


iar5eibX+ _(Brlts2ah 1968). !this euq~&mshrrb that 

tho n ~ i f ~ o a t i s l r  if tabr. p ~ a a e  In tha f i s ~  

the threshold +oSrs+, turbulaxlea sat8 in. The l l q u f d  

orystaa 46 *+a #a% t o  &Q uvsr t o  the +@&a 

110~tt8L.iw .&a* ( B d 3 . . u ~  f i e  1968). 

the  f i e l d  o m  a+cr ri m t o  anoaarXouler srIipyisa%nC. 



Ithe saa8wicrh geometm for obr~errvine, W i ; l l l a m * e ~  
doamina. "9xe eleofx%o field i@ agplied along 
the Z direotion. !??he amow show@ the direcstf an 
of' obssrmtion(paralle1 to Z axis). 



A #camtics IA~ultt! eryaSu% i o  borstfrrdly ar. go@ 

eleotr(iaa1 imuleater. IBowever, "tre akwwa sxirta.t;rs 

BOW ianfo inipaulity &a tha ompXe. UswakXy the aam;rductd- 

v i fy  $bSaisotropy i t s  poarl9tvlsl since i t  $8 srasler for tbs 

ions t o  move rloag rather than no-2 t o  it. 

f n the ' ~ w ~ I w ; L c r h *  g ~ n s f r y  with p~rsllel 

t o  the glnsm plater, due t o  thermal Jltlctuatiolu ;;(x,t) 

2. not etrlctlj normal t o  but iluctwttac about P 

cipposlta rigtas are bo3naertI at  the oseaGs em3 33*augh~g 

ahown in Zhe S$g;tmo. ibbfb t b  twqu~re cTu9 t o  d f ~ f s c l 2 ~ i c  
a 

anieotropy ar#8 ebrs4iei$y tend do 8%&bfuse n , %he 

traneverae oleoQ;%?Ao ;t'Sel& due f a  ths rsgatre charges 

.$&rid@ f a  dSstorf i%. A t  the rrm8 time fha @x%erXk%l 

f i e ld  auts on %he repuer crhwges a d  beyoad a ~(re l~tdn  

thrcsPlhcZd voJttq$e 12f~feri&& flow 8@%9;8( 2x1 (83wqh. 

On ths besba of %his aoc%eJ. and aailruxaSra~ %he toriailtioa 

of d~formation only in 452481 91reat10n (X) , UeLfrl~h 

derive4 an mrpreaslXcm fur  fhe Uxr~LBboXtl r ~ l t a g ~  for 

the iox=ticrrn sf daudxre 



Bend f luotvations &a a nematic giving rise t o  Ohe 
osgregation of opposite chargaa in the preaanos of 
slectrio fl el6 , eventually rsaulting in the elect r b  
hydrodynamia i n s t a b i l i t y .  



whrm 4> A# the bemd d.awtio ooastsn*, all md 6, , 
and cr , ,  and a, tM Clielsetric ssro~9taa-t m d  %tleirotriad 

a 
ooadwtidty aBd pcrpeniiiculax to  n . XI MP 

q, da~o . l ty  aorfiioicnta. 

!tho theax, vra, ertaods4 to A.CI PieXds by 

Inoluding t iu depoodrat aoXuUons (Dubois-Vlohtte 

J& a. 1971). A t  it.@. and lw irepamag L C . ,  the 

O p 8 Q O  ~bhara(~8 &%Pa *a f u 3 3 ~  dba f$@lb. A@ %ha 

frequttncy of the oleotrfa f ie14 2% iaasewad obstrga 

r@laxatioa take# phor  at a oartdn  trapmcy aLP 

salleidf %he auO oil$ fsisgr~ieroay~ clJ, 50 found t o  
L 

Imreaua Une6Pf2~ a t h  amp143 O ~ U D W V A  t y  ( O ~ P S ~  

Liquid Oryatdh O r o q p  1971 ). A& the f ~ q u e o o j  

oppmaobs. wt ,  the threshold voltage for doaPln 

f ora&tion Looreuru rlurply. Abwa @ mother 

type 02 pattern i a  obsmmrb beyond r _jei_r6 dhre&@&d. 

Tbmse c;rptAua wtterrmrr ara r r a l l ~ b  *t~bvr-9ns '. Ih$a 

reeon e e ~ e . p ~ r d o  t o  tho 'fa@% furn lo f f  asds* 

(8rrslhrSsr & PUrAeh 1970). 

Pens an8 Yaz4 ( 1 9 2 )  mdr omputax aealso2atlrmm 

t o  axplain D*OI -4 J w  fsqpcraoy iasfftabilfty, t&iw 
ink, atcsoowit We Qafom%tiaxa rraxyatog urriblstortrsd 
9 
n as w ~ l l  oe doagg %he sylpzisd SieXd dtractiua. fb% 

mitaulflw vorftiossr &wn 5n figure 8.5 ale- wifh 



Crose*se~tioneiZ view of the e le6trohydrodyn~iu  
f low patterns in the aandwieh geometry. The top 
figure cahowe t h c  veloci ty  veator: while the lower 
orus shows tho molecular aligmonts. The atare 
&haw posltionw of bri&L l l n s s  Stl the f i e l d  of 
view M 'seen froor top or bottom* 



tho orientation pflt~ecns of ii . m o ~  on in 

Xn another exper9mn.t 
I i ' f l J i i r ~  (1572) ir~ppPied a ~ A @ o % ~ f c  f i e E d  %a 

L 
a nsdatfo wAtk mgfi9tive di@f@atrPa aiiwotrspy by 

mtioleeul~s were t n f t i d l y  aPP6;.;na& p&r&lul t o  ntxfps 

snd Iwnee norm1 t o  the alors^o;gie P"OeP6. ob~srvnt5un 

coinpared do the e2@@trscl@ sreg&tratton. 8foratrvsr Bhs 

%lw@&oZB vcrltaga wae &a?&% ( --. 24,250 'OP) * 



(A) I Phe soh6aatio dirgrura ol thm 

ar%t tap rsa ehwn tnr iigux@ 8rai.e 2\rf~ rptdgs a i  oajpgerr 

or plalktisua 9011a were held betworn two  r s o t w l a r  - 
bloolrs of bmr2on. Xa thrtnse b l ~ a k ~  aremf $~P~?A&ox: hole@ 

