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PREERACE

The discovery of the choleeteriec tvre Sf 1iquid
dryetal coincides with the diecovery Of the liquid
erystrline phace itself by Reintitwer in 1888, for

fhe firet few compounde were esters of choleeteral,

f

The cholesteric vhace hae a structure iN vhich

, the molecules are arranpged in layers ench laver ecomeist-

ing o©f molecules nligned anproximately varsllel to

one anot her. However, the direction of nlimnment ~f

t he mnlecules relrtes continuensly on mnving alenr with
the norm~1 to the lavers (fin. ) A homepenous rpeci=-
man (referred te ne 'Plane testure' Or 'etructure a
vlene' of thie phace) exhibites certain unfaoue onticnl
oroperties that rendily Aistinpuieh itS frem the other
two liquid crvetalline phases. [N th'e elassienl
memoir ON liquid crvetal Priedel deescrided the
rronertice of the plene structure iN the following

worde (1972).

''Ln etructure n plens dee carps cholesteriques
vossede des corr acteres tres particuliers, en nartie
rennrques denuis long temp, et qut font Re la phage
cholesterique UN tvpe de matier bten einsulier. Elie
comrorte, en nremier l‘eu, des plages uniformes, qui
daneg la etructure o plane »narfaiterent reguliera cxistent

eelves et mont orientees normalement a Inxe ontigue,
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ces plopges, oneervvees en lurieve naturelle, nor
reflexionk 4! fueent de v!ves coulevre vrrinhles selone
1'incidences ENtre nicole, elles montrent de dcs
covlevre qui ne chanrent nag rar rotetion e 1o nlatine
et qui sont dues en partie 2 un vouvéir rot-toive en
renernl excecelvement fort, at en v»arti surei, comme
nous verrous, 2 une avire cruse, Bien reruliereg, <llee
ee montrent, doane des conditions convennbles d'0b ervo=
tion, comporpees de strrtes d’oga}ea gonigsevure limitees
var des surfrees de d?acontinuitev(plnne de ~r~ndiemn)
cee troie crrneteree, Aiffusi-n de couleures, -ouvoir
rotatoive et rrerence des nlene de pr-odijern eont 'ne
timement lilee 1'un & 1'autre et n'exis*ent »as l'un

sans l'avire.'!

Since 'its dAicovery there have been s numbcr of
experimental inveestirntions and a few thenriticnl
gtudies on the remrrirable onticnl vroperties of thie
pheee, but 1t would be fair to say that mony nencete nf
t heme phenomenr hrve not vet been fUl |y understnnd.

A brief summary of the erliant reevlte of there invertie

getion ie miven bhelow,

In Chapter (1) first review the exverimeninl frotd
regardins the ontienl nronerties of choleterice liquid-
crvetnl, visey, the verv hish rotrtory ndwer, the selective
refleetion nf circularly nolerieed light rt nernnl

incident and the snomalous rotrtarvy disvepreion “round the
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region of reflection. VWe then dlecuss the vrevious
theoretical work of Mauruin (1911-1913) and de Vries
(1951) Mrouruin enlculated the rotrtorv nover of a

twisted nemntic liquid crvstal (produced by rot-ting

the éoveralip nhout n axix normnl to the vreferred
direction nf the moleculer) by essuming a model of a
helically txisted birefringent medium and apnlyings the
Poincare snhere and rolline cone method. Mauguinte
"work provided the firet clue to the origion of the very
high rotatory nower of the cholesteric nhase, The
experi~entnl work by Robineon and Ward (1956, 57, 58, 61)
and Chatelain snd Cano (1964, 81) showed thrt the
Manguin'e formula ie velid for the chelestaric liquiad
cervetnl where P, where P ig the n'tch of the helix,

but it doee not hold good near the rerion of reflection
vhen becomee comvarable to Ps In 1951 de Vriee nronnsed
2 theory of light pvrovogrtion along the ovtic axie of
~cholesterie structure aseuming a2 model in which the
rrincivnal dieelectric constant twixt continunuely in

the form of o helixe The theory predicted totnl reflec-
tion of cirecuvlarliy polarir-ed light from thick rveciments
over £ gpecturnl ranre of few hundred A dnd the revererl
of eign nf the rotrtorvy nower on opnosite sfdes of the
reflectioq bande. There predictions nre in brnrd

