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poin t DI I, therefore, cOl'l'espouds with the point 1, the points band 
D1.2.2 with the poilJts 3 and 4 of fig. 5 J. When we take a cliagonal 
sl1cC'es~sion of the phases, then we have, starting from pomt G: G, 
D12 2, Lb. KGl and Dll• In the P, T-diagram-the succession of the 
curves must be, therefore: 

(G)b, (D1.22)6 (Lh, (J(Cl)b, (D1.l}b 

As is appal'ent from fIg. 8, this snccession has been found also 
expel'imen tally. We find the metastable parts rof these C'lll'ves (not 
drawn in fig. 8) by a similar discussioll, as bas led ns to tig. 6. 

(To be continueel). --

Crystallography. - "On tlw Syrnmetry of the RÖNTGEN1JCtttems of 
Tl'iyonal anel Hexa,qonal Ci'ystrds, and on lVo1'1nal and Ab
norrnal D~ffraction-Irnages of bi1'ef1'ingent C1'ystals in gene1Yr.!." 
By Prof. H. HAGA and Prof. F. M. JAEGEH. 

§ 1. In connection with the peruliar pbenomena observed some 
time ago with respect to a numbel' of RÖNTGEN-patterns of birefringent, 
and more especially of rhombic cl'ystals 1), we thought it necessal'y 
to investigate in a l'Igol'ously systematical way, what kind of sym
metl'y would be found in the diffraction-patterns of umaxial cl'ysta1s, 
if l'adiated through in dil'ections pel'pendicular to the optical axis. 
Fot' if the supposition were rigbL, that the Rllppression of the sym
metl'y-planes expected by theory in the RÖNTGEN-patterns of rhombic 
crystals were conneeted in any way with the don bie refraction, 
- as was thollght at that time by one of us, - then we 
migbt expect something of the kind also in the case of the pattet'ns 
obtained by means of planeparallel sertiom: of uniaxial crystals, if 
cut pal'allel to the optical axis, and radJated through m a dil'ection 
pel'pendicn lar to thaI axis. 

To obtain the closest analogy in the ol'ientation with that present 
in the case of the I'bomblC cl'ystals, whieh were always cut parallel 
tn the three pmaeoïdal fa('es POOI, 10101 and 10011, we imestigated 
in tlJe cabe .of tetl'agonal crystals tbofle sections, whieb were parallel 
to t he fil'st anc! the Re('ond pl'isms {lOOI and 11101; in the case of 
tl'igonal alld hexagonal cl'ystals we llóed in the same way the sections 

parallel fo file pl'Ïsm-faees 110JOl anel fI2TOI. In the last rnentioned 
cl-yt:!tals thus tbe se(~tions parallel to 11010j wilI be analogous to 
those pamllel to POOI in the case of l'bombic erystal'l, the sections 

parallel to iI:iI0I corl'esponding in the same wt\y to those parallel 
to 1°101 in tbe mentioned biaxial crystals. 

I) Tbpse Proceedings, 17, 1204, (1915), 
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To deel uce the symmetry of the RÖNTGEN-patlernR of these crystal
sections, as it may be expected aftel' the theol',)' of the phenomenon, 
it must be k(>pt in l1Jind, tbat this symmetry WIl! be the same, as 
in the Ctlse of the cOl'responding seclions of a fictive cl'ystal, whose 
symmetl',)' would be that of the investigated cl'ystal aftel' addition of the 
symmetry-c~ntl'e there-to, Indeed, fol' the phenornenon of the RONTGEN
ra cl IatlOn the symmetry-ceutt'è wonid play the, role of "arlditive" 
symmetl'y-element; and invel'"ely this snpposition may be jlldged 
satisfactol'ily pl'oved, if the expel'iments wiU show on the ol her 
hand a complete concol'dan('e between the facts and thé tlJeol'etieal 
deduction, 

In the accompanying lable thelefol'e the theoretically expected s'ym
metry of the RÖNTGEN-palterns, as rledllred from the now adopled 
theory, is summerized fol' all tbe optically uniaxIaI r-l'Jstals from the 
classes 9 to 27, Fl'orn this table the Bxpecled symmelry of lhe 
dlffmctioll-image fol' all uniaxial cl'ystals can IInmedlately be seen. 

§ 2. In tbe following pages we p'lolish the results obtullied III 
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the stndy of trigonal and hexagonal crystals; the data relatillg to 
the investigations made with tetragonal cry&tals \Vill be published 
by liS later-on in a separate communication. 

Most of these researches \Vere executed by rneans of RÖNTGEN-tubes 
with platinnm-anticatbode, some of them, however, uy the aid of 
the COOLIDGE-tllbe \Vith wolframillm-anticathode and separate heating
coil. In most of these expel'iments we used an appal'atus, which 
enabled us to make th1'ee RÖNTGENograms (in the case of rhombic 
cl'ystals, by radiation n,Jong the tJll'ec principal crystallographical 
axes, Ol' perpendiculal' to the first and second prism) at the same tirne.
This appUl'atlls was arranged in the foJlowing \Vay (vid. th~ hod 
zon tal pl'ojection in fig. lp. 543). 

On a T-shaped brass support, provided with thl'ee levellingbcrews 
S, (dimensions : 3 c.m. bl'oad, 1 C.m. Ihick, longel' beam: 28 c.m., 
shOl'tcl' beam: 12,5 c.m.), three simtlal' "cl'ystal- and plate-holdel's" 
D (vid. also fig. 2) were fixed in the righr position by means of 
stl'ong SCl'e\Vs. Every one of these beareJ's (fig. 2) consists of a brass 

p 

K 

tIC Z. 

bar D of 1 e.m. thiclmess, whose 
limitll1g faces are tUl'lled on the lathe 
perferlly rectangularly and parallel 
to each othel'. ,At the one end 
is tixed the like\Vise rectanglllarly 
turned-off plate-holder P, - whose 
dimensions are 9,5 c,m. broad, 12 c.m. 
high nnd 3 m.m. thicl\:; at the otber 
end, howevel', the special cl'ybtal
support [( (lugh: 9 C.lll , broad: 4 c.m .. 
and thick: 5 m.m.) was immovably 
fixed by good screws. In a hole in 
]( a brass tn be of 8 c. m. length is 

fixed, which is closed at both ends by two lead-cylinders e of:l c.m. 
length, these being pierced aloug their' axes by a straight cH,nal of 
1 m.m. diameter. An accuratel,Y fitting cover A (fig. 2) can be 
pnshed on that end of the brass tube, whicb is next to P; its 
front face consiMs of a small brass plate with a central hole of 
2 m.m. diameter. 