wcera out so that tw ma21 g 3 & ~ @  plu%&~ o ~ a f d l  be 

plaoed on both ~~Pdser of the ns~eetd i o&lc ,  ?ha &trips 

of f o i l .  weru adJua tcd t o  bs p a r a l l e l  ( t o  --. 2 10 pa), 

so that f h q  fumed & a  cXeelso8ee. !tho whabs assembXy 

ww eneXa#@d M t w e a  two ~ofrper block&. %a &BOP& 

problem srirring due t o  tapexa%r;re ~ r a d h r " . t  P a  

e-ngrerA~atr ware do= uabng cn roam tmpx&fura neietatfor 

KBBh. 39ar figusc+ Q).Sr a 4  P?c,4b g1Svn the aroaar- 

araol;loaaX view aC WB ~f~pgg$wn%Slf. ~ 0 %  up f a  twu 

df  f f'srea* plan8 a* 

B-otroplto &mm% of the sw?X@ ww tnai~ieveb 

by treartlw the sarfsotm of t h e  gLa6.349 plate& with 

ltwithin* Zha 6wplr was injected i n t o  t h e  @gage 



Pisrure 8.43 Seotioaal views of the aet  up used in the present 
study t o  obaeme the flow patterna. Direction of observation 
i s  a l o ~  X axis. Field i s  a l i e d  along Z sxie. The striped 
areas raprsaent the metal f o f f  electrodes. %he sample i a  
oontained between plane glass platea .  Electrode separation 
f a  d an8 sample thiCkmse ib x. Homeotropioally aligned 
sample is indiaated by dots i n  (a) and discontinuous lines 
in (b). 



Aes &own In tbs $ 4 9 ~ ~ . 9  8.4 the b l m t ~ & a  tite;ldt 

i s  q p I i a 0  &Low 8. Wisbrte8 dt;oocstox i r  t a l o q  

XI Tti4 ~b@arvat fun~  QSEQ mfia through 6% pcFZ&rid2i$ 

orioroaaoge fn the sme rUrarotdo#. Thr f i e l d  in dhio 

oass $49 ~20% rptx%~tLy hu5art@em0~~ t)e0&ue@ af the je~inga 

elffaat@. Ifowwar #SBCB the 0tiapowa~3 ueed f ~ r  tho 

axperiak+rmt wao oaadu~t5$xg, t k i @  s r f  ect @h caulst be 

ec121. tf@tsrt3s.o3sas, t o  arof4 my une0rtda5-t~ in tbb 

iate310~,-~%~6;f.an of t h ~ .  ~;tbew~a(titon f t wae ;Pelt warrehwhils 

t o  rc-t::t I -  tlia a%asso&.B;irra~ An a tm3y ursffo2"~ %iaZB a d  

t o  ca;zlp.:~~e the% wltb the ebbme S B O % P ~ ~ B .  Po2 th18 reabon 

t "  ...-- .+,, : $s t  ug was 

( 2 2 ;  $st up f_l_ 3 %he aohs~afia B i l l ~ ; r a ~  WB 
-I .t .LA - 

shsw~n in fitgwc h.3. 2w rtlotmgulrrr ;ai@ca& { Z  arrtl x 8 am) 

oP a nnfarsaocpe cover sPig who&@ sdgse were poUiBhbbd. 

were pa&%@& snto two wiaor ( 5  m) oasduotf q g  gUae 

plateis. They c s a d  be m@abAwl w5 th an open gap of 

rtitetanga Aaz arose s ~ a t j ,  on (figure 8,s) Ihe sesmbly 

ww p S m ~ d  in QL re;rot:w~p2er groove aud; 2n a aQpper 

blocit, 2tie djts%amcrst between tber cot7sralipar couO4 bs 

adjust@d by &imply af fan& oue of 1ZEit 8 &lea@ phfwd 

parcdlef t o ,  i2l ;aa kx@&d4&. CPfcirr diasl~nar form the, 



Fi~ure 8.5: Sectional vleve of tho  set up to observe electro- 
nyarodynercio patterns uoim uniform el a c t r i c  fZ o l d  a p p l i e d  
along the 2 axis. The elec t rode  sepcration is d and smple 
thickness is x. &row shows the d i r e c t i o n  of oboervation 
(X ax is ) .  



thickness of the sag&e (x), TBs #over slip 

tkicrknerro dacide~t3 Lhe distwc1e batwaren fhPt erl@cr%redsa 

( 8 )  * 21gwes 8.58 wxl 8.5b ahow thtr 6rols8 %erst5om 

in &Sf f aron* pzams. 

Relatively stapms EBMA whioh Bad a re~ariii~tivfty 
C, 

@ 10' ohm ;la w a  uesd in theerrtit experiracbats. 

Cbacrv t i ans  - -".*.. 
U@ a h a l l  f i r a t  pssssnt tha obrcrrrvatiom audo 

in a s t  up I. 30th eopp@r  a ~ d  p la#I i l~ l l~~  @laatrode& 

wars ufsed in ttreca atabiera. When obaaoad bstmaaz 

ctraa~ed polkaxffzars, i n  %ha &eearure 00 rramg appLisd 

f l o l d ,  the f i e l d  09 vSew is dark. Me &dl now 

deaoribca in dutnil the o'bearoatiorsar aids with 30 p a  

theck oopper @1i~sC3*1*cd488 1 ~ ~ a X ~ t 6 d  by a diaS;ace of 

150 p a .  The el@otmhydr~dynmia ~ t f e m s  are 

i3lustraP@& in f i g w e  8.6. 

Uhen a D.C. fis.ti¶ i& applieb, fwbuXsnoco elokdy 

eats in at -- 35 V. Mter so= BisPa ( -- 10  minute^) 

%haw motions 

Por 20 21% L C . ,  as the voltage i s  inarsa~ad, 

the ifaXdt sf view bag ins^ t o  bri&htm up arf - 24 V. 



E14utrohydrodynaaio pot tern^ in HZBA. %he mt tbp 

i t l  M in figurer 8.1. The s l e u t ~ i o  f i e l d  agpl i sd  
between ooppor eleotrodca &B vertical &DO the 
dlxcsator fn the mdlstortad simple 5s rt%on& t h e  
airsotion of  obas~vstion.  %?ha B ~ Q W I  OM the rAght 
hasdl alds indlioill% %ha rja5tSqp3 of the nAaolos. 
x 50 ~ r m ,  4 150 p ~ .  ( a )  aod (b) C.C. 35 V, 
( 0 ) .  (6) and (a) 20 He, 5 2 Y ~  ( 2 )  and ( e )  100 Ue, 4% 





Tbicuc e o a ~ ~ l f i a  ere  no% va=$ Z i t  &J.ge$; 4.3; GC n ~ :  ~ G V C  

G rcgiulizr prsriodLcsity. L5r 3; V the .  dou;nt,iirr~ &re 

cPcnrXy men aaB the b i g ~ c r  BsmrjLtna s2llt up i ~ t o  
+h. 

