
which would be observed in the analogous cl'ystal-sections of the 
rhombic-blpyramidal class. Ft'om th is iR deduced, that cl'ystal-plates 
ën t parallel to the three pinacoides 11 OOI, jOl01 and JOOn in the case 
of crystals of earh of the three possihle classes of thls system will 
gi ve RÓNTGEN-palterns, w hich will alw(zYfj ap pert1' sym11tetn'cal with 
1'espect to twope1'pendicular planes of symmetl'y, If they are radiated 
through in the dlrectlOJl of the plate-normal. 

§ 2. The way, in which the trne situation of the spots in the 
diffl'action-pattern, or more cOrt'ectly: in lts stereographlcal projectlOll, 
IS related 10 the parameters a: b : c of 5uch rhomblc erystals, can 
be eluridated more partielllarly as follows. 

Let P in Fig. 1 bé the plane of the photogmphie plate, and KC 
the distance of the crystal ti'om that plate. Thls dlRtanre (= A) was 
in our experiments always 50 mmo 2); the diameter of the sphel'e 
by means of whieh the stel'eogl'aphical pl'o,jeetlOn on the plane P 
wilI take place, is thel'efOle always 100 mmo The viewpomt 'of 111~ 

pro,JeetlOll is 0; the planes XCY (= P), .x CZ, and YCZ are supposed 
to coineidE' with (Ol' to be parallel to) tlte thl'ee plalles ofsymmetry 
of l'hombic-bipYl'amidal cl'ystals. Let tbe parametel'-quotient in the 
dil'ections ex, CY and CZ be: a: b : c, of whieh a and care 

11 numbers, kno\vn by the measUl'ements of the anglllar values, and 
b is ~taken arbitral'ily = 1. 

If, now, f{z repl'esents a "possible" zone-axis of the cl'ystal, the 
Cz 1 1 

value of - must be: n. -, whel'e - is the parameter-l'eJation in 
CK c c 

1) These Proceed. 17, 1204~ (1915). _ 
~) However attention must here be drawn to the remarks in § 4 

, , 
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Fig. 1. 

the directions ey and ez, while n IS sorne integer. If ]{Z' is 
Gz' a 

eql1ally sneh a zone-ax.is, then just in thc sat).1e way GJ(= m • 7' 
where m is also an integer. The projected spots S and S', rorre
sponding with the reticnlar planes 11011 and 10111 of the cl'ystal, 
are therefore in the directions ex and C Y of the stel'eogl'ap!iical 

a 
projection situated in distanc('s frorn the central spot C, of: 2A

IJ 

2A 100a 100 
and -, 01' in our case of: -- and - mmo In the same way fol' 

c c c 

spots corresponding with the retIcular pJanes of the symboJs l/w11 
1 100a 1 100 

and loA,ll, these distances from e, become: -:;- . --, resp. -k . - m.m. 
'It C c 

The point of intersection Jv1 of both zone-eirrles, corresponding 
with the zone-axes [(z, resp. f(z', possessing the symbols r /101 J and 
r olc1}, represeuts the stel'eographical pl'oiection of a spot, corresponding 
with a plane of the structllt'e with the symbol lMZj; etr. In this 
way it is possible to determine the indices of eve~:y spot in the 

- \ 
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stereographical projection P by means of the existent zöne-relatlOlIs, 
and 10 investigate, which l'eticulal' plalles wil! give the most mtense 
impreSSIOns on the photogl'aphic film; or, what is the same: it 
wlll be posslble to find ont, in what way the spertral dissol ving
power of the different molecnlar planes is connected wltl1 their 
reticular density, 

We have chó;en the case of a radiation pel'pendlCular through a 
plate parallél fo 10011. In the same way however It eau be found, that : 
On 11°°1 the spot cOl'l'espondmg wlth 11011, is situated in the dll'ectlOn 

100 e 
of C-axis, at a distance of -- m. lil 

a 

On 11°°1 the spot correspondmg with 11101, lb situated III the directlOIl I 

100 
of the B-axis, at a dlstance of - m.m. 

a 

On 10101 the spot corresponding wIth 10111, is slluated in tlle direct ion 
of C-axls, at a distance of 100 c m.m. 