nepreeent with the onrerved facts.
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In chapter TI we dircues a new -vrroanch nut
forward by Chandrasekhar and Seiniv~sa Rre (1988) far
exvloning the antiesl properties of cholesterie liquid
ervetrls far lirht provag-tion along with ontiec nxie
for infinitely thick sneciman. The effect of o nlnte
of anisotronic materinl euch ng n crvetnel, on 2 ¢nlli=
mrted benm of polrrised light mavy he renrecented
math matiecnlly ne n linenr transformrtien of the
cenmponente of the electric vector of the 1i#hts  The
affect of a retardntion plate, or ~n anisotronic
nheorber, or of a crvetrl porgessing opticonl activity
may be rerrecented fe a mrtrix operator which overantes
on the eleectriec vector of the incident light, A nlane
wave of Light characterised Dy the phasee and ammlitudes
of the two by twa matrix, with matrix elemente in cenersl
comnlexs The above {dens were firet develoned in
detnil vith vrrioue apnlications by R.C. Jones in o
series of pavere (1941 = 58) and the mntemntienl method
hae CaMe to he m~wn ae the Jonee cnlculus. ¥e shall
now develovn o theory of the ontierl properties of nan
infinitely thick choleeteric liquid cryvstal Tor Yisht
praonogntion nlons the optic axie dy the annlicrtion

of the Joneg Calculus.

In Chavter 111 we rhall dAipcuss the extendtion of
the above theecry to filime of finite thickness, ne

encountered in actual prectice, se piven by Chandpnsetrap
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end Shashidhara Praesed (1970). The optienl vrrverties

of thin filme may be expected to be elirhtly different

from thnt of verv thick svecimen. V& shnll thrpefore difcuss
the eafension

sxtend the theery of refleectien, circular Aichrofiem

and rotstory dispereion to take inteo nececount the

finite thickneee of the film.

In chnpter iv we shnll give gome detriled exrerie=
menta Aate Ear rotntory power and reflection. Ag ve
ehnll see, the theoreticnl vredlictions are IN ~rree-

ment with the obeerved vhenomene,

N Chenter v we Afecues the theory of lirht vprrno-
getion norval to the ovtic axie of a chelesterice
liquid crystel. We have en [ar investiegnted theore
ticnlly and exverimentally the oropogrtion of lirht
along the ontic axis of theé choleeterie |iquid crvetnls.
The general sgreement between theorv snd experiment
confirm thrt the mrdel that hne been nssumed ig eseene
tially correct. In this chrpter we sghell consider
the provogotion of lipht at right "nrles to the ~ntie

axis.

Whan 1ipht 12 incident normal at the serev nxie
of am homereneous sveciren of cholesteric liquid
cryetal, CONE intereetinr effecte are onserved, 1If
the incident hren is nareollel Atfranction »atterns are
formed on a Aistant sereen eomewhrt eimilar to thoee

produced by an optienl ernting. Theee notterne Sere
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observed by Sackmann, Meiboom,Snyder,Meixner and Dietz (1968).

If the specimen is observed by through a microscope,alternate

dark and ( relatively ) bright bands are seen. Wwhen the microscope
is moved eighter closer or farther away from the speciman,there
Is areversal in the pattern that is, the darker region becomes

brightex and the brighter region dark. These were first observed
by Robinson and Ward ( private communication ), We shall now
discuss the theory of light propagation to the screw axis and

explain these effects in some detail.

Subsequent_work of R. Nityananda (M,C.IL.C in print ) has

B&en shown that Chandrasekhar's model iS equalant to the continuum

MCDH. When the thickness of the layers are very small.

In Chapter VI we discuss elobarately the applications of

the cholesteric liquid crystal. We have discussed fomrteen appl-

cations.

