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Crystallography. - "About the oblique e,'Vtinction of rhombic c1'Ystals." 
By J. SOI1l\IU'l'ZEIL (Communicatecl by Prof. A. WIClll\lANN). 

(Communicated in the meeting of November 30, 1907). 

I 

As late as the ye~l,l' 1901 AIil!'RED HARKER in a bl'ief commnni-
cation 1) pointecl out the fact that wit1t l'Îlolllbic cl'ystals tlle oblique 
extinciioll on planes making a small angle witlt the c-axis, is to be 
neglecteel onIy when the angle of the optie axes lu),s no gl'eat value. 
That this was not supel'f1uons is pel'haps partly owing to the tact 
tlmt, in the application of the theol'etically cleclnceell'eslllts concel'l1ing 
the extinction of cl'ystal-sections mineralogists luwe confinecl themselves 

'to 1l10noclinic:: anel tl'iclinic minerals, prefel'ably to the fclelspal's. ~) 
H seems, therefore, that ihe cil'cumsiance tlmt rhombic minel'als as 
a rule show an obliqlle exiinction anel èmly except,ionally a straight 
oue, !.is not laicl sufficient stress on, tlJOugh the fact is of course 
well-kl101vn. 3) That is why, even in the yonnger petrographical 
litel'atul'e, it is aften allegecl, in vel'ification of the l'hornbic natme 
of a llIin eral , t bat all its sections show a straigh t extfn'ction, whilst 
at partiy straight, partly oblique extinciion of the cl'ystal-sections the 
monoclinic natme of 1110 mineral is cOllsiclel'ecl to have been provecl. 1

) 

A separation of rhombic anel monoclinic pyroxenes, olivine anel 
cliopsicle, zoisite anel klinozoisite howevel' on the gl'Ollllel of the 
charactel' of the ext.inction is noi io be insisteel upon; only in case 
of sma11 axis-angles this characiel'istic lias some value as a critel'ion. 
Whai gave rise to the calculation of the angles of exlinction for 
olivine ViTas that eonsiclel'able extinctions were found with respect 
to a pal'LicularIy weU elevelopeel pinacoiclti1 cleavago of this mineral, 
w hilst, 10 compal'e ihem wiih the l'esnHs obiainecl from this, I have 
a1so made the same ca1cnlations for tale. 

1) Mineralogical Magazine, XIII, 1903, p. 66-68. 
2) J\hcm::L LÉVy, Ann. (1. Mines, (7), XII, 1877, p. 392-471, Abstract Zcitschr. f. 

Kryst. m, 1879, 217 -~31; Minéraux des Hoches, 1888. p. 9 seq.; l"ouQuÉ et 
MICHEL Uvy, Minéralogic 1I1icrographique, Pal'is 1879; A. HARKER, Min. Mag. 'X, 
1893, p. 239-2-10; G. CÉSARO, Mém. COul'. Acad. noy. Belg. LIV, 1895; DALY, 
Proc. Amcl'ic. Acau. Arts a. Sc. XXXIV, 1899, p. 311-328; A. A. FERRO, Riv. 
di Min.; Padua XX, 1898; ALti Soc. Lig. di Sc. ual. Geuova, IX, 1898, Abstract 
Zeitschl'. f. Kl'yst. XXXU, 1900, 532; VICEN'1'E DE SOUSA BRAND.'\o, C011lmunica~öes 
da direcç~o d seLTiç. geel. de POL'LLlg. IV, HJ01, 13-126. 

3) Cf. FouQuÉ et MrunEl. Ltvy, Minéralogie Micrographique, p. 55-57. 
') Cr. LACROIX, about 1"ouqueU in COlllributious à ]'éLude des gneiss u pyroxèue 

el des rochel> II wel'l16t'ÏLe, Bull. 80c_ fL'anç. de Min6ralogie XII, Pal'is 1889, 
p. 328. 
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Olivine anc! làle, 

If 0 be the intel'section of the acute bisectl'ix with {he globe of 
projection Q = 1, A and B the pl'ojeetions of the optie axes, ZO the 

'axis of a zone, from whieh ZQb represents an al'bitral'y plttne with 
Us pole N, then, aeeol'ding to Fm~sNI,]JJ, the extinetfoJl on the plane 
ZQb, with respect-ta the zone-axis, is l'epresented by the curve Ze, 
when the pl~ne eN divides the angle B1VA inLo two eql1al parts, 
Sllppose we eaU ,--., OQ, the inelination of the plane (N) with regal'd 
to t11e aeute bisectl'ix, :U, aud the angle of extinction witl! respect 
to tIJe zone-axis,',--., Ze = y, the11 , according to MlCIIEL LÊvy 1) the 
value of y ca11 be calculated ti'om t11e equation: 

vot 2y = cot (aZ + bZ), 

..,lIL-~--g.-----~p 

, , 
\ , , , , 

"" I \/ '- ,.-'- I ...----/ -----L---
Fig, 1. 