On 10101 the spot corresponding with 11101, is sltuated 111 the dll'ectlOn 
of A-axls, at a dlstance of 100 ([ m m, 

all distances reckoned from the image-centl'e Cl), 

§ 3. If in this way the indices of the molecular planes are deler
mined, it is posslble to construct a stereogl'aplllCal pl'o.1ectioll of them, 
and by means of th is projectIOn tv execute the ol'dmary calculatlons, 
as usual in crystallogl'aphy. However it is also possible 10 construct 
di1'ectly the stereogl'aphical projectlOn of the l'etIculal' !>l~nes, wllh 
willch the spots on tlle photo cOrl'espond, fIOm the stere~gl'aphJcal 
pl'ojectlOn of the RÓNTGEN-pattern itself. The way to do this, is af, follows: 

The part to the rJght of fig, 2 reJates to the origmal stel'eogra
phlcal projectiol1 of the RÓN'l'GEN-pattern ofputrtssiul11,chlo7'ide, ohtained 
by BRAGG, if fhe plate, cut parallel to a face of the cube, is 
radiated through in a dlrectlOn perpendiculal' to that face, The part 
to the left of fi~. 2 represents the stereographical projectlOl1 of the 
molecular plan es of the crystalhne structnre, corresponding wlth the 
spots in the part of fig. 2, sltuated to the l'ight; tlle plane of pI'ojec
tion is pal:allel 10 the same face of the cube. If now we again 
pa)' altenhon for a moment to fig,1, we shall filld that in tbis figul'e 

1) The relatlon belween the situation of the spots on the' photographical film, 
and that of the corresponding points in the stereogl'aphical pl'ojection on P, Can 
also easüy be seen from the fig -.t. l~Ot' OS = 2A .tg cp and OV = A.tg 2rp, if V is 
the Ol iginal spot, ,tud Sits stereographical pi ojection on P. If or (= a) is measured 
on the photography, then tg 2;: = 0,02 a; from Ihis cp and tg cp are calculated, 
and thus as = 100 tg cp 15 found in m.m .. 

t" 
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the point z is the centI'e of a zone-circle C~fS, and thus also the 
point uf intersection of the zone-axis KQ with the I.Jlane'of the 
photogl'<lphic plate P, th is being in fig. 2 the plane of projection of 
the stereographical fignre 10 the left. 

1,'ig. 2 Construction for the change of the Stereographical Projection of a RÖNTGEN

pattern (to the right: potassiumqhloride aftel' .BRAGG), into the Stereogl'aphical 

Projection of the correspollding reticular planes of the Cry&tal·structure. 

Let now -In be the stereographical projection of the point Q, then, 
if the polal' circle to 1n is drawn, this circle will contain all points, 
tbat are the pl'ojections of all tautozonal reticular planes, having 
](0 as their zone-axis. The azimuth of every spot in the plane P 
and the azimuth of the stereographical pole of each cOl'responding 
reticular plane in P always being eqnal, the pI ace of every one of 
these stereographical poles on the polm' circJe just obtained, may be 
localised by joining the orlgil1al spot, and to pass this straight line 
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through, nntil i t intersects the constl'llcted poIar circle in the left 
part of the fignre. 

This point of intel'section is the stereogl'aphical projection of the 
molecnlar pIane, which cOl'l'esponds with the spot in the l'ight pa/'t 
of Jig. 2. The points m can be ea&ily found from the points z by 
an additional constrllction, in wbieh a circle with a radius of 50 m.m. 
is uSt-'d; the contmctions of the original distances to C, - which 
thns can be l'epl'esented b." mz, - are mOl'eover for 8potS in the 
neighbolll'hood of C only so shght, that withont considerable e1'l'01', 
instead of 171, the point zitself may be ubed; but at gl'eater distances 
from C this of course is no longer allowable. The system of polar 
circles and poles of l'eticulal' plan-es obtained in this way, wiII give I 

a direct review of the totaI zone-l'elation and of the indices of the 
molecular platles ; while the calculation of the angles between the 
poles of those reticular planes and the plotting of gmphical con
structions etc., can be made in the way usual in crystallonomy. It 
is adviceable to keep the radius of the projection-cil'cle in the left 
part of fig. 2 eqllal to 2A (100 m.m.); tIJen it IS possible to execute 
the different constructions by means of Wur,FI!"S stel'eogmphical pro
jertion plat with a diameter of 20 e.m. The indices of the poles of 
the l'eticulal' planes al'e the same as the ol'iginal ones of the spots 
in the projection 10 the right of fig. 2. 

