t 61
in ¥in.d¢ Theee curves 230, P3P and 2%4 Nre substentinlly
the reverse Of those of Pir.3. By wvarving the voltroeme
rerose the 14gquid eryetalline layer 114, the amount of red
light from the seource 97 paseing throueh the laver 114, the
nmount Of red light from the source 97 nasging through the
lryer 114 and throurh the output window 103 een be eentrolled.
As erm be seen from Fig.d, With no valtare nnnlied the lipht
from eource 97 would be subetantirlly eeatt red and omly
B0 percent of light would he trensmittes throushe As the
voltare neross the laver 114 ig ineresced the laver would
allow more tremsmiceiom Of the red lishte. If the lizht
zource 97 la etreulerly nolrriged then 100 percent of the
Light would be reflected rt 6250 A.

It la aleo obvious thet other monnehrom-tic light sources
eoild be utilimed such nn rreen And Ablue 10 taie sdveminre
of the nontransmissive portions of OUI res 232 and 234 ~f the
lover 114 in these rezions. It 18, therefore, nosnible to
nrovide a multicolor ~rojection television gvetem in which »
goparnte syatem as illustrated in Pig.8, would he provided
for the red, epreen and dlue colors. In = gpecific exnmnle
ghown in Fig.8, a red coleor is obtrined. By rpoviding
» pecond eystem with o blue light eource nnd o third svyotem
with n -~reem light eource, © three color vroiection evetem
would be ayatlibles  The three separate COlOr imnrem nroircted
through the l1quid eryetal leyere could then he combined by
well Inown optieal mesmne te superimvose the three imnres,
Representotive video sirnnls of the revresentetive three

colors would bn rrovided | a the sewarate control tubes gop
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enoh othey eolor. The imrpee could be vrojected simultone-

ously Or gsequentinlly onto the sereen,

It iw aleos poreible {0 UEE the meleotive onticnl rotne
tional vrorertiee of the ligquid ervetale, Thie cem he
recorplished pimply Dy rx previding r polarizer hetween tho
gpource 91 and the control tuhe 103 and an ~nalvweer batween

the contrel tube 103 and the secreen 98

In P12.10, there 1e 1llustrated another arranrement for
Aleplaying a multicolor imare Dy ueing the lisht aertiering
sroperties Of the liquid erveteles. Thie device or arren e-
nent econelete Of o flying epot meanmmer which is eommriced
of n eubstantially conventionnl tvpe cathode ray tuhe 130,
The tuhe 130 includes an eleetron run 134 and 2 phosphor
sereen 132 Of 2 suitnble material whioh in thie cnse may he
of n type which emits ultravioclet light in reevonee to
elpetron bombardment., Suitable deflection “nA sermming
circuitry wall. imewn in the =rt mav be utiliz a4 to sosn a
ropter on the sereen 132, The 1light generated by the
nethode My tube 130 18 nrojected through e suitahle lens
evetem ONto m liguid ervetal control structure 140. The
1iguid ervatal eontrol estructure 140 consimte of » laver 142
of pglass transmigsive to the light from the eathode rav tuhe
130, a layer of elegtrie-lly conductive materinl 144 nlreo
trongmiceive tO radiations from the enthode ray tube 130,

a laver 146 deposited On the conductive laver 144 of a

puitable vhotoconductive moterinl which exhibite the nroverty



ng represented by Fige.3 end 4. On the onmosite e'de of
the layer 148, & layer 180 oo electrienlly conductive mi'e-
rinl is provided trenemispive to light directed onto the
lnyer 148 from n source 184, The laver 150 may be of n
putitabhle mnterinl puch re stannte oxide. A mlase sunnort
member 152 ie wrovided ON the exnosed rurfrees Of the
eonduetive laver 180, The light source 154 | a nrovided
for 1lluninating the 1tquid ervatal | ayer 148 throush the
tranemissive INvere 180 and 152, The light enurce 154
ahould be of the tvpe that emite vhite light. AN nlternat-
ing current; eource 1%4 1s connected ~croas the two condnotive
lnvers 144 ond 180, A Aireet current notentinl source

158 48 alen “rovided 1N perdes With the source 158,

In the oncretion of the device, the enthode rav tube 1730
would projeot a blank raster throurh the lavers 142 nnd 144
and exeite the vhotoeonductive lnver 1468 enueing it to
hegome conduetives Thie would, IN tUrn, neemit tha voltrce
from the eource 156 tO he swmlted vrimepily neroes the
Ligquid ervetal laver 148 and by eerying the amnlitude of
the source 188, the overoll eolor Of the sereen could he
varleds Thue, usirg liquid cryetnl materinls that follow
or repnond at 90 eveoler ner sebond, three frromeg may he
projected ench lapting a thirtieth of a seoond with n A iferent
enlor get by the level Of the bise provided by the direct
gurrent voltare sourae 158, This would provide N effrot
o £1eld pequential ftyne color Ateplay. IN the operantion
sf the duvice, the light from the cathode ray tube 130 would
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cause the photoconductive layer 146 t O hecome conductive,

he application Of = suiteble A.e. potentiel from the voltare
pource 158 aeroee the liguid crvetnl layver 148 would c=uce
the lnyer 148 to sentter md, green or blue and the narticulrr
caloy selected would be modulrted with video intellirence

by the sourece 156 t0 mrdulste the intenality Of the relative
eolores For this varticular spolication, it would be
ndvisnble {0 utilize 2 1ipht eource 1B4 in which the source
provides naximum ‘ntensities in three bands nsogely red,

rreen nnd blue, ench vbout 200 anzetrome N width or by
rroviding filters in with a white lipht rource {0 nrovide

2 black beekerounds

The arranzement could algo be aperated with & video
intellirence appllied ~ernsp the 'wo ormddetive lavers 144
and 1680 such thet thy video elsnnl would inelude hoth n»
Ssls 2ommonant tn ghenee the gelective go tteping of the
liguid ervatal layer 148 from rod, sreen or blue and rlpo
nyravide 2n A.ce comonent vhiogh includes the necenpary
video intellirence fOr the color. Tn this mnnner, the
enlor from the soreen could be chan~ed on n lineeto=line
bagle or elementetomelement 1f g0 Aeswired. Tt te aleo
poscible O avply a euitnble eirnesl to the liguid erveinl
layver 148 {0 determine the orépesr color and utilizme or
apply video information to thr eathode ray tubs 180 to
mofuiete the conductivity Of the shntosonduetar in
necordence with the intensity of the narticular color nt

thot inetont.