In the appendix we have discussed elabarately the Poincare

Sphere and Jones Calculus.
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3. ggg ggg;egtgr;g megonhase

The cholesteric mesonhase i 2 turbid snd mobfle meso=
vheges It i rendily dietinsuiched from the two other nheges,
becruse of its unique ovtical vrovertiea quite different fronm
those of the other two. The moecular arrrnrement is of the
nenctic tyne with helienl twiwt superimmosed on 1t vernendi=
cular to the leang ey r nf the molecules, Tse mstructure may
be decerihed ar 2 rile of thin birerrineent 1overs, the orine
cipnl =zxen of the succersive Ynvere tvrmed therurh o sgmrll

anole (Flre2{¥b)).

In the first two or three &eendes follmwinz the dtecovery
of the chelesteric liquid erystnl severrl deiniled studice
on itec ovtionl nroverties wers :mde by 2 numher of workers,
notadly by Lenann {1889, 1820, 1500), Gaubert (1511, 1912,
1917), Gleeel (1910), Vorlander and Huth (1913), Stumt (1910,
1912, 1918), Grandjesn (1919, 1917), Rovers (1929, 1998) and
PFriedel (1522),

The oholesterie musorhnee ascumes variove te®tures between
plane nlace wgurfacas, fp obgerved in o sderopeopc. Thenevey
a cholestarle comnaund fs hented from the covatalline to the
mesoza~hie stote, or enoled from the tgstronie fo the mesmore
vhic rtate, without anv Atsturhsnce of the erserslip, ore of
thr norwl textarcs ndonted ie the eo=enlled iocal eomie
texiurens In thie texture the vreparation containe °n ~rronrement

of fine dark linee vhich are oheerved bath between crresed
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Bubeequently there were some studies AN the ontienl
properties of pure cholesteriec ligquid crvetnle and fa nf
nixtures of nematic and cholesteric comwounds, but it was mmly
in 1938 that detailed quantitrtive mersurenents of the
rotatory dievereicn right throushthe ref leetion bhand, the
ellipticity of the transmitted light, and the cirecular
dichreoiem, end of the effect of the temrmsrature on these
properties were carried out by Mathdeu (1038), He used
£ilme of cinnemets, nroviennte, henrorte mé rvelorzoncte nf
cholesteral, The bvoard conciusions drewn by Muthieu from
his exneriments «red 1) Phe relleccted light ~t noraal
ineidence 1e¢ circularly volerized. The svectral width of
the reflection ie about £00 A3 the reflected 4inteneity hap
a maximun ~t the centre of the band &ad Jluvlrishes ronidly

on either pide,

2) The trangmitted lizht ir thir spestrzs) reglon 1e ellipe=
tically polarizeds +the light becomes circvlrrly nolrriszed
If the thickness of the cholesteric leyer is auff:elently -

larres

3) The roteiery cowsr never ~ttains an Infintiive value, but
decrensed orodusily as the wavelenath anprasches became

sera elose to and then reverses eim on 4re other eide.

The resulte are reproduced iN the Pigsed and 6 for cholep-
toryl cinnamnte.
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The conclueions Ar~wn by Mathfeu were further confirmed
by the etudiee of levy (1948) on cholesteryl oleate ~nd
of ferracen (1988) on mixture of benzo-te, “ecetate and

eplmitnte of choleeterol.

.ORE STUNIES 3

Mo 's work 3

A 2imifiemmt satem in the mAavetandin~ aof the nntienl
hahnginme AL tha chaleeterio mahetances wne »ndg bhv Mauguin
(1911, 1913) <n hie attempt to exninin en interestine
featyre »f "» exneriment with » nemntie 1iguid crvatnl,
ne=nsovyohenetole anrried ot By him,. ™Thr enma abrepvations
were mnde at ~hovt the anme tiwme indgnendontiv dv Lehmrnn
(1212, 1916). He found thet » nemntdie 1foutd orvetsl
ninced tetwoem the two slanr wlates #etn ~ naipel twisting
vhen the nlntee nre roteted 1n onnagite dipcosione. Thise
tvne nf ptruecture shaen antieel patrtlon of ninme ~olnriced
liphts Mreusnin 4ried to cxnlrdn thie fory nf rototion dy
acpeuming on heldicrlly twieted hirefringent —cdium urines

the Poinecee snhere and rollins onne.