FinaUy we ean express the different intensities of the spots in the 
original figlll'e, into the pl'ojection-figure of the cOl'l'esponding molecnlal' 
planes to the left of fig. 2; in this way a fLll'ther discLlssion of the 
relations between' the indices of the reticlllal' plan es and their 
spectl'al-resolving power can be made, in the way indicated fol' the 
fi1'st time by BRAGG. 

§ 4. As an application of the discllssions gÏ\Ten above, we will 
consider here morc in detall the RÖl'iTGEN-patterns of tlle anhycl'l'ite. 
The. parameters of this mineral are: a: b : c = 0.8932 : J : j .0008 ; 
fl'om this iL follows, that fol' a distance of 100 m.m. between the 
plane of projection Pand the viewpoint 0 of the pl'Ojeetion, the 
projecte~ spots for the faces 11011, 10111 and 111°1 wil! be sitllated 
at the distances: 

Fo!' a plate parallel to 110°1: 
in the direction of the C-axis at 112.04 m.m. frolll C 
" )" ., "" B-axis "11:1.95,, "" 

For a plate parallel to 1°1°1: 
in the dÎt'ection of the C-axis at 100.08 m.m. from C 
"" " "" A -axis" 89.32 " " " 

" 
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For a plate parallel to 10011: 
in the direction of the A-axis at 89.25 m.m. from C 

"" " "" B-axis" 99.92" "" 
If now we calculate ft'om the measu1'etl distances ~of the c:;pots on 

the photogl'aphic plate of anhycl,'ite, using A = 50 II.I.m., the values 
of tg 2rf, then rp, and finally 100 tg Cf, - we shall find that all these 
ca}culated values are a little smalle?' than the cOJ'l'esponding l'ationa} 
parts of the above mentioned fnndamental distances in the directions 
of the resp. axes: mOI'E'over, these calcnlated values all appeal' to 
be diminished in about the same 'rräio. 

In the case of the photo parallel to 11001 e.g. we measured foL' 
some spots: 

in the direction of tbe C-axis: 31.2 mm.; 24.1 mmo and 19.9 mmo 
from the cenÎL'e; 

in the direction of tbe B-axis: 27.4 mm.; and 21.8 mmo 

Fo!' the same points the calculatecl distances are: 
in the direction of the C-axis: 32 mm.; 24.8 mm.; and 22.4 mmo 
in the direction of the B-axis: 28 mm.; and 22.4 mmo 

But calculations and measurements now appeal' in much better 
agreement ,vith each otller, if we suppose A dnring the experiment 
to have had a smalla value, and to have been about 48,3 mmo 

Now the thickness cl of the crystalplate was in our case precisely 
1,64 mm.; and thus we mnst conclude, that in this case we must 
use in our calculations of the angles rp, for A nut the vallle of the 
distance from the /1'ont face of the crystal-plate to the photo
graphic film, but that from Ihe backward-face of it to the phot.o
graphic plate. 

In ot her analogous cases we indeed now learned, that if A was 
supposed to be = 50 mm., during the experiment, the distances 
from 1he projected spots to the cenh'e C appeal'ed to be always 
to~ srnall, if in tbe final projection the distance OP is always kept 
= 100 mm.; but that ordinarily a snfficient agreement bet ween 
calcnlation and experiment would l'esnlt, if A dnring the experiment 
is supposed to be (50 - t cl), where cl is the thickness of the crystal
plate used. 

