
Introduation 

I n  an i b e d  hoaogensourrly aligned nematio f i e  

drlreatos w;L11, everywhere be oriented i n  the aeme 

dirsotion (xh., parallel t o  the dfreation i n  whioh 

the plate8 ore xubbed). !!!herefore between two aroaaed 

polaroida one should get Wo extlnafloa position8 at 

whlclh the nrgeoimen is uniformly dark. However, t h i a  

never happenar i n  aatuaL grmotias. Oenerally one 

fgnda tha t  imtead  of closp1ei;e extinotion there ts an 

ogtiaal  pat tern oonsirtSng of &ark points with bright 

and dark brushes running awq from them. (haedel  1922). 

Jtn these regions the 4heo;tor orierrtiatlton ahangear 

oomiderably iron *ha8 bpooed by the w a l l s .  When 

the orosssd polariaera axe rota ted l;be bruahee a l so  

rotate.  One generally find6 two types o f  points. 

Far @one the rota t ion of burshe6 is i n  fhe same 

direat ion a8 the rota t ion of *he polarlaers. 2heee 

are  oalled poreitive aingularities.  For otherr thta 

rotation of the brushee i a  In the opposite direotion 

and theee are aalled negative singulari t iea.  The 



strength of ar s ingular i ty  i a r  defined a@ one f o u r t h  the 
\ 

nwnber of  bright (or dark) brushes e t a r t i ag  from it. 2helae 

defeats are  k n m  as disol inat iom (Fraak 1958) and are 

generally due t o  l i n e  alngulariQies preeent i n  the  medium 

with t h ~  rpingular l i n e  muraing normal t o  the platea. 

Singulari t ies  elchibft rome interes t ing properties. Bor 

instaaoe the sum o f  the strength8 of a l l  eingulari t iee i n  

a speoimen tends t o  sera. Also l i k e  s inguls r i t i es  repel 

and unlike s ingu la r i t i r r  s t t r a e t  one another. Two diat incf  

s ingular i t i es  oan ooaSesoe t o  fomn a n e w  ~ i n g u l a r i t y .  Prank 

(1 958) worked out fhe di reator  orientat ion i n  the oicrinity 

of ebngularitiea wiCh the seaumption tha t  a l l  elaertio 

consrtsmts are equd.  However he remarked i n  hia paper 

It. . . non-epualiby of 1, , aad ICgJ should not make dras+io 

~hangee but  only cthanges of ourvature i n pat terns of the 

same topology. Ihia  would be obasrved as a non-uniform 

rota t ion of extinotlon a m  with uniform rota t ion o f  

polari  zer an8 analyrrcr~?~. Behring and Saupe (1972) worked 

out the exaot d i f f e ren t i a l  equation governing the direotor 

orientat ion i n  sohlieren Cexturesr without resort ing t o  the 

s ingle  ooru tan* approximat ion, However, f o r  working out 

the struoture of the optioal  patterns, the foroe aad 

energy of SntererotAon between eingularif iear, etc. they 

ueed Che alngla oanrrtanf agproximtion. 

I n  ordinary nemerticra the elsrrmrticr oonartante a re  



i n  genempS. -equal, buO o f  the siama, order of 

magnitude. However f t i r  known that 51 the tllamatio 

divergeme of Phe bend and twist e l s s t i o  a o m ~ t a f ~  

whiuh fhesefore a m  attain very high values. 'Phe 

ring18 cronstant approximation %hen f a l a  oompletctly. 

For the planar oonfiguration that we arhall be 

di8oasein$ h e n  only  the @play and bend 'oonstanta 

axe of releranso i n  dfraousaing the Bireotor f ieLd.  