It ¥n well imovn thet Light nagsains thirourh an ordinary
birefrinpent medium ‘s tranemilbied ns two ninne nolorised
wavea which hore their eleetria veetore at rioht anrleer, ¢~
eneh ntham, Theae weree pire o~1led tha *-peorep woves?! of
the ntawind [;nr a “nprtigiar ddpepotiom of mronnention e
Levalut And Billsra (1979) had diecaupeed $h: apthorennity
of eirem weves (pl-rtie AnAd electrorm rnetie £or tpane-nrent

medte, (horacenous And tw'nteﬁ.i} Anv wnwn vheotever



t 81

incident on the nedi UM muet he remolved inte tvo such
prover waves end theee wrvee nre then pron~ranted throurh
the medium, indenendentlv nf ench other. The direcctione
sf the electric veetors of these tWO vrover wavee rem~in
constant durins their tranemiesion of the medtum for thot
particular direction. Mauguin aerumes the nrincinal
direetions t0 rotnte continuously ~hout the direetiom ot
pronagation of the tight s the medium 1is travereed. The
Poineare snhere method used bty Mauguin is ~ method nf
revresenting the arimth and ellivticity of nolrrized

light an the surface of = snhere.

In firure ?7(a) the nzimuth of the eleetrie veetor or
rlane waves nronagnted flong the Zedirection ‘e Aon~ted dy
a and 1ts ellinticity by B¢ Thie enn De renresented on

the Poinerre snhere re follows a—

Chooeing any paint A m thr equator of the g-~here Mf|
marking of 2a from it round the equator ~md 39 round the
meridian from the voint thue rerched, ae in figure 7(dH)

a noint P is arrived at, which reprerents Fign)e Accord-
ing fa thie nntation, the equator revresent all »lrne
rolarized light B = 0 and the noles circul rly pnlr-rivzed
light of onrngite eenses Of rotntion g = t/egpotnta at
onvosite @1d of £ Aiameter in ~eneral re~reesent ('croesed
ellivepee?) 1.e. ellipses of the snme form vith onvesite
eeneeg of rotation nd with their majsr axes nt risht ~nrles,

A vaipr S pointe nt either ends of nn equatorial dinmeter
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represent a vair of nlane polrrized wrves with their eleetire
axes mutually vervendicular as (proner waves)of a birefrin-

rent mediume

Mauguin (1911, 1913) shows that the effeet of lighton
a birefringent plate of thicknese '4t' and hirefrinrence
(AY) 18 simply to rotate the voint reoresenting the ‘netldent
light around en equitorinsl dinmeter tnkine it to some ~ther
voint on the sphere, the ends of Whi ch represent the nlane
nolarirzed nrover wrves of the rlate, and the rotntion tn

be given 1e
ex (ANn) at

h)

ag

where X = wrvelensth of light in vaenume

The princinal directions of the succespive nlates
of the helically twigted bdirefringent lavers in x the
stock will he reoresented dvy tho nninte 41 A% ..o An
and the diametricnlly ovposite vointe ByeesB, as in firure
8. Par vlates of the sane thickness

ALy = Aohgeie=A =1 Ay = ga

The effeet of this staeck of birefrinzent loyers on the
incident 1ight ihAvolves rotating the point P renresenting
the incident light by an mgle &% ~round 4 4 ana by ad
around Ag B2 etec. successively. Thie can be done ensily
by conestdering a regular evherical nolvgon ench eide of

which IS of length 24a and whose interiocr angles are the

sunvlement of 4F ae followe & (A cloeed rerular nolvpon



t$ 10 s
exists only if mdd = 2% where m is a positive integmer).

The spherical volygon {e nloced on the surface of the

sphere so that the me vertex lies on A, and one gide lied

an the equator ta the right Of AI. Thi voint P revresente
ing the ineident light is rigidly comneeted to the nolvgon
and the nolygon ie nllowed to rol| round on the equator so
thnt its vertices falls emAq Ay eee Aye  The polygon
rotates about each voint in turn and the loous of P is the
required one (Pige9).

o (An) at

»

¥Where P = piteh Of nhelix.
Therefore da/éf = > /p (An) if 4z ena aff - 0, keeping )\ ,
p and An econstant the polygon becomes n eirecle Of anmular

Now 4f = AYD da = tl;d.‘l

reddlus 'w' where
4

p(2an
(1.e¢ the circle subsends & cone of semiangle w at the centre
of the sphere). ANy point p on the equat~r and rigidly
fixed to the cone will describe a vnth ag in figure (1) =s
the cone rolles The rete Of rotation round the equator will
be governed by the retio of the ecircumferonce of the cap
of the cane to the eircumference of the equator. TLet me the
sphere hrve unit radius. Hence 1te eireumference will [ 2%,
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The eircunmference Of the eap is 2% sin w since t he radtus

of the ean 18 g8in we.

