
We heve se fns R4aoun~eA 'n d*4:n?l the Ghaom af 

l tght  p,Mpgn%-fcn n10r.c t h o  CT.~*-'.C a?Ri~: of n ~RoXe~terbe 

1 lqul rt t\rve+;al. Pr, W s t ~  c . - ? L ~  f.ftr w t  F i r e  pp;rge emertmtnl 

etrrrSler made tn t;ns tight of J;?~o 6k31:7(.' t ; ~ ; a ~ - k i a ~  

investl,.tr t z  &*a& rx,r-~~ix*t .  k 3 ~  I k z  QXF~IIEPR~E t ~ x ~ e e  

with tl ia %!t(4r?rt9%5c~I. n r e d i ~ t i m b .  bibre di@6.?~8a?ijnlq 

%he ~ymart tue  tmB awfltheda 1iee2 3 3  t T t t  areeen% inmati- 

gnt!.arr, we cha3'3. gf.:ra c !;rtsi T+F :?ST: ~f %kc: experiment~1 

% ~ C ~ & G ~ , ~ U F S  U F C ~  b;~  t'.c: R?tsi",=~- 5'9 :);B:t)i*~+ 

trhmmm (1890) vncr %G ilrsS nePao2p tr ~r3atp;sst a 

Laahiqt ie  for the mr-sl-rcano~-if of 3.nrrt.r: rn%:t-k+rcy WcsrsP 

uX aholeader-tc ilga,!8 cr~tot:irXo* In h l s  net up, %tie 

meaanraryhla nubetasloe CIR vlas94 mdemezth a nlnna snnvex 

Z m a  resttnrq m (1 pXsae of nimo  n l ~ ~ e r   fate, @a ' F ; ~ P C  

f-ts fhtaknasn 4ncranm~s tm~rt?s tFd@ nsrf~~hem of the 

lane. It i e  %hen Lnbartet"! . t f a - : w ~ ~ ~  :: ~aIr:~=r.ir,mr and ~n 

enalr~rsr c f  n nal*sr?s*.ng micrs~;co?a, wf;ich :Q e*t: tin 

for erxkinct ion rlrtd % 17 ,~~~ f .~ f i f ;@b by m m n c h ~ d ~ ~ 2 t ~  14.8ht 

( ~ i q .  I&.) . ~w:cen'%r: tf? 44.~5.k is%?; b1e *.'! r l ~ .  P . ~ ; : B  +SU?6 F?ea;n 

t ~ h  Pch rrrse~;s'-tle 'itah ~;oii* n r 1.3 \;n ' (Y ig* 1 1 2 ) .  Erooh rlwt. 

rf.ng ~ a ~ r ~ q ? m ~ C l , a  $0 f f / ~ i t  l; W ~ I ~ P ~ I  ?'li.=e b; eii r:*t~t+rrd 

f;hrou,.yCt n x 3.80 where n ;.xr; :m ;r; $.t rmr. Tb' "* I s  the 





radium of the n dark wnd @ R e  the sadiurs OR aumt?are 

aP the e 1 : ~ i n a e  aZ the lens 4 3  emtaat w t f h  the ~e@cr?rmr- 

>hie a~ubeCnnoe. tfker~ the thf.oknearr '1' of %)\a m~batfinee 

ahlot! ~ R I  C R U B C ~  8 r n t ~ t i c m  of n x '1186 t e  a-vroxina- 

te ly  4/98. *me rotntian in t3agrees ner ailltmetre 

wlrfll he olmn By wa~urinp:  the rfidive m i  the @me@- 

If R elocirnslea: rats* t m qf the -.aalvurer lncraeaea the 

ainw c$ the dark r i v e ,  2- ~ u & 8 % i o n  of the m a m r  

phto subotance Ce RCELPS en4 nLw rures. In thCa 

wethod, conafu~e of Saeu~ainz (93 tks eP!t -2 n aroctro- 

aaape, an f m ~ e  of -?Wmtsr n? tha Lsne @-tarn des- 

critled in Z s m o  r wcc-rrh.cad, z%e :f*rstl-t.r :>ejiltia 

f LXumtnat44J ?xl.thar af %It ~ r h i t ~  iig3.f; ef we2crr.hlv e ~ i % h  

~ v s n t r e * k  f i n s ,  Th,? ,?re -~ t ; r t r  tkac r~-kzztisn g3radtrced far 