@rmrlj( oms. ?he domain w A 0 t h  is nctirly uniform x e d  

approxlmntaly hPlZ tba  diatim;ce between the clactrat lon.  

fail1d e. 6bt 8 h w  the oe1;auLar patterse e"ajr: GAf fazexst 

s c t t i 3 ~ s  of the P and A. 

fiow Sf tho frequer:cy u f  %I@ a;9g11%ed ficPc! if3 

increased t o  103 a&, tho tlirerihald valt:ibe \ a-t wblch 

pattern l a  obtained 1% l o  wavy i n  n a t v r o  ( f i ~ = u a  1;.6$). 

r ; :x~1 V L E V B ~  in abaenas of %he ~ : ; ~ ; ~ l y & c r  r;rL s - l f t ? ~  
9 

poliksiesr axla s o t  paraklel Lo E thc $:attern Zoo'm 

ns ahme i n  f;&ure 8.61%. J'%@ t k e  Pracsr;cnay Po ir*cser..ed 

s t 3 3 J  fersthas, the mylitudo ant,@ wdvy g c ~ t t c m  

8ncrotloes ;azd fir $r~q,ia~iclce ( - 2 ~ Z P E )  u3 

F w  2.C. an3 Isw fraig+tcmy A * + .  , tie t h e  vtillt;&a 

i8 $ I ~ C F B U ~ ~ ,  t ; lrbdl&n~ t? B 1~a"f; GO C ~ W ~ J  GXH! with ~rast?-;  c-r 

incrccss in ~ o S l t a g e ~  ayn~rn ic  ac;~t*tcz$~tg; a c t o  i ~ r .  



The atpsrlmlrste w i G h  46 p a  Qiuk p b t i r r m  

eloctrodrtte 2W pa apart ~ i o a  a n i l a x  aadueacs 

o f  gatterm rzraa $esssib@& abmo for a ;ftr@i;uency sf 

50 Hg.  

Xn order lm skL(ity th& mot ion  ind10ii46 fbe 

gatterne we ahwe a bigger aet up w i t h  100 )tm thick 

platin- e l a c t r o d a ~  -- 500 pm apart. A t  SO Us Vo 

28 - 27 Y (figure 8.m). i f  thore inre t iny  duo% 

par.t-ialsar psssent in t ? a  amples one a& ~ c o  tham 
A 

troviqs in ogposita birao%iom ~ a r d f e l  t o  X in 

ad;baoent &omaim, SV%BB# t h e  Bust paxtictloa r@aa t15e 

eleetrodee thry d r i f t  ~ r r s & l a r l ~  nomad t o  2 t o  the 
3 

next domaln an0 thsa aslovet paraL'9Rtl t o  E toward8 tha 

other c2ectrode. fZw 11 a dug* gartfcls mavaa c"dong 
4 

E very  new oaa of the bottndrs?ias b a t w ~ m  two d(0~+9tn&, 

between i t ;e path wd a t a t s  m i w A ~  in tho opposites 

Sfisxi t h e  oroas aeotfora, ~f the i w % d @ n t  be= 

iff I~uP&&, if k"i.@ S ~ ~ ~ & C P I B X  A& k@pf pir9~~d.361 %O 
4 

6 and t h e  aalytrer A &i swovad, the: f i e l d  of vhow 

wi4 t h  l a  out down, darrrk and bright a q u i d i ~  t:mt pat;cIxss 
-b 

ehw up. Wow if P i8 kept aamml t o  b the cuntrwt l a  





k; thc voltia~cs i ~ 4  %nareitBed f a  33V ocbmpl&aated 

pailttarns ore seen (figurea 8.70 &ad 8.76).  !I%% sharp 

bouMary betwean two eeblular daaaim @@era at  low 

csllipooe (fi&~r@ &.?CIS in tha rrea%rd sagion between 

the e2sctrod~oa. "ie d w t  partic;rX@rs mov;iw d d -  

-4 

parcJle'4. t o  3 a8 kefcra, /lov@ver if i t  camel; near the 

u l l i p t f  c pattern, i t  acme@ al~xig OD@ 02 t h ~  elflpmwit. 

ol3lp"tfc patterr& ahuw that they irnvolvo a;isllrslzo in 

Sn a11 t h e  ~ e t  ups consZAored abover thin f a i l s  

05 ~ .e . f ; d  ara w e d  acc ekctr~dei~a, iIenue in XZ pTthn% 

the f l c l d  i~ not u n i f o m  'Isgcwtse o f  $?Aria cifecrtcl. 3Ln 

order;. to aaccr.t:.ifn vbe thtr tha cbov 9 ,?attercc6 m a  due 



WQ have stnds abstwvatiorss o a  two differant 

smple UIlcknrsaso and elactrode mpnrati ons ( 4~ 1% 

stuap3.e thiclraesa (x) with alec trod@ a;opar;~tion ( d )  

,u 293 ptar 8ia rt 100 pa, d N 750 UD). AEI %ha 

cleotr&a f 5 s l d  isr &rmrrsrrled c ~ L S u h r  dawi.% rare sew 

wZt@n 'JS V o l t 8  (5E; 8%) 120 apgxied betworm t%~e ol@atrbodca. 

Eouerar, in t h i s  cam Vo $8 alle;htly higher. 

Diseuisssisa 
-c.r*.cu-- 

A potaaibXo intsrpsataa5 ~n of t4ac absssvad 

pattczn $8 gjvm Xlt_sloas, In Wc 'tia;uk.tT ~oa;dvicrh 

l;eoaotry, the distams tistween %ha sJsa%rf;oSu@ 3 . 8  m 

 all fraaZion of the  J ~ n g % h  ~v&.iSe+bie pc~pllidi~u'rQiP 

t o  tha P i r l d  ( J L  di rao l iun)  aai i.t 90 v ~ Z f  kxlown that 

the repsat distim~as Pn ths c ~ X Z u h a :  f8uw gn.C;.t;@,m f s 

C e % @ r ~ z $ ~ e d  by the $ietwj@e between the c l u o t ~ o d c s .  

