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Bota,ny. Uit tlw eOItJ7ediUlt betlOe{m slim u/us (tnd (~lfect in [Jlwto-

tl'upie cllI'valul'es v/ seedlil1,!}s ol Ave//,({ Sf/tiva. 13)' W. H. AHJi:iz. 
(Oommunicnted by Prof. b'.~A. F. U. WmN'l'). 

At abollt the same Lime thel'o appeal'ed in 1908 papers by 
BLAAUW 1) al1l1 by FIH)SCm~L 2) on the PCl'coption of lig'htstimuli. 

1f a öeedling of Avena Ol' LepidillJll is nnJlatel'nJl,r iJluminulcd, 
then witb different intensitil'ls of light a just pel'ceptible l'ea.dioll was 
found to take place, when the prodnct of the intenslty of light and 
lhe dllratiol1 of tbe stimnlns was a constant, 

A l'epetition of lhese investigatioIlR in Pl'ofe&sol' WTT!lN'r's labol'atoL'y 
lod 10 some obsel'vations of whiclt 1 here give a pl'eliminal'y aêcount. 

Madame POLOWZOW 3) slJOwecl fOl' ael'otl'opic alld geotropie enl'va­
tm'es, that under tbe micl'oscope H, Cl11'vatUl'e is seen ló oc('111' 
immediateJ~' aftel' tbe stimnlatioll. 13LAAuIV ') e1iscusses 10 wba! 
OX(OIlL this mayalso be regal'ded as pI'oL)uble in the caso of photo­
tl'opic eUl'va(uros. Ho is of opinion, th al eithol' tlla l'eaC'lioll whel'e 
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Fig. 1. 
Course of the pholotropic CUl'v:üurc aftel' BLAAUW. 

On the ahscissa the time in minutes fl'om lhe beginning' 
ol' slimulalion, on lhe ol'dinate lhe magnilude of lhc angJc of del,jalioll. 

iL has become mucl'oscOIJically visible 1l1ust jast lttwe bognl1 Ol' 

that al, this moment a new stage in the Clll'ViÜUl'C pl'OCOSS !tas 
bOOJl onterod upon, anel thaL thel'ofol'C in all.)' caso ho is wOl'ki/lg', 

wiih a definitc point of Lhe l'eaction. 

1) A, U, BLAAUW. Proc. Acad. ScL Amslerdalll, Sept. 1!J08. 
2) p, I'RÖSCIICL, Silzungsberichle del' K. Akud. dol' Wiss. Wien, April 1 ÇJ08. 
:\) W. POLOWZOW. UnLel'suehungen iihet· neizol'~choinl1ngel1 hei (len PflunzoJl. 190n, 
\) A, 11. UI,AAVW. Die POl'zoptioll des Lichtos, l10cucil d Tm I'. Bot,. Néet'l, Vol. 5. 

1900. 
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TI l'emains Lo tl'ace abo 11Ie COlll'se of a plwlotl'opic cm'valul'e 
rith Ihe mic'l'oc,copc in Ihe ::;n,mc \Vü,r as POLOW7,OW dicl 1'01' geoll'opie 
1I1'valUl'e::;. 

In view of the mannel' of CLll'vilJg, io be clescl'ibecllatel', IlJe distance 
etweeu the origiJlal position of Lhe tip of tlle coleoptile anel the 
ew position oecupicd at an,)' momenl clnring the eurvature is ehosen 
s Ihe l11eitSUl'e of the C'lll'VaLl1l'e at tllnt moment. l\L\IU,El"lm 1) and 
)OJ,OWZOW also look this clisrallce as a meaSl1l'e of tbe Clll'VaiLlre. 
11 the eye-piece thel'e was a net-micl'ometel', so thaI, it was possible 
J make ullclei' I he low pOWCI' a dl'awing on Stlnal'ecl paper, of the 
vhole apex. 

By compal'ing these cln"twings, made ever)' 5 Ol' 10 minutes, it 
vns possible to il't"tec the ol'igin of a slight a,ltemtion in shalJc. 
~ ulaiions gave a goocL deal of tronble, thOllgh all specimens in 
"hich I hese occurrecl were absolutely l'~ie('iecl. Since I he nuLation 
Ilovements al'e shm'ply clistingllishecl ti'om a phototl'opic Clll'Vatllre 
Iy the change of position of Lbe whole apex with respect to the 
)ase, it was ü"tirly easy to recognise tIlem. 