'fhe crystals wel'e smöotbly pressed against this brass plute, and 
th en held in position by means of sticking-wax. 

As a result of the cal'eful finishing of this appal'atus, one could 
be sure, that the RÖNTGEN-rays, aftel' having passed the small canals 
in the lead cylinders, progress in a thin pencil, which is perpen
dicular as \Veil to the cl'ystal-plate, as to the photographic plàte. 
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The dimensions are chosen in such a Wity, that the distance from 
the front face of the cover to the sensitive film in P is preeisely 
50 m.m.; of course the thickness of the fluorescent screen and of 
the two black paper covers, witl! which the plate and screen are 
proteeted, at'e taken into aCèount here, 

Tbe photogl'aphic plate, with the fluorescent "Eresco"-sereen pressed 
against the bensitive film, was wrapped in two covers of black paper 
and then firmly pressed against P; it had an opening measuring 
8 X 8 cm., and the whole apparatus thus was held together much 
in the same way as in the case of a photographic copying-pl'ess. 

The th ree plate-bearers D could be ad,jllsted into tbe right position 
with sufficient accuritcy by means of three stmight, thin lwitting
needIes, which aftel' being pushed through the ranals in the lead 
ey lindel's, must meet in the same point A. For the pur pose of making 
the anti-cathode eoincide with this point A, the wood en bearer of 
the RÖNTGEN-tube was tixed on a heavy brass support, which had 
smoothly running sliding-motions in three perpendicuhu' directions ; 
thus it was made possible, to fix the RÖNTGEN-tube exactly in sueh 
position that the tbree pencils of RONTGEN-rays generated three equally 
strollgly lumillous little spots on a fluol'eócent screen, whieh was 
plaeed behind P. In the plates P three central holes of 1 cm, dia
meter were bored to enable us to see these lnminous spots, To proteet 
the photograpbic plate against undesired -attack by direct or secondary 
RÖNTGEN-rays, some larger lead screens were interposed between the 
RÖNTGEN-tube and tbe plate-holders with a total thiekness of 2 e,m. ; 
in the same way the three erystal-, and plate-bolders themselves 
we re surrounded by a lead CO\'er, which could be closely titted to 
the large lead SCl'eens. In the backside face of the lead cover three 
holes were bOl'ed, big enough to let the nndiffracted RÖNTGEN-rays 
freely pass, 

An inconvenience, met with in OUt' former experiments ",hen llsing 
the fluorescent screen, was the abnormal sizeof the central spot on the 
photos, which spot wOllld e\'en seem still lat'get' in the repl'oductions 
from the negatives 1). Tbe extension of this bpOt must be caused by 
the action of the secondat'y RÖNTG.l!JN-l'ays, \lW1ich were pt'oduced by 
the passing of the undiffL'acted pencil through the glass and the 
sensiti,'e film; these secondary rays will provoke a rather strong 
flllorescellce of the yicinal parts of the sereen aud thllS an intense 

1) The diameter of the image of the undifft'acted rays was ahout 2 m.m., as 
can also be calculated from the used dimensions of our apparatus: by photographic 
irradiation or by the mentioned secondary rays ho wever, the central spot on Ihe 
photos appeared 10 be about 8 m.m, in some cases, 
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action on (hat place of the photographic plate. We" were able to 
elimillate this obstacle for the gl'eater part, by cutting from the 
centre of the screen a, small dlSC of about 1 r.m. diameter, and to' 
cover the innel' rim of the hole with a layer-of black ink. On the 
photo however a very small halo was still visible in some cases; 
but this could be easily ]'emoved by covering the central part of 
the negative during the reproduction with a smal! disc of black 
paper, In this way the distm'bance of the image by the above men
tioned causes was finally completely prevented, 

~ 3. From the repre!)entative of eacl! crystal-clasb, necessarJ for our 
purpose, not all could be obtained In a sufficiently excellent quality, 
or they could not be used fl'om some other eallse in our experiments. 

80 fol' instance the sodium-perioclrlte-crystals were lI11s11itable, because 
of theit' very rapidly occUl'l'ing efflorescence and lo'ls of their water 
of crystallisation; the cl'ystals of benzil on the other hand appeared 
to show optical anomalie'3 and pecnliar phenomena' to be described 
in a later communication. Notwithsta,nding much trouble it was 
impossible to obtain larger cl'ystals of cinnaba1', which were not at 
the same time twins or appeal'ed to be too inhomogeneous. From 
zincite we could have only badlJ distUl'bed and lamellar crystals; 
in the caf:le of nephelite the obtained crystals still appeared finally 
to be polysynthetic twins, notwithstanding the choice of very smal!. 
clear.looking individuals, 

Completely reliable results we obtained finally in the case of the 
following minel'als: phena1cite, dolomite, qua1'tz, tU1'maline, calcite, 
apatite and be1'yl, while also our experience with some nephelite
pl'eparations, and with cinnabco' cut perpendicularly to the c-axis, 
can be judged as to be in agreement with the theoretical deduction, 

~ 4. Description of thp etl.'amined substances. 
a. Tlmnatine. For on]' obsel'vations we used a beautiful, dark 

green I Ul'rnaline-crJ'stal of Brazil. The image obtained by radiation 
thl'ough the direction of the optical aXIS, was alt'eady formerlJ' 
l'epl'oduced 1); it posses'3es the expected symmetry, namely: one 
tel'Har)' pl'incipal axis and tlnee vel'tical symmetI'Y-planes (vid. the 
stereogmphiral projection in fig. 1, Plate VI). 

The fit'bl crystal-plate parallel tö 1101°1 had a thiclmess of 3,05 
m.m, ; a second one ho wever onlJ' of 1,15 m.m. Bath images 
(Yid. Plate I, fig. 1 and 2, and Plate VI fig. 2.) show only one 

1) Vid. these Proceedings, 17. 1204. (1915); Plate I, fig. 4; Plate IV, fig. 4. 
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single plane of symmetry, pel'}5endirular 10 the prism-face. The 
spots in the image of the thick cJ'ystal-plate are very heavy and 
not oval-shaped, but )'ectan,qular. We have already drawn attention 
to this phellomenon on a p1'evious occasion, in the rases of soclium
cMorate, of sylvine 1), etc. 