A quantity wlhiah i8 uomenient f o r  ohaxacteri8fng the 

elaatio axtaotropy is c = (LJ3 - X11)/(~313 + Kil) 

whiuh A 8  ~llrsually rexy mu& lete~o unity. However 

aa the emelrctia phorare i r  approachera E 9 1 .  I aa tUer 

ohapt er @dLoulatiom on the energy, interaction energy 

and direairor orientca&ion for +I, -1, +P and -+ 
eingularitier had= scrrhllcrren texture have bees 

reported f o r  OBOOA wU& i a  r typioal nemectio exhibiting 

fn *he, ecthlitsran texture the direator i s  caserumed 

to  be oonfimd t o  the xy plane making an cp with 



where p i s  a f!'unotLon of r and y. Sinee the 

Befeots ham rofa4Aoacil. sgmmetry about 'the normal 

to the plates plane polax ooordinatas c, are more 

convenient, In polar oaordinatela the aireat or oan 

be written ae 

arhrrs rp i a r  now a funutlon of P and 

fhe equations (23a) o f  chaptar I jiexd for plane polare 

the following dif fermtia l  equation for cp 

1 where I rn P(Kq, + 13J) $xperi.ental obsrrvations 

( a n  e.gb,  PIehria# .nd Surpe '1978 iabioa0e that  the 

dlreotor esricsn.bertiion doe# not depend on r sxoept i n  

the vicinity of *he a&mguTcu~ paial;, We isrhaW not 

rromider mQc reg;lons very cloau t o  the eingularityb 

!Po seek aolutlonrr wliiloh are entirely independent of r 

om aebtlr all derivatives with rcsspeot t o  r aur well  ars 

the sum o f  all  oaeff&cientrr o t  the am6 power of r t o  



eero. ?&en eqtt~nt;ion (3) redaoee t o  the following 

4iffessnDXal e ~ u a t i  on f'or g 

'P * @ k Y Y  catB(2q - 2 Y )  + q i  (2 - 9 )8%n(29-2~)1 - 0  
'WW ' W  *W 

X f  &M equate. I, , t o  ItJJ o r  arquirdsrtly puts 

Q * 0 
' Y Y  

I) * B Y +  O m a t&c1f + 0 (5)  

wher. i# ) integer and c i a  an arbitrary constant. 

fhecre aiagukr&t iar  have been csfudied in d e t a i l  by 

Prank (1958) and br ElahrSag; slnd S a p s  (1972). 

Vhea c pf 0 the only axact solutions are  

ertraagth 2 as8 not very commors axdl rronaequentXg Waey 

all xrot ba Uiscrurssed below. 



Po+ 8 general taf.ue d' aquatian (4) ha8 

iso be mrolv~d ah etsrp W w  o f  c. Phir ha8 been 

Baa+ marioa3Zy 'bg the a?$ho&tnrall oollooaeion 

method. For a a v o l  roluo of  when 6 1 0 ,  9 ry+ o 

with 10- 0 urd Yrn 2% a@ the b o \ m d a ~ i ~ ~ ~  fox the 

1 , SirUarly tha boundary raluctr for 9 

w i l l  be p, I d t0 Psrr* a. I t  La ~ ~ m u l l e n t  

Oa atart  wfth ? - uy 4 @ u the apprapzAat8 ~o lut ioaa  

and aolv. (4) u u o t l J  tot 9 rSth tha b o a -  oonditiorur 

0 , and $(a) Ior a putAcular t .  2he 

solution 05 ~ ( y  ) 8o obt.lned dasoribes a 

lsinguleritg a$ r = 0 for  'C;Ouat W u e  o f  k*  Sime thib 

rruo%utlen (osr was &at0 *ha mat 8~1ation (9) Whoa 

t --+ 0, a, whi* Lu daiYlud in 8 ~ ~ o a t m  (5) a h a 1  be 

ooatiaswd t o  b# o.lled the of the aisolilutAaa 

even f o r  r # O. Qaoa i. lDlwn it  i. in prinolplg 

poarible t@ (fsa%0dhtr, Bhrr ezwlcff f o ~  @in.g~Icarbfp 

Maen mesa thaa @a4 a i m a r i t y  l a  prsslsnt in 

frbs smpbr tM squSU%r&wi eqmtSorr. f s  arolvted looally 

f a  etaah d ~ a r Z ~  $a ob43n the anglee q, 92, '. . . 
eta* otmr(c'sp@aM~ t a  *ha dfffaren* aisguhrit ies.  