~ 

.-, CtZ= - - LANa'. 
2 

Now 111 the l'ight-angled f:::.A1Va' 
, tg Act' cot (t 

tg ANct' = -'--, =----
sin N(t vos (,v + 1) 

80 that: 
t,r; aZ = cot ANa' = t.r; tt COS (.v + y). 

In the same way wc find: 

1) Les Minél'aux des Roches, p, Ü, 

25* 
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tg bZ = tg v cos (,v - y). 

Now 
I 

1- tq aZ tg bZ 
cot2y=cot(aZ+bZ) = ' 

tg aZ + tg bZ 

I-tg tt tY1' cos (,v-+ y) cos (.v-y) 
---'----'-----'---'-~ . (1) 
tg tt cos (~+y) + tg v eos ({C-y) 

As is indieatecl in the figul'e, here tlle particulal' case is consitlel'eel 
that tbe zone-axis lies in the plnne fOl'ming rig!lt angles with the 
acute bisectrix, SO that tt + v =:fr. Tf we IeL tbe zone-axis succes
sively make different angIes ft with OP, val'ying from 0 to :fr, anel -
if, at the same time, we IeL th is pIane perfol'm a re\'olution about 
this axis, t11e11 N passes through the wIlOle surface of the globe anel 
consequenily the extinction wiLh l'egtl,rel to OZ can be caIculateel as 
a function of ct fLl1el (/; for eaeh arbitral'y section throllgh the cl'ystal. 

As tt + v = :Tt" the formuIa (1) can be simplified as follows: 

1 + tg2 tt cos (,v + y) cos (,v - y) 
cot 2y = --------------

tg (1, [cos (.v + y) - cos (.'IJ - y)] 

from which we del'ive: 

- (cos 2 tt + sin2 (t cos2 y) + '~in2 tt sin2 .v 
~~= = sin 2tt sm y sin ,v 

cos2 (1, + sin 2 tt cos2 Y 1 sin 2 
(1, • 

=- .--+ ,stn.v 
sin 2p, sin Î' sin (IJ ~in 2tt sin r 

A . = -.- + B stn {IJ • 
stn ,v 

Now in 6. ZOA ~os (1, = sin OA cos ct = sin V cos ct 

anel in 

or 

tg PZ 
6. ZPA cos LAZP=-'

tg AZ 

cos (~ - Î') = sin r = ;; ;:. 

(2) 

(3) 

If in (2) we substitnLe the valLles iJl ct anel fT for /J, and Î', 
·we get: 

1 - stn2 tt ~in2 r 1 liin~ tt . 
cot 2y = - . --+ . sm ,v = 

sin 2(1. sin y ~in ,v sin 2tt sin y 

1- tg 2 ct co.s 2 tt 1 1 - cos 2 tt . = - . --+ -. . ~tn ,v = 
2 CO~2 tt t,g ct sin.v 2 cos2 (1, tg ct 

1 - sin2 V stn 2 ct 1 1 - sin2 V cos 2 ti . -.- + ------==__ . sin (/: 
sin 2a . sin2 V sm.v sin 2a sin2 V 

(4) 

li'l'om this 1'orm wc ean declucc wlmt follows. Fo!':v = 0; !I 
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:rr: • 1 becomes = - for nll valnc& of lt, allel the snme thillg takes p nee 
2 

wHh a = 0 fol' all values of (1), Conseqllently on all planes pnrallel 
to the acute Ol' la l11e ob/use bisectrix thc exiinction witl! respect 
to these bisectl'ices is straight. ,lf the c1il'ection of tlte men,n 

:rr 
inelex of l'efraction (OB) becomes zone-axis, with (/ = -, a eertain 

2 
pal'ticlllal'ity shows itself. Fol' this value of (/ (4) assumes the 
followin~ farm: 

cot2y=-- - . --+-- = 1 ( 1 - sin ~ V 1 sin tv ) 

sin 2a sin2 V sin tv sin2 V 
(2,,=rr) 

1 ( cos
2 

V sin .1J ) 

= sin 2a - sin2 V. sin ,7] + sin2 V 
(2"= rr) 

:Ir 

For (1) = 0 becomes y = 2' 
:rr 

FOl' ,'IJ = 2" - TT (5) changes into: 

1 ( cos V cos V) 0 
cot 2y = -- - -- + -- =-. 

. sin 2a sin2 V sin2 V 0 
(2" =rr) 

(5) 

y becomes indefinite; the pole lV of tbe plane at this 1110men t 
coincieles wiih an opticul axis. 

:rr 
Finally fol' (1) = - y becornes= 0°. 

2 
Sa the extinction is ~ fol' a 

2 
- :re 

vaIlle of ,?} bet ween 0° and - - V, next becomes inelefînite anel re-
2 

:re :rr 
mains 00 for ()) = - -- TT to -, as the sign fol' cot 2y shows. 