It now becomes cleal' that it i'3 principally connected witb the 
th iclcness of the crJ stal-plate: the formerly described ]Jatterns of 
sodiumchlorate and sylvine are indeed also obtained by means of 
very thick plates. 

This peruliarity was al80 stated by us in many other cases, if thicker 
plates of not very slrongly absorbing substances were used in the 
experiments; of ten the spots appeal' to be dOllble on es in such 
ca5es, which by joining finally give the irnpl'ession of a more 
or less rounded l'ectangulal' shape. W'"e think that an explanation 
can be given in this way: that in the case of not powel'fully 
absorbing substances so great a number of successive molecular layel's 
contribute to tbe intensity of the spot on the photograplllc plate, 
th at the images of the outer layers of the whole pile wIll appeal' 
in a discernible dlslance from each other on the film, because of 
Ihe diffel'ent distance of these outer layers ft'om the sensitive plate. 
If the spots thus properly produced will coalesce with each other, 
the rounded rectallgular shape of the resulting image is easily 
explained. 

The fOUl'th tm'maline-plate was cut paraBel to 112101; the RÖNTG1~N
pattern shows as ft, single sJ mmetl'y-element, a binal'Y axis coincidmg 
with the plate-normal. (Plate I, tig. 3). Tbe resuIts of the expel'iments 
al'e thel'efore in this case in complete accordance with those of the 
theoretiral deductions. 

b. Phenflkite. We had at OUI' disposition very beautiful, colourless 
and lustrous 7Jhenakite-crystals from San Jlf~q'llël, Minas Gemë:rs, in Brazil. 

The cl'ystal plate cut perpendicularly to the c-axis, showed in 
convergent polarized light, a nniaxial intel'ference-iIhage of positive 
character ; it manifested howevel' n small abnormaltty in the foun 

// of n feebly biaxial image with extremely small axial angle. However 
this abnormality did not appeal' to have nn)' inflllence on the diffmction
pattern. The plate had a thirkness of 1,1 mm.; the photogl'aphic 
image was not ve1'y bealltiflll, and the most im pOl'lant spots appeared 
to be covered by the strong il'radiation of the central spot. Later-on 
we obtained by means of out' newel' appal'atus described pl'eViollsly, 
a feebie but completely symmett'ical image, which was used in the 

1) Ibid. 1207, note 1. 

.. 
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constl'uction of the stel'eogl'aphical projection in Plate VI, fig. 3. 
Evidently thel'e is only one ternary axis present, bnt no planes of 
symmetl'y in the pattern. 

The plate pamllel to 110101 was 1,20 m.m.,~that parallel to ~2Io 
was 1,15 m.m. thick; we obtained with them two _Yery beautiflll 
pbotos, l'eproduced in Plate I, fig. J and Plate II, fig. 5; in these 
photograms the direction of the c-axis is Vel'ticiü. The diffraction
patterns fil'e wholly unsyrnmetrical; I he results are therefore exactly 
what could be expected from the theory. 

c. In the same symmetry-grollp also DolO1nite must be placed. ' 
From a splendid, perfectly tmnslllcid ct'ystal of BinneTdhal in 
Switzerland, three faultless plates parallel to 100011, P0101 and 
112101 were carefully cut. The pl~to pel'pendiculal' to the c-axis had 
a thiclmess of 0,92 m.m.; the beautifnl interference-image of negative 
charader appeared to be exactly centrical. Tbe plate parallel to 
P0101 was 1.14 m.m. thick; that parallel lo 112101 was 1,,11 mmo 

The ver} beautiflll diffl'action-patterns obtained are reproduced in 
fig. 6, 7 and 8 on Plate II, and in slereogmphicaJ pl'ojection on 
Flate VI, in fig. 4 to 6. The image perpendicular to tbe c-axis 
possesses only a ternary axis; both the other images are completely 
unsymmetrical, just as in tlle case of phenakite. Also in this case 
therefore experience alld theoretical deduction are in fuIl agreement 
with each olher. 

cl. Caleite. From a 111strous calcite-cl'ystal from Ieeland lwo plates 
were cut: the plate parallel to (10IO!, as weIl that parallel to (12101 
were 1,15' m.m. thick. Both images were too fee bIe to allo\\r good 
reproduction; they are ho wever rept'odllced as slereographical projec
tions in fig. 7 and 8 on Plate VI. The RÖNTGl!lN-pattern for a plate 
perpenJicnlar to the e-axis was pubhshed ,some time ago by BRAGG 1): 
the image exhibits a ternat'Y axis and three vertical planes of sym
metry. The syrnrnetry of all these patterns is th~ same, as was found 
in the case of the turmaline, - /just as _could be expected from the 
theory. It must be l'emal'ked that the jmage parallel to 110101, 
although possessing onIy a sillgle (vertical) plane of symmetry, shows, 
however, a vet'y strong approximation to ft case, whel'e two perpen
dieular symrnetry-planes were present. 

e. Beryl. We had ve,'y beantiflll plates at our disposition, cut 
from a splendid, colourless, tmnslucid c"yslal f"om the Aduntsc1tilon
mOllntai1Js in the Tmnsbaieal. The plate parallel to 100011 had a 

1) W. L. BRAGG Vid. Zeits. f. Anorg. Chem. 90. 206. (1914); Proc. Roya! 
Soc. A. 89 248. (1913). 
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thiclmess of 1.10 mm., that parallel to poIOI 1.17 mm., and that 

parallel to iI2Iol 1.16 mmo 
The diffrartion-image parallel to (00011 (vid. Plate IIn, fig. 9), 

shows a senal'y axis and six vel'tical planes of syIJImetry. Thus it 
is again proved, that the beryl is l'eally clih exagonal , and that the 
arguments against this snpposition, formerly bl'ought to the fore by 
VIOLA 1), can hardly be considered as valuable any more. 