This inflnence of the plate-thirkness becomes yet more evident, if 
of the same cl'ystal RÖNTGTIN-pattel'ns are obtained with plates of 
\'ery different thirkness; fol' in that case the photos, mnst manifest 
different distances from C fOr the same spots. We wel'e able to 
observe something of the kind in the measllrem<fnt of two analogollS 
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Fig 3. Stereographical ProjectlOn of lhe RÖNTGENogram of Anhydrite. 
Plate parallel to (100). 

photos of arragonite, obtnined Witll cl'ystalpbtes of different thiekness. 
Thus it 8eems undoubtedly necessal'y; to take into eonsieleration 

the thickness of the crystal-plates in the calcnlaJiolls of the angles cp, 
anel to diminish the distance of 50 m.m., if rathel' thick plates are 
used, with half the thiclmess of them 1). The projflctions l'epl'odllced 
on Plate J V of this paper all l'elate to sueh stel'eogl'aphical projec
tions, for which the dif,tance OP is 75 m.m.: in sllch cases tbe 
diameter of the figure is also kept eqnal to 75 m.m. 

In most of the drawings of Plate IV we have calclllated the 
symbols Iltko!, lokl! and Iltol! of tbc zone-cil'cles, (whose centl'es lie in 
the dü'ection of the axe'3), 111 tile way formel'ly descl'ibed; the sym
bols of the most important spots 10 the figure can then be imme
diately seen from the indices of the zone-cil'cles, aftel' tbc metbod 
mentionerl above. 

1) This is conllccted with the speCIfic absorhing po,vel' fol' RÖNTGcN·rays of the 
crystallised materiaI. As th is ahsol'ption is stronger, the distance of 50 m.m. wiJl 
have to he diminished with a smaller part of the thÏ<'kness d. 

: . 
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Fig. 4. Stereographical Projecliön of the RÖN'rGE~wgram of Anhydrite. 

B' 

Plate parallel to JO 10). 

X 

• 

• 
• • 

• • • 
• 

• • · •• e. 
• • • • • 

••• 
• • • 

• • 

• • • 
• •• 

• • • • • • ••• 
• • • 

• • • 
• • • 
• 

Fig. 5. Stereographioal Projection of the RÖNTGENogram of Anhydrite. 
Plate parallel to (001). 
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I?- connection wilh the cJ'ystaIs investigated up to this moment, 
the eOl'l'esponding principal distanees in the direction of the axes, 
as in the case of anltyclrite, may be recol'ded here 1). 

r Cl) 

I 
.É:Cl) Cl) ..... 6 I!. Cl) 

~ 
Cl) 

..... N 'C Cl) 
..... E.::!~ >= 

«I '«1 ':> "0 bJ.)Cl) .0 Cl) g..t:: ~Cl) ïê ::l 0. >. ~:;:: 

I 
E~ «1= .::! § ~ 

~ 
._ 0. 

0.'-
~ ..t:: 1::>= mbt:J N- cnbt:J -gE~ «I ..... 

= ::l < <ä CIl < < :r: til CIlS ..... u 
~ 

IC."'" lOOc 
160.9 180.5 1 112.0 115.8 91.0 57.4 175.8 51.0 61.0 

On POOl: . 1~0 
176.5 189.2 111.9 160.7 125.2 102.0 211.1 121.4 127.6 B·aXlS-

a 

) C·axis 100e 91.2 95.4 100.1 72.1 72.7 56.3 83.3 42.0 47.8 
On 10101: 

56.1 52.8 89.3 62.2 79.9 98.0 47.4 82.3 78.3 A-axisl00a 
. 

\ _ 100a 62.1 55.4 89.2 86.4 109.9 174.1 56.9 196.0 163.9 A-axls-

On lOOt!: I e 
B . 100 109.6 104.8 99.9 138.8 137.6 177.6 120.1 238.1 209.3 ·aXls -

e 

§ 5. In pl'evious papers we alread~ discussed some crysta1s of 
rhomblC symmetry, whieh wil! be reviewed again in eonnectlOn 
wJth what IS mentioned above. However we wIll principally disCllSS 
in this paper the resu1ts, to which OUl' experiments till now have 
led US, with respect to tbe follgwing crystals: anhycb·ite; al·ragonite; 
zinc-sulpltate; topaz; stl'llVite; l-asparagine and calarnine. A following 
communi('ation wlll then contain the results with other rhombie 
crysta1s, and at the same time we shall have then an opportunity 
to dl'aw the attention to some pl'oblems, whieh are eonnected with 
the special choiee of these cl'ystals. 