any n a r t i d u l r ~ ~  wsvaleneh the clLoraar topether w i l l  

be the beende on the corrsepmd*ng eneatrc.3 Line. !Phe 

type c.f aZieot whleh m y  ha ebaerveb 9n ttns t?oaim 

e i  n p a k t  of m~i.mm ~ * s f l d ( ~ t ? - m  '?(9 811691~ in $2163 

Pigures t2). The U3rtmoea a f  the emeeoutlve dwk 

bnr?clu m ::ay ew?otra'l Idaa frrls the mridim LZne 

corrbspood t o  r2 m d  p, of the abnm formtn. Olnte- 
t 

zal$*.;.fn, and CZCO (3893, 1954, ~ ? f ? f ) )  ???ass 78nc of n 

Qtnubart'r! methad ( 1917) L?volvrer; nsaanr 1 % ~  the 

ehift  g.rai¶ucsd %hsj g q ~ ; i , F $ W i  **? the ??"It$* C?~?T?~ 

HCW thra~qh thr ~ o l ~ ~ ~ f . ~ f ~  FIL%Q~C~WICL.QPB, wiZ!2 Q P C ? R W F ? ~  

? 3 f q u y ~ ~ i 3 r p  :r"wn . .c?:i);h ? !;a1-t;: .?,!,T ;z",.~:;Pc&~E?~**~I.~: 14.&it. 

I?.ra u9ei.P L P ~ P  f*i'tlj%;P;f~~l t t ~  C E ' = ~ * C ~ ? ? W ~ ? ~ .  tochn tque 

naae nclt s3lm the mcapru~slr.cr,l? 8s he d m ; ~  awes a m i d @  

rmm ni cpoctum. 



of the malyaer with &nil tt.ithmx% %ha met.La#ut. The 

o h a n ~ ~ l l ~ d  ~ ~ o a t r a  tn n i r  grip berfmwn the RXQRPI st+.dca 

Reeenfrly Yergarctn ( i907)  b s  trtudirbd the olretrl~ar?. 

~IU~~QJTFT! .mR rqtR-tF)py ~ A R , ~ ~ ) c P P  i . ~  ef R RJ.+!PB) em- 

t~ts?m aq11~1 nasfs by w e ? ~ h t  ef e h a l a a t a ~ l  Ikrmn~aata, 

ehaler9arpI aostate ~ n 8  cholse$cry?. pTaft~&e bp vriw 

RS R U ~ C I T S ~ ~ ~ Q  reccrflfn~ finr2. bz- # n s t r v m ~ t ,  t F c  G w y  

Vociel all~s?trn~hct%c.mte~~ (I ' ! .P~?.FF !?f chrcPtsa ores 

Tho pirnac dl;Lerc.r,.c,6, (a? ?met rp);?.%c-r:; T ~ B F )  

dfrrectly 01)t:. tna8 hy ;rr?;i?.i!. .-. Fx ..ntf4 T *be 
Y 



tn tensl2la6 c: the : : t r~!ne~it te4 Zf.,~ht, when the 

Inc.LEent; lhaht is llnetarly paXprimd m d  the 

aaalyger ?e  nf~.ceS pmallel nnt9 vemerrdiounlr t o  the 

be e;ee Srcla fhc! P%:T?!'-C rl.$ tho c_ . r ,~ I%e~t  v 0 r t e ~ g ~  

t1:-t  a c b c ~ t  n f  t;ks: i n ~ e ~ t r ~ : r . . t ~ ~ r  e r ~  cr~f incd  t a  a 

?iarrch ref:?en ?k' the ~ r ~ c f r u n ,  "n6 %bet 6atntleA dnta 

am e trcuJ-~.r Air:lwaism r ~ n d  st\% ,tc),"g power rLgF.4: t;hsnuph 

Che ref  ?,oet-?.m b~.r:d ?.re S ~ P . ? ~ . F . L I  F @ F T J ~ ~ - *  V1?: t$- 

C 
L *  C,W ttm T r + p . r ? u  t - ?e: pr&?,rZrd R ~ l r n t ?  texture 

sree4rnar. 4 f  " ~ r i t e ~ ~ p t e t - ~ v  f r l  ?tZ7"~,. ttfi~ i;lolee?lea st 