The two l'emaining images (Vid. Plate lIr, fig. 10 and Plate IV, 
fig. 11) are, quite in concol'dance witb tl)e theory, sYlllmetrical aftel' 
two perpendiculal' planes of symmefl'y. They al'e l'epl'oeluced as stereo
graphical pl'ojections in fig. 9,-11, on Plate V J. The image of the 
plate pamllel to !1 0101 appears to' be somew hat sloping, evidentl.v 
caused by not wholly perfect orientation of the cl'ystal-section. 

f. .Apatite. Fl'om a beautiful cl'ystal from ZilleJ'thal, in T,7/!,ol, 
two plates ,''{ere cut. The image of the plate parallel to 100011 was 
reIJroduced all'eady previously 2). The seconel plate was parallel to 

p 0101; its thiclmess was 1,30 mmo Tbe beautifnl diffraction-pattel'l1 
is l'ep~'oduced in fig. 12 on Plate TV, anel bath images as stereo!?;ra
phiral projections on Plate VI, fig. 12 and 13. The pattern pamllel 
to 110101 exhibits only one horizonta! plane of symmetl'y, quite in 
agreement with tbe theoretical expeclations . 

. 9. Quartt. From a tl'anslnciel crysta! from the St. Got/wnl four 
plates were cut. The image of a plate perpendiculal' to the c-axis 
was too feebIe to make reproduclion by any means possible. A sche
matit~al dl'awing of the most important, - and always double, -
spots, is given in fig, 14, Plate VIL The pattel'l1 shows a ternary
axis alld three vertical planes of symmetry. 

Two different plates, each of which was parallel to IT2101, and 
having a thickness of 1,12, resp. 1,05 m.m., gare particularly 
remarkable patterns. Fo~' althollgh bath plates wel'e "ery aCC'lll'ately 
orientated, and did not manifest, wit11 the micl'oscope, any differences, 
nOl" any inhomogeneity discel'nible by optiral means, - the image 
obtained with the first mentioned plate appeared to be symrnet1'ical 
aftel' two perpencliczûa1' planes; the other image howevel', notwith
standing its being composed of pl'ecisely the same spots, showeel 
quite another distl'iblltion of theil" intensIties, in s\lrh a way, that 
the pattern was only symmet1'icrtl afte1' a sin,qle binary a,'I.'Ïs. On 
repeating the experiment with the fil'st·mentioneel ql1al'tz-plate, which 

1) VIOLA. Z. f. Kryst. 34. 381. (1901). 

~) loco cit, 17. Plate 1. 
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now was radiated through in another pJace, its abnormal symmetry 
was found once more, 

Here now we could, for the fil'st time, obsel've in the case of 
a uniaxial cl'ysta! a very pal,ticulal' abnormality: indeed it appears, 
that properly a plane of symmetr'y perpendiculal' to the trigonal 
axis seems to be added 10 the el'ystal, which invulves at the same 
time the addltion of t11ree new vel'tical-planes of symmetl'y passing 
through the c-axis, I1laking this axis necessal'Ïly a Sellrrl'y one. In 
the ariginal negMives this dIfferent symmetry in bath cases is very 
evident, somewhat less, lrowever, in the reproductions (Plate IV, 
fig. 13 and 1J); but the differences between the norm_al and the 
abnormal pattern are clearly expl'essect in the stereogmphieal projeetions, 
which here are given together in tig. 3 and 4. 

The salIJe abnormahty, i.e. the addItion of a hOl'izontal plane of 
symmetry perpendicular to the ternal'y axis, seems to be also present in 
the RÖNTGEN-ogram, obtained with a cl'j'stal-plate parallel to 11010j; 
this plate had a thickness of 1,10 m.m. AlIhough this plate was 
parttllel to the c-axis, it appeal'ed to be not completely parallel to 
the prlsmface; the pattel'l1, which therefore vel'y probably did not 
show a tl'ue vertical symmetJ'y-plane, is here not l'eproduced. The 
stel'eographical projection of the normal patterns are given in fig. 14, 
15 and 16, Plate VII. 

A carefnl micl'oscopiral examination of both the plates parallel 
to 112TOj, dld howevel' not reveal any optical differenres. 

One might be inclined to suppose, that the plate parallel to (1210) 
whieh had given the abnormal pattern, were really a twin-formation 
aftel' the brasilian ruie; i.e. witb a plane of (1210) being the twinning
plane. Becanse pel'pendicuially to (1210) there is a binal'y axis 
present, the RÖNTGEN-ogl'am therefore should indeed show a symmetry 
with respect to two planes, perpeudiculal' to each otl1er. But by this 
supposition it could nevel' be made eyident, that the dlffraetion
pattel'll obtained wilh a plate cut from the same f'l'Ystal parallel to 
(1010), shows \'ery pl'obably also (( horizontal pl1tne of symmetl'y. 
Thlls the said explanaiion ean hardly be considel'ed a final one 
alt'eady fol' the peculiur RÓNTGEN-pattorns which we re obtained 
pal'allel to (121u) and to (ToTo). The observed abnol'mality tllereforc 
cannot be said to be explailled fully, and we intend ro make 
furthel' expel'Ïments on this phenomenon in future. 

h. Nephelite. Fl'om a smalI, c1ear erystal ft'om the Vesuvius, 
three crystal-plates were investigated. The plate pel'pendicnlar to 
the optical axis showed a well-centred, uniaxial in terfe l'en ce-i mage, 
possessing only a slightly abnormal charactel'. The plate had a 

~_.--------------------~-------------.-.d.. _ 
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Plate 3. StereograpcicaJ Projection of the Röntgen-pattern of dextrogyratory 
Quartz. Plate parallel to [ï 210). (Norm al Image) . 
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Fig. 4. Stereographical Projection of the Röntgen-pattern of dextrogyratory 
Quartz. Plate parallel to (1210). (Abnormal Image). 
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thickness of 0.70 m.m. 'rhe obtained diffraction-image was extremely 
feebie : the spots, which, - as in the case of the quartz, - were 
all double-on es, - were situated very far from the centre and were 
so feebie, as to make any l'epl'oduction impossible. It was however 
possible to see, that the pattern possessed a sen ar)' axis (schematical 
projection in fig. 17, Plate VII); no vertical planes of symmetry 
were present. 

