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i n  Bin.9. %en@ o m e e  230, P9P nnd P94 nre s u b s t m t t - l l y  

t h e  severtae of thoets of B f ~ . 3 .  By vncnlng the v o l t n ~ e  

, e r a $ @  the lfquld e r m t a l l t n e  Inyer 114, the Rmeunf nf re4 

l i g h t  from tbc enuroc 97 p n e e i n ~  thrournh the laver  114, the  

nmaunt of r e d  i l ~ h t  Prom the nnrrroe 97 wwe?nfl thrauqh the 

lpyer 114 and throunh the outpttt wlnAow 103 cnn be anntrolled. 

As uon be men from Bda.9, with nn vnl tme Rn*l t~d the Iqpiht 

from nourea 87 would be subetnntinllv @caf&tt red and mL!r 

50 percent n i  l I ~ h t  would he +;rmsrnfttefl throueh. A s  the 

vol ta re  slcrom the Xnyer 114 fs inoreared the Zflvar ornuld 

nZlaw mere l,rar.sxnl~~-lon of Cho red Zt~htm I f  the  ,ll,orht: 

rnurre 97 l a  c i r c ~ i l r r l y  volnsised then 100 percent o f  the 

Zlrzht would bm rerflaotaA r s t  6250 A. 

X t  l a  nlen abvtorls t h ~ O  other mnnnchrom-t?u lliffht swrrces 

aauIR bo iaCfi l fnrA ~ a e h  nn preen nnd dblua t o  t a l e  R4vmChre 

of the  nmtrenanilsslve parttone of our .ea &3P nnd P34 nf t h e  

I t l ! r ~ s  114 In Cheae re,?lme+ T t  Ze, therefere, nomalble t o  

arovirle a nu l t i co la r  -rojectinn te levtaian evetern in w ~ ~ f c h  R 

rscspmmte evetern a8 ill1fnt;f"ateR Sn F ~ R . B ,  wnuld he p r n v t n ~ d  

f o r  the  red, preen nna hlne calnrar~ fn n epcai f te  oxmmJe 

rrhonn Zn PZg.8, er red oaLor ? a  ohtntnod. By rpavldtnt.: 

81 actcon& eysten w f t h  n hltm l i ~ h t  rnurce nnA n t h l rd  svetcsrn 

with n -reen l i g h t  eource, n three ~ 0 1 o r  v r o t e ~ t t o n  evertern 

would be avaitctbls. The three  Depnrnte color ttnwea *ra.lrcted 

thrbwh the liquid ur~lsyatal lnyern could then he camhtned by 

well  inrow optiunl me6?n@ t n  ~uperlmaose the three tmn~os, 

Begresrcmtnttve vfAao aqmnln of the renre@entntive three 

c a l a r s  would bn prnv9ded l a  the ~ c a n r n t e  control tubes f n r  
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each other  ealor. The imrsaoe could be nmdrated stm~kltme- 

ouarly o r  lsaguenttnZlf onto the narsen. 

It fe  nlpn po~syiblct t o  uee t h e  ~ e l e o t l v e  ont lcql  rcltn- 

tionml Dramarttee *f the l f q l r i d  ervatalo. Thta om he 

c?oronpl2ehad @imply by r% provlAln~ P. polnrtnar hptwsm tho 

aource 91 wd the control  tube 103 nnd nn nnnl-rarer b ~ t w ~ a n  

the  eanCral tube 103 nnd the acreen 98 

Xn P<fl.lO, thrre, i p  l l l~retmtrad nnatJi@r arretn,p@m(~n% fo r  

i t t a ~ p l n y l n ~  n mul t~oe lo r  lmwe by u a t n ~ ;  the l t ~ h t  sen t ta r ing  

nsaner t ics  of t h r ~  Zlqold arpstnla. Thie dnvlce or Rrr6:P-x" c- 

Y c n t  Con@fpts, of C. PZytng @pat ncnnnar whloh t e  oomrrrfnefl 

o f  n eubartnntinlly cnnventionnl tvpa onthnde r v  tube 13Qr 

The tuhn 130 incluAe~r ~n aleotron pun 134 and a phoaahor 

tncreen 1 J P  of n e~at tnble  m t e r i n l  whlob tn  thlw case may he 

o f  n type whfeh cmtts u l t rnvio le t  lilr;ht tn roffwn@e t o  

rlnetrm bomhrrdmtanf. etuitttble 4efleaotl.m nnd eonnnfn6r; 

c i r c u i t r y  wall. known in  the -rt qerv be a l t l l t r r  d t o  aeon a 

r ~ ~ t a r  on the eaorren 1W. !Phe ligh:hl pensratad by the 

na$haAe m y  tube 130 ls, nrofnated thr.ouph a ~ u l t n h l a  lens  

rrvrten, onto a l lqo td  o~vratnl  aontrol  struct.rre 140. The 

l.tq?rid crvatnl. eontral  s t r u c t t ~ r s  140 oonslats ef  n lnvFr 1 4 2  

o f  glaaa trmarrafastv~ t o  the 11gh0 from $he cnthnnr ray ttthe 

53Q, a lnyer of @ l e a h r t e a ~ l l y  gontltrctt.ve v r n t a r t ~ l  144 rrra 

trnnrm2arsiva t o  sadlatione from the  ar!thada rny tube 190, 

n lnyor 146 dapoefted on the conductive l a w r  144 of FI 

au l t ab le  photooen&uchivs ~srtsrlnl whToh axhibi ts  the  arn*rrrty 



ns repretseated by Biglsr3 nnd 4. On the  ondoeito nc&e 05 

the 'Lnyer 148, n lnyer iB0 oaf e l e o t r i c n l l s  cmAuatiM mn"- 

r i n l  %a pmvidea trmeerieafve t o  l l ~ h t  directru  onto t h e  

Lrtyar 148 front ca source 184. The ?.mver 250 w.;v be o f  P 

Itruttable mnterfnl rsrrch ss ~ t n n n i c  oxide. A ~ l n w e  sudn#* 

mrmbsr 159 i l r  nrovtAsd on that Pxvosefl ~ n r f n c r a  of the  

cnnducttve lnyes lfj;Qe The l.ipht nourae 154 l a  nrovided 

f o r  i2l.umlnnting the ltqull0 arvaterl layer 1 4 8  t h r o u ~ h  %ha 

trananiPrts~vcs lnvere ¶SO mand ZRP. The l f ~ h t  source 1% 

ahoarla be n f  the  type thnt  ~ l n i t a  ~ h t t e  13flht. An a l t emnt -  

 in^ current; motarce 118 %a connccteA -crnea the two con81~a;atfvta 

l avs re  144 m d  1801 A dlsect  current notentinl  ~ rc~wce  

188 E l  nlea ?ravIandsU in aerdea with the nnuros 136. 

Xn the ~ ~ c r n t l h m  e f  the device, the c ~ t h o d e  rslv tube 2'70 

Q ~ C J U L ~  projeuCt ~l blmtr r n e t r r  thrnuqh the ZPrvers 14P nnd 144 

and exc i t e  the nhotouonduc.ti9~m lfzvcr 148 anuwintr: i t  t o  

h~CbUl@ ccmdiaotivs. T h f p  v-uld, i n  t u r n ,  nnrrntt that vol*""e 

Psom the Pouroe 138 t o  hc n * * l f ~ d  nrimnrtlv ncrom the 

lcqu4d c r va ta l  laver 148 and by 'tmrying the ~mnlltuUe c.lf 

t a \ e  source 1R6, t h e  avernll, co1os of the ncrern coutd htz 

v ~ F I A ~ .  Thus, uetvg 1rqu.ra c r y s t ~ l  mntertnls thn t  f o I . 2 ~ ~  

QP rclsnond at 90 cgalsrr nrr scbnnU. threc fr~nn?e m y  %e 

pre.joated ench l n ~ t % n g  n t h i r t i e t h  of n eeaoni! with n r f i f f r r rdt  

o e l a r  @ s t  by the  l ~ l v e l  of thc bin6 prnvqdeR by the  Rtrrct  

aursont valtlaste Rcrurao XM. Th4s would prnvtfln i n  e f f r e t  

tl f f e l d  ersquent+fll t;Vne color d l l sp tn r .  In the operntfon 

Qi t he  devtce, Bhe llght from the cathode rny tube 130 nSn!llA 



crsuee the phntocondu~tfve l a y e r  146 t o  bscome coaduotf.m. 

Thr: slppTtoPnCinn of n sul.tnb1e 8.0. poterltZh1 from t h e  vnltnnr 

unurca 158 n c r o e ~  the  l;'.gulA e rya tq l  l,nyi%r 148 wnuZB cerrpe 

the i ~ p r  148 t o  sonhtcwaa,  Erern or blue an4 the nnrtfc:l lnr 

o o l o r  sexcctnd would 1,s madul~tod zrl.th \riA@o -Intrlll..ranocs 

by the nource $56 t o  mni?uIst,e the  Zntanaity of t h e  F F Z I S + ~ V ~  
i 

colnxr  Box- Lh'i e qnrticralnr npnlic?nt ion, it woulfl be 

nfivinnble t o  uCtltn;s n l iph t  pouron 154 fn whqoh the aotirce 

provides mn.xlanrm ,?n?:ens.ltiek In  t h r ee  band8 namely red, 

~r~leun nnd bluet, each r!bocit 200 nnes'tromrs i n  ~ 1 8 t h  o r  by 

nroa249.ng f.tlterct. i n  with n v~h?to l1zh.t ~orarco t o  nrnvEPe 

e hlnck bnck~roxnd. 

The etrrm;tsraernt enuld Rlao be npemted wlLh 8 vldea  

in:tall.Sgenas :?.pplrad *arosa t h e  ' w o  ofindr?rctt.ve 1p.lve.r~ l 4 4  

rinA $60 such t h ~ t  thr vI.de@ ~ i ~ n r l .  would fncl:~de both r, 

f l e e ,  oornpnnent .?.n Q ! I P ~ R @  tlw? 136l8~tf.vet 80 t te r i .nR of the 

Liqul4 usyrslal li,xyex 140 from rod, Rxsan as b lue  a n d  ""180  

,nrn+.ttde 's!n 6n.C. d~mam@n$ whloh tnolrrd~w the neenowfl?.ry 

vd.tleo tntrlsllf.,?ence f o r  the color. 'In t h t a  nnnner, t h l ~  

ao lor  f . a n  the fsslrosn oou1.d be chnn.*cd on n, li.nr-to-1Lnc 

bn.a¶.s or .;l.amant-to-eLsnsnt If ea tles'l.rad. TL Ca a l ao  

posnt.bIt! t o  nuply m suitnB3n ~ l m c l .  to the IlqctCd cr:rfstn.l 

ltryrr 110 t o  detarmtne the  DrcSpes c a l o r  and u t t l t m n  o r  

~ p p l y  viPso 2nfnrmntion to t h r  cmthnne ray tubs 180 t o  

nn&ule.ts tile otmtlucltvit+ of the  nhntoaonductr~r in 



Whila thore has been s h m  nnd Ue~crlbrd what ore RB 

prersnt cnnmitlsreil Go be the 9rRfd~~t3d ~mhnOimcnte of the 

%n.vcantian, mnfliflcnt2on,ns thereto w f l l  s ~ e b d t l y  occ?ar to tbnee 

s k t l l e d  in the R r f .  Par exwnple, n nianoeleetric  l n ? r w  

of n sui table  mnterinl rrlch r s  bnrirlm tttanate may he u ~ c d  

t n  ,rsncrnte the e l e a t s i c  f f n l d  necasrnry t o  aotivnbc the 

1'tqudA ory@t;&l 'l.nves. Xr, t h i r  mnnnas, sound qr nthsr 

meehenlcnl morrgy mny be! detected m19 oonyrertsA l a  ar. 

v:l@%b?-a, nnttem. 







menno, n o t  ~hamn, are ~rov ldoA f o r  s c a n n l n ~  of t he  e2eotron 

b.i r;us generated by t h e  gun GO over" the evraon t?2. The 

tnEnOmmity of t ho  c?lr?ctrm be~m i e  m~Aulrt@d by the vlRea 

@?.ma% from *he eourcff P4. Xt m y  be daa i rab le  t o  u t t l q a e  

n Ian8 tSme nesets.".t phaephar i n  the soreen 22. A' 

rn8Cc t im  l.mn',-e Chuo ,f.s nenoraGeA an t he  fnce of the cr?thade 

rely tubo 10 repsaecentatlvc! of the vldea i.nformr?t Ian nnnf.frrl 

BFnn the P ~ P P C !  P4 @ad Zhta rr.dlr?tlon imr?fr@ far illrectsrl onto 

t h e  d f . s p l ~ y  wereem. f P. 

Thr d l sn lay  rpcseron aesenbly SI? Ze shown i n  de%nCI. $.n 

I*llg.&, .nd tar oornnrfw~.d ai! t h e  i n l l o w i n ~  Inyercd. The 

2ispXny screen a.nlenrnbly 12 i n  eunnorted by n s u h ~ b r n t e  Fnvar 

30 wh!ch t.n R l n o  the  heat eink f o r  the  rfisp1.n~ arcrefn r':nn*lrbly. 

%emncmture c m L r a l  of the Ai.apXay crreen t P  mny ha ohLnJ,neA 

by may autt8,hir  means ~ u a b  Re Of.reot?.na n f r  nlonlr: one a!rri*ee 

o:P t he  ieyer 30 by the! n1.r smlrcr  $?Re The supnost Znsrer 

30 t o  &EX t rm8~e.ren.f  $0  thr .In?\ut sndlatitrm from the of%hode 

sny tube 20 nnd mey tra of' n sult~ble ?t!nterin2 n?adh "R - l r " .~e  

for i*,lslbla rfirllntion, b.nrium ahlorir?e f a r  $nfrr?.red rpiA?ct?m 

or qunrtm f o r  ultrnvioS.@.l; radiat ion.  Xn the  anecCitc 

rmboA%ment il'l.utatratPr.g n v t s i b l e  t-nirtnttrm 4n*ut, t he  

c?l.rtcknaaa of the in:lnslr ~nnporl: X8:rcsr 80 my be of n tFr?.ctl.*. 

neee *L: nhoot; 1 ~ ~ n l t r n c t w .  The &?via@ may be u~jed  PI 

conver t  X-Rag pelttern t o  via1.bl.e i l f lhf ;  nnt tarn.  A ' t h s ~ 1 ~ 2  

hnrrf.or lnprs ?If? aP rt m,2?.tnble tharmnl inau16+ttnll: rnorterlnl 

srrch na paIyethyl.sne %l&araphthnlate i n  nrov¶dr?d m one 

auxlr~ocs of t h e  tqlnse r u b ~ f r n t e  30. The l a y e r  Jp nay he 



aecrurefi t o  Zhe s\ab$trsrla by &my suitable ~tfheaiae nnd rnny 

BE? OE R L21ilckne~lr OP shout Efi mioroiie. 'Chl.8 nater tn l  

1s srlltn'ol.cb 4 d h b ~ f m  for,  both .t;21.a vta ib le  and rzltmviak?t. 

I n  the anae a$ Infrr..red, a in:ver of  wlvethylens or n 0 1 p  

v r a p g l e n ~  nay be uttL1sed. The thermnl h p r r l a r  laver 3% 

7,s t6 reduce ~hcri,?nl conductl,ork from t h e  sena'tf.ve sor@ctn 

norti.m of tho !rsnt s lnk in~ylss  30. Tha thernml t t m t ?  

conrtrvlt of' th.e ln?rer 3'2: ahauld nravide a tinre c a n ~ t n n t  fo r  

t he  ~ e n n  it ,tve acreon Ifivt?r nd;lneent thereto oh arfbbn!af i/aQ%h 

*?f $1 @CIC(TXL~.  

A layer  34 o f  phatacnndnctive a ~ l e s i a l  1.s evp,nnr?*ad 

ontn the ZRlrer 3& on6 mry he o f  r? th!oknae~ of 1 t o  25 

micrmra RnA nT icuttnh'ln high imnedonce nhotneondtletnr 

hnvtnyla 8 rraeZstmae of eikaut l@1° ohmm~1-aenttmote~~), 

Rul tab3.o mn.tcrfalrs f o r  vl.sllb1.c 1i~ht are cndml.utn 8 ~ 1 f Z A a  

o r  m.rnen+c trilaelenida. A eu3tahls n~rrterlnl for  u2tr;l- 

v t o l s t  i o  ac"1anlum .mcl 8. auit@.hn.bls nn~artnl. f o r  in;rrr+?ff ' a o  

1er.d rulLtffa. 

A inyer  36 onn~fstln~ nf ' pturn l f ty  r 9 . f  ( 1 1 e c t r I c ~ I ~ ~ ~  

ranituctiva s t r i n s  38 md 40 fe  nravtdsd an the 'lpirel: 34. 

The canAuative etsdpa 38 nra oonnprcterl .to 9 common bule 

bnr 413 nn8 the latrlps 40 mrs aonnrecte4 t o  n co?tmon bus 

r 44. Sutfinble Iefv?a 4fS nnd 48 a r e  rmmncte(r reewc- 

tvnly t n  the cnnAiletivr ?)ue ~ R F O  49 an4 44 f o r  nrovfc?fnp 

$1 v o l t n ~ e  between thc  annductlvn ~ lnments  38 hnd 40. 



Thi s  p o t e n t i a l  i s  supp l i ed  by a p o t e n t i a l  sou rce  50 connected 

a c r o s s  t h e  l e a d i n g  46 and 48. The p o t e n t i a l  s o u r c e  50 may be  

a n  AC o r  DC p o t e n t i a l  and may be  o f  t h e  o r d e r  of  about  50 v o l t s  

I n  t h e  s p e c i f i c  embodiment shown,the e l e c t r o d e  s t r i p s  38 and 40 

may be  evapora ted  on t o  t h e  photoconduct ive  l a y e r  34 by w e l l  

known t echn iques  such a s  e ~ a p o r a t i n g  through a mask t o  p rov ide  

s t r i p s  of  t h i c k n e s s  of  about 100 angstroms. The width  of  s t r i p s  

of  t h i c k n e s s  about 50 microns and wi th  a spac ing  between s t r i p s  

of  about 200 microns. 

An p p t i c a l  i s o l a t i o n  l a y e r  52 is provided on t h e  condu- 

c t i v e  l a y e r  36. The o p t i c a l  i s o l a t i o n  l a y e r  52 p r e v e n t s  radia- 

t i o n  from t h e  l i g h t  sou rce  1 4  a f f e c t i n g  t h e  photoconduc t ive  l a y e r  

34. t h e  o p t i c a l  i s o l a t i o n  l a y e r  52 may be  provided by s p a r i n g  a 

c o a t i n g  of  a a a t e r  s o l u b l e  b l a c k  a n i l i n e  dye of  a  t h i c k n e s s  of  

about  1 micron. 

P o s i t i o n e d  on t h e  o p t i c a l  i s o l a t i o n  l a y e r  52 i s  a l i q u i d  

c r y s t a l  l i n e  l a y e r  54 of c h o l e s t  e r i c  m a t e r i a l  and r e sponses  t o  h e a t  

by changes i n  t h e  l i g h t  r e f l e c t i v e  p r o p e r t i e s  t h e r e o f .  S e v e r a l  

s u i t a b l e  m a t e r i a l s  a r e  d i c l o s e d  i n  U.S. P a t e n t  3,114,836 by 

Pergason e t  a1 and a s p e c i f i c  m a t e r i a l  f o r  t h b s  s p e c i f i c  a p p l i c-  

a t i o n  may be  60 pe rcen t  by weight  of  c h o l e s t e r y l  nonanoate,30 

p e r c e n t  by weight  o l e y l  c h o l e s t e r y l  c a rbona t e  and 10 p r s e n t  

by weight  of c h o l e s t e r y l  benzoate .  A p r o t e c t i v e  f i l m  



86 w e q  be nrovi4r;rd uam the  eurfnoe of the  i.nyer PHL af 

3. S,qui.d crprttnl~ftnt? mr ' e r l n l  of n rsuitnble ?nr;ericrl auch pa 

nnllgethy~.ene tesephthplnta @nil nf n thf.cknes~, of rhnut 6 

miarona. tt ahoullld he n+ed t h r t  t h e  rP'8lcltlon nlamcmbly 

12 r n q f  Punation nn ." simnla deteotor  s tmnlr  by DrovtAl.nR .the 

photacmRtrottve l w e r  34, the  e lec t rada  l.nver 36 an& t(ne 

3 ?guic? c rye tn l l l ne  t,*ver $4. 