2 2 
As to the values of y in general, the followillg may be obse1'ved. 

:re 
In (4), if '2 > TT> 0 is assumed, is aiways 

1 > 1 - sin2 V sin2 a> 0 

1 > 1 - sin~ V C08
2 a > 0 

Fol' a given value of a cot 2y keeps the same sign, if 'IJ vn.des 
between 0 anel :re; it gels, howeve1', negative values fol' ,'IJ between 
o allel -:rr. If wc cantine oUl'selves LO a vt1riation ot' ,'IJ bet ween the 

:rr 
limits 0 allel '2' then the sigu of cot 2y becomes negati,-e fol' the 
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:Tt 
ntlucr, of (I, lying bchveell 0 and "2; it bceolllcs por,itivc, howc\'el' fol' 

:Tt 2" < a <:n:, wlJilst Uw abbolnte value§ of y a,1'O equal fol' two poles, 

lying' symmetl'ically with l'cgal'd to tIJe plnne BO. Tbc same thing 
holds gooel fol' tbc extinction on planes, lying s,)'It1metl'icall,)' "'1th 
l'egard to tha plane OP, so that tlle isogyl'cS drawn upon tbe globe 
wiIl lie syrnll1ett'ically witl! respect to the planes RO, OP anel also -
RP. Just as tlIe symmetl'y with regard to RO and OP is aCCOIll
paniecl by a change of sign, sa also fol' the plane RP. 

The extinctiOll w1th l'egard to the val'iable zone-axis OZ is easy 
to l'educe io thai with respect to the acute bisectrix, as the latter 

:Tt 
is yielded by L ONc =,-.. Qe = 2" - V = Vl. 

:Tt , 
y=--y 

2 

cat 2y == cat (Jr - 2y') = - cat 2y'. 

from whieh fo11owb accorcling to (3) 

in whieh: 

, A 
cot 2y = - -.- - B sin .'IJ 

stn .'IJ 

cos2 [t + sin~ (..L 008
2 Y 

A=--------
sin 2[t si,~ r 

B= 
sin 2[1. sin y 

. (6) 

Fot' the determination of the gl'eatest extinetion with l'egm'd to 
the acute biscetrix with te = constant allel a vitriabie angle a, Y\Te 
may set about as follows 1). lf we eaU L AN 0 = tI', L. 131VO = t~', 
we find frol11 the tl'iangles AN 0 anel B1YO 

sinLAON 
0~= .-. sin ON cat V - cos ON co~ L AO.i\ 

sin V cos a 
--------------cos .'IJ cos V - sin IV 6in V sin a 

and 
.rtn V cos a 

tg tl/ = --------:::---
cos V cos .1J + sin V sin tIJ sin ct 

Now 2V' = tl)--11" 

2 
' -2 sin9 Vsinacos a sin III -

(ry 'Ij = try (tl,-tl") = , 
'" sin 2 V cos~ a+co.s2 V C08 2 .'IJ-sin2 V sin2 

(t sin2 .'IJ 

,vhieh gives: 

1) A. HARKER, Min. Mag. XIll, 1903, p. 66-67. 
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cot~ a (óiu 2 V + CO.\'2 VCOó,2 il:) -2 cot (I bin2 V~ill tIJ cot 2Y/+(CO/:,2 ,'IJ-bÎ1t~ V) = 0 

bin2 V"in IV cot 2'tj' 
oota= ' ± 

bin2 V +00.1'2 V cos 2 
,'IJ 

± V( sin2 V sin m cat 2y' )2_( 00.1'2 tIJ -bin2 V -) 
, sin2 V +cos J V 009 2 

,1,' sin2 V +C082 TT cos 2 
ti) 

\ 

As long as the sccond term l'emains smaller than the lh'st, the 
:Tt: 

conditiOll fOL' whieh being cos [v> sin /T, OL' a: < 2 - V" Ihis equa-

lion wil! yielcl two posilive roots, a/nel aceol'clingly two \Talues of a 
Tt 

between 0 anel - wiJl satisfy it at a given valne of 2y smaller 
2 

than the maximum. The extinction will have ~'e~Lehecl tlte maximum, 
when the two l'oots are equal, so if 

(bin 2 V sin ,'IJ cot 2y/)2 = (sin 2 V + CO/:,2 V CO/:,2 m) (cos 2 ,'IJ - sin 2 V) 

Ol': 
. / sin Vtg V 

,szn 2'tj ma.L = ----
. C08 tIJ cot .1! 