The plate parallel to P0101 was 0,78 m.m. thirk, and gave a 
rather good image, WhICh as a stereographit'al projection is l'eproduced 
on Plate VII, fig. 18. All spots here were also doubled, and the ~ 

axes of the oval impressiolls' were inclined to each otller, giving 
to each pair of spots t he shape of an arrow -poin t; this beems to 
indicate a twin-formation of the used miueral. The pattern was 
merely symmetrical aftel' a honzontal plane. The third plate was 
too disLurbed and mhomogeneous, to give any suitable image. 

i. That cinnabm', if radiated through in the direction ofthe c-axis, 
will give a RONTGI~N-pattern, whose symmetry is in ful! concordance 
with the theory, v;ras all'eady former!.)' rerorded 1). The stereographical 
projection of the RONTGl"N-ogram is reproduced here OIlce more in 
fig. 19, Plate VII. Fillally in fig. 15, Plate V, Jhe very beautiful 
photo of pennine is reproduced; althougb this mineral'· is only 
mimetic and clearly shows optical abnormalities, the structure of the 
lamellae is evidently here a so regular and pedect one, that the whole 
pile cannot be distinguished from a reaI trigonal crystaL Attention 
must be drawn to the remarkable tact, just as formely stated in 
the case of sylvine, that the central spot seems to irradiate in about 
eighteen dirertious; it seems, th at this irradiation is connected in 
some way with the pl'esence of certain ghding-planes in tile cl'ystal. 
The thickness of the dark gl'een, positively birefringenl, and clearly 
optically anomalous crystal-plate, was 0,81 m.m. 

~ 4. If we now review all the l'esuJts hitherto obtained in these 
researches, it becOlIles clear, that, - wilh the exC'.eption of the 
phenomella obsel'ved in the case of tbe two quartz-plates, which 
phenomena undoubtedly are to be considered as troe "abnormahties",
the symmetry of the RÓ.N'rGl<~l'i-l)atte1'ns is always in a,q1'eel71ent 'lvith 
that predicted by the nato advpted tlw01'y of the diffmction-phenomenon. 
On the otiler hand lhe correctness of the supposed centl'ical sy11lmet1'y 
of the said phenomenon is thus sofficiently proved in this way. 
Our experience can be considel'ed evidently as astrong I\l'gumenta-

1) These Proceed. 17. p. 1204: vid. Plate IV, lig. 5. 
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tion against the sn ppo'3ition , that the particular fact of the- dis
appearance of certain symmetry-planes in the RÓNTGJI}N-patterns of 
birefringent crystals would have anything to do with their optical 
anisotropy. For if this were true, it would be hardly possible to 
understand, why not one of the numerous pattel'l1s of uniaxial ('rystals, 
which were radiated through in the direction of theil' optical axis, 
and th us likewise are birefl'mgent plates, exhibited the formerly 
descl'ibed phenomenon. On the other hand the case of the quartz
images makes pl'udence necessary: for evidently the symmetry of 
the patterns can by yet partially nnknown seconda1'y causes, appeal' 
othel'wise than may be expected from the theory of the diffraction 
phenomena, - as weil of lti.9hel' symmetry (quartz) as of Zowel' 
symmetl'y (rhombic crystals). 

§ 5. In connection with these considerations, we have recom
menced our studies with some optically biaxial (rhombic) crystals, 
and have begun with a renewed investigation of the sCJ.me, translucid 
and very beautiful plate of Ilrlmbel'gite parallel to 10101, which for
merlyl) had given aso strongly abnormal image. Aftel' having radiated 
through in another place, we now repeatedly obtained a perfectly 
nOl'mal diffl'action-image, quite symmetrical aftel' two perpendiclliar 
planes. The nOl'mal pattern is l'epl'oduced in fig. 16, Plate V, as a 
photo, and both images by the side of each other as stereographical 
projections, in fig. 5 and 6. Using the normal image as standard, it 
may be called very remal'kable, that lhe abnormal image appears in 
comparison to it as a "distol'ted" normal pattern, as if the crystal
plate were rotated round the vertical princlpal dil'ection at a cel'tain 
angle. Very strildng indeed IS the completely dIfferent inten'3ity
distribution of the spots, and also their altered position in both 
cases. Microscopically no dlffel'ences could be found in the one plaee 
of the plate and the other: with a very strong enlal'gement the 
cl'ystals showed certainly ver}' small and lqng-shaped inclusions, but 
these were in preeisely the same way and al'rangement present also 
in both t.he other hambergite-plates, cut parallel to 11001 and 10011, 
which plates however in stl'iking contrast to the one mentioned, 
always gave completely normal patterns. From this i.t must follow, 
that these inclusions cannot be the ('aLlse of tbe pbenomenon observed. 

On l'epeating our expel'iments with the same plates of sodium
ammoniwntal'trflte, as we used formerly, we obtained with the, -
now supel'ficially somewhat I'ongher, - plate parallel to 11001, the 
same abno?'1Jial pattel'l1 as previously: only a few of the spots 

1) These Proceed. 17, 1204, Plate II, fig. 8 j Plate IV, fig. 11. 
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appeared to be absent 011 comparison with the former image. The 
also sllperficJally somewhat J'ollgher plate parallel to 10101 however, 
gave now undollbtedIy also an abn01'mal Image, bnt as a very 
remarkable fact: just the othel' (qecond) plrl12e of symmet1'y as bef01'e 
was now 17wnifested in the p(ftterl~, notwitltstandinp t!ze same position 
of the C1'y~trdplate! Formel'ly thls plctte had given an abnol'mal 
image, whiclJ was symmetlÏ<.'ë:ll afte)' the plane 10011; now it showed 
a &ymmetry-pJane parallel to 11001. As bQth plates of the trt7'trate 
were bllperficlally a httle allel'ed b} a feebJe efflorescence, we pre
pared from a fl'esh, tmnslurid rl'ystal of the salt thl'ee new pJate&, 
w hICh were exammed in the saIlJe way. 

WJth these plates we were now aule to obtam RONTGl!.N-patterns, 
which were symmetrical aftel' two planes; in tIllS way it was 
posslble at the same time to compal'e the pa.l'Iial symmett'Y of both 
the abnormal Images parallel to 10101 with the nOl'mal pattern. The 
thl'ee nOl'mal and t he abnol'mal images are l'eproduced as stereo
gl'aphical pl'ojections in fig. 20 to 25 on Plale VII. 