While there has been shown and deecribed what ore nt
prerent eoneidered to be the nreferred embodiments of the
invention, mndificentiona thereto will readily occur %o thoge
gitilled iN the art, Par exnmole, n ~iemoelectric layey
of o enitodble materinl esuch r# barium titanate mav he used
to cenerate the electric field necessery {0 retivate the
1iguid orystel lovey, In this manner, sound or othepr
mechanienl energy moy bd detected sand oconverted |a a

vlalble natterns
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meane, NOt shown, are provided for scrmning of the electron
b+ am penerated by the sgun 20 over, the e-reen 22, The
intenpity Of tho electron besm 18 modulrted by the video
eimmal from the eource P4. It may be desirable to utilinze
o long time nersistent phosphor in the sereen 22, A
radiction ima-e thue ie nenernted an the free of the onthode
riy tube 10 renrecentative of the video information annlieg
from the g#ource 04 ond thip redintion imare e directed onto

the dienlny ropreen 192,

The dlevlay egrecn agsembly 12 1e shown In detall in
Plize2y ™d 18 commrip:d of the following lavers,. The
display moreen asegembly 12 In suvnorted by o substrate irver
30 which 12 =lno the heat sink for the display sereen rpeembly,
Temnerature control of the Ataplay ecreen 12 may ha obinined
by any suiteble neans euch as directing nir aleng ONE ourf-ce
of the layer 30 by the air source £8, The supnort laver
3¢ 4 tex teensperent to the inmut radiation from the enthoie
rey tube 10 nnd may e of o puisehle material such o8 ~laee
for visible rerdintion, horium chloride far Infrared rndintion
or gqunrte for ultravioles radiation. X0 the grnecific
cobodiment {lluetrating 2 vinible rrdiation innut, the
chickneege of the glase cupport laver 30 may he Of a2 thicke
nere of shout 1 eentimeter. The device mav be umed to
convert X=Ray pattern to visible lipht »nattern. A btheranl
harpler laver 32 of « euitable thermal insul-ting mateprinl
eneh o palyethylene terephthmlate IN provided em one

surface of the #lase rubatrate 30. The laver 30 mny he



gacuied to the mubstrate by nyp sulisble adhesive rnd nay
We of a thickness of about 25 miorons. This material

1o sultanle mdhesfve for both the vieible and ultraviolet,
In the cree of infrired, a laver of nolvethylene Or nolyw
nropyieng may be utilized. The theprmsl hrerdisr laver 382
‘s to reduce therwal eonduction from the sens'tive sercon
nortion  of tho hent sink ileyver 30. The thermal time
eonetont of the laver 32 ghould npovide a time crmrtrnt fnr
the weneitive pereon laver ndjacent thereto of ahont 1/30th

#f n pecond.

A leyer 34 of photoeonductive mnterial {s evonorated
onto the lever 32 »nd mrv he of = thicknese of 1 to 25
microne and of = puitable high imvednnce vhotooomdunetne

910 ohmp-centinetera.

having e reslestance of about 1
Sulteble nmeteriale for vietble light nre endmium sulfide
or arcenic triselenides A puiteble material foOr ultrie
violet 1¢ selenium and a puitable ma‘erial for inirered ‘s

lo~d pulfide.

A layer 36 emneifpting of ¢ plurality of electrienlly
confuctive string 38 and 40 is nrovided on the laver 34,
The conductive etrive 38 are connected to » eommon hus
bar 43 snd the etrinve 40 MS econrected tO 2 common hue
r 44. Buitable lerds 48 and 48 are connected resnocw

ivaly %o the esnduetive hus hars 42 and 44 for vroviding

f voltnge between tha omductive elements 38 and 40,



This potential is supplied by a potential source 50 connected
across the leading 46 and 48. The potential source 50 may be
an Ac or DC potential and may be of the order of about 50 volts
In the specific embodiment shown,the electrode strips 38 and 40
may be evaporated on to the photoconductive layer 34 by well
known techniques such as ewaporating through a mask to provide
strips of thickness of about 100 angstroms. The width of strips
of thickness about 50 microns and with a spacing between strips

of about 200 microns.

An pptical isolation layer 52 is provided on the condu-
ctive layer 36. The optical isolation layer 52 prevents radia-
tion from the light source 14 affecting the photoconductive layer
34. +he optical isolation layer 52 may be provided by sparing a
coating of a water soluble black aniline dye of a thickness of

about 1 micron.

Positioned on the optical isolation layer 52 is a liquid
crystalline layer 54 of cholesteric material and responses to heat
by changes in the light reflective properties thereof. Several
suitable materials are diclosed in US Patent 3,114,836 by
Fergason et al and a specific material for thks specific applic-
ation may be 60 percent by weight of cholesteryl nonancate,30
percent by weight oleyl cholesteryl carbonate and 10 re reent

by weight of cholesteryl benzoate. A protective film



56 may be vrovided unon the eurfsece of the layer 84 of
11quid eryetslline mr erial of o spuitadble mnterirl suech ra
polyethyliene terephthrlnte and of n thicknees of “hout 6
mierona. Tt phou2d be nrted thrt the rrdiation acsembly

12 mey funetiom se - gimple detector ei{mnly by nroviding the
vhotoeonfuotive 1r-ver 34, the eleectrode lever 34 and the

1lautd eryetalline lover R4.

In tho overation »f the fevice, the cholesteric Liguid
eryetal £ilm B4 and the nhotoconductive lrver %4 apre held
nt & constand overatine temnmersture by the heat eink 30 rnd
the eemneirnted temner ture control evstem 285, in the ahspence
of a projected light imere from the enthode rany 10 onto the
d1splry rerverblyll. The tempernture Of the liguid ervetnl
L yer B4 may be ahout 30%¢, &0 ae tO nrovide = hrekaround
rolor af blrek to tho viewer 18, With the white lipght
anupee directed tOo the ligquid ervetal lover 64 nt the
temnernture Of 5900- the viever will eimnly See o wniform
bloek beekpround due to light reflected from corting 52,
When a light imare f2 foeused ONtO the nhotoeonductive
layer 34 by mesns b+ neane Of the cathode ray tube 10 ond
with the, notentinl sovrce 50 connected reroms the conduetive
¢leotrodtes 38 and 40, current carriers nre introduced inte
the illuminrted rremss The omount of illumination dirrcted
NNnta the phetocomductive leoyver 34 determines the nmount of
current flowing in the 11luminated rreng of vhotoconductive

metarial nositioned hetween the electrode atrive 38 rmd 40.



The video souree 24 ean control the intenslity of the eleotren
benm sitriking the phosphor 22 and ﬂacordtnﬁly'tha amount of
cucrent and heatinsg by the nhotoconductive Llaver 34, Povep
dimsivntion Prom the resulting nhotoourrent is loecstined

to only the {lluminrted nreas by the eleetrode structure
deaimn, which limite the Xennth of the current neth {0 a
frnotion Of the emnllest resolvable imnre Alstonce mna

the high resiptrmee of the ohntoconductive lnver 34 thnt

1g NOot 11luminsted, The thermnl insulntor %8 hetworn the
heat aink 30 and the nhotoconduotive laver 34 end the
closely eoupled ligutd crvatnl film B4, The nmount of
11lumination determines the smoumt of current flow snd

hent generated, e to thim temrerature riee, the refleow
tiom band of the liguld ervetnl {11m 54 in those crene i
ehifted toward a shovier wavelenpth »apt of the anceturi.
is fa 1llustrated In Pi1g.8 and for excmple 1f the temmera-
ture 'e raised to 33.,8%C, the reflected oolar will be red,
At 3441%C the eolor will be vellow, Nt 35.8°C the color
will be preen, =t 3720, *the eolor will he blue mnag n

40°0, the eolor will be in the ultraviolet region and =p ear
balek to fhe ohesorver,

The entionl teolntion INVSr 52 between the vhotoe nduce
tive laver 34 sand the liquid eorvestal f£1lm 54 permits hert
trensfer between thr twos  The laver 52 bhlocke lipht from
the light source 14 used for 1lluminrting of the viewing
oide of the pnnel from effecting the vhotosonduetive larer 34.
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This isolation lnyer B2 nlpo servees ng 2 dlrek brekeround

