
r ' l M a a g &  rwipmtrifioally 2iqa%3 o r p ~ W s  have bnrr known f a  cbaa6 

6.u~ ywe,tkre u>pliw& oa 06 Zli&~iuLd oryetale to p w t i o r l  problsarr haaa Wao a 

d(90~20@nnl ol" trhe l6.l ysur*. TIlQ U6e of UqA3.d ~RJc1kd.S h e  6itaghso;kR# 

t;bltwrLal LC in ios  L m o g I  rmd wa ocm 

t h s ~  15g!Zd i$wawml C S E I ~ Q P L ~ ~ O ~  

i t  tlra pmmt tw , w a m  ~ i o s  m3.y u rf;aber Z i & t e d  plut*wo 

oc tlw a l t ~ a h  uoae ~ i . p % d  ~ w e ) t ~ 1 &  T~IUO tw, M ' L ~  b!se itmatio and 

at;,deaberio 

I UPI m r ~  Wt bhe msbio plmaes dll prare @ q a W  v&ble Abhh the ncnat. 

sevurul pwo, hibx~id oryakiLa ars aC inbmaai 

s d l  mnrjiok rbr ~ O ~ O Q I  &ti8 a JhQ1estaria phr,wtCo 

ar" only w e  d q n w  eput oaum P change, W cb* m&ira rt(Wbm & vforlbla o o h r a $  

3.n tho nmutiu pharls, nbuWQoS power tnpubs o$ as &w 09) m e  m L ~ a t 6  per eq m 

om W v e  *n slmmb tnrp O t  t e ,  P ~ l l - a f P ~  2 J m g  &tlr MkLs  ~hetr (I@ e 

very goodl rlomlrtkoa , saa~bhlng on the ordez- of IOXl 3lIram &r oq boh bilee 

p@ap~rbiuat locla *ie Gor &ha oritaria w)d& awke ltcx~ld wysCol ruD i n t ~ t i ~ ~ g  tc~fiqy~ 

2?aae,PD, i ~ l & ! o ~ n & ~ m  dBPteoc~ ar wterlale ewe ncsw1ed Qy i~adiaatam w dut(Wtars 

&&oh drarld urn law power W EietceOb v e r ~  10V mewepl dth g o d  rs(saltltiaa, 

tlrs 11iqu%d arpetal is o nabureil oholak 



da%vi.ng voAtuge Gppwra bo ~O(P at210 nWtQb20 ptaw the Xotflcnl. wltdaa tw srwm 

-sa#llrracsnta 81i*pW@ and L3diQCbtw~ &iob d~pawl%pon m b i m 6  Zi$htbg, B ~ ~ E O H  

& &be mAutLn, oorb an driver aipouiLa&uge disp29pe curt diba  fftaetbla • 

Wrrile the, kit,@ re.dutiar aake+a high, daneibiy dl9plt~~a ciaite, Ewibla  . 
Xbom om ailg Porarunn~rr of dnoioea ubioh urn no optloali au(ipub bul matte 

por&b;ls, opasatioaa d o h  omtrWl ethw ~ g t l o d  propertLee erleot*to 

d f ~ . e a U m ~ ,  ~ ~ m t l y  oan be uoad in aaohanioal daoea,elth- sbldieo of 

ahem dewlwa hmro tat 

it Lhia pow ,we o w  cLuQp bbcl we ham B o w  k, WxWI#tend 

md u rb t&e acylrliyuid, nas~~ly~tpJ.Xim pxoparliisr at llqald ory~lalrt. Xa 

LQIfs ahqtcl* w mmz hwe divan cswhQllaOiv~ly foarbomr gppl&oaticaa af the 

otrdlnattarlo pk~are. 



The preeent  f.nventl,on  provide^ hl device h o v i n ~  n thf:rmksll,y 

nmeftivc? member of n n a t e r i n l  o r  rnnterinls \~hi.ch *?re cnpftI>le, 

by rnozaan of thratr trmiqme nronertierr, of c c m v e r t l n ~  n hr*z% 

p**)t, tcrn impoeed thereon t n t a  n v i s f b l s  nn t t e rn  by exponure of 

t h e  tttermnllp. senn? t ive  member t o  vl.aihle l t g h t .  

Il~ferrfn.nfl: t o  Flfllrrea 1 and 2, there t e  khhm nn enclosure 

29 having r. ~ e n s r n l l g  r e o t n n ~ u l ~ r  orone rssct ton. The enclosscrc 

23 ha.# n firwt P ~ c e  1F rmd n eecmd Sncs 14  on av?gns.tte ra.{An@ 

d~'ic!rr!n.f. "Phe P l . r ~ t  f'nee l? of t he  cnclaettre 1.0 4.n trpmnr?l?f*nivs 

tie sndf.?tion i n  t h e  infrirrcad on r t t an  of t he  alec7tram~met.eC: 

rc?c.etrum hnving r. vrrvelanfith of chotlt !? microns t o  15 micsnns. 

Ttzc f t r e t  I'ncst l P  mng hc trmr~mtrseive t n  a t hc r  thrmn ln f r recd  

j:i:;3?ntfon. A srrit(o.btrz m r . t e r i m . 1  from whq.ch t h e  flrst fncc 12 

?r,,:y hi+ %a.de i a  AttCl ,  RP is well known tn  t h e  n r t .  The acvnnd 

f::er? 14 of t h e  enclosure 1" l a  Crnneminsf.vc at  l enn t  t o  ~tr fb1 .e  

~*~i14...;tton w-ttlzin thc v:rr.vclenflfh hnnd of nbalrt 4290 t o  7503 

Pn~atroma.  The oecond Peer mn:r n lan  be tennamieeive t n  

r:,.fiintlon In o the r  pcrtfona of t h e  e ~ e c t m m .  Many ~ Z n ~ a e a  :,re 

t-\x'L"c:?ble mrtertnlr Prom whqeh t h e  ~peon)nA frice 14 m ~ p .  be M A B ,  

:'or exr!rnnle, nu'din:-,r\r lrtnAow ~ l n ~ s .  The ~nc.Lo81ire 10 mrtf 01-ve 

<, cyl.lnflrlcnl w t ! l l  16 f a r  whi.oh Lubolcr h rnss  Z R  one of .?pay 

r r t t  1 ti'lble rct~ttariw2.e. f n  ninny t n a t n n c s ~  tt 1s 8ee i r cb l r  to. 

nq?nrr'!:tr the  cPevice wfth the  b?ncbns!lre 10 ev~oun ted  t n  nref>r 

tit* P."roid Cernner~.trnre non-unfformitinrs there in .  bor  thnk 





p?moecEl conv6ntSonr.l 0-rinp: vncl.i:rm e ~ ~ n l a  1'7 NIA 18 -?re 

cm?~loye& t o  nrovide tight wenlsl where t h e  fp.cefl 19 an& 14 8nA 

t h s  W n . 1 1  36 j o k .  o tho r  e l ~ t t n b l e  Reeling rerlna colald, of 

cnrrrae, h e  c?rnnlovea. C o n t b u o ~ z . ~  rvr.c!>crtion mny ha zchJ a+ved, 

1.2 der t rod,  by provl.dtn~n~? n f i . t t tnp:  39 f o r  oonnectCon t o  E? 

v-cl?t?rn nump (no t  choc*.n) Within t h e  oncloaure 13 t e  d l . ~ ~ o ~ ' ~ d  

!:. t a r g e t  a t rnc tu r e  20 ouhetant3.nll.v p m l l s l  t o  t h e  f9 r r . t  and 

rrc.:cnnd fr.ces 13 rind 14, The t n s c s t  ~ t r u c t r l r e  30 3ny oonvcllent- 

I.?: held by rnnulnr  sunporte 2P withtn t he  enc1nn:ircs 10. 

Tn t h e  nrnetice nf t h i n  invention, t he r e  in, no c%r?n- 

cmt  requirement *hilt t h e  tnrpret PO be plnced i n  a vr:or,zum 

e n c l o ~ u r c .  This ffl merely ~m expedient t o  ~ v o i A  temver"t;~re 

v,~?i1!.:ition8 on t h e  tc!.r'-ct 30 due t n  n i r  currentn ~ l t n c a  l . t  

noola?.bl.s, c.n?nd of ten  de?frnble,  t~ form n t n r ~ e t  nf nuoh h."h 

c ~ : r t s l t i v i t g  t h n t  even :: cslicht c f r  current  would h~vcs a 

r:cl;f.cnnh'bo e f f e c t  t?lrreon. On the  o the r  hnnnd, In Borne .,rnl.i- 

e:,tlnns where n I.eets eenn i t l v e  trrrcet he nmnln.rrc.d, the 

t;".rrnt mc!v ha ~ X T ) O R E ? A  t o  t he  ~ ~ t r n o e n t ~ ~ r e  nard t h ~  enclnaura 10 

~ r . 6  trr'nt?minaf.~re fr'?ces I? ~ n d  3 4  v~flulrl not  he r r q u l r c d .  

the nhrtvn in. pf.~.!? t he  t n rpe t  @ t r ! ~ c t n r e  PI) connrlwcs thrrc.  

fix.t;r..nceefl rind c n e x t ~ n n f v e  in!reL*e of mrter.!rl 34, ?FJ n n A  Pa5. 

The inner lntrer ?4 .ie n. t h i n  R I I - ~ O P ~  f f l m  of a mnterfnl, r ~ t c b  

r.8. - ? o l p s s t r r  nlnntdc ~ u o h  e~ l ro l~e thv tene  t e r r p h t h ~ l r ? t e ,  rn74 

n s  F&ler**, o r  ~ u c h  RF nlumtnum oxide. The supnort film h?a 

r! t h l c l m f : ~ ~  of only nbeut 000025 inch o r  learn. T,t +P  rl~~Ct':~h?.e 

f o r  Lhls purlrope t o  use a ?nrt~rirl. whlch mn.8 he fr!hric"terl Jn n 



vcrg t%tn @hast  hut  whloh e t l l l  r e t a i n s  rufPIoient  ~ t r c n n t h  

l o  eunpart  t he  o the r  two i.f!trere ?n find PB. On one @Ida of 

t h e  t h f n  erupport f i l m  P4 i a  n lnycr  RR of infrnron ahworbfng 

m.;terinl. ' P h i m  *sn.tariaX m y  he pol4 black, f c r  ~xnrnnle, 

@vr!nor::te4 an thn t h i n  ~ ~ r a n o r t  f t lm  7% i n  n.n t n a r t  ntmoaphcre 

t.?,~ch ns ~lhou t  1-10 milEimetere of nit .mnen. Nickel t e  .~leco 

nuitnh1.e oi? tho  infrnred a'heorhtnn l?\yer  ?PI nnd nmv bs  crwpts- 

sr!::c.d an l o  t h e  csunpo~t l aver  24 i n  a vrcw.m. The t h + c l ? r ~ r ~ ~  

o f  tF~a i n f r .  red a b ~ o r h i n ~  lnvar  93 1s n o t  crlttcnl but  ~ h o u l t l  

t t c .  ~ u e h  np t o  nbsarb a l rxne  nercentnes nE t he  i n f rn r rd  r"c?in- 

t t o n  ZnclAent thereon. A thlckneet. o f  t h e  rimer of Rhotat 

ons  fitloran of cold hlnelr 1.a usunl lv  euPi'icZenC f o r  &io  

niirphotr, ins i n  F. lnvtar rf the  o r h r  of about 1-10 t%np~tro%a 

a f  crva,,torr?taA niolrr?l. The infrnrcc4 n h v o r h f n ~  l a v e r  ?R 

viould, no t  bc na.cr?ers.?-ry f f  Z t  were no t  f o r  the  f re t  thct ~ 0 8 t  

i f  no* ~ x t Z  FE t h ~  ~ ~ ~ l b t e r i n l ~  ~ ~ u % L ~ h l . e  f o r  u8e ZZF t h e  thern?.l ly 

nc?-sit7 ve i f  l n  26 f m i t  RPB substent  .l.illly t r m ~ n n r e n t ;  tn  t>?,rr"'.,re& 

sc'd intion, vihlch would r c a u l t  In only ?i n e n l f g i b l e  temaes?tur@ 

c'ri:.szfls ln  She f i l m .  Qn t he  nine of the thJn  auanort f i l m  24 

aWrnoefte tho  i .nfrrred sihftnr1)tnp. l ~ v e r  95 Ze m .Film 26 of c? 

/t;hc~r?*,iur'llg eenrsitive nn.torl.ql. 8u'tr?ble mntsrlnla f a r  f h%n  

i f l n  w l l l  ha flinc!iI~a6?A here inaf te r .  

The Lrrrnet str!fetw@ PO ZR (1ftBnC)eed withfn tho enc lao t~re  

10 such t h a t  t h e  tnfm.refl n h s ~ r h i n g  h v e r  P5 fnccc t h e  f t m t  

-:.'::cs I T !  of the  ~nclaf lwre 10 Rntl t he  thttrmnllv ~ a a e ' l t i v e  E t . l m  

26 ~ R , Q ~ R  tha  praonna ft?ctt 14 o f  t h e  enolocstsrs. f t  is thare- 

b:? mcde p o e ~ f . h l @  t h r t  the f n f r l ? r ~ d  ~ h m o r b f n ~  1,q.yer 95 ,?l:y he 

i::rn~9tintefi wi.th ir?i.rnreA rpcitnttnn ~ n d  thn t h e m n l t y  ~ e n c t -  

t?. .?c; f i l m  26 m&y be i.rrcdLntr8 wi.th v?a tb le  rad*r?ttnn. 



Extemeil  t o  t ho  sncloeura 10 Z.8 ehown nn oatf.er71 wyatem 

30 Aiapnaen between t h e  wourca of tnfrilra6 rqd in t fnn  (not 

~rhnwn) nnd the  Z I r n t  f r c s  if 09 t h e  encloeure. The antio?*'l. 

ogetcm 39 ine lades  mir rors  31, 33 ~ n d  33 nnA npartvred w ~ b e r  

34 vvh!ch eomvrtro n. concentr ic  snher lcn l  onti.cr'l ~ y s t e 2 .  Farsny 

nt'clcr a n t l c n l  ~veterna o.rw xlrao euitnblre. 

f ~ f ~ ~ ~ ? r e d  r l \ d " l t t im  from WI obbeat o r  rjcene t o  he vT.c?u,ed 

directed by the ontfca!l system 30 through t he  ftrst $'l:ec 1P 

c.f Zhe enclotware and focrrsod upon t h e  infrilrefl r,hsnrbfn(s t r y e r  

f3fi of t?~?? ts:rEet n t r u c t r ~ r @  30. Radlntion nhaorbed i n  t hb  

.!.nfrmr~A n k ~ o r b l n ~  lr?rcr 25 is oonvartcA t r  h v v t  nnci onurtea n 

Lhox.mnl *Im?~s t o  be tranumitted throueh the t a r n e t  ~ t r r t c t w a .  

Thc:rnbg n tonnemture! pm.tt-rn i s  e~tnbf.tehci3 on the  t h e r ~ ? n l l y  

nr:nb?tlre f 1 . l m  RB 1x1 nccardrzce wf.th the j.nkennity of Znfr:-re.! 

mA4s?t.lnn rcidirtetl by the objects i n  ttte @t?f?na vievtod by the, 

n?l t ; ic! l  ~ystnm 30. I t h ~  armnort E Z l m  P4 ehould he on t h k  ee 

t o  he n r ~ n c t l c r . 1 1 ~  no h n r r t e r  t n  thp trnnomirs8ton s f  t h r  tc'mpi?s- 

:,;trlpr t n n ~ e  .L'rom tha  t n f m r a d  nb~orh ln f l  in%rc?r (r'i t o  t he  B h e r  

1:;.11y ~ o n ~ t t t v e  Inyor ?6. Euvport f t ' l m  9-3 Rervee nstrni?rfl;y 

or,t:r ?w n trennnrt rind I.LF premnce RR nn infllaencs uann t a l k :  

".taarnnl propertic 8 of tho  tn.rpet PO ill no t  sataontln2 t o  our  

ilnvent3.on. Z t  wnulA often he dentrnhle t o  omtt t he  ~urr-ort  

2 4  I n  ?4 errinlog n t r ~ r r e t  cnolnrterln~ only an Zn:rr?rcfd Ebnorb- 

Rn,? 'Inpnr @ad a t"terne?.Lly oens+ti:vc. fflm, 4 f  e J t h e r  af theme 

I.?:rerw wmre t ~ u f f l o t e n t l y  ~ t r n n c  t n  muq-lnort t h r  irtr1tc,tlrsc0 The 

rlu;-i,ort f l l m  94 ~ h n u l d  hnrt~ n low thernnl. t i m e !  cnnetnnt,  t h a t  

!EI, t k r m  t i n e  requt~ed fnr t t  t o  I - ~ o c h  n e t n l r  i n  \*;I?Jch f t  rnAl- 

:,?:es ns mlch onrrsy ?.c I t  nh~snrhe ~ h n u l d  be whc\ct. Thc fS1-I 

24 nRo:ald rtl$o h?ve low In te rn1  heR.t oonduc t i r i ty  tn ?rer,rF;rP 



r s aa lu t . i on .  Them deeXr~A n r n n e s t i e s  nra h e s t  nbt.*Cn~.d hg 

pr~t::ring ~ u n p o r t  f t l m  24 n~ thf.n nm ~)osfl'I.bIe i n  k c o n f n ~  vr.lth 

nc.chrtn.(.c"f real83 re:nbnts. 

OR t h e  e4.Re of t h e  enc loa~a re  10 aw?aerfte the. onldc?3 

e;mtcm 30 l o  an i l i . u m ~ l . n ~ t l n ~  vonne auch 4s the 1.n-nn 36 Afrcct-  

^trig vtntb'ia rnd ' ln t ton t h r n u ~ h  c? f f l t n r  37* which nl.lw!c? t t-e 

l?-.nnl>ece nl :! d@a,!sefi nor. t lon (?f t?i*. a?cctmm, o n t o  %he -('(?on-' 

.ilr.ee! 14 o f  t h t >  encfnnure  ID .  TI e v ~ . E ~ ! . ~ ? o  r r d l - t i n n  t~ ts?*.~w?- 

~ t t t p d  t h : o ? ~ p h  the necenA f ~ c c  14 cn,d i ~ n l n ~ e e  nnon t h e  tWr- 

r?,:I.?.y. P ~ . Y ~ E $  l t 1.ve film 26. A vlct':er 38 l n o b  thrntrt~bl <::he 

z.c.annA r^r'.ce 14 of t h e  cenclnoure 1 0  ?.ni( vfew ths: t tr~rwrl lv  

r r : i h  T tt VP P?lni irB cvhloh dJ.snlnya o vlsl.hI.e fmnne cnrrcs~ondi .n~ 

tr? .+:hc t~nlrterc,tur*a n - t t c rn  lnnoeed therecn.  Tho vC~r-rlr 3*. 

rsvy 'ha ~ ' J ~ ~ P ~ E  or FI ~ u ? t ; ~ ! . b l ~  i .~t !pf i  n+.c!-.~n .t;uhn ns Pnme othr-r  

L Y ~ O  nf 6 e t e r t o r .  

It should 'm nn::.A t h n t  while 4 t  J R  h@l..tcvrr! nosf !2eefli1Z 

t y . 7 , - . t ;  t he  l o m n  36 provtAc vtwlble rnitintton aa rc. t n  nr-"?kr@ n 

vlr?d?z'let imnce, t h e  Lnvrp 36 rnl.srht he e r n i ~ e t v e  tn enqr o t h ~ r  

nnr t ' lon  nf tkr  sqeetrrxm* R G C ~  P~P the rl%tr~~?inh?t~ In vah,tch 

e r e :  t h o  reatiltlny i m v e  would nletr  he ?n t h n t  n o r t i o n  o f  t h e  

c: +%O~&-?AP>. Of cnnrrr~.!, i t  rnny be t h ~  c-ee t h ~ t  s -bfent  !.3;-f??.ht- 

ine nrav idse  l i g r h t  4.a t h e  8r:etfred norttctn of t h e  wv?~t,rum, 

l.n tqvl?:.ch rneclp ndd,i,tPons!l. t l l .nminct ion hy r' In:?w 34 r~nulA aznt 

he  rtecssenry. 