We will begjn l;el'e with the erystals of the dlOmbw-bipyramidal 
class fil'st '). 

a. Anhyd1'ite (CaS04 ). The used anltydJite-cl'ystal was from STA SS
FURT. lt was lustrous and transIncid, and evidently_qnite homogeneous. 
Parallel to the three dil'eetions of cleavage: IJ OOI, 10101 and 10011, 

1) Note that these numbers relate to a projection distance OP == 100 m.m.; our 
figures then have also a diameter of 100 m.m. But fol' the drawings on Plate IV, 

. which are reduced to 814 size, all these values need to be also multiplied with 8/4, 
2) The crystals discussed in tbis paper are supposed to have such a po'SitioD, th al 

their parameters become: anhydrite: a: b : c = 0.8932 : 1 : 1.0008; arragonite: 
a: b: c = 0.6224: 1: 0.7206; zinc sulphate: a: b : c = 09804: 1: 0.5631; topaz: 
a: b : c'= 05285: 1 : 0.9539; stnwite: a: b : c = 0.5667 : t : 0.9121; calamine : 
a: b : c = 0.7835: 1 : 0.4778; l-asparagine: a: b : c = 0.4737: 1: 08327; sodium· 
ammonium-tartrate: a: b : c = 0.8233 : 1 : 0.4200; hambergite: a: b : c = 0.7988 : 
1 0.7268. 

eb 
.- Cl) "0_ 
~.-
o~ 

u 

95.2 

170.3 

55.8 

58.7 

105.1 

179.1 
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thee l'athel' thiek crystal-plates we re prepared. whose thickness Wf 

resp. 1.64 mm., 1,72 mOl. and 2,09 mmo In this case and all othel 
here we expel'lmented again wlth the fluorescent screen "Eref:co" 
tbe time of exposltlOl1 was ordinarily abollt 2,5 hours. rn this caE 
of the anhycll'ité we used more partlcularly ~a COOLIDGE-tube, with 
'Woifmmi'Um-au tIcatbode and separate heatillg-spiral. 

The three pllotographs are repl'odured in fig. 1-3 on Plate 1 
their stereogl'L1.phical proj<lclions all'eady in fig. 3, 4 and 5 of th 
text. All thl'ee Images appea.r t9 be qmte normal, and every on 
bas two pel'pendicnlar planes of symmetry; the normal 10 the plat 
(dil'ection of radiatlOll) is th us at the same time a binary axis of th 
RÖNTGEN-patterns. 

b. Armgonite (CrtCOu)' OUI' clear, lustrous c1'ystals we1'e fror 
HORSCHENZ in BohelJlen. The cl'ystal-plate parallel fo I tpOl had 
thickness of 0,96 mm., that parallel to 10101 1,06 mm., and tha 
parallel to 1°011 1,10 mm. The photos are l'eprodllced in fig. -I: 0: 

Plale I, and in fig. 5 and 6 on Plate ]I; Iheir stereographical pre 
jectlOns in fig. 1-- 3 on Plate lV. Also in this case the pattern 
appeal' to be symmell'lcal wlth respect to two planes of symmetr; 
perpendirnlar to each olhel', jnst as might be preclicted from theory 
ln the image parallel 10 10011 moreovel' the well-lmown pseudo 
dltrigonal symmetry of tbe mineral is clearly recognisable. 

C. Topaz. (A12 (F, (JH)2 Si04 ). The tnpaz-crystal ugecl by us wa 
very homogeneons, 'lt1'eoU8 nnd t1'anslucid; it possessecl a yellowisl 
hue, and orlginated from Srw:ony. The tilickness of the three plate, 
parallel to 11 OOI, 10101 and 10011, was from 1,20 mmo to 1,27 mm.; th« 
time of exposition again two and a half hours. The plate paralle 
to 10101 aftenva1'ds appeal'ed to be a little inclined; thel'efore thE 
cOl'l'esponding plloto was not repl'odnced here, bul solely those of Hu 
othe1' sections lil fig. 7 alld 8 on Plate II; their stereogl'aphica 
projections are to be found in tig. 4-6 on Plat~ IV. 