Xn t h o  onerat tan of the  4evi.oe. the  eho le s t e r l c  1iq: l rc l  

c r y s t a l  f i l m  64 nnd the  nhotocnnd~ictive l r v e s  32 fire hc1.A 

n t  a constnnd oneroCtnn t emern tu re  by the  hent 18th 30 end 

t h e  n~eocir:tsd temper fu r e  c n n t ~ a t  mystem P8, In  the  a%e@noc 

of a prnjacted l i g h t  fmncre from t h r  cathode rny 10  onto t h e  

rl%aplxl;v s's~emblylpil. The tempornture of the  Ii.qu9.d o r w t n l  

I ' y e p  S4 mkay be Rhotlt ~P'c. ea ae t o  nravide rz brckqrounA 

color a f  blnck t o  tho vievttrr 16. Wtth the whZte l .? .~ht 

r-rrrce Rirect~d t o  Lho l t q u l d  arvste2 lnyer  64 n t  the 
0 

temaerntr~re of 32 0. the  vlcu~:t?r w f l l  elmnly s e e  F. wnqform 

hlnak bnok~rat.mt? rline t o  l i g h t  .reflectad from aofittna Sf?. 

Wlzm n I l ~ h t  i m n ~ a  qe focuaerl onto the  nh~toconduot ive  

l#~,:fcss 34 by meen6 b , ~  metme of the  cnthode rn,y ttabe, 10 and 

m l t h  the, matsnt.l,nl eozrrce BQ connffrtsd ncrons the  conrltlctive 

ctrctrnrlen 38 m& 40, ourrent  cn r r t e rb  nre i.ntroduee4 i n t o  

ttPm iltumf.nr!)tafl crsns. The emaunt of i l l u m l n ~ t f o n  i l f r~c t r rd  

nnta the  ghntaconffuc'tl~ve 1r.yer 34 8etermtnee the  firnnunt nf 

czxrr*@n* Zfowt.nnr! In the  fI?.umtnnted prone of lihotoeondunt!ve 

nn.' ,erinl ~ n r i t t o n a d  hetarern t h ~ .  t~l.ectrods serfpm 38 ?-nR 40. 



!Wv! viaeo solaroe 24 am onntrol  the  Cntena'tty ~f the  e teot r tm 

beam a?:rfktnfi: the phnephor ZP kVld n o c o r d t n ~ l y  the  nnldunt 091 

c u r r a t  and ttenhfn~ by .tho .nhoLooan8uc~ive Zhver 341 P w e r  

i?lstilnntion Prom the  r e su l f i ng  nhntoourrsnt ?s locntilnea 

go only Lhs i2turninf'tc.d mrens by the  e lec t rode  etr?leture 

tf@srl.gn, whd.ch Z1rnlt.e the  Xennth of the  cur ren t  path to n 

i~*n,u~tion of the  emr!l.lest renolvnb1.e tmn~re ,  A t ~ t m c e  Rn8 

?:FIE? high rewf r?tr.nce ef t h e  dhntoconfll~etfw :ever 34 thct 

%e no t  illuminnte&. C ~ P  thernnl  i n ~ u l n t o r  3P betwurn the 

hcnt ml.nk SO R ~ I R  the nhotooonff~active lnyer  34 nnR &he 

clnaraly aauplst! 3?q?14& c r~wtn l .  f i l m  54. 'Fhs nmorlnt 3f 

I1luminatiim determines the  mount  n f  current  flow and 

h n t ~ l  gcnerntrd. ntze t 6  Lh" Rc?m*~.rRC+nre  P ~ . P F ,  t h e  ref lea-  

L ilrm bitnii of thf  ZlquJd  orv@tnl. flZm 84 in thnee, c r e w  i a  

oh I f ten  toWhPd & rahnrter v-'vcelen~th +>nrt of the ancoturtn* 

Thllbr fa ? l l u s t m t e A  in PW.8 and Iqr ex~rnple 1P t h e  tomWra- 

Cufo ' 8  r n i ~ e d  t o  33.8%. t h e  r ~ f l e a t n d  oo la r  w l  l l  hr I-cA. 

A t  3 4 . 1 ~ ~  the  oaZor w i l l  he vellow, n t  3tr.6°C1 t h e  c a l n r  

n l i l Z  be green, "t ~ T O C ,  the co lor  ~001x1 he blue and n t  

40'drr t h e  co lor  w 1 1 1  be in the  u l t r n v i o l e t  region nntl .*p en r  

b;, lok ti9 fhe  o b ~ a r v a r ,  

The 0ptiar.l 4lrolneinn lnvs r  RP between the  nhprtoc?ndnc- 

Ctva lnver  34 and t he  l i q t a l d  orvstal. f l X m  R4 p@rmtla her8 

"rnnfer beBweon t h r  two* The l a v e r  BP hlooka 1tnh.t Prom 

Ih% lighs mowolar i r l  usartl fop i l luminr t tng  of the  vievtf.n~: 

a t & @  of %he nnneL from c f f r c t l n ~  the nhntoaondnettvti~ Irt-tar 34. 





Thlle Iselezfian lny f i r  Bf? nlea ns rwa  818 n blrck baeknrm6 

i 'n r  the  Xiquld oryatnl  f t l m  M. 

Aa iriAionLeA If the! 1ZqlrZcl c r y s t a l  8 i sp lnr  i s  tlluminatsd 

nf.th whlte 'L . i~~h t  from sotrrce 14,  the l iqu td  e r y ~ t e l  film 

R4 provides n eolor  A!.splay i f  . the tompe1,nture oa t te rn  nr 

t->:::,r:e. ' 8uch 12 dtolplny ta inherently ooana.t'ible with h+(rh 

nn't~i_m?nt ill-unL~rrrt ,toll hp?enr?acp rei'l.t.ct d~re ir.ght, r h f  ch 1.8 

nro -wt lm.n l  t n  tI1.c ?netdent 1.fgh.t. r ? the r  thnn l n + ~ r n n X  

r~enarnt9.w l i ~ h t ,  nraWecaw the t?IQ~cr Tn t h ' n  rnvnnep n 

Ifirge awnl i f io r t im cf t h e  innut rfnnrl grom the cnthoae rev 

Qw,hc 10 ha obtntned eo np! t o  ohtnin en a m l i f t c n t l n n  

.q.r~$:Z@r thnn 108. f i  the R4nnlny 78 il.Iuminntcil wfth n 

~unnaP~romc~tic I f g b t  f ~ f s o l :  the !,*nrareo 14 rq ther  thnn rhl.*b 

The ~ Q I E ~ R C P I C U I P P ?  r t a e  requtx-c.6 t o  n a t t v ~ ~ t r  f he 'tCqu+A 

crgatfil ,tar crerrhtrfl vllhsa ' t , t . ~h t  trnp&ng@ on the! nhntounnc~?rcS'f~w, 

I:?:BB~ 34, s a e ~ u l t f n ~  in photacurrent. ma, phntocursv@nt +a 

~crwtlsrated by Fmn?.yinp! b? valtraner i ' rrrm ~ e u r k e  50 i:!croe& the 

int;crlnclsd eamb-like el.satrodes cormCcrt,fnR of nlGsm:~~~l;fb 

car~&uctars 38 nlnn 4.0. Tho conduc?Give electrode 8:ratom 38 

8:~nfl F,O cnne,!stn of nrtrol l@l onrtd:actora who~a wtilCh i e ,  r. 

frrket2an of n cnr*cttlp 9;n obCnb mr~+tnaum f'cttva frurf"ae ?*>*en 

,:PI:! w~c )K( !  m?i?ef7ag is detrerminecl by t h e  dcarlrad Id~ptnv 

m e 2  rt~woI!~tl.on. 7% lenflth n f  t he  photoonnd?zcCtve c?wr-rnE 

?lC:dhv w!14 ch .!a e q - ~ n l  tn *,he elnctrnda anncinrl:, mtaut he n 

.i's;.ctEon o f  the  rmt.lletz4 re~eZvnbtn filatnnoc. on the  d+m*ll*'p.' 



The 1i.iqcrq.4 craetnt f i l m  34 may be of vnriaus mPztertsla 

end 2s  ~ ~ r l a c t e n  %or the  rcquZrnA aentaf t ivt ty nn4 t he  operat- 

In,? tx?n?c~rntura mnoanr The op!r?tln(r; tcmperr?;urc, ?nv he 

choesB nrhltnrflg wlthln %t:s i.Sm?ts coor~nt2hle with the 

t@mpsrer.tvre cnatro2 nlsthod. The s e n s t t t v t t y  of the  I1. l .m 

'R riotcarmined by ffic r .ppl~ort l .on n f  the  8fenla-y. A l.tqr?Jd 

c r y e t ~ l  fq,?..m ~ 9 t h  h l v h  t rmremtnre  e c n e t t i v l t y  rill rcnix7.t i n  

?. it?.rrn'Lrv ~ l t h  h?& onwsrnll ~ e n s l t i v i t y ,  btrt w i ? , l  a,?.@@ 

st?qutre  8 -  mxch better  tempvrn.t!)re ~ r n t r o l  ayaEtem rtnA l.ntycr 

rm,?farmtty t o  el.trnincte co lo r  vnr tn t ione  in the reflected 

12ght t7n+?p? Arre t o  ernnil t s q e r e t u r e  vnrfnt l tmn over the! 

nrmf 'set? find t o  @ens tt t v i t y  and nnrmwl res in tnnca  vt!r9 r ! t 4  fnr 

Zn t h e  vnrtoue hnyar. 

The pro l so t l ve  Sll.lm Rd is nrovlded on t he  1fqtxfO d ~ r s t n l  

t o  raduce cmt,nmtnt'tf.nn of t he  l t qu id  e r y r t n l  ff.1? by duet 

an8 .chomloc~la tn t h e  P,%Y~CS~~OJ?B.  ft n'lrsa mtmlmizee tcrnneq>r.- 

ture vR,~?.nlCms dua! lo ;nir flew +.n front of the f.rn~r.ge 

i n % e n e t f t e r  nmel 12. ff ch~sen  oropsrI;y, tha  f i l m  

? c t e r t ~ ? l  prnvtden ndOftlonn1 enhnnee?lent f o r  the  nol.t?culn~ 

nl2fmrlent .fin the 1.2qntd c ryn t a l  f f l m  nnA enem nn t  oontrib?.i.t,a 

s lr1:nqf i c n n t l p  to hnkcrrnl heat t-nrehd. 'Phe chcn r t c~ l  coma- 

~ t L Z a n  of t he  f t l m  .4$ m d  t he  nntienl. l ~ ~ o l n t i r m  l n y r r  f!? 

ntzet rrevent eontrrnicat 2ng etihecances from hef.ag r?aler?eod 

tnta fi?+er X1qrslA nrgptnls ,  whnspe ontion1 ? rens r t fea  w e  

very sen~itfvs to +he nreracnca of vnrtotts abem.tcnl 

r:ub~ Srncev na wn1.l v~ t @ r n p ~ r r - t ? > ~ ~  vmrlnl tms.  



Tn P i t f r 3  r? aoACfl.en -hotaoenfiuctl.va ~ m 8  eIteatrn461 

?:retern Is i l lurtt~lrtsf i .  Xn thls smbaflimmnt, two cand'c~ctlva 

bua hnrta 80 En8 63 nrc, nsov?flr;tJ nnA anrnllel strtner 64 of 

e34 my be prnvZde8 ~ ~ : ' t h  cnndrrctlvr elel-ents 60 inCnrrge~meC3 

tn the ?hntocon!?uct?v~ a%rlne fn l t m f t  the rnnns of e rrtere 

t n  nrr~Z8e  hZeh r l ~ e n l u t i o n ~  fn thta, tyne of oonffnr~r-.t.lon 

c larcr 3.mr.dnr.c~ p~h-taconduotive ?riCar.I.~l. mng be utI.ltrr.d, 
3 

.T;h * k  i 8  w:b h~vlnr:  E A f l r l c  re8i@tfi.nue, of lecec? thnn 10 

nhes-aentlrnstersr rnn nlnch mnteriala nm lea4 6ull:1Re, 1.end 

tellllride m d  tnrltuv i3.nntl.mony. Were ennin, the ormPuct'i.vo 

bua bars BO end 62 r?ny be av6ianrrtet-l onto thetherrnnl. rneulnt- 

Ing l.~.yer 3& nn& tho nhntncnnr'loattvr ef~slenten 64 avr-nnrvt:cdfl 

"mto the nubetrfita 3P hy crnsll known nmcedurrr fin irrhqeh 

ev~iporr?tinn ,!s nrnvZAsd throu~h  n mta~k. The c.otlrae W) 

t-oulA he oonnaotell to the b u ~  bf!rs 60 m d  BP. The r@?rtndar 

o f  the dov'lae i a  sini. ' lnr t o  thn't ~ t r e n n y  dsararI.hed find 

Ptg.4 fl.luctrslem n,nnt;her pnaelhls rrnd-!biontl.on -P 

the nhotoonnllu~tl~rc ?nd cs?actrn4e! ayrt~rn ln  wl . fch  P I.*rre 

r r m  nf eT.eotrlc>9.!.y ccm4uc%?vla t.n~*er 70 tar deafisttet3 -.r, 
/ 

':i cr fherr?nl im.rr(es 3?, A i.ny#r 72 ef vhntnc~n!nnuat?.vr 

* , r .  t s r in l .  70 4.8 a o p e ~ f t e d  m tho la~gsr 70, -n4 nnnther 



mould Pa proviReA on the conduotivr? 1n:rer 74. Flnre n@atn, 

$1:~; opern t im is simil~r to t,hrt p ~ e v l o u ~ X y  deaartheff. 

The IGver 70 $)rnul.i? he trnnsmfaelrc te the jnni,?" mrl?at$ms 

n y w l  m ~ y  be hE n n;r:Imrinl. n~ach r e  slm.nn?c axtda* The 

s:nu.iLce 80 wnuld be cnnncc'terl to t h e  e?.eetrnAen '70 ma 34. 

f f  deei.,-ctl, tkt: 7 ~ F ? ~ l t ! 3 ~ e n m f t l ~ ~  a l e w n t  T Y R ~ P  he ~ A O C ~  fo :nhtraX 

.then wxrrextt t;hro:rgh P. r e s l r t i r e  h~wtln? a l e v e n t  fn cont::",ot 

,wf th ,the hent aetnsittve nr-rar..n. T t  !B n1.m non#ibl.a to  

canvcrt etmn4 sner.yy tntn vietble enerny hy 8etect%nqy 

the sound on en ~ l r . ) e ~ t  whnre r~.aa+ntmnccs *s mnrpiPfe8 P-nA 

,thi?reic?re bemttttrrtq annbral. n f  current find nnrocInt~ .9  

t',rou,qh the deteat-tnl~ clpraent ner we or rln arasacff!-l.eU 

r°oei?tive fiecatln? element ,la thermol cnntrbct 4 th the 

hnnt?Lm aenraf t i v e  ~.ora&n. 



X t  hna bean diefavclred, nnd .It Te on t h i e  ttrtvcovery 

thnf thc pre~ant  Znrention i~ in lnrpe nnrt pred iar ted ,  

.I;)a:,d ~~i?lrlee, I i~u l ,A% mi! s~??rl% cnn ~ f f e o t  thr sf.ructara 

r t i  cSbaletsterLo l1puf.B crgertmlis so ,that m e  nr mere ont i -  

cr!Z p r s p a - t t e a  S e ~ p r . r f  It: cf: Y.s,nnat te~vor~rZ1y C ~ C M P O ~ .  

f t h:!:e .furLhrr 5?cs Q P WC?.IPEPR~ Lh8't. nnor, provl8 inq a 

cnirnn,ri:.??l.o bra.lc, the seru2 tmC chnnm is @?.ec?.l'tc f o r  

t he  ~mt-r?.*wn invcll.'ref wh*ch i s  thcrnhy Aetsrntno8. ' na 

rtt?l?xi,rtag thew .-cnernl ortrcinles r?n i ~ t t e r l y  naa 3nAe 

nf : . ?  e a ?1rev!.eSe4, 

Fhn agtiac.2 pmpats4iy m e t  rer,dflv ut4 XlneA in the 

-rr.~.aCtctg of t h q 8  "Iventlen !% t t r r z t :  of ~e1hcC.I. .CI se'.t;ter.Inl: 

n,tr,t?u %t .i?eqll,Lreg ha polnrfmern, or nn;.lysasi*ft f nr - h ~ o r a - -  

.tlrm. Enoh o71olestei.t.c I'l.qtt '6 cr.rpta-1, r - t  9 pfvpn )c  ~ P X -  

attare u ~ , d  aa!nna@itinn, c*xllthiLer, v111etn exporsed to w;th?to 

'I lg"lt, R t~o" .C, t~r Inn  p~f~llf. Ln ~ C C A P A ~ ~ C ~  wi!;h t F 1 1 . w  tnmn- 

.tZmi* the efj.lEt tn i;hw zlc-!ttorin~ pW?r may hm l a t f ' l r ~ n d  

I'cr: %ha r t ? ? n ' l y ~  I.@ 4 f ~mlrnnwn mnterinlt3 e3nc.e tllo 8. * ~ e o ' k  3 ~n 

! I?& ahl ls;  t c  a g?j;rl.!.tn%l.~ir. ?cd i.orit f...tn of ths un!tnf:wm 

f ! l t l  t h ~  extent of  Lhpl r:E.~f.tt : Q  -?XI indldnt f rm of the . 

q u o a t i t y  of the unI~~o$rlll. N~.T~.~v~~)QQF, I t  IR -1: o B O B D ~ . ~ ~ C  to 

' 3  f; i ' l l n c  ch~,~~rre;v in ot;;;hcr obtlonl  vweoert.iea of the 

l' quid cr :~s ta lo .  



cx:;itsac &LE! the we;?t:l;orini? ncnlrr Elta~l.l?rIv, the wnveb-nd 

? C  ?vt?z!r ~ri t i . r?r! l .  rotnt.l.or! c,*rh4.bICa r~tlah 6' ah l f t .  3fncn 

C ~ O ~ C B ! F F ~ . C  L+.q:zfU r?pyeLntlil\tt u~!nter!~2u h-ve na::'?ir+?bl.e 

w p t f c r f  fibBorotCon, the Lrsn~ml.ttcsd r n d f n l  f on mny t!lrkl 

u Z i % L ~ f f d  f o r  the pilrnneietg n f  t h f ~  !nv~ntl .nn no wc?l"l. a@ 

the hct- t t~ret!  P R ~  !ntq.on. 

Xn nancrml, a m r - t e r l ~ l  thn.t 4s h. t  lenmt n n r t l ~ l l y  

~InkarsrnZuble with the chnl.swtostc l !q i~ld  eryertall ina '?c.r;e- 

rlml w l l l  a f f e c t  t he  abttanX vchpert?.es ?f the l iq?a?d 

cr:rprtnl in n reverr  i h l s  mctmer. hlno .It .(a the c*~cr  t h ~ t  

n m t e r i , c l  t hn t  chrrnlcnl.ly r ecu t s  v r i t h  the  e h n t e a t e ~ i c  

I?.quZA nr:partnlllne ."~:terC'?l will e f f e c t  I t s  o n t i c a l  

r~ rona r t t ne  In 9.n Zrsrver~%tble rn*?nner. Zn i na twoe8  !n 
" 

wktch the  effect i@ reversibl.e, the l . t q r z t A  crwtnl. nrrrriiOsa 

i'nrs@frln ~?r.t;et*l.n?. nranffnk t i t  t hn t  in~tmt.  tbcnuwe of 

4hn ~e'Yet~@~t.h'ko n turcc of' the alefeeb, the 1.ln~aIcl c m a t ~ l ,  

mng be enntin~aiklly rr%raed. fn inetnnces fn whcch t h e  

elk'd:ot l a  trpceweraibls, the Z ~ l q n 1 . A  cracatnl pralrlile:. nn 

nntlanl indtc@!t:inn o f  t h e  arms type L'n8.t I n  cv~m~?r.ti.ve. 