:'11:ri 26 upon Whfah the  tompernture nn t t s rn  ex t r t e .  Th.e 

i n t e r n o t i a n  fnkoe nloce in n temnarf1ture Aan@nA@nt manner. 

The t?:esmcLY.y ~ r n ~ I . t I v c  f i lm  Pf3 ts 11 th9.n film nf  n 

~: . \ t@c? , r l l  \~:h.Pch h f . ~  rm ~ p t t c c l l y  s!cti.re lfqulA crvetnll.lnea 

n h w c  an& t r  tn  t h n t  nhncw when the A F V ~ C B  1 s  onerrted. 

rlr',P;f!r!pLa hnvi,nr* 8: l fq? ,z tA e ry s tn l t l ne  mhnre 80 not  nnpn Fi r e-  

c f l y  from the  finlid i.nto the  l.fq,utA e.t,ott? !.xpon hcrt(nR ::!$% 

I:i:vc? nn in tormedf i~t r  atnto alhqch Is not  r triw s a l t d  rln4 no t  

r.: $pr?e liquir!. Th.!.p E ~ R ~ V  *?sy nlen  1%. rn.:c).~ed hv  c * ~ I C n c  

r:. : ' : t: .k~rinl rE tbtr tyqr  J.n the l-i.quiA c tx te .  Tn nddqttfin, 

~f!tc-rCnla h v l n ~  m idquifi cry~rtfl.lll .ne nh8~s nln.y he cr'rrs8 t n  

r.0 $.?ado thfi t  nhnse by trer!tlny the n~itterfnl wZth n nr~'t~+.h?.,e 
I 

~olvsnt such ne chlosofarrn o r  notsoleuin oth~r. Once hsvfnn 

rrPztcrr:d t h e  l.-tqr)lA erymtnlltnc nhncnan 1 . h ~  :?ntcsrl:;ll w i l l  rcr?ctn 

?XI d11s:'t I ~ ~ P B B  so lon,f! r.8 anviron-fantnl condlttone nre cnnL.ro!. lnd 

v'5tblla certt:hn l."lmitr. 



]Ilr?terinla in  t h e  1tquiA crpstnl l?ne n h n ~ e  nre r e n r m l l y  

c h n ~ ~ o t e r i a r ~ d  by t h e i r  having f lu i t l t t v  na well ncr b f ~ e f r t n ~ a n c e .  

nr?t ZP, while m t e r f n l s  l.n t h t a  nhme h:<ve mrome - ro?er t t .o~  of 

l tqulde,  they h~?ve aorne ontionl n r o ~ e r t t r a  r~hloh n r s  chna-nctar- 

l@t i c  of Cruo crpstnlne Ae u ~ e d  herein, the exnresfltan 

"Fd~terinXa h.c~.vtng 8 1f.qul.d eryutrzlline nF,nrcu is intenflee t o  

trc synonyr3oua with umr'tarinle i n  the rneaamarnhlc strateew 

Fns f t ~ r t h e r  ~ e n s r n l  tnformcttton an thla. hrnnii clnsa a f  ? r ? . t ~ + r d F i b @ ~  

rnfopence ahou1.d be! and@ t o  the r r t ? c l e  by (3.1.1. Brown nnll W.0. 

f:hnvs In CfRMTCAL RJ::VTF;P:S, wl.R7, 190. 6 ,  December l$R?,  p* 1049, 

enl l0led "The Mesonornhic Gtilte - L i q u i d  Csvstnls.** 

X t  hne hem found t h a t  com~oundr hnvtng n meeornnrvhia 

o t r ~ t s  hnvc alon(~~nted moleoulee, whtch are in flame cnsecl flc.tt- 

@neB. 61s ~ ~ 1 1 ,  tTnA which have one or more nnlnr Eraup@. By a 

palxis gxouri f a  memf n ronl  separation of r l e c t r i o n l  chnrye 

eern"cao. Becriu,uee of the  mtrnne of the mnleeulee, r? ~ ~ r n l l e l  

nL1,~nmcsnt t c  one mother  i a  fnvored. Tn the eryatctlltne stP.ta, 

t h e  mnleoulase a r e  nrsm.re?d in t h t r  mernner nnd nrcr hcltl tor-ether 

by attnchmsrnta t h s o u ~ h  the polar ~ ~ o u n e s  as well RR by we~lrex 

Vr,n Aer Waalrs fnrctcre. It i s  belleve4 but i e  not  e e s e n t % ~ l  

t o  %he eucceersful nrnctlce af t h %  nrenent lnventian, th:?t %n 

r.olng frorn the sol1.d s tn to  t o  the  liqlrid e tnte ,  t'ne o~enlrer Vnn 

der  IYnnle banfle :>re Arnken first lanvZng the .,oleoules vf.th 

@om@ A~teree af freenam of re ln t iva  movement, but r a ~ t ~ t n i n ~  

t o  n ::rest d c ~ r e e  the! tendency f o r  the rnolaculee t o  n l t r n  

thc'raeolvtsw r v n . r ~ ~ l l @ l  t n  one nnother. 



SIiqu5.d orya ta l ' l ins  mntarinla hnve b ~ e n  o n t e ~ ? n ~ i - c &  t o  

be nz tbzroc types I ~meo t io ,  nemnttc nnd cboleste.rto.  Tha 

emeclfo n t ruc ture  l s  chernctertsed by t h ~  fnce t h n t  t h e  

z::alcculee n r s  skrrslagsd tn ls'y@rs rr t th tha!r lane axes nnnro- 

xln~ztprly narnrll tcr the  plr!ner of the lavcrn. In  t b r  nem::'tic 

s&r?rc ture ,  therc. 7s no nc)cesn.-rv inyer-1 iks  ~ r r a tn~cmen t ,  the  

on ly  x e ~ r t r t c t f o n  an the asr~nprrmctnt a P  t h e  m n l s o u 2 ~ ~  h c i n ~  

Lhr\C the;? nreaorvo n n o r l v  f l nml l e l  or+entvtf.on. f l ~ n ~ , l l . v ,  

l ? ~ u l . d  er~*wtnt . l ine  ouhaatnccsa w i l l  show e f t h e r  t h e  ~ r n ~ c t t o  

as tho  nematic strzncture exclvcrivrly; ~ o m e  ~ u h n t e t n e e ~ ,  hcw- 

cvcs, cfin cxhf,hJt both strlarturocs, nnrgrinp f.rnn ode t o  tho 

o t h e r  unon n c e r t ~ ' t . n  t e rnner~~ture  chnnna. 

Tho nrrnnnement of moleeulee in t h ~  cho le s t s r t o  

aCriIct12ra hna no t  hrcn f l r f l n i t e ly  determined. The theory 

Ytnn heen nut  f o r t h  t h n t  the  c h o l e n t ~ r t c  ~ t r r rc tu r+e  !s brrti- 

cvulnr farm of a n e m t l e  e t ruc tu re r  The f i l ~ t t n c t t o n  crf t h e  

c h o l e s t a r i e  r t r u c t u r ~  nvar tho smoetio s?nd nprnr-tic ntriretrasce 

.la .tn t t e  marlredly r l i f f c rmt  on t l cn l  nron~rt?.c)a. W.torf:".v 

?r,r!vil.nn th.e nholeai t c r t a  ~ t r ? ~ c t m s o  nsr ont f c- l lv  nes?rttvo, c?htle  

thnso Rt?vl.np! the  nerr!tla n.nd rmeattc etr!lct!r.rae nra a n t f c ? l l y  

nnslti.va. Of %be th ree  tvnee nf 1 !quid c r v n t ~ l l t n e  mntari-la 

only cho l~s2 r r l . o  ilq!ll.A cr.rmtrzl,e hrve ~ F O T ) @ F ~ ? ( R V  asui r:clh?c P n r  

tans In t h o  dervfcc sshown i.n P ~ R .  1. 

A t~?mpe!r~t~.tre s t n h 4 l . t ~ : ~ t t n n  rnsrurm 39 1s nrovfded t o  

ri,, Jn tn tn  t h e  Lherrn~lly eenpltiire f f , l m  1?8 n t  n ha.cknroun0 

i;o,m-lcr)mttn e whtch ' a  unlfnrm ever the f i lm a ~ z r f f ~ c e  ~,nfl; 2.n 

r:c?d% t inn ,  r.nn vary only within J? ss tp t r i r ted  tcmnesntw?n rr 'n",C* 



IE'hlat iar nnoemerry heeninla@ the  o? t ian l  nronert iea of t h e  ther- 

:.:::tly aene i t ive  f i l m  ot4lirc2.6 in the  o renmt  tnventl,an filnncntl 

uran the f i l m  rrrr-terl.n.1 \?sing tt i n  t he  11q'trlA crvsti..'llI.nr -hpee. 

h p"nticu1nr mnterthl 18 only in  the  lt.qu?.IP arcrplt~.l~.lne? qhnse, 

r iL 'Vn n 8sf in. t to tom-src.trlre r;.n."t.. Therefore, ? t  Z R  nF,cens, r y  

!*e rnnn s . t o  mnfntnf.n t h e  teftnerdlture of the  f l l m  $n t h i s  tamperottr., 

Burthrr  Lsmpnrciture con t ro l  l a  of ten  rtsnlrnble nnA *,:r,y 

mlso be effrctnit by tht: tcrnnnrn.t\.xr.e ntr?bill.n"tfon wrnu  39, i n  

orfler Sn s-etnthln t h e  P l l m  fit tts n ~ s t  aenm.ltl;le tnmclorr?tizra 

ra..nyo in v:hich t L  i a  in the  Lfquf 13 c rvs tn l l i no  nhepa, Pas t he  

,f:osi~iwtn~ nvrpnnco, t h e  tcimp~rn.tu,-e e t n b t l t n ~ t t n n  mmcnrs 39 %R 

@hov;;.n m r  nn .I,ncstnfler?~ent hent ln:.ip. It i m  obvtntin th*L n t h w  

tc?rrriwi-nturr! mtnhilizrt"lon mmre r e  nul tcble  but it mrnat Rn 

srr?e!n%crcsfl tht-t f t  l a  r f a ~ i . r ~ ~ h l s  t h n t  the  f i l m  hf'&r?rolmA tomner- 

a tu , re  be T'.R unf form as nn~a1hl .e .  Contra1 n f  the  t emnes"?t?~ro  

~ L ~ ~ b t l t r r ~ ' - t f o n  ncnncr m9.y be incde e.d$u~1Snbtc i n  order  t hn t  the 

P.t.lm *my hnve~ nn adjmatnb3c r o n ~ f t l v l . t g .  Thtu rolrld he! -aacful, 

V'nr snxnnnle, t o  seduce scnatLlv~. ty  where ton h i &  n n e n a t t l v t t y  

viaa:Ld Zecd t a  the form?.tl.on nf 83 mtelenb%~ tmn.?e. 

Whlla shown l n  the d r r w i n ~  ne R hcr?t t r ' ~ a ,  t h r  t@wc'rr*.t?xre 

~ r t ~ t b l . l i . r f ~ t l o n  menne 59 rnny o r  may not ,  Aevcndlnq on the  n r ~ t c r t n l  

* . ; (F Ic~  fox Bho thermr*lly snr.ne+.tlve Ef.lrn p6, ~ l c v ~ ~ t r  the  ?;emcr'!tora 

nf the f T l m  nqscc i , -h ly  :;bo-rc. nml)T,~nt. t t a  funotion PF) to 

n t : ? l l t l t ~ e  the f f . l m  hnetr~rounil hnc?rprounU tcnnrr*turn i.n t ' l~  

npnber regd.nn ao t h n t  it 48 Lhernrnllv  re^?^ t t tve .  Conct?ivr!hly 

t h e  t n r r r ~ r t u r s  srtnhfltrr t l on  * c " ~ a ~  89 r30i~.l.d i.n rnmr cwew he 

r r ' s d  t n  e x t r r c t  h a l t  l'snm the  f C l m  26 t o  mainth?n r t  n t a  h ~ c k -  

3,r",unA ten~voret~a~-e  vhlch l e  ~ C Z O V  ~CIbi@nt. Autom~t l c  ~n ' i : t r f iZ  



of t h e  hea t ing  means 39 by Yem.n.ne of r r i~ t tehle  PeeAbrck c i r -  

ci.iitsyr whi-crh ? F  !-:all 1\mon~n i n  thc frrt, ?.a ~ o i q t ? ? b f ~ .  Whora 

~rmhtonr; tenr?erF%tu ,r i s  no t  rxnocteR t o  oqry hrvnnd the* smne 

I n  vihPch t he  f t l m  86 l a  in tho l i qu i4  cryat-. l l ina n tn tc ,  no 

tcmnernture ~ tnh iY. i~! - t inn  +.s ieequ?reA hut nlny he ?~stcA t o  

anhnnce eonut t iv l ty .  

T h b  f''1rn~ of C ~ O ~ B R ~ O ~ ~ C  1tquiA orvs tc ln  ~ x h i h 4 t  ' 
nro'nnrty, r.tpon inter .?ot ten vi.ith l i g h t ,  r.h?oh "Inv he terflcil 

r:.mIn~t2va ncfi-tterinq. The term ~ c v t e r f n ~  i s  used r3 thc r  th,?n 

seli ' loction t n  or&r!s t o  a? !.et tnguf oh from thr \  ~ f f r c t  .acorr&ng 

oa mir r a r  rsurf.icoe wherein 1.fcht r e  ref looted  at r?n P ~ I R I . C  cq~ml 

to  Z ; ~ E  r m ~ l s  nf inc ident  i'lf.l"ht. A ae r t t c r ed  lqqt-t rr?y -'try 

f_t:..v@ t h e  so otter in^ n ~ ~ t e r s n l .  n t  nn n n ~ l a  rmrrllrted t o  the 

rtnqle o f  i . nc~ .dmt  I 4 . ~ h t .  A a e l a c t t v e l y  ~ c f i t t ~ s r t n ~  f i l m ,  v~hsn 

obearvsd wtth l l p h t  inptnr*.lng the f i l m  on t he  R F . ~ @  nZ&e e.n t h n t  

v:hlch !@ vie?v;n!ed, has c.n nnpnnrent co lo r  whtch I n  t he  oomolemnt 

aZ t h e  co lo r  of t he  1.11ght trn*?amitted by the  f i l m .  Th?G fa, 

t h e  J lght  sc,, t t c , r ~ i A  f ram t h e  f l l m  I w w i t h t n  R. wnvelennth F i r m l  

eph?"oh, if nAAeA t o  t he  linht trnnemittcd t h r o u ~ h  the  ~ c t o r i n l ,  

v,auld form white l i g h t ,  if nhf.ta l!&t wnls incf4clnt t n  the SfLm. 

The terwis "2if lht t* m d  "oalarU vks tasetl hcreSn h-,yo t h e  

b.k+ond o o n n n t ~ t t o n  of rcferrlng t o  electrorna/y~crtic r ~ , d i n t i r ? n  

,-sncr:!llg, rr.thr r th rn  t e  na le ly  v l s l b l e  radt r t inn .  

Moat r?ieterinls Ao sot  eelelctl.ve1.y n c n t t r r  l l ~ h t  fn tth~t 

i;hr? 1fph.t t r rnsrni t ted thrau(rh them ,?t% not  comlln*lcn2 r y  t o  th.e 



Z t ~ S l t  eonttered by them but rn thsr  tlar within the same wnvelength 

bnnd. The di f fermen in e f fec t  between nslect tvely @c?.t:trring 

? ? : ~ ~ t ~ ~ ~ f . o l @  and ardlnnry m n t e r l n l ~  te  helleve4 d~te t o  the Z?& 

t h s t  in ardinnry mnter t~ . l s  same l i ~ h t  !e nbsorhed by (rlectron- 

photon +\tarnotian while i n  tn~loctfvely eonttaring tnntetrtfils 

tltcrs i 5  very l t t t l e  nbdsnmtton. T h f ~  axplnnrtton f n  not 

enr@rlt:lnl t o  tho s~lcoesarful prflcttce of olnr Inventan?? hut -ay 

(11.4 .la ~mffers tnndtn~ the apperntion thereof. 

The nhenoaenon of s s l ac t lve  nantterinrt nw t s x ~ l h f t l a ~  hg 

chs les t e r lo  l.fqmirl crvntnl l tns  filme i s  Cndnnendent of whc.tb.ar 

Ghaa Z l ~ h t  Zllunllnrtlnn, the f i l m  i~ a a l ~ r i r e d  n r  net. Th@ 

ao ln r  nnnd .Intenssi.ty of the t9artttcred 1Inht 8caendrr upon khs 

Eo.mprar:?,turar nf the sca:i.ttaring mr:terlnl and npnn the  n n ~ l @  sf 

l i ~ h t ,  in nslntlttinn t o  the nroparty nf aelaotive a c , - t t e r t n ~ ,  .tt 

e9l 'L n l ~ o  c',xhl,blt the pronerty of  ctrculnr  &ichrat~rm. '!!l?ts 

I ~ ~ t t a r  of ieot  may be acfiae& ne the At f fe rmt in l  i n t e r ~ . a t l m  af  

r. mrrtarinl upon c t r c ~ l ! ~ r l y  nnl.nri~r@c'l 1 I ~ h t  QY di f ferent  senass. 

Unnolr*riaaA l.l.ght camnrises rf . , fht  nn6 l e f t  hnnded c l r cu l f? r ly  

vnli1r2*e8 componen.ba QP equal iatnne i ty.  Uban internotton wtth 

-: S t l a  of oirovlnrly dichroic ~ a t e r l n l  the  riprht hmnded 

camannnent ?.a trrinamitte4 r::tth r dt f ferent  in tens i ty  thnn the 

left h%n&efl component* The extent of the Alffarence t s  n 

f'm.nattan of temnerr'tt;lse i n  choloasterio I f q u i d  crvetnl l tne  a terC7la .  

Yh?.13 dl.fferencem is hel.iovcsd t o  be the rcswu'lt of nrcfers?tl.nl 

~e.?t tcrEnp: n r  nbt?orptlon wlthin the rnatesfal but it: fe nn.1: 

Icrrovm tht ' t  thin @xplr,nctton hns hc en oannftrmeflr 
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ohlnroform an n concentratfan ~ u P P ~ c i s n t  t n  Ynrm n ss%Hlg 

f l o v ~ i n ~  m l u t  Lon. The t h a r ~ ~ - l l o  ~ c . n e f  t l . v c 3  PILm n P  fnrrncql 

by pob.rrdnl?; thr. s n l i ~ t f o n  ,n,ntto thc: errlnort f f l n r ,  whtc?h in thtr 

c!>r,F! v : v  polynthylcrse t ;c r*?phthnl~te  t o  v(hfeh the infrnred 

czhznrh.t.n.~ I;!r~r hwl ~ t r o ? f ? g  been p*nl .csfi, cmfi ?..l .lnr~Zn~ thr. 

cml.lrcnt Ln ~ ~ v ~ n p o r n t e ~  Phi? r epu l t t ng  filnl hr?c r h!/rh trf~lonefty. 

~'~rr:  ~~~cst ' . cuZ"r  ~ r n ~ l e  d~~morlbed $8  @ensit l i re  n w r  ?,-om 

t'r.miwr:iC~~re. 

An nlterncltZ.rs t n r ~ e t  ~ t r u c t u r c  mny he fnrmt,d by tarad- 

wtchtnsr, the? thermally aeazeStivci PIlm hstwoan r? t h t n  of t.i?.?cnn 

m.nnc>wicl@ End n t h i n  PIlm af a\luml.num oxtds. On tho frcc 

r.~~ri:l-ca of t h e  alurnlnu,,~: nxi.de, n 1npr.r o f  in,l"rf%rts0 r?beorh.lnp: 

n:.tex%~al 1.p Aannwttad. To mnl?a ninth n t n r ~ s t ,  nat~rn2.1am 

bromiile WFF f i r e t  ecnnarc!ted unon n clonn ~ 1 ~ p . e  ~ l . t d t s  fol.'l.".~beA 

By. Aena~1,tlnp a inyvr nf si'!'con mnoxl.de *n t he  ef'mt. nlnvzlrm-. 