(7) 

",hilst the çOl'l'esponc1ing valuE' of (I 1) is fOlll1cl from 

sin 2 V sin a: cot 2y'mol, 
cot (llIW:J, = (8) 

sin2 V + cos 2 V cos 2 
,'IJ 

r1'he plane 01V, iu w hieh lies the cOl'l'esponcling pole, then makes 

with the phtne OP an angle (; - a) . 
lf we take fol' olivine the value 2 TT = 87° 2), this gives aceorcling 

to lhe above f01'l1lulas Ihe following figures: 

TABLE r. 

<X 

I 
{J 

I 
'/ 

I 
A 

I 
B 

'15° 4so19'35" '13°48'20" -4..0852 2.353ü 

30 53 24 25 25 23 -10 -2 1480 1.5708 

45 00 52 23 33 51 47 -1.0-103 1.6103 

00 09 52 7 39 25 0 --1.5708 2.1482 

75 79 1/4 -14 42 30 31) -2.3548 4.0868 

1) "(y'=maz) is denoled by ZIIl." , wh~l'eVel' it coultl not give l'Ïse lo amb,iguity 
2) Min. d. Roches, p. 24:8. 
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-
fl'oln which the following C'Àtinctiolls with J'cspect to the acute 
bisectrix are cnlcuIated: 

TABLE Il. 

- Values of y' at ,,= 
.:t' 

I I I I ,,= 15° ,,=30° ,,=45° ,,=60° «=75° 

15° 1°53' 6" 3°36' 38" 1°53' 14" 5° 8' 26" 3°32' 41" 

30 4 4 28 7 56 50 11 14 42 12 54 21 10 16 :>2 

45 64959 13 12 48 20 :)tl 46 27 27 29 33 6 56 

60 101-110 20 52 53 32 82 7 46 20 3 64 40 45 , 
75 13 32 29 27 22 46 41 47 36 57 !i 59 7.3 jq 21 

ua 15 (+18") 80 (+11") 4~ 60 (-4") 75 (-I") 

--
T11e valnet. for yl fonnd by calculation with IV = 90°, whieh 

accol'dingly represent the limit of extinC'tiol1 with l'egal'd to the acute 
bisectrix on the phtne making right angles with the latter, give a 
mea'3ure for the exaetitude of tbe values fonnd. The errors successively 
amount to + 18", + 11", 0", - J", -i". 

The greatest extincLion fol' different values of ,'/: with the corresponding 

angJe (; - a) are now to be calcnlated from the formulas (7) and 

(8); we co me to tbe following l'esult: 

y'11lax 
Ti: 

.:t' 2-~ 

15° 5°13' 12" 34°36' 4" 

30 12 54 20 29 25 6 

45 33 44 35 lO 40 21 

Ti: V "2- = 45° 0° 
46°30' 

To calculate from 

sin2 V sin lIJ cot 2y'lIw'I. 
cot ((11/(/3. = . . 

sUl~ V + cos' VCOS
2

1IJ 

tIJc \'alne of {("/U'i when sin .1J = 0, we eliminate yl. 
As 
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., sin V lIJ V 
bUt 2!J ma:!, = ---

COboIJ cot.w 

V (öin Vtq V)~ 
. .,in' V bin {IJ 1 - ---'-

COS.1J cat .1J 

sin Vtg V 

COS.'IJ cot.'IJ 
cat ((mrr.i = --------:::c----

sin' Tl + Cab' V (Os' .?J 

.çin' V sin lIJ Vëos' .?J cot' ilJ-SZn' V t,r/ V 

sin V t,rt V (sin' V + cos' V cos' .'IJ) 

V
cos~ lIJ sin4 V 

sin ,'lJ Cab V -----
sin' .v cos' V 

sin' V + cos' V COS~ .'lJ 

V èös4 .1J cos' V-sin' {IJ bin ~ V 

sin' V + co,J V cos' .v 

'Vhen .'IJ = 0, is 

cot ClmaJ = ± Cab V. 

From which fOI' oli"il1e follows the value: 

(-~ - (I) = bg tg-(±) cab V = 
= bg tg (±) cos 43°30' 

= (±) 35°57'22". 

(9) 

In the foltowing' figure these l'esults iLl'e graphieally l'epl'esented. 
The black 1ines eonneet the poles of p1anes with equal positive, the 
l1nes in black and white those of planes with equal negative extinction. 
Herein the angles have been considel'eel positive fl'om the aeute bi
sectl'ix in the direet10n of the hanrls of the doek; negative in the 
op posite dil'ec tion. 

The curves JlfJll , and N1Y', going thl'ough the optie axes, eonneCL 
the poles of the planes with the gl'eatest (positive anel negative) extinetion 
aneL with the same inclination with reg'arel to the aeute biseetrix. 
The point in whieh the curves mentioued intel'sect au isog'yl'e, has 
on thai isogyl'e the greatest angnlal'elistanC'e from O. For the rest very 
Iittle need be atlded lo what is to be reael from the figure. It shows 
cJearly that an extinelion with regal'd to the acute biseetrix, whieh 
deviates lillIc from 00

, is confined to the ill1mediate neighbourhood 
of the pl'incipal plan es of sy111 ll1etl'y . 
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Fig. 2 

Fol' talc (2 TT = 13°) 1) Ihe following values are calculated 1n 
tile same war: 

1) HINTZC, Handbllch del' Mineralogie, H, 1:::'97, p. 815, cf. BAUeR, Pogg. Ann. 1869; 
aXXXVlII, 368. 