In the fallo,ving cmves the auscissn, is I he time and the ol'clinate 
he stl'ength of CUl'\'aiLll'e, measured in the afore-mentioned way. 

In Olle case therefol'e the Clll'Vatmc began aftel' 12 minutes. Are 
ve tllen ia concllldc tht"tt the cLU'vature begins jl1st t"tt this moment 
md 'tIwt the l'eaction time is the1'efore 12 Illinntes? 1 (hink not j 
t seelIlS 10 me it would appeal' th at we must come to this concIu­
lion aftel' a stud.)' of Ihe shape of the apex at tüe beginning of the 
~lll'vatUl'e. Jt is fOlllld thaI while this shape is at th'st almost exactly 
~onical witb a somewhat bltl111ed top, lhe clU'valUl'e becomes visiblc 
tS a s1ighl mulnal aSJ'l11metl'.)' of tbat side of the C011e wbich is 
,lll'ned towards tlle light anel that wlrich is tUl'neel away fl'oll1 it. 
I'his asymmetl',)' becomes gl'aclually more mal'keel UHlil the apex be­
~in::; 10 bencl fOlward tl,lId IILe Clll'Vt"ttnre extends fUl'thel' and flll'thel' 
'I'om the apex. Thero iE, 110 inclica,lian of the sndclen appeal'ance of 
~lll'vatlll'e. [n a few eases the shape of' tIte apex fhvolll's the perception 
)1' even t"t sliglll. asymmetl'.r, but it is vel',)' probable that in sueh cases 
1 elll'vaiuro occnl'l'ocl, even befol'e a c1eviation was tl'aceable. 

'The detel'lIIin,ttion of Cl I'eaction-time is tlw/'efore e.v]Je1'imental(1j 
im fJOs8ible, al1l1 it is qllile eOllcei vable, that I he eUl'vatlll'e OCelll'S 
imll10cliately on stillllllalion. 

'fhe passage of a pad of Ihc ClU've which is on I.)' visible micro-

1) A. l\JAILT.erER. Eluc1c SUl' Ia Rénclion ?;éoll'opique. Bull. Soc. Vaudoise. 1910. 
67* 
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Fig. 2. 
Course of the phototropic curvn.lure. 

A. slitnulated with 800 1\'1.C.S. B. wil}, ] 12 M.C.S. 
C. wiLh ± 20 M.C S. D. ",ith 5 1\'1.C.8. 

scoplcally 'În(o a part which can a,lso be pel'ceived nlaCl'oseopically, 
takcs place I1IOl'e Ol' less gl'ad nally. 

An obviollS break oce1ll's on stl'ong stinlula.lion ~see fig. 2 A). 
BLAAUW'S inleepl'etat.ion, that Lhe cmvalnre heee enlers on a new 
plw,se, seoms 10 me veL'y plansilJle, whcn we see tlw,l jnst aL Ihis 
momclli the parls l'cmote from Ihe apex, whieh in conll'ndislinclion 
10 ~)hc a}Jex.~ itself show a consldel'alJle increasc in lcngth, begin 10 

lake part in Ihe ClIl'Vatlll'c. 
Oll eompitl'lSOJl of Cl1l'ves obltl.inocl ill sncl! a \Vit)', it beca111c ob-

ViOLlS Ihat. Ihc maximum cUL'vaLul'e sccn in planLR whicu were illu-
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minatec1 with dilfereIlt inten&ities, was not equally great in every 
case; wiLh weaker light it was considembly Less. ' 

It was fOl1l1el that slighter cl1l'vatures exist than t110se obsel'vec1 by 
SM.AUW anel by FRÖSCBEL. This was aquite unexpectecl reslllt, fol' 
alLhulIgh BJ.,AAUW had vel'.)' cautionsly spoken of those Cl1l'vat1ll'es 
which wel'e only ,jllSt. macrosco'pically visible, he still believec1 he 
was working with a threshold of sLimulation. 

This applies still more to B"RÖSCIIEL, who attac\iecl great '.'alne to 
the smallest pl'ocl uct still gi ying a cl\l'vat11l'e, as a meaSlll'e of photo­
tL'opic sensitiveness, for compal'ii:lon with that of othe1' plants. 