Ihcb r : ? = f ~ r 4  oi dike f ' l i 7 .  ? % -  r ~ k r t ? ? c c  P'RF tbksn in 

bfftwepq t v  n rrl?t:c p? 'an*? *?.pqr '1';12"?b -8 t; i13 ? ?  becoma a 

!..tql:t ; d , ?n,l IT:6-v 0' t nrfq9 5n 3 ~ ~ 1 1  5.ntc: the m~r@~?mr-h%~ 



perfect lo?) 05 tho  sxt +.x::t? ;zr ti.;!* wfwe law?;hs at1 t s t Re 

Sho r o ~ . i ~ ? t  a9 rsr':':~ n5<rn ,  3 *::*A tip lgliyet.l+jfit 3t3~a 

mmja in S-ha El[ret? 'F~?Y%~zP: ,?no# r o u ? ~ r t ~ t ' !  0'7 ~.%I$J-, by 

p f i ~ p r  1-p bq.; :*t..r:'. : yed'. t I -  * '  ?;. c - r  -t\ep fb?,t. me 

a?,acf,.=n ~ V P * *  t?:t::n:r, :'h~cj,? :-it - f '--r?(rj ~rnrm~~~~"e ,+ i ;u r -  tit! the 

3.!.4:t.?.? ~ . r  JP$CZZ-L-  r:lri!*e hy q:-*.:v? :n,? $tie t).:~+~er 



The procedure wrra renePited fhr w t o u s  r e ~ i o n ~  round 

about the sbecintan nnd t h a  msm thtoknoar wna t ~ k m  

using the formula \ 

\ 

1! 

whsra n ¶a the number of frtnqea abaervrrd between the 

nsvsleqtha and of He ~ ~ a t m ~ e  The thieheas \ 

\ 
\ 
'. measuramtra were alaa mQe bp sin optZera1 csm-zornter ', 

\ 

which could r e ~ d  t o  an noaur~ay af 2 The f i l m  \ 

thicknares WRIJ u r n ~ ~ l l y  of trhe order of Im mierma. 

"he aaeuraay ww not better than 2 38 wr @en%@ \ 

The accurnaa of the antical, rn$atfcm acarrursnmfs 

waar aheeked by a#rktrrg sevwrnl me;aictwmsnta of r n t n t o q  

power of quwrte Par w~3,~~26n~ti;h4 iron 40004 fa  10,OCK) A- 

rt  was found thaB the re la t in  ratl?rtian aauld bs 4eteru 

mined t o  ;t 4' oi m a  from 4WM tb i O , O O  A- Bcnrerer 

the d s t a m b n t i m  of a b t ~ o m  rotstory pmsr of  the 

l iquid crvrtal w ~ o  muoh leer aoeumta, rtnce the anectmm 

fils thlolsnese oauld be detcarmllnrsd mlp t o $  i A  percente 

parther the mferalraarse altdea t3amslvcrr were not 

0lDttcally plan*. 

The tsntnersture of the l iqu2d  e r . \ ~ a + ~ l - w r l s  -ngl)-- 

tatnet¶ q u i t e  canstmt by fhe stablllsed parer @uqplg 

m d  the high tFarml e w a a l t y  oil the h~lntcrr and tihe 

experiment being amduotad %n m air cmdCtCmed roam. 



X t  waa found t h r t  the fluotr~~tia tn temerat.3re f a  be 

learn than 0.1~0 by the ecmatmoy of the ob~erved 

emf RC n pa-ttcular tsmerat~re tlrrnug?~out the snm of 

the enutrlmnt. 

The emerima3n.t~l eat up t s  shr.vtn 4n Ftg. (9) A 

He Vf!l)bOUX' f am3 (3r ncb&Il d f  UC~CPPPT~ ~ Q v  W m S  3 8 O d  RE R 

eoirrce (1). The quarts lmra (2) w-e p l ~ e e d  ~t o R C o -  

t ~ n e s  equnl to Its facal langth from the anurae t o  

sender the 1Lrqkt from the  sowee n~rnllel. The p w ~ l l e l  

l f / tht  * F  then paeaed t h r m ~ h  n emetnnt ddev2r"ttian 

rpcetrocmph ( 3 )  a half s h ~ d e r  (4)  the l i q u i d  crvatrrl 

anecfmen (8) and then the n i ~ a 1  (enelyear)( 3 ) .  