- 11 -

( 377 ) 

I I' I / I~ A I B 

1-0 ;) 83°43' 21" 1°4~' C± I') - lfiG-.(l;) 154 . .32 

30 84 22 2G .3 J;-) - 89 84G 80 2(j~ 

3-.) 81 40 45 3 44 - 1:\2 815 82 45 

IJO 8j 1 25 IJ 11 - 78 8U5 78 718 

45 85 ~U 31 4 30 - 7i 628 77.028 

r,o 85 40 38 .1. 59 - 78 717 78.81:11 

55 8G lG 38 5 20 - 82 al 82 672 

GO 86 45 19 5 38 - 89 268 89 8IJ6 
I 

65 87 15 5 5 53 30" -- JOO.62 101 4G 

70 87 40 -18 6 6 - 120.1û 121 38 

75 88 19 JU 6 J(j 30 - lfl1- 32 156.05 

80 88 52 2") 6 24 - ~25.49 228.J4 

85 89 20 4 6 28 30 - 443.61 44928 

-- I 

to whieh eOl'l'espond the extineilons: 

xl '/=15 
I 

'/ =30 
I 

,,=3') I ,,=40 
I 

'/= IJ5 
I 

'/=50 
I 

'/=55 
I 

15 00 R' 4" 0° 4' 5V' - - 0° 6' 9" - -
30 0 7 Ü o 12 44. - - o 14 Mi - -

i5 0 8 12 o 26 53 - - o 31 19 - -
GO o 30 55 1 -1 59 - - 1 lG 39 - -
70 1 21 38 2 26 12 2°40' 54" 2°51' 34" I 2 57 13 2°:17' 48" 2°52' 14" 

75 2 /7 /3 4 1l /6 4 39 53 5 1 35 :5 /5 2G 5 2/ 1 5 17 0 

80 423 11 8 24 35 9 31 30 10 33 35 1l 23 43 12 1 43 12 24 4 

85 9 27 0 19 10 28 22 33 2G 26 2 2ï 29 30 9 33 23 25 37 31 53 

00 15°( +flq ·,) 30"(-')0") - - 450 - - , 
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xl ,,=fiO I ,,= 1i5 
I 

,,= 70 
I 

"=7;:,, 
I 

,,=80 ,,=85 ,,=90 

-
'J5 00 5'21" - - OJ 3' '14" - - 00 -
30 o 12 :12 - - 0 7 28 - - 0 

45 o 27 '2[ - - o 15 Bü - - Q 

-60 1 7 :5ï - - o 39 55 - - 0 -
70 I 2 41 57 2°26' (i" 2° 4' 20" I 7 1,0 I 1° 7' 27" 0°34' 26" 0 

75 fi '1 13 4 35 5:-1 3 58 51 3 9 35 2 'J2 10 '1 7 58 0 

80 '12 19 1)1 11 53 '14 10 fl8 49 9 9 38 64242 33347 0 

85 41 34 43 40 43 '1 53 20 59 59 24 19 67 38 33 78 3 fi7 90 

90 60°(+51") - - 75°(- 8") - - 90° 

Fol' the gl'eatest extinction and COl'l'esponclillg angle we iind: 

Y'max, 
I 

7!" 
X 2"--" 

0° 0° 44°48' 50" 

'15 0° 6' 9" 44 48 31 

-30 01447 4i. 41 24 

45 o 31 21 44 27 2 

60 1 ,10 50 43 38 28 

7fi 5 21 3:1 39 38 9 

; -v= 45° 0' 
83°30' 

Figure 3 affoJ'ds a general view of t,he l'esuHs, Suppose t,he pal't 
of the globe-surfi:tce, falling outside the parallel-cil'cle of 60° but 
within the isogyl'e of 1°, to be eql1al 10 the part falling within 
the same circle ouLside the isogyl'e, then it appeal'S that at about 
7/8 of the sphere an extinction o'f less than 10 is observed, sa practi
cnlly a stmig'ht, extillcLion, Now the seetioJls, yielding greater exLinc
tions, lie sa much in the ncighbourhood of the planes, making l'ight 

'"angles with the optic axes, that, they ai'e fol' the gl'eater pal't 
inqwacticable fOl' thc determinatioll of tlie dil'ection of extinctiol1. 
A cOll1pal'Ïson of Hgul'es 2 and 3 shows the l'esuH tllat wilh rhombic 
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l<'ig. 3. 

cl'J'stals \\'1th a gl'eat axis-angle thc oblique, with those with a small 
axis-angle the straight extinction will pl'edominate, w hen we have 
to do with al'bitral'y sections, as in a rock slice. Howevel' in 
the two cases \\re as l'al'ely iind au absolutely straight extinetioll. With 
hexagonnJ alld tetmgonal cl'ystals, however, exclusively straight 
extinction with l'egal'd to the optie axis oeeUl'S, as fol' V = 0 the 
ecruation (4) 

cot 2!J == -- - . -- + sin a; 
1 ( 1-sin2Vsin~a 1 l-sin~V.cos·a ) 

sin 2 V sin 2a sin {IJ .~ill 2(( 

always becomes Cf:). 