’ ? o 1/2
ox sin w = 2x ten w (1 + tanA)"1/2 o ox [1...1’(4):) ]
4

A dietance P/2 along tho 2 axim corresnonds fo r structural

twist of n redius. bar this mount of twist the eme will

make one comvlete revolution sr~und the equntor # 4n the

ovnosite sense throush ~n nngle

-1/2
0 = ox 1’{1" ‘—%—;—i%fﬁ} eoe(l)

8 1is the opticnl rotation md has = negative gign becruse

1t IS in the onnosite sense ta the struetural twist.

Xow 1f ( A n)® pg ie emall commared to 4 )2 exnanding
the root smd retaining only firet powerse of ( An) p2 / 4 )\2

gives 0 = <x (An)? pg / 4 )ﬂ see(2)

The optical rotation per unit thickmess will ha
8 = =« (an)dp?/ 4 )7 regtane see(3)

Neglecting the disversion of birefrinrence, ve see from (3)
that the rotetory ponva versue the recivroenl ~f the saounpe
of the wavelength pives a stright line,

® and the renresentative voint P with move nr~und the equ-tor.
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The firet sttermpt to verifv quantitatively Mauzin'e
theory ven by Robingon snd ¥ard (1987)s  They discovered
that solvtions of some polvvneptides IN certnin orpenie
solvente for example poly'-fi- bengyleliepglutamnte (PBLS)
In 41oxan, mothylene chleoride, chlorefora °nd meerescl at
certuin concentrotions enontaneouely hecome birefringment,
Undor suitable conditione, the molutions exhibited equie
epneed nlternete dark and light lines when =bserved through
miernscones The lines any be 1intervreted ne 2 view of
the etructure nt risht rnales to the helierl axis,

Robincon eonfirmed this interrretation by ohservetions Hete
ween eroesed volarédide ~nd sleo by uea Af guaprtz wedre.

Tho reterdation plotted reninet distonee in » 4direetion nt
right angies to the lines hrd an >ecil) ting v lue theredby
confirming that expected from the siructure, The 1= rr~e
gptcings of the rolypentifer could be ernvernlently varied
by altering the concentrations of *he eolwrernte V¥hen view
along the heldcsl axtie no linee were eeen, Hbuy 2 very high
optical rotntory power wee vresentl  Ther mefpure the
optienl retatory vower varioue wavelensth: £or fourteen
different eolutions covering £ rance of both comcentrntion
ard solvente &nd thereby for P vrluce ranging from 10200,
In all cewves the pr-vortiov arlitv it o §5zwas fmd t~ hold
over the vieible sneectrum. Thisc hre been revproduced fnpr

PHLG iNn cokloreform in fizure (11).
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Next they substituted the values of rotrtory nower
end vniteh in the Mauguin'e equation (3) and ealeuln @ tve
loyer bdirefringence ver volume frnetion of the nolynentide
in solution. It turned out ae 0,028 and was remnrkably
conptent despite the varying velues of £ and Pe  Them
t hey prevared a recem’c mixture enntaining equal quantie
tice of the M sn4 L enantiomerthe (PPTC and PRIG) which
too under certoin eondition ndercted the syrontoneously
birefrinvent phege. Only, iN this case it w-e not the
tewieted cholepterie ctrueture, but the untwisted nemntie
strueture, They measured the birefrin-ence firectly mnAa
obteined the birefringanuce vapr volume {restion nz 0.089.
Thie vre peprcducible in many caees. Thus the experiments
of Rorinacn "nd Ward show quite coneluaively thnt the model
ie an ncournte rerrceentation of the struciture of the