Lor the liguid erystal £1lm B4,

&p indlonted if the liquid oryetal Alepley is 1lluminated
with white 1ipht from source 14, the liquiad erystal £ilm
f4 provides ~ color display of the tempernture vattern -r
1ees Buch o dioplay is inherently commatible with high
anhismt 1lumination bhecange refleotive light, which ip
nronartional $o the inoldent light rather thnn internnl
semeprntive light, nrodteep the 1mrees.  In thie mronner 2
large semlifiortion of the inmut rian-l Lrom the ecnthrde rav
4ubhe 10 may be obtained so nr to ohitatn on ammlifiention
greater thnn 100,  If the Atprloy g {1lunineted with o
nonockromrtie 1igkt from the eruree 14 rather thnn vhite
Light, n sinple color Aleplay with arav eerle ermahilitice

reritlitne

The temnperature rise reguired to nreotivete the liquid
cryatal la created when light immtnge ON the nhotoemmductive
laver %4, resmliing 1N photocurrent., The nhrtnourrent ig
renerated by rovlying o veltnre from seurce 50 nerowe the
interlnced combwlike wlootrodes coneleting of altern~tle
eonduectors 38 and 40.  The conductive electrode sveteom I8
and A0 congigtn of onprallel ommduotrors whose widgth lg =
Eronetion of 2 puwreing to obtrin moximum retive surfree nven
and whore mpneing in determined Dy the demired tdsnlav
nnel rerolutlon. The lensth of the vhotoconduective current
neth, which e egual 4o the eleotrnde anacing, mupt bhe n

frretion of the emnllest resolveble Afetance 0N the Adiewlov,
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The liguid ervztal film 84 may be of various materivles
and 18 selected fnr the requipred sensitivity end the aoperate
ins temnerature vrenc~e,  |NE opernrting tempereiure mny he
choged arbitorily within the 1imite comnntidble with the
temparature control methode  The sengitivity of the £ilm
‘s fotermined Dy the mpplicstien of the &ignlays A liguid
ervetrl £1lm with hiph tewrepature senpitivity rill repult in
= #panlev with hirgh overnl) sensitivity, but will nlec
reguire © mach better temperature eontrol system nnd laver
uniformity tO eliminnte color variations in the reflected
1ight imege Auve 1O emall temperature vrrintione oOver the
gurfee and {0 eensitivity and normal resistonce vaprintione

in the varione lover.

The protective £ilm 58 1s rrovided sn the ligutd grratal
tm reduse contaminrtion Of the liquid eryetal £ilm by dust
rnd chemiesls in the stmesphere. It Aleo minimizes temmerpe-
ture varintions due to aiy flow in fromt of the imoge
inteneifier nomnel 12, If cheeen proverly, the £4im
matepinl pravides ndditionnl enhmmeement for the meleeulne
nlimmment 4n the 1iquid cryntal £ilm ond Aoes not eontribute
glenifierntly to Interal heat scoread.  The chemierl romnow
eiftlion of the £1ilm 38 and the ontienl isolntion loaver R®
mugt nrevent contamirating substances from heing relensed
inte the 1iquid orvetales, vhoge ontlonl w»ronerties cre
very eengitive to the nresence Of various ohenmienl

pubgtenecen fe well o tempernture  vorintions.



In Figed o modified ~hotoconductive snd electrode
syeten fg 1llvgtrater, Tn this amhodiment, *wo conduotive
hue hars 60 nnd 62 ore vrovided "nd prrallel atrive 64 of
nheotoeonduetive oterinl are evapornted rovoge the antep
609 ¢ to be in eleetrierl cminet viith both of the conduetive
elementa bue bors A0 and 62, The nhctécanductive abrine
844 wmny be provided vw'th conductive elemente 66 intergpersed
in the rhotoconductive gtrins to limit the ronpe oOf € rriers
to nyevide hish resolution. Tn thieg typme of eonfirur-tion
n lower impedonce photeconductive materdal may be wtilieca,
th 4 i ome hevine o derk reeietrnoe, of lege then 10?
ohug-centineters rmd cuch meterinle as lend sulftde, lend
tellurtde cnd indlur entimeny. Here oprin, the ermfuetive
bhue hore 60 end 62 nny he eveporrted onto the thermal 'neulate
ing layer 32 and tho rhetneondvetive elemente 64 evrnornted
"n¥n the suhetrote %P by well known nrocedurer in vhich
evaporntion ‘e ovrovifed through e mapk. The eouree 80
would be conneeted to the bus here 80 »nd 62 The remrinder
ot the device ‘g nimilrr 1O thet elrendy deseribed ond

the onerntion 1s nleo sinilor ond w111 not bhe ferertbed nrrine

Plzed {1luntrates nnnther pnaaihle madificontion »f
the »hatoconductive ~nd eleetrode syetem In which » lapre
rree of elestrienlly conductive laver 70 tf denngited -n
e thermal horeter 3%, A laver 72 of vhotnermduetive
i terdial 70 48 doportited on the lnyver 700 ~nd another
tlectrienlly emAuctive lover 74 ir nrovided on the »hoto

conduetive iayer T0u The ontienl {eol tion lover 52



would Pa vrovided on the comduotive lrver 74. Here ngnin,
the operation IS similre te thet previouslv deacribed.

T™he Lover 70 ghould he trevemigsive to the inmut radintions
and why be of n mrterdrl suech re stennie oxide. The
souree 50 would be comnected t0 the eleectrndes 70 =na 74.
I8 desired, the vhotorensitive olement mav he uped tn 20htrol
the current through = registive heating element in eonbogt
with the hent seneitive pereems Tt 1e Alpo vospibls tO
gonvert gound enersy Intn vieible enersy hy Aeteceting

the sound on tn element whoge replatence ‘s modiflted mnd
therefore vermitting ommtrol of current rme asmocinted
treush the deteotiny element ner se OF san ngsocirted
raeistive heating element 1n thermal enntret with the

hoantiny eenpitive eseoreen.



Apolication 6

TICAL METHODS ND DFYICES EWPLOYING CHOTXETERTC
TOUTD CHYETATLINE MATEDYALS

It hae bean discovered, sand 1t e on thieg Aisenvery
thet the present invention ie iN larre NNIrt prediected,
thrt sopeg, ligquide snd solide ern ~ffeat thr structure
9f eholegteric ligquid crystels eo that me or more ontie
¢nl propvecties there~f 1p ot lenet eavoravily chonred.
Tt hoee farther boen &igesvered thet, unor previdine a
pomnorabhle baple, the resultant chanre IS sneeiflie for
the wmimawn involved which 18 tharaby determined, " Br
ntilieing theae ~enernl nrireinler sn iterly new mnde

af g 1a nrovided,

The optierl vropety mret rendily utiliced IN the

sinne 1% reguires ha polarirzers, or anrlvgers for ~heery e
ﬁiagémz?g?ah oholemterle liqu'd ervetsl, ¢t o piven tommepw
Ature ﬁhﬂ eompoeition, cxhibite, when exposed to white
lighty 8 parttering penk,. Tn necordonce with thie invene
tiem, the shift In the petitering veslt may he utilimed

Pear the annlyele 48 wnhnown paterinls eince the &'rection
ne tha ghift 12 2 qunlitative irdiention Of the unimown
end the extent of the ghift ip " Indidation of the
numbiity of the unkmowm. However, [t ig »li0 voactible o