Pfrs mntar,f.,?l frnrn v*filch the .tbrr3rnnlly n e n n t t i v ~  ZZlm v*',$s to 

brv !.tnd@ %vc?.r then nel teP on the  s l . f d s  an4 n Lhtn f q l n  of 

:':?lumtn\rm ox?fln wr!p nlrzo~ over it. l ? h ~  tn rC-e t  v2r.a rmnved 



Crnm the glnms ~n l lne  by dl.nsolvl.nfl the potneslurn hromtfle wl.th 

pinter *::hjch r,LloweA the  t a r ~ e t  t o  f l o n t  f ree .  Thte nethot? 

lz P bPon forlnd somewh::t leas3 &asirr!ble than t he  nrcvinuely 

A r ~ c r i b r d  be~cnuea of tht? r:elrt'ivsla Pren.ter nnmb*-~ nnrl pcrc of 

xianimlfnrmPttrbfl occ~arrl.n,r 2n tbe  Prhr4crted t ~ r ~ c t .  6:reh a 
I 

t ' .r:- . .p-t ,  howavar, hne h,.err found tn h?ve n low therm~l Lime c-nsr- 

t .  nl; i ~ r i f  Icw inLer,o.l tre!?t afindnctlv9.ty. 

Bec.?uae of thc. exceatl .m:?l oqticnl. yrn*ert?.e~ nnf ch,nlo- 

r t c s r t c  L 3 q : i i d  csvrt&ll fnr  f q l m 8  t h r r e  @.re n c v r r s  1. rnotlcn oP n'>rl-E- 

t i l a a ~  the- fievtes tn yoeorQd4?o.mrc@ with the  i r cnen t  tnvcmt?nn. P.8 

beitwe ~ L r . t e d  n f l l m  of the  therm.ol1.v mrrtnttive m~trr*.rl axI1+h+trp 

e c l c o t 3 v ~  aontterin(r, nf l ~ i g h t  Znc!Asnt tn It. ThZv l . i rhL mnv 

? "!no:?rl.y ~ 1 0 r t n ~ A ,  c t r c ~ l r ? r l y  w l f , r i ~ c r l  o r  mn-.ol-rfwd rnd 

i.n ! . t i3 t t i on  nnv be o ' the r  nfnochrovt!tic o r  whltp! l f ~ h t .  

Prferrlnp; nqu: t o  Fln.3 t h s r e  ? P  s h n w  R c h n r n ~ t @ r I . ~ t ? ~  

cr:r;re 60 ~ R P D I  t f n ~  fr-," the  f Xlumtnet ion of t he  tharmr,ll.y wn- 

~l.ti.lrcr i l Z m  '20 of PIK,:' vrtth vircihle v~hitci,  l f ,yht .  As shorn 

dhrse, tX'rs co lor  of t hc  s c  t t r s e d  L4rh t  ,F? determtned by the 

Lc?~wrn tusa  nf t he  Pilrr, ~t the  ne1nt of ~ o " t t r r i n c .  Vfathla, 

C O ~ Q P B  xvf1.1 p.3msnr ec.!:.xernonrlf.nr t e  t he  t e ape rn t ! j r~  of e ~ o h  

nnPn% on t h a  film. Por exnnnlc, an ~ l a m e n t n l  SirPo hrvtnrr n 

te-.>c?r,?turts of 'bout 31°~. Woal.6 (?,werr red t n  .- v!cv.cr ProsqEr 

t f i  sen h@,vqn? a. tto**ar.:t~irc of nbout P ~ ~ C .  would -fiS.,c,.r Krcrn, 

o e  t o  r$hor;n ,'-t patntsr 6% cmA 83, resncc t fvc !~ ,  of the curvr 60. 

Tht vr.'lue?e trhovrn f.n ,.Ftc. 3 nrr!  merelv tvn4cn l ,  o the r  f!lan t.jnul0 

he ?,l~. .p~vi~llp ~ ~ ~ n u I . t i v ~  in n t l l n ~  Prrnr~erntiare mn.!?r.a. 



X f l  n t h e r w l  imrlte arere imnosea txnon the: thernlr!ll.rr P P ~ R + ~ I ; * O  

ftt.::~, i l lun lnn t fon  wi th  $ ~ h t t s  l j , ~ h t  vould r e ~ t a l t  i n  R, co lor  

p:*.<:t; rn brcnuae of thc tcmncrrrturr denandent ae1.eatl.w ec?+~':r:r- 

tnc ' 8 uhn-?.:n i n  Pf.g.3. Por thtas n!lrpnar? ths  l r r w  3; v;.n*xltE he 

n br ,::d "nr5nil X l ~ h t  rtmarce c.hane outntrt 3s r .nhat~ ' .nt inl l \ r  ~mi l '1 . -  

tcsed befa re  o t r i l r t n ~  t he  f + Z m  T0. 

Relarrlncr: nnui t n  Pic .4  t h c r e  j.8 shown r' carve 70 of 

temncrcrtnrs v o r ~ : ~ ~  intc,nv?tg of ~ c n t t v r ~ d  l l ~ h t  . ?nr  *hc ??re 

in. vh!& t he  thermnllv r m n l t i v e  f.!'Lm PB nf b l ~ . . p  ic 4'lt1~n?n~tf~d 

t h  !r,noohrnmt?t tc  l l ~ h t .  The r e ~ u 1 . t f . n ~  vtcrtbte .trm,?e ? a  c:n 

in.t;c?~u~?.ty nr tt1.m. Thhr Ltght  Oron on ~ l c ~ e n t a l  nraR h n v t n ~  r 

tern 7 c  rnt;?n.re nP P?,PD~ C. i e  nf anrl.adlv il f f f a r e n t  inter!sf.t"t 

from thrlt from nn e2ementnI %.re? h-.vl,nlt r? temnerntvre of e".~@~. 

.' e? r.b,)nuw RO p01nte 71 mi? 77, r ancctl.valy, of t he  c!wvc '70. 

Bur 4;fif.s nvrpose t he  ff2m rshn1~1.A be f.tlumtnr"teA by n t .2,~ht r - f  

n r:c:vr:len!yth to ushlcb t t  ta  thernrtlllr mensltivo. h t h i e  

a: I 6- t h e  lnr!ip 36 mrrg he n mercury d i ~ c h  rre l i g h t  source 
. & :, 

!rf:,c:d cilfh n f i l t e r  37 allowtrip; t he  nrvnnna, of only the 334O.A. 

Pe,1!?i?3?i t, on 

The ourvoe 03 ~ $ 3 8  70 of l?l.,y~.3 r,nA 4, r~s?c?r t?" rc lp ,  

~ l t ? ~ . w l y  nqnraxlmn.te tho  .saeul. ts  obtriln@A when !rr2inr ther?nr.lt.y 

f+cr!.f: -1 t,!.va . i d  I:? lrcvl n~ n ~orn*os 7 t l on of ~ h o ~ r t  30 ?er cent  

cbo l en t s ro l  butyrr>tea r!nA e..Foi~% 70 n r r  cant  chnlcretsrol. w ~ t e t - t e  

mfa0c: ,I.n -ccnrAnnce rl .fh the f orecra+no te,nc?hf,nqer. 



Relative Intensity ot Scattered 
Monuchramutic L l y  ht. 

FIG. 4 

FIG. 5 



Blg.3 t e  on n l t a m r t e  emhnfiimsnt nf the. nreaent l.nvc%-it.tnn 

whcrr,tn n n r t ~  cnrresnondfnp tn those &own in P 1 g . l  $re et.?m 

ll'se rfa.iermc-e numberp. R moAfPior?tion hnn b m n  lrone In osfler 

t o  x?.rnvr.LRe cm r'AdZtinnr?l ~:Rce 14' on the e n c l o a l ~ r s  10 so t h  t 

lnr*%bnqPnn infrc:rri! k~~r?intten nnn~sf.nf: t h rc lu~h  the f""ce 19 ~117.1 

stri'rc' Lkr tmmt RO an the eame o74c on whtch t h ~ .  tflrwt: In 

. I l l w ~ t n , t e i l  by thc i m n  36. The windmrs 14 nnd 14' ?re Lr.nr?- 

mL: nfve t o  tho rnddy,tton frem the l p m n  36. Between t h ~  b t ,  3 

36 r?n(P the tnvi t  f cta 14'. there re -mvtded n bolrriver 5%. 

T h n ~ e  hny nlpn ha nrnv?QaA n qntse hnnd Pf l ter  37. Retween the 

orx-l;:?ut window 14. nnA tkc vTm:c.r 38, there ?F? ~rovtdef i  RXI 

nn:>lywer 53. 



In &caw Annce r:* th the bes?ch fnq o,f conendf.n.nb h..on'li.c~tl,m 

Scz*Z??.l Woo 821, R07, by J.H. Lcfly, f i l e d  June 18, 1938, flnU 

n~~'1,yi~neA to t?lo earn@ nc?elmt e! r - A  t he  n r e w n t  tnvmt ion ,  r Lhermel 

iwin!-c on n th~r1vr.1.1y P P ? ~ F ~ ~ $ . " J ~ ?  f i l m  may be rncfle, v?sfbln bv t h e  

trr3?lens lsoa inn of 1 inei-r1.y n r  c l rc ' r l l - r lv  nolr'rCw?d t i ~ h t  bhcrc.- 

thr",?>.lrli. Oor th1.0 t?*.trnoina e i t h e r  whtte n r  monoohrom~tic ' I .? .~ht  

rnery: he used rand 1~ nrovtfied by t he  l n q  36. If mnnochrc.r?..t~!o 

? 's t o  bo srnnloy6d, t h o  Y'ltsr 37 ?e vrov.l.dt.d. The 2?.r*ht 

i n  * : reed thrnur*h %a nflZ&rtm'r 9P before ~?? ; r lk lnn  thc tar,-c.t: 

PC) ~ s l d  tsnnemittclt? Light 4n q n ~ e e d  thl-nu& thc ' ~ n n l y * r ~ - ~  53 

In  91).&1J i hc  t.rr.cat 20 oomnrtr~lr the  erzrne L P V P ~ ~  24, ?n, 
n,nd PCI ne rrs nrnvtded i-n the  tr.rrret of B?.g.l Enti n , ~  Rrc rhem tn 

2 .  ~e:rtZoulr~rTv, n t h e n a l l y  ~ t ? n s l ~ t i v e  X'*Z% P6 of 1 m t r s f ~ l  

hi,.r?.nlr n c h o l e ~ t e r i c  l tquifl  ergs":nll.inb, nhnae I.& ornvided fn t h e  

tr?r~tot. Annlafious t o  t he  nnrrnt ion nf t h e  antbnlliment in  P f , ~ ~ l ,  

whcm the f i l m  80 i e  il lur. tn*tcd a l t h  mo~inchroto~~t2c l i ~ h t ,  m 

Sndrr?m.LEy l.rr.ngc?! is ohtclixnmd, mi3 when 1.llunsfnnted with whttn l d ~ h t ,  

e. oolop l-m.f?e l a  obtnfneU* R e n t  s t ~ l h r l i - n t t n n  means 39 i n  

n r ~ ~ t d ~ l d  t o  mnlntcin t t h  f S l m  26 n t  R un+.form hnck~rnunfl tr?verr?- 

tui-e r:.ith:ln thr sp?,?ion In whloh i t  ?.PI 14quitl orywt '~l l f .ns .  %%@ 

o?c;r8n%?on of t he  &nvZca o f  P ~ R . R  %s unf?fle nnas lh le  by t he  nnl;l.cr.l 

ctcfivZCy of t h f  *;hcr!~fi?I.ly ssnef i tvn f!lm P6 vhen I t  ? a  t.lluminnted 

by i tnersr ly  nolnwi~otl  lf,,qht, 'Chrz viewed imn.ne l a  ohtfltned 

by th@ Liflht 'Err?nsnit%sd m t h c r  th::n aoc't*;cred by t he  1"t.lmo 

Fhcrcsfnre, .It Cn nsiaesre ry thmt t h e  ini'rrlrefl n h r n r b t n ~  l.a~res "3 

be drmrpn ren t  t o  t he  v?nlbl.a r n i i i r l t i ~ n  t* be tr,?narni?tad 

th.rnrl:~.h +,ha fl.ln. A laver of evnparoterl n-!eke1 9,n er~.ltc!~'1e. 





The invant.ton rscmaf4es in n. nl.snlay Foreen cnvnrSeC~ n 

h w t  @*neitivar lr>.yer cnm?rlsinpf r , ' choloetar ic  nhme Ltquifl 

cryat'rl fi . l!~ axhth~tin~ n ch8nna l.n s e l s a t t v c  ~enttsrf.n,nn: nronasl 

ti.c:e i n  reanener. t o  tem.i~rnt*lro ch?)nflr-a, and tk~~rmrl. filr*tr?.b?n- 

%?on rtes:nb frr imaseraifi,? n tknr~cl far',?@ on R R I ~  hent son@%- 

t$,:e "I.,r,ysr, wherrtn r ~ i d  Pherrllt*?. P t ~ t r i b r l t l e n  ,ne~?nn corv~tLh@% 

-.:rrx:y nf nlf:gnetq.a ole-antr~ ZISran~ed i n  ther)"ml. cont~tcf; r.$,th 

~ $ 2 8  externdtnrr: nvsr the w e n  ar of sol4 heat  scna!l+vq l .?,~~er* 

Rafarring t o  PSg*2* l i ~  d'.snlny srntem 1.e i t l u s tmla f l*  

Thc dlwl.np ryetern aonsintn nE n dt6nl.e.y moreen orsombly 10. 

Thc: : ? % . B R ~ R ~  Fcreon ~.~9~embIj  10 PIS-y i,nc1uAe R hmfi  ink mrmbar 

I? !:!n& nn ?ae~cCntsd crcnlinp ?Irrnns 1.4 in whlch n l?guld  n!tch 

< n  ~ a i t a z r  9.8 rtiraetr4 the~*c?tha?aufrh for controlling the tce??>crn- 

tus@ (12 the +!epln,y noscm -er~e%bblp 20. A thermaeLnatrCc oanl- 

tn,: *m:..r:Ls *-my n . l m  be trt;fltred* The rttmplny soreen n~nc~mhly  

in,clut9an n d.la*blry @ereen 16 thn t  mag he mounted on tkf:  ?tt?r?t 

r4.n!; 12 and an rvh'ch n vie1hl.e imn'ra + m  n r ~ ~ e n t ~ a d .  A l + ~ h C  

coureo iB provided f o r  illuafnnt.Lng t h s  A 9 ~ q t n y  rorcen 18 by 

by fi ~lsfttibte f't8ht : ~ h  :F vl?f.te l?nb.tr Th~hei ZllunSnntion of 

the: rtosrcn 16 by white l.?.llfit anG.rce 18 FrnviAra r vf.aEb1.o 

&'~.E!P~'~.T\v F!?! O.eh ?Rp be vlt?t:'~il by Ftb oOher,rer i l ~ ~ B t l " F ! t @ A  by ChC 

n*inc.mtn..l 19. 





I n  the emhQRimmC n i  Ffg.2 the dllsplny sescen naeonjbly 

10 $ts shnm t o  be mamtf8R on the haat  a t &  19. The heat e b k  

10 rm-a be of m y  eulteb1.e ,qoo& thermn.lly cmduattve ~aetarl .nl  

such ne n mca%nlli.c lnyer of n ranterin1 such lo@ cnnaer or ??'Lenminum. 

A c!.kcrrrr.l barriciir irnyer 20 rn%y bbe nravtflsd on the hem% ~t2nlr 

if? o f  @: ruttable thrrmnl inrv'l:,'tinn: mntertnl ~ u c h  Re palyethhglme 

tcroph$hc~.lnte. Fher tarmnl bnrrfer layer PO t e  to r~Auce 

t h ' r r r r l  oonfluc?trmec fine tho lasealtl.vs tcrean nnrtion t^ t;!m 

Ire. ,% f,Jnk lrver I9 ?.f 1r.s~ rxcl.tntinn nower At-sl.rc8. tr?ver 

8f.3 m y  n o t  he r~g!itred in enms nnnl.l.cntlm!s. 

The eoreen inctuflaa a herkt dl.etrib!~tion ntructure thnt 

i n  fha f l lus t rc?te8 amhoa2mpdne is AInberrd m thc t h r r w t l  % n r r q s r  

L:":vc!r 20 ,  Xn the sxsmnlmy enboAl.m~~nt shmm here, the t h r p w l  

.:L:~%rlh.~tiwn mtxueture e o n ~ l e t a  o f  rm f?.rrCy of o : ~ g n e t t ~ )  eZcm~nte, 

eMch F?.@ 1*t?fle!tic n)e?ory & @ V ~ . C ( L ) @ ~  f o r  ax:*mnlr, the t;ro.nperrluPe 

tr:3nt.flr.txarn 24 i l l u ~ t m t a f l .  Ench of thc! C P R M ~ ~ ~ ~ U Y O S ~ ~  P4 v ~ ~ \ v I A B R  

tl ~ m n l l  nrea ~Ptanlny element an& Zn tho nornf'l amkar??.mnt, by m y  

ad: cx,mdLe, about ten of thcaa tmnefls.imre wuld  he prnvfdet¶ 

ner l%eds  traeh. T h f r ~ f ~ l  AZ~Crfbtitton @tr!~.ctilre its rn~de.'up 

of :: n lu rn l t ty  c\P' itr;@otrl.cr elements P4 of n i s r r o m ~ c . t i c  n; t e r t n l .  

Tks oIert9ante %?a nra normally mcde up and prekrbed f m m  n indxture 

of f e r r i c  ax?l.t?e powder r%n.nd other mht@rlln. ls  nnd then bn)re& ?n :m 

even* The m.pietia rnclmcrry devi.cea R4 my he i n  mnnv dtfftiscsnt 

ahr?pea r.nd ooniig~~rrationa hnd i f  rleatred, any be aimplv n r2e11 

knm a,~.gnatia core "if @%arra~e 1% not rarqr i l r~d.  The nn*cl.fll.c 

A c ~ f c c  111uc t r~ tea  herein pravidelp n m?.nnc?tfo ntruetrxre vrhjsh 

hf-8 P%OL.~F@ fc lz tu~ee inaarparntsd. 



The trnnafluxar &% whtch fn shown anlnrpen tn Fig.3 

cor,s+stcr of n nrjor ragertwe P4 nnd n minor rperturo $?8!81 XP a 

sec t ion  'a faken of thl.e, tmnefLurnr 84 alone the rentes  tLnee 

of t h e  two Rpnrturne 26 a d  28, the o r o n s - ~ e c t l o n ~ l  --rev nf the  

rc^'.ron 36) ka, eqttnl t o  the crase-r?eotlan:'l Frea of the  r e ~ l . o n  RP 

~ r t d  Che wlrm o f  t ' k . e~@ t w o  EPQELP 30 nnd 32 i~ t.q3aal t n  the *rep 

of Lhn rerr2on 34. Pl,,fl.4 irhrw:e, ?n fAor!lfrrrtl  R-R crzrae fik" CAC, 

m : l t ? r i n l  in elcment 24 where B1, 1~ t h c  re~a8rrfil  flux r?on~!ty 

go'' 1nv:tn~ r~nx.l.mtm nl;?wrtirrr*t ton B,, nnd Re the  anerc lm .fnrce 

04 the  .:?riic~ h y ~ t e r e a i a  bnon, ilf 2 t  Zo -e,s~xrnnfi th:"t Tgo f.6 

t h e  ot~a-rwt in  n cliag2o trrrra winAinb: n@ceesssy f o r  rb~ehln~: IT, 

i n  cvcry nnrt of the crhr:ded mn~aet.to  nth $0 which enal.as:ee nralv 

the inn40r elperture $33, $h::!t iqe f e  the  cnrreepnndtn~ ?;rr~rent 

f o r  c?. ~hnded  rnr.,~natio ?-bth 4F whrch ancloseo both :-,nc.sttaree TG 

nnd 28, tharrt lq4 9,@ the oo~rccnonAPnr;! etwrmt Per rr -',,Ah 

44 cnoloartng 'only the n?nor aperture 213, then the  re?.nt*mnh!.n 

of thsilse cmrrentn mcrv bf, etnrerwv? re f4e>fqo>X4g. 