~ 6. We have convinced ourselves by especially arranged ex
pel'illlents of the fact that a deviation ft'om the true plane-parallel 
shape of the hambel'gite-pJate could not be the canse of the pal'tial 
symmetry of its pat tern fOl'merly obtained. MoreoveJ', in oU!' llUmerous 
expel'iments wlth cOl'diel'ite, with malerial fl'orn all locahtles, we 
neue?' obtained othet' images than (lbno/'mal ones, which were only 
symmetrical aftel' one single pJane of symmeky. W Ilh this mineral the 
phenomenoll thus seems to mamfest itself cOllstrmtly. In our way of 
experimenting, w1lh the nse of fixed, on the lathe rectaugnlally 
tiil'lled-off cl'ystal-supports, a somewhat apprecIabie deviation from 
the tt'ne ol'ientation is highly impl'obable. Moreovel' the same 
Cl') stais, adjusted by the same apparatlls, appeared formerly of ten 
to gi\'e quite llormal pattel'ns, if radiated through in one or two of 
the othel' pl'mcipal directIOns, so that a systt!1nntical enor of the whole 
al'rangement can hal'dly be considel'ed to be the cause of the phello
mellOIl. If this were trlle, Ol' if deviatlOns in the right orientation 
of the prepared crystal-sectlOils we re the cáuse of the phenomenon 
obsel'ved, it could fl1l'thel'mol'e not be undel'stood, why 17eve1' a 
distortion of the normal pattel'n aftel' another direction than only 
aftel' the two pl'incipal ones of the plate, were till IlOW observed. 
The fact, that the pJanes of symmeh'y of the l'homblC crystals jnst 
play the preponderant role in this, pI'oves snfficlently, that no 
accidental canses are responslble here, but that these are of snch 

36 
Proceedings Royal Acad. Amsterdam, Vol. XVIII. 
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a nature, as to be connected intimately with the proper, internal 
molecular stl'Ucture of the Ct'ysta.ls. 

But a fmther and persuasive iIlnstration of this question is given 
also by the case of the rh om bic zinc-sulphate. Here we used a 
splendid transpal'ent crystal-plate, obtained by direet cleavage of the 
crystal along the plane of pe11ect clea\'ability 10101. whose perfectly 
right ol'ientation could be controlled vel'y rigorously by opticar 
examination, the b-axis being at the same time the first bisectl'ix. 
Notwithstanding this, howevel', Ihe cOl'l'esponding diffrartion-image 
appeal'ed to be constantly abnoJ'1nal, and to possess_ only one single 
plane of symmetry parallel to 1001j, - i. e. paralle! to the optical 
axial plane. (Vid. Plate V, fig. 17 and Plate VII, fig. 26). 

The above mentioned observations undoubtedly must bring the 
conviction, that the cause of the obsel'vecl phenomenon must be 
aSC1'ibecl to the crystrÛ1J!alt3s themselves, - faultless as they may 
appeal' even on more detailecl examination. lncleed f'urther e,vperirnents 
taught us, that also with other rh om bic C'rystaJs than with hambel'gite, 
it is even tually possibJe to obtain ZJe?:jectly nO?'lnal patterns, with 
the aid of tbe same apparatus. In the following paper we will 
repl'odnce the photos and pl'ojections of the images, which we 
obtained witb the plares of a nllmbal' of biaxial mInerals and arti
ficial sllbstances, cut parallel to the rh ree pinacoidal faces. They 
will, besides E.ome new cases of abnol'mal diffl'artion-pattel'l1s, also 
show many, wlllch illdeed must be jndged to be quite "normal" 
ones; lhe fundaIllental exactness of Ihe ol'iginal theory thus being 
convilleingly pl'oved. As Prof. RINNE of Lei(Jz~q, who snpposed ah'eady 
some time ago, that speeial secundary eanses llIight be conneC'ted 
wllh the obsel'ved phenolllena, wrote to one of us, - he obtained 
in the case of the anhydl'ite as wen nOl'lna.1 as abnormal diffl'action
images. and willt calmnine pamllel to 1010j only abnormal ones. 
Wlth respel't to 0111' own l'esllits wilh these minerais, we can refer 
hel'e to the fOl1owÏllg papel'. 

§ 7. As a result of out' completed experiences, we finally call 
make the statement, that tlte now adopted theol'Y of the dijJ1'Gction
phenmnenrt, Tertlly can c[psc/'ibe sufficiently the gene/'al behaviow' of 
crljstals with 1'e.~p(>(·t to RON'l'GmN-1'I1Ys; ond that the peculir1,/' parü:a! 
8ymmetl'y of the RÓNTGl!lN-patte7'ns, as observed till now in many 
cases (md especially with rlwmbic crystal~, must be caused by seconcla1'y 
ci?'cwnstanees, connected with a pl l7'ticulm' kind of disturbances of 
the inte7'1ud molecu,lar stl'uctul'e of the cl'ystals, aftel wInch at the 
moment can be ea:al/linecl by no othe?' physical means. 
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Of course the qllestion immedütfely arises; of what kind are 
these causes? On deviations in the right ol'Ïentation of the crystal
plates, - (whicl! are al ways present in a less Ol' higher degree), -
it is lHtt'dly necessary to ex patiate: aftel' a longer pl'actice one 
learns to evaLuate quite exactly tbe smaller and very typical distor
tions, arising from that SOUl'ce, and to p'ass over them as over the 
typographical errors in an ol'dinary text. But the anomalies here 
con&idered are of a totalLy d~fferent order; they must be caused by 
a bl'eaking-up of tlle stratogl'aphic po&ition of the molecular layers, 
by which certain parts of the parallel planes of the molecules will 
be locally rotated round one of the pl'incipal directions in the crystal, 
- in an analogous way, as on OUI' earth the inversions and the 
folding of geological strata may be ·obsel'ved. But in every case these 
disturbances must be here ofmoleculul' dimensions; they can evidently 
not be studied Ol' observed by other a\'ailable means at the moment 
than by the RÓNTGEN-rl1di,üion, beeanse the cl'ystal-medium, disturbed 
in its moleculal' relatiolls, beha\'es in respect to all ofhel' known 
physical actiolls like a contimlllIIl, wlth exception just in respect to 
the extremely smalt wave-Iengths of the RÖNTGEN-rays. 