Also in this case all thl'ee pattel'l1s appeal' to be symmetrical aftel 
two perpendiculal' phtnes, as might be expected fl'om the theo1'Y. 

To this same class belong furthermol'e the crystals of corcliel'itl 
and of Itambergite, all'eady pre\'Ïously 1) dIscussed. 

cl. In the case of corclierite the patterns of crystal-plateb pal'al1eJ 
to POOl "and 1°1°1 appeared 10 be, till this moment, always abnormal: 
notwithstanding the fact that crystals of sevet'al localities were used 
in the expel'iments, and alIlong these were present splendid, luslrom 
crystals. Only the pattel'n obtained with a cl'ystal-plate parallel te 
10011, appeared to exhibrt the nOl'mal symmetl'y. 

1) These Proceed. 17, 430, 1204. (1915). 

.. . -"' -
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e: Abc)1lf the lUl1nber(jite and its normal and abllOl'lual images we 
have said a!l'eady somethll1g in the foregoing paper. In fig. 7--9 
on Plate IV we reproduce here again the more exact stereographiral 
projections of the normal RONTGEN-patterns of this mineraJ, with 
inclication of the cOlTesponding indices of the l'eticulal' planes. 

§~. Of the 1'1wmbic-pyramidal c]ass: to whieh thus belong the 
hemilllorphic cl'ysta!s of the system, -- we investigated here the 
stnwite (=-l1Ulgnesizlm-ammordum-ol'tlw-phosplw.te· (NH4)MgPO 4+6H20)), 
and the calamine : Zn 2 (OH)2 S10a• 

f. From a big, bl'owmsh yellow and only httle translucid crystal 
of st/''Lwite from HOMBURG, tIlree plates were cut parallel to the th ree 
pinaroides (1001, (010j and (0011, whose thickness W,l,S from 1,20 
to 1,26 mmo The time of exposition was two and_ a half hours. 

The three very beautiful RONTGl!iN-patterns are reprocluced in the 
fig. 9, 10 and 11 on Plate lIl, and as stereographieal projections in 
tig. 10-12 on Plate IV. Also in these images two p]anes of sym
metry perpendlcnlar to each ot her are evidently mamfested; notvnth
standing tbe polarity of tbe c-axis is very strongly revealed in the 
cl'ystals tbemsel ves, the result IS also in this case in fuIl agreement 
with the theoretica! prediction. 

,g. Howevel' in the rase of calamine we obtained fol' cl'ystal-plates 
parallel to !1001 and (01°1, cut ti'om a very beautiful cl'J'stal J), 
always abnormal patterns, from which one parallel to 1010j is 1'e
produced partially as a stereographical pl'ojection m fig. 13 of 
Plate IV; the image parallel to POOl ,vas quite analogous to (hat 
parallel to 1010l, but it was 100 bad to allow m any way a repl'o
dnction of lt. Both patterns rontamed mOl'eover slIch a great nllmber 
of verJ smal! and feebJe spots, that also in the pl'ojection of fig. 13 
on l'late IV, only the most important spots cOllld be rept'oduced. 

'fhe RONTGENogram of the calmnine pa.mllel to (OOlj however 
was very beautifully regular (fig. 14 on Plate 1 V) and (fig. 12 on 
Plate 111); qmte in concOl'danee with the theory, it is symmetrical 
with respect to two planes pel'pendiculal' to each otlter. Why 
it is tilP images parallel to 1100j and (0101, - (corresponding with 
those sections, that in the crystal itself do not possess the horizontal 
plane of symmetry), - wllel'e the plane of symmetry parallel 
to the c-axis is suppressed, can hardJ) be undel'stood at th is moment. 