These aarUt'Xal~b w e  now Mded *a obtaia the lor5entatPon 



of the direator t ut aqy point in the rample. %hi. 

alnce I) aati~fieer rqn. (5). However, (4) I s  a &on- 

linear differentia2 equation. Henoe 131 general for 

any ralue of s the maperpasition prlnaSple osnnot 

hold.  be the value of u inorsaaes one oan expeot 

and t o  fadl when r att;aias 5 t s  a d m u m  .value o f  1 

Thus the superposed solution l a  mite asourate f o r  

s m a l l  v d u e ~  of c bua4 i o  only ~ggproZi~~hto at higher 

value6 o f  6.  

Ca3oulatSonw have bema made $02 a 50 ym x 50 ym 

eample of unit thickness and w&Lh efn@larit iaa of 

sfrangths +s and -8 (both with @ r 0 )  plaaed eymoletri- 

(ra31y abou* the c3an-tcxcd on a 3Pne m w  thmugh the 

oentre psuralel t o  one edge, Phe distsnoe between the 

fwo mringularlticrs has been m i % &  Between 2.5 pm and 

10.0 pm. 90 avoid the singular poAn%s csaoh singularity 

hasr beel  aslswned t o  be ;~aurrounded by a aore. When the 

energy aaXculationu s\re nado %he &@a energy density 

f a  istagrated over tho whale o f  the aanpXe except the 

core@ surroundin& the singularitiea. The data of 



Cheung qf: (1973) on the eloatio oorstarit 

variation of OB00A ha@ been used* 

of the @ample f ~ r  a e;lngulsu;.ity i a  given by 

a 18 the edge length, P, the 'oore enexm sans W the 

Sinae the detail8 of @axe arfruoture are  not known 

3, has been ignma8 though fn principle Po @hould 

. l ~ e  be oaneid@red. EIsn tho dependence o f  l?@ on r 

aa well as on the Oypa of si-larity hae not been 

ooMiQered* Whan mace than one afngularlty i a r  pre~eretnt 

i n  the s w l e  a 8imiJ.drl~ e f ~ s @ a ~ l i o ~  holds for: %he 

osrjleation ~i riagularit&es sxcrep* *ha3 W ie now 

ea3.su2aQaB from the @riea$ation ~ b t d n e d  from the 

suprrpoa2tion prinofpU and Be includes the cox8 



enor&@@ @f both fba a ln@alar i t i rs .  Ignoring the 

sron.trrAbutioa from *he wra fhe interaatioa casnerw 

F~~ bafween the a r f ~ r ~ t ; i s o  s an8 -a i e  defined as 

Here If(+&) i r  the value ef T given by ( 6 )  rvhea the 

ample eontain6 @nlf the +a arSr_3gu3arity'caf a dfartanae 

612 fror the centru. Sfri larly I!(-@) $6 the value 

of P &ran bj. (6) when only  the -n r ingu la r l ty  $6 

present in the armpl. at a di8tanoe -d/? from the 

crentre* Butr B(H, - 8) f lr the ralus P when both sf nga- 

UritZaa ara praosnt Sn their xeapa~titr,  posit ioaa,  

Xn FAgurs I I h9a been ahown ar a twrotion of 

c for +1, -1, *) and 4 ailylXaritimr. X t i s  f otlnd 

that the value 0f B oariee verg l b t t l e  riharWmr t h e  

eingulaxiw i r s  at %ha aRlllra or at s dlatPLnoe d/2 

f z o n  the e@n2;r'r* Pox rir = +I an8 for  181 *I -& B 6001 

nrrt: muctbr with c *  1Fhls i a  beease the dafornation 

i a  b o a  oorecr &s pss%oaAmrajrtly deterrm~insd by rtip2ta.y 

(imolriag KI1) and #inor If,, doe. not ahmge muoh 

wi%h Wib +-para-a 8 doer nu% oharz8;~ muah. Qa She 

other hanit tiha Qeior~tertisna for the isingulcrztfier~ 

8 = -1 8 - 4 i ~ ~ o l ~ e a  a conrL%e.rrdblob m6t;uat of 





bend (intolring whioh ch.n$e. quLte fas t  with 

the teaperatme) even when r - 0. Oonarquently I n  

these two ease# B shows a large imrease when e is 

i ~ ~ r e a s s d .  