TfbaseEore B % V C ~ ~ &  QOIXJ~ ~ Q P . & B ~  w f  t h  EL i ) ~  IISJ w3SaJ t j r  

4 
d.W& % SR.XLS. (B-SIPZ~ Wi8t6X?%a;8d PI 14 &OW X 

f f o U  is c32orqtr 5 (fLgura Q, 1 )  .) xci$h v~r.fric@a i n  

neillf'tzlh o u i  ng druaainrs ba'(tdn& csppoui ts aaaP;e, lirxvever 

in the preaatnt sozrfi gursltf on the ~;tia%&&sa;crc tnstvserrl t h e  

eP~@ctru&c& aa - 5 ti@@&? the ageas ~dvdI&Le. $m L'fis 

lotaral d i roa t im (x). I'enccr it i a  trnst pw&:lh t o  

huvs Bore thm one creU Ba bes faxatti! 8% G F , ~  j,dvan 

V S ~ U G  of the f ~@o~%%lIUkt@. It W~@G.XB t h u t  S X ~  etlsb 



a erase *he nei@boiaring donatno along Y airsetion 

srerrm~~os oppmlte sense# af rotation far Xw valueat 

0f the 8ppXieB volta&e. Sn other worda, W s r  thrslss 

eomdi$ioru tlhslcacm in the wual ger;uagtr$ &sS;gbbsut.irtg 

doerraim w L t b  rsg~osfte areaseer 02' the vostfawa trooat ara 

shown i n  fig#?e Q.Ba, due t a  phgraioid seatr3ctlloiw 

&gllp~ae& by %he 38343&1ent ao@gi$~mtion they a s ~ t  

ehovn in figarcs 8.8L 

IaedLakly above V,, om &sea dcselnr, o f  

largrsr wfibthr* M mcstatiomd am?Pier, anr the Zf rsld l a r  

Inorearad bigger 40Um split up into  sraulllar saw. 

X t  abeervad that alwaya a ~ l q g k e  do&n eglits up 

t o  f o m  thseer 4 

atsllucllaar domaim &Q t@ w a y  t o  C O B ~ S S O ~ S ~ W ~  pattame. 

The moreseat a f  t h e  dust pasttalari~ ahma thaO in 

aBditien t o  the oppoairider vortia@trs aterstf a n d  above, 

there is a l r o  aotiojr fa the phncs ZZ, whoa@ @ewe i e  

d m  oppoat8a in a2hrrrabe daaakns. 

Umn$ly gari fSfi a. ($579) obr~ervsd t k t  Sn the 

a u a l  se96wAQh gwnatxyl a n e w  type sf pat+ezn oallsd 

'the grid p a t t e d  csaa be @ a m  eornraaiste sr.a;~rr the 
appllaation aP the iisXd, Sfhey attribute4 this t o  a 

a thxee 8ip11&n~ioxletl f l o w  p a f  term, Q3u.r obssrvatiacet 

alrslo e0*;2raa au0b a ~ Q ~ X W A O B *  



(a) Tho vortf oes in th@ amdwioh geomatly. 
(b) SuggesCed dieposit ion of the mrtu  patterns 

in the new gsometxy. 



we aha l l  rsutimasariee eaoe uf  the features of the, 

patterm eeen hers &&I a~sparQCX t o  the onee abramed by 

other workera. Jn Ght? flrst pSaast we @b8WV4# that 

the  t1:xe~hobd volltaaf.;a ( -- 25 V) is ak1& greater than 

that 1x1 the tsmdwieh dr;r;ranrstry. IhOa uould be due t o  tire 

larger separation between tha lelectr@dutrr. Wu ~ i @ r t  

mention hers that W i l P i a m  (1572) obaerred a 2600 V tSlrerrrhoU 

polarisera - garallsl or araeresd - mad even $a fhs 

could ba duo t o  the char@# in3eotian.' 
- 

we now c9osorlbe mothoir fantatzss t i n s  obatarvnt lon 

mstde, on nem-ti0 dmpreta of &BbA undar the infXuenc(ra of  

DAB tux t i  ono ~ i r  nema(t;-lfst8 - 
If the tmpoxaWre of t h e  aapXa ( r e l a ~ v e l y  

impure EEJBA) i e l  mPtrb;aPined a2 Zha n a ~ t i a - i s a t s o p i c  

t r a m i t i o n  point (Tpz) nometla dropleta can be saen 

suspended i a  tho ir;stroplc phaoe. 3x3 the absren~e of 

(flgure& 8.h). (1n the acrtaa3 oituatioa, ePme the 
* _ _ I - * . l l P  

# ~ f t e r  this work was oo~rpXotsd, us omu aoroas r report 
by dhow 6 1975) w h ~ m  easenZkalXy aimilas obsesvwti o m  
have Ixon dcacx.&bsb, 



E l o c t r o h ~ ~ ~ l r o d y ~ i a  d i s t o r % i o m  of %ersrrtd.c d r o ~ l c  tu 

af iiLiFh suspa3ldcad in the it;o?i~apicl phaee a+, %31s 

tranoition twmperatuto. (3) w d i s t ~ r t e d  d x ' ; l l e t ~  

mdar B G ~ O  f i e ld !  (b) 100 fT&, &B II 1 ( 0 )  'ibu Lo, 

1 0 J V t  ( d )  100 Ba, 25i: Yb (r)  5G3 Hz,  100 BJ =d 

($1 1 U!S, 103 V*  





sample thicknaar #mall, %be i?roplstcr are d i m s  

The asam sfipexgas$sitdL sfitti up atjt d~ccxLbstP 

tsenrlfer in thir Ohaptarc avm wed. The affactrr of 

uniform f i e l d  (set up XI) a8 wtsJl a8 the no&-&lorn 

field (esh up X') ate, a i n i b  

If a D . 0 .  or a low i'ssquemoy A.U. @&eotrdo 

f h X d  58 arppl$ud, %ha droplabfa fget c9%$omiaod t o  calUptAa 

shapra a8 tba rolti&&8 uce%de a thrrshold value (Ilgura 
i, 

B .%) .  Hcvrre~! t h i *  t h ~ i a b o l d  could not bc detootad 

einos the  defornutUon a$ W t  hod&1lete woe groduaX. 