RcPerria~ n m  t n  the drnwCn~,  numernl I 0  i n R I a ~ t e s  n 

ort3tport ar nubetrr l t s  member uwnn which r o h a l e s t e r l c  t.qq?!?d 

cr!rshnl nan be dnnoaLteB nnd sun-nrtsA. Oenornl ly ,  the 

os t ' c a r ion  f o r  the unn aP any t r P t e r 9 n l  FR R ~ u h e t r n t f ?  1.d 

r3nI.y C h m l  I t  bot in$crfera, ne by re t ic t lnn  w l t h  t h e  

ergnt;nl  thrt l a  "c b6: t?~~po@i.tetY thereon  o r  "~nskQ.n~ tho 

nntiaai l  prctpertie, o f  t h e  c r y s t n l .  T m l c a l  matsr~~rls thnt 

have l.?c?an uesd inol.vde h,n2a~enrsltsi! hydsncfirbon res'nn r:.~?t!b 

' , a  ~alytet~nf~uaroethglene, p o 2 ~ e t h y l c n e  t e r c p h t h ~ . l @ . t a  3n.d 

the 141?eit E Z ~ R B ,  methyl rnsthacrvlnte . r c r ? f n ~ ,  qesrrnfcsl 

,.-cacsm1.?.;y, e tc .  TIw f rubetrntn  10 ha nnv t)zfokn~*sa 

r'l@~'%re(t. rn :lnetnacaa where trr7nnnrrrsnt r u h r t r n t a s  qre 

uireP, 8 . t  ?*!r%t.g bo wncfu'l t o  ' l n r ! t  .the t h l a h s ~ ~ .  R(? t h o +  the? 

~uhetrnee does n e t  c n n t r t b u f ~  trnnsrewe+rv ~ c E t t b r ? n n  ?f 

Z t g h t  2:hct may be rm~2nved. On t h e  \Inner ~rnrf-es I%? 

nf bhtv euhatrntc? I 0  ?,a ohmm n c h o l e n t e 1 . i ~  1f.guftl crpst~l 

34. A s  i n  rv30c~nt  from Lhe wtde number o f  mntertn1.s 

thrtt h8.t;~ r, ohn%eatcrio lfgtr?.a orystnl.lLn.n.as phnee nnd 

t;hr?rclfnre onn ho nee4 i n  the t,nvnn.ttan, f t  nl1.X. hr ev?.icnt  

!ih:!.t; a v :&a  vrr.t.el;y of ~,v&ytr of npnLyCnpt tha  1.tguf.R crrrc-l:?l 

t o  ,the ~ u h 8 t e ~ t e r  + c  va)r5$thLe* Por cvn.mal.8, t h e  ~ r " - f l C s : ? l .  

ofin hc annt thareoa, '@butkrreA tFiareort," n.;nLf.nB frann 

firapnsr. ?ri.ntefl, anrr.vcd or ntherw4 so c,*nl:.oR. .A 





A qlrfte ccmmmon mrthqA nf nnrtingt!mr 9 t t r !  pnur n ~ott~tlrrn 

cc?nC~.!c.fn5 the l . * , q l 1 l A  @r.rrmtal, thereon and allow the eol . -ent  

L n  FV'PFPR~RI 

When $he ery~tnl l o  dspoaited from R eoloent @.s l u e t  

!.nd$.un.i;cad, nn i rra,ru&w ahnpca nnmrsl.ly ocelxrs ark& tsilah i r  

s h m  in t11a tns v i ~ w  I;hc.p@of fin FIR.2. In BIg*f?, the 

Israi~ulrzr ~ b n p e  14 1 0  the ohnlns ter l .~  i f q u i d  eryaCmf E?nB 

.the et.l*culri~ erhr%~e I!? -la thn ~urflca? "f t h e  subntr?te 10. 

Ontdc?l propertien, nook PP cnl~r?, of the ?Tqyqd 

cr'*rf%.tnl chnn I? ?+:hen f i  W ~ O P  f~ 1?1111?weA t o  VQP%(!Clth? the 

cr-rartnt, Zn P.J.g.3, ?hers 1.n flhrwn n rsanl'l .Trrarfulr:r 

?hn,nrl 16 vt t;h.t.n %?kt' f ppe,yuI.r-.r shrne 14 w h '  ah cn~tst ! t;l,rtnc. 

t h o  XtquCd nr:?n+;,nl. eia~nn.rta4 on the pr~.#a-frcb XI, of (;?I{:' 

rq~halmte 10. me Zrregulnr shape 16 cnnet?tutsm o c n l f ~ s  

ttro@t b s . ~ ~ ~ h t  -,hw&h ?J,Y oc,r;wFlatfan by 81 mnnr ?nte the 

cha2aa.terlc 'Il.ratr!d crva-brnl 14. A r  nnre of thnt vapor ' W  

::dd@Ur t4tn i r r ~ l ~ u l n r  rmhme $6 exwnnda cnrren'~bnbi.wl!? ; ' a  

t s  ahnv,n tn 8% 16 %rt Pt.8. 4. 

Stnee ~ n c h  f tgu+R cryetnf tr ialat.lnct nnA its 

rssrctinm or rcepons'o t n  fin wxknom 1s E+ot%nc.L-, nn "Sr@:y 

o f  l.1qrzf.d c r g @ L ~ I , ~  cfln Be t?sv?rsd to f*.(.v@ nn tslimmcdfn':e 

flr;tarminr't~l.ca of thn  !~n?mnm. OUC* fin anmy IF rshvn fa 

3t;q.B. Phup thrc.e 8TtrGtnat I tq!-~.ifl orpstalsr !?O, ?I ,,-nil 

2P are eurnortuA en c* raub&?.tr~te 38. The i " t r l ~ 1 r l  crv?~tn7.gi 

5r9.ng oil imrm chnrV~c~te~~+nt;Zcr nnF knnm rae*ronsa .to 0 s,l:vcn 
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apnnrcmt t a  the h u m  eye, Where no oalor ohmm wlsls 

o b ~ e r v e d ~  the dafeattnF element eventunlly bcnrn~ onlor- 

l e e s  duo t o  R vhlh~~e ehnn~e.  T!rW9@ motvent8 r ~ v e r e t b t y  

qffncted the f t l m  oaXor( tee., tho eontterad wnvehnn8 wtth 

the  PiXm ~xnneed .to wh4te l t n h t )  tn thm mnnnmcsr @hum En 

%e 

The dntn in t h s  Tnbls iXlustm%n@ thrtt  ench ~otrrenti 

hcril n untque effect on the s e t  of ten L,!qvl.tl .cryetnls. \, 
!2:!~ue if nn unknown ea2vent o f  the 6:~nup df?rseribefi were 1 

exnosed +;a tho a s t  of XtpuPd crysrtnltv, f t  could br re'.M'l.y 

,EBsr?tiPted* Isor excuple, : cetone i e  nnf gun bn nrofluoJ.n!, 

n Pad t o  Ereon ehiPt in  +he 1R percent arrcrtnl: butvl. 

!lostots Cs unique? in prodvctnr no ohna~e tn the  4reen aoh-~r 

o f  the a percant crgrstnl; hen~cna  t s  nn?pve 4.n cnilstw 

nm ~h$%tl:x+ in %he flreen aalnr  o f  t h r  ?3 aarcon.t cP (14 -r?rr?ent 

arpotnla: o)rXorofarm %a un.fqlxe. In preff~zctnq n yrenn tin rat! 

lnhift in .the PO brar cent crvntnl# trl.ahl.nroethylanc Cs 

un lgusr. in n ronua in~  8 ! 2fcrerc.t a f  feat* tn the ?l. neroc?i2: 

cr,y~d~lrr bluet nnd pptrtdine 1 s  un*rlt.'a? tn ?ro.f.nctr.r I. r:.r@.c?n 

trr F H A  rh t f t  ?.n thr 2 l  ~ e s a e n t  nryetpl. Ch&?.t ! a  r@cA.il.y 

i'8atinlrulnhcd frnm $he $1  qpht1.y .red r-ar nrrtncF of tb",'t 

r r s re tn l  when emaae8 t o  f'cetone. 



The Zorago%nr Aomnnrrtmtar the fsne2.hl1,t.ty of forvtng 

an nrraxy af chotssta~f~) I.?quir? c r v ~ t n l w  thnt hrvo 8 un?q,!re 

n,??ttern dn rsnponecr t o  any of the mr! erinle  t h ~ t  a l t a r  the 

apt?.cezl provertl.ee o f  the XiqufA crv~f,nZa, thun rnv?c"!nsr 

s r  "'rf.n(garprtntt' oP each af thnne m8trtrinls. 

An&hns Ron? lcnt.!.cn ci" t h f r ?  .Inven-t.!.m .?& %n 82%~ c!?rr)r 

:-a'; i l ~ i , ~ ' n h ~ ,  -to %;$hi oh rafnre~nce cnn bg mt?Ba !.n a m  lunat f on 

"tth i? i g . 6 .  Th'hcse r? v~lr';~cnl.2y dtenaort4 Ernn~swrerat tube 

30 Bnn :ro r:An$tt?r7 ti, !irbve ti nlurr!li.ty of t'iqu"lil crpstn? .~  

of predatsrm2nc3A ocfnnou9.t 'inn  elan^ I t e  Inslae F'u~P"oB.  

f n tlie cmbotllrncant crF~r.v~n three 1% qu?8 crvntrxle 34, 33 ~ 8 . 6  

3.5 i!se uned, though my ntllar number aauld be smvlowtt. 

K.1Chi.n the tube SO i.e 8 mnan o f  Ftnr absorbentn 381 A t  

i e a  osivrer @ a d ,  tuba 150 ics brovined wtth 8 nns fn l c t  30 

and a gas outlet $0 extends from the uwrr  en4 of the 
/' 

/ tube, Upcisi naee4.n~ n nne fn to  the a?mtsm, +ti t a  aba*rbnd.-;- 

"~1  the ~ j b ~ o r b m t  unt'XI, the ir1tOc3r le 8.-t~kratad, p t  w k f o d '  

t lne  it aapraas onw??rAly, By traanrn.~Ffr.ta p l " ~ a r 7 ~ e n t  qf! 

~tac?aiiflefl X.qu,td ervstala Len~fhwtae ar vtsrt?cntl.~ n:on~ 

dho tube SO, the e f . f e c t ? ~ e ,  nbeorbnnay, or mare norrnetlqr 

the fttiI.\ar?ts to nbngrb nnerelbly d3de to snturot I an, ? a ?~*mm$I.y 

intllcatod bec~lxcae the m a  would %as hv ths t  nortiinn nf the 

rr'tinnrbent;, nermcata fhr ?.?qu2& crt~stnl ,  for axnan7.o 1.4n.tOA 



artyartnl 34* an& thereby aht:n,~e i t a  ont ianl  ~ r o - e r t t a s  nthfah 

v:auld be visible thrln~kgh the Crwnpnrent tube, or aouln bar 

measured. Btrnilnr notian in auo oonrtse will. be evtdene@d 

by eryst:nle 38 nnA 33 yea"t?on21y i8,Lsnnatald from os!ret;nl. 34. 

Cnnnegunntly, the lZguld aryetralla con be ueod t n  inEl1a~~f;st 

n?~,aorbant aPfacCI~rfrloa8, nnA vf.aun2ly ah*$ when reKsnet-2- 

fidn ns rsplncnnnnk eF,w!?td tnku ~11'~cs.  

T!%e cf.,3Y.oc2-er??.c t.'q::!.d C P . Y & ~ T ; ~ C I  ~ t 9  e~ach cnm 'he e-ntgyed 

**:-  .!?I@ *r3e%f.nr ;Pnr' r: -8.e ~ h ~ o r n ~ t o r r ~ ~ p t ~  c 0 1 . i ~ ~ ~ .  T I T ~ R  %a 

:.iri~mthXr! fb.? ?:aroc?e, t,e nCr%EliRt;cr nnU &i.ff?rrsa J,hrouf&'@nr?I? 

ersr?r,t?l Pn n il?.e%inat mrinner. Thla nronarty pormtta, rtna 

;~~?nr;3:~1;irm; %..nil t h e  e',n?LtElc(:m ~t ~11, t i m g  in  t h e  cn?wm 

'z;lub?l be fi4-~@c%l:9 rtn?o'nn)J'ta 'bcrcra.r~~e of .khr light 

r!b:?l.ttr?r!.rrp rf3~0Gs . ' e c o n . ~ ~ n ~ t n ~  )-,he Rl.fR~mion. 

T% m:notlter emtrr?:a?.?.r;ei& :;sc Pox. t h o  prsfient .tn*a*ttrm, n 

c:\.wLt:~c"ca~Ic i,fqv!d c r v a t n l  -Luozld br: A1fl~orsr:d *atthin n dfvntrn- 

?.::.a@ % % I ~ E  atnioaSplrr?xe : e ~ c  tic:? %oner T f  %Fie re ' .o,t;im t n  

h::! P ? C I I ? P ~ . F ~  c u b  ware, her (-x:~m*le,  t;) be :',0~0m?)l.L~3hed ,$.n the 

-:hs~,trj* oL mmger, o r  n i r ,  n '!.lq!a.1A cr?!utr?.l n~x-t~i .c~%L$i~l:? 

, n&??c!o* (; tve thcpeto a3al& 1,s *iracb. n*>rrr! nhc@?vtn?l h?han."*cwc. 

t :r 'wy, 1.:: t i r lp?  't?~!radl E,T:YY II 6~11. ~VI OIICPE:.~ i)" "irn:ll.d f n.?rsil E*:tatXy 

!r::\.*? "f h 'o  c!'-vld!tfn;:~xt a:: ~xyf l~ln c o n r m t r ~ l t t , l r  ware no 

I.f)r~ner %ci'l.ei-ail L C J .  I ~ F :  uor?tA anc*-'i-d f n~x? v tn:m! ,n:)raon.r i.:lCo 

s. "t!.:)~. %%era  ti^^^ avntern ? a  uee0 t x ~  cnn:?eation v;ltq? ci 

v,'-c-,:lm virma. o ils~trtjo1.1. om he f-urus~fl on Lhc erv~3:rnl. ' 'md 

1 t ,  Pr%ytcd t o  ~ C r ! r t  C i ) r :  .sawrt whcn t??e ar'cretr.l fndla.-tar3 



nxa undaaIrm.b!.bla oxygen emcbntrrprt?m* B0.r exnraale, n 

rni.xture af 39 pereo-t hy 1~~1.flhl qil o~oZQ~~ZIOCYI t~1ooatem- 

cCe, 99 percent hy w s f ~ h t  nf nholerteryl amnnente Rntl 53 

nosaent by rcstght chnlestcsyl. nlnvl  cnshnnnte, c*.*%?eh ? @  

re!4 8% ~ 4 ~ 0 . ~  wou1.d chmge l a  s hXuc colar upon nb~orptqen 

?E nxyfp'ltttn.. A typf.a-11 ~er ro t ian  tn mhfob euch R nwitrrn -.f!v 

bc  nltrfirrul.rrty u~s,fi>X +r th-t f"n ntr'ch srplnno-nret;~L1.f.c 

nnranruwaflr, FII& l?n ryfi t~?.ltyL LLthtum. ~ S . O  ZnvnXwrfi. Nu.,:ex-- 

c.rw mlmfinr ~-pt?cnthnuc rlra nrirro.tbl.o in vtew of t f to  

-ran% ntaflbor o,t o w t ~ o l f a i l  RtmoanItc~!rs react ton Pad nrnocr.ecse 

th.i: , t  ?;re ?~rar~mO;l.y nrqatSostd. 

h.p~odt!@r c.x''rn~le of tfue CnvonC? mx .nrwar A 1 t ~ i t  7 ;? ci*yc"rI 

\r:r:ry r.?b:il.~ frnr* roqvif:.,X n::rta by  v:r!!p:ht of rhol.r?stervl. rwn t.?t: 

r r ~ d  atrnl.~rl;ns~l. be~tntm%. ht; rooin f aiapcsknCurr i,r? fir&$ nnry 

1 9 2D zlnscm tthck Stla of l;h.'e crvatal. wnw i*bi'A. 

Bonrsac Plrpore eh:?n;. "6 ,? t tc? b:.ws, Bhl.r?~eZorr, v?mc?ra 

dscnrncb t-tec rod ao.!.cr. 1Crlchtaroe.khvlsri@ ci.trxnnd n o'l.!r~npw 

k *  b1.a.w. The arrC4.d- L n.?,nt9rtp- mclsr; E~@fl!ie~Bl.y uaF"I0 

*shf?ws~re re!'h,mvr (an& i:PorcEor* tPw ,-rsR@ncn n f  nn !in?m-n??~) 

!n t h p  ~JI(EI .PP?:O~IC l iq t i l . i t  CI:VM(;I?~.  hne becm enlnr.  Ottzc!? 

oe.t:*Ier-L ?r~pe,.-t.ln?e RPZI s*Itni'L~rrl?r r , f .h~1;~ i l ,  ~ ! l c l t  n R  ~ n t . ( e n l  

re%nr;l.on, eF.4fl r P  cfrcali3r d !ehrotwm, hlrsfr.(nvancn, ?!';'A 

%bcb I*PP, hnR C ~ ~ M ~ ( P B  1~ t!*0@@ br~*@k.t?e@ Ur:n hr ~ m Q d  

I?\ t k ~  !ir,s"  YO !n qrp.t@rt. C~)nms?t l n n ~ L  ontCo?I  l.r,~tr?r:*r~*,:L~s, 

T.,? cnpderr~ nn8 the l . l?rn9 @!.?ch ntr n m'l,oti7.?~lt?.-l l . ~ r t  

-*~~fcaeclT1, nr9 nn on cm hc 7.1pled ~ I . F O  t o  r e ~ ~ i l  n u t  t1.e %,I.t.ater 



an ildA4tim t n  Uirsot oiaunl obn@rvrttlon. 'Phess mmf br, 

flnaaerd be asoearnry 4nr remote ansrnttmu. 