In fig. 4 tIle maximum extinelioll as tl funcl.ion of ,IJ is l'epl'esented 
fol' one globeoelant; NA! l'efel's 10 ütle, J11..4, to olivino, .JlIJla to a 
Illilleral ~vith an axis-anglc 2 v= j60°. 'rhe vaIues U'AI' O'A~ 
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allel 0' Aa giv€.' the size of V. Tüe general èquation of thc curves 
.MA is: 

., sin VtgV 
s~n 2Y7llu'l: = , 
. cos tv cot .1) 

Y ma:r = t bg sm , . (sin V tg V) 
• COS.1) cot PJ 

from which 

dy'7IIa:L _ sinVtgV· . (1+2t.ti a:) = 
d.7] 2 VI _ (Sin V tg V)2 C08 a: 

cos .1) cot .7] 

_ sin VtgV(I+i'tg2m) cot .7] _ 

- 2 Vcos 2 .7] cot2 
.7] - sin2 V tg2 V-

sin2 V 1 + sin2 .7] 

2 cos .7] Vcos 4 
.7] cos2 V - sin2 .7] sin4 V . 

Sa for tV = 0 the c1il'ection of the tangent is given by: 

n 
Por .v = - - V bv 2 ,7 

d ' +' 'v Y1lla:L _ s~n 

--;z;- - (-) 2 cos V . 

dy"'W3' --=00 
dm 

(10) 

as the term nncler the root-mark becomes = O. Sa the tangents in 
A on the curves 1'01'111 l'ight angles with the elil'ection J1{ O. 

1t ful'thel' follows ft'om the fOl'll1Ula (10) thai lhe rise of the curve 
tor tbc same valne of .7: gl'OWS smaller as the "alne of TT c1imini5hes, 
as is a1so shown by tig. 4. lf TT becomes = 0, as in Lile hcxagonal 
allel tell'agonal syslem, ihen we a1so have 
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dY/lJlf1'/, = 0, 
d.'/] 

so that tlte curve J1fA coincicles witll the abscissa-axi& JJIO, Finally 
wiiI! regard io the fOI.'111 of the (,lll've whicl] l'epl'esents the angle 

(~ - ((ma:>..) as a J'unction of x, it appears all'eady from a comptwison 

of figures 2 and 3, tlmt this curve JJrA, 1he axis-angle beC'oming 
smaller, gl'adually appl'Oaches lhe straight lillo that elivides into hvo 
equal pal'ts the angle bet,'Ceen OA anel the nOl'mal to it in U. 

lne/eed (9) yields 

lf V becollles smaller, (q (~, - ccllW1 ) incl'eases, and witll V = 0 

l'eaches the gl'eaLest vallle (~) 1, sö tha,t then (tnwx beco111es = 45°, 

The clll'ves 111' A .. Ll1 anel lYBJ..Y' 1hen pass into two straight lines which 
injel'sect in~ 0, thllS fOl'ming l'ight angles, whilst the§ luwe shit'ted 
45° with l'ogal'd ia dil'ection AB, ' 

Of gl'eat prnctical impol'tttl1ce is the soilltion of the pl'oblem, how 
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great the extinction is with l'egm'd ~to' the tl'ace of a cleavage plane. 
Fo!' this, if the angle of extinction with l'egm'd to the acute bisectl'ix 
be lmown, is onIy necessal'y the yalllC of the apparent angle between 
the trace mentioned and the same_bisecLl'ix. One value need only 
be subtl'actec! fi'om the other. -

It' ZZ' be the axis of a zone, in which ZQZI l'epresents an al'bi
trar] plane, lV the cOlTespont.ling pole, anel be the plane c1elel'minec1 
again by Cl and OQ = tIJ; if U1YU' be an al'bitral'y cleavage plane, ' 
deterl11inecl by w anel 1VO = y, then VO is the line of intersection 
of both planes, 11 Q = L Q1VV = (J, the apparent angle between 
1he acute bisectl'ix (0) anel VO. 

:Tt 
Now VQ ="2 - vz, t"tnd in L::, VUZ is 

So 

UZ=w- Cl. 