The rmagor sucirr o f  e l a t p a  was alwcqm found 4;0 be 

parpen4Scnrhx &o tbr sllaotrls f i % l d  dim adion. WS t;h 

the iwcrrssa@@ i n  the mltage, the &Iipt ia&ty  isrcraaaa, 

(figwe 8.90). ~phru? it w s .  found that for any 

voltage, the elfiptlcttbl&s a$ d$$f%rezt 4 ~ g s  were 

not umifora. XR &4dA+ion t 0  the &etfomatAsne, the 

droplats t h o c ~ r l ~ e @  r o r s  d o n g  frora oas elactrode 

toacrtbr.  X f t w , t i r s y d z + o p l s t a a r ~ f o ~ t r ~ l m o v e  

la oppoar5t e dime@ 0x31 and appear La &Q'FP~% &low 

line parallel t o  3 ,  t h y  move poet each other without 

buohing each other. 'PUB Saditzate8 f hat %her@ i~3 a 

- vortex notion in the Xi€ plane. Aa the .croLtr;k&e, i e r  

iaoseciaaed, the r&rrcritlata o i  ats drops also lmorsa@s, 



If EL d ~ & %  ~arfleI@ 66? prastsnt in awe of fhs cfiruplets, 

i t  i a  found t a  noog imide drop&@% in vortiatsrs. 

Hence A t  ap;mars that thsrs axe two 0% vortSosr - 
om confine3 t o  the XX p h m  i n  Vie b ~ t m p P a  bdk, 

whiob cate3c;et $ha ~ m m @ n t  of the Strorps, am3 motfrez 

vortex imssf8a each n ~ m t f ~  dropht.  

&d tfra vo1ta.geb fa bwsllem@d oermidsreb5g, the 

drape taka pe ouziar, quicklp changS lyl ahages (figure 

9 %  ESow the dmpJ13'a;a atma f a  dl% mrts Qi & U B Q M ~ ~ X M .  

#otrmont; of 4-Z ~ a r t i c X s ; e  &a thg I~~gbtropI~  bulk l a  

hayham~z~!. 

bPth  9~exemirogg fr~rguency, atit roLtwe meeaaary 

t o  deform *bRe dmgXsG8 incrowes ( i ~ g w e  8.ga) ernd f o r  

very high frsqueslrai@a, no d@f~ma%isa om be obsarvsd 

3% hi&$% V O ~ % E % & € ~  (fi&~r@ 8.91) * 

Phes exia%iw tbaeoqy (~6FXloi 4969) $02 the 

elac%r;ic f %chd f rxluoed f m.t;abf X k t l c s  Sn Aa~txap%o Uguid 

baosed on &ha afmwge I ~ t J e a t i ~ n  p h e a ~ ~ n ~ m  ~ m n o t  b$ 0;r.pglXed 

here beenuso, the mrtea a s t i o n  is obewvsd @van for  

A.C. ( @ 13U Brs). 1.t Irr (3Xs&r t h a t  oxi@n o f  the 

dePorm%Pon ins e5ecrtmhy&md::nwicr, but pse have no* 

atteffiptsd %a @ve my axplanation Par %her phenoagellbl. 





Salth, I .Y.. O r l . ~ ,  Y . ,  hagerrall, SOT., Eubols- 
Violette, I!. -4 Puraad, E. 1475 J. d e m .  
s, cr-2% 



we e u a a r t s e  Qhoae ffaa%upae o f  the Psimare 
lsee 

sphere represent ation $ ~ u l r o h d  ran and ibwwmthan 

196t ) bthlch hare been ambe w e  of in Chapksra3 I mil If. 

Any general state N po1;curlz~tion sf a l i @ S  

bema e m  be deflaed by %wo ~ w t i t i e e :  ( i )  the 

crrllrontakton of the magor texPe o f  tihe s l l l p s e  oaUe4 

the &sirnth and i~ qecif ied by it8 awLa 3\ with any 

d i Z @ ~ t % ~ Z l  th@ w S % V T ~ B ~ N ) ~ %  (%I) %h% Sat10 09 fh6 

ares of the elUpso 2 (b ( a). 'fhs e l l ipt ic% t y  UJ 

b I s  given by Ulo oputAm tan W * .; 

The states of palarAe&tlon c= be ~epl~e~entetl  

by a gaSnt an fha mazfstm of a ~erphere of Wt radius, 

e w e  htf tude ar@fS. XonE;ftube: hvrt vuLucsa 2 a and 2 a. 
Suoh a t a p ~ b r r  i e r  r r d l c d  2:uirr4zare qdms (figuse 1 ) 

( ~ e i ~ ~ t a r a  14392). 

In tb i&gum-~ Lg an4 V rspxa~ent hwi~ontdk and 

rarfiesol Urrsarly pslax4zed light. Xo general, allt 

Pimar atutee sf golarSzst2ea are r@3reaent@d by points 

on the erjtlliator HOVD, fhea $sngituda Bclw equal t o  

%wise %ha a s g f  e sad@ with the ho~ ieonta l  diseotf oo* 

Theref cse tbrr paint8 @ ar;6 D ewreqond t o  l imm 



Yhe Paincare sphere showing the atataa of po lmi -  
gation of a l i g h t  beau after it traverses a phaao 
retarder. 



.or wgbration at 2 7 . L axxi it! are the- pole& oi' t h e  

cphere axid rapresefit left an4 r ight  eixzulzir vit.rrztions 

respectively. 18Jl elliptic s ta tac  k a o l q  the s8.e 

~ r i e n t a t f  on ( >r ) 01 BW%r aagsar mes are raprcscentsd 

By  point^ on the aerf&tar; mfT of llo~,gittadc 2 ;, . Ld;l~s 

a l l  tho e l l i p t l o  states with ttie rime el l ipt ic i fy  (d) 
". A, are regresented br pofatr om the l a t f t u d c  efrclo & F  

of llati tuae 2 w.  