2t11ime ohonresn 1N othor ovitlon) ~ronerties ~f the

14 au 14 eprvetnline



¥opr oxample, it hag also DHeen found thot the clirouioe
dlchroism and opiie>l rotution of cholesterie mnterinls ~re
gimilerly affeeted Wy forelpn matter. The onmaonent of
glroulnely polavized 1ight *hat e alf-eted by the cholege
teriec moteriel hre © wivebhand of minitmum tronemission,
hig wovebsand shifts in the enme Alrection md to the s~me
extens ap the seatberineg neal, Bimilnrliy, the woyebng
off mealk entienl rototlorn erhihite such o rhiflte. Oinee
ehpleegterie Yiguid ervetolline -nteriecle hove neslizthle
apticsl ahaorotion, the tpmemitsed radiation may he
uti1limed [or the purnnses of thle Invention oo well 2e

the corttered radintion,

In renernl, 5 materiesl that ‘s 0t lenst nortislly
intersoluble with the echnlesterie liquid crvetalline -otew
rial will affeect the onticnl npopertiecs ~f the lignaid
crratal {n o revercible monner, Alpme 1t 's the emre thrt
n materizl that chemieally resets with the choleaterie
liguid ervetalline waterial W || affeet 1ts ontiend
rroperties In sn irrevereidle menner. In inatrnces in
whieh the affect 18 revereible, the ligquid crvetnl nrovides
an optieel indiention of the n ture and aquntity ~f the
Toreimm rmeterinl vresent nt that instant. Beonuge of
thae revereible n ture of the effeet, the Ueuld crvetal,
moy be eontinually reused, Tn Inestoneez in which the
elfeet is irpeversible, the liquid c¢rvetnl nrovider an

antionl indiecstion of the srme type that 1s eumi!'rtive,
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Hence, ench type of offeet hinn ~dvontrgeous ruplieostions
st the precent Invertion 'e eoncerned vwith hoth reverw

gihle amd ‘rreversihle cffcetn.

Referring now £n the drawing, numernl 10 inAfertes o
punnort or substrrte member uron which = choleeteprie tian?d
cryetal oon be devosited md ruvmorted., Genernlly, the
eriterion for the uge of any meterinl ep 2 substrate g
only thnt 't hot interfere, ne by rencoting with the
ervetal thet ts to be depposited thereon or ~reking the
ontieal propertise of the crvetal, Tynionl materinle that
hitve Deen used inelnde halorensted hydroearbon resine roceh
a volytetrafliuoroethylene, polyvethvlene terephthelate and
the 1ike, glase, methyl metheorviate reeines, cerrmics
~enerally, cte. The subetrate 10 =av ha nny thiekness
fdogired. In inetances where trongvarent cubetrates npe
uged, % moy be vaeful 10 Y4mit the thickmese sc thot the
suhetrate does not contribute unnecegsrrv sentterine of
Light thet may be emnlaveds, (0 the unmer surfree 12
of the substrate 10 1g chown n cholesterie ligutd crvstnl
14, As 1ip evident Lrom the wide numher of mnterinie
they hove n cholesteric Liquld ervetalline phnge ang
therefsre ean be uged 1N the invention, 1t will he eviiznt
that & wide vorlety of weye of apnlying the liguld evvelnld
6o the substrate ‘e vopgible. For evamnle, the ppr-ginl
can he onat thereon, *'huttered thoreon,'' acnllad froun

droprer, ~rinted, enrrved or otherwisge rrplied. A
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A auite sommon methnd ~f apvrliestion ‘s tr pour a epolution
sentninine the Jiqu'd srvetal thereon smd allew the sol-ent

to eyepornte,

¥Yhen the erveinl (o denopited from & solvent re iuet
indiented, on irrerulry shane normnlly occurs and such g
shown in the tor view thereof in Pige2., [N Pig.2, the
irresular ehepe 14 ' the chnlesterie liguid ervestal ond

the eireuvlsr shape 172 tg the surfnee »f the gubstrnte 10,

Ontien) provertien, such re eolor, of the ligy'd
erretnl chen e vhen n vyovor ip Aallowed to vermente the
ervatnl,y  In Pip.?, there ‘# shown # amell Airremalore
chape 14 within She lTrresuler ahrne 14 wh'ah coust’ Sutos
the Ugutid eryeial ewmorted 0N the surf~ce 12 of the
gubotrnte 10. The irrepalor shope 168 eonstitutes 2 enlne
ares broueht ~bodt by nepmeation hy A vanor inte the
cholepterie 1igmiad ervetal 14,  As more Of that vapar ‘s
rdded, the lrrepulsr ghene 16 expsnde corresHondinsly o

i1e ghovn tn ot 18 In Pige 4o

Binee enech liquid cryetal 1s Alsetinet and its
resetion OF remponre tn rm unknown g 2tetinet, nn "reay
af linuid ervetrle eon Be deviemed to rive rm  Immedinte
Aeterminrtien of the un'meosm. Sueh m arpay 1z shoen in
PlazeBe Thue three *Mptinet Tiguid ervetoles 20, 21 md
o8 are surnorted en = subgtrete 28, The 17gnid ervetnls

bring ol ¥newm chorsetertetice md ¥nm reevonee to o iven
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apnarent to the human eye, Whee NO eolor chanme wne
oheerved, the detectine element eventually became colopw
less duo {0 A phnee chanze., Thoee mpolvents revereibly
nffeoted the £1lm color{l.e., thOo senttered wavebhnnd with
the f1lm exnosed to white lisht) in tm monnower shewn te
he

The date in the Tnble 1lluetrates thrt ench aolvent
hnd o wnique offeet on the set of ten liquid .ervetals. \
"hug if on unknown eolvent of the eroup deseribed were /
gxnoced to tho set Of ligquid ervstealas, 14 could be re-dily
tdentified, Por excmple, cetone 18 unigun [N produeing
a red to greon shift In the 19 nercent orvetals dutyl
negetate i unique in nrodueine NO change in the <2reen ocolor
of the 78 pereent orystaly henzene s unigne in enueing
nio chapre 1N the green ecolor of the 23 nepeent or £4 nercent
crystulag ohloroform 1s un‘aune | N vrotueing n rreon to red
ghift In the 20 per cent corvetaly ¢trichlapoethvlene i
Uunique. in produeing Atfferent effeots tn the 21 pereent
ervatal (green ?h blue) and ths 29 perewn% arvetrl {~reen
to red)s nuhypiﬁnv ts untque In turning »11 of the liouild
eryateals bluey and pyridine ie miove in nrodueins < rreen
tm red phift dn the 21 rereoent aryvetsl *het 1e recddily
flotinmiished from the sliphtly red roneapence of thot

prveta) when exnoped to roetone.

Censequently, en srray of the seven eammositions Wwiving

from 19 nercent tn 26 pereoent oholesteryl chlnride in



cholsotaryl nonnnonte permits the apeeific identiflection

i the abavys menbisned geven golvenbs,.

The forepoins domonstenter the fensihility nf frrming
nn arroay of cholesterie liquid crvetnle that hrve a un'gue
nattern in resvonee to sny of the me erinle thet altar the
entienl provertiee of the ligutd crvetele, thus  rovidine

o Yfingervrint't of ench of thoge materinlg.

Another awollenttion of thie inventlon %8 in aom chroe
magneraphy, 10 whioh reforence enn ve mnde In emmlunction
wIith Fige6e There 2 vortienlly dievosed tronemopent tube
30 cin e sdapted to hovye ti nlureligy of liquid ervatale
of predoatermined comprgition slonm {te inslda surf-ce.