- cos 8J tg Y + sin 8J cos (w - Cl) 

sin (w - Cl) 
(11) 

If we appIy this fOl'mnla to the cleavage planes /tI (:1 00) anc! pl (010) 
of oliville, then with 

.cl (010) 

anel (j 1) passes into: 

:Tt 

w=2"','I/=O 

tg 0' = sin iU tg Cl 

t,q (J" = - sin {I) cot ct 

in whieh (J' anel (J" are sllceessively thc apparent angles between 
the traces of 9' (010) anc! h' (100) on the plane (lV). 

No\v if ,>,TC think both .v anc1 Cl 10 Vt"tl'j' betvITeen 0 anel 
2 

, 'vc 

linel 1 he following vallle5 fol' (J' allel (J": 
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d~=ol 
-

I x=15 
I 

x=30 I x=45 x=OO 
I I --

) indef. 00° 90° 90° 00° 

GO 80° 8' 30" 88° 0' 2' 88°35' 50" 88°50' 43" 

0 82 18 57 80 o 17 87 IQ 22 87 41 27 

0 78 33 11 84 o 50 85 45 40 80 32 13 

0 74 3~ 5 82 2 19 8/~ 21 9 8523 2 

0 171 Hl 25 80 4 30 8230 1:\ 84 13 53 

0 55 t\4 4. 70 3128 73 59 ~)3 78 20 2!J 

0 44 o 26 61 48 38 (jO 14 48 7248 20 

0 2[ 8 4H 4.0 33 31 50 40 7 50 18 35 

() -14. 30 39 26 33 55 35 J5 33 40 53 36 

0 8 20 56 10 0 8 22 12 28 20 33 51 

0 3 58 2 ï 37 51 10 43 43 13 3 52 

0 2 3(j 57 5 :2 18 7 (j 25 840 56 

0 1 1ï 49 2 3Q 17 3 32 24 4. Hl 58 

0 I 1 2 13 2 0 9 2 49 50 3 27 5(j 

0 o 4(j 38 1 30 4. 2 7 20 2 35 53 
-

0 o 31 4 1 0 1 1 24. 5~ 1 43 56 

0 o 15 32 030 0 o 42 26 o 31 53 

0 0° 0° 0° 0' 

s is a1so showll in {he lab!e 
e' = bv ty bin i/] tg a 

;r( 

'IJ = 0, cc < - equa! io 0, ' 
2 
:Jr 

IJ = 0, cc = - indefinitc, and 
2 

Ct = 0 a,lso evel',)' lime 0, whilst 
- (j" = b.q tg sin ilJ cot a 

ai = 0, ft> 0 eCjl1al 10 0, 
,'IJ = 0, cc = 0 inclefinile, aml Iasll,r 

:n: 
cc = - alwa,rs bec:omes 0. 

2 

I x=75 Ix=fJO " ato' I I C+) 

!J00 90° !JO) 

88°J7' 53" 80 89 

87 55 40 88 88 

8(j 53 39 87 87 

85 51 31 80 80 

-81 49 28 85 85 

79 30 17 80 80 

74 20 4.5 75 75 

;)0 7 50 GO (jO 

-14 o 24 45 45 

29 8 50 30 30 

14 30 38 13 15 

9 39 57 IQ 10 

4 40 49 5 5 

3 51 50 4 4 

2 53 52 :3 3 

1 35 55 2 2 

o 57 57 1 1 

0° 0 0 

t ol'de\' la kno\\' Ilte cKllnclion of (he plane (lV) wtth l'ebpect to 
{nwe of' ,tI' (OIO) Ol' lt l (100), wc ('ombine ihis iable wijlt (able Ir. 

26 
'oceedillgs Hoyal Acad. Amsterdam. Vol. X. 

, 

/ 
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$ 3t 
Fot' -? cc ~ 0, -.2:1J~0 the extmctions bucceSbivel v become(-(j'+y') 2- - 2- - " 

and (- (j" + y'); we Eind the following values: 
ep' = y' _ (jl.-

I 

x=ol x=15 I x=30 I x= 45 1- x=GO I x=75 I 9' 
" 

1 
j 1 

jX= , 

00 0° j 0° 00 I 0° 0° 0° 0° 

15 0 - 2° 4' 56" - 3°33' 23" - 3°33' 4.4" - 2°49'42" - 0°58' U" 0 

30 0 - 4 53 18 -8 9 D - 8 29 40 - 5 41 1 - 1 46 4 0 
, 

45 0 -93725 -15 19 13 -14 ;)7 7 - 8 21 2û - 2 1248 0 

60 0 -19 o 20 -27 j9 13 -23 18 3l:) -Dj832 -2 257 0 

75 0 -4027 45 -5L 31 46 -36 7 fl2 -8 744 - L 15 2~ 0 

90 indif. -90" I -DOO -DOo 0° 0° 0 

When cc = 90° anel x = (~- V) = 4W30' ihe cxtinciloll becomes 

indefinite; it is here thnt the il'al1sillÜll ti'om 90° io 00 ütkcs pincc, 
In tile same way we fil1.d for 

g/' =.'/ - (j". 