L e t  A and reprcoont the fae% and &Low axes 

QP t h e  DrPrefrizzgsxlt  late rt?z;,eetircly. A ~ ~ e s  a 

angle 8 %ith the h ~ r i ~ ; f = ~ t & k  ~ 9 ; d  ~ C Z ~ C I  MA 91~ 26. La% 

Q be %?lo plar~@atisja oi the 31&kA SrneSGarit on t h o  

g1ia"t;. 6 is the ;~PI;&GI~ difftju'exee Lctuoci: ex.TYraacBAn3;rg 

Ref sre~e: 
-PII.(IC.-*\.LIU.H 



IZ5!P-AaL!XS 13P Y E  ~ E W t G 2 I ~  
ZHDZCIBS AEB ~ I E ~ A T l m i A  ORDER PAFmTn- 

UP 

IS at. apgeMfx we give the elrperiff~ntd 

dsfd3.n & reeaaufiw %be reSraetlvce illftiaea of nmatio 

l i q u i d  ezyata3.a method of eaUmatiw the 

arieata%ional order prawter chna 8ramity sroiw the 
eses-msd %afar. 

mdo by p n ~  noleeu&s pi th  t h e  director fZ , then the 

order pammetar o.C the mdim l a  @rsn by (grcatLoZi 

1942) 



the dimetor are r@spsctPtrtliy &%vela bg 

Them haw be- two &ifPer@nt agpseoacbs t o  

relate p wad a. dth ne nG, vi.ie., k'eugebausr'a 

f orrpprla (1950) W Vuks foxmula ( I  $66). She vsiluea 

09 E rodLcnlaf9d uei- tbse  two abthodep ag-e vssfr 

weU. (see for @rmpLe, Stnbrswmyua and f5crf&-urti 

94"13). Vuks . $ O ~ Q & O  Ss ariaplsr of We- tw . ~4ozewver 

we strouU hat% a iMepc;ndsal w c ~ ~ e n ~  of the 
t h e  d e n s i t y  

tieaper4tturs vPPs2atLazo of to bt, a b l e  19 use Nezy:~'I;r~u@f*8 L 
r@ltit%i on, w U 3 ~  It tuxme out %ha$ Vuks E~~raada i t ~ e l f  

~aa8uments .  lYaorse we hawe wed Vuks famulet 59  

s3.3. s w  od~uhti69"ZuJ. 



f i x #  $ 8  a, %ad 5. a 3 , a, beiw ths ~ r i ~ i p a l  

reiraetira indices and polori = b i l l t i e s  roepsotir llp snb 

-9 l a  the nuabcr of mlecul~a/cc. 

tra otm write apuatlon (41 oa 

--4 s2 - 1 9 

pG--* Ej 
J~I.; whsm i s  tbr a,ppUed S l e l d ,  

FOP oexmpic nat exLal s 



ktS.&ng: that *ha intem1.&~1 41cld in the c ~ r . ~ . - t &  

k l  i s f  %k@ moleoular wcf &Z. IIsrm@ the CanziP;y - 



kde raharZ3. naw derecr*ibe tha a p s r i a e n t d  set 

up t o  measure the rttirmtive indiass af amatla 

l i q u i d  crgatals. 

Cs~leatruetian of the prim 
.IL 

A nma31 m g l @ b  g3asa prism i s  obtainad by 

placing two r@st~;ngU2f~r ~Xaas p la te@ om over %be 

ether, with a %kin a t d p  sf gXaraar plaeed I n  batwets 

them at  ona s'iasi euad pra3t.lsl t s  the w.iCttih of the 

platas (figure I ). The snndwich~d @tr ip  i s  cunantcd 

'kh% a m  plZk'%@~ by. b a d i f  a [ ~ ~ b d  f b%&%&3) ) 

34; i s ;  Uspur-t;ti~~t Zr, note that %%a ~tr%l; ;tar of utrifonca 

S;hARknebriler aery3 i t s  Tezaf;lP;h, YUs eaiews t b Q  when 

a Ifaht  be- $8 im2itont PlaGs f ai iihe pzfsra 

(figure J )  namoerli to i t s  ~(c!$fa~%tSg edge, the X- 

~ e f l ~ e t ( b S  By befh the pbtaa  8nB %he slx.mM%n* r q  

all I f 9  in %he etame p l a m  Pn ar&ar t o  am18 say 

c5entasimtA~a af %iqufd orymstdisi by arP3ditea acme is 

hken f o  see that f t  doeat not QOEM Ant0 Qarttuct with 

the saaple. 



S d l  ariis prism made of two G P L ~ G ~ Y  f la t  glass 
platoo 1 (mb 2 osmeated twether w%th B asrip og 
glass (shorn by o ~ t r i p e d  roeion) uecd a@ s p a e r  
at one end. The glaas f lats  are beoallsd near the 
refracting edge of the p r i s m  t o  fwfl i tata  illling 
of the l iquid,  indianted by the re(Eion o w e d  by 
dashed 1Lnsa. 



!i%e: &bas plates wed for the pri8a s h u U  

b v e  pes2ectly pril3lel eurfaoea, 2s d d i f f o n  t o  

being ~peAp?dU$ flat. PQX the proper &mice of the 

ghtsa pjji%@;h~ a gonitxwtesr eipectmmter provfded wi* 

a p t a e a m  eye-piece i a t  wed. Phe aye-piece is 

yrewidsia wi%h a aolxraet of l ight,  the light b ~ a m  frm 

vhfah aoveo away from t8e eye-lenes d o =  ale mlt~ 

of the tcl2~caeope. A @lass plate head 131 front o f  

the t e l e ~ e o y a  o b g ~ c t f v ~  reflects th io  11&8 aa4 an 

iIlunSm%ea cross  is^ s e a  in Wcr f i e l d  of view of the 

eye-g&oeo% PF &he glass plats d w a  no2 W e  parallel 

surfaoee, fws cleeesea ~t~S'lestteB by the two @urfacear 

are see& Kormvsr i f  the &urftbcoa me not optiaollr 

flat, "LC $=gas w e  b 3 w e d .  B@me only %haere gh%a 

pla%toa axe ehoaen w h i h  WMA held f n  front OS the 

f i33.titeb.438~~ @$VB ~f wb, €31 E B ~ ~ C B C * ~ ~  @XOBt9r 

The grlsa i @ i  e n c f b s e d  i n  a dhdber 86 EPB to 

be fn good %tt.atsxrtaB eo~$at?% d t b  b3~0BOF3 69 eopp~r 

(figure 2a). B ~ Y B V ~ S X ,  f n wder to ato fd  m y  c ; s c r ] o i t ~ l -  

nation of %he smglsa &-a 50 the coxrtaet wifh Gapper@ 



(a) Ooppsr holder f o r  sthe p r i m  
(b) Beater with Uree block8 of oogper surrounding 

the ample holder. Striped arena represent 
coppar. %?lie ouGer surfaoe of the heater is 
thermally l-nsulated. 



thin ebests of l e j 3 . o ~  (.- It30 ym) placed am- 

tke prim 80 that the s a p l e  does not csaa Anto 

direut  aowaef w i t h  oagpas. PAe copper chaabrsr in 

%urn I 8  pllanrud SnrrZde a @u@seitte eoprper block of 

rec~taagular oroas e~ct loa ,  $hm@ whfoh a hole 

(4 1~481 x 4 ma) i r ~  Br&lkeO t s  allw l ight  P;s 5d1 on 

tets prfsm (f-s a). 2hs Pigfnt after r s f r w t i ~  

through a8 ample eaexgaa OP %he bleak throwh a 

dia@rg&q$ repertarst (f~ttss ZSb) t o  amble ws t o  masure 

tho atsglear s f  deoiatAen. Yhe whale blosk i s  platmil 

Amids pea oven wl th 1 cm thicrk fmer copmr wQ5la;. 