Has ihe deviatioll of tbe apex valued by BJ.,AAUW as still 
showing Cll1'Vatlll'e, any specin,l valne, to which alone the rille of 
proclucts applies, Ol' wonld it be found, t11at to a smaller Ol' greate1' 
enel'gy of stimulus there also cOl'l'esponds 1.1 smaller Ol' gl'eatm' 
CUl'vuture? In genemi, thai a clefinite quantity of energy callses a 
definite extent of cUl'vaLllI'e? 

In order to obtain an answer to Lhis question a larger number 
of expel'imental daia had to be available. 

The tecliolls observaLiol1 with Lhe microscope was superseclecl bya 
mllch simpier appamtns. A photograpbic lens, magnitying 2 times, 
pl'ojeetecl the image of the seecllingö on a glass plate, upon which a, 
scale of half-millimetre squal'es hàcl been photographecl. The position 
of the apices was l'ead by meallS of a simple lells. 

The aclvantage of this al'rangement is that in addition to a gl'eater 
munber of plants, the whole coleoptile can always be obsel'ved. 
The cleviation of the apex ft'om its ol'iginal position befol'e the be­
ginning of the cUl'vatul'e, chosen at the moment when tl1is clistance 
is gl'eatesL, V\'è."S Laken a,s the meaSLll'e of the lllagnitucle of the CU\'­
vatUl'e. Sinee fl'om the beg'inning graviLy opposes the Clll'mture, 
Lhere comes a moment ",hen the apex. ullclel' the influence of photo­
tl'opism moves 110 fmthel' fl'om the vel'tical, because phototl'opislU 
is neuLralisecl by gl'avlty. Alt.hongh Ihis point wiJl probably 'give IlO 

accurate idea, of the scnsiti veness, ii is here onl.r necessal'y to luwe 
~" fixec1 point of the clll'\'aime-proccs. . 

Oui of man,)' obsel'vations made, L !tel'e bl'ing together t,he foL­
lowing, ""hiclt holc1 gooel fOl' Reedlings of an avc rage lengtIl of 22,5 m,lll, 

at a, tempel'è.1ttUL'c of' about 17.5 degl'ees Oent. 
'Hw light cncl'g',Y W[tB oblainecl b,r val'Ïolls eOlllbillÜlions of il\(clI­

siUes by stillllllntion pel'ioets of Vè.1tl'iOllS lengt hR. (fl'oll1 2 (,0 240 see,), 
Thc intensities WCI'C dcLoI'lllilled by a W"JI1mm 1) Photomeiel'. 

I) Pl'Of. H. SNEl,I,EN, Dil'cclOl' of thc Dnlch Eye Hosriln1 was kiJ1ll cnollgh lO 
place Lhis photomeLm' aL my disposal. 
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Magnitnde of the lllaxilllal 
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These lig !tees al'C fOlllld to oe 011 tL 1:>11100111 ellL'VC, \V Inell f 11 cJ'e/'o 1'8 
l'epl'el:lents the l'elalioll of ellel'gy nnd lllaxima,l CUl'VattLL·e. 

Fig. 3. 

10 I"k 5 ZO 30 40 50 GO 70 80 90 100 110 120 Mk 5 

Euet'gy in M C S. 

The curve givcs llte l'clalio!l of light enet'gy used as a blullUlus 
aud the magnitude of lhe maximal CUl'mlLll e fOl pItmts ol 

± 22.5 mmo length auel a lemp. of 17.5° Cenl. 

1) M.C S. Meaus liJe producl of lhe inlensity or the ligltl (in Me lel' candles) 
,wd of lhe length of lhc expo~lIl'e. 
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Up to 100 .i\'l.U.S. there was an incl'ease in the nmgnitnde of 
thc clll'vature, at (h'st 1ll0l'e rapicl nnel then somewhat lowel'; 1'1'0111 
100 1\I.O.S. to 400 M.O.S. tIJe same magnitude, alter whiel! 
there is a decl'ease. BeJow 7 M.O.S. tbe curvatUl'e coulcl not be 
lIleasllred by thil) mcthocl, up to 2 M.O.S. the CUl'Vatllre, al' a fi.llllt 
illclümtion of the apex, was still dearl)' vi&ible nUlcl'oscopicall). 
These apiCtl1 llIclmatiolls have been noticed before, e.g. b)' RU'l'GIms 1), 