Bfrturola of ~ @ * n o m r i ~  5180 cnn be %rasd. Fox @xnrn?.?.'ls, 

m a  evah wli.r.tare? w:rr $5 !,excent ohaleetctryl. r-ca!tr"br? ,'nd '43 

p e r e m t  o f  ahotocderyl bsaao,*ts. r't hrd a deftp .cod aol,n,* 

:::ti FPFm temp~~r"~tt#.rr:". '?ht+ o ~ r n ? o ~ ? t i n ~ .  - " S t ! l i ~  afxtum v? e 

vrrlaxl !a, Z?rw nnr?~?,? en?c??? ,1:3 1 ? ~ t b  fl+recttoxr8. Ft sl*:.@ 

:'tb+i~n.P 'hnt t.irr r$ ln r  -2 a o?!ifteP t?ust".p tmcrR the  r ed  for 

e ''kht'l' ?@ ~ . W t ? d f m  Or C F ' ! ' V O ~ ~  t%~ l t  e'Llrl?l':&r 

vt.E st14 100 nnr'&e 9Z the hsaea BCrntlerl.y, 8 wnsfe o f  r!om 





oZ1, of tell oflk a i  hrlolen rind of w t h y l  olsnte wcra use4 

tP32th base mtxae tn imviFe,  reancat*valy, the 6th throtay?h 

Bth lfgulA arvcstnla. Temnnrr3ture - w ~ v e  l e n ~ t h  nntn were 

tnlton on e13ch Pnd pln*tetl. It 18 t o  be nnteil thnt B ~ . K .  7 

'?Ye aurvea o f  li'?&r'? ehm many of the un?.qucr. chnr-otor!.s- 

:. "cn of  the? 1% lnonvar~ .  Mho orrh~tnnl.lr'l r.EXeat of ,t@rnp::rn- 

.,I,.W t..4,a on oP t h r  rr;i7~an o r v ~ t n l a  .Is nkcin. Tho un"g:nc 

c:L'fcct of' $?my of! thr: ~AdltXvee in the. nnm lqqui4 cryot;-.I 

::l.s:n .!.@ p'l.ntn, rind alir)wwn ct once t h ~ l t  thesa mrter i r ls ,  r.l.$ch 

i:?rlre Pamr cl-,emicrl @l.mSlnr%ty, cnn bbp detcateil nnR Afnt4,n~ut- 

rPlc&, Par  exrrnnle, f P  any ~f 'these rnai;tlrf.nla 40 hxwn i r q  

! i e l l , t an~  I. lght ci?n bc nfitc..Al thereby shm'inrs r ~ b ' e h  aRd1 Ctvo !a 

ht'urthnr, n 0111ftt~~n.nt; tcm~.sr~!tlira ltnr e m  hht? P P O ~ ~ C ~ . F &  

: 'cro@n t h l a  arnph r:nd t'he taklns?ly A l..ffar+ne: oolnrs nc+;rd 

f o r  ~eve$r&?l  canponl?~ons-i. , Fnr t;xnmnle, the- PG'C:~ line* c: .o~orr  

t h e  CWPVBO f w  P ~ ~ X G I ~ C ~ F ~ B  4, 8 ,  6, I R ~ A  8 mff the ootnr~) 

:'L!?.cfi~iZt.~;d ~ t i % f .  rRn'?P . f ~ ( r m  . k ~  b l ~ f i ~ .  



The data isr 92gm7 onn be replotired. Thur 3 . f  th@ tna%t.a 

ai the kvlopea of m y  of the curver R through 8 f~ Chnt of 

nusm I ba reploftoil varaur the wave I.ength, R C U ~ R  

ohnmctcsr?.rstics o f  thf? inffaot of t h e  ntlt!l%ivs! in the nW-  

i o u l w  li.q,utd oryetal (the baee mixture) i e  founi?. Any 

aCher amaunt o f  thnf ~t8dtt; ive in thia l1qul.d arm%nl w 1 1 1  

~ 9 , * m  Fin+WI@p curve o f  Ehfm tvne h.pvlng t h e ?  snne gerssr;r,l 

~ ? \ i ~ f i ? O t ~ x +  m t i ~ 8  f?.@ W ' s  ?nrti cth.rr: Cur.r@r f denCiXia?Ll.m 

3 s ywee?.blc dl'.rbevg3a t!?. I s, :xnA by @.trorl5~!r14 i.:rt't'ion n~ocsr'vtrrss 

qzz??n62';?rt~ e m  w:lacl be x,c?c~?,q~Eard. lhqs s:lm@ 3qFoui8e  

of f o$=mtnniv; ~?;cmClr!.vfl rci;ffor*~nt*ca, aL?n be :cco:nnX.l phoA r ~ b t h  

.rnrn.;r oBhar chaleo2;api.o ?tq*.zi& oryetnl. nnd wlth ?rr.:r other 

neriaas 0% ohcml.c.?Ily r~trnil ..?r rbfi+,ti.i/ea wfth ~ T t n i ' f n s  

no nit ox^ ts ~an$csal.rnhIa nr not poen+hTs, ?rmv@raf.blei 

ds l;ea+or may be mnre rx@oful them. +hoes rhf r ~ v e ~ ~ ~ l f b l e  

syw*cmar. 'fn the tsrcsva?reible rvetsnt ib.tceroet1en o f  tFts 

ahal.alaterlc i ? q t ~ l d  crge1:nI nnO the &nka,wn &our@ brI.n~c44n~ 

rbau6 n pc.r'-tnrr~nt ohrlnqs i n  a r t  iewl nronc~rt tes beanuse, 



Zn any annlyel~ nroeedurca(, ntnn-lnsdl,%~firm f s  nraattced 

%a insure r~praduolh212tg and thnt %he rdnul.ts @nhTaved 

how~-avur, thl.s m a t  ?rrtaly bho aqted so%!~tlt chm?aa iwat?7.tfnf( 

cI.Z1 be @St~f.ht>.tbA Sr the *'trhr?sr l.nf'uc;r,crs. . A d l a o ' t ~  f?"t?ld 

c?.-.n .?$fen$ the AJpoZir ehesncter WS cholnatorol fii?t.!vRGtv63u, 

h i1:anr E ; % ~ ~ Y P R  ! ~ - l ? * ~ l . + r r A  t0 8 ahol.~fl?I1;er?c t 4 ~ 1 1 t d  ~r7mtn3. o m  

chmngr %he nn:tior?. e~m~rwter!,i.ttca. Rr?Atat?m cmr rfPs.ct 

the a21ernir!rt1 ac.neJ; 9:tuta en thercbp prwo~f.Ai.r!~ P d f.fferent 

cb1a2o@*k1:2c! l:gwld clr:!s::,i.l CnW, oonscquentl.y, d l f f c r o n t  

npklofl). proy,srtSc,ierr Y!iw ~1.n~Itr) of f.nc-?dsnce nnfi l;h@ 

cl:txrr?ole.r of light u$aA o m  nlsn b,e s'f.gnifllcnnt. Pol: 

~xrtriple, with nal!qrtp,eff o r  unpolnrl~eb I-it$l-~;izt, Zhtr ncg-.kter- 

in8 mbulnti tn ( 80  pe'lrcrtat) 20 rJ1 clrcul:':rllg dtahrnto r ~ t  

~ .nP$%tiE inci,dtnce, bu% dstsruasee ?a t h e  r~n8I.e oP .C~~~blAeac:.ct 

4.ncrbt:n&:ner T n  7:ny af  l;hc ;:ror~itgnSng tnwl:marirprs no -!dmsaa 

%ha atnndnrd WnP delernined. or but R t94.R~la nnple of 



Pram the far~.cpain@ dirrcurrslan, Asrortptian an8 dntn 

i Z  is evident f h ~ f  the  nrrsant invon$ian onnet.ttutea n unqquc 

&n& highly rff@ative ~nn2yata dlsaovery* f tn  renscttv22y 

o m  ba eom$nred %a that of %th humn name in scope. nnea 

hnvc ehom thot with itl) ohP.nof~ in em~estrn$ion en the -rder 

n f  but a few newt@ ner n21tlm cnn be deCentsAI ns weZT Po 

Chr tn ahnrflatertat io~~ ianmrism r,nd nt!~er aat tahb vnra~t , t  on# 

in chcmScal eitrwrture, St m y  hr noCe4 thp4; qunnCtttra *i' 

otkly- for qunntitrtlvs 8mn?.nsir. Tn tho psc?ct?ce n f  Cht: 

Lnverii:fm it hnr bcon the urual nrnetfcs +;m ure ~hnist 

m e  t o  PO pnrtd 'by aalghf of thn unknmm nap $00 pasts o f  

3 : ~  Llqu,f .na,~ntnl9 %haugh n,thnr re.a.?~ht snt+.os cou24 PPe 

t;,et?i? ,vc an?l. When t i n t  aianeridrred thwt ez Flatemf.nrt?m 

c-rr, bs r~nCIiLy mnaP@ r d S h  7 e ~  minor nnnuate of the ohnX.c~~r, 

.tar&! 1!qui.A crpntnl, %he scrmow ~vnTlnln&w wTth +htrs 



A lwgs Web 4ZapLay eorena 9s nrnvide4 whqah tnc%u&ee 

R i n w r  of l tquld oryatczlline mntertnl of the o h o l o s t e r i ~  

nhslse in  whfch n tennerrtuse Zrnr~c l a  nnnlie4 thereto nacnm- 

lng t o  elrsctrtcnl, infor~nttion bv menns nf l a ~ r r y  alemcmfa 

provided $n tntimnfe anntnat wtth the Zlquid crva th l l ins  

mntartal. The loeeg eleaente m y  be tn the' form af 

r a l ~ l a t l v e  elernenfe 00 nonlinlsnr n h ~ r ~ c t e r + a t t e m .  , 

Referring t n  B1g.lc pr svstem la shnwn includtnlc a? 

8l.apiny acreen ns~ernbly 10. The aarern ne~srnb'lg 10 i a  

naravtde% with n herat *ink 1 Z  on m e  ~ u r f n a s  with nn rsnrscl@- 

to$ temnernture c ~ n t r o l  means 14, The temera turs  aontrol 

mcnne 1 4  oons?ats of rm enclorsure on one surfcce af hart9 

@ink If? wtth mlsr\me f o r  **errnl t t 'n~ flow of n l iqutd rneRlllrn 

eueh eta water over t h r  durfnoe o f  the h w t  sdnk 19. The 

temnernture nf %he water my ha cnntrolled tn the Resf,>@& 

apernl tnr  tcefmsmt~ars* A ther%eeleotr2o tremernt ~ r r e  annBroZ 

r*ayeten m y  be amfi'loirad for  ccmtraltfn(q Bhe nb~rn t l ng  

teiapc3ratura 

The dimplay aerren 10 ts tllumlnat@% w?th a 1,Sp:ha 

snurce !the Rb'WOe m y  be of whfta 31ght or  r00n01 

a h r o n ~ t i o  deflencltnfl nn the n m t 2 c u l ~ r  n n a 2 f o ~ t l ~ .  me 

4I~pLflp on the  aoroen 10 m y  be absarvad by nh nbsrervrss 26. 





m e  dtsptny sarasn r t rua ture  10 is e h m  tn rletaCZ Ln 

2t~erE find 3. Thc rorcen etruatwre 10 tna'ludod n suppar% 

I.e,yer mh*h 3s the hent si.nPr 19. The hent pink 11: i s  COW 

nriftaA of n e;r!tnbte r?"~terl.al ~ o c h  r e  alamtntrm and hnvbp: 

n thfclmese nf ~b?haut 2 C"rr A theranl ba r r i e r  i t r~rnr  PQ i e  

provide& on the @up-ort Xrver 12 rind m.? he n f  n ~?atts,t , ' , ,e 

' t e r l ~ l  euch FLB nolwthvl.eno tnreqhthelrte ?.!a& known unr?cs 

Lhc? t r R U @  name Mylnr* ZhZe fl lm or l.nver 70 m l y  bbe nqnl'ed 

Rnd flocttred t o  the mupnnrt tnyr-r 18 by r al~?tn.bl.e ndhcetve. 

The th?.cknee~! of the  layer  20 is t o  nravidc r thq~.nnl 

h q r ~ t e r  ZnS?cr t o  lrPovtAe n t i m  6cl.n~ In t h e r m l  c~nfluct?on 

from tbs h s s t  aen,eftive saroen t o  the hnnt sfnk 1P so  "e f a  

pravtAa 8 Droner t i n s  onnstnnt fir the etcrscn ~ t r u o t u r s ~  

Fhe inmtert~.l md %bfc?lmens of t h e  lnver PO me9 he vrr+n& 

t o  obtntn tl dealred %Lmh Aalrty. 

A plur~rl . i ty  of: ~leatriainl 'Ly oonducti-re atrlnw PQ ~ h m  

c",s v s ~ t t c ~ l  c o l u m ~  Pra qrnvided m the. lover  PO nnd m y  he 

o f  d sultfible e Z e c t r 9 c ~ " ~ I y  cmduattve m~tc rdn l  euch <*a 

o'lum5num. The condzlattve etr l .ns 22 ehnult! ha n f  Chtek~ 

neac o f  about 130 Rn@artrorna m d  the wtflth of nhouf 400 

mlarona. The ew+ctw between t h e  conrfuctltrar a t r ipa  g!! 

should bf nbnut 130 miarm.. Pnaftionrd rm thc e-nfiirct Zve 

alr, lpa PE is herrtf.nc I.r!.ror 94 nf r :  au? trble l o e ~ $ y  n n . t e r : ~ t .  

Xn the  ~ n o ~ i f t c  emhodtwnt '̂ . rnrafstive mntertcf e!mh "8 

aselenlum. mnm;asatum axIfle or al.urnlaum nx4ae !s ?ravidoA *n 

t'hs 1.ryer P4 Finn hwf.np, r th~.ckmtl%s of 'hnut 35 microne, 



Fhrwna E8 aE the  soreen ,as  t l lun t ra tnd  tn lSiqaf?. Pae3.tl.anad 

on the 'axpolred ~tarfnee of the r e ~ l a t i v e  lnyer 34 n r k  

cloodrtcnl ly  amducttvcs e t r i p s  RB t o  nrovi.de n non-l.%nnrnr 

s e s i a t n r  wf.thln fhc w t t v e  rbrens The reeul t ing 

Btructure conetetfnn r!$ thc cfinfluct've ~Zt~ctsoRes 93 the  

rcebmttve laver P$ and the cmciuctl.ve e'lectrcfle $?8 t s  t n  

nsooi.de %ha. matrix of nm-linsnr rcels t ivn nlencsnts o r  'otlve 

R,FBWD ee* 

A coatfng 30 is ~rrvvided on the  cnnfluctt.vc? n L r C w  FP. 

?tar i t  continuous ~ o n t i n g  nnA mnv be kwr 'of R suit@.bZe bL!'ol?: 

pnin t  auah crs Tn4f.n. fnk t n  nrnvI.de n blr.cR purfroc. A 

Iz~yes 32 of n 1f.qul.d hrys+s l t fnc  ntrter.trl n f  choln@tsric 

phnecs is prbv tdsd  bn the btnck contlnff 30. A sut tnblc  

nnterlnl. f o r  the  l lqui.8 cryatnl.llne 1:-ver F?6 I s  c m i x t n r ~  

Zncludinp: 110 percent by w r t ~ h t  of e h o b e ~ t e . ~ y l  nonmo?tEat 
1 
30 norcent by weight of  oleyl  choleeteryl c~rbnnn te  nnd 10 

nercent by sefght  of aha1seteryp.l henaorts. There *re 

o ther  sutCa.l:)le m ~ t a r i n l e  clnfl mlxtnras t h c t  exhlhlt  the  

c h a n ~ e  in re9lectinfl nronerttea %n raepoarpe t o  hent auch 

ne dasarlbed in  the U*Br Patent J133Q,RS6. 

The condtactfng o t r tns  PB nre connectcA t n  0. m:?tcSlng 

mknber 40 nnd ne, TnA!cnted el~oh o f  thnr connuct tn~  etr'ne 

22 would be aonneote& t o  n e,onnrate ,tsrmlnPrl 4P of the 

trv:i.tohllng devfce 40 ,with ro tor  44 nrovided f o r  nmkfn& 

apmtnot t o  6cZaclCaA tsrmin~~lar Qf?, A airnlLw 8w.rtohZn~ 

assrirastern 80 is ~ r a v i d o d  i n  vrtrloh tem%nr.ln WI! thereof Ere 

annr~eattrd t o  t h e  rnnAtaotlnf s t r l n f s  PR with n rn tor  34 w(?v!Ae& 



Pnr crmneot.lng t a  any of tha denired t a r m t n e l ~  Pil! ~ s l d  

newoctnted strips e8. The r o t o r s  44 -nd %4 Kcl.sn con~waCod. 

t o p s t h e r  throtrrh R s u i t a b l e  current  rorxrce RB an8 pa V Z ~ C O  

eintlrce $Re Tn tnhfo mi?nner, the  necneenry current  en!trce 

Rf3 tend R vedio rnurce $8, Xn t h i r  ?!annrrr the  neoesrr,ry 

cu r r en t  mny he rp?lfetI .rnarosn 0 %elected pct ive  aron Rd GQ 

.nsnvl.de he- t inge 1Yha m i t c h i n e  r tnf ts  40 nnd 60 hp-ve ?men 

shown Re arimnle vioc%:n ! cn l  ewttohinp; nrranncemnts f n r  

canv@nfenee of t 1 lu s tmt i . 0~1  and f t !s untleratnnd i h . n t  ray 

a u t t a h l e  ecrmntng or wctect i tn~ nrrrvnpemnt might he 

uf  4,1tncde The ucnnn, in~ ~mtern f o r  -7 R i a a l ~ y  r:nuld n-sranl.1~ 

r s q ~ l i r e  thr*t lt hc cn.nnhte o f  prav!dtnp a ~ t n n f l m d  t e l e v ~ s ~ , m  

~c$.m. It n l ~ h t  be 6eatrab.ble t o  u . t t l t%e  8. ermnle c:'thocts pay 

tuba a l t h  sp.:cf~l fiberr ont tce  fcce nl.n+.e t o  irnvtfls the 

8en i red  cnn t ro l  elgn-1.e t n  na tun 'e  semfa*nd~~ctnr  flc"vt.al"?a 

o r  &tow Alaohnrge srotechee remociated wlth the  OnnArncl+ve 

s ? l ~ - a n t e  $2 an& E8e Vnrious other  suwttchinlr: devlccs 

m$.ghl bn usen t o  ccmtrnJ, the clarrent flow t h r a u ~ h  R B ~ F U ~ C A  

c!ranar 98. 

In t h e  overat ion of the  nev+oe lehnm Cn Pfee.1, 2, nd 

3, t h e  nat ive  alernkntlr 26 a r e  heated bv cnincl&ant  techr 'quee 

Th@ amblcdnt tempesnturc, of the  ~ ~ R O ~ P V  aareen 10 i a  cnn t ra t l ed  

by $he control, wane 14. The nnlhfent f e m ? e r ~ t ~ z r r  of t h e  

1 lqu-ld c rye tn l  lrst?er SP inlererrctrtsd w f  + h the elo-rcnt PB 

ffir t h t ~  r s n ~ c i f t c  no.tarinl w-111. ha at  J&. Ltpht  Rfrectad 

nntn t h e  Blanlny acscoen 10 from Che v4@wtnR l l p h t  prnurw 10 



n-l21 cciwe thf., sorean 10 t o  look ble.cc t o  the hh,baervnr l R  

tl,uc t o  the Tact tbnt the l.iqht T R  not reflected from 

thc IZguREl cryetnl  iwwr 313 hut Pram the hl.nck cnnt2.n~ SO* 

RI order t o  PZaplrry an irnc-*se, bent nlraat he pnnli.eA t o  thsr 

r'l.er.iontta Rb. Thr hsrbt nr?r be ?wlf.ed n ?Imn rnlisnle 

. i ~ ~ ? ~ ~ t t v k '  hctlvt? ei.c-!elrite 76 nad snec7fianlly the e l e , 3 ~ r ~ t  

7'3 in the bntfo"r row, the rerttch A 0  woulrl be cnnnmcteti t o  

 the^ torrnlnnl RP ne nhown in l g 1 ~ 1 P  nnd the sa ' tch  40 w * ~ n h A  

?I@ oonncctsA t n  t h e  terminn1 49 ne mhmvn t n ' B i ~ . Z ~  A 

ctlsrcnt carremnnndirry: t o  the en!rrce 66 snd t h o  v?dsro 

EIOUPCB wou14 be F~?nt?ad rcresn the element P6. The 

-.xlsssn.t, flowing tn wwf$k $Blot# s@*tan* tha reei.etQve lav.var 74 

4f the e.1e~~1ent et3 antrlA cnufle heating in nacnrAmce wtth the 

n?.?oaat nf' current. 81nee a re;s1~atnnoe of t h o  nrsa 20 

20 non-linenr, the ratto a% nower Pltssi.pf'terl c v l Z 1  ha 1 1 9  

or more. tf the  t~n ipe~a!x~re  of the clementnl w e n  !?ti $8 

rcii~seA t o  n fernncrnlfrre of 33.."IaC. then pr red color vt i 'Ll  

ba saPZccted by th r  eareen 19, n t  r? temnsrntlrrc of  34'6, 

n B~J'ICIPP c b l o r ~  Ftt n ternntprntlu-e af 33.~~0. n &reen ant?is, 

a t  n temperature of ~ 7 ~ 0 .  n blue color nafl n t  n h'lrrhrr 

temnesn.tore the atruat*zrc w l l l  Rntn be blnck t o  the 

obacssver. By tho nmount o f  ths currant flowt the color 

any ba or~titroltc?dr 

ThQn orcl-tsrty of tho aareen 10 I.@ Qllurntrnte& by Ghe 

ourva ahmn i n  i?icrW~ In. t h4v  mnnnes, n color vi.errcl 

imz::re can be rJ.fnp2:yad of cnntmatinn: oolnrs nr by 





controllfnpr the tsmwmture by current Slow, the tmwe ma?? 

be mnAe t o  a -ow i n  R e1ne10 color m an- ths r  color 

b:rrckbround. The nhove Reecsf~t tnn Ca A ~ r ~ c t s d  t9 the rrse 

of R l igh t  nnurco 6 af whfte I l ~ h t r  3f ti mon*ahro*"tfe 

1 r h t  source ?R ileed 9hm r s q n ~ l e  color cnn he obtnfned 

s o  pa t o  n b t n i n  r* hrlghtncaae vwlnt ton  ,nz9thtn e f n ~ l a  

aolnr m h'lnck baclr&rozmd~ 

A tyralcal chnrr.aterlnt2o c?lr.re f a r  the 'non-llnnmr 

roaiatfws element P4 Ee 3221ratrnted in B f ~ ~ 4 .  By?. n t t t t -  

%ctton of  the nan-linacr fievice, one t a  able t 6  insure 

tha t  power wi .11  not he BiarsZprnted in  ndjecent e lments  bnt 

%nrill, he a?plisd ?ern#@ the sZnnlr c?lcwnt where ~~,ah~t .%~:t%al .  

c~nduct"  l t r s  fnunA Rue t n  the Enct Fhrt t ,nrcntsr vol,tnp;e 

t a  npnliril acroes t h e  e i n ~ l e  nl~ment,  rother Ohon the nther 

e l.o>?enta. By prov"t4tng thr  tsmnerntura hnrr" c r  Tr'yever 

20, onen 1.u &Lo t o  aontr!.l. the nmount bd tfme t h c t  the hrnt 

t m n ~ t ?  ts npnliod t o  the Z f q u l A  urvatnlllne Znvrr n?. 