lf thel'e are present in rhombic cl'ystals some directions of higher 
or less perfect cleavabiJity, which are parallel to the principal sections 
of the crysfal, th en it wIll be pl'oba..ble, that such "internal vicinal 
plan es" of the molecular layers will appeal' to be turned exactly 
roulId these principal eleavage·dll'ections as lues, - here l'ollnd the 
one, and there round the second of them. lt will then depend on 
tlle place, where tlle cl'ystal wil! be radiated thl'ough, if the difft'ac
tion-image will show a symmetl'y aftel' the Ol1e or aftel' the perpen
diculal' plane. It mllbt be remal'ked here 110wever, that exactly in 
the case of the sodiul1Ul1n1710niwntm'trate, where the mentioned 
phenomellon was obsel'ved by us, no sllch directions of typieal 
cleavability are pre&ent. It seems thel'efol'e, tlntl tlJe pl'incipal dit'ec
tians of the moleculal' stl'l1ctUl'e can play Ihis remarkable role also 
in the case, that they are not at the 'same time dil'ections of distinct 
cleavábility. 

§ 8, We do not deny, that the explanation given here has some 
weak points, especially d' it mnst be supposed, that alL molecuJar 
layers, contained in the whule thickness of the cl'ystal-plate, contri
bute their part io the final impl'ession on the photogl'nphil! film, 
while notwithstanding tllat, only fOl' a eerlajn numbel' of these 

\ 

muleculal' layers the pl'esence of slleh "intel'nal "icinal pinnes" ca,n 
be accepted, because othel'wise Ihey would manifest themsel ves at 

, 36li< 
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the surface of:the crystal-plates in some typical way, e,g, as il'regu'-' 
larities of. that surface. In this connection it may be of -interest to 
mel,ltion the fact, that' really in some few cases wé found such 
abnOl'mal phenomena witb cl'J5talplates, cut p!1rallel 10 some of suc!i-' 
'.'stl'iated" fa~es of the (·I'ystal. . , 
. 'Mol'eovel' the question may al'ise: why is this abnol'mal behaviour 
oQsel'ved. relatively so aften in the case of biaJ.'ial cl'ystals, while it 
o~CUr$ "evidently hardly ever in the case of uniaxial crystals? _ 
,"" Fi!l.ally ',we ma)' yet drawattention, to the followi,ng case; If a 
p.'~eudo-s/lm.]iwtl'ical (mimetic) cl'ystal is built-up by 10wel'-symmetl'Ïcal 
~ar.nel.'ae, iJ cannot à pl'iol'i be understood, wh,)' sueh a combination, 
~'adiated Ifll'Ough in the dil'ection of the (new) optical axis, would 
in anJ way manifest lts polysynthetic t win-structure, Indeed this con
,c1usion appear~' (0 be verified here by our expet'ienee with the pennine, 
Bnt if, t.hat lamellal' stl'ucture can cause in any ,va}', the presence 
of Ruch "intel'Jlal "icinal planes", so that the' molecular layers can 
be tUl'J1ed a Iittie I'ound these two, tlJI'ee, four of six directions of 
intergl'owth. the possibility can then be foreseen, t,hat these il'l'egu
lal'ities will be brollght accident(d~l/ in one of these dil'ections more 
stl'Ongly 10 t he fOI'e, than in the l'emaining ones: that one -direction' 
wil! t!ten I1pjJe~11' in t!te d{tfraction-pl1ttem as a single l)lane of sym
met/'y of it, alld in this war t he appeal'ance of this can be eonsidered 
to be an indll'ect p/'oof fOl' the lamellnl' stru~tul'e of the invesligated 
cl'.r:,nal. This wa5 e\'idently tlle case with apopltyllite 1), benitol:te 2), 
and tbe 1'I1cemic tl'iethyltnediarnine-cobalti-b7'omide ~); 1II01'eover we fou,nd 
it a ShOI·t time ago also in the case of benzil, if ent pel'pendie~lJal' to 
t hp. oplical axis of the pselldo-trigoJlaJ complex. We expect to elucidate 
in' evel'y ('ase these questions by sJstemalical experirrients, and especially 
to detel'mine finally the tl'ue nature of these intemal disturbances, evi-, 
d~ntly intimately connected with the nOl'mal moleculal', stJ.'ucture. , 

, ' ,,; \. ~. r , 

University-Labomtol ies fo,i' 'Phy;ic~' and 
bWl'ganical and Pl~ysi~ai ;Óle1;ûst~y: 

'Gl'onin!ien, 'August _ 1915, 

1) These Proceed. 4. 438. 
') Ibidem, 17, 1204, (1915), Plate IV, fig. 14, (1915). 
3) Ibidem, 18. 50. (1915). 
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H. HAGA AND f. M. JAEGER. ON THE SYMMETRY OF THE RöNTOEN·PATTERNS 
OF TRIOONAL AND HEXAGONAL CRYSTALS, AND ON NORMAL AND ABNORMAL 

DIFFRACTION-IMAOES OF BIREFRINGENT CRYSTALS IN GENERAL. 

Fig. 10. 

., 

PLATE lil. . 1 

Beryl. Plate parallel to (IOïO). 

Fig. 9. 
Beryl. Plate parallel to (0001). 

I 

~( 

Fig. 11. 

Beryl. Plate parallel to (Ï210). 

Proceedings ol the Acad. of Sciences, Amsterdam. XVIII. AG 1915/1916. HEL.IOTYPË I VAN LEER , AMSTERDAM. 



- 22 -

H. HAGA AND P. M. JAEGER. ON THE SYMMETRY OP THE R.:lNTGEN·PATTERNS 
OF TRIOONAL ANO HEXAOONAL CRYSTALS, ANO ON NORMAL ANO ABNORMAL 

Dl fFRACTIOtH\\ AGES OF BIREFRINOENT CRYSTALS IN GENERA!... 

- - • 

i 
, 
, 

• -

1'1 .. Jl 

Ap./iu. 1'10'" .. ,ol"" .. ("iQ) 

• 
• 

-• - • - • • 
• • • • • • -'. • -• • • • • 

• • • • • • • • 
• • • • 

• • • • • • 
• • • • • • 

• • • • 

• 

• 

-

• 

fl .. J~ fi l· N. 