O l r b g  the aham r e f  ?ape the rtlt?ticm a5 R s~eclncsn 

af  crholsrterltc chlartde wna flrtmd fnr vnrtaukr wcvolerngths 

away from the reflcctim bmd. Thc thtcknesa of the 

specimen rne  l~.?& Thip thfaknsra wne got €17 usfnq 

a Dunont Rylar enscare. The prblmfmstr+a wrrm~a%nfrff 

wae of 8. ~ l t m d ~ ~ ~ d  t y w  (model la.  ¶013071), mrtnufaatu~ed 

by Wbkel-Zei~r~ C#ottin~en). ma Ztaht souroe w r f t  a 

Hg vaT)aur lamp, f ir-4 l ight of 4 ;fierent womlmgth W R F ~  

obtained by 11aln~ R a3tmRnrd HtQer snectrqrrsaph, 







Green 2909 3-1 17&@ 

fe l low 5 9  MO4B3 278.4 

The aame ret u*, as bar tbc &bow exper9.msnt wtsrs 

uacld me speelwam t ~ k e n  WRIP c ~ ~ ~ u ~ B ~ o ~ J I ' I , ~ I ? J F ~ M ) P ~ ~ ~ ~  

yl-earbcnaste, *%oh qtme  w ete?t.ble artsnterd eholslatsr~o 

phat~e lrrrtwm mll l~ showing brtllkmt aalaulna Zn the 

super osolatl atate at roam tsmabrrature. lPkre camb*und 

was f i r a t  heated t o  ltquld vhnab hetween aewr @ I f R c ~ o  

The s l f d e r  mera move$ qynfnut @#!ah other f c m w d  m d  

bnekward "tn n single dfrset tsn ns tlqe sbeotllte~ oaolsd 

t o  roam temperature. The a%e~fm!m bhea beearhee h sirmslt~ 

dssaa4.n and ahmra brillimt csolowa in the n7.foa region 

af the ~ p e o t r ~ .  8uch a .beet %a rsierred t o  RE a 

'glwns texture" prepwaf tan. The masaureawnta of 

rotatf an on cme euah ~oeci.len w e  qiven tfn tabla Tf 

me eat  ur, far thlp f a  aham fn BigoJ*  The 





ANOMALOUS ROTATION - - 



Film th lcbe@.  F 3 * 4 & i t ~ ~ 4  

Film balder liilliwltartcr Tsmpsrature 3alartstr- Emosure 
raadtng read h e  $ton @en@@ t inre 

(Eellae8ian of slrunl@z aemcmmta with %eame6,atusa) 

Chalaa tar81 ohloride ( &3 neramf $ + Chaleat@r?e norrmef a 

(rii) per cent) 

F(3.m thicmae~ - 5O.8,/hiwm 



Pllm holder ibilltv@ltactar Peg,ernture Paler3 re.- Emos?lr 
rend ing r a ~ 8 t n g  tlcm ~enccr t iaee 

6e.srP 1 mt. 

4 8 . 3 ~ ~  1 mt.  

ao .me 1 atf. 

49,ste 1 BIC. 

a9.sso 1 mt. 

10 *. 
3% w ~ e  mrtfied that rlth the Q pontte a?rcuZ@r gulmia%- 

t l o n ,  %be tr~nsnlr.slcm Cs prast?ca2ty I W * ~  m c  the 

rube tanaes that PJ-4s etahla at CCBE temnsrsta~*@ far 

quite n lua& ttm. The t e c b i q - : ~  fa hmevslr, qutte 

elou rznd Za a n t  c?~nvezrfent XOF 1 i . q v f d  ~r -~ets l l s  twhlch have 

t o  he mtntatnerf a t  high t~mtwat?rre ~ n d  heecne 3.w.ii0.g 

drtc t a  axtdntlon after s o w  .t;L?t;t. Alsa %he nh~tnotrn-hie 

tachniqqae became aui-te tsdto%a far wnw'lsnpytrh61 4n the 

infrsrct! regtan. Sa a auitnblo R-pftst?t*lt!? was see lap 

After n~klnfl narfcat et2,qnmmt; af tthe rsbatic a.ystama 

the rot~rfary poner. wns rcr?-;~tta-ed F:# I C ~ ~ Q G E *  







Pire$ of nZZ the w ~ v e l ~ g t k  nf 'aterent was faxad 

by the wn.velen~th 4rfve. The mnlyser wna rqtmted 

1i11 R crsasin~ l e  feund. Xnbwlng t h e  crossinfz 

rend¶,ng with m d  nitheut the epecinen, the nlrtfc~r 

rat~ticnr wnp firsterrairled tar VQVCP: Ien~?th. The 

rela* 2v% rntat  2 m e  could h e  ~ ~ ? F - x P Q A  t n  an npeurney 

211o nbrsoluts vnlua, nf t > s ,  I.-tctery trme)r nrpa 

obtnfnorl by w t z a ~ l r : ~  the 'U'h+choea of the e~ecfrnnr 
. 