The heator wile& i ; p p  t90-d USPff~mly %he9 men 114 

heated by Lea& accurraulm.t;are %ha& a s t w e  crarrrent 

oran be Bmwn f ' ro~p  thest. On both a d s  ef %he hebatt5tfs 

the copper bloek i a  @cr~exr;aS by &@@%PI ~f b a b l l i t e  t o  

43VXBi8 heti%% 2 ~ 8 8  and ~ ~ s %  %gt&p@=8~% gZXkai51Jt~1 

along the bzqg+& of .Eke Bleak, 

She rubbiag Le&a&gue Is aesd t o  get am oriented 

~ a p r e ,  T ~ Q  beat ~ I S E T ~ ~ B  WC? ~B;stZa~~ea W ~ C B P  a %UP 

ratrip 0% pclythtkna #heat. i r t  aered &e rub % g s 3 w t  the 

imer awfwear o f  t-be &lass plafxtssr Wdiz.wofdonallyt 

prcrrcillsl do the rcf.zac%iag esQgs. In addttlw, tibe 

smple 3s Sntr&uced f nto the p i a m  f n the rer~tra;e~+d@ 



eta%@ by mfitlaer of er oqillarfr arPd i n s  aXXoweb ta Itlow 

in the bircsutii un of ru't,bUg. 2yploalLy me ~ p l e  

occsupieg a widt3 of 2-3 im fros t&e r e f r a c t l ~  

edge f f S g ~ r ~ l  1). She . t;e~t for good orien$atAc~n i c s  

do- by 0b8~~IOfiZ4 tba & ~ p l @  b e t d w s ~  t~ usosaeb 

the ermple C S ~  be ~ f 3 0 0 f ~ 8 d  by the taJesrroger 
me-uring the ~(tfracttt;ivtb iZEai(3@%. 

The ttssperartura 9s seaeur~d sa d~esoribsrd in 

Chap%- X2. The bat $w%icr# sf the Qhcsrrrxwouple i s  

kept in sontwt w3th t b  pxias. 2b.e u ~ l d  swation 18 

keg* ;tn &eTZiw i a s  f0fwa58 f r ~ s  $%ati%%eia vatsr. 

two ee%e d' redings fa* dif ferent  tespmxitusea so 

3e~gt)J@. For eaek u;-trellaerz$%h 4 set@ off resadix56;~ are 

taken. Xach @st cumfats of 4 rendtinge. 488 ~acairttar 

In redinga i s  2 3 LBW of am.) 



Bcf am s&ing m y  atemuressnt~r the poaition of 

$he pr3azt As ad$-fad eo %hat its rsfraofAn$ sdga Ls 

vert iod (iea., pardls l  to the slit) wi th .  the b 3 p  

ai t h e  gauaaian e;t?e~%ecte. The l ight  rsfl@cteb by 

pkatos 1 ard 2 2oZ the yrisn, (ilgura 3a) f o m  ipsagaa 

of i l l a 3 z B e d  csasaes. The l e v e ~ l i n g  @Grows 04 

prf trtz B;&+XE wer gjra~ezly adJtsstsd uctiZ the poiatre of 

fn%er%@ctien o f  the rzsoaaea l i e  in one borAs~ntal 

plaxic. "i;Erafi %%Pa is  dose the angle between the 

croeacrs $a equal. %id the  m ~ l c  A of the prelim. 



Schematic diagram of the e e t t i ~  of the prism 

so that plate 1 is mmd t o  the incident 1Ghht. 

Figure indloates  the path of the light beams raflestc.".y 



RePrac ti on of the ordinary and extraordinary 
rays through the  prism. Do and D, are the 
respeatlve angles of deviation. 



%miden* beaa waar reduced t o  -- 2 m. b%alwrver n 

aet  of ~arrpuraaen$e were t a k a  the ah@& for normal 

imidance wsss &one. Each tinre t h e  w Z e  a f  the 

prism kta8 wagwed. %e ~ o a d i n g s  w@ze %&eDI PLS the 

e&cc 1,  ZX (figure ga), ZfI an4 XV [figure 3b) so 

that the error hue eo backlaah vrua avoided* 

If A I8 the angle o f  the prisra, no and Do, and 
s f  

n, and De wet the reZra~tiv% index and nllglc~devlation 

for ordlnmy on4 sjttr&urd,faary wibratia88 x@~pe~t%veXy  

fox. a waveXen@h h , then 

r i n ( ~  + 0,) 
m L - - L I I I  

s i n  A 

The data on mfitlc;tlve faifioas are given an 

4hs ~cLevm% ahaptws. 

In the ease of 5Cfs and 7CB we ueed a snd1 

8 f ~ ~ ~ P f i e  a a ~ i t y  bot t l e  ( 6.5 cc Pa ca2wity) t o  



wefgh %ha@ ampla*  The maapPe was we&@& pz8lng the 

asemlnicrobaLsnc SAiI&& (L3Lboz KUB%~(JF, &st G e m ) ,  

the menaftivltiy of whlch f o 10 dcrogram~~ 

In %be c a m  of 6a, we cou3.d not adopt %he 

s3o .a~  prttaedttre for laak of sufficient; guantPI3 o f  

the wz%ar=E&X, Benee a t%ad1 length oi (-. 1 C E P )  

the D S ~ X G  WEB tsken in a capfllar;~ tube a& i t a  

l e n g t h  nzd atsm were deternin~d. 2h8e c ~ l 5 b r a t i a n  An 

tail1 cascns uua done at;ihji~nt doubjre diatl13.ad water. 