Referring now t o  l P l ~ e ~ R  f o r  nn ~ r p l - n n t t , m  of Bhc p"t%arr?l 

onern P2nn n i  the tro.n,nefluxor c l e m n t  94. t~ olsnrinc cravent  
1 

r:'h ich 4.s eamervh .(; Erentsr t h m  T4E i r  *?:l~areB thy-?trh Wr 3 . r - ~ . r ? ~ r  

,qrcrdLtsa $?6 in n A1.reotf.m nn intIte!"tcd in + t g . R ~ ,  t? m.*mt:?la 

P2k7.x ST?. @&I. tjhree re?%ane 30, JF arid 34 ecf.i.wr't'e8 tn n cn-~r!ttrs- 

cknclrs,ir-o dlreotlon about the inriter nperturcs P8. 



When this carrent  is removed, the  f l u x  denettv trs reduced on1.y 

s19.;-hBSp t o  the reeidue?l vr:lue Brm On*~lpl~te  arntuscrtlon in eneh 

of %hi.&@ nrgrxt 30, $2 ~ . n d  34 3 s  rohlcved hecnr~ae c o i  thc eroea- 

i l e c t i a ~ , n l  wem relfif Jmehlp atcten "have. When n eanl l  axeltn- 

t f o n  clrrrexlt Xp, where Tqg a I, l e  then nn~llcetl t h s o t r ~ b  the  &:"njlt?r 

tl.r)fPb;li~@ Pi3 RP l.ndIcnt:etl in  ,Qip.bb, no firrx sevscrr.*l tE1rc.a pl:,cr 

br.c?,-usle in  ~ver'g nnraion of the reclon %? the nntsrfnX l a  stlre@i'dv 

r"tr.t.~r!tell %n the BIsecCZm n f  the  mnRnsGZc ,$fold nradrlccPA hy the 

ci>.went 1,. Zf the c o r r m t  rr I n  pnesed through tth ~Prnnll 

crnerlurc! 9;6 in the onnoslts rY!r@ctton RE+ tnRlas'ttrA in  FIg.3et no 

fl"dt/t rcsvarlsnl tnksr pLnoe hsanraec P P  the ~nt~lrbLtl.an fn r ~ ~ f . ( m  30. 

Tn thcsbt trio cnser t l iuo t rz ted  by PT4ge.ISb &nnd Ba, only R n$,nu%e 

6?moun-% af arrer8.y far llleetnnten haenrr~e f lux  ahmeaa from R t o  
l? 

B,,, :rVe only ncrn~ibta ptnd the hyat@raets laop i l l u s t r n ~ e d  dn 

3'E.:. 4 Zs not %rtmwresd. 

If a f t e r  the olscrindr: c u ~ r s n t  1 haus hren nnnvlied (ern 
0 

Flrrfin), n wrltinxrfr: aurren* f, sguwl t o  Zqo i a  aasaod thcnwh the 

mr:jas aparture E9 jn the ~ n n o ~ i t e  R ' r~ct tm as Tg ns shown $m 

FIg.R+, f l u x  Z m  reveraeel in %ha shndad rapion 40. Xwls 

amfiLJar t;hm $he rn%niauma current t o  reveree nn j  r e r t n u ~ l  fl,ux i n  

r e r t a n  4%. mB rcu~r+fiunl S'bux a f t e r  teminf?$ion of fw Is r ~ i r e r r e d  

only in  the  ragion 38 a d  not  tn 30. The reauld i a  thnt  n 

cou~i te ra lachlse ,  r e s l d u ~ l  f l u x  i e  fnund around the ntnor nnsrture 

20, i n  regton 44. Now, if the  exctttnficm current 1, is S P ? : . R C > ~  

thi.nur~)n *ha smmZl nncr twe 38, n f lux  revc r~r i l  tnkeo nl.*oc- -r 

sh'brvm 3.n B1g. Re Ln Phc c~?pllon 44, After theb rsnav-1 o f  t h t s  



oarrent ,  the reridurtl f lux  -round that snnl l  aperture R8 t a  i n  a 

o2nc?rwiee fltreet1,on fv ld  cnn agnln be reversed tfi the cnunteralock- 

w i r e  a t r ~ ~ t t o n  by rn exa'ltntinn ourrent f r  i n  ,the oaspbf8it6 fitsea- 

t l o n  nnn rphawn Zn Biecbfr Such raveremZw cRn he cnntinued with 

currot%% pululess of a l ternnt tng polnr i ty  wttthnut nrfcctirig the  

r r ~ ~ l c 3 u a l  f l u x  In r s ~ i o n  34 hnCl therefore fts *!ernnrr sltnt.c. Dur- 

 in^ Chaos f lux  revernnle Cha hystcre6t.s loon i n  tr:'verr.@d tra the 

nhoAed nr th  44 of Fig08 cafl ~n nmnunt of cnerm milch 'Inryrr 

thcn la aaene i l l u ~ t t r s t ~ f l  In Fi~la. 6b siad 8a i n  d t r~ tvn te f i  ntxrrnsr: 

eceh cuivrent pulse. 

The ~ b o v e  ex~lpinntton erhawe thr ' t ,  Z X  nn aILernnti.ne oalrrent 

-jm%.ow lh ir  nn~ased thveu~h the ~ s m ( l X l @ r  fin@x%ure 128, tho '4 
I? 

CnGrEr dieptnafad the memory core 24 wbd thal-ef'orla its tcwer-  

t;.:rc. r 2 ~ e  deteri'5h~i4 by fha premence ni &beenee of 8 wrttinpc 

p1a1c.e I ~tfter en, c l s 8 r b ~  nulas The ch~matcard.stica o f  the  
W 

oose s~ornshry and tts n?nterl.nb cilrtem.l.ne the r a t i o  between theit 

4inrrCpatians in tho tvib cneec., but t h e  nb~crluta nower dieviva- 

tirzaz c m  he oantrbflad b*? thra chaiocr of excftntfan currend rtui.ne 

fsequ@n@yr 

The nmaunt PP wri .0b# current f.s suoh n@ .to exeeetl the 
";, 

st.;Sztchln(t thrreehbldr t h a t  i e  the mintmam BrQw neaensf:,ry t o  @wgtch 

m y  seramen% f l u x  fram countercloch.tsre t o  elnclwi.se ns Sllutztrnted 

by h%ge 80 and 84 find detcarrntnea the nmnunt of rlamnnont P 1 . u ~  thc t  

i s  ::.etad upon by the  exa.ttnti@n current. TL fs faun4 t h + , t  r'! htgh 

df?j~reQ of f i n ~ ~ ~ r t t ~  0'31 be Re)ItoveA between the rrmcnent m~~.@nc.ttc 

f l u x  cia& the mrrlled drive nnd t h l n  infarmntlon mav hr @,torod fo r  

qn infitnfta tams. Tt.bua, the wrtt tnc carrent  c?n netcsrnSn& the 



rep.ion@ 2n ranrajlstio path 44 in rrhtoh f l u x  rsvaraala occur in reenonce 

t o  the  exeL.ltatlm current* Tho Iw~er  the extent of these r e n i m e  

the  plrenter w i l l  he the  heating found i n  the trnnarfllrxor sLarmenb P4. 

The nropartficsa n f  the t rmaf luxor  Plsmenttl P4 F - P ~  well. knm i n  the  

a r t  and the 8hawl-d~~crfb t fon  t e  pivan t o  lull$ ~nprscf~te nnd under- 

atnnd the  onerntion of the tmnsf luxor  a@ r? hcnti,nv element 2n the  

screen ~ t r u o t u r s  nn8 the m m e r  In whfch mt.o.t"qrdngi der*re@m a i  h r m t l n ~  

cnn he nhtntntsd f n r  nSsvlnv af f n f n r m n t t m ~  t h i @  hnatlnp: 

property i s  rrttltwed w i l l  he Mrs f u l l y  ktxnXof,naA wLth r o n n ~ c t  t o  

Ptg.6. 

R s P s ~ r i n ~  again t o  Flar%!, the next lnvds nrnvinad txnrm tho 

thermal BistriBvrtinn s t ruc ture  i m r  r;t aonttnq SO of a eu"ltnP)Ie 

m n t e r i ~ l  ruch an r, black 8vc. P o ~ i t i o n s d  on the blnok c n n t i n ~  $0 

Is n prateclt2-m f i l m  bs! of a 8 ~ Z t a b l e  rnaterinr suuh ne, polmthvlcne 

teraphtha2nteo Fce2ticmat8 an th@ laver rip f s  a l aver  64 of ar 

l tqu i f l  ~rv~?. t~¶.I lne m ~ t e r l n k  of the  Q h 0 ~ ~ 8 t 0 ~ f h  phnm whshfck i n  stoma 

mensitlva, t o  hant, 8ui tahle  mntsr.lnld a r e  R ~ e ~ r i ' b e d  in UeB*  

Pnt.Ko, 9,2141t33CP. A 1~peeIf20 mnterinl n ~ y  be n mixturs o f  $0 n r r  

cent by w e l ~ h t  oholeeteryl nnonanonte, 90 per cent by wclt~ht of 

ologl. cho2ectrryl ccnrbonnte, and 10 per cent bp wsi.~ht of cholcs- 

t e r y l  bbenaa~-te* !l%c seeponm ai? thfa  liqutt? cryetsllins, m ~ + @ r t a l  

t o  hsnt  Le tl3uabrntlad by the  curve of P1glTr A -.ratcatCre onv-t- 

in$ 88 of n rstmtlnr mntsrral ns lpyer SR mny he nrav40etl m the  

lnver  841 RentZng o f  cselected trPnailuxnr rlamsntcs P4 rsraults 

tn .n 8dlapY.ny o f  *te&ental nrpnta PI5 na t l lumt~*t&d in  BIR.P. 





trwsfluxor* mafrtx ts il luetrnted.  Two aingls C u m  wtndtnpa 

BO nnd 6% pntm t h r o u ~ h  the lnrae naerture R6 md onrrf ttza 

conhrol aib~nnl current pulees. The wtn8int-h #O ir  the T wtnAinpr 

and is o n m n  t o  n whale column o f  trnafltxxoea nnA pemntZa 

the eeleatton of w a2tamnt 34 in the h ~ x i ~ m G @ + l  4fraatfon. Tha 

winAing $0 %lg the Y wlndinfl nnd icr onmrnm t o  n whole m ~ u m  of 

trnnafl*xxora 8nd parmite thc selection nf nn @lament P4 in t b  

hnrinontnl. dtreOttan. The w?ndina 6% i a  the X w i n & i n ~  an8 t n  

common t o  R whole row of t ~ n n ~ l f l u ~ o r a  nnd aexmite the arelsattan 

of hn e l s m ~ ~ n t  2.4 fn the vert;icnl Alracflon o f  the A'imlny nncnel. 

A ein~3.e turn windint! 64 ~ar ' aea  t h r o u ~ h  us~.-ratlor n p ~ r t u r e  $28 

o f  the  trnn.nsPluxor bZamente 94 nnd fa ccmam On a l l  $he elsmontlp 

In the  mrrtrix nnd aunnlicsa t he  ~ x a i t n t i n n  a?-+an1 frcm :m mFotlroa, 68. 

Enah of the Y wlndln~a 60 is oonnaot~d t o  n eana~fl to  

tsrminnl 7% o f  a fir& awitehfnn menna 70. %!he awttoh 70 tnclmdes 

n ratatinf? oontnet 74 f o r  cmLnctin@ nny of tka termtnnls 'PB+ The 

ratRtPnoz e(?SIfact 74 18 aonnec.t~d te ths ret~k. t ' ln~ eonfaof o f  n 

aecand ateiltekini~ mennrs 7Br The swttch 76 inaludea tsPo famtnn l r  

80 nnd IPQ whtch are  in  turn cnnncctad respl~oLPwsly t o  e u ~ r e n t  

mouscea 84 mnd 86. The currant anurce 84 arnvtflcn ~tlit&bZe v ~ l t l e  

of auxrwflf, Par exrmnEs n 300 nJL goe2t tw w l s e  t o  nrnvilfe n nuls3s 

t o  ihn Y tf 5nding 60 tlurinlr; the Rtora ~-ermttan. Vie c '~rr&nf 

muroe 80 pxcrvtdes R current arource of abant BOO I& w h ? &  7s 

of negi~t tvr  pa3nrCty ~ r t A  is w t l l i % ~ d  LO ern@& fir olear  infwrrlntton 

Pram the  trmnulrsfluxosa 24. 

Eaoh bP the X wind i n ~ a  62 l a  conaneo%a8 t n  n rcnprntc flwitoh 

90 and ensclf*oally t o  the rotntinfl aonlnct nco~ber I)P.  !Pha 



awltah 90 onnsZats of Sour twrninnle 94* 96( fM nnd l')(l whdeh 

a r e  emndOted respecti-rely t o  n blue tnforn."t~on current 

eource 10&* R  ree en t n fo r~n t i rm  current Rouron %Ode n red tnniarmn- 

t i on  o u r r a t  vowca tOB. The o?lr!?ent mulacs oC theme respnbtlwr 

b3QUroR8 SOP, 104, 108 atight he of the ~ X l l n s  of 180 

100 Me 80 and 0 raepestivaly. 

En Oh% omeralion o f  the dsvtce* ~~@u,urntm4: thr?.(; t he  mttch 

h ~ v e  been ohsnwa as Sn#lcrtcsd by fhe  renrcsrmt,nttan tn @a* then 

the, ewtteh VB wcru9.A be t h r m  t o  the t e rmtna  @K) t o  atmneut the 

current arrrtzrcs 84 which .In the s to re  nulae %a ovtndlne; t f  

the  ewiteh QO i a  plncaen on terminal 94 n s  to  cmnr?e% the hl.ue 

eaurca t o  the wfndink: X j *  fhon an erne unt@ ~3 nnl w t l l  - * ~ o s  thrmiq8 

the  tra ' t tsi~uxas compnm t a  Xl nntl Il pail intnP@~n?nBlm w l l l  lie wrf t*,can 

a r  stnrcsd on the trr!naPluxor in  n mnnner renrclanentsa by iFZfl*8tl* 

Current PZowfnp t h r o u ~ b  the exottatton wtniltng 64 from the otrrrsnt 

soi~rcB 66 wh,)llcB prlovide c CUI-rent of i0 both tn Mn new- 

t l v s  nnA papitive d l r e c t i m  n n A  a t  n frasqueney of nhaut ROO kilo-  

uycZan, wil,l onubc hentinta of the trnneflltrxor oolaman t o  Xl trnd 

y1 t o  n #oZnt l i 4  on the curve Zn Pt~.7.  Thfs i n  R% n temnecr- 

furs nf about 310 C *  L i ~ h t  Alrented from the ernurcr 18 an%a the 

l tquit l  asgefrklline laver S4 w i l l  rceul6 Zn 1.ischt ai Blue eolas 

h ~ l n f f  reSXeaG~lB from rn element 66 of thr erarcntl. 'Fha 

t~fznarfluxnr oamm t o  XI and Yl w i l l  conflnua t o  rwfleat t h i s  

l l f t h t  mt91 n rZmc~l from the ernaa o r  rlers rnurae 86 t a  ernnlqed 

so ns t a  remove Lhlr write lnformtton. ICE tho switch dJO is 

thrown to urmn~lut the blnok rauroe lOB, then a pot& 1 1 B  an the 



blaak @lament w t l 1  bar aeon by the vtewsr. %I thfw om0lttan, 

the trrirnefluxar 94 noes not )tnv@ any flux r s v e ~ s a l s  but stmnly 

rennin6 dn m rlenr ntnta due t o  tho alrnsr wulsla nnA the  snvrce 

84 is inadegu~ha r r 3 i n e  current t o  wrf te  em9 in9orm.tfcm. in the 

trk-n;ellwarr Corresnmding s u i t c h t n ~  o f  the m2tah 90 t o  nut@@ 

source 104 in the I.Cgut4, crystnl opsmCfmg m pntnt 118 an4 

In the &born manner, n oolnr Cnwe ma$ ha virttten onto the 

dtnplny @axeem and will be meared thoronn to  merovftle P vtsual 

color lata,?e unti l  th8 tnfnrmaticm Za elanre6 gtlram the 



Zhbn hoaration re la tea  t o  Aleptnj e t y a t ~ m ~  rind* more *r?rrti- 

cuLnrXy, t o  P 5 mnl%y ayntiema fo r  the v3flual ACnnl~ry of tnfnrqat f on 

by name of n cba1errtsrf.a ahaes 12quiiI cryntnl, f l lm. 

The nreeent ilnvant-(m recnrt.Aar~ in a d ts?n:.ay nv@tara for the 

visuftl. dltenl8y nf tnforw'iCLmi by untta%@ of 2. l:t.$?hC c;?nS,roZ 07.rment 

annprlming a ohaler tar lo  phnea Zfgutd arvwtni f t l a  e?rhih?d'lng 

n chmge itl ant lan l  nrnnertiar i n  resnrunee t o  ZennerEttura chmr~css, 

wherein s ~ i d  l + g b t  control  element i e  il?egose$ 3.n the nP?.th nf er 

r a r l i n t i m  benm from n cnntrol  rndiat tan ocurce r s p r d ~ e n t ~ t i v e  n i  

t h e  %nfnr*wticm Co bs 8?~~1~d. 'o*eA f o r  % ~ ~ ~ ~ o B c I Z I I ~ P :  on said 1tgt.nId 

c r y e t n l  Pi1.m er theruin1 int'tarn aorroaptmdd.an t r ?  the  infnr-trticm- 

rapressntnt lve radf  adion beam. 

Tl?e Beecrtbed embadi:~enta of tho AlapI,~-y envatem ~ctcordtnp: 

t o  the present f .nv~~r~f ton  e;nv&y llltrnrtn~r%fon nP, ~mfernbty  

1 n . r ~ r r  area; l i g h t  control  el.er.ionta by :I ~ln.Ltnb?e liflh.t 8 0 2 Y d 6  m& 

tlmbiant I q ~ h t b g  t o  nrovi.de n ht@h tnCi?na?b:? t.lght im8;o by 

reflection n f  Lt~hFhf from os tr*nerat@eibn through the Xi&% 

cont ro l  alemsant. (Jsnsrally, i n  nseferrcefl @?&obl?nentr the thermel, 

nnttcsmr fmnressed on the Xiqrrtd cryetnl. PiZm u%fI.Saad f n r  

nndu2nl;ion at' n klrph in?;sns ' ty l i r h t  couraa. 

Iitqr! f.d arystnle fif Chtl choleatcarta nhwe h,-ver etgntf lonnt 

nntic~1.  nraoor%icae. Pbe eholester1a nhnra 'nra rcn in&% aZ 

r e f m o t i o n  whfch vutrfea wtth d4.reotion aY nrnpragrrtltm of Zfflht 

through tths mnterii.nl. Por J l @ t  trpl~(!l in% throunh 'h thin nhcbt 



a% oholeslitsrib cxyetnlltne motertnl, the inAsa: eP  refrna%itm 

w i l l  he h minim~jm for nn rml  t ~ r f d e n c e ~  Aa the ~tnnln tf incitlcrnoe 

beeoms more ~bl lgr ie ,  the index o f  refmet ten  w f l l  incrense* 

Xb linetnr palcwu?.tsad l?&t t a  trnnn~aitted nlong the n-tlcnl 

nxie (%he! Airecti.on nlmn. whioh the oattcnl l.ndex of refr-ctlon 

tra cn. minim!.rm), plan@ of the p v 1 . r r l ~ c . d  XI&% nf t t l  be rntnteB 

thsouqh @XI nnr~l@ which al.I.1 Aepand upm the tk!cPmersa of' the 

na t@r ln l  am& upon the ~ a r t t c u l r r  ar:wlangth ~ 7 t h  wh,crh 1% Le 

itlumiinn%@&* 'Shin nronsrty t a  called opticaX ra t ivTtg ,  The 

oholeatar ia  phase of l iquid a r p s t ~ l  is found t o  ha the moat 

aatier4lly eofivc pubetanee known. X t  28 f a m d  thnt the p'l.nne of 

p o l ~ r t n ~ ~ ~ t t o r ~  lany be rctPrted r a  mloh aa un t n  18,00O0, L.8. 

up t o  80 ~ o t a t l m a  n r r  mi l l t ?wt~) r .  