In figure 2 3?xll f o r  unlike paircl ( + I  , -1 ) 

and (+*, 4) of 8ingPlaritlsa hu been plotted or, a 

fumt$on of e i o r  thrsa disCbu1ars d between the 

singulariti.. (4 - 2.5 (u, 5 pa urd 10 pa). It i. 

areen that a t  any distanloe the lntrrsret%@n energy 

ln~rsaaee with 6 ,  

In $A-0 3 gIlilZ far  fhe S;wo pais6 haa been 

plotted as a func1f;ion 02 .the &atranee d separating them 

f o r  a gioan value of 19. Zhe fnteraotion energy 

deureaees ae the dfstanas separaGing ths aiagularitias 

IS S l l ~ ~ e ~ e d .  Zhia f a c t  i 6  also role- irom f l w e  2 

where it is found that  in general r a t  any value of r 

Sinoe Fm9 inurea~ea with c I t  1. oleax that unlike 

a i q u l a r i f i e ~  tend t o  oome o l ~ a s r  tal[get&er as the 

emeaticr transit ion l a  approacrhrtl, 

Another very intersstAng feature aomee out when 



Y i m e  2r fnteraofion energy b a h e n  1 and -1 ond that 
1 between p and - 4) a f n g n ~ t t i w . u  f i n a t i o n  of  r. 

Dietanoea botwrrn rringularitiesl 2.5 pa, 5 pm and 10 pa. 



l i m e  J$ Interaction glexgy be ! ween 1 and -1 ( fu l l  
l ine)  and that between 4 and - 5 (dashed l ine) as 
funotion of  d the Ustanor between 8ingularitiea. 



one ompars. Pm f o r  tihe intagral and hall intsgrsl 

eringularitlles. X P  f igure  4 f&e ratio 

has been plotted againat 6 for  a givea value o f  4. 

T t  As seen that u c inoream8 A decreases'. Zhls 

8 h ~ ~ 8  not only tbt PZI2 ZOC the two ppir .  o f  

eWgularitier dm8 not 0-e at dhe same rote with 

c but also that a8 fhe eoassotia $rantlition ltar rzpprocaohed 

the 8ingularitSerr o f  hf31 atramglih have a @?eater 

@hame of croaring olorerr hUZa annihilating aaoh other 

Beforoeertion at may paint in the ermple due to the 

ria&ularitiee crhaP65arrr euddenly or gradua&ly when e 

i s  ahanged, me oaloulations ahow fhaf the director 

orientation obangces quStg monotonic3ally wfeh r r .  

;ISigurlcr 5 aver  the ohangea in director orientation 

at a Pew repreaentattve psinta croMirming %hat the 

sahlieren t ex twe  wi11 ahaage only  gradually when 



Fi'inrrre 41 variation of the ratio' of interaction 
energi.8 between (1 ,-I) and a, 4) with t d = 10 p. 



pipsw@ 5r Da@a$or ori.Zltati~n 9 fumtion Of at 

the 1~~ md 19- aolloo.timr point. f o r  (A) 1, ) and 



Behriog, J. and $aupe, A* ) 972 J* Chum, Soo. 

Paradas %rcana. f I 68, 1. 


	~LWF0369.pdf
	~LWF0370.pdf
	~LWF0371.pdf
	~LWF0372.pdf
	~LWF0373.pdf
	~LWF0374.pdf
	~LWF0375.pdf
	~LWF0376.pdf
	~LWF0377.pdf
	~LWF0378.pdf
	~LWF0379.pdf
	~LWF0380.pdf
	~LWF0381.pdf
	~LWF0382.pdf
	~LWF0383.pdf
	~LWF0384.pdf
	~LWF0385.pdf