In the ¢wmbodinent shrwn three Liquid crvetnls %4, 35 and

34 sre used, thoush sny rther number could be emnlnvesd,
¥ithin the tube 30 ie a mopss of gas absorbente 38, At

1ta oower 2nd, tube 30 is provided wtth s pas inlet 30

snd a ges outlet 40 extends from the unrer end Of the V
tube, Upon nessing o gae into the evetem, 1t 1o ahnﬂﬁbﬁﬁ{/
rr the sbaorbent until the lotter 1g s-turated, ot whi@ﬁg
time it pespes onwerdly, By sopronriate plerocment of
specified ligutld ervetals lenpthwige or verticclly nlong

the tube 30, the effectire abascrbenevy, OF more anrrcetly

the failure to abenrd roseidly Sae 4o saturatlan, ?a »roamily
indicated hecruge the grg would ~nss hv that rortisn ~f the

ahenrbent, nerments the 1iguld ervstal, fOr eyammle 171a0i4d



ervetal 34, and thereby chrnpe {tes ontieal ~romerties which
would be vietble through the transparent tube, or ecould bhe
mergured, Similar snetion iNn due enurse will be evidenced
by ervetnle 38 snd 35 vertienlly Aianosed from ervetnl 34,
Comeeguently, the liquild ervetala eom be used to indie~te
abheorbent effeetiveness, snd visually show Whan repenerne

tinm or replocement ahould tate ni-ce.

The eholugterte Ligutd ervednls ag such com 'he emlnved
the maeking £or 0 ocas chromfiosrrph columne  Thig lp
nnpaihle far sapes to nermunte and &iffuse turough’ eneh
ereatel In a digtinet manner, This »ronerty permits ~ne
repclotiong and the ernditinns nt a1l times IN the eolomm
woauld he freotly choepyabie heonuee of the light

pemttepdng alieots ~ccommying the a1ffueion.

In another eonteznlrted use or the nrecent invention, &
viipleeterie Liguald cryvatnl would he daneged within a aMtrom
liad ntew aimosphiere renotlon sone, If the ve-gtion o
Bo enrrisd cut were, fov cunmnle, to be recomplished in the
“haenes of oxygen O alp, o ligutd cryetal nertiounlaply
pevettlve theraeto aculd ha useds TTnom abgerving ohanooa,

PR oy, In tha TAgald cervaeial mn onerator would 4nsedictely
Taemn 3f hitg emditirne ol oxyvsan onacentratian were NO
Lonrer tolerablee He. gnuld spenrdineglV tnges amnrenrinte
valtlan. Where thie gvalew s ueed in gomneetion with 2
yogam mamn, o ehotesell esn ke frouvsed ON the ervetsl nd

Br v Punted o pliart the ousn when the opvatnl ndlo-ted
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on undealireble oxyzon oeoncontration,  Por axnmnle, a
mixture of 30 pere-mt by weight of cholesteryl elcosterew
rte, 20 nercent by welpht af ocholesteryl nonanonte and 80
rereent by welght choleseteryl olevl eaphonate, vhiieh s

red ot 249C., would chomge |a 2 hlue color UPON mhsorptien
of mmypen, A tynion] resntion in which esuch o svetem ™nv
he noarsteulrrely usefnl g th-t in which orpanoe-metrllie
compeundeg, ooh g on Glhyl lithium, are involved. Nurers
sup pimtiar eoplientions are nopetble IN view of the

srest pumber of eontrotled atmoerhers renetion end: nrocecsee

thrt nre nwresently nroeticed.

hpother cxrmple nf the invention wapt A ligatd ervetal
wee pede from seusl vortn Dy weipht of cholegteprvl noeint:
rnd ehnleptery) henponte, £t room teupernture in oprdinory
Tiekt, = 10 mioron thiel £41m of thie ervetrl wae red,
Beneene vopoaps ohomesed 14 20 blue, hlnrofopry vannpep
decerned 1ts rod oolsr. Prichloroethylens enused n ghrnce
bs blueg. ™he oonbtie L nronarty most feeoguendly vaed 4o
sheeprve shenee (and tharefare the ‘regenee of an unimeem)
in the shelepterie 1iauvid orvetsl hag hesn ecalore Other
gotienl opropertles sre eipiieply nffented, euel ng onties]
retation, ehift of elveuler dlchrolenm, birefringence, @
the 1ive, ftnd ohrageg In those vromersies ern he urped
in the srplvaly evetem, Craventtonrl owtionl Anstrarente,
rrpordereg smd the tile, eneh na n nhotsamalitinlier, n

mhatanell and g on cfm he vaed 2lro to rend out the delepohnr
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in add{tion to direet vigual odservation. These may be

indeed he neceprary for remote omepntlons.

Mirtures of comoumde =lss onn be ueed. For ex mrle,
eng ugh mixture woe 48 sercent cholesteryl ~eetrts nd 58
neraent of oholestervyl benzmeste. It hrd 2 deusd red enlor
2 prom feantpitura, The gommogition »~f this mivture v 8
verted 1n five meraent gtens 1n hnath Apeationnr, T4 voa
IToomd “hot the eoaler w g ehifged further trwerd the red for

' they dlrsption of oommogition chrmre.

In ng.'? there nre vlotted dstn obtained m 2 gholege-
Ctervl Llgutd cryetel veopied by the wrecence nf noamsll
nmount of dlflervant commeroinl ~1lp,  The warious lig14
eroatnls vere 11lumintted vwith » helium tmmg; The aolnsp

of anximm reflagted intenpiw, qﬂrrﬁmwﬂnﬁinp “n the stronpg
ganalol Lineg of helium, wirg shserved =4 enrious temerstures
and nlotbed for enoh crsten, e boge gholentestio Ligtd
crratnl 1n all dnstonesg vop, by wedirht, 00 napts ol ghologe
toryl nronionate snd B0 parts of cholepteryl nmononte,

fntn Dop the first (Son) cuprve were ohtalned »n thet mixiure

Sreg o8 olle. Thowt o epreta)l wes Dormed By ndding B oorate

~

by weleht of alete celd 42 She PISA0 miwture ~f the wprrie
manhie and nonanonte, i nouprinre $a 0 mubgtrete dn the sooual
| TEANET . The 4hied izt e weg mede by mdding B nordg of
rand r (eommertenl o1l with nial sereentaee of free Toihy
“gide} 30 the bass miviurng Fumber 4 smd B mmrfﬂ nf goeonut

il and 100 parte of the hamse, Similerlv, 8 varés of com
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01l, of tall olly of triolen and of methyl olente werc used
rith bage mixes to ~rovide, resneetively, the Bth through
Ath 11gquld crvetnlss Temerrture - wrye length dstn were
token ON erch A plotied, It is t» be n~ted thnt Pip. 7
ie subetantially to serle, and direet readin- asm he = de