Another Zmnnrtnnt nropertg eP 0 chaleoterl a l.3 quid crvmtnl 

t o  the  ir9.deasenae annearonce when 1.l.luminatarA by n?tbf.en% I . l r ~ h t *  

The color6 thnt the crvntnls caxhZbCt ere due t o  sa eaptterf.n$! 

r t t h i n  the -nter%nl, whloh .In nnme wnps hrnrs the rece?mhfnnea t o  

the rant;t;sring of l i ~ h t  from an o l l  f i l m  on cmatf,er. PImnves, tha 

l)tfferenac?s nra qu.7 t e  resmrlmhl@. An n l l  Pam w f l L  soeLLer 

l f ~ h E  rvhsmr i t a  th!cbeas Ca 8x1 oxmat m'lti??.a ?I? hplf nP the 

w ~ w l e n ~ f h .  The cholrater ic  ttlme scntf;@r en17 onrk w~.v@Y.an~th 

a t  one m ~ 3 e .  The l i ~ h t  wanttnrei! from an m"1 Pflm is no$ 

polrtriffeCl when Ct is lacnttered. A a t r a i ~ b ~ r t y  aalnrtqed wn'ive 1s 

ana &.?oh ha8 two aquarl comnonents of el@c?ZrSlo f;olflw t h ~ F  nre Cn 

tvpaca ant3 Li.m q?.~fitlmluro. X t  mny be elthrr ri.flbeht I. n r  ?.eft- 

hnnO circlcnl~rlg polnrtm?d, depend t n ~  uaon the *me nE nmter d n l  i.lar& * 

X t  i a  a l so  found t h ~ t  with a choleataric l f . ~ u i d  orysrtnl thcclra?rl.n.r 

pa1nrir;cd l fgh t  i s  reflected or  a c ~ t t e r e d  i n  Lha snma nansa 



t o  fhsr ardlnary mtrror reflarotton. That ls+ sbght-hnnn clw 

eulklrly pnlerrl~rd l l ~ h f  when reileotnd from n cholostertc m~?er i* l  

tr sf~hrht.;hnnd when i t  te  ecnttered. The icf"g-hand a<raalrl-?in 

pollatrlacd 12&t w i l l  not he scnCfara4 but as.tt.7. Fs t r n n ~ a l t t o d  

th rou~h  the fitm. This ,qlvan rrtre t b  a prarrttstf whtch IR  erlled 

cirautarr diehrolsm or flelarctiva aontterinlrl o f  right- or  loft^ 

hrnd clroul-rly palarlned l t ~ h t .  X t  10  Pound that  w l l q u i f l  

c r g a t ~ l ,  ebworba na energy $0 th r t  the l l e h t  rnerRv AIrected t l ~ c r -  

an i a  @$.thew tmm*m?tte% n r  ~of lea ted .  tf Ss,fowd thr t  R% 

selcctc~d ahzvclenpth txnd the normal. nni?'l~ nf fnel4ence thnt nbotit 

50 her emf of the inclnrnt rndfstim i~ scnteered. A t  l ~ r s t e r  

Rnqlsa the crlmavne of eneray r~lflectpR incrtsplsea sin4 the n e ~ k  

(aclvalenqth of fnxtmua aemttertng) ~ h l f t s  t m P r d  the ahnrWr 

wnv~length. If the temecnftxre nf %be Ptl.173 26 V P ~ % C ~ ~  th@ ~ @ F C ~ C  

o f  tho se l l re t ion atarm w f l l  ahff t  t o  rshorter wnvcllsngths w.l%h 

inorsnaa 2n temperature. Thfe temperature eiEcat l@ com;llct.l;arlv 

rtnvermfhXe. A t  nn~l tenwmttzre the ravc32en&h of m~xbm~m 

o o a l t c r l n ~  ilepende an the aunj of the tnciflent' n n ~ Z o  of Chs 

l i g h t  r ~ d f n t i a n e  and the crbeervnttm rxnnta. 

T n  Ftg.2, there i r a  rahm n arn!eati.m m+-s%rm whtah !nr?ll~lAbla 

8 golrrt.sar ti and an *'naly~ar 13 nhlch w e  29B~nnsed tn -nm\lcl  

arncril ~~@lntZan$hlpr The polnriaer $2 Rad Zkae nnnl.~sf?r 13 yay 

ha of tourmnlins, nZcol brtams or any ntncr fluftnble rlntortnl 

whtah +PIX ae~rntf Ztgfht t o  nnas tn only mn nlnna. 

A tt@t modnltator i f 3  l e  provide8 betweon Cba n n t n r t ~ e r  11 

an% the nnalvacr 13. The mnAulntnr 15 f~lCf~Ue@ pr llrve~ I T  





exh'1b"Inbr: the  ?xrinerty of a b ~ o r b i n ~  an tnvlzt e 1 ~ ) c t r o m n m ~ t t c  

radirt t lan lmnrts m d  converting the rndlnairm lafane fnto n h w t  

o r  t h e m 1  %wars. The latysr 17 eblnorbs those wslveleniqtlzcs 

emitted by n mndulntirm ayetern whlle ~ a r n t l t t n R  r a d t ~ t i o n  o f  w, 

~ro)csa tdm source t o  be tmn~rnt t ted .  fn tha zantaafffle emhnfiimnt 

ahown, fhs moPul~tton s n d f a t t m  +ti In tth uXfri~vQoleti nort+cm of 

the  ebraturm and t h ~  p r a j ~ a t i n n  Rarzros radlat iun Zrs  l n  the  visible 

por t ibn  of Lh@ eQeotrum. A rsuttp-bbla n~tW?t!l  for the  laves 1'7 

is t n r t m ~ l n a ,  of e\ th - tcheas  all n few microrla, Anv araltrbte 

Aya inokudllng orpnnlc or fnarrtanfc 4 v e ~  m y  bs used f o r  Ghfcr 

purposrs, Their a ~ ~ i t m b l l l t v  ie datsrrninrA by t h e * r  ~&bsornt9on 

chnrncfer t s r t tc l~~ Othrr materlnlm aul 'nble f o r  ~ X t r n v t o l e t  rnnw 

are turhhrwoene an8 phennntrenr. A sunnnrt y*vex 19 of lm hcnt 

cr.nectty nnA t rensmi~@fve  fb 6kt l e ~ a t  the vtsPhZta r81r;qan of 

rnoctrum l a  irovtdnd ant? su--mmte the 'Lnvc+s 19. The invex 19 

hne a thlctcnema of vbout 10 mfcsona nnA m-y- ha n f  ha t:~x-lt~b.ible 

n~ tsr Znl such oa polvvinyl f laor ide . 
A 3 n . w  21 of n rut tnble  X l g ~ a l B  arvatntlTns annfesinl a f  the  

oholaeter lc  rPhaso i n  nrnoided an the, lnver 19r The, Znyr?&- -1 i s  

i n  &on& Lhesmnl contaat wfth invcsr 19. A sar41nbls mter2nt f a r  

t h e  inpcr a1  t s  a mfxture % ? I C ~ U ~ ? ~ R  BQ *er emf  bv wrf~ht e i  

chnlelsterol bmfloate, 30 percent by w & i ~ h %  QS ahalseternl  nmn- 

nnnte and 110 nbroent by w e t ~ h t  of choX~a~terb1 oleyl  0*1rhf!mEIL~. 

T h t s  b only one rnec l f tc  l iquid e ~ v s t a % l t n e  m t e r i n l  o f  chnles- 

t e r t a  nhaprl t h h t  w 4 l l  funotfan in  thlln ambaffitlrcant. 8everezl 

o ther  sultnb1s mntertnln a re  deaaribad in  018 Pntent 3,i14,r336. 

Another lnyar 28 of nnlyviag.1 EluorIUe te  nmv4dsU on the  



ogpoeltc surfnce of the l+qold oryaitnllinr l ln * re~  Pi mil the 

r s r u l t 3 . n ~  atrucltara Bay he ac.*r-lad by mv rultalilc qrnns t o  setntn 

t h ~  l lqutd aryatall inn mn,terlnl lnvsr P5 aonf'ned r l t h t n  

between layera 59 m d  !?3. 

A 4tnthade r ~ y  tube 27 fa provtEleil f a r  ,"rs@cding modufr*. 

t l a n  radin%tnn onto the l iuht  mndul*tor ib* 'fhe cathad@ m p  

tub@ I?? tnct~xdear n phaenhbr Zn~rer or aoreen 28 an the fncs n l ~ t e  

whtah Ftenrr.ntcse ultravqalat  mdlnflon tn reonmen t a  nleotran 

bombkxrdment. An electfan Run P6 i e  nrnvtdad fo r  rrplneraltn,~ 

an s lec t ran  bea-a. Rtrltnble deflrattcm atenne nra nrovddtrd fnr 

laonnnwr tl\e electron benm t a  farm n m e t e r  rn the screen Per 

Thn vldeb s3fim~I i s  rnmbY,.leA t o  an ca'loatroile of the @l.sotran 

Run e(J Pnr mncluXating the electron bevm in wall Mnvlr  rnrnxrrr, 

A, lanai 31 may be nro-fded bef;rrotcn the cnlhnds ray ttrhe 

P? an4 the l l d h t  controll ellamen,: 25 f a r  foousinfl the r r ~ f n t t o n  

from the ultsasl~toldt nhoephor ln~ror  PA onto the l . f ,nh t  c n n t ~ a l  

eMment 18. A prrtttnh'le ' l ight rnuror 38 i.6 prnvfdctl m trhs 

apnosttre s ide  of the ro1nrtn;cr 11 w l t h  r s epwt  t o  the ltqhf 

control  elemant 28. Xn t t  ant?c~lfic embbalrmnt, the t tph t  

Pourcs 38 Xe mmi~? . t a r a -my  ka af%t$med ~ 4 t h  .bb fiqhlr aaarrra 

monookrom~t;tfc nnil nl?o-r3.4*r r n 8 C n t l n r  of n woplmgth  of about 

B,'?OO A *  Sulta\bZo i i l t o r s  mag he trttlZaed r4rh  fhe I!.&% 

aourae 315 tn order tro wavtds thls nubnt~ntital ly atnp%sl 

wnvule11~2;h trnnprntelaion. Lane elemmta 57 w d  39 mav nlan 

be provfded fo r  foruslnp af the 1Qght f ran  the earrrca $5 fllrcsrtsd 

onto .the enzl,t~nX sle?ent 15 futd a vtrwtnfl scpren 41, r@rmrot?velv. 



'She beat exnlnin thr, oaspntton aP the Ptvrstsm* referenre 

is made t o  8ig.8 (aee next p~m@)r Curve@ 40 on8 4Q i n  I?Biflr8 

reprasr(FInt cartnin aroaert tes  nf the, l w a r  91 Fit t r a  iatfferant 

Lempera.turercr Xl! Lbt ir  nsaumetl thnt the t ~ q w ~ r n t ~ ~ e  i s  e V  a. 
aa  ragra~nntetl  hy curve 40, then the ii$lFat ? @  rntatad rhoub 4s 

B e ~ ~ e o s  by the la cer PI. Thp pol~J?terer 11 rand t h r  ~n~.l.ltu;sr 13 

may bt? nttjuflteff BO t h ~ t  arabstmttnlly no L+gbZ: from the @nuroe 

3R 4t3 proJeots8 m t o  the screen 41. a t  fhle, Cfrwte?~mture. BV 

r n i n i n ~  the tb/msrat~srcl t o  ~ 9 % .  aa afl t o  tie on DUi?V@ 4X1, the 

rotration br the l ' l ~ h t  c w t r o l  csleaent 1 s  will now be irnnam'lfLed 

t h r n u ~ h  the m ~ t e r a  onto t;hr RarcncrI1 dl.  By u\Wulsrtttnlt thl! 

intsnettty nj: thr calactrm heam qeno~nted by the Run EB n l t h  the 

vide@ l.nformatton, the nnlnunt of rndlnt ion from the soreten !M 

may bb tmrtrollrtl, The amqunt nZ snd l a t im  rltrroted on the 

1.tflht aontrol  s l e m n l  18 oontrala the temsmCuce of %?I@ ,.X.tgh!ht 

slemerrf aon+ral 15 nnA nsanm fn~7.y %he ~ r n o w t  9 - f  Zf.r$f Lrrmsai- 

t ta t i  ires, %hc nnT?.roai 36 do the screen 41. Tr. th4er .-owmar, a 

h?.#h tntanet ty  '.?riht i.nmi:e m.y be, c j f . ~ ? l r y r n &  ~ Y I  t tb t?  ~crcran 45 

c ~ r r e ~ g n n d i n n  to the . r l f?nn -tnT?r*?wkim. IPhc polt~rizer X I  rlZ1 

lZnee,rly Inolnrtae ?he emer,T@r~t l t ~ h t  he.mm Prop: trLh annrea: 3% 

The l l ~ h t  enernZn~ Yme the p a l n r 2 ~ a r  il. w t l r  ?Ilulofn%tct the I 1 ~ ' ; t  

control, assembly 16. Ths $empsrnt~lrxv! nnlter?! i s  imqreene8 m 

the In , . f@r  !?I by mrms of the cnthnde m y  tube 27. The? XI!?ht 

control  cle~~*ev?t I B  w 1 1 1  be 1.12ual.nwted by n c*?nFsr conCroE anu?rrc 

in the f nm of the u l t r~ .v ia2@t  b a ~ m  Pram thr? crtknfie rfiy %rrbo 97. 

Z t  lie norzally deaisnbie t h n t  the 1i.cbt banm :,'ram ths cathafie ray  

tub@ P7 b9l Pl.k Ptfferent W R V R ~ @ ? ~ J C ~ ~  th~.?l t ho  B " . ' Y ~ ~ c P :  35 blx% 4C !B 



from tha onthatls ray tube 27 18 dirtsated onto the ll&t cantrot  

nrsembly $5. The rndtcl t icm RbsorhCa~ Lnver rill abrarh .bhe 

rnalxrtton i ron  the cnthnde rng tube &T nn4 Renn6rete n heclt n r t t a rn  

whlch Ca iwresscen on the apttaal'ly ~ o t f v n  f i l m  PI. 'Phr tn*?sr 

17 w l l l  net  t r u b s t ~ n t l a l l y  obrorb the vlsihla mdlctlm from the 

snurne 35, 

The %&per 17 m y  be ~ l s n  be of . ~ e t ~ l .  mmch nfa n3cl.eJ. h w t n ~  

nn e lao t r ton l  r e ~ i ~ t n n o c !  of rhou* 377 ah- nap equrre mhteb 

nbhsorba r:ltOclt me-half s f  the ZnetAent ~ w I t ~ % i ~ n  I n ~ l r t c $ Q . % ~  the 

rauroe 35 @ad the  cnthortr r&v tube P7 and % r ~ n r m i t ~  one-fourth 

o f  ttrol rt?main$rilngr Vnder %h@ae cnndit%ons. P;cra r p d i a r t i a  

aaurca 36 fn r s th~r  with %he radfntlon o f  t h ~  c~2hnAo rng tub@ 27 

o m  ha used t o  elavnte the tamqrrntusa of t t3rz  In+*ar 91 t o  R 

fiuttnbtce o p . e m t i n ~  temnsrnture R E  bhfadh .EcMnerP tura the n r l v r y  

sedlatimr af the nourra 36 are  tranfamittetl %hz.auah the nnnlvnrr 

13. tf me-twentfoth of t h ~ ?  t n t n l  pmar  nfcdcd t o  renoh the  

optimum f i l m  feanernt~are ts -~nvldad bv thc enthoda ray tube 29, 

then @h$as waount of nmas is more thm fidnqwte to rmatlul+.to the 

%~€anlspn~@aQy o f  the svstsm. 

X t  %ei ~ 3 . 8 0  posrlble t o  uert the  efiroal.-r diehrolo n r o - ~ r t * ~ e  

of thn Ziln 31 by retnnvinpl the volr'riaer t l  mil nnnlvxer 25 and 

pneZtlonintnr n clro111w n o l n r f ~ c r  hrtween the kl~hl rtnuras 38 nn4 

the crtmtrol element 18. 'Phc Liflhb aource 38 would bs Bet at n 

trPn6rnlleritJn w i l l  he n t  one 1eve1 ,  Rsll e h m  an curve 43 af Bi~e30 

B y  r~rLin ,q  the kcurnnsraturs t o  ~9 '  C., %he StZm tr&nam?l~aton v~nuld 

be a t  a seaend leve l  thtrt ts vnetly fliffarent from snd.6 me 2~ .el, 



n s  shown an curve 44 o f  Ptbt.3, 'Phe polnris?;er nnnd the fZ1a 

shnuX4 he n1' the enna naX-ria~t ton,  thn t  I n  r6rh%- or l e f t -  

hr'nrledr 

ZF +he roiarca 33 i a  mo8i.fied to mr?vtile w rriven %MA of 

wnvelcmgth* sfither n ~ t n f ? l @  nnvalength r?n previ~oursly 

Aoslcsibad 1 ~ 1 t h  rc~annct t o  Ftpla.1 and 3, then thr svats,n mnv hs 

uti l i reA %n the following vnnn,cr: 'She i l f lht  aaurec JR In th4a 

c m a  mouXd r n t t  railfatton from the inEmrfx3 end o f  the n'?eb%rum 

Bo nbout 6,2ROA. Thin 1.n reprepented by u u m  49 i n  F?fte4. 

Curve, 50 in B . ! ~ r 4  r n n r e ~ e n t s  tho trnn.n~nf2eal.on nronertine of the  

polnr iaar  11, Rnnlyaer 13 and 1.tpht cnntrol. el.emant i f 3  f o r  o 

taeasrntuiw of P7 bagre* Centigr~orde. The e'rrvk 3P reprenents 

,tho LrmsnZwlafan ~ h n r n c t e r l o t ~ c s  of the nnmb ni8elibY.f n t  n 

tempcarP.turo o f  29@ 0, Thus by ah!ftlnE the P;ametrnture caf the  

cont ro l  elcment 1R t o  n hl.Rher bomnernturcr, Chc trmnmiflal.m 

aE l i r h t  through the nvsten Erala t h o  snuraat 33 mny ha out off. 

By lawerin.n~ tho bsqnsret~.u?e Ca aboutr ~ 7 % .  l.%.ivhC from the Rn?rrce 

36 w4ll he ,tmnsnittncl thrnuph the nsssmblp t o  Chn eereen 41. 

Only nrbcu.b fiO percent of the l igh t  from the ~ O U J F O B !  35 w1IZ he 

trwnslrmitted threugh the re~embly. ThFh?n i w  it!ra, t o  the f ~ o e  tha t  

wtthtn the a p t l , c ~ l ,  ~ a t i v i t y  r m r e  n f  t9.e .mter9.lnl .fn ? n m r  ? i t  

t he  ofro~atcrr Air?hroiaam effect  is nl.ao founhl @?.%oh Z h n t  onXv the 

r f ~ h f -  a r  le f t -bnd  nnrticm cf the  l t r th t  wf.23. trnnamtttntd an6 

t h e  ~Chc,r portion w i l l  be refleeted f~?l?nm t%e 1 4  q~i*cl crwttal  

lnger 71. 



whioh a l - t ~ h t  control  anarembly fi9 ts arovl.flc.,lt sCthin Rn evee- 

ilntag anvelone $0 ea t h n t  t h o  eleotrcln benm hombcsrla the  t f z h t  

oontrol  Rsscembtj 39. The t n r ~ e t  k ~ ~ ~ ~ l a b l . ~  o r  i l n h t  control  

'atructnro SB Sn. t h i e  embodiment conar?,ste o f  1 Z ~ h t  t r n n m i t t i . n ~  

lfiyare $2 nnd 84 of palyvinvl SluorfRe wlth a ,th.ln lnver 65 

of n aholaefesta ifquid crystalline rnntcrt?.l nomtt2oned 

between the two layers  62 nnA 64. A inyer 118 of n !xntarfal 

auah ns t l n  oxide o r  gold ?s nrovided on tt.Pic, l.z?yr?c 62. The 

eleotron benu bombnrdr the 7.rtyer 86 nnd g?;cn+-:~rzh?a n h r ~ t  i ~ n ~ n  

whioh i e  f a - r ~ e s e d  on the 'Inpsr 66. %n tPi5.s ?tvmfi@r,, thr 

c lec t ron  be~rm 3e i ~ t l . l i ~ ~ d  n t r e c t l r  on the l ~ ~ : h ~ f ,  oontro1. 

s t r u a t u s s  RB ra ther  thnn Chrouch the rr?dl.ntlorr n# fl.!.?xr?trtlter? tn 

B i g r i .  Under th la  candttinn thro ~ n l n  of -tha @vetem enn be a t  

l a n e t  100. 