who dicl not however l'ecognise them as phototropic cUl'vatul'es, 
beca\l&e the)' also arose withont pl'eViOllS stirnulation. Contl'ol-expel'l­
ment ",hich I made, showed howevel' that when coleoptiles, whiclt 
showecl absalntel)' 110 inclination of the apex, were plaeecl in the 
tlmk allCl care was taken tlmt the,)' were previousl)' stim ulatecl 
neilher geoti'opical1,v 1101' meehanicalJ.) by touch ol';:similar ag ell C.Y, 

tbe)' showecl na apical inclination, \V hel'eby, however (RurrGERS I. c. 
p. 56) attention was on Iy pmcl to the curvatllre at l'ight angles 
to the plane of nutation. 

Below 2 M.O.S. the enrvatUl'e WtlS SO faint, that macroscopically 
it could not be recognised with certainty. The micl'oscope is likewise 
illadeqnate for th is. Tbe smallest clll'v:Ltlll'e observed was abont 1/4 lllm. 
at 1.4 M.C.S. 

No limit cau thel'efol'e ue Iheel below which no Cl1l'vatl1l'es mise, 
bnt that there are Clll'vatlll'eS whieh at pl'esent eSC'tlpe our obsei'­
vat ion, i& highI,)' probable. The snggestioll is obviollS, tlnd the COUl'SC 
of tbe clll've is an arglllllent in f,woul', tllat tlle cun·e sbould be 
~olltinlleü to point O. The significanee of this is, that ever.)' quantit? 
of energy gives rise to a tlefinite clegl'ee of CUl'vatme. 

l!.ctrh qu((ntity of ene1'!JY reacts on the pl((nt ((nel ';8 e,cpl'essed h.'l 
a cuJ'vatuJ'e of dejiniteIm(tt/:ima{ s tl'en!J tit. 

Sillce the phototl'opi~ clll'vatme& with wl~ich thebe obset'vation" me 
concel'J1ecl, wet'e all to &ome extellt eounteracled by gmvity, it was 
clesimble to have for compm'ison expel'iments, fl'om which the uni­
In,teml action of graviLy had been elinlinatecl. Fo!' this purpose Fit­
ting's intel'mittent clinostat ''i as Ilseel, which l1lakCR iL possiblc to 
place ft plant during eqllttJ inlet'vals allel'llately in positiollS whkh 
dUrer 1'rom one anoihel' by 180 clegl'ees, so tbat the action of gmvity 
in one position balances thai iJl the otller. lil 2 minute pel'iocls no 
appi'eciable ClIl'Vatlll'e al'ose in llllilluminated pln,nts aftel' 6 holll's. 
OUI of ever,)' 4: milllltes (he plallts were fbI' 2 minlltes in a positioll 
in whieh they cOllld be examined a.ncl dra,wn 111lclel' the micl'oscope, 

1) A. A, L, BU'l'GCRS, De invloed dl)[' lcmpE'J'uluur op den praesenlalie1iJd blj 
gcollopie, DiEoseltaLie, Ulrecht HJlO. 



- 8 -

( f028 ) 

The cnrve below gives thé course of a Clll'Vatllre of thi" kind, 
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Fig, 4, 
Course of the pholotropic CUl'vuture whilst the uniJatel'ul aetion 

of gravity is eliminated, Stimulaled with 360 M, C, S, 

It is cleal' from Ihis CUl've tllat all'eady [I,['ler 10 min ntes, soone1' 
Ihel'efOl'e Ihan whcn gl'avity is opposiJlg, a CLll'Vature becomes visible; 
Ihis is of COUl'se a strong argument in favoul' of ttB earl iel' beginnillg 
of tbe cUl'vatul'e-process, Aftel' abouL 6 hOl1l's thel'e comes a 1110111ent 
in whieh Lhe distance fl'om the vel'tical 110 Jonger incl'eases, In ordor 
10 facilitate a 'llll'\'ey of lhe CllL'vat,l1l'e I here l'eproduce figUl'es made 
1'l'om drawings on fi'ostecl glass by ontlining lhe imag'e pl'o,jectecl by 
lhe photographic lens, 