" x=ol 
I 

x=15 
I 

x=30 
I 

x= 15 
I 

x=60 
I 

x=75 I x=!JO 

0° indefinite 90° DO° Dao DO° 90° DOo 

15 0° 15°33' 32" 63°,)3' G" 76° 4' 47' l:)Jo 2' 3U" 81)0 '2' 14" ua 
30 0 27 45 24 48 ;;n 33 lJ4 28 55 77 11 28 SU ::JO ,12 DO 

4:1 0 1!J 2J 53 37 48 37 55 5i, c9 73 25 -i3 85 48 0 DO 

60 0 l:l :~8 22 2D o 29 1"0 3") 57 72 53 ')ï 8Q 1'3 49 90 

75 0 7 30 13 17 54 1\.3 '~3 50 3D 77 4/[ 37 87 Id 5U HO 

90 0 0° 0° 0° UO° DOo 00 

Also ,here ihe extinctioll fol' {/ = 90° anel tu= (~- V)=46°30' 

becomes indefinite, 
The sha,pe of tiJe rp-lsogyres is l'epl'eseuied in fig. 6. The lJlnck 

lines refer to p", thobe in black anel white to p' ,p" gives ihe vn,lue 
of the positive extinctiou with l'cgnl'd to UlO iraee of ft' (100), cp' 
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tlw,L of the negative extinction witl! reference Lo tbe trace of y' (010) 
on the plane (lV), 

The figul'e t& wllh l'e:jul'd 10 t11e nx('s OIJ allel OQ qmie &J 111-
metl'Ïeal agaiu. lil Ihe sallle wa)' as fig, 2 shows fol' the l&Og} l'es with 
l'espect 10 the acute l)J'3e('tJ'i~, beeause tile points 110l'e cOl'l'espond 
10 the value: 

- brt tg (sin .?J tg (I) = y' - ()', 

" (1 - ~in~ TT ,\in' re i 1 - "in~ V cos2 a ) 
cp =! br; cot , -, -- + ' un .'1: + 

- , ~in 2a . bÎuJ JT 'W,1' sin 2a sm l V 

+ IJ,r; t,r; (sin ,1' cot (I) = y' - ()", 

26'" 



- 20 -

I I 

) .< 386 ) 

Now the signs of y', e' anel e" l'emain unchanged for 0 < !IJ < 3l 

l d ,:Ir an for a val'ying betweel1 0 and -, so that also llerc the sigu of 
2 

the extil1ction in adjoining globe octantil will be allel'lIately )Jositive 
and negative, The pointE> in which equivalent isogyl'esll1 Ihe systel11s 
9" anel p" interseet, inelicate the pI aces of the poles of the sections, 
in which syrnmetrical extinction with respect 10 the clea vage plt:tnes 
h' (100) and g' (010) visible in the slice is observed. 80 thel'e 

g/ + pil = 2y' - (e' + e") = o. 
2y' = e' + e" 

The curve OA = V. Ir the axis-angle diminisheE>, A gradLlally 
approaches 0; tbe isogrres p' anel pil approach a symmelrical dil'ectioll 
with regard to the axes OP anel OQ, so that the l'Ul've, connecling 
theil' points of intel'section, elmws neUl'el' anel neat'el' to the stl'è.tight 
line, and at last, when TT has become = 0, and A cOll1cideE> with 0, 
passes into the stmight line which divicles the angle POQ into two 
equal parts. Fo!' V = 0 y' becomeE> = 0, sO: 

e' + e" = 0 
sin tV tg a - sin lIJ oot cc = 0 

tga=cotcc 

SO that the geometrical place of the pomts of intersection of the 
isogyres p' anel p", i.e. that of the pointE> of symmetrical extinction, 
is repl'esel1teel by the line 

Anatomy. - "On asceltding degenemtion afte?' pct1'tial section oj 
the spinal conl." By Dl'. S. J. DE LANGE. (COIlul1unicated lly 

Prof. C. WINKLER). 

(Communicated III the meeting of November 30, 1007). 

The following researches have been made with Ihe pUl'pose of 
investigating wh ether there exist any conl1ections between the spim~l 
('orel anel the ascending fasciculus longitudinalis dOl'saIis, anel on 
the other hand to ascel'tain once more the course of the ascencling 
anterolateral fascide of GOWEH& anel its l'elation 10 the, dOl'so-lateral 
fasciculi of the cerebellum, 

Frolll the exlenbive litel'atul'e on this 'subject 1 wlll L.lIlL rarely 
quote something, whenever the l'eslllts obtained by otllers do not 
aCCOl'el with my observaliol1s. The dmwings arc laken aftel' fout' 