Tho opnx)lltnn of the tvrstem frs eimi'lnr t n  Flpt.1. Thr rnaten 

of reelpanme nf  the  ncvice CRFl be optimd~cd 'by aontfnp tote Inner 

surfnos o f  the cathode rev tube wlth n piRr~t;.li? f f ' trn  of evfffc!ent 

t h i a h e a s  t o  ~rnvi r le  the r ight  amnwt a4 hnnt t x % n 8 ~ 0 t C v t t ~  t o  

reduce t h e  t h e r m l  t i m s  conetRn-t of the evmtem. Thle  o w  be 

noramp2l@~hsd wi.thaut 8 nrent arncrifioa in  the nower e e n ~ l t q v + t v  

of thc  l'lqutd orvatnl  f l l n  which f s  a~-nfiwtehed bstwem theae 

f i l m s .  It ?n clso pocssihle t o  nrovide R p l n ~ t r c  f l lm on the  

t n r w t  f-alnp the el.eatron Run of n mntnrZ?L l+~vf.n[? R acrcond 

croscsovor in Zta secon0nr:v amissicin chernctazlnttae n t  R h i ~ h  

vattngu iao se, t o  nhsnpb manximum cnerflj  frtl~.~m L h p  bnmhqrdtn~ 

beam* 'Phr m w i m m  Cmmmpnrencv of thc cnmmet.te l sys~r  Zn t k * ~  

cnea should be mnde nc? h+rh  a s  bonstbls t o  the  rv~voleneth of the 



l i g h t  from cousoe 33 t n  be amnlllted. By l aoa t tnn  t h e  writing 

Ewa 86 nt an ~ V ~ , Z ~ B I  witd . reepeat  to tube fnoe, t h r  anl.nrlrrreld 
\, 

19~htfror tho h'?h t n t m r t t y  eouroe 38 may be mtsa1llnd~17 by 

prajeatfng Char l i g h t  throunln the) fson! of t h e  ttabc &a ill.urf- 

~1!9ed tn Pi.6t.2. 

:Lng three snnnmte  nycc;fma 61, B B  anfl 67 stmtlrzr t c t  ;Ptg*i and 

3.n which t h e  t h r ee  1.4.flht ~ a u r c e 8  35, J%M, 33b 5bKoul.d tpa t"n:lxoee 

rk?pr:bls nf s M f n t l o n  ~ s o p ~ ~ o t l v e l y  qn t h ~  red, .erer?n, or  Blne 

hs.nd of: thc  nneoWr. Yn t h l a  ilanncr, t he  i.i?.;ht ?rafeoOed 

.irom the stytatem 61 wf?uIj.& n r o j ~ c t  n r ed  i rne~e ontn n! vi,~wine 

aouncen onrsenpor~dlnr;; 'to t he  l-Lqht r?nd~;l.rtlm n s  reQ vi4s'a 

n igan l  smp1"ed t o  tho cwthoite FRY tube of the  L I V W ~ B ~ ~  5s. Yn 

n @lru f lw  manner, the enuroe 3% wor.118 arovir le  II vre'?n $?rtl,qa 

by reyntsm 68 MA 3gb a blue  l r n i n . ? ~  by sylvertern 67. 'Phr w4 fieo 

2~iXorr1mtion QI thcas $h.reii color# DPOQZ& he ?nnLieil t o  t!lotr 

sitsl$r:oiiive onthnde ray tuba#. The r s e t ~ l t t n p ,  imnpr o f  tho 

V:LGAV~XI~  .:?creen emuid bt? a :~equc?nttnl t p e  ai 4 tnplnv 9~ s i m u L -  

tnneoue tyclr)~ of ctiaplsy t a  nrovf.de n hdph intan@f.tv roLas 

lei.cvlaSon imctre. 

k Fig. 3 there 2,a tlluertr*?tat! n dZsp1.81~ flab@ oa?;?bZa of 

n~c~clnti.nnr;: I r r r a w c ?  by u t l  ll s tnn  the  r e f  looat ten nmnaft? cs ni 

.tha StqutH cr,vntillZtne Inyer. The d . l a p I a ~  t12he iz o f  ~~r'bsfnn- 

tft.1 cnnven!ntlnnr.l r!p?fho~u mw tube Ie~lw nnd con8Z~ltkl of R f ~ c e  

p'L.%ecl por t ion  'W, a iL611-ad ncrxti.orx YP e. neck nl:rt?.m% 74. 

An ailsalron R u n  76 LR provided wIfhf.n the  naok nortl.nn '?4 nf 

the anvclone. The el6o!.son nun 76 may be o f  rlny at?~.t.t*h?n Oerl.& 

for pcnAuain~ R p-.noll-ltko bsnm and 1.u well knnwn t n  the rtrt. 



"Ee vinea nimral m y  hs! nnplled t o  8 cantsol  grtd T I  of the 

aleeatron ~ u n  76. 

The eoremn 81 tnoludea, Q continp; 78 of an aLscGrZealty 

prooiRcS on the tnner srrrfnce of t h r  Bnce plntcr 701 h I-?cr 

RO of n l4qgui.d orvr?vllfnn mnterlrl of n mfxturs ~ u a h  fie 45 

n r r c r n t  by w s l . ; h t  of ohaleaterol nonnnnntn, 45 narrcent o f  

a3.e:ql efloXestoro1 cmrbm~:te nnd 10 arrasnl: .$f ehaleatsrcll 

b@nsaPr.r:e $8 nsavlded on the o1actrtcr"lly em,ndractivo cnnt'l.nR 

78 of t% thtakneee, of Rhoat; 95 mfcr*ns+ ProvCdrA on the, 

"Inner aurfnae nJ" the  Xqgutd c r ~ o t a l  7.ryer 80 CR n Zv*lcr 84 

n i  polyvinyl fZuof%de hnvinlp hlnch conttnc vrhv?ril@t? on dhe 

nxasfnce fslotnr the Zlgw3d csyeknl lnver 30. A ?.nyrz' 82 

sinillrr ;CQ ?n~.rnr 158 nf F+R.P ?.r nrnali?rtl on Dh@ f . n n e ~  c.l?r,'nce 

of the nal,v-?.n;p2 ftmb~rlde 1 ~ l : r e ~  84. An c?Xoc-tr!cnll:r e.-nc)ractive 

a;si .d 86 m y  ??e crnv?,dad b ~ t w m m  the bexwnn 81 nn& the @ . ? @ t ~ n n  

rytm 7'6 f a r  n.ccoler%%?.fm nnA fnoi1~1n;r 02' chr; o ! . ~ o t r ? n  %erg+ A 

ffit>ZC~.t.la l.!/rht S O ~ I ~ C R  88 of whttu l.f.pht; -'n -rhnit?t?d exLsr4ar 

cf  t h r  cnvslrpe fnr iI.lvm.tsr~.t?ng tb.e Rereen 81, 

D,nrfn& the  op@mtl.on nZ the, dsvl.cn, the  a l a a t r m  %@RE ,:~nm 

the a'L@cLrm rtun Td 18 8lrectad an%@ tha susfcee nnd ~a??a rn teu  

n he&% n:.~ttern. 3.n l.nyar 8% corraeponding t o  the v!dre l,nte'l.l.t- 

8@nca lapplied t o  the cnnfrol pri.d Y 7  af the  el.atctlrcm %W WW 

8uf.tnbl.e dtsilct.at2m tlir.nne 79 fire provldsd f o r  acnnnfne %ha 

d.c?otrarr baEm over the @orean 881 The hen* i m l ~ f l ~  @~t~%b.h l l~ lh~d  

in the Layer 82 i s  frnrc?~esr!d 1.n t ha  l.nves RO nnA t? vistml ?.'*nrc 

Is ohtnlmstl when illurntnnteil by Chs Hnurce ti.. By nrhver 



dks$ml the, Gar~ef rill prnvit3e the nrnpcr rmolmd: o f  fi@&O. 

eandnctfvl.dy mulA @peed o f  rr- emEee. By k%8lju@t?snt ~ 3 . f  %he 

vfnen trllm*?lr the aaLor may bts es1.ecCed. The tntrrnsf.ty nf  

the  color clrsl ?)e v~.sis;d by sfmnle manuLnCZmn of the et@a%rnn 

bc@n t o  nrav1.de a multi-oalor image. ' The Percsn wtrr d m  

rriawe& in hirh Rmblonl ll~ht conditttm. The hrl~hhfar the 

a\mblan.t light %ha hriehtar w t l X  bs the d\.nplay on the 

Aiaplng noreen, 1% ?n nlea pnasthla t o  nrov4da n ~ ? . n ? b  

c o l o r  on n. bl.r!ol: hr-.clr$ro~md bp uti lfminf!  ? mnriochr.n.?~-.t.'.c 

Zl.n;bt: from the Rcurce 88. 



daolccs for the 8sLeotinn m d  ~di8uetl indlont3en oP e1ee5r9c 

r t a l n e  

'In mnny n~nl~ontfantr. It $8 AsPeTrh1.e tn ?rov"Re 8?n 

cfcatr lo  f l e t 4  awrer,t.t?ve Acvlca for  ~ t v i n r  fl vtsunl  i.nf?.tcr?tf(m 

4 , 3 f  t h e  f n ~ t  thxt t 9  PPc3.d ?,a rrclaenf w4 R'LRO v:.RuF~~. f.r?al.c?*t?.nn 

1.n .reepc.r.rpcr t!? n che.r:.iye tar different ve.l,uca of' the i2al.iJ there- 

:';('~*.*ba~. Cort::t.:r c$rg:?n lc mi-dr  r i.iv.ln h~ ve been found ,tl: :.% :*iodtfy 

their nspi: icn l  p.rcrpert?.en i n  rsapnnne t n  cul eleatr4.0 f'%%ld. 

?he,f:t? w!?,ter$.?lk .?Po Z i . q ~ t i d  eryatallf.ns m ~ ~ t e r i n l ~  of' t h e  

('F) The ert;ruc.t!rre. * w  nxrller~lly *"atlv@. TZ lI??@i?rZy 

aolnr%zrA I!,+% 1e trk>,?~vfnf.ttsR larnc?ndl~culclrl~ t o  the r!o'l.neulnr 

L'iyclrn, Chr A!.ree"cion ei t h ~ 3  a loc t r l c  .mctor of i.[(fht -.*.!xllfl he 

r@t&ted rcs6grresiv@ly t n  %a Ifit nY.an~ thc hcllanl a?%h, 

Thus the plnne of nolnrl-ntlnn, which Cn determlnr8 hp thr 



c t a c t r i o  veator ixl the! dt.reotion of mronngntton, afll BF r n t ~ t e i i  

tn t he  'Left, t o  ~n nnglc thnt w l l l  be nroportln.rir11 -t. the 

thick?lesn ,Co the txnnamittinq mn trarfalar The ?warn - tn!aR~, o f  the? 

~ n t a t i c m  o f  the  a lmo o f  *3olnrinntbon ir  'nteo n funntjnn of the 

't?n.velmrnth innut. ~ h t e  nrn.nar%r mng he refermfl f o r?e rt,r:ve- 

(3) I t  saTectivc?ly @clttar@ irph't; d2rectcrt4 %*nZ". the 

,.01ficul,-.r rzt~tlcL:rzs. The tcrm n~n:!;.thrtn;r I@ i.ieeA ~-3,t;hei.. B.h..n i 8 

, : 

r-c?:,'Lcot irtn ?n asds r  ,to d l e t  lnsmteth from the s?fioot ncc~r.rr.ln~ 

on n ml.rror elirbz?ce cvhersin l l ~ h t  .In rt?flectrfl r t  nn : m % o  

egian.l .to t h e  nn,+l.r! nf nc!l&@nca. A mndterml l i .ght  rr?;? mav l.rnvs 

the ecil$terpnc metarinl a t  nn ~?ncZe nnrc~?l teiI  tc ,tihe t?nv?r? r r i  

Sncl.de'nJ: l , tflht.  A salcict t vely r e r ~ A t t s r 1 , n . n ~  E* lm when ohrar~ef l  

t.;.l.t)n, itl-ht: l:nvil.n~,dng on t:le f l.lun Prdrx G'QR nF1w R ~ ~ C  RO thnf 

5 ,  h i& t n  vttnwrrd, I?::@ F:n n n n n r n t ~ t  color which 1s the  cov-q1rncsnt 

02 ti?$? color  nf $h,c 1 S ~ h t  LrrrnemtGted by tl$c f i l m .  fFh:*?, i s ,  

%I?@ l f . @ ~ t  s~8Z ; t~ : r ed  Sxon: the P'lm .fs wq.th+n * vowelrnf-th h ~ n 8  

vrh?ohr .lf i?fldeEI t o  the  Z t g t ~ C  tmnwmitted throu~h tho .%!: +ert n2, 

%*:nu14 form white X i ~ ~ ~ t ,  t.f white l.!pht wnn inclflcmt on t h r  fflm. 

Tha twrme 19ght an8 eoEos RE lrnen hvretn have n hrvnA acnnntn- 

C%nn 0.:' rnfarrtr;lp. On F?lectramn~nst lo rcfl.lntl.on ~ u n ~ r n ? ? . y ,  rnther 

than to gola ly  vflaih?.a rnOlnt~!enn. W r ~ t  ~ n t e r I n 7 ~  80 nr)t @s.t: 

@electively rcnf4;er if.~s:hi; i n  +hat  l4.qht Srr.?wm.~ttsd t?~rnrry"h them 

?.ra nnZ nornqle-i.nt?mTUc fn 11,qht ~cnttr"rect hv th?v bbt 9-,,?.):Frr 4 8  

t l r l  t h i n  the  mrw wr:~rrI~snnCh bttnil. The !3?fTnr@nce tn ~ii,'F+,ct 

I?r~.r;woea uel  t r e t i v a ~ v  *rc?ttc!a--ln~ - ~ n l r t l n I s  nnil  nrAfllrzr.~ ~z!!tastnlo 

1.8 hr~.?sae# t r ?  tho %'not thnt 111 orrlfnnrv mn.tas.?al r 



liight .La Pzhsnrbsd by elrtctran phntan tnterslatian whCLe .ln 

~cslect.fve3.y lranttering mntertnla thnra 1e very l ftt le  rnblracrp 

t ton .  A choleartsria mt@r4n1. csxh?.h.tte m eco*.ttarf,nfl pe&% 

hn,v%n~ a nerrow llnntfr~tdth over th,e e1ectrornnmotf.c krncctrum. 

The b&ndn%flth 7.n tPir vi@fhln apootr!am t e  n.brttat 100 eagntrnma. 

Thc: l?hmn:lena of  s@?.c!etf~,~c acrttfrinp na c~xh?bqta4 by &nl.se- 

t e r t c  i t q t l 3 A  crywtr. ..l f l 2 w  la  ir!t?@*ler,flent of  whether the  tfflh:ht 

I1.13nl.nntirifi *kc fl?m ip, * n l e r l g r e  r . ~  ne t ,  'Ph'p re tht, 

;irrt?i:l.~.(;:i thnt cti*as t h e  l.ridrncernce nnarnrvnrn ~i ,-:nCar<@I 

5;'86 cora!rorrsnl:r, m i *  r'! Z h  Shp. a?.ectr?r: ,:woP,yr+ r o t  8% snq eY.r~trPllse 

GRA the  of;?^^ YJ i i;?t the: c?l.ect~-2.0 vsctcls rn t i l t l )~g  aovn+n,-.n?.ookw ! s e  

i)opan82rri? urron tthc vntar?nT, o!?r? n f  khreeit? cnn?nnnmr;n i n  .t.~*kmn?l- 

~ftci11 nnd t h e  P ~ ? I R I O  10 F C ~ C ~ F ~ P ~ .  ?h f@ 19?.~@(1 the  - r f iw~rtv  nf 

c l ro~ i ' l n r  &lohz8rt.tmi :?.r t k c  sclectiw? rcn+tcrinp nf r+@!9: t?r 

Lcr P't-!wnd o t f~cl;l.r?r'k.y na?.c:rq ~ c d  1 7.eFt. 

(5)  Another npoaerty !.s! t;hrk vhen o1.rav.l:-rXy prtl.ar?;rtrd 

p2i":ht i s  Airected onto aholeetoric . f l ~ , t @ r P ~ ~ l ~ ,  the-' ~mnb3e of 

polnr7ar:tton c f  tl?c @c?.ttrrefi Linht ?.e unclnnn,~art is03 tT-te 

Irio%r:ent 1tflht. 

(6) Fha i n ~ t ' n  wr::*nlt:.nflth of  t h e  ~ l ? r i t t e r m ~  hand eenanae 

w!'lo.n t h e  ~ n ( . ~ l a ?  o f  Z?rc.i&'~nt!c! t!?n !.fi?ht' Fhc ftrne r . f  ,*r.,torlctl 

tin8 the ' ko?~~~@l* i :~ . t :  Irr ' * l a 0  r!:Cfact tbc* r?en wa:~w:~len~.th of ,tl?e 

ranttnrlne hnnd. 



The moleault:.r rsBmroOure of n cholearterlo t2quiB afgstnl  

uttbjs$nn.cs i 0  very dta%tcnt,ely btalnnclei3 and can be enatly u.nsst. 

?%u@ m y  hmeklP dtai.urbancat that 1.ntrerfera~s with the wsr?k: foraes 

F!atawn the rnolseulcr~ nab nraductsas a1,rk"kFA chsm~ee; tn ,nt:%ch 

fi,ptlctrl n r o w r t  tcs  strrzttering, .I;sfinrnt.n~fon, bitcfr.9.nrrr?nce, 

c'Lreu2t:s t?fcFu.oiarn, nntlcril.  n c t i s t t y  ~.nrF 0030r. 

Qna oZ the moat a t r i k 1 . n ~  not lan l  trnnsff'o~%fi%l.onw thnC 

aacurs f.n certcfn aholceslerto aubstanncae ts 3 . n  men*nr:re !;n 

saPor0 when they ~ v s  coolad Chrnunh the" I i".qu?A rry:'c?:g%l, nhpnle. 

A I L  rholaatcaric 3.lq:i.Id 02-:rc.tml.s do nqt  rnant?~~lf i n  t h ~  n::sz* way 

%c9 .fllzgtu~l%inns in %els*iur*r.t;rxrc. The ~olara rrlny ir:ipy r . - r r ?  the 

weqianco nt' cnZorlr w i t ! ,  c:ro'l:Iw~~ mtty ir;!,,ry. S t  t r  rzl.ao r?.i"tr~~!hte 

.l;o n1~~c;n.l.n ctlrtrttn ?r~.?l,?,ctd.Inl@ thnL i:!nve rrer:? l,!,tf;Z@, i.'bi"t~i:lf*n n t  

Another e f fsat  LhnO hns Be en n.rteA wlth as~ttr in r?PrnTea- 

tario l.f.qu'1.d orvhitftLs ?.a t t e  rocrvnnne tr. esr tnfn  oben'cft?. w,.*nrs. 