--
• 

• 
• 

(/o&o"~ Pb .... "nel" (illbJ. _ • . Pb ...... U. I '0 IÎ~;O). 
IN." • • I P, ,,,,./. (A-.." P'''''o~ 

1' ... " IV. 

, 
• 

• • 
• • • • 

• 
• 

• 



- 23 -

Il HAQA .um P. ol(. JAEGER - OS TIlE SV .... METRV OP THE R05.'>ITQEN·PATT1!RNS 
Of TRlOOSAl A~""[l HEXAOOSAl CRVSTALS. AND ON NORMAL AND ABNORMAL 

DlFFRACTlDloI· IMAGES OF BIREFRINOENT CRVSTALS IN GENERAL 

, 

• 
• . ' ' . • 

• • • 

• 
• -.' ; , , • , ' . " 

• • • 
• • ' 1" • ' . , 

• , • • • • • • 
• • , 

• 
• • • • 
• • • • 

rit- '" 

• 

_ ... Plot ... ,,"ot t. =t~ fil. Il 

• 
.' '. ." .' , 
• 

• •• '. ,. • 
• • • • 

• 

H_i". Plo ...... <11<1 .. (01,. 
[~ .... , P.M ... ~ 

... " 
~ 0." • ........ ......, panIId " _ /T., ....... .. ,. ,,_ 

...... flV. 

, 

• 

• 

• 

-.-" .. ......... . 



- 
24

 -

, I 
Prof. Or, H. HAGA and Prof. Dr. F. M. JAEGER. "On the Symmetry of the Röntgen-pattern. of Trigonal and Hexaganal Crystals," etc. PLATE VI. 

-: .... 

Fig. 1. Stereographical Projection of the- Röntgenogram 
of Turmaline. Plate parallel ta (0001). 

Fig. 2. Stereographical Projection of the Röntgenogram Fig. 3. Stereographic~d Projection of the Röntgenogram Figl4.· Stereographical Projection of the Röntgeno~rnm 
of Turmaline. Plate parallel to-(O 1 To). of Phenakite. Plate parallel to (000 p. of Dalomlte. Plate parallel to ({l 0 0 1). 

Fig. 5. Stereographical Projection of the Róntgenogram 
of Dololllite. Plate parallel ta (0 l TO). 

Fig. 9. Stereographical Projection of the Röntgenogram 
of Beryl. Plate parallel ta (0001). 

Fig. 6. Stcreographical Projection of the Röntgenogram 
of Dolomite. Plate parallel to (1210). 

Fig. 10. Stereographical Projection of the Róntgenogram 
of Beryl. Plate parallel to (10l0). 

Fig. 13. Stereographical Projection of the Röntgenogram 
of Apatite. Plate parallel to (1 OTO); 

I 

:1 
I,. 

Fig. 7. Stereographical Proiection of the Róntgenogram 
of Calcite. Plate parallel ta (10TO). 

Fig,:B. Stereographical Projection of the Röntgenogram 
of Calcite. Plate parallel to (T2To). 
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Fig. 11. Stereographical ProJection of the Röntgenogram 
of Beryl. Plate paraUel ta (T2To). 

Fig. 12. ~Stereographical Projectior of thc Róntgenogram 
I
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of Apatite. Plate parallel ta (000 I). 
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Fig. 14. Stereographical Projection of the Röntgenogram 
of dextrogyratory Quarz. Plate parallel to (0001). 
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'. Prof. Dr. H. HAGA and Prof. Dr~ ~. M.~AEGER. ::on: the;Symmetryoft~ekÖ~t~e~~à:~t~r~~:"gt\r\~~~~I~~d H~x~~OnaICrystals;"'~,~c. 

Fig. 15. Siereograpbie,l Projeclion ol Ihe Rönlgenogram 
ol dexlrogyralory Quarz. PI ale parallel to (10TO). 

Fig. 19. Stereographical Projection of the Röntgenogram 
of dex\rogyratory Cinnabar. Plale parallel 10 (0 0 0 1). 

'Fig. ~ Stereographleal Projeclion onh~ RÖ~lgen()gt'am 
o~ dextrogyratory, Sodium-Ammoniutn-Tartrate. 
Plate parallel 10 (010) .. (Abnormal Image). 

Pmèeedings Royal.Ácad.VoL XXIV. 

Fig. 16. Stereographical' Projedioll' of the=Röntgenograln 
of dextrogyralory Quárz. Plale parallel 10 (T2TO). 

, (Normal Image). 

Fig. 20: Stere~grapbical Projeclion of tbe Rönl~enogram .. 
of dextrogyratory Sodium-Ammoni.um-Tartrate. .,-

. Plale parallel 10 (100). (Abnormal Image). 

Fi~i !~xt~~~~~~f~:;I~:~li~:~~~~~~on~~f,~I:~a~;~,:;,e;~~~:t;', i-
parallel 10(0.10). Abnormal 'Image,. perpen-dicular ";1: . 
la the firsl one,. with Ihc same posilion oftheplate .. 1: 
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Fig. 17. Slereographicäl Projection of the Röntgenogram 
ol NepheJine. Plate parallel tó (0001). (Schematical). 
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fig .. 21. Stere~graphieal Projection ol the Rönlgenogram 
of. dextrogyratory Sodium-AmmonÎ!Im-Tartrate. 

Plate parallel to (100). (Norm al Image). 

Fig: 25. Siereographicnl Projeclion. of the Röntgenogram 
. of dextrogyratory Sodium-Ammonium-Tartrate. 

. Plate parallel 10 (001). ' 

..j 

. '. 
: ....... ; :.::', 

.. " 

.. : .•..... '.' .. 

PLATE VII . 

Fig.':,18. Stereograpbical'Projecti9n of the Röntgenogram 
i! of Nepheline. PIaie parallel to (T2TO). 
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Fig. 22. Stereographical Projection of tbe Röntgenogram 

:)Of dextrogyrator}r Sodium-Ammonium-Tartrate. 
, Plale paraltelto (010). (Normal Image), 
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Fig;',26. stereographieal Projeclion (scllematiCRI) 'ol the 
. Röntgenogram of Zinc-sulphate. PI~tè paraltel to (0 1 0) . 
Abnlormal Image, obtained with a perfectly elear lam'e,n,a, 
pre~ared by clenvage, aild ex,clly pcrpendicular to' 

11 tlw first biss.c!rix, 
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