~ 7. Finally we \lsed from the cl'ystals of the 1'Iwmhic-bisphenoclical 

1) I?or this very beauLiful crystal we arc much illdebted la our colleague, Prof. 
MOLDNGRAAFF at Delft, whom we rE'nder oU!' best thanks here once more. 
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claSR, besides the all'eady' formerly disrussed f'l'ystals of d-sodiurn-. 
. aminonium-tartrate, mOl'eovel': th,ose of l-asparagine: (C4 Hs 03N 2+H2 0); 
and 'of zinc-.ml!Jl/Clte: 211,804 + 7 Hz 0; of these compourtds both the 
first named are optically active in solnfions, while the zinc-sulp/wte 
does not change the plane of polal'isation of the light, when pas,sing 
througb Hs solution. 

h. Zinc-8zûphate. From a beauliful cl'Ystal thl'ee rather thick plates 
were cut: that pal'allel to 11°°1 had a thickness of 2,11 mm., . that 
parallel .to 1010j of 3.30 mm., and that parallel t~. 1°°11 of 3)0 mmo 
Even with à time of exposition of two and a half homs, the patterns 
parallel' to: 11001 and 10011 were too feebIe, .to allgw of 'anf repro
dnction; buf in fig. 15, anc! 16 theit' stel'eogl'aphical pl'ojections ar~_ 
drawn. 

These images are again symmetdcal with respect to two perpen
diculm'. : planes. Howevel' the pattern obtained with a plate parallel 
to {010l . appeared to be always abno1'l1lal; the l'espective photo is 
already repl'oduced in the fOl'egoing paper on Plate V, while here 
in fig. 17 on Plate IV lts stereogl'aphil'al projection is represente_d.--

Tilis last fact is indeed of high importance fol' OUl' problem: for 
it may' be - supposed with good reaSOlI, that in rl],ses, wbere su eh 
erystal-plates m'e preparecl by. cleavage along planes of vel'y pe'rfect 
cleayability, all chance to get a fanlty orientaÎÏon of the plate is -

'-
altoge~hel' eliminated. Now in oU!' case the \'ery perfect ol'ientation 
of tbis plate obta,l1ied by sueh cleavage, could mOl'eovel' be vel'y . 
rigorously tested, because of t!Je fact that the b-axis, being the-' 
dil'ection thl'ongh which l'adiation here takes place, is at the same 
time t~e f"iI'st biseetrix of tbe erysta!. Indeed the interference-image 
in convel'gent poJal'ized ligbt _ appeal'ecl aftel' measming with the 
microscope, to be aceurately centred, so that no deviation bet ween 
t.he, b-axis and the nOl'ma) on the plate could be found by any 
means. 'A~l~. yvhile now the orientation of the perfectly deal' a~d 
lustl'ous. [Hate conld hal'dly show any error exceeding a few,minntes; 
the -image wás' in two -repeated expel'iments, absolutely abnormal 
in the. way indicated here: evidently only the plane of symmetry 
parallel' to the plane of tbe optical axes has remained. . , 

This faet mnst eonvincé us in a stl'iking way, that tbe abnol'
malities o~(,ul'l'ing ill t,he case of sneh crystals cannot have theil' 
Ol'igin, in 'a. fauJty ol'Ïentat.ion of the cl'ystal·se~tions. Indeed, they 
must be cl1l1sed by int13'l'nal distmbances of the molecular structul'e, 
which' e'vidently, as here with the zinc-sulplzate, cannot even be 

'discel'ned by the Llsual optical means. At tbe same time it appears 
ftll'thel'fUol'e by this fact, that the probability of sneh "internal vicinal.' 
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Prof. H. HAGA and Prof. F. M. JAEGER: "On the Symmetry of the Röntgen-palterns of Rhombic Crystals." I. 

" .. ... 

Fig. L Slereographical Projection of tIJe Röntgeno
gram of Arragonite. Plate parallel 10 (tOD). 

Fig. 6. Stereographicnl Projcction ofthe Röntgeno. 
gram of Topnt. Platl! parallel to (001). 

Fig. 11. Sterl::ographical Projedioll ofthe Rûntg.;no. 
gram of Struvite. Platl! parallel to (OIO) .. 

" .::: :~;~~~_. 
::..:: .•. ,,-:.1 

-,. 
Fig. 16. Stereogl'nphic~(SChemallcal) Projectîol1 
ofthcRüntgènogrumorZinc·5ulphnte.Plateparal1el 
10 (010), Abnorrnnl Pnltenl,obtnîncd with n perfect!y 
C1Clif lnmella prepared by c1eavngc, and cxactly 

pcrpcn<llculurtolhefirstblssec!rix. 