Tha: nddtt $,on of c?xL.pewty r*mf.11. nms~mta of cer2;nlra chnn'i@n% 

v&?porct e m  chnn~e Wha ; I $  @Ic mtsK.oevl~'x ~ % r n o t l . ) r a  ant9 %l?ctrceb~ 

ac:L'fno2; Cha tip%l.at'!J, t):,ropei-t?~~~ eu& rs ~ P I F  n@:.eott:re nc*-'tlsr-lnfl 

11.Yfwot" 

Tlae :,ret$ten,F; Isava::G r. +TI 251 b?seti on the obrnxvn..t?.w thnt  

olsctrto Pl.t.'Lde c i ? ~  rlfSloct tkc r?truct,;re o f  chrrl.e~~.k~rf.o 'l'qnftl 



aryuttnla ea %h&t "art? or unro epticn?. brnpertfen C71rrr-on.? I.@ 

ohr7n!sadr The fltnvten nacarAinr hn t!?? nversnt + n ~ a , , S 4 m  m q r  

hu: aettlivcni4 for d e t s e t i m  s f  f i  Ztrl.8 vl th  iw Cn,4ltcrlti~i hg 

eellor o f  tbr pml?ye? ,"!r ~f v ~ t t n , ~ e  qr *, ntrr..razlC imTt!:**ratcr8 thr~rnnn. 

a% m::*? R ~ R O  he ? ~ t . ! . k f ~ * A  POP flianlsy o t  n vta?.t.m.l i.m,?.re, Vfi.rZoua 

cbnbodivonts 6f the Aevtce$ rnqy be c')n:?tr~~at~tI  t? 7 ~ ? * 2 "  'h(lr!tt 

?:nil ut92f~e th!@ yhe?mmm. Tha rt?tiz?t nrc.qr.rp.l;v rt?,%813y 

i .tt22l.reA fn the c r ~ c t l c e  nf fih!c, 4.nvenkrn.n !n t h - t  o f  ?c.'!ro- 

$ i v @  rrc*.tte.rLnz qtnca i f  does nc*; ?nqtltre *ol-r?,%ntl,cs- .?or 

ro:\F~ata.r~v~\tf..sn. The ~t lm l *~  in  trr,nrrrn2~~l.m nroncrtft? *; ' I , lnht  

?::hrn?.%fffr the! Zi,gu!d ergvtnl devlne m y  he utt24unrt ,?n(B c:-ntrnllod. 

liltr:a .r;rnns%iasinn trh.l,ft i n  in the m:ne f l 9 tan t lm n n O  :n the 

@<?me extent  no the scntiqrfln~, hnnd. 

Refsrrtnq t o  P1tg.X, thwo i s  i'llnatt-mtefl Q o?;x?l.l.PtaB 

vaiht~qa ~ ~ n w t t i ~ r r !  flevtee tnc?.i~fl?nq +I in'~car 2% it ~1 I R ~ , ( ~ % Y I Y * *  7f 

1Ftpl.l.4 o~!,vta:i.lCns rn?t;n,?q?,?.s e f  the rhnlcntcr.r 'L~ 7hwn B:T:''~: 

csrehth1.t n nhnnns in ontl~n?. ~~rrrrrr+tnw 4.2 r:nm..?ntva t? 'Yn cnt..l.on(;ria 

Il?ol,R tn?~srned fior-owa tho i.nrrar I!)* Ef.snvpl.oa of Xfc??a+.9 c r v ~ t n l  

:i~.t;csrlnler nP the eRnlesterta nhrwrr eg.112b4 tlnn R chnn'rc? 9n ondtorl 

p~r7perhioe in .maamPr t n  nn electrib f t e 3 . R  'ncIui?@ Crl~:~:.@ete~oL, 

aholeett.lnn2, eltop torol, nbalrratnr;vl. hal.i0pt* ar,q. ,  e%2.~et@ryl 

j.crrl;i.fle, cho2e~tnr!rl. ah'lo~l.dn nt!d cF.e'Lc~Gr.rp2 hrnmtde, cltnt.ars'Gnnzn.cr1 

hr?l 28ar t: .g. ( ehc;ricrc?te~l~rb c?hZr?rZ.Rr?, chn?.rn~:nx~~l .  hrrrmt$@ rnA 

c'hal~mtr!rrvl i od%.+~ ,  ni.t;na?rrpl. bromfdc r:nn nitn~tof?r l .  -?.*c?.fi?ec 

a r  iwJ rCurs tlicl-e~f U~irnlly t h ~ m  m~lterf n2~7 01. ~ l f s t ~ : : - c e  

.th)le.rrr.nS ccriy he m3red tt8ft.h rLhar  cruhnt~.n'.n~rcl curt: Qri c.tf+*bn?. 
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dlbrtvnttvcoe, and up t o  20 neroent of fnmy noins nntl aonmnun8e 

thioreaf. The fallnwinn Table aivea n Xietfnrz at' ~sec l t f i o  

srtx#aarrs of $rater%nls by ner ccnC wel.flht whtch exhlblb the 

f i e l d  erffrot. 'Sheae mscterinla are  atflble nt rmnl tewernture.  

gQll'n Chole~ te ry l  CI~olortOa (CC) 
80 Choleateryl Olejl. Cmbanrete (OCC) Blue 

28 peroctnt Chnleeteryl CFi)Larjde 
78 percent OCC 

30 perennt: CC 

V 0  nercant OCC 

ZQ perrent C(: 

20 peroant Chalsetsryl Nmnnntits (CFf) 

BO p e r ~ e n t  000 

&H percent CC 

Tb neraent shole@teryl Olente (00) 

$25 percent Chaleeter?rl Bromf.de ((3) 

76 percent OCC 

30 perom* a 
70 percent OCO 

2S g e r ~ m t  CF 
B f i  bercent OCC 

23 ecrrccant CO 
RR perafmt UJ 



Sn B i ~ r l  t he r r l a  shown a ~ ra l t a~6 -eens l t lw  device ~ n c 2 u t l l n ~  

%a @ l @ C t r % ~  ft@Zds i.n!precce@d thsrencrnam. The 1 ~ v e x  1% my 

cnrlriat of 80 Per ten% by weiftht of chalestsryl  chloriffe wlth 

f 3 f i  percent by r(lir?h% o f  ehalaeteryl oleyl carbanrte. The 

pcraentnre Qf chaleetsryith chlnr.lile mny very from 1% narcmt t o  

RO nercent by w e t ~ h t  of the rrtrture. 

The I.r?vsr 11 $6 ann&tahnd betweon two trRnennrent e l a a t r i a ~ l  

cnndluotfve lnyore 13 ryld 18. Electrronl cnnductive: land@ ~ n 4  

The tznntfcntim of n voltnps Roroae the laver 11 by the 

antarse 21 re~eul.te in. B f i e l d  ncroeo the iny~par 11. The c l a c t r i c  

PdaJB rnoi?ZEZae thp onticn'f, nronertfee of the Znver 21. 'Pheee 

mrnparrtiea inetude nnttaat  rotation, woleotfoa, santterlslaJl m d  

eclcso$ive trnnnrniesicnr The nnpnrntue nnd the rnsthnaa 091 vllauerl 

AlrernXng sf these ePfecCs w L t Z  be Ulrscu~retl wtth rrcanect t o  the 

f n l l m t n g  enbsdlnnrmt. 

Relerrira~ t o  Fig.!?, there irs l l luratr~tect  a v o l t n ~ r  @tm&tve 

4evLca tn.nolutIin4r; n l tguld cryntnlltn* mcterinl of the aho2deferta 

nhnaa* Thte Aevlee u9l17a~d thr  oeleottve l son t t s r in~  nrnrtc-rttae 

of the llqufd crvsstnllfne Z~vsr .  The davtan constats nf n l r l r ~ r  

10 a$ @:~tCtthle 14quj.d crytltnl nlnterinle, IoP rxnmnle PI % T a r  

r o n ~ i s t i n ~  n f  4!5 nercent by v ~ ? i ~ t h t  nf chohcateryl hra*ni&cr, 30 

perccsnt ahnlnatervl ale&@ rind P5 nascent choX@ot@rv1. nm9b 



phanyl cmbonnter Thtr lnycr 10 when illurainr~tmd by wh?.tc I l .nht ,  

which provider uniform intensity over the1 epioctsum, ezhib t t s  nro- 

pcorliss aa be& i l ' l u o t r ~ t e n  by the! curves in E\l .~n.  3 4. 'Phe 

e l e a t s i c  f l e l d  e!@ns?.tiv@ drv?c@ 1E111ptrnted in  P1fl02 cmcldets of 

1 '  %myna. 1P.o:' eu2;tabl.e eSt?atricrllly cnnRuctZrr lnwr nf :! m~ter tn l .  

~ u c b  ~ P T  slum2num, a l . ~ a e r  14 of ~ l r i t * h l s  i n n : ~ l ~ t l . n n  ynterJP1 eaah 

cs m2um.lnum arfda, a auttnhle bl.nck coatlnt.; g3 of n ~utt$flblcs rye, 

the Inver 10 of a rratGahle l lq r i t t l  crvaat~Xline v ~ a t @ r l ~ l ~  n i r v e r  

16 m i  r. ~ul.tnh1.e n2ectricnl  eontluot.2ve w t s r i n l  tr0namtiga5vo t o  . 
vZ~a%bZf 'll.~l~t of ~rll.tr,ble ~ n t e r f . a l  much ss ~ t n n n t e  nxide end ct 

nu-,nost lnyer 18 of a snltnb1.e rnntsrfnl trctn~rniesive t o  vis+bSe 

I f f lh t  suoh rae slnns "nd s u n n n r t t n ~  Iwrer 18. Tho funatfrm nf 

the inysr  14 i a  t o  provtde n cnrr,:or for the t f ~ h t  r.hearbIng 

ii'nrcr 23 nn& t o  insure Rflf? tn~t  e l e c t r i c n l  hrenlrdm of ?!lr eel10 

fn mom anpliootiane, the lnvere 14 nnd P3 could he oreittnd. 

Xn ebeclf lc  device lrhrprn .t.n PB1e.R m y  bcr cnnntmctoA by 

~?rnvf.ding ,R c h ~ a t  of cnmstsre+-.l rirnde Falum?ntatn a$ RhnrtO 0.8 inch 

tn ChJalmess. 'Phe oheet of nlunlnum may he of m p  8esf.khd 

th.la?mers t'nF any be of h n , ~  8calred 81r7sn~dane. e~mh ~s ,botrt 3 

tnches In dlwmster. T'IP oh6 r t  of ~Zumln~lrn rn he cle6*ne8 in m 

nqusoue ~ a S u t t m  nf ~.monlum n ' t rwts  3 nlprcent by sp i f fhC mt? 

r?nodissd t o  nrnvlaa Zhe ticsfred thlclrnses of .,filumtnun R X % ~ @  by 

the iri7)uetnent of v o l t a ~ e .  An electrode of Ten8 nny hc 1lt.(11.?r& 

f a r  tho cnthctde %n .nth$@ n*@mtirm, 39 t h i 8  ~rot?e&urc?, Rn 

n2urnh11n oxine c o n t l n ~  14 of n deafred thick nee^ of inbout 1 nl?crnn 

is farmed on both surfceea of t h e  n1.um'inum uhret aS.flulultm@o~rcsly. 

The n n o f f i n ~ d  nlunZntarn rheet  l e  then ramnvad frnm the ~ 3 1 e e t ~ n l v t e  

rl,nil wn.mhe8 In RZetille8 w ~ . t e r  mil Chen mure ncetme!. H~xt, the  



anodfaerl leycr nn one alds  of the nl1uainum 1nlg6.r 1P is pernave4 

by treatment; w l t h  n ~nit@hle c~uklt io  m~wamt, ra~lah ns ~adZum h 

kryrProxide. After the  sodturn hyArbxide hhs hptl rn o.rnortunftj, 

%a &sf an on* n i  the r2~zmlnum oxide! f'tlma, the nluminurn ma% be 

waaha8 ln  adrttl led water r\n4 the rlumlnum ox? Ae ftlra m one 

tlurf"90e aS the nluwtnum laver 1P ir  r@mwsA leavinp; the  other 

Ifyflgr 14 of the rlurninnm sxiAa. The! rssl2lttna: struatl@% 

PJ?OVIBB(R nn ~~lumlnum orlna l n a ~ r  14 of ~lurntnrtm of n thlcknesa 

sf elbout +R inoh. The aluminum oxide layer 14 1s then tr@ntcs& 

v:fth c ~~lt@bLhZ@ Aye t o  ~ r a v l d c  n hlrck co8thr( PJ f a r  ltcht 

~bra~rntimz. 

Thc nthcr a l c a t r l c ~ l t y  cnndni?tlve eleetroAe 16 l a  nrnvlded 

by etr~.kpornF2~ (?. cnntiny: of' n suttnb1.t. mntarinl ruch ntPnnic 

astile t n  a thickne~m OP $*bout 0.1 micron nntn R ~ub~*"nC?fi?. ty 

";s,nmarpnrant oheeC of .plnas of R e u t t ~ h l e  mntertrl end n f  a thiehaeta 

of O..%PfS tntah. An nnnulnr Pn.?eer 90 ai' n ~uitnhlia e l ~ a t r t c r l l y  

.!.noltx2ntinp n~t;eri*l  nuah ee nn1vethpXene tare~hthnlmto 3.8 aast- 

Ltone!d on the nZuminum nxide @u~f@cF? Cn8 the i ? q u t d  oryf+t~ll . in@ 

w . t s r t n l  ir 4epaai.ted cwr t h e  ~ 1 ' R t t n ~  P3. !!ifnet, t h f s  lltqratd 

er:retn'llino m n t r r b c l  w..g beepuee.sls& m t a  t h e  @rrrfr.ec fin!? 81 

c*nt.*nar, cpalied by n draaner, ahineed or by other mema ~nnl i ,ed  

@n,bd the emonad r~urffiae of t h s  laver 83. The ather  e l~c t t r a r9~  

13 i s  Ohan noaittoned over t h o  1Cqutd erywtslltne lhysr 110 en& 

thta a t r u c t i l r ~  noy'he oloaled by n sultnble nenl1.n~ aam-crtnni.1 nuch r8 

rn epoxy t o  meahntal.an'!.Zy mcure the atrueturs. 



Elsctrode l r ~ d s  %! and 74 cmncafkn rer~pcpativcply t(? Zhc 

Inyer  18 the ln,ver I? are connciate+ t o  n voltnra~ BO?U?Q@ P6. 

It auJ.teth1.e l i f l h t  Pnurce Pti such ns n tunnmtnn flln*r\t Xteht ennrccs 

.%a nrnvtned tn i.tlum.Ln*'.ae the? l i q ~ s i t l  arvstettllna tr?vsr 10 fhvou~h 

tfae subatswnt.fnlly trenraprrent layers 16 and 18 with whits l.iflht. 

Ilt RI)IouI(/ bn  nntsa E:hnt P-mbi.ent l t . & t f n ~  o m  qravdfle t h f n  rnhcte 

kl.ght t lfumhntlon or n t  Zcnet n~~anl.s*ent. 

R e f e r r j n ~  t o  on f i ~ ~ 1 t c n t Z a r  nE pntentfnl earnear the 

Lnyor 10 by mema of n v o t t a ~ c  enurce Pi3 the l igh t  from the Nnvrce 

2& rl'L1 be nelautivcsXy eontBdrrPd b .ck  Erorn the Znvmr'lQ Cn 

i-!ccnrdmcls with the vott8.anae nknt,'orl. Par *xj-mala, ns ?Llumtrnted 

Isz F i ~ . 3 ,  wtth nn vnltnge or  n very t s m r l l  v o l t n ~ e  from anvrrcc 20 

r :a~f , tad,  12&1.t; w % Z l  be iscrtterctl Prom the I t q ~ l l n  erystnLl?ba 1r1.rc?r  

113 t o  elve md aaZnr t o  nn ciheerver ns l.11uk?trmtet3 by Qllrve 301 

W.Z.bh a Pteld of nbaut 6 vol ts  per rnlernn wplfed f?urn@a the 1F1er 

50 sbhc l lgh t  B C R C ~ ~ F ~ ~  f ~ o m  the LIquZd cyvetrnlline f Z l m  10 w i l l  he 

In %he r w ~ ~ !  ns b b i o n t o d  by curve 3E aa re t o  ~ i v e  off a Kre'rPen 

l l f lh t*  On ~np l icn t9 .m o f  R hipher v n l f n ~ a  af abeu,Ut 12 volt6 

per rntcron I l . ~ h t  rill. he nonttered from Ia*rsr 10 00 8s t o  etw 

r, bluiea aolar  and in the mn&e l n d i c ~ t e d  by aur-re 34. The hand- 

v:Zd%h of e c n t t ~ r l w  $8 about: RQQ anffcstrormr, Xn Pig.4 thare $0 a 

p l o t  o f  tiis 4orninnnf wavelanpth of scntterinrs vr.lfh reena@G tn tha 

ele"btri6 Eletd f n r  6hs daolee ah-wn in  IF~,K.%!. 

The raolooulnr s?tmature of the inyer 10 i e  i lLuatr~.tcA in 

Pf8.8. The na3oculee ape nrrm-e4 l n  lnvere 31 ilubstrcmt~ally 

tltith the  molccnles wlthin snch lnycr nrfenCed 9-n npsn3lprt nllrhwnt .  



The snbl~aulnr layers 31. are mrg tk tn  w%th %he l a n ~  nxie nf %he 

nelseulrs  nmn t l e l  t o  the plnne nt the Inyers. Rearuee of the 

pcbaalknr a h ~ p e  rsi the ehallertrryl malraulee, the atreat ton s f  

the  lanbr; axin @i the saoItaauls6 In v c h  la**(91* 31 l e  4ta*nqnceff 

197. tqhtlp from tho corrcc?nm&Cn.,~ dirrot'!.nn Cn the nrljrccnf: ?.rivers. 

Tho (?br8~h?.2 ill.~pl*ot*mont trnoea 1711t gl hel lcnl  nnth Pa f,n&lceted 

by the l i ne  33. 'h B 1 ~ r b ~  ~bbout every three? htmdrenth l ~ . ~ 7 e r  fa  

fti.nst*bntsA. The! l i ne  35 i e  the optf.cr.1 *-xta of the cryrlxl .  

X . t  ,In found t h t - t  when @elected l t q l r l n  crvotnls nre nl-ned 1.n ran 

41ect r ie8ffc lU n n r r : l l r l  t o  t h e  a* ~.-ection nnZ -Ilm~*rmt or ovttcal  

r-xiav the wrweXonp;th nll mrxtcnum eel - t t rkr tw OF ce10r r{~L?.l he 

~ h J f t t ~ d  f r n m  1.onR wrnvelcn Lhs t o  astlnrt w~valaagthe f h r t  f s  from 

rc:rl toward blue. The effeot nnnears t n  be n~snolntetl r,.',th sub- 

st'rlf'nted ~ t a r a l  molclculea oontnlninfc notnr functimRl k-srfi~me. 

Another muttnb'lo nixttrro t h ~ t  mny he used i.n Flc.8 bar m e  

eonariatlnp o f  27 peroent chal.setery1 ohloriUe and r?l mraont 

chaIc?stexyl alente. Xn the aabaence of  nnv caleotricnl P?.@lA nn4 

:?t room temntlmt,rre- %?8'~0ne;a C f 1!5* C., t h i s  rnntertn,], i e  yuft(Lnl~f~h- 

g r a m  CQ blue nla %he s l a a t r i c  fle1.d i s  tnereneml. Por @xamZe, 

w i t h  n enmple PO mtcrcYns Chick, t h l e  chcnge nactxrs betpreen s e r e  

!rind 130 valfa or  the! rmrra o f  colar  aecurn over sera  t o  E1.m vo1t:m 

vrr mtcrm. Thehte mntterfnl hns n ree ' lnttvitv in nxoem n f ' i ~ ' ~  

nhraa .c@ntIaetere ea thnt m. chn.rpre may he plnced .-cr*wls thds 

n?:f@rirll c?hl.ch w l l l  m?llntnIn n mtendy @ t ~ . t e  fl.el.il, the lS,qldid 

r?r:~r.rE:nl rnnterinl b~havtng ae a fiielectrle nf' n onpnof.tor. The 

E'nsrfly sefinntect t o  ctrrrtne the color n irxirrum h m m t  f.8 l.ess than 

2 p 6  joules ner equ-so cenbtrnr:ter fo r  R PO mioron thlck :.,...nnf~. 