Fromn ite

e ourves of Flg.7 show mony of the untgque chnrreteris-
Hles of the dimoovery. The eubatanticl ecfrfeet of tempopne
fura ON gue of the olven ervetnls ie nleine The unigue
effeot O any of the ~4d4tives IN the same liguid erveinl
~len e plain, mmd phowe nt ONCE that these mrtepinim, vhich
tnve gome chemlerl einilarity, oon bhe detected ~nd Aletinsufe
ghede ¥or exrmole, 1f any of thege materinle 40 lnown 4~
he nresent in the hase crvetel mixture, temernture eoonning
o oplve o cherveterintio eoloar will Inmedictelr ghow vh'eh 14
ige O et gonetant temperature, the nrximm reflection of
helium Lirht con be noted, thereby shewing vhioh nAditive tp
Involvedes Thus if moximum reflectrmce of the crvetel ‘s
red ng EGQO». the rdditive To ecoonut ~11, while 47, =+ the
gome Ltemnerature, 1% ‘e vellow, the corvem phow 1% o he

cron ntla

#urther, & c~nptent temmerature line orm he rrojcretef
cerogp thie praph &nd the pharnly Alflering enlores neted
£y gevernl pormositions,  Fer examnle, the 269C. line cvoreses
the ecurves for mixtures 44 5, 8, 7 rnd 8 and the eonlors

indiented will rence from red to hlue.
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The dntn in P1g.7 omn be replotteds Thus 4f the ratio
nf the slopes of any of the curves 2 through 8 to thnt of
ourve 1 ba replotted versus the wave length, n curve
" chearnctertistice of the effeet of the ~dd1tive in the narte
jeular liguid crwvetal (the bose mivture) ia found. Ay
other anount of that additive in this liguid erystal will
Cpive another curve of thie tvne hrving the snme genersal
chepretoriaticns 2g thl'es ~articulsre eurve, Tdentificor~tion
e noegible threvgh this, and by strndspdisation nrocedures
quimtitice ern slse be recognimeds This sime orogedure
of forming gtandnrd veforqnces ean be -peomnliched with
s;ny other cholestaprtc YTiguid crystal and with mny other
perlea of chemieally ainller 3284t {ves with eimiing

For snelysie nr deteation rvrtem vhere omiinuoueg
monitoring 's undesirahle or nnt poepibls, PR irrevereible
deteetor may be mnre upeful then thoee rnf reversible
gyatems, Tn the irreverpidble svetem intersction of the
cholepterio liguid cryatn)l mnd the dnknown ocecure hrinsing
rhout n per~nnent chrmee in ontiesl sronerties heonune,
in offect » new ghnlesterie Viquid orvetal results
Lrom the intersotiom.  The mffant.an optieal nronvertice
devende mm the gareolfie materials re coted and theip oonrens
tratione, In this mynner, cholepteryl nnnannmte,'er BNy .
ocholasterel deriv&tiv@, eqn he uged "o detent {roe

halnreng nuch as ohilevine or hromine, Omone, oxygen oned
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the halorens oczn be detected ond determined by eholesteryl

#llyl ether or cholasteryl eleostenrate,

In ony analye’e nrocedure, etemiordis-tion te vracticed
to ineure reprodueihility sand thnt the results rehieved
enn bBe nppropristely Interpreted. In thir inventim,
substretes oon nffept the intenelity of a eolor (ferk gube
ptrateg reflect hetter) and muet be crme'dered to that
extents Temperature in mogt Inetsnces hre -~ striking cffeet
{(mee T1g4?7), 8nd can hring rhout n color ehanma_or’ahmnwe
in ather optienl nronertys Thism crn neeonasionnlly dbe
utiliped to further refine the mmelyats svetem. Genernlly
howewvor, this mal merely ho nated eothnt chrnise reosnlting
will be attributed ta the »rener influcnees. . 4 divole Tleld
¢n nffeet the dipolsr chaprngter of choleaterol derivetivem,
4 grenr gtress aorlied to n choleeterie liguid ervetal con
¢hnnge the ontlenl eharraterictices. Rrdintiom com »Cfsed
the etemlienl conptitution theredby providing » d1fferent
cholesterie Liguld erreinl onfd, comeequently, Aifferent
optlor) propertice. The sngle Of {rneldence ené the
chinpaeter of 1ight uked e¢on also b eignifiesmmt, RO
cxnrple, with noelopiged or wnpolarized light, the sortfer=
ing wawimum (B0 percent) iz 611 clreoulsply dichralo st
roriel ineidones, dut deoressee ne the angle of ineldence
ineratsag. In sny of the Porvegoing Inetanoces, noe dverye
efloote will resuw’it in rmy analysis wrocedure 1f, for .
mxampia, the test ervernture is the name ng thot at which

the standard wos determined, Of but » sinple anple nf



$ 391
irncifonee 1o ured ond oo on.

From the forepoing dlscuseion, desoription and dnin
it is evident thst the oresent invention conetitutes » unigue
and highly effeetive cnalyeis discovery. Ite penwitivity
ern be comprred to that of the humen nose in secope. Dnta
hitwe shown thnt with it, chanres in conecentration on the ~rder
nf but a few napte »er million can be detepted, nep well rp
chain chardoterietice, isomerism ond other slight voariations
in echemleal struetures Tt my he noted thrt quentities ~£
m terinl used are not eritiexl, mmd ecre genernlly 1mpartﬁnt
enly for guantitrdive rmelveie, 'In tho nreetice of the
Invention 1t has been the usurl nraetice £+ use thout
ene to PO parte by welpht of the unknown ner 100 poards of
g lloulderyetnl, thourh other weipht ratlos couvld w
weed 2 welly,  VWhen | ie consldered that n determinction
etn be resdily mnde with wery MINOT amounts of the chologe
terie liauild eryeinl, the sommomy avnilablw with +his

invention booomes annnrent.
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Appliontion 7

A larape aren dienlay soreen s vrovided which includes
n layer Of ligquid eryetalline mrterial Of the cholesterie
vhage IN which a temnercture imrpe i» anplied thereto nse~ra-
ing tO electrienl information by merms Nf loray elemente
provided in intimate contact With the 11quid cryetnlline
materinls The logey elemente may be tn the' form of

replative elements of nonlinear chorccteristice. ,

Referring to Fig.l, ~ evetem |a ehown including »
dippley sereen ngmembly 10. The sereen aseemdly 10 ig
provided with a heat eink 12 on one surfree with an raereir-
ted temmerature e ntrol means 14+ The temverature control
means 14 coneists of nn enclceure ON one purfeeoe of hent
sink 12 with mecns for rermitting flow of n ligquid medfum
euch as water over the surface of the heat aink 12, The
tempernture of the water »ay ha emtrolled to the Adeatred
oneratineg temporatures, A thermoelectric temmernture eontrol
svstem may DE emploved for controlling the overating

temnerature.

The dlenlay esereon 10 18 11lluninated with o light
gource 18. The source may De of white light O monow
chromotic denending on the narticulrr snpliention. The

dieplay On the sereen 10 mey be obeerved Dy ob obnerver 18,
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The dieplny sereen structure 10 IS shown In detail in
Flueme? and 3, The pereen etruatwre 10 ineluded n sunnort
layer which 18 the hent sink 1%, The hent eink 12 1g con=
nrised ~f n guiinhle mrtepricl ruch e aluminum and hoving
o thickness of ohout 2 eme A thermnl barrier lsver P20 1p
nrovided on the supmort iover 12 »smad = he of » satt-hle
m terirl such 2 nolvethviene terewhthelote osnd Ymowm wnder
the trade nome Mylars  Thie £1lm or laver 20 mry he nnnl'ed
snd eeeured {0 the supnort layer 18 by » suitable adheoive,
The thicknees of the layer 20 1S tO nrovide r therma)
haprier lovepr 10 srovide a time delay in thermal eomduction
from the heat sensitive soreen to the hent gink 19 SO ra fa
provide a Droner time genstent for the eoreen strueture,
The materirl end thiekmess Of the laver 20 mav he vrpted