Axthsuflh the s11."r"euted ecnnnCn~ ~ e t h n d  floee hot nmvi.lo 

f o r  n ptorn,ne tync A C B ~ Z F I S * .  I t  4s rtlcom*lsaeil thnt the 

prnp'~esd tllmnlnv vereen fa Tdnptnble! to other a a ~ r m f n ~ ~ :  

@tXucttWea which Cnearparn.tea bnth etnrqfle .%A selectfoe 

era@.. 
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A p ~ l  l en t  ion 8 

This inventirm rnlRatas t o  tsmprmture-asneittvr? v?;.sual 

dtsplny devioee nnd, more oncac.1Zically, re ln lee  t o  Rrrtlys 

of enonpsulnted 32quifl oryatnl  rnntsrtatl whloh i r r ideeoe 

whmever tcamnernture chmges aacur on the nrrsye. 

U p  t o  thta tlme, the u t i l t t g  of c h o t ~ s t e r t c  nleaomxnhr 

i n  tamperature-sensltiw, arvstemr hse balrn effverellr limited 

due t o  n number of rename, the  fol'LowCng nntnta b e b r  plorre 

aP t he  nta%wcld f m l t a i  

(I) tluah systems oantslnlng 8' mtxttxrs of one a r  more 

%ntcaminglsd nreaowlrr~lo onmounda ns rn f i lm Rre aublacf t o  

CP?reLnllln(ltLon QP lnrgs  nrens eii the AesZrcad worktng 

ternlpererturee. %In underirerbl.er crvlrtnlltffntion tonne t o  

cnnabntrate one of the aati.ve mn,tertnl.s a t  each crvaL~lt.%a:?- 

%inn aqte t o  thereby aepnrate it from the other onnmmcnts 

of such R marmomo~~h~~ mtxturcp. ThLllls aampan6nt s s n ~ m t C n n  

~ o ~ ~ l t @  h ( p )  l o s s  o f  nrtsotetmx and eff ic iency i n  color 

ohmpa n t  the dcelred tcmnertura ,  end (b) RnomnZoua ootnr 

oPlWlg6 ~ e $ f . v i t y  h t  other tem=e:,aturss; 

( P )  ne8omorphDhic cbaleatcsrol t ler . lv~tivae nra oirlv l q q u l 4 ~  

a t  m d  nbove t h e i r  meltin8 temesnturar.  When they ~ x f e t  

ner n f i l m  on any sur f*cos ,  the f l l m ,  \asJnp wet, +s nubloct 

t o  in jury  of mnnf tmetses frarn ~ p e i n g ,  and dontnwt n t t h  the  

environment. lluat pncZtole8 nrc nnetly entrnnned by the 

l fquid  nusfrca mA cnn rerve aa unde~f rnh la  n u c l ~ t  fqr 



a r y s t n l l i m t i e n .  Buoh f i l m  fire ~xpoerrd t o  th r  tlhvlrer af  

tmntf$ct with nnv mnterinl tn the v-tcinitye w i t h  r e t e~ t t~mt i  ulf' 

ef9etorgmiartion of the  neeromornh em8 naeslble ohnnpe i n  

t h l a h a a n  In l a d n l i a ~ d  firean, whrah wnuld Alter  the see?mi@a 

of t h e  arutrm: on4 

($1 *he sub j r c t  wet-film mssamornhl a wystsrna a re  

arrone t o  nnomntoue aolor ohnnlra b~hPrv4or unon t h r  ?vent 

of only sZi@~t, contaminntion of the  8vstc.m by vnslauu 

aol>ntre. Thia c~n tnminn t tm Can CmRe t r t P e ~ c e n c ~ l  by l t -  

@el f  at n qlven tampsrotum not n th~mi . r r  nsnnc+s*+etl w f t h  

t h e  vtelff of oolnr tn tths film ~eneraIEy,  or it c m  nr-Auce 

l@!r~?d a h i f t s  Zn t h e  onlor nrrUuofnp: temprratutrc, e f the r  

h*p;herr or lower. 

The present inventton arbviffee f o r  the i ~ ~ n l ~ d f m  md 

rlrotcotion of these thbherrnotroaTc liq?rltlm ne Urnplets np 

tht. eoren fit mfnute tsnnennrent-wnll@8 cnnnulaia, "nil t A e  

Pb3tptributInn of thee8 c~ngUlrl) l n  R fl2nrlflyer nntc m 

a'hjtable ~ u b ~ t m t e  fnx uLna a* R t e r n n ~ r a t ~ r e  aenetnp ~ c r . " c e r  

Thusr ncaordin(zr t o  the invention, thcre 1s n s o v l a ~ 8  

n vlsunl tlfern'Lny &@vice corns s ie tn~r:  FI suhrstrnte @ncfeE) w+th 

ar mnaae of minute capsule@ @$.oh h n v i n ~  a ltquiff nualrue 

fnfnoludtnrr: m e  orq marc rnaterinle o~at tb le  of nssuming r' cho1.e~- 

t e r i a  meeonhnae Zn nsetlatarmin~d temperntura scmr+e, @nld  

nua ln l~e  betnn retatnetl by n cnnsule w n l l  mntrr in l  wh;eh 

txlznslmit~ l Z & t  fncinant on R raf lsated inam the a n a ~ u l a  

o n n t ~ n t n .  



By the  t a m  "Minute" tt 'ta ntcnnt t h a t  the  anpeulals 

rcnnfle f rom 1 mibron ba BOO0 miaronm i n  nvei-are RSnlerafcM, 

h e t n ~  of ~ u c h  amr.12 rstw nca to nlnke the  inil ivif l~rnl mnnuPc?- 

ctrzre thereof tmpoealble af tmprnctlcnhls. 

It shoulff be unAcrstnad t h a t  the  caosulc ~ roAua t  of thb 

fnvention om be RtOn4ned by m y  lauttable encnnaulntinn 

frchnique whfch $8 cmnnblr?. ~f -ro0uctnp cnveulem af the 

required smhll titmenctlons* The f i n a l  form,of the o n * r ~ u b r  

mr te r in l  t o  bt? cnntod ? P  n r c i e r ~ b l y  ten- to-f i f tpm%crm 

anpetalem, but it hne been found Chnt my s l ~ e  of cnneulc's 

a m  be surllcembftallg u t i l t aed ,  the lramer cnncnuleca only 

mhnwtng a aacrea~red &spree 0% vtsunl  ror?a lu t lm when ~ ~ s d  

i n  sb dnta d%wglay ey~ tcm* EnaavanruZnteA m@aomor?k&to- 

ah!:mnound f i l m  Lnysre mnenr t o  be f r e e  of the, heretofbrs,  

l imf t inp  8iandavltnge@ nesnc?.rted mt.th f xnnesd cnntinuoua 

wet fflm of the mnt;erinle. Lnvrre cas t  from nn nquarouier 

atlurry of the  nnclhprsulntrd mntarinl nnd dried ere, d r y  t o  

t h c  touch, snrcs rc?lnttvaly unaffectefl by briicrhtnp: contnat 

wt th  f o r e l m  hndicre* are e u b ~ t m t l n l l y  Immune t o  ea lu te  

sontnmtntnntiim, End nra, n6t erubjrct t a  mvid d e t e r i o r n t t m  

by s ~ l a o t i v e  e rvs tn lk l r r t i an  on cnntnmln~ttnfl fo re¶@ 

bnaiesg n n d ,  i n  ancse~ where arvetn21nanCiom does banin, 

tt S~cr stonnet? from further nssnwtes flavelopmmt by Ohs 

boun8nry of R CRDLVUIB w n l l .  

l k ~ r  Invention nlara nrnvides f o r  t h e  diattrtbudian +in 

ewah n f llm-laver of mfxed cmnaultre RiettnnuSshad by thc' 's 







ms0ha6, the  cncmauln-te4, temperature-rerwmetve mpterinla 

e m  be utiarc& ns n l lqutd s lurry,  the color chnnee mhcn* 

nenon rernntni,n.np; the o w e  ns rtth the flrttpd fllm r?ntcp$~al, 

Big* i n  ?a Znteniled t o  sewresent thc cepsulc oont2nr: :-l: a 

tsmnerntlrse a'bo1.e o r  b e t w  tha t  whlch in req?.i?ren fo r  tho 

co1.n.r cchnnpra r f f a c t  ni the nlraornornhiq w t c r r i n t ,  ~ ~ : h f l e  

e"ig*lb is tntendod t o  tenreoent the smtw ccrrnwul~ cnr- t f .n~ 

~ v i f h h  t h e  temna*anture! rdvlne of the color c h m m  ef l r c f .  

Tho oroar-hntch%n.nrt of the cnnrulera .in F18.lb is !me# cm2p 

t o  rlegiot, n color chnnt:a nnd not t o  wucoest nartf,rulnr 

calora. Cnpwul.ee hrvinn an Tvtlraee Atnmetsr nf F( t o  

1,000 mtcrmls or ncrhnne s l i g h t l y  Xweer era be tread ffir 

t h e  ocntingg and me onne?.rIs l n ~ ? a r  or a numhrr o f  aunor- 

impneed lnyerw cra he uend, A@nendinfl upon cond?ttcms "nd 

rsqnlranlcnts i-Z the Intended cnntin& a.rn11cn.t!onr ntffezal)cnC 

nreF.8 of the  mame surfvoc! mny rontnin A.lfferent kInne n f  

cnpeulea* Pf#sr i n  afnR l b  ~hfiw 8 nollorsR l.cyar 3 on the 

?.rnae 1, the use nf  wh?ch f o  enttoanl. 

P1ffurras P Rnd 3 l l l e e t r a t e  thr  l r m  02 P n l s n l ~ y  ~ ~ s e o n  

4 cornnrtetnfl R c ~ a t t n y  of F R P R U ~ E ~  cont~tntnfn~! but an@  vete em 

O f  aholostoric m ~ t e t i r l ,  whtch has been conted onto P ertab- 

etrm"; O f  ~ e l f - s ~ # ~ ~ ~ ~ o r t Z n ~  materiel. An mfr r red  ennrgv mcltrce 

b 2s dtrooted nC the? dj.eplsy sheet  Rnd t rp  cr\ntrolled by n 

n"l.fnoil 8.  Xnfrnred ray@ lKhtch m e e  the s + m a t l  B nre 

R.bvar%csd nn the  f l lepl~p.  noreen 4 nlzd thereby r a i s e  the 

Barnen surfnae ternnernt.nre In such a mnnnstr 8s t o  caunc n 



e o l o ~  cchnfe h n v i n ~  mn outl ine e i m i l ~ r  in shrrpe t o  thc 

Eltencil cut-out. In PiR.3, the enonneulntrd mntertnt 

has bean cnnted onto R dlsp l t~v  ecrsen ~ u b ~ t r n t e  7 which hro 

tho scme oolfir and texture ne the unheated, encansulr?tall 

m ~ : % e r l n l ~  AR tnfrfirefl FGVR P . T ~  Prectefl  Prom an c\nrrr;ll?r 

s.-trroe 8 In n ha?m, thsownh tho focuein(r; I.cne swtam B 

nrovitled, the cnnsulra i n  the henm-impme nren r ra  v:r'rrw&, 

cn~ar~lng the  rhnsncttarl~ti.ca ZrlRrkscenc~ nnA vcraunl ~nne:?k~nce  

of the imnne. Of eourac., I t  i a  unflerstnot? 'n t h r t  any 

npvraartnta! Ftource o f  tnarp;y can he risen In the s reo t t ce  

06' Chflr invention, heat lnmnr br ine ahoorn Zn t h e  P f ~ u r a e  

only a,# F( cnncreaient mnnna of dc?.pfct tn~ nn snerp;p source. 

Figuras 4 8  md 4b ;bilustrnts the brnctics of th?a 

invention rs@ c ?  A.1.rcct renrYinr(%tmaernture d.1,~pllay devias 10 
, 

employing more than one rernonslve syra"em. Thr dnvtar her, 2 
, i 

,../ CfirEted on Its front  surfnce, tndrQI:vfAunlly rrosnnnatve Llfferp. 

oi" ~ncnnauln.ted meaomorphCc mnterlnlr, ench i m e r  batn ., 

rbpplled in the  a ~ r t l i n r  of tho numarnls whrch rrprescsnt the  

.t;emnernture a t  whl.ch the  lv.yer undernnea P. color chnn*ve, JC~ '  
,/,- 

/ 
F f f f s .  4?&, the ~ t ~ r f  fief h w  hneorbefl l.nfrmrcd rnPtotion ~ r n J  t.td 

from eourcar ii of mn amount requrred t o  brine the 

of the  crznaruten up f a  about 25 t9cpRrec.a* the 
, 

wt~fch colar ch.mce occure i n  the ( f  i r r t )  o1ztl2ne lnyer of 

nbanornttm 4a P vtsunl lnfltcntion of thc surfncr Lemnerenturae ' 



Xn Xltg*Qb, more mdtnt lon  hn8,bhen .?haorbed, and the temera- 

t u r e  of t h e ' , f f , r s t  kfnd has been r n i ~ e d  above the c o l o r ~ t t o n  

temperature n f  tht'. i l r e t  ktn4 of encnmulr*r:sd mbtsrinl an4 

:.ip t o  the c o l o ~ ~ n t t o n  tomnt?~~~twre 04 .o B P C O X I ~  !4nd af 

mrrterttrl in  nnnthstn 1.nyer representen by '3" and "O"-r 

The? reprult, n@ ashrawn, i@ 8lsnppenrnnce of tho numrm'aoE8" 

and aubecquent nppen.ronce 04 the numernle "30" n dJrec% 

tonverntuse in82c., t ion csernlod by t b ~  ae la t  f, em nnd -rcnrbm- 

t i o n  nP fltffercnt av-rne wd.Fh nnnroarlate nncr.peulfited mca- 

morphia m8.t  er inls .  

Ff .~urcs  b f l l ~ z a t r r t e a  n fur ther  ns+wct of t h 3 ~  i.n~,r@.?tlon 

i n  the use of ttncaprrulntt?d mesomnrhS.o mterinls fo r  n ~ t n  

rll.aaptnjr. Crlpaules a re  rn,rteR onto R Rlas-lay ahpet I f ?  ~ v l d  

dt@nlny chn.moters w e  enuaed i;o flq?enr by ooncnct wtth o r  

proxim~t;el.y $0 h wacmad ehnraater, ~ u c h  an erllbe~~e:il tmyne 
13r There can he nrenm-ed, by qrnpsr selatt;l.on of mtmw 

morphia ~yat . rm,  aens3,nR Asvl~si, nnd O i r ~ l n y  flsvtaes vih'ich 

ye l td  the r r  v l ~ u n l  oollcll. ndvant nt demerntvrrc 1 .ev~Ia 

cannideralsl.~ &hove or  balm rham tanrpcsrnturo* 

IrPP) p;rcma oS ne3.d-extrnc.tsd ptglskln ~ e l n t i n ,  hnv!.nr? n 

Bloom n t r ~ n g t h  of R88 tfi 305 Emma an4 nn f sos l sc t r ?a  nodnd 

of pH 8-9, nnd 1.25 i r ~ ~ i a a  of gum kamhic, ware cs t f r rsd  v+Oh 

183 Ernma nf f l l s t i l l c d  water nt SR dearsem Csntinr-4s in 

n Wr~mtng Rlsndnr t o  yield a ~ a l i ~ t t n h ,  whlah wns rhaut nN 4.5. 



When tho eolut$.cn~ wars formsd, the. pH wne ~Alueted. to 6.0 

by %he Arap-by-drop addit ion of PO percent by wetght, 

nqueaus ~aFlium hyflrcixide solution. 'Po the above aptem 

nrta nddeA n aalut ion of P prama of chaleetcsryl prnpfonnte 

i n  R grklrne of chaleetaryl  oleate.  The choleeterol. 8er.l- 

vnbi oe! mntertnls wcrc smu1~f.f icU In the Wr.ring Blsndar 

vearel  t o  ~n fivernee droplet  ~ P n n  a?f 10 t o  5 ' )  microne, md 

t h e  BA of t h ~  nfratam WRR ~ l w I y  F R ~ U C ~ ~  by t h e  dromt@a 

addi t ion  of I 4  nera?c'ntf(, by welflht, rqueo?m ncs t i c  no t d  

~ePutlon, Andition of ncctfl wne cmttnued rmtt.1 the' a t n ~ l e ,  

t l q u t n  wlZefl, onb~uZersl r l ~ a ~ t s r e d  t o  form n.?rwegntcr h'vj.ng 

d?.ameters af rbout P8 t o  3.00 microns. A t  t h f  a f inn1 P$%.,, 

thch ayetern aH am nhout 5. 