Z t  l o  found thtat rsuuh P\ nevtcc A# t l lur tsnted b tnIPac+O t s  

1rlplnbZo ae n vnltmo$er* hnvinp very high fmnetlnnce tn exowes pi 

890 mep;ahma. f t  om nleo s t a r e  charge f o r  several seonnfls thua 

rnCstinSnfl Zts color wee  chnrgetl. Ry plneinr ~ V I  a&. El.el8 on 

tllc mnterlnl, t t  was P m n  t h r t  the l f q u l d  cryrstnl could chnnor qts 

cnlor  a t  ar r a t e  tn sxcsfen of PO cyolee ner Recrrnn inAia -%t ln~  

r. :*esponPe t t m c ?  as PaeC or  fne ts r  than the human eye. Further, 

W has barn a h m  tha t  only i'ieLt38 fn the A4rsotlnn nf t h ~  ?.+nulR 

c r y ~ t a l  ax is  arcs efzfeativs, thus makina vary h l ~ h  4nsiinlh2m 

poeerible. That fe, if two nrrna ni chnrfle arc, verv clone tnnch+har 

mty t h ~ t  n n r t  of the f i e l n s  wh ieh nre in the norml'  t l i reot jm 

rpa?rnllel t o  the option1 cxia w 2 1 1  have nn caff~ot on the 1Fq l t lA  

crgcrltal, thus imnrovtng reealution. f t  i e  eetfmMc?cI t h ~ t  the 

r r s a lu t i nn  of n 80 s t o r m  thqck fllm would he ?n excess nf 8 

tRaus.nnR Xinee wr tnah. The properttee n i  thtm neviosa -nka thle 

:r t w i n 1  td%allg suited t o  r? number of h i ~ h  reaoluCtm Pwd f ~ a t  

i~ t r a h y  ayetarnod. ma meterial t e  tnekl1y mrantched w i t h  rn 

c-lcctrm beam prtnca bnth fire of very hlqh imne4nnfle. 

Zn fntrq.6, there t a  itluatrtlted r atornrre tuba tn.noorvorr.tfn~ 

rl h9qufd erymtsrl display nerren* The ntornpe tube be nf  ~ , r * t - ~ b l e  

Aeefgn m d  o o n r i ~ t e  of n $nab, plntcr n o r t t m  40, a ftnred nnrtqon 

1:2 an& m neck nn r t fm  44. An e l r a t r m  Run 46 l e  nrovfdad wlthtn 

the naak pnrfltm 44 of t h ~  snvela?s. The elactrc~n rr;un 46 may he 

oP ~ " t a l t ~ b l e  A@air@ for nrovtttlnp rl nenrC1-Ilk@ beam mi4 $8 knm 

i n  tho art. The video s f p n R 1  may be n*nl!etl t o  s, cnntral  r r Z d  

4.1 eP the e l e c t r ~ n  gm 46. A eonttnu 48 of ~ ~ l e e t r ~ c n l l g  

donilutsttrra l t ~ h t  trmeniwetve mnterinl rsuuh r?e rtnnnlo nxfde is 
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prnvtdcsd on the inner aurf'rce of the face nlnte 40. A lhver 

SQ of l i q u i d  erystnl l ine mn+el+ialr of R mtwture such msl 

Plesffrihed with reenrat t o  Ptgs.P, 3 mil 4 tla woviffed c)m the 

~ l c c t r i a n l  cmductlve! oontlna 48 n n R  of n t h i c h e s ~  af fibnut 

98 mtcrona, FroviAeB m hhe inner nurfrce of the 'L'qurd 

crga tn l  lnycr $0 is sb '1Pyer 58 of i l ieleotrfc nlntarinl hnv+ni? fl 

33"i.:lck aaotl.ng 62 provtfied on the marffioe fna$.n.nn the li:?.rrli3 

orycstal lnyer 30. The d te lec t r io  may be of R su2tobl.e 

nalyethylcsne t@rephthnlnte). The t h f  cknnnar o f  the. llf e l e a t r t c  

.;nterinl lo.ger 84 is about 6 mlcronm. P~oviOed betw~lem the 

poreen lstsuot~ars Rind trhe eXretr6n~tm 66 l m  m @le6? t r i~n l l g  

aonrluotlve msah 86, which forma, the seermd elastrade for  the  

nxlovified cxts r ior  of the envelo.re for  tllwntnnt%np, the 

@csesn nss~mbly including 7.ayer SO. A sclltrnble vnltnqe, F O ? X ~ C U  

$0 fa  . - r a v ~ e d  batw;areen the amductlve! eonttng 48 ma aonfftzcttve 

mesh Bt? n n A  a volcnqa source 68 i w  connected between th@ 

ronductlve msah 86 mA the oathode nf tFr eleotlrm nun B$r 

'i'ha, notent tkl  of the notlrce $0 may be nbaut znero t o  a09 volts 

an& %he potentl,rrl of the aource A& may be obaart 800 volt@ t o  

3.8 kilovolf$e 

n u r i n ~  the oneration of tho  devioe, <\n eleatran hoe*rn of 
e.V e h e v  9y  

slovsrml hundred vrA%w 18 dtrretetl nnto t h e  rrurfrbos of thm 

Aiclectr tc  Ir?.rer 64 etnA renor~ntem n chnrge natterh act ths 

msurfnae cnrrecpontlln~ t o  the vvl.&eo in te lZ i~enec  r-nlfed t o  

t h e  arid 41 of the @lctrcm ~ u n  46. 8nltnbl.r Uafleottcm 



rnsmna 40 .?re pravCAe4 for sennnnnlnp: t h ~  electron bnhm over the  

saresnr  The ohmgla pattern may be estnhlisrhed by @t.c.lz&nry 

emteerim m n R  t!;fl rJ!wfPce w i l  ' tend t o  n-ivrosnch the p?teraB+&t 

.n f  thc onn~unOiva m e ~ h  543. L f  it f a  Restre8 t o  w r i t e s  in 0 

nsgntive directfan then  tthc ~finduetlvo qcrh 56 wouZA he? 

n nrtited a t  t %  nufficriently n e ~ n t t v e  ?otenttcr*tly bc crnntal ni 

,sraV'f;afle rnuroe 80 n n d  the seconnnry slectrbne ~ m l t f p d  from 

thr dkslsrclrtc masf r?ce w4 11. ho returnad hhcretc* 'Phe hican 

curront Pn ,thin cslmre t v t Z 1  Aeterrn'l.ns tho mount. ?f chorc lh~.  

Z% i e  a l so  pnaraible t a  anarnta mfth the 8 ie leo t r i c  .tsmbcx n t  

n mn.sc ne~n.tl.ve r?ntcatlcthl t h w  this msah 56 in which oa?nt? the 

uir.f;"tg \:.ill be tn 8. pasl.tivs 8?ractlon. Tn t h ! ~  aass ,  

dl?@ arlsatsm isetzn w l l l  ee?use the em2eaton of aeonnAary c?~.(tctrone 

vih'7.ch w i t 1  be eallectacl by fha mash BB. Thts tube wf .11  be 

&il able t o  hobd n c h n r ~ c  f o r  tan& neriada o f  t f r o  thun Ais- 

p l n y l n ~  the oh~!gc!  or ~ L e c t r t c  f f e l d  l*~nne rstnhS.lahsd rm 

tho fl2talectric eurinoe. The chnmr, cataRZLehe8 nn the 

dJ,@laotrfa ~u.rlp.t?e w i l l  eetrabliah an eltbatrtc ECeld .?Qraaw 

t h s  ll,ci(utd oryetnl 1~:~t.r kK) nnd vnrv the color of the Frcrttrred 

1 2 ~ h t  f m  the canurce rPO n e lmi lw mmnner aa rtsncrihed 

v i t h  respect to P3.a~ .  Re 3, find 4. 

The chnrge f.mr!(ro mny he ernsed by chnnqing the w?P;snt*s'l 

on %ha me& Rt3 and illoodln? the t w ~ a t  with ~lectroner from 

%he the, (x;cm rlB a r  by az ssnnrete flonA ,qw. Thtw BFV%QC? w + ? l  

v r ~ o v i d s  f a s t  wri.te .t%?qc fsnd long atnm,ae capnbill.l;;g. The 

@areen mag be vtow(?8 in h t ~ h  nnmhinnt l inht  cfindlttono raah nar 

Ln 2x1 ntrarnft .  61ncr the mn*srfnl hoar thie prawsrty of 



acnt te r ing  the l i f lh t  inctdent t;herem, the 17ri~hker the  nmhfent 

Elf5510 the b r igh t r r  the  &taplay w i l l  he rn the  o+nplnlg aeroen. 

It fa* of C1oUratcs, oklvlou~ t b n t  nny meme, at' nrovfdinr! E 

.chnr,qo imnRe an thn d f s l ee t r io  laver PI4 w t l l  be ~uocseoftt l  i n  

rI!!.np?-ny!!~ 81 color tmgc wtth the color devendont unm %he 

m, ~n'tudl, 02 ~1ec)rIIc f ie ld .  A plusnlf tg  of hortcontnl 

~wzd verttor:L ronfit;ctorm with ~ ~ n a c t n t r 4  r*wttchtfs could he 

:mad in n well tarown mrnnar. ft t.a Rlna nosaiblo t o  pfavt8e 

a 1~lin~1.e color on hlr!ck hnak~round by 11.sf.n~ n .monoeh~om*tte 

Jll.~ht wmrrac. Savarral colore oouZd be nmrpen"e4 by ~ P Q V % A -  

In6 w p lu rn l t ty  of manachsomptZa l faht mauroea of 4 f fescsnt 

cholera. A whltrs souroc, with as lec t tve  f i l t e r 8  could nlso 

he uhi l tmd.  

Becatlea nf the  axtrr9mely low mower nc0de4 to ~~tZvntE3Sa 

thc l iquid c rys ta l  n m t e s t ~ l ,  clevarnl nthar davieee not r c l ~ t e d  

t o  claetrtm banm w r f t 3 . n ~ :  c&n ha ndnptoA t o  uas t t q r~ l f f  ~ ~ g ~ t ? t a .  

The iwtcarfnl exhtbite the  n b l l i t v  t o  resnond tn  the $ ~ m  

mvnner inctepcendsnt of the nolnr t ty  o f  the f ie ld .  Tn IFi#t*7, 

rnAtnt im innpe nnnvartcr le t 11u~t ra ted .  The rndtrCfan 

krerrlai'lng ;:nettice fllugrtratacl in Fig. T eonsiata of n glnnc: 

cu . ? n r t  member 70 having an o l sa t r ion l  onnduottve ebntbw 72 

of m sul tnble  material such re  etnnnlc axllae thcrenn* me 

1t:yers 70 w d  72 a r e  of n rnnte~tcl tr~narninmfva to the  

r~ td fa t ion  fnnut. A l n p r  74 s f  n F U ~  t ~ b ?  rs n h ~ t o ~ a n d u ~ t f v d  

nsttcertnl amnef+Aoe ta Cnput rnfifnttans evch am cndmfu~~ a%xficte 

In the  cnss of vlaibPn ltlght i r c  tlspneitcad on the  crmfi?aetlw 

rant l ln~:  lf?, A layer 76 of 0 kutdnb'e, itgulil o r o ~ t s r l  nnter2a 1 



exhibit- fCalU sRfadBe and of s i m i l n r  maZsrCnl n r  uss6 

in  lnyer 16 of Fig*%?* 1s deporited @n,nff the  phpnotoemduetive 

1 ~ y - a ~  74. Aa e les to lan l  crn6uctlva contlng 78 of az 

n c a e r l s l  auch ~5 atnania oxide is provldetl on the, 'l.tquZd 

ecyata l  layer 78 mnd a stunport manher 80 of b\ @t&ltnble 

n:~a;csrlrt aueh nrs t,tme b r  orsvlbed em the cnnduat2ve 0 ~ 7 % -  

in@ 78. The iswsrs 78 emd 80 a r e  traulnmiseive t o  l t ~ h t  

s dtnt lanr  from n eource 8& which may nravibe l l lumin~t l .me 

of wh7.tc l i gh t*  Z t  is ~ e n s r a l l g  neairnhle t o  u t l l i s ~  

it:terlnla la ltnyex*s 78 and f30 t h r t  pre traulamie~ive, t o  ths 

:)mblent l igh t in& to &Lain the benof.lt of t h i s  tY.%untinn, 

k l c m  nlao. Lend-in members 84 and 86 RPQ connect ~n6smeatfvceXy 

t o  iay~aysrs ?R nnd 78 f o r  vrovtdtna the nsccsrsnvy p 0 t + ~ n t t ~ l .  

Rcroer the Zlquid aryetnl  tnvsr 76 md the ph-tomnducttve 

Znyer 74. TheZead 08 i r  conneoted t o  the ftrst termf.nnl. 

of' an alS;anzwttng warrent; Pnuros IZA oonnsotad t o  n flmA 

confnat 91 of n match  90- 

A 4.o. pot@ntinl  source at? is aonneotba P r m  6hr EIrart 

' a r ta inr l  of 'the wrt8rce x38 t o  f ix@& am'ncf  95 In tth esrwJtdb 

90* me Lead 84 l a  oonnaatbd t o  the novnble nareihetr 94 bn 

thpl erwllfeh 90 carad mar c?n@nre cont@~ots  91, 93 o r  98, Xn 

%he egeci f lc  eutbaibbdimen$ &own, the contnot 93 is I ~ 5 t  apsn. 

In the opern t lm o f  the Qevtoe, the  lnovflhie member 94 

o f  rawitoh 90 l a  conneetatl t o  c m t s c t  91 rind the t'ndlatinn 

2npuZ auch ne otstble Ilghf; ie dlreatad m t o  the r n d i l s t l n n  



(iet6686~. The phot~bcyzlA~0tIoh l ~ p r  74 w i l l  b(scomf9 e m d u ~ l  

thff and farm R ~cmduct lv i ty  t m ~ e  carrcrsnond%n,na t o  the 

r n d t n t i m  tmnge 8n0, $hersfore, more valtnne f r o m  cacrwce 88 

sXtl be ~ ~ p t l e t l  :*cFosr the  1iquZd oryetnl  l n y ~ r  76. rn 

t h i s  embodtmknt, the  nh~loconduot.ive lnyer 74 eerveerfnqsZy 

f%r n onpnattmoe V O I ~ ~ B  Aivinsr. When th r  ttflh0; is Rfra?otetl 

onto tho phato0onduet.2~ Znyer 74 nor0 OaLtngs f a  n-pttbtd 

ccroaa %h~hr l lquid a rya ta l  l n j s r  76 euld the, option1 nropcsrttes 

o f  the ZlquiA ory@tnt w i t 1  he mndlf icn i n  .nncaordnnae wt%k 

the  vnltwci. 

Here ~&aZn, Pe n~etvfous2v flenortbeil ~ 4 t h  respect t o  

FZg@r 9,3 a d  4. the light nourasr 8s m y  be w M t e  it~YI1;. 

Otis, cotat0 nbtn2h R blue OF Erren limnmi an n hnakaromc? a2 

sed wfth mmntsrtnle urasd *n li.yer 78. By nravrr  eelodt l tm 

o f  mntertnls, m e  aoulA dbtnin various color f l i~plnye ,  Ba 

usra of mnanchromnttc lirrht t o r  tha erourae 82, me would he 

nb'e t o  nrovide n black bncF@round f o r  color trnn~ae. Rintnca 

tho aauram 88 prnvidas m n l t a r n a t t n ~  voltape ncroscr fhc 

letyao 76 there w i l l  ha no -er.tment chnrnlnR. in thc enea 

t*h@se tbc? cnnt."et 86 t.1~ conneaCed to the m?vobl.a member 94 

o f  aw%.&crih 90. n d4root current f t ~ l d  w i l l  be nlnoeA P U X O ~ P  the  

I.%$erra 14 end 76. When the  innrat m4na2 ts d i reate8 anCa 

t h e  pholloconRuutive tn~acss 74 the  etructl~xla w t Z 1  beanme, cr'ndua- 

t i v s  and bz c h n s ~ a  imfle, w f l l  h e  sratecht~ehsil ocroan the 

%!quid cryeta2 76 and w i l l .  be nn+ntn ln~d there& aitZ 

aft1 renovad by agnllca%Zm of the  a n w c s  88. 



The ag t i aa l  a f fec t  u t t t t ~ e d  i n  the tlhvlcat!! fn F t ~ f f , Z ,  

6 an4 '? tr ishe l ight ac@ttnr jng prf n r m e r t v  of I t ~ t ~ $ &  

arpstnl. male,.tnle of: the ahaleetaria n h ~ e c e  T t  i s  nlsb 

pnaatblc t a  c~tilf*ae the tr-nnmirsninn -robesttea o f  tho 

l " f q u f t 9  r rvr tn la*  

Xn B3g.8, these l a ,  i 7 l u a l m t e d  n l i ~ h t  wowae 97, n lens  

rt~prr~tem 101, n contra% tubs t09 ant9 n lens ayatem 96 for 

f aauefng $ha ZLeht 4nta R vZ@winlr( 8ureen 98. Tho aontraf, 

tube 103 fncLu&ola n tody partton 99 with nn inbut vtndnnr 100 

and bwtput window lO2r A n ~ o k  portfan 104 axtendpr f rnn  %he 

bndg pnrt'lon 99. The &put wtnflm 3.00 ia  trlznsm2ani~a3 60 

GRo ri 'dtntton txmernll,ttwU thaough aouroe 87 nnd the nzltnut 

mkntlrnnr 102 tar tsfvlarntr~wtvkt t o  sndln$inn trmprm2ttsd %h~rsu& 

the tube. An a l @ a t x a  ~ ~ u n  1Q8 t o  nrovitYQ6 within the nnok 

pnr%%an 104 with nlsme for 4Alrtaattns Pnd sarnnfnfl n m~etatx aver 

a 1 2 ~ h t  a m t r a l  ~lruc?ttrr@ 110* The ltght emtral atrua$*rre 

110 aons2sta of sm ~ l s c t r l o n l l g  oonFnnuottve e l rotrada 1 1 B  

j-rnvfdeQ rm %?lo Inner Rcurf,"oae o f  the PRaa plintlrs 102 nnd 

traanamiasive t o  mAI~s t i rm naarainir t h r o u ~ h  the output'a?tncln~r 

%Ope d eultnbler mntlrsxtnt for thr ?aver l l R  i n  otnnnfe 



oxide. A l lqnfd orystttl Lryar 214 i n  nrovfdefi on the 

cnn&~aattvs ?.aver 11P mil m rnd!ntttm +r~nemtnntve Aislestria 

lT"yer 126 i r  imvJ.ded on the surfroe of the l ~ u t d  o r ~ ~ t s t s l  

Inyep o r  cantinc? 114. Bere s ~ n l n  th@ rnrtarinle tn X v a r  

224 mny be t h e  anRe re %hove 8eacri.hefl wfth respaat t a  

ivigs. ?I nnd 4. The Zpv@r 116 mag be of n ~ r t l t n h l e  

.?at@r!i.f?'l such ne rrlnsa, The control  struotura it0 fs 

admilnr t o  the egretan struoturo e h m  i n  Ptg.6 wlth the  

amfeeion o f  the  blnak o o n t i n ~  Re. A anntral  gr td  I18 La 

nala2tlonsU in f ron t  of the d i e l e c t r i c  lnver 118. A 

vol%nfle aouret? l a 0  i s  cnnnc\etetl betwren the cnnductive cfiatr 

En% %I? end thc contr 1. n r l d  118. A vnltn,ve source 1912 

3.a nlen ccmneoted batvrren thr crthode af the  r leo t ran  ~ u n  

106 rand the cmLraX aarosn 11R.  Thfe tubs operatee in  

jlmilnr mvnner t n  th t AeacribeA wlth reeneot t o  EFta.6 :?n f n r  

r h w  t h ~  c l ec t ra s tn t i a  charm writtm onto the A!clecfrla 

aonGlng 116 end bhr e ~ t @ b ~ l s h m e n t  nf n Zteld aarosr the 

'Irqufd u r y ~ t ~ l  Zwar 114. The vlnso ZnSslrtpsnss fr  

napliedl t o  the  cnntm'l mid 194 of the  electron nun 108. 

Su2Cnble Uof l~c t t tm menns, not e h m ,  ere u t t l l ~ e d  f n r  the 

doi'leotingr: of elecatran h a m  over the Atcaleotrtc eur f4  ce. 

Thr f g  19gh% source 97 is mmaehro~~- t to  such* ns red 

oE !AbmC Bern EUig%tramsr 

We rnfitsrinlr f,n the LIquiA c r p r t r ~ l f n t ?  l n r e r  114 rn~y be 

thle same RR i n  bf.g.E. Ths %rmamlle~Znn ahnt'fieterteticn of 

t h e  f ~ ~ y ~ r  324 wtth 4ZPf.Qrent v o I t n ~ l e ~  nnnlisd are t l luertratrd 
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