t0 obtain ~ desired tims delny,

A plurality of eleotricnlly conductive ptrive PP ahowm
no vertiesl eolumns ~re nrovided on the. lover £0 ma may he
of o sulterble eleetrie~lly conductive mrterinl such -8
2luminume.  The conduvaetive strine 22 ghmald he of thigke
nese of ahout 100 angetroms sand the width of about 400
Miorons. The gvaeine between the conductive etripg 22
ghould be about 130 miorons. Poaftioned nn the cmductive
ptrips 22 18 henting lrvrer 94 nf o guiterble lospy nntericl,.
In the snecific embodixent = registive motepri~l sueh rg
selenium, mnemepium oxide or sluminum ~xide 18 »rovided in
the lrver 24 and heving - thiekmese Of ~hnut 25 microna,
The coating 24 may he evnpornted rmd nrovided on the entire

cnnductive 22, "s o eontinuvous lrver or simoly on retive
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arecs 24 of the soreen ss 1llustroated in Fig.2. Positioned
on the exposed surfnce of the repiptive lnver 34 are
¢lectrically eonductive strive 28 to nrovi.de a non=lineny
reslator within the votive ~reng 26+ The resulting
gtructure comeinting of the conductive electrodes P2 the
reglative laver 24 snd the eonductive electrnde 28 1s to
nrovide the matrix of nonwlinenr repletive elementa Or ~otive

arene P8

A conting 30 IS nrovided ON the emductive strine 28
s ¢ econtinuous conting ™md mav be 2x 'of o eniteble blrek
point such re India Ink tn nrovide o bleck surfree. A
loyer %2 Of v Liquid ervetalline moterinl of choleeterie
phage 18 »rovided on the blaek coatine 30. A suitnble
miserinl for the liguid eryetniline lrver £8 | S = miwture
inecluding 80 percent by weight Of cholesteryl nonenocte,
'50 vercent by weight of oleyl cholesterv) carbomate nnd 10
narcent Dy weight of cholesteryl benzorte. There -re
other suitable mrterinle #nd mixturee thrt exhidhit the
chanse in retfleeting »roverties in reerponee t0O heat such

»g Aeseribed in the U.8, Patent 3,114,838,

The ernducting strive 22 nNre conneeted tn o switehing
member 40 and ag Indleated e~ch of the conducting etring
22 would be emmnected to o menapate terminal 42 of the
eywitehing device 40 with rotor 44 »rovided for neking
eoninet to eeleeted terminele 47, A pimiler switching
syeatem 80 iS »rovided in which terminnle Bp thereof nre

conneeted to the conducting etring 28 with o reator 54 “pavided
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for connecting to any of tha desired terminele 52 snd
npeocinted atripe 28, The rotaors 44 nd 54 are commeeted
torether throusch n guitable current souree 58 and a viieo
gource 59, In this menner, the necessnry current e»urce

58 nd n vedlo cource 58, In thig ~onner, the neceas py
eurrent may he spnlied cercse o selected rotive arern 28 %o
nsnvl.de he-tinge The ewitehing untts 40 and B0 hr va heen
shown =8 simnle =eehon eal switching arrancements fnr
sonvenience Of {1lluetration and 't ‘g underastnod thot env
gultable sernning or seleeting arranpement might he

utilimed. The geanning nretem fOr » dlanlay would narmnlly
require thot it be canahle of vroviding a standnrd television
~oome It might De desirable tO utilize n a'mnle erthede ray
tube with erccinl fiber sntice frece nlrte {0 neovide the
depired eontrol signcles to rotun' ¢ pemicrnductor devices

ar glow discharge ewitchee fapocinted with the emmductive
plements £2 and 29, Various other ewitehing devices

might be used tO econtrel the current fl ow throurh eeleoted

nreag P84

In the oreration Of the device showvn In Pirs.l, 2, nd
3, the native elemente 28 nre heated bv goincident techn que,
The mmbient temperature Of the dlspilry sereen 10 ta emirolled
by the control, nesns 14, The amhient temmersture of the
1lquld ervetal laver a7 apsopirted with the element 98
for thie eveeiftc moterinl will be at 32°C, Light Alrected

mntn the dienlay sereen 10 from Che viewing lLipght pource 16



will erure the eoreen 10 tO look blie¥ O the mhperver 19
due to the fnet tbnt the 1ight is not refleeted from

the liquid ervetnl lavep 32 hut Pram the hinck conting 30,
In order to Atenlny sn imrre, hent muet he ~wnlied tO the
clemente 008, The hert mry De snnlied n ~{ven middle
rosletive netive elements 28 and eneeifionlly the elewent
24 In the vettom row. the ewiteh B0 wonuld be conneoted to
ther terminal 52 ce shown N Plz.? and the sw'teh 40 womild
he eonnected to the terminal 42 ap shown in Pig.2, A
current eorreenonding tO the eource 58 rnd tho video
rource 58 would be nnwnlied rcrese the element 28, The
carrent flowing in withk the smxumk tha resistive laver 04
~f the element 28 would cnume henting iN neenrdrnce with the
anount of current, Since A resletonce of tho nrea 20

1z nonelinenr, the ratio of nower &lseinrted will ha 119
or more, If the temmernture of the elemental cren 25 1é
raieed 1O o tempernture of 33,89C, then a red color will
be reflected by the ecreen 19, at & temverature of 3470,

n ve'low color, nt o temwernture of 35,8%C, n green enlor,
ot o tempernture Of 37°C, a blue color end at n higher
tommerature the structnre willemain be blaek to the
observer. By tho nmrunt of ths currant f£low, the color

mnoy be erdtrolled.

This oronerty of tho sereen 10 1e 1llustrated by the
curve shovn [N PireBe In thie mrmner, » color visual

imaze Can he Atppl yed of cntraetineg colore or by
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controlling the temperature by current Sow, the imase moy
be mnde LO a near IN » single color on an-ther color
bnekarounds The nhove descrivtion ie d'reoted t» the use
af o light ssuree 6 of white 1ight, If a monrchron~tie

1 rht mrurce 1e used then » single color esn he obtained
go ng 1O obtain » hrightness varintion within » ein~le

color on black dbackground.

A tyniecal charrcteristic curve frr the nonelinesy
rosietive element g4 ig 1llusterroted IN Pigeds Bv utilie
zotion of the nomwline-r deviece, one is able té insure
that power will not he disaipated in ~djecent elements hut
will he a plied -~ernee the single element where auhstentinl
conduetion 1g found due to the faet thrt r srenter volinge
ir noplied nerose the sinsle element, rother then the nther
c¢lementess By providing thr temmerature hWarr‘er l-ver
20y one 1s #hle to contr~l the amount 6f time thrt the hent
imope 1is apnlied to the liquid ervetalline lnver 32,
41thoush the surrested sesnning method does hot nrovide
for s stoerpre tyne Alsnliry, |t ‘e recogn’med thnt the
pronneed dlenlay roreen is ndaptohle to nther se-an'ng
ptracturee which incoryporntes both etornge ~nd pelective

SIrnpe.
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Appliention 8

Thie invention relntes (0 temperature-sensitive vigual
dieplay devices and, More evecifically, relrtes to arr ys
of encopsulated liquid cryetel material which irridesce

vhenever temnerature chenges occur ON the arrnrye.