A l l  %%me ::aQczarmaatns wrss m a %  at r 0 0 ~  tmper&%iire 

( 25 °C) .  Tha aacusacy in apecific gravity b a t t l e  

~ e t h &  iru ... +3. l& a d  that In uapfTlar~ areaod 
. , 

h/ +4;,,5ii;* 
(Is 

X x i  t i r e  aase of a ~~g)ap~'~Pad which B ~ W D  lIbesrrrati(l 

p k a e  zt f e a p s r ~ t w o s  above the mbient, a small oven 

is w e & ,  A a o h x o w  vLra Are, &v%nXy wouad 

tm a fh%o% un33ad aspper tubs, Ih* vinbi nm are 

~ w ' r ~ i l = I e f  bt)~ a$)bliist~g$. X %  ie eae3saaB in an ~1Wtniutrl 

tube whf c1.h f s &earn ;ad ers o boa@ &r~viCLed with lersrX2iagk 

eerIEswec, The tmgerature i& ertdnta3ned by paasiw 

ott~m3.g e?cm:ent rfl'csr a low ti@@ uief rsg h a d  a@~~muLPi%ori~. 

4:. &lot; -/ 2 sm 122 width i ~ f  ~ i i t  %he lexl~;Llz 

o f  the  t2b.r;. t o  sriable w Ba make waeurmants on the 

8mpf6 e t ~ ~ i % d ~ @ &  ft-a a ~ a p f l I 4 l ~ ' g  tube. lhrrr Pe1eyy;tR o f  



saap1e p9f let wwa meoraured ~ c P u g  s ~ r ~ v ~ l l ~ n g  

~Scroscape~ ?he calibratioa wae dopa a&z.im% Pi& 

for whPeki acourate d a s i t y  d e t s  zre aw&Snbke. 

us have fwasured the dam9ty oZ 8 4GS9 2 8B0F6 

sml 8 OrhiGPG wing tNs sat  up. The aceut.iey is 3nPy 
is 

&oat  0.5s. Tho temptratwe .socurate t o  --. 'J.5*Ce 
*- 

2k1e derrsity waajr a s s u r e d  a i  ar& t@z: ex::.crttre an& %he 

fa a ho3a~logou$ sezfes 02 ~ G E ~ ~ ~ o ~ D G s  w i t ; :  &n 

ir3ky3 end ,gmug, 18 fhe eves ~ s a b s r a ,  %ha $is31 C-C 

boxid makes a large! angle w i t h  2: s! w a l e a f a r  c s i s  



whereas in odd m&bom the fial C-@ bond traskea a 

 mall na&e wf tPs the a o l s c u b r  =is . Tka ctari&-e in 

ha  (i.~., &@a)) fn goiw Zrm one t o  the m x t  

wsrsbel: of the ssrlisa can Pa! cstbersn'tecl frm tho 

kfzozlrlaiige of bond p~ltirizabilit5ear. 

In mtizwiting b(Anr) we asssum@ for sinplfeity 

an dl1 t s w  eonfi&amtion of the c%sU (Bee Capter 

X f . Eur%her ws assume %hat tke l a a t  

C-C bond La urn odd racxa?'lPg3.~ 16 along %he ~aofeou lu~  axis. 

(sj Xni3razwr;t t o  Aa from a evaaz t o  the next 
&&&her pdd m ~ b e s  - 
Xn going fiw @yea .f;o adt%. a@rnberr om GET buai'3 

is mpl~S& by 4 C-C bead LL~apj tha isli~lWuhr ss8-is 

amd three C-R bends aqadly izoPins4 *oo 'the igole3~1uXar 

axis are addeb* The csnf1~r~sraztSc~~ o f  tibe em3 gzmp 

f rs shown fn  figure 4a. 

C-C bolrtr us = 0.57, ax Q.25. a, = 0.25. There- 

fcro poIar i~I~ i lZty  claw I, a,, * &, = 0*97. @ 
a + as 

~ ~ l ~ d t a b i l i t y  parpcnGimrlar X, a, -I 2 a C3,25* 



&@ZWQ 3 
(a) Laet oeglsntm of the  end chain in the odd sembers of 

a koaologous s h a w i s  molcculse vith alkf 1 chdna. 
In all-trsna oonf igufat lon i s  aeauaed w i t h  mo e w l e  
axfa &LOW the final C-C b o a *  

(b) Last s e p e n t s  of the end ohnin in the even mcmbera 
of a hornologou8 0 e d w  hnviw nolemlea w i t h  nllryl a h a l ~ 1 .  



C-8 bands eoually ;I rrehhnsd t o  

'5 1 0.82 ow2  71 + 0.60 sin2 71 = 2.62 

a 10.82 s$n2 71 + C.60 cos2 71 = C.80 
3 

a ,  0.60 

(b) InoresernS t o  be! b&twrsen an o d ~  a m  the next 
h-r -. even amber 

C P  "+- W.-~.PW~*II--".*C?-L- 

The aonfigurat$sn aP %he end Group 91 rn ewea 

m&f":b@r ii~i 8fr(9w 123 figuse 4b. 



3 
P 0.02 C*S2 54.5 GOB2 '55.5 + 9.60 sinb 35.5 

0 
2 2 + 0.60 s i n  54.5 cos 35.5 = ~ 6 5  

2hexef ore 

IX \ I  a 2.63 @ JI 3.7~ . 
3imllarlg for C-El3 bcnd a , ,  = 0.Gf. c, = 0.70. 



arid %ha incrcaect in polorioabf li t y  pcrpen&iuular t o  

X axis 

Heme the iacree3cn-t in ad on going iron odd t o  next 

hlgber evea mes'ser 8( a) = -C .Q8. 

t r @ i x i &  t h r  sc v:- i~es  tS fs( A a )  , the a vEbtlues 

for dl nw63crs of t h e  e e x 2 0 ~  C Z ~  be C L C C U Z Q ~ ~ ~  ff 

A a  f o ~  any zaeebor L u  B~lotm in&~genite~~tIPy. 

?ha. S aalkes c~lct l lated w i n g  Au derived 

frta fhc  &avc prcceduse w e  ~ l v o n  %a the rolevan* 

cbapterss. 

Lni;c~?i he;rs OX' f ~w!i ; l  t i ~ a ~  were ae;%znsursd using 

a 2exkf! . -t l~&s B;G-2 (USA) d i  fferentiszl socSUl2r%$ 

cta.lisrfmter. &&ace the ~ c a $ . s ~ ~ l i @  used vcra fairly 

Tow nal t i E g ,  c~-i;cl~hsx;izm w i s  uoed a0 thc ia%t;.a;inderd, 

%'ypieclZly, 3 ~?.f;s+ of Q-e tsm$~Jt? MGX-C U E O ~  AD %Ale 

mcaau-r@~?a~ c . 
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