Fig. 2. Siereographical Projection of the Röntgeno
gram of Arragonite. Plati! parallel to (010). 

Fig. 7. Siereogrnphical Projedion of Ibe Röntgeno
gram ofHam~ergite. Plate p!lruJlcl 10 (tOO). 

Fig. B. Stereograplticnl Projedion ofthe Röntgeno
gram of Hambergite. Plale parallel to (OIO), 

' ... ~. . 
::.'::1;: .. ' 
:1".' 

}L··: 

Fig. 13. Stereagraphit:al Projedion ofthe Röntgeno
gram af Cnlnmine. Plate parallel 10 (010). 

(Schcmalical). 

" .. :": 
··'/1 .. 

Fig. 18. Stereegraplucal Proje"ction oftllC ROntgcno
gram oflaevogyrutory Asparagine. Plate parallel 

ta (ll.O). 

Fig. 9. Stercograpbicol ProJediol1 oftlle Röntgeno
gram of Hambergite. Platc parallel la (001). 
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Fig. 14. Stercographical Project!on aftlle ROntgeno. 
gram of Calamim:. Plate parallel la (OOI). 

fig, 19. Steroographical Projectien orthe Rautgcno. 
gram of lacvogyrntory Aspamglnc. Plnte parnllel 

10 (OOI). (Scbe11latlClll). 

Plate IV 

FIg. 5. Stereograpbical Projedion oftbc RlJntgeno· 
gram of Topaz •. Plate parallel 10 (010). 

Fig. Hl. Stereographical Projection of the Röntgeno· 
gram ofStruvitc. Plate parallel to (100). 
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planes" is by no means diminished by the particulal' C'ircllmstance, 
that tlle considered moleculal' layers are just those, which play the 
1'ole of directions of perfect cleavability in the crystalR. (Thus being 
perpendicnlal' to the direction of minimal cohesion 1). 

i. The RÖNTGEN-patterns of d-sodiwn-arnmonium-tal'trate, as welt 
the normal as the abnormal ones, and all particulars obsel'ved in 
that case, have been discussed alreacly in detail in OUl' last paper. 
We c~n het'e therefol'e l'efel' to the resp. fig 11 res ; only it may be 
remembered here once more, that the patterns parallel to all three 
pinacoidal faces, in tbe normal case appea,rcd to be symmetrical 
with respect to two pel'pendicnlar planes. 

k. Ft'om big, colourless and I!el'fectly transparent crystals of 
laevogYl'atot·y aspa1'llgine, cl'ystal-plates pat'allol [0 POOI, (0101 and 
(OOll we re cut. The plate parallel to IJ 00I had t"t tbickness of 
1,21 mm., that parallel to 101Oj, of 1,06 mm., ano that parallel to 
1001j, of 1.22 mmo 

The obtained RONTGEN-patterns were all too feebie to make a 
direct reprodllction possible. But in fig. 18 and 19 on Plate IV 
two of their stereographical pl'ojections are drawn. Also these images 
evidently are symmetrical with respect to two pel'pendicular planes. 
The third pattel'n was to~ disturbed to allow any valuable judgment 
about th is question. 

~ 8. Fl'om these r~searches, which wiH be still completed, it 
become~ clear even n<;>w, that in ordinary cases also with optically 
biaxial crystals, the theoretical predictions are in full concOl'dance 
with experience. 

The repèàtedly observed suppression of one of tbe two expected 
planes of symmett'y in the RONTGEN-patterns, must be ronsidered 
alsu in these cases as a peculiar "abnorlIl~lity", WhlCh undoubtedly 
is caused by 'intel'nal disturbances of moleClllal' dttnensions, whose 
true nature however at tbis moment cannot Jet be more sbarply 
defined. 

Univel'sity-Labomto1'ies /01' Physics ancl 101' 
lnol',qanic and Physwal ()hemist1'y, 

Groningen, August 1915. 

1) In this connection a remark made a short time ago by P. EHRENFEST (these 
Proceed. 18. 180 (1915) IS of interest, consideriug the posslbility of cleavage 
along planes, which are "Vlcinal" with respect lo such dU'ections of perfect 
cleavability. 
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