The! e n t i r e  Ztqrrf.d wsra then chi l led w?th nn tea  brrth 

t o  below 10 UeKreea Cent'l~snne, while the ngitntfcin a.fl$ 

Cnlatintaed. A t  1.0 clsflteeB Canttflrnde, 0.6 m i l l i l f . t e r  o f  n 

28 nercent, beg w ~ i g h t ,  RQUROUU ~~ol11tZ13h of sk 1)1centnn~tlJ..~~, 

r. chcmto@.l hnrPcninF: ncent f o r  the rq?lmttn~, wnsl n(t4eA t o  

t h ~  Blendnr vesnel, find the spctam war et4rrerl f o r  mhol~t 

12 haura vshiZe elowly returntng t o  room tempcrrnture. hC 

thc  end of  thnt time, thc cn,nwule w e l l @  wrra f i r m  find tre-J?L: 

dened, and t h e  cnpsulnr plvwcern wnr aourad Chrntaflh r! &.re ' i ,  

rraah aisva h n v i n ~  opentngr? of '74 miarnns. T h g t  wll~ch 

pFealaU the mcreen wr.0 sa1tnhl.s for  c n t l n ~  the fntenfletl 

aubetmte.  CRnnctdee, nimg r q t h  the ecpilihrium l tqu t4  

which anered thr*u,~h the nieve were cnn.teA, ustnnrr R 4 r w d m  



~ n n l i o n t a r ,  t o  a wet Chickneem of more thpn Z but teen 

than 10 m i l s  mtn P bXn~kensU, 5 ail-thfck, r + o l y t r t h ~ l c n e  

thsreghthnlnte f t l m  mund t h ~ n  were Arled f n  *ir n t  about $36 

Aevtwe Cent*btrr?be* If t c q e r n t u r e  waa rtlieeal a t  n aoint  

nn the  a-atad ;fiysr, emeentP1,o pinpe r n d r e w n t l n ~  n tan- 

pernture ~ra td ten t  nl3ttern annenreR autwardlv from a eerternl 

r9ng of blur,  thence aneatral.l;V in order throueh red, r's 

tlio tennecnture ~ r n a i e n t  Ueorenared. ds the ternel-fituse 

nl the pntnt w ~ s  incroreed o r  dcarenec(!, t k e  ~ P f c a t  wna 

cvtAencs4 by sxnfrnaion or cmtrs5ction of the  r i . np .  The 

cagalea Of Examla f r  PPret exhibite4 the nen~8aoh~11le 0016r 

rc~Cion trannt t ion  a t  sihorit f?R daflrsos Centlgrnne nnd UOR.- 

tEn\ie& $0 about 28 t o  31) deqraea CentP~rslds. Srateme n f  

ad)! cent expanding mi? controctYns~ r t n m  interwoteund, *nO 

Cine reeultnnt color ov. a F funetfon of thr' t emesa ture  fif 

n t-iven area. 

ma encnnreu'letton praecae n f  t h ' s  exnmnle 48 ~ ~ d e n t t c n l  

wffh Ghnt of Example T. exacrat th*C undlfferent mtxtur~.  n f  

aho'l@nf sml dartvnf %ve$ w n r  smnloyed* Xn t h i s  exnmnla, 

tha  ohol.eeferic maaosorohle mnterinle were R nrams or 

ohalersteryl. proplonnte nnd 6 Rrnrne of eholeeteryl monnno+tsl 

t bc i .uh~t f tu ted  for the o h a l c ~ t e r v l  nron?onnte on8 

oh&m*yu mnnd t rans  %t ion  te lapr~atures ,  t h3  a e~ratnm b@h$tved 

much l tke  the s!ra.t;sm af Xxnnnle J., t he  nrnnnrttnnar hr$nn 



se l ec t ed  wtth t h e  end i n  vlew of' mnkin.nfl t h e  b ~ h n v f a r  RP 

Chn @vatern a l i ( ~ n e d  with ardtnary  l i v i n ~  snvfronrnant tem- 

parmtmrel, ns whe RLPO the  ohieotf-re of Ex~tllnlb 1. 

F:xa?mpte PIX. 

I n  t h l ~  exnmple, two d t f f s r a n t  oholcs terol  Osr.lv*:"ve 

al.xturer ware sens rn tc ty  ancnp~ulnt@tl  by the ~a thnA a ~ ~ ~ ~ f b e t ?  

%xi l?xnrn~le T., nnR the  cnneulea were  cnPttrFt3, na a mixttxro, 

onto  r! hlnckened suhntrnte  f t 1 1 m .  The oholeatmrCo meam- 

a rnh i c  m i x l ~ n ~ e a  wera (t.) cstsyl oholeertergl. cnrbonnte 

et.?slc?~te,r!yl. nan&man.to tn a on@-to-one rat 1.6, nnA '(b) O l ~ y l  

cha l ce t e ry l  cnrbmn,te mi3 aha t c s t c ry l  nnnmuznntb ?n  er me- 

t a - th r se  r a t l o ,  rer?act ivaly ,  Mn,xirn~zm recnonss t n  tne3fl~nt 

l i g h t  ( a t r m n  i n  $800 8 .  oomnonnntr) wrs a t  34.5 dcrflsaos 

Centtgrade tn one ayfftem (n)  nnd n t  4Br8 Aeflrees C e n t t ~ m d e  

Zn t h e  o thar  system (b). 

Thn ofaunl s4ft"ect af such s contad mtaturo af  ~ l ? n f l ~ % @ #  

v:ns m ~ o h  the eame ns t h a t  of t h e  prevlota~ oxrmpler, cxccpt 

t h a t  the, tridesacsnoc' ooc~mrcrd in two sequt2ncer t,e~innindf 

ti% two AlfParent tctmpo~ntures. Tn .nfnrm.fnn: a t e s t  pain% 

nn Chc coer;ed ln?ror, the first Aeqilenee nf c m r e a t r t c  r 'nr te  

of co lo r  sppsrrrer? clrclimr? the  pntnt  of hea t  n-pltcnt!on. 

Eh@n t h e  spot  an the  tented laver  wpla f u r t h s r  heaten c7:m.e 

t h e  f t r ~ t  co lor  ?rnEluclnn Lenmortttczre hut  b a l m  t h e  ao2rl: 

nrnducdnp tan-arwtrrrt! of the ~c!ornd enann~u?a ted  r n n t e ~ i ~ l ,  

%he t e s t  point  n~a . l n  avn6:cred bl.r*clr ~ 7 t h .  only n rlnp 



of  co lor  r e m ~ i n i n ~ ,  a t  the time, a f ixed flfetnnce fxom the  

oentlsr of bent aovrct,  due t o  the  s t n t i a  tsmarntcrre R r m r  

A1ent. Unnn fu r the r  h~nt lncr  of t h e  tarst ?oi.nt m the cant- 

ed lnsor,  n eecond a e t  of co lor  r f n m  h ~ F n n  t n  "r)nrnr .?nd 

move outwarrlly, h u t  never ronchccl the  f l r e t  r ? n ~ r , p + v t n , c  

r i s e  t o  :, vtmunl tndtcPt.im nf the  temnnrntrrre ntdero 

8 l f . f a ren t  loctatlann on the  coated o~abe tmts .  E;o wnah f o r  

nntl.nt nnnllcnt9.m of' ?lent. When Chr cnrteA 811hst;mto 

f t lm,  is a whole, w c ! ~  hfinted, tho f i l m  r e f l eo t edTchrn~Pnp  

co lo r s ,  not  t n  r t nns ,  hut fill river c a l n r ~  first nlncorlng 

Aucs t o  m e  encnpslul!:t,ted mqterinl,  the  i t l m  en-cinrin~ hl..nc?r 

for c. time n t  ternperntnrc.~ tntermefftnte to the d i f f e r m e  

cnlas producfny: temparaturee. The color c h m ~ e s  nn*r:Pstrd 

5n revarpe nz.rler on cooltn~ny, the f t . 1 ~ .  tP ce:.naulea ~f 

8 tl; ' iarent o h 0 2 ~ a ~ t s r t c  mceomornhle mnterifllr~ which have n-rasr- 

Ir.ipolnp; oalor-ahnn?@ tea~porature rannee fire cnmhlned, than 

t h ~  rcf looted od ln~*e  wl .11  be combine'd t o  t l l t e r  fhc' v.l@11al 

wnpcpnr'nnre, dependhr? on the  r e l a t i o n  o f  tb* t l l f f s r en t  

retsponnres an8 the  resnloti .on of the  cnnnul .?~ s'imtern. hs 

?".tacos~reA nr@viaanly, emrrZZcr cnn~ulc r ,  vfe ld  evnter~s vfth 

h Cnher rarr?ollltton. 



The nraeent i n  rentfan re la ter ,  t o  n mthnd f o r  sennmt-  

In% a\. po1ych ram~t . l~  lirht berm i n t o  two o r  mnre svnasfl 

oufput  berms, ench camprts t .n~ m e  o r  more of the  r~momclat 

h t g h t  frequrncfea nf t h e  n r iq lnn l  nnlvchranthtl .~ l i ~ h t  brm. 

In &xccordtance wpvtth the fnwnt f  on o mul.tifrequency L i rh t  

~~t?~ePl?n~ . t ;h@~ p o l n r i s - t i o n  con t ro l  .?eflne f n r  o s 1 e n t f . n ~  

t h e  nnlnrini ' t ton pl.~.nnc of a t  l ~ a e t  one ?f the wnvr.?.snrt*hg 

plrrpenrttoulPr t o  the p o ' l p ~ i a ~ t t m  plane nP t h e  other sf .va- 

Zentrtha narnenClfoun1nr t@ the  wtrr i-nt lm ~ 1 0 ~ 1 0  of the 

~ t h e r  nrrvelcsnflth~, an& beam e n l f t t d n ~  mepar ndnn*ctd t o  

e s p n m t a  w ~ v v l m ~ t h e  hnvinr m t ~ f % x n l t )  nclrnenfIfo'~2nr ?nI,*r%- 

a* ?ion plfi.nn~sr t n t o  rpn t  inX1.y senrre1;ed l f g h t  outairta. .. 
A palar irwt2an cnntro'l nnnnrnf~.rc. whtch mnv be ~xesd f.e 

r..'Pha He.v.tcch shcm i n  Figure R annb2en n ein?le 

Light frequoney t o  he chnnred in $.fa po l f i , r . l ~n t im  d?rebl i im 

auch that ilt w t t l  be ocrpand!culnr to the reanintnn; l.Cc?h-ht 

f.rc:.quencl.ss t n  rr palyohralnntio liprht henrn. The n ~ v l e o  

eonerj.srte r t f  n t r @ . n ~ p @ r e n t  vl.le o r  c e l l  9R f i l l g f i  w!.th a 

l i q u i d  c rve tn l  matexla1 14r A f2.rist a l ~ o t r o d a  ~ ~ . t r  IB rtnd 

78 is eccured t o  thv c e l l  nnfi 1. ronnectcarl t a  n. so~;r;-ce nf 





htgh p a t e n t t n l  819 by mem8 f o  the mw,,teh 90. If  R va2Ca~e 

i e  a p ~ l t e d  t o  D i i ~ a t  e lec t rode  pr4.r 76 End '18 by c l a s u r ~  e f  

t h e  awltoh 80, as ehnwn 9.n PC!~.B; the  motecuZ~s of t hn t  

ltlqu-ld c r y s t n l  mnterinl, w i l l  hlilc;n in ,the dirrct2on. af the  

c t r s c t ~ t o  TZoZtl, na s h m  i n  by ths arrow, whlch ?.a pernen- 

ndculnr t o  the  'Liqht: Alr~utim. Qimt m01~cutea 051 olnngcten 

n2;s'mcture a f t &  exhib7.t h9.refrl.n~once I P thev form 8 

.rtoroaco-to ~truct l . t . ra  *nmn '"R llg!,~ttl crlrmtnle. The ont?u 

ax%@ of a*xh  l . iq81  8 cr?rsl n2s cotnaidas w f t h  t h e  elm,nrtn.tad 

?.xi8 nf t i r 6 .  rnolecnles. F8:-bny ktnde o f  R U P ~  iqol.tirp11.e~ l?":ye 

n conw4darnble dlnaln vnannt which n t ~ k e ~  them rllm, i n  nn 

exturnc.ll c l u c t r i a n l  f9eld. This nronerty i e  mt?e ues of 

In the  c e l l  of Btu.  3.. 

ordinr 'ry on8 the  csrtrfiarcllnnry ray  nrhlch her v o l n r i a ~ t t i m  

rat;!ted 90' wi th  respect  t o  the  ord3nnrv rny. Both hnve 

t h e  Raine Bf.rectian, but d t f fe rnn t  erpancl thua Re t t i n r  out j 
i 

I,: ., 
o f  ~)hatro~ Upon racombbmtian, t h ? ~  rrhnse a h i f t  cnusee, ,: 

i n  penernl,  an a l l i p t i e  p a l r r t w t i o n  ~ t n t e .  Due t o  t h e  ! 

d f e p a r a i m  raf the  l.ntl?ecs nf r c f r ro t i on ,  tho ro tn l  nh-08 " 

AlCfercmcea: In tb ce l l  rsf ~ f v e n  Z e n ~ t h ,  Aevnnila on the  

l i lght  wiweZenflthrsr There cnn Plwnym hn found n innqth 

?if %3e cell. whoreby n t  l e n ~ t ;  one wmvelcngth i n  nolnr imd 

pernendl.culnr t o  a.11 ofhsr  wnv~.lennthe u?nn Za~~vlnp  thv 

cc?llr if i n  Pig.!! l a  th*, v o Z t ~ p  ts flpalled t o  tho srrhmd 



p a i r  of clccttodes 84 m d  B6,idstenU of t o  the e l~ot rnc?@s 

78 m d  70, t h ~  t tqvln a rys tn l  a o l c c u l ~ a  w 2 1 1  r l i m  p ~ r n l l e l  

Go the  light; benut. This i.8 n m  the dtrectIon of thv  fwttca 

rjxle nnnd therefore, no bCrefrin~ence occurs. A l l  Inht QP 

vrhnhever wavelength now -nPscs wlthout chnnp~ of i t s  

nol~lr isnt2on stat@* 

Thc tiffact of n~.;.ttt.nr: sevetr?l. such callm In aer iee  

lcatda t;u n bfnnnry ~ r l e c ' t i o n  rula l o r  t h o  do?.nr?w.ttm 

Atscctffrrr of the wc.vel.eng,th qna~fng the, E1~vJco. To 

c;tn,te oS e\ cal.P1 t h a t  1s when the mnlccu7.a~ o rZon tp t i a  

%n t h e  cell ( the  tarmw in the  eAlnnram) Es tn  n &irec t iou~ 

pcrpenftioulsr t a  the? liflht heam, w i l l  he f lcatm,tc~f l  R Q  

"3" nnd the  a tntb n t  whfeh it 1.8 nonbirefri.ncnnt w i l l  

h e  dmtp,nnfed as -0". 'Phnt any we e m  l I e t  the 

no%rible  ~ o L f ? r i s n t i m  aomh+nntfma sccorU"n~ t o  the ae'll 

e'tekes. %it? is donr i n  the Tpble. 

An one e i s s  from l;k T n b b  the n1tmb:r -P combln'~l;f.ova 

of polcriantion dirc?etians whf.ch can be rchqevad by t h r m  

nj: Ihs  deecrl.bed 1igutl.d cryetnl. 0~11s i e  e?-ght. Th?.s 48 

t r u d  f o r  four ltc;ht r r v r l e n ~ t b e ,  uwttchcd Co two mutual 

pnmenflivrlltr nolnr2a~!tion airectiona. Rowever, wfxtom 

8ti'fersn.t eomhinfit'tclne m.y be nbth?nad by the nddttqnn C" 

the. aymtcm of three reller of nn t lctctroonlicnl switoh 103 

vlhlch t e  ~ahronnClc, tcrlwttoh any n o l n r l ~ n t i o n  e tn te  to 

Its ver?endlcnlar Afsectlnn. Such n A . * R ~ P " I  1s e l ' m  in Ftp.61 



The l t ~ h t  wnwlmp.th enter Ce'12- 

2 all. wt th  tho sPme llnnsr nolpr.l~ptim dfrc'ct?on. 

Cell - 1 Cell-l! Call - 3 RarrlZt 



3n onffe where @qx i l ~ h t  Preqnenclcs are t o  be conLr*lteA 

I n  the  earnlta way, one wnu1.A ncLed f i v e  c c l l e  almilr7r t o  t he  

c e l l  ahown i n  p?rq.R, the f u n c t i m e  nf tho c ~ l l a r  bet in^ nncala~our 

number nf combtnnttona t o  $4. Xn qencmf a w v e l ~ n g t h s  
n-1 

req~a.l.re n-1 o e l l e  tr, w r f n ~ r n  the m-ximum nuvbcr o f  %! 

AZlfalrmt wc-wlednrth cnrnbinntlorra 9n the  two mutunlly 

'Ilhn 4c:vCocl s l k m w ~ t  Zn P.t.8.I conr,leta o f  e l e c t r f o  PfeLA 

cont ro l l ed  lf.qu%d er!y.aC~I. c e l l s  tn oombl.nntlon wtth bnnm 

o p l l t t J , n ~  rnernw whfch sen"m.fe l t & t  heerne recnpdlnp t o  

*;l:e.lr p o l r - r t ~ ~ ? t t m  Aircrotton. Tn the  exnnmla ahmn by 

i.*t~s,.l four LEght fr??qu@acien nre u ~ c d  rwQ the  5cvo atr.'?es 

a i  the  Aavics ~ i v e  faur ao2rrut heeras. 

The cella.u8ed fnr the n o l n r i ~ n t t o n  emtrdrl  %OR, 104, 106 

138, XiO,  l $ P ,  X Z 4  find 116 are enoh a c e l l  ne haler h e n  Aaa- 

orZbad above wi*tR rrf'ercnce t o  P i ~ . 3 .  The cnnihtnn.tl.on nf 

Pofrr @ e l l @  ' a  s-lmf',f*r t o  the nrrhnnemen t shmn  in F 1 . ~ . 6  

h u t  ntth the el.sotro-optl.ar.1 m i t e h  100 of B447.8 hetng rcn2nce8 

by Saarth o a l l  whtotl vtnuld qqve t o  R l l  w . l w l e n ~ t h ~  n. nhncaa 

el?!ft  of 90' if ~ ~ m l t o h e %  t o  a t a t e  ."Iw. Thua, %f sw?tchr?fl 

i 0  '1' cc?il 108 mnkeas %he n a l ~ r t z n t t c m  dirclot3nn '-f t h r  



l i&ht  w. mlcsnnth pcsmenilf cu1.n~ t o  a l l  others, the cc'!.l 

i O 4  nnkee the -col-lric!\tton flireatton o f  the l i ~ h t  wqve 

parnendiculnr t o  rill. nl!lr.rr, o c l l  106 mrvkea the 001-ri- 

~rtt lan Aireatinn o f  the % i . ~ h , t  wcrvo anrasndZculnr to 

cP1 othefra nnd cell 108 mnktls a l l  wnvelnafltha t o  chnnc?e 
a theis  oal:7.rl.srtCan d<.reot?m by 90 . 



m l a  $nvmtl.m in.volves c. ns.thn8 QE cxanlyiny! l . l q u f d  

cs'!rst~il irpl.C~rCnle t o  a ouxinoe t o  be teetcd for dlecont?nui.tins, 

Tea3 arena on thl'. susfr%ee nra baf?nrd through uttl.iw?tCon of 

8 hollow, loop-foraing t u b u l ~ z  mnmbar t h r o u ~ h  whr ch vr*e?.mm 

?s ngatied, r n d  whfcka pmducss n i:hormrrlly reennnrrivcr- oontnct 

between the crgetnX hatHln@ ~ediurn ~ n d  the surfnue wit.h.tn 

the t c e t  !'sen. 

A flllecxibls *3~v~?l.?cnticm device 11ne heen 8evfetrt.l nntl .te 

n h o ~ n  in P i g . 1  fa nn e Z Z f b t ? ~ ~ l  vr!em wherei.n rz hrrm 24 ' 0  

joined at  poalnt 37 and i.ermnncsrt2s hondod (ctmnrated) bn 

l n r m  81 hol2nw tatbultrs ahn?rad member 14 e8.1.rr7bZe of hefnp: 

nh~"~peA in 4 if Permit aonS ' l~u~~ot . lone~  Ty*lncr.l mnterinle 

usod f o r  thin  f ~ f ' w !  been p ~ l y v l n ~ l d ,  rubher md T.vp:an. 