eholeateriec 11qu1d crvetal,

Chateclnin and Cane(1961, 2969) have mede extensively
nersuremente of rotatory nowar ~mm mixturee »f choleeterie and
nematie substances. YWhenever n srll gquentity of the
cholesteric substonce or even n nonemegomnrnhie onticrlly
aative subetonce ie ndded to a nemstio commound % téiate
the strueture to farm 2 cholegtertc tvve af Ytguid ervetal,
They have meseured rotatory AMoverefon of n wixdure of chow
lesteric benrorte omd p=-fizoxyohenetole for varions enmcentirfe
tione ~nd 4emper-turea, Thevy have alpo onleoulnted rotatory

power aecording to Wanguin's farmala (3) far corione 3w
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wavelengthes using the experimental vrlues »~f the »iteh and

aspuning the layer birefringence of t he mixture to bhe that

of peagoxyphenetole,

This aseumntion {e valid to a good

annroximation, since the direfringence of the pe-azoxynhence

tale 1s very large commared to thet Of cholesteric henzorte

and the small quantity ~f the latter compowmd affects the

birefringence of the mirture only very slishtlv,.

Tables

of the meneurad vnluer rnéd c”leulrted volnea of rotrtorv

disnercion rre riven in Tables Y and IY £ar = mivture B5/100

of cholesteric benan~te rnd p-azoxyphenetole,

Tabl a IY a = Mersured values of rot:tory figpersioh for a

mixture 3/100 Of cholesteric benworte and PAP (ohntelain

and omna, 1984)

8438

(a) 5791 3461 5088 21016 4678
1%

185  18000° £4100°  £9200°  38700° 45500°  59000°
150  29000° £B500°  34700° 452000 83100° 68800°
145  24600° 3p200°  38100°  50000° 59000°  76200°
140  26300° 35000°  42500°  56000° 88600°  84000°
138  28%300° 37600°  45800°  60800° 70800°  90000°
130  29900° 40400°  48900°  65200° 78800°  95200°
128  31000° 42600°  s2300°  69300° 81000° 102000°
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Table £ 8 =« {alculntéd velues of rotatorv disnersion for a
mixture 8/100 of cholesteric bensorte nnd PAP (
{Onntelaired cano, 1964).

(1) 8438 5791 3461 3088 4918 4873

+%
155  16500° 236000 29500° 36700°  47600° 83200°
180 19400° 278000 34900° 470009 860200 749000

149 21900 31700 39700 83700 63800 85100
140 23800 354100 42800 87900 89000 91900
1386 23500 36200 458100 61900 73800 98200

130 26800 37200 47400 65400 78100 103000
126 26800 39800 49200 88000 81800 108000

S

The exp riments of Rohineon snd ¥Ward end of Chatelain and
Cano show gquite econeclusively thht the Maupuin'e model 18 a
ertiefactory descrintion of tho cholesteris straeture, The
Mauguin's theory net, however, take Into ~ecount the effeect of
reflections the interface bdetween the layers which are bound
to oacur when the vwevelength of the radintien in the medtium
becomes commapradble to the =%teh of the helix, It 1r uhadle

to explein the anomalous roirtory Afevers’om round a reglon
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of refleciicn ns observed bdy varioue workers,

|n prineiple the ~eneral nroblem am be solved by an
electromagnetic treatment, of which several have been
riven iIn the literature. One such is by Oseen (19233) who
triee to exrlain by conjeeturing ei heltceidicerl sgtructure
for the stratified arranpgement of the Graondiesn plane
texture, Thie model wee previously nronosed by Piredel
(1922) 1n drewing the eimilarities hétween cholesterio =nd
nenatic gubstancen, The treory 1e mresented 4n very
genernl t;}mu ac thet no verificaticr hee heen nmade,
Anonther theory wra develored hy Ade Vries (1951), which
sueceeded in giving a dbrond exvlanntion nf the relation

between refleetion and rotatory nower,

de Vrica® theosxy

de Vriee derlves mn equntion relatinrs the mntienl
rotatory power tC the nitch of the Rhelix, the wrve lenmgth
nf light and the birefringsence toking alme into aceount
the sclective reflections at the interfuepzs hetwsen the
laysrs, Which playve »n immortmant rnle when tho witoh of
the helicoidal structure of the order of the wrvelensth

of light on the mediunm.

de Vrioe f irst nerumes the ligquid ervstel teo oonsiet
of 2 large numher ~f thin anisotronic lavers, the ~rincinnl

exep Of the guccessive lavers turned throurh on ablpe B
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It is Wel| ¥nown thet reflection st the bmumndary of two
layers which make optienl ern oceur only When there 18 n
difference 39 the refrretive indices nt the interfree.