If one cOl11pal'es with Lbis tt CUl'vatUl'e in ,'vbich gravity opposes, 
tlle great cliffel'ence is' aL once stl'iking, .In ihis case too, fil'st tbe 
becoming asymmetl'ie of thc apex, aftel' which lhe cnl'\'at.mo a/reelS 
lL10re anc! more basal zones, Aftel' about 6 hom's the greatesl deviaLion 
or lhe apex is l'eached, 11' (ho stl'engLh of (he cUl'vaL1II'e is c1etcrmined 
at this moment by placing al'cs of difl'ol'ent mdilll::i along the cm'veel 
pad, il is fOllllll llmt lhe coleopLilc is not benl ÎlI the m'c of a cil'cle 
but consists ol' a sel'ies of pal'ts with diffel'enL degl'ee!:i ol' curvat1\l'C, 
Thus the zone sit.uated faidy clol:iè to (he apex is mosL st.l'Ollg!y 
cur\'ed, pet'ltnps bccause it 15 the z.one of mosL activc gl'owtll. Aftel' 
these 6 hO\1l'S tlte ClIl'VatUl'c of the IlpPet'Il10SL pftl'l c1ccl'cases, so thnt 
n slight. dimill\1liOlI of the dcvintioll of Ule ttpex is obscJ'vnble; iL is 
the begiJllling or Ihc stmightcning Ollt. In thc 11101'0 basal pal'Ls Ihe 
ClIL'vatlll'e still incL'ense!:i eOlltillllollsly, B"inally Ule whole lIppel' pnl'( 

.. 
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beeOllles iitJTl.igllt n,nd Ihe Clll'\'n.1llL'C ill Ihe base has becollle lixecl, 
Pel'!mps wc possess thel'efol'e in 1.his method of obsel'\'alion witb 

at! illtel'l1Iillent dinosln,t, ti, mOl'e acel1l'ale men,ns of detel'mining tbc 
sellsitivcnesi:i of the plant. 

lf wc ollce lIlOL'e Irace ho\\' üw I he u,bove in \'esligatiolls inlllleJlce 
Ollr cOllccptioll of Ihe jJl'ocesH of sLimlllalioll, il i::, cle111' thaI, Ihc 
conqlUl'abilily with ph.)'sico-chemieal pl'ocesi:ies becomes 1110l'e allel more 

. markel!, Tile cxislclIce ot' a thl'cshold of slillllllntlOll ran HO long'er 
bemailllained.l.ol.lIolonl).iseachlJtHl.lIlily or Cllel'g.)' pCI'ceivecl unI 
it is cIcal' JlOW Ihal tl. I'caclion \ViII alwa,\'i:; takc plnee, Tbe time 
"'hielt illtcl'vencs bel,wee1l the tttJplicnlion of t.!Je slill1l111!S anel the 
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begillni\lg of the ClIl'Vn.LLll'C, "the reaétion-time" was fOllnd la be 
expel'Ïmentally ulleletermillahle, ThllS the latter call Ilol ~E'rve as a 
meaSl1l'e of sensitiveness, 

It is mOl'e anel 11I0re eviclelll- Lilat slleh cOllcepts as "El'l'egullg" 
allel "El'l'egllngi:ihólle" can be pedectly well clispensed wit.h, uecaui:ie 
t.be phenomena do nol gi ve the slightest indicaLion of their use, 

Simîlal'ly the eletel'lnillation of an inelex Ol' time of l'elaxation will 
be fonnd imp')ssible, because it is itnpossible la :showexpel'imelltally 
that 110 Clll'vatl1l'e l'esllits from Ihe SlllUI1Httion of intel'mittenf, stimuli. 

Since tlle presentation-time has been concei veel as a factor of t!te 
l[mtntit~· of enel'gy, which i:s just ahle to tl'avel'se the thl'cshold of' 
stimlllatioJl, it follows fl'Otn tlle abo\'e investigations, tlwJ whcn tl]0 
"Schwelle" is nbandonecl tile pl'eseniation-till1e loses IlmCll of its 
vallle as a special stimulation pel'ioel, It l'emaimi howe\'el', as H, tillle 
ütC ia l' of tbc Cjnantit,y of enel'gy, ",hiclt l'esults in a ül1l'v,"tIl1l'e of 
elefinit.e strengti!. 