A m ~ l f f p l i c l ; ~  o f  hales 16 are made on %the inalde airaltrn 

ference of  the hollow rncsoibcr ( r i n ~ ) .  A t  lancr* me nf tn t  

n?ctning 1% ecrnnhte at' he inp  &d@nZ;e?d t o  f i t '  fnto vnauttm 

a:ra?telas is !.neiir'l;e.d i n t o  the mernbrr 14. The hose is 

.rrz!saotbXed tra cm t o  'Ikelude auff%ctnnt wen wtthln its 

a%faurnference $0 enable ndcqum::e teetl.nn t o  done v!'i,thfn 

t h  l .br daf  inad osczn. 

fn Pdg.2, the member-14 + @  placed on tha obfect 10 

Lo  be tslstea r.nA cnnncoted with mouum drnwtn~ meann (nnt 

nhmn) at the r ) f t o t  c.?t.ninfi 10 RB thnt nfr  18 evacuatcil 



FIG. 5 



,thrau#h the  opentnes I R  Znsida the tnnar c+.rcu*tPsrenca 

o f  the  membsr 140 %ereniter  n t  1 e n ~ t  me ~ n l l n  f i l m  

Zn??er 19 sul.fably eontad wC%h R eelacted cholesbsrtc 

wnatlZum PO i a  pli:cea unon the member 14, the  top nf wh!& 

hnar Shereon n bonUin-; PEartt PI such .s nanlhcsstve tape* 

Z.1; 1.a a l s o  po~afbbto t n  h ~ v e  n ratnfatnr! hoop ?lace& n m r  

the; Pilm lryar. Xn Ptg. e, nu n vraouum is a rm,  filn, 

I:, i e c  Rrfiwn tnrrard i n  the mCadl~;j r s ~ I a n  of the m a n  

d e f  %ne6 by the ef~cunl.terence nf: the mmbsr 'id. f.;vent~.rnl-ly 

:::@ more mouum fa dram, f i 1 . m  19  8 ~ 1 4  medCum PO mnks n t h ? r m ~ . l l v  

se~rtpanslve contact a t t h  the nrttc1.e 10 in  the nren &f*n@A 

by t h o  t.nner ct.rounfercnccl of the. member 14. Thp vnczlrm 

%o !i?stntR'lnsA duri,nt$ t ss t fng  rnir re'lermod when tho t e a t l n r  

t a  oo?~pletad. 

Bfg. 3 ( cu t  nlm" l i n e  A d  af ~ i 8 . 2 )  mhws n f i l m  23 

heinn plneed upm member 14 held in -%ace by rdhesiva Pi 

t-hach -ember 14 rrat$ on n enhwtmtr 10 t o  be, tentad, The 

f tlm 13 Zs contsrl with n f i l l e d  choleater ic  cornnun4 tn"?@r 

1%. Tynicnl rmbndinentta nP f l  lm I P  ore anman, Taflan, 

Folyethylerrs, pqlyvtnyl aloohnl nnfl c l ea r  nlnatioe. 

Anneher nr-pnnanmant -asnibla f o r  Ptp;.3 LR "n u n i t  l l ed  

aha2sateric mntcrZnZ Wver 11 when the mubatrnte 10 La n 

dark nrflot6t wh?& of f"t d) aaacord w Z l l  h r i n ~ ,  out the  

ca lns  nnttetxnar of the unfl t ted cholesterla mnterfrrl 11, 

1Fig.4 ae te  i'arfh n aowhLnfltlon of f i l m  I:! with thc 

ccmbrr 14, the f t l m  I t?  helnp held tn nlroa by nAh@s@ve Y 



upon whjoh f i l m  l p  i a  n dark obnque f i l m  15 fbllewed by R 

Lsaeast a n s t h g  laver a i  nn unff l led chalss tar io  nadiw ¶.%a 

A ty~ical embofllrnenf of film 13 would be n h21.dk onrbon f i l l e d  

polgmsrlo f lln. 

A fur ther  embodtmc?nL ?a  shown in LPIR.~ i n  whtch muher- 

t.rrrtB 10 hme a nclmhsr 14  resting thtnrson with n flla If? 

\rc .j.np, hela vc ~ ~ c e  by &&he~ ivc  21 upon wh.i oh f f l m  SZ is 

f.f.LZnd itqutd crya.t;nl inves $1 follaw@d by a t*pmosl f i t?  

I.?* T~gnt.cn1 eml>nU?nentrr of ~ u o h  n film 12 wouln ha snrnn, 

Teflon, eta. Another wmnplamlsnt paestblr f o r  ~ l k . 5  an 

11a,!.n~ an unf i.llsrl c)?a'LPawknrZo m n t e r i ~ i l  11 when tkp ~~abstr"ta  

10 i s  :I drr r !~  nri; 'ta2~' ruh~ch o f  i t s  nwn ncenrd w I 2 1  hrl.nlf 

at:.% the. ccrlar atat;L,czm of the chnleaterta mmte~tarl 11. 

hj?n.in lagar 1P i s  tiha todndst fflm wfth n senont? l'noer hefin8 

t he  bnt,tommoet film thus snr.rountling lnyrer 11 and lnvr*r 12 

itr canatituted we rs@t forth above. Et l a  8180 nosiat,bl.t? f o  

hr?va %hca layer 12 wh?ch caws  i n  contank with the ~~?ilhetrr!.?e 

10 whm vnouum is appll.sd oamnrleeA of n ffnrk oD6que Znver 

when uetnp ~n unftlled eholestartc madCum an a Z l ~ h t  cnl.fired 

aubc%~cl;o  10. (Typcc~d emP,oOf.ment n@ per P i ~ . 4 )  

.1Pig.6 tshowa n nark owque f i l m  13 xaattnff on the hotlm- 

r,c:mbar 14 with an unfflfed choleetria lever 11. The Acrk 

n.nqt:e 1: yer $3 e m  S@ of the earns mntsMn.ls &!s l i s t ed  fnr  

lc'&.ysr 13 tn B f ~ e 4 r  



Ai%er 6 thermally r s a . r ~ m a i w  cantnot han bean ochtsmd 

h k t w e ~ n  *he ~ k ~ o h s t @ r f c  ?te41urn aurd the  nr t l .c lo  t n  be tsefttdl 

nnpl tcnt ion o f  hent i~c eommced by a number a f  man8 cs91ob 

rtrt he nt inmpe, c i rou%nt  fng Zlul,de, onolnrsed hea t   in^ ovms, 

t?.r;.a%ricnl rea t s tnnce  srcstuns and m y  darles for  irnqjn~tnr:  

hfit ~.ir currentdl s o  that the  t e m ~ a r e t u r e  o f  the  firtlclrz XO 

r~nA t h e  eholpioaterf c: medium t i  a r e  hentan t o  E ternnernt:ire 

prnalzofnlt: m t  %enat T. ffrart co lor  t ranef . tSm for nrene; n f  

.t;he ckoleartcpria niadi1;m. A t  thfe n n t n t  it 8houl.U be notes4 

%ha:% smy ~ l a a t r n t ~ u ~ ? C i . c ~ a  i n  thc subntrnte  10 rill ,hWm 

dl..;fsrmt thermally reen@ristve oh8snc t e r t r t t~11  beina nh- 

tn thr aholeaterrto layer 11 sao t hn t  d i s a o n t Z n u i t 1 ~ s  w i l l  

ba 191Mlnutl by n o o l o ~  AP@cmtinu+ty wtthln t h e  cholseterta- 

taper i l r  Rentinp; can fwlhnr be ennduated hnt1.l n mzttt* 

I l a i . t y  of a a l a r  t r m s t t i o n s  tlrtksn slnas withZn the  choleeler.(.e 

lnyer fit t h e  aofnt  of  the dieeont;tnul.~v in. the  nubst rn ta  

( thn t  is, cPern(sndinp, an t h e  aam-annttton of ths liqtrtt?l cry-ve3Gnl 

m,ixS;u.re b a S n ~  cmtnvo4, the  onZnr chnr~nse v t i X 1  nn.mn1lg be 

from c a u ~ w  bn red to VOXX~>VJ ::o ,?reen t o  blue on hbAtlnR mQ 

v i e @  mrsn an ooalSng). 

X t  ts nlaa  poeofble to  recard Gher ,'.herma1 nattemw vlh3.eh 

PlcVt~Pcsp by mcsmna of rnntdorr ~ ~ . C ~ U P @ ; H (  ~ l k ~ t c h ~ ~ l *  P ~ C I  fidl~k, 

r r a n ~ d i n r m  crtn be ;nasd tn vesy aac%drat(?ly farm ovsrlnys rn 

the n w t  an4 nreoieoly lnonta the exnct aenfC.&urntian o f  Lke 

illaaoo%t;inuSty r!et~ct@d, 



Ws hnvs 8180 $tu&lsd Cha Saamtbilfty of prctpmrtafl (by 

eno"pleulatirm) aLmdwiches of itqt11.d a r y s t ~ . l s  cisfnp: vemr thPn 

(.kn t h e  oxtles of 0.001 lneh) i i l l n  (t~vntca'tly anrnn wrab, 

???$%an ax pol~rethplnnc? fl l lms) t o  nerm+t fnaqeattan o f  snrf  tee 

1~82Chout the nsoaeclstty n i  n n f n t i n ~  them mah t1-e they nrBi 

tested, i k s  objeattva of t h t . ~  nrenn~at ton  $ 0  f n  obtatn M 

sn@+!p~u2?t~et3 choleef;sr7.c f . f . lm  whrch @:?a be enal1.y an.n qptalr$ad 

vrl",l-IOU% coning off 011 thar nersrm'a hrmA8 aha ts hnndltnn the 

A . . f  * , . >.,a o r  bo tnfi l.e!ft; on the ,IWL l.>etn,q t e a  tad. T o  oroiiuce! 

at.& fll.ms, v:e u&a the v~ic:iunr rnambar 14 dcscrtbcd ~tbavo 

to Z \ ~ & S I ~  Gfm .thin EtXm, fo r  ejmwls,  anrnn rvrrnp, t t ~ h t  e,nd 

?;hen p a i n t  *kc? Pi.lm wf.tl.1 fttyt~trl crystals .  The fir& PtEm 1. 

t'kron aut t o  the inner dii:ier?.stons of the vrouum frame (?n~111t>c\r 

14) mnd a, $eaand f i l n  t s  placed on the frame. The Zrn?ac ' 8  

next pl~aed ov&&= tha SIstlC f i l m  sa aa f o  hr.ve the csdres nf Lhe 

f llm wtlhin the af.rcv.mf@renoe Ref lnad kp tho vnaiatln fralrra* 

Ehen the! frt'mme i s  re-ww,au,nled, the necond f t lm l . m  n r e ~ ~ e n  

cqr.inart the 1Zqu.l d c rys ta l  lnyar nnA tomb6 nf.r-ire~? ern&- 

v ~ l o l n ~  Tks snnf?w.l.ch a m  then Be nlnced m t h e  srurfn'ae nf 8tn 

r.rl%c'be for ta&ing ~xnd  rcsuead roncnf;sdly. Such snnAwtcrhce 

Ix,:v@ very h7.~h,  e f f  l c l  cnt tb!rsanl  r*ala~)nnu'lvsnw~uw when 

~tolded Lo antti nubet.rots. f.t ,is rant3ilp nonnron't t h e t  c:?tah 

pcrnts7.n~nh s~r?w$.ohcs t?.rs r n e f l y  hnndlo& nnrP nA8 nn efflc?.enay 

f ~ o t o r  t n  r ig  aan8ostrtxcttvar LelaClnrc nnnllontinne. 



X t  2.6 s prime nbjeot of the nreerent invention *to ?rnnldsl 

R n  imrrravetl elintonl tbcrmemtsr wh!.ob 'ts r e l ~ t $ . v e l y  tnexmtn- 

v P'nst.notlng, eimn2a t o  rean, unbrclnknb'le, a?e1Z r!r 

0' :ierl*lteaa hnrmlt!~~, ,On& *Uh@.r@b;p ~ ~ Z E ~ ' I . C U % R P ~ ~  #lll.tefl POS f;hi: 'O~- 

nv; r->. .q CIl3%* 

Llrc:rr:in oom~rieca n plurnlkty af hollow, wubatnnt ifa-lly-egljIn- 

Asile'al senuor cnLla, t c m  uucfl c o 7 . t ~  be?ng tllluatrnted 

ik!.:m"lit?rlsd l 2 ~ a  t o  123, cr?r~t&intng Lea~ernture s ~ L * R + ~ @ ~ v F ~  1.fq.ald 

c:wy*s.l,t:.dnns l 4 a  d t o  led, aucah &B hytaterbatf.c chol~wtarte 19quid 

cr?flt.cllIno aa~znosll3.~na (?.It the t:vac? ac,rr?.h 5 : ~  a@ t forth, fo r  

@xr:mpLo, tn c n p e n d i ~  U.B. patent fianl.1 cr.tttm Ser, Ho. 

R3'*r,i)A01 Piled June 13, $966 an6 n@sCmnU t o  the aecnirnzcc O f  

the? r>ntent os~nliecC.Lnn. Fhnae ar:ennaittoner cxhihf.t bl cert??tn 

OQLOF) grean for B J E ~ ~ ~ I o ,  when in i t fo . l l y  in n nha1calerie 

vshnae? b a l m  a p~*coino, *hre~hold  t a m ~ ) e r h t ~ r ~ . ,  ';urn Q O ~ O ~ Y ~ P O R  

upon ra&c?hitng suoh tsm*erntnrs an& tncrs~etxag Zhersmbovn, anA 

r e t ~ ~ l n  aiuola calarPtsen emdtrtLom for r! rsf.gntftcr\xirrt :ntn.r'~!:l 

nf: t9.m fo2l.owin~ re turn t o  mi8 helm ejuch Lhrcs~ho1.d teny\e?nr 

Lnrs!. By contrcLlf.rg t h e  Eor~ulntinn of: s:mh ooa~nait4,anla 

148. .to $43, nractee :?i i fersnt tht.a@hoZR tf:rnbasflturea onn be 

ol?,tn.fined far tho @c?vars.t c:enploor celle 1Pn t a  i P j .  @or exr:mp2o, 

cr'blra I%@. tn 121 c.m be mnlas r e ~ ~ o n s i v e  tn body tompe.rnt7~z.rra 

rr?n,ytn& from @802 80 102% in @.taps a f  I/%!". Thl!i~ spnne a 





rananRe from aubnormtl body tsmparnture t o  frvar trbmnerPturPe. 

Thc at~neros an116 1% Ca l e j  wlim c n n t r h f n f l  ntich l t qu ld  osylrtal 

c~rnnoar t t tms and d l *  ore6 w'lthin n nnt tent 'a  mouth n rs  PC?@$ 

* c t  Ing nnd euncenttblr  t n thrsnholfl-tame: mturc-rrnnonee rtl tb- 

%n %en wenntll~. 

he i e  anparent from the- s h w t n ~  in bfg.1, th@ aevernl. 

d!.:'fsa'snl irinsu-temprsntura rssnnna¶vs celLe Spa, IBc, i 2 e v  
0 

l f?p; ,  &rn& 191 nrs nrrnnraA in  group@ of two wi th  t?~al .r  I/E 

ecaanplnneate  IT b-ro e ~ i - c c d  nanrti Ln such qroupar t o  h f f n ~ d  

rcnd;y iRant2ii.cn.tion an4 AIPPesenfiIntion of fholse tcmne~a%ura 

ecnaor a e l l a  ahiah Y~nvt. res~n.mdeA lit? the1.r threohold L e w  

pcsrnfi~r-:ca tram those @*&la whl.ah hsoe not ao mnn%dc:d* 

In tho cr9laeen trxnmpls, thoee tiensor ce2Xs qk?n t o  193 wh?.ch 

hC*ve not  bsc!a reuhlect~d t o  t h e i r  thraehold Bemnamt?xParr wtll  

pntn3.n t h e t r  tn l t ia l .  coXorv 'reen, f o r  cxrmnl.nl.e, while thoea 

ear,nor c e l l o  whtch hnw been eubdraten t o  t h a t r  fhresbald  

tmprorarCurse w i l l  hrwvca o h m ~ a d  t o  tha oo lc r l rea  a tn ta .  

Tn the runes of 1x618 of wiich 1t.qYa1d orvn?nl conn&sltZnnu, 

Llte in t t l ln l  .oolor8 i~ entiraoed by a dcrrle: brclc~ronnd, eueh ns 

bLa%.alc, fo csx:'mpl.e, no thrt iri  thc,Zr non-rteaponat*~e eonrii!t?.on 

t%l~, asnsnor teller 128 t o  323 w i l l  crxh.Lbit the?.r  Lnf.tCa1 ~ o Z n r  

aotrtl i:tiari, wh%le  tn .the!ir t-hrc~ahn28-tempereturo-~o~nm~tvo 

cnnd-islon in which the J.l.quiA c r v s t n l  c~amnnctt2nn tu rns  ~ T c ~ ~ ~ ~ r ~  

such aenrbr  c e l l @  will apgorcr black, $a cccar.4 n , l t h  tho hl:*ek 

l?rlckflrot~nnA ns l a  ~baorvad t h r o u ~ h  the thenalonr ltqu!d 

cr.ye!;aal oampasI%%nn f t t l i n ~  rauch eeLLe. 



In wecord wi,th ths  P i . ~ , 1  uonstructioa rind as is nnpr-rent 

nbso from P i ~ g . 2 ~  thr: ncnsor oella 1IEa La l P f  each cnmr,lsab 

and ~ l o n g n t s d  trnnsprrent roanfied uvlper m l l  I f 3  throc~,eh viheirh 

%ha color ~ t n t a  r s . 2  the 1.CquiPI crvartn2li.nci cormnsi.tifln wi..l;kln 

auch c e l l s  may hn obsesvedt 8ueh ,rounded w~l.lle, aervhln: ba 

mr..gn2$v %ha nnpenrmas of ruch cnmpn@l.tton,ne, Rn vreXl r?e t# 

~%*cvSde nevn.rntinn I r r d ~ 2 n l ' ; f o ~ ~  on th4 s lx r fw?~  of t h r  ,:her*. 