If right circularly polrrized light be {ncident nlons the
gscrew axis of a rirsht handed strueture, then rerolving
the wave into linearly volarized commonents, bath linear
comnonents will experience an chanpe of refractive indeg
when nageing from me layer to the negt. The effect of
this 18 thnt one linear comnonent will %e refleeted with
rhase reversal and the nther without nheese reversal,
Therefore viewed aleng the direction of nr-vpegntion Of the
reflested light, the sense of e¢irculanr oolnpieation
remaing the enme »e¢ that of the incldent light, This

is edntrary to what {g obeerved in refleotism from norml

dlelectrios,

Now eirculnrly polarized light may be regnrded oe one
in which the tip of the ¢leetrie veetor demeribes & spiral
path ag it ‘s =ronngrted. It 1p erident thrt 1f the
piteh of thig helix 1y exnotly the game 2p that of the
helieal structurc, reflection from sucressive levers will
take pinee undar {dentienl ociroumetrmees, eo thrt the
raflected waves Trom the suecceseive lavers will construce
tively intorfere *n give ripe tn n muximine In nther
words the 2m#ition for refleetiom is N = pn, where

ns mean refractive index of the mediv»m snd » = niteh
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of helixe On the other hand 1f |eft eirenlar 1ight de
incident on the right handed etructure, ouch an interfer-
enceé nexizum will not occurs Thue me circulsr component
will be etrengly reflected, while the other will be

tranemitted without change.

An expreepion for the rotatory power is obtained re

followe 1

Aecording to Plg.(19) X sand Y apre 1714 alonpg the
electrierl axes of the first layer, mmd g, Y] sxes are
along the correcommding directions of the ceeond layer
which is turned through on magle o« Lot the normeslly
inéident linearly ~olcrimed wave he sy exp 281(t/? -ne/) )
With 1ta eleotrie vectsr =nking ar sneie € with resnect
to X axise Troneforring thiv equatiom into & ana M

axeas, the relations between then rre

By = EQ‘ con 2!:/9-3,] sin exe/p

Ey = BQ‘ sin E'ln/pﬂ-ﬂvccu exe/p
where p = piteh of helix,
Inserting the solution Eé\ = A
E, = 1B asp oxi(s/? - lz/) )

2"0
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de Vrioe obtaine for A and B the linenr si-ulinneous rountions

. (8 _ "By

LG 3\'21 -3 -0 o
e PA =

» R-R-F -0

€y and 3$ #iw principal dielesetric omstenis ~long md .
Thepe cre conglieternt if the determinsnt ~f the coeffictients

of A a3 B voniehew giving & guadrotic egnatig&):cr ﬂeo

Introduedny the gquantitiesm.

) € = €
>‘a 2 '] ;g’a..r.‘g ggu—g.—--l
p Ve Ve 2¢
gy + §,
w’horgeum
4

tvo auadratio terxs ouil A=x

y D

anté . ﬂm’? (1 + j\?) o (1 = )\~)? -

td

ané oguntion 4 reduces to

inﬂom’ao)\lg

"‘*B/A =
om!?