Hencefol'l,h therefol'e the physiology of stimulation mllst be illvcs­
tigalecl by ('onsiclm'ing tlte encl'gy which is npplied as stimnlus and 
whÏC'h is c1etel'lnine'l by tlle product of the intensity of thc Opel'H,ting 
force anc! tbc lengtIl of the stimlliatioll pel'ioel, whilst the l'eactioll 
(',UI bc gallged lly tlle elegl'ce of t1ie maximal clll'\'aimc, at lenst if 
tllc unilateml ncLion of gnLvily is not climinatecl. lf the Jatte!' be 
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li'ig, 6. 

Relalion belween l~ncl'gy :md the time unLill Lhe CUl'VatUl'e 
becomes jusL macroscopically visible, 
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elill1illaled Ihe clegl'ee of eurvalme at (,[le momellt when btJ'aighlellillg 
out begins, ean pel'haps serve as meaSLlre. 

H one wishes to illYestigate tJle inflLlence of some external contlition 
on the eensitiveness, ane call eletermine "vhat quanW,)' of enel'gy 
gives a elefinile c1egl'ee of Cl1l'vatUl'e each lime this conelitioll is Yt"1I'ieci; 
ill whielt case it is very C'onvenient thal tlte moment at ... "hich 
sllel! a elll'Vatme becOlnes visible, is constallt. 

VYhit(, was fonnerly unelel'&tooct IJ,)' l'eaction-Lime bu t w hal has 
llOW been fonntl to lJe almQl:;! exclnsi vel,)' cw'vature-tiliw, is Gunstrl1lt 
fol' a cleOnite Cjuantity of enel'gT' Tl1is cUl'vatl\l'e-time gl'eaLly 
increases aceonling as the energy of stimulation is smaller, a fact 
clea/dy shown by lhe followillg clli·ve. 

1]] concIlIsion I wisb !leadily to thaak Dl'. BLAAUW alld in pal·ti­
cular Professor W I':~'l' fol' I heil' Jdnd in lel'est anel ael vice. 

Utrecht. Bot. Laborato!'y. 

Crystallography. - "On the o1üntation 0/ cl',ljstal-sectiuns." By 
.J. SClIl\LU'l'ZI~H. (C011U11 1111 iratect by Pl'of. C. E. A. W IClIi\lANK). 

(Commllnicaled in the mee::ting of febl'ual'y 25, 1911). 

vYhen detel'mining the ol'ientaLion of a secant-plane frOIll the 
, allgles Ihat the tl'aees of thl'ee nnpamllel planes 110L lying in olie 

zOlle inclllde togethel', onc genel'all.r obtains a biquadl'atie equation 
in cos 2Q, fnl'J1il:ihing as maximnm 4 compatible roots, As now angle 
2(> can be sllpposccl at the same time in t\Yo quadranis, it, followR 
that one fimIs 8 vallles for Q. 'Vit.h Ihese values corresponc1 8 vn,lues 
of IJ, ]f howeyer three crystal-planes anc! a definite C'ryslal-sectiou 
are goiven, the secant-plane is entirely <1eterminecl; whieh "alue of 
(> and of (! comes in consicleratioll here, can be decided wit11 certaiuly, 
if one takes into account the cirClltl1stanee lhat a erystal-plane iR at 
Ihe same time tbe bounclary-plane of the minern,l substance. 

Being atlmitled a plane (hkl) (cf. fig. 1) the pole of wllieh lies in 
p, anel fOl'ming will1 the plane C (1. c-axis) a secant-liue AB, theu 

~ 
thc angle f)BlJ) = (C < - is (jlled with lllineml-sllb:;lance, the obtuse 

2 
angle EBi on the ('aldral',) is llOt. Now Olle can suppose Ihe projectioll­
g'lobe divitlcd inlo 8 ocltl/llis of' whieh 4 al'e Iying abovc ancl4 bencatl! 
the ]Jl'ojeclion-plnne C, anel or which the fiest, t.\VO (BOf) = I, 
DOA = IJ) conlain t.l!e aeule plnlle-angle DJ]li;'. Ir one faslcus s to 
the cOOl'dilHl,les_ (' = ___ Bil!, (j = ....--.- Jlfs, Ihen .)' lies in thc 1st globe-

octtl,l\t, calclIlnteei f'l'om AB; 1'01' a plnlle IJl 0 ïë 1) s lies in octant lIl. 