T ? ~ ? * r i * e + r  ~th . foh  cru: rocxvn'a;ed -rl@.lhly ?n n.i+rfat  t o  Pl.8- 

*in.mn.tarhlnff t h e  mr.vesC 2 cel1.e.  on^ from the other, nnff thix0 

fncl.XS.2n~l;e cnuwtlnn of" the numb~r of PPZZF from one end 40 

o f  Cb~o +:hvrmnrnntelN which hr?v@ amsrlsncsd thmsho1.A-tomnt.rrtture- 

The tharlnornetar cnnfirrqur~ltion tn the rmbotliment nf lPfc.1 

i s  tab-12lre, with the nrrny af acneore 1li.n to 1EJ n..rrqn?sU 

R% one end o f  nn elonanteA support masnrs i,a t h e  farm n f  a thin 

r?ctrmi:ulnr t ~ b  I?$?. !!?he a ~ ( ~ r ~ l 1  d i r n ~ n o l o n ~ ~  r?f ntxch t n b  

I . i k s  themonster may bat, for ax8-,mnls, s qunrtsr of nn ?nab 

i ! ~ i A @  mR $:hatat t;wa fncht l~  long$ ~ 4 t h  the crrnv of +en ngnanrm 

ex6enAin~ nbaut thsne qunrtclrs of an inch along on@ end o f  



Tn bbnhnlf of economy of fcahrlcnfion, the r n l l a  o f  the 

ncncenr eetLm XPb to  12j etm be formed integrnlly with  the 

itfib 92 of n atll.trable tharmonlnaf;.(o m.r*terf 81, such r w ~  an 

4ol?9n;clr rce'ln, by sxtr:mlon. Xefsrrlng to Ptge2, fhr: t r ? b  

P,S th~t.6 %he nnllw 10 and 18 o f  the cc~ l l s  tPm. t o  12) om be 

a:oi.-'~r:d -i,n5c.~rrallg by extrueion emd f?.lleA wt th  the? ?.?quid 

c ~ . - s l n X  aompnei.l;(ians ta norm n clmtlnunuu t;rhe?et P4 hrlvtnrg R 

1 ,zb. :... . a l e  ranrt e5 n ~ d  FL eerrolnr ccill qnrt RS. ~ u h ~ e q ~ s n t  to  

r~xc!k fasm,ntion ai' hhc ::bet 64, auoh sheets my he aubircttnd 

L-b I t?c . t~? t lox ic r  (n.it kihnwn) by A heated rall.er, or ather 

r;!,.l ,';r!.b?.r: JqLnlng Nc:a.nrer, tr<me vereiolg o f  the Dir~ot1.m of . 

ca?"c*x.:.sion of f 'r,e ct?n.l;btf~oug lT q i ~ f  d-orvet nl l ina-com~ori  t 9 on- 

coa?tr.tning can.voLl~t'Lons or aylinder amrto t o  obtnin eenlbio: 

o.C i??tr wntlm of ~ctnch oy?inderr~ tn Ynrm the d l ~ c r a t e  RflnsOr 

c a l l @ ,  ni.r~ultmnouely wtth ox* EoZl~wing wllfch thfa @hoe% La 

@rna~nte& axon(. auch fndenta.tlaac to nhtnin b ~ d i v d A c \ ~ l  t k e F  

mnnr.,kere. In %he Ires of Ztgtrt ff crye%nllf.ne eomnostt l m s  

i'ec~.irdir:g t o  ,the. prescri t st&.@ pi' thr art and ,fo.rrntzl~t?.~n 

c.P u ~ c h  ha?!-nettions wbese hh~! cell sealin.n(ii i w  nbtr?l.nc.ii by 

i:nf~:L !c r t  !.on of hcnt,  n tl~ermoglttcptie mfiZ;@rfpll nredes to bo 

chnam w?~lch . r ~ Z l 1  aoX%rsl auf f tc tent lv  t o  r.$b'fnSn rsuch hect; 

aaiulf.nl.xlp: and fusf .m between lnaera nt trmneskrtures bhlch 

v:i. l l  nvt alter or destroy th* ?tyrRpi?rmture? reeponntva 

cia*cly?nrttea of  euah oo-tnnritions. 



fn accord with the preferre8 feature o f  the tnvent+rm, 

fhr mantertnl of which tho tl~ermometer i n  aomnoeod mhould bc, 

aaamhnd nonrifllQe o r  f laxtbte ,  .In orAsr t o  rnrwv the n0vtari- 

ta rv@ of  euch thor8ometer bain~lp; unbrrakbls .  

Ths number of  oenaar cell.@ l a !  whtch the  t;fmr-ma:mtsr mnj 

cmnlay i e  sanewhr~t orbttrcry.  Bar exr?mnle, perhnns mlv trso 

o r  thrcs serponae ~emnemtures  may be tleeirad ?o merely -9-~e 

%rt Lnd im:t ion of above, nosmnl, ~nd/oi* below normnl body 

Ce;T"pnrnt?&.ra~i, o r  even fi glngle reannnse F,emnern.t;.rrct to 

fndiantte m nhove narm?jl cnndltlon, ;Pn~.klawi+tn,~ wh !ch nlnre 

nrc,ol,se infarmctlon rsa t o  the* 8necl.f i e  bnRy L?mpesnturfl 

crnnld ts nbbxinc.d by uee of ra n.uttl . . lP?y thrtvsmomcr~l;el- of 

tlzc annvnn9,onnh type. Xn fhim l t ~ t t e r  cnoa, ~ B O  anR inter-  

n s r t t ~ t l a n  of atloh R the~memeter l e  olmpllfi"iatY, an& wtEl 

@n,i:i,efy the majority nf hntlp.It;nl nwde.  Burtf~sr 1ur:reatirrrcl 

t t e n  of the nntim*'ar Cftmpornturcr naaif be mn8e only when 

n,b:~aoXlm~~I. 

XE % h ~  bonflmlr?tlm e h m  in P i g @ ,  3 an4 4, s ix  tern3~erkt- 

Casa a ~ l f t e ,  :?Pn t o  J2f recl*on& to re@n*Pct?ve bnRy temperr?turae 

of YG%, f a r  em~mple. CIrcumicrent t n l  syrcctn;, between crlla, 

or-n he employed ,to rsnFt1.y idcntlfy an8 f l l  uLlnr?u?oh between 
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which l a  rounded In the reqian o f  the @ensor a ~ t l a  for 

mr'~niP2cz~t2an af nnpnnmnee of the l iquid o ~ : ~ s + n l l i n e  

compasitlims thereuntlar ma well na for  ~i.srCtn~r;u+shment nE 

tho rrr:nabfP eeXla from ench other. Tb,@ Pi@*% o o n f i ~ r ~ : t l a n  

IR one whtc'h n)lulA oocamodtltr or81 an w'caf.1 ye; ~ ( ~ c t r l  'IACI~, 

but rroul6 -befit3 k;o he nnmawhnt more ~T$..tECeul.t t o  ~ r n i ?  ,?h?n 

the tnb~21:ts oordllfrur;-.Slc3n of Er.lq.1. 

RcPers+%ag t o  Ylg.8, er. t;hl.rA corrcnnt nP t"n1rricnt;l.m n f  

%&-like dhcsmov~atwra enk3i:whr'j: ~ t m t l  fir to ih'-t of Bq~nl 

ctvl be ,?:?rf o ~ d  at b;y praviwlnn r>P n drlr'k.-pilr,~entB,d bat.tam 

ah@@% .I:.! hicving a all!rnX l.ty o f  nr,~allwl-firr~xi~v~,d trb~aqh~ A 4  

formed In nn u~r ,nr  rnzrfnc~ ChnsaclL whlloh aau:LA he Pt7.led vrtth 

the ?.~lt.p^f8 arvelnll7ne tar.tsr!.nla 14a t o  l 4 j  MA eovwed b*P 

oontntnmr'nt: by n t.r*,r~mpnr~:nt uvner ~ h f ? G t  4$ nf clcnr vt-natia 

r,z.-terinl, bonilsd to euak bnttnrn &net. BoilqZng thle, the 

sp.ndw2oh Ft~~~~bibltnty! of ~ " l e t a  cnul.t? ho !.ndnntefl rind mefl.lec! 

R L Q A ~  Zintm ,trtlflRvereo t o  tlie A.!rentSm 02 ~,xten8t1*1. 02 the! 

trauKha %n %atm Oi@orr?.s srnaor c s l l ~  eimtlrr 6 0  tbnoa nP 

the B 1 , ~ r l  %hemmeter nnd asvermwe of the tharlgomntera 

tllong the l ines  of asnl 7nl?onlnLi,ons. 

Where t?le %OW?I€+P&%~;I ,~P~ r*b@n;7nelv(~i 1 I.quiii cnmnalal t tm 

amplayad fcr the @@:asor oc2I.w of' tho therma%t:R;er of' the 

proeont in'crent?an are kysteretlo oholewte.~iu 'IZgx1.8 arvstnlltne 

ccnrmertttnna, %he ilclai.ra8 thrsmhold temt?e.rntrxr~sn nr?n be 

obtm'lrir 4 by .Choecr vararcl f.n thr art nf  Iar%~?'.ntf.%t? rplieh 

eampnaitiones x-l.th G rhcl .~t . i~cl;u h l ~ h  ( le~ree of R C C U C R , C ~ ~  



ouoh, far fbxampla, a.o u.tGhLn a tent11 nf 8 Angreaa IIleSh~enhQit~ 

By way o f  mjxmw2e. $% t!wclahold temnerntura o f  @me can he 

obLt,tnsd by n comnontt inn ZnoluAlng; 29 percrtl& cbolestrsrol 

chlosidr, L73 ps~-c~rit; t!ha2c~etural ola:irl c h : ~ ~ z l > i > l ~ ~ " t .  end 1 

peroent er to l sh ,  nnr! n .'.krsrli.o'LJ tt?in)"rrinuti2~@ aueh 1 0 1 ~ ~  

rni~hfi 'his n'%t n4.n~ by n. eaispnc 3.. r; ion tnc.1-uil -I.rk,~ 26 'r~~ri-oent 

oholetstcsrol ohlorifle ;act 74 ~~arrcrmt: c'ruolo~atesol emoyl 

ee.rirorrbite* Tim rc'.i;e dB' rac,pen~fe of thcuea r;t?l':~.x-..FnXa, t o  

Cnorenee in ten;r)ernt.cwu! $0 ,fhtlr.i.r Ch17orvhoLtl ii.f.uela o w  be rn 

rnntfer of i~e~.(ih*aI. ( D ~ Q O ~ C ~ B ,  <:F C'~~~Y~:BITB& tr) t.$1r6~g, m&uZ;ee 

for ,the. : ~ n n o t  iwtnr [xi-t '  nl7.n.?.oal. Vh~~~nnmotrPe~ Once hc~vinanp? 

erne:rienc~d 42 ( ? O ~ O P  (?hnnj~o rlpon. tex::sra:urc ime~sntrc?, them 

mfitr;+inls ~.r~tn;.?r t k ~ 1 f . r  ~01a~-".ltered s t o t a  fcir P ~t~ff lotcsnt  

partod of -tPmct, fos  at; 'least P. m.ttor of' rnirru%cn, upon return 

t o  aubhoi$y l;cnrpesntlrro, thus nRi'or?tn!$ 8;sl~l.o $?.?n for rn6lflj.nff 

the l;he~t.ld)mete~ withoat nrnFura by the rc?n% te-nersuturc~ 

ennCxitime t o  which Ghs thcrrat?;na?.\:nr haco%t?~ timn~l*iY nf+Jet  

romowtl f prrrn the nnk 1 cnf . 



Appliont?on 1P 

WTR CRYSTAL CCINlPOPTFPT*I8~ 

Thle Inventton relntee t o  pl. 8esIes of  oomnosltima of 

cholentarla mntnrl~la of *wa or more oampm@nt@ vahlrh he-ve 

Zncienea8 sracrl t iv i ty in temperature rssrponetvo color vnttcrrre. 

~ubtrd~rnon~. The tent  eturfmoe l e  fni.tial.ly v1Plarrne8 fc l  

f~afZ1.%~1Ce svpeadfnn ms n f  the cho&cstcrir: ft1.m. The . f+t lad 

mf?terinl l.8 then hru~hod OF anraven (wlth txpnrmox3tm+el,v li) 

percent: ben~ane  "iltlob) onto t h ~  nlari'Pae ..nn hrr1~Be4 u n t i l  

F. un!faxm cafnr nattern ?s obmel?ven when Lh,r inqrl'iwa ?F? 

nlowLv hflsl.%rrd to t r rnprr~ t~~re  t n  wYr+tlh S%e r"tn1.c~ferl.c 

nnteplnl. regnfinflm. Tho. hbnded s?rtrat!irs ! v tkon mrcr Uly 

6 t . a l ~ 8  th::oriqh tho rnni*o of t,~nnrra*urct $0 wh.t& +he 

aholoador%c 1arksrj.nl.n rcl~pmit. Rept in?  4,rl -np.~lrrl.I.v 

anaaml ! ~ h e d  wI.th n honk of ldOO w n t t  nhotoPln~fl  lnrnpn 

onsltfoned to ~.~nrr f ,Ae  n..ren hcnti.n@ of' t;hc t r ~ t  n17rt-at?, The 

intens  t l y  nf the 'In-tlpn i p  cnntro2?.nA h p  vs?.3*$..?h7 ra rvta- 

trnnn,for~?te~e, Convontivs! noaltnq 1s irand *:n lower the 

temr?em%!t*:s 1 . F  the wrtel. Fol.l~!winn: en.?.l'a*k" of hsnt from 

t h e  P l ~ w O  taws. At? t!:c hondnn nt-net + e  q :.ir'k:2y hehteU 

nnA r?.-nl , (~R~ ra?&nr  i.r'ck of '',8tlen$vr? wid nthor f lnwn are  



revsnlan r.s *@arpwrmtura nnamkil!.rs which nrontlco n ealar 

cnfrtmlslt nvar the flaw. Theme Xoctll tcnmorrrtur~, fi+ P f s . ~ . .  

enodla tw.l.ne? dtm t;o wtrl.ntiona -In the ttin~rnnl, t? l fPr~wl .v t ' i~  

a f  t3t; 30m~Aod etmotwe in the vlel.nl.tg i f  thr hondtnn: 

brrsp\rl.nrilg nar cnnp~rurd with the ~nnre itnt,fqr-IP~~, therrnnl 

P ~ O Q R S * ~ ~ ~ ?  0f V'tIll-b~nt!@fl re,~%mat. BfiYiflI~n:~ :~IIW"F tnnV Shsn 

be nrxtlf.na8 or? t h o  o.t.irf r e v  ~ ~ 1 1 t h  ;. 7n,*sllt4.1:o 'Iry.@.r?o &n~nd,/ar 

thf c'ttntoktesto f;ernnet*n.L.ur?a nnttc.~,m v\.!t:wt.?.rhc?t Sc nhthtn 

w narnn.twnt r+eornr Bo?lml,nn, ,ta::ttnq, +ha ohoXt~e";.rtc 

mat;r~?inlrs rind ff lLer %re rem~?vefl by elaastn: "Y~c~pnriP-06 

with n fle:xf-b1.8 staF%er aal-fmnr. Thvl 1l;r.t tr:'i(?co@ ' o f  the 

chol~rberlc  .v%%ccrlnlfi ?.re r tmaved by %vl?i.n(l; " *  f.Fh CP EW 

cn11Crn ininn heamansr 

Chol~esleric L ~ g u . ~ d  e~p~)tt;~t.I  mtxturam e!ll.,nh:lc for  

tbJ%pa~-rtLu.~s vtan;nl%acr.fion noes P. ~ l v t l n  r n f a  wo, prcsaprad 

By in?.L&it.ll.y ,n!r~t fy ln ,~  t ? ~  cfinal;l'.tusn-tar by .rc;m~nQ.r.Tl?.ah 

t l n n  Ssnm hat; nthnriol or by wne'hinr with t:htr.n3131 P t  mo"1 

to:ann rtatrzro: ti' tkic raw ianterEl?le, {.?.!.re rcl:'t i.vcl.yf nure. 

The P(OC*BR~~:S;V ~ O C ~ U ] I I ~ : F . ~ ~ Y I  of fhe v n r 4 . n ~ ~  cnnartitueafa~ nre 

#elaa%ed f6aa gr?:ph@ OIZBIZ'L&P t o  I P i ~ m . 1  i ;h?m& 4 do aohlew 

1 ighG ao" t2;aring p i t  the deolred Y,emnc?rmturaar The an1i.d 

connnun.8e o(rfib9,ned in thasci; ml.??:tu.re@ 8:r.e val.,q?~:ctl Cn 0.1 

gcrrncnt ~ ! n d  P:IXR~ In n rc.zi.tnb1.e nrrrtrincr nP."!? qr then 

Yw*,5tati t a  P ~ ~ ~ ~ O P ~ . E I R  t e l y  ~ O ~ C .  The m.1 X ~ ~ F I ? .  1 ti ~ t t r r e d  

o~i~itt~1ucrus3.y t o r  a t  ?.entit 10 n'inrtti?~. F?.?.l.e,? :mntcrinl * a  
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A %hr@@ cs~nonen~t @d)ma.arr tt f on n i  

aB)llee tread conat ftusntm war l.3. afiesr the  senesf ?;igx4%v %@aged in 

sha%e@tep%a na83*@~1~3@* "jp)Ol P ~ O ~ B C % Q ~ ~  Q ( S F ~ O ~ P ~ %  ffWb 9 

a Bns+?c eamm@nerrzC tnrov%&!nq @ba~aZ%%v~ ty by 

color encage ~ 1 :  %rill rc?Ia);%ve %amm~sa?9urta (~nn~csrd~ete'Lv 0' O 

f a  60'43- R ndpml tsstfnp, tempsrrturc renRc for mlw%lnvlng 

ahsXsw4aqX art@s?~ka) in th@ nrsrsaec af n seem4 c~mnfiwaenl 

ah9 ah kma Bha f~xnct tm of xzaar~tbask...1nr~: .t;an-rs*-drzsc~? rsaannn@ak 

t o  n @ant% rm*-s of tarnn8rnGu~e gas tRa acraPr#:ncs of the 

calar nhanotnenn (pa4 t a  blue trnncit im in ?.%I) n t k l l  a 

fh9 fd  caavonknt h e l n ~  nBBsd to nA!u@t fhe p * p t * . z ~ Z  %@rns@m- 

tux@ 8% w+hlch the ealnr y*hannmmn w t 7 . T  oacus* 



the hfls ic  snq*men% e m  bc s~1ee te8  

from %he ?ramp oans?~.%X%rn of: eFtoXt*st&~~??rt a t 6 @ ~ @ *  2he pntporar%& 

Pmamta of %th@ v n ~ f r t t ~ ~  e n v ~ $ l t j ~ @  Soand to 

pret"iuccs I f ?'hi): mar+ tsr lnp amp 12~sf.crl. d@mB%~atxam* rhore-n*s 

RP@f 3 



rnnkfnp fin ?z.dQIZ&lm o f  f illf..e?r m&tsrd@l ~ % e Z c f i t @ f l  PFBR %he 

o * r ~ t ~ p  ~ c ~ ~ l n t  P F: nSal. taf C~"RP*~>OM, Q ~ ; ? F ~ O M  hl nck h*. t ~ y *  ns3~)ak.a 



dn inc~"brn.trar&. Pm n warn~,nl. ini'mt, Lhr" fc~1~lrX ~.-h?ta;itB ?w 

abeut bsXm fihdaman L P ~ * @ F ~ W C ~ ~  Tn F: f f l ~ , ~ m n T  

'irifl*lnlc thr f@et 1lhnet1.d he r!hnut iQ~c F ~ l n p e  t?4@ rLhflo.rlcn 

teanl@?irn W e *  By nl.pc1nbs I t q ~ l f A  0 f i y ~ t ~ 3 .  l ~ ~ ~ f  ~1 08 b ~ C h  b i  

%hasap@ Etstsaa of the %%%ant th~r S I " F ~ B ~ @ O ~ % V F F  + ,~m~a i~~ .s  nt13x"ee nf 

eneh mrsn. @P@ ~g~f.e'Ir:lly ftndtaated, Tf  *be relntdve 

%@?aapepa%tra.s &if$"er@ncze %narearee \Fscevoa.d t,h Fa, 1% any be m 

inAQarn&lan af  m tt.nzPaaC4aus d*l.se~se artueC,n~ *fa@aornopt~J,e%Y.m~ 

XS dhs ~ e l n % Z v a  tea~@mdurss nye % a m  thm fi, d@ares annrt, 

$ha wimrh@r?tck Q'st"?ts k6 F ~ c )  WAFm* 

Fh@ % O B P @ P ~ F ~ ~ U , ~ P  %1?E)t@fit%@n@ p"?~~)~ftd@d: by % ~ . c ; B  !Tlr$e?'%n%@ 

as& rarth nbave re f l ec t  when vetn grgLiQa hrv@ @~-teca&afuZL~~ 

asar'ta~ad etr~ubn?t;~La~ %st;n t h ~  efxtreai"t;f$&* Ybt arvcel ~ ~ 1 4  fl.f 

~ e m a v n Z  of rtrterial  btacokim~c* ' I B ~  ellno r e f  Xaceed bv t?zc 

inare&arz te~tpe ~rntuxcs over P P ~ ~ ~ ? . A * ~ F ~ I E ~  7 yCTIr11:. el 61" P t n  thzr 

arkfin* $2 nhcs *cmm@mturr snfat* &cwa xlnC acn:f:r.xr., :-a: ! a  

LikeSy %ha% the blaott ~facnkrrihl h~ s not h6s:g-i ~ o r ~ w l . c t ~ l v  nrrcernsd* 

The :!sPjPfclictnsy 6 i  v~ascubcr @ d f v i t y  fYt # a n C ~ ~ ~ d . b ~  @k%n ?%8p€tlr 
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