Expanding in eeries the tvo roote ol th: eguriion

\ 32

m' =2 1 - >\ - - Sevssvenass

8 (1 ~))
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\ a®
B' = 1 ¢ ) ? | * secsessees
2 8 XN(1#))

do Vries Shows that the orover wrvee out ='de the rezion

of refleetfon ere eirecularly polrrized with oppoeite girms
of rotation snd having different velozftice. Thig hrines
ebout a rotstion of the plane of polarisntion of & linearly
polariszed bean which can De coneidered ag reeulting from
these normal wavee. The direction of the rerulting vector
| S the bisector of the angle betweon pimultanecug vesitions
of the two rotating veotore. Calling ¢the angles of these
three vectors with the ¥ retatmyz nxie ’ s ond

raspectively, the rotatinz voser is
av¢
Ay far = 1/e (ﬁ;"-;'- ¢ =),
Now (4V/ds), consists of two narte i Ite rotation in the

é\ « )] system and rotation nf the evstem itcelf,

Cne finde
dv¥e/az = %; (1 - né/x ) and 4w /as = %(1 *,;/)3 )
Inaerting o2
mty at faw = ex/py (1 “ivan ! veeol)
ay,/ae = 2x/p N (1 ¢ ‘!.‘.‘3_ + cecvcesesve)

8 ) (1+))



and aimmlitying
ady Jax = px a
P XL =)
AXD REFLECTION WYLL BE STONTRICANT INSTDE ™I WARROWLTMTTS

Ao
¥ -
%w 2

where ¢ *(n? = mi/n, vhere n, - n, ig the lover birefring=-

1
ence zndn=(n1 + upye

This exrrescion for roistion te ldeutierl vith the cme
Adcrivad » dHaumuinte rolling cone sweiho: cxcapt Jop the
froetor (1 - )32) in the dencminat e vhieh »»palte froa the
reflaection and reMices to unity for Lor~e ynlues of the

/0
pitoh 1.0 when A< p'*" 1 S

Pig (12) showe the reflection and rotatorv vower ne @
firretirr of the vcduced wrrelength for anometerienl values

of the corrtonte recuced wrvelenpth N 0 gone typical values
of the constants.
a = (,038s P = Qsd

¥e ren from the cwrvea thet the rotrtory rower shcote up to
a 2intte maximum vrlue, revercer ¢iom on e pides of the

reflectiorn bend ond deorepen r~rrdually,.

de Vries hne algo discuseed the thiary of the roflec-
tion 2% the boundarties of the liguid cryrtl, 1 sc well

as the refleetion trom thin lavers. Bz hva ehewnm
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theoretically thet the reflected intensity for a2 thin
svecimen is ~ function of the thickriess 4 =nd extends bhevond
the region of total reflestion from an infinitely thiek
liguid crvetsl.

pre diggigg oqt the rotatary vower inside the renion of
__dglgggégp>whergag.,we have asas

eurye gg&g;gg the regien ~f reflection.

In t he next chepter we digeouss & new srorosch rut fore
ward by Chendrasekhar and Sriniveen Reo (1968) for exvlaine
ing the optical vroperties of choleeterins liquid ervsial
for light prepagation on along the optio oxiwe Phe

impeovements, V@ ehall in the next ehanter extend the
theory of films of fintte thicimess, 28 ‘ne~untered in

aotvsl practice.

Tu next Chavnter we shrll zive coma detniled exerimentnl
data on rotatory nower, reflections A0 we shrll =ee, the
theorstien)l vredictions are N axgreement with the observed

phenoment,

In the next chapter we shell consider the nronasation

of light a2t ripght rnplee to the optic nxis.
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Fie. 12 _Rrpresentation of the electric axes of tirst two layers

Fie. i
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Optical rotation.

Dependence

[} 2

M (N p)
of optical rotation on wave lensth PBLG

in chloroform

189 /lcog, 5=2M (Robinson and ward- 1067)
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Fie.8 Principle directions of Successive
| | plates. of helically twisted
; "~ Dbiretringent layers _ .

Fig.7a. Elliptically polavised light.
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Fic. 7b. _Representation of above : o of p.

on _a boein cave' Sphere

tie.\0 The path described by a path P on e
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Fie.4 Opticul activity in liquid cnyobals Amyl -

cyancbeprylideneamine -~ cinnamate (stumpf 19W)

The right circulay polarized component is

selectively veflected . whilst, the \obt circular combonen

15 bransmitted . Tha As ‘nevease Frord left o riant,
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Fig. 1,2b.

Fie L¢ab.)._Sehema t \ represenkakion ot molecular
arrangement in the Wwee Mmega phase
schevnatic A 1o Schemalic B; 1g: Schemake C
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