Up to this time, the utility of cholesteric mesomorohe
I N temperature-~sengltive svysiems has baen eeverelvy limited
due to 2 number Of resesone, the following pointe heins gome

#f the argdrmed frnultes

(1) ©8uch systems containing s mixture Of one or mare
intermingled mesomorvhie oompounde ng n film are subieot te
ervatallizntion of lorge aress & the Aesired working
temperaturess  This undesirable corvetallisntion tends %o
coneentrote one Of the aetive materinle at each ervetnllizne
tion site to thereby separate it from the other commsnente
oi such a mesomorrhie mixture., This comnonent mennration
resulte in () lose of nreeigion and efficleney in eoloy
change ot the degired temmerature, snd (h) anomalous colnr

chenge activity at other temmeraturesy

(P) mesomorphie cholesterol derivatives are olly Ligquilds
nt and sabove their melting temperatures. When thev exiet
sg o £1lm On any surf-ceas, the film, bheins wet, & pubicet
to injury of many types from areing, and eonteet ntth the
environment. hust particles nre eapily entranned by the

liquid surfsce and oan rerve fs undesirable nuelet for



orvetnlligntion. Suoh filme fire exposcd to thr danrer of
contaet With any meterial tn the vicinity, with resultant -
diporpanisntion Of the mesomornh and nwoseidble cheansre IN
thieclmeas in loealized nreae, which would Alter the repronee

of the avetemy and

(3) the subjeet wet—film mesomorvhia systems are
nrone Yo anomalous color chance behavior unon the cvent
of only slight eontamination of the svetem by varioue
solutes, ™is emtoamination can cause 1ridescence by ‘tw
pelf at » piven tempernture net othepwlse "paccinted with
the vield of color in the £1lm penerally, OI {t crn nraduce
larze ghifte in the color nroduecing temnerature, e¢ither

higher nr lower,

The preeent I{nvention nrovidee for the isolation and
nrotcetion Of these thermotronte liquide ap droplets ne
the ecores ~f minute tronavarente-walled canvpules, ™d the
dlatribution of those conpgules In o film=laver onte »

aviltable substrate £~ use g & temnerature gensing device,

Thug, according tO the invention, there is nrovided
o vigual dlenlay device com rising o substrete ennted with
s meee Of Minute eapsules emoh having & 1iquid nuecleus
ineludins one or more materinls orpable Of nesuming » cholege
teriec mesovhase in 2 nredetermined temperature rance, mnid
nugleng helne retotined by o enrsule wall materinl whioh
tranamite light incident on a reflected from the envrule

cermienta,



By the term '*'Minute'' 1%t ie meant that the eanenles
ronre from 1 miecron to 5000 mierons in nverare dimension,
heinpg of such emrll eire ar to moke the individunl manufoe

cture thereof imnossibdle of impractieable,

It should be underetnod that the eapsule produst nf this
invention cem De nttained by any sutitable encavsulation
tcehnigque which 1p connble of nrodueinsg cavsules af the
reqguired small dimeneions. The final form of the esneulnr
nuterial 1O be conted 1g nreferrbly ten-towfifty-micoron
ecrpeules, but It has been found Chnt ~ny size of crmeules
am be sufcessfully utilimed, the larger coneuleg only
ehowing s deoreased degree of visunl reeolution when used
N & deta dieplay svetems Fneoveulnated mesomor-hicw
aomoound £1lm lavers annesr t0O be free of the, heretofore,
Liniting dlsndvanteres sepocirted with - xwoged continuous
wet filme of the mnterials. Lavere Cast from an equeous
plurry of the engapsulated mnterial and dried are ary to
the touch, rre relntively unaffected Dy brushing contnet
with foreign hndice, ore pubstentinlly immme {0 solute
conianination, "4 nre ntt eublect (A ropvidt deterioration
by seleotive ervetelligrtion on eontamineting foreipgn
bodiess and, IN enser Where ervetallnzation does benin,
it 1o etonred from further areswipe Aevelopment by the

houndary of o ocovsule wall,

e Invention almo neovides fOr the alstribution in

suagh o film-laver of mixed eangulep dtetinmi‘shed by the ip
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different eonténtland rerformance which evetem of'mixad
enpoules o perve the nurpose ef geneing temvwerature opr
dlagploving dntn at several tempersnture levels. | Such a
syetem, in rme caee, may emsiet of layers, each layer
- eomrriping one, two, or more tyves of oabnulés havinge
dlfferent charneteristics. - There chroracteristics may
involves |

a) temvernture resronse ranges

b} size of linquid coreg

¢) tyve and thickness of cnpsule wall materinly

4) ¥ind of “esomorrhie meteriale, |
and the like, 2ll to the nurnnse nf chnosineg an exrot

responee guitnble for the nroposed use,

The wall of the mesomorvhecontaining ceveules mer be

- of colored materisl =nd such crpeule w@?ﬁﬁ perve Aleso Mg
color filters for light traveling to aﬁé.from the mezomore
rhie mﬂterialn- Ompeule‘walla are enail# tinted by the
upe cf staines Buch a eontrolled eyve em would £ind uese
in devices where the broad iridesoeent effect im ohiectinnm
able. |

The substrate 1 can bhe any editable materinl, thilcl
or thin, transpafent o opaqﬁe. celored or not. Pige. 12
ond 1b show a £1lmwthickness of material as o aubntraﬁe.'
but the use of a £ilm naterirl te ontionel, If 1t 4o more
convenient nr to the intendeduse, any firm bodv cen he

utilimed to nrovide & surfroe for material, As sn nlternntive
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method, the enecavsul: 4ed, temrerature-resvonsive m~terinls
can be utised ns a liquiad slurry, the eolor chance vhenow
menon remeining the erme 28 with the drled £41lm mnterinl,
Fige. I N 74 Intended tO revresent the cepgule ennatine ot a
temnerature abo-e O helow that which 1s required for tho
colnpr change cffeet of the measomornhic meterinl, while
Pigeld 1o Intended +o renrecent the snme coneule onctings
vithin the temmerature prange of the color chenre effcot,
The erosc-hatchineg Of the enveules In Figeld IS usped only
to Aepiet = color chenge and NOt tO susrest narticular
colors. Capgulee hovine sn cverape Atnmetsr of & tO
1,000 mierons or nerhanes slightly larcer ern be used frr
the contings rnd ome enngule laver or & numher of punelw
imposed lavers cen he used, denending upon conditionm -ng
regquiremente of the intended conting annlication, TNifforent
nreag Of the szome surfoece may contain 41fferent kinde »f
copeuless Plgee 1o and | D show A colored lroyer 3 ON the

hrnege 1, the use ~L which is ontional.

Fipures 2 and 2 illustrate the use of r Adisgnloy cercen
4 gomnrising o conting of caveules containing but one svetenm
Of cholepteric moteginl, which has been conted onto » puhe
girate of self-su-orting material. An onfrrreed energy source
5 18 directed nt the dlepley sheet and e emtrolled by a
stenell 8, Infrared reys which nare the steneil 8 are
abhoorved on the disvlay sercen 4 and thereby raige the

gereen surface temrerature in SUCh a mormer ap t0O cnuee o



color chanre having an outline gimiler in shepe to the
stenell cut-out. In Pige3, the encansulnted mnterinl

has been coated mto n dlsplav eereen subetrate 7 Which hres
tho ssme colrmy mnd texture ns the unheated, encmnsuleted
moterinle Ap infrered rave are directed POM an energy
gupree 8 1n o hermy, throursh tho focueins lens cvatem §
orovided, the corsules 1n the henmeimr~e aren rre vermed,
eauging the charreteristice iridescence and vipunl mnvenrence
of the imnge. Of courme, it is understond n thrt any
annroprinte source of energy ean he usged in the wreotice
ol this invention, heat lamng beinr ghown in the {izureg

only ne » convenient meana »f depicting an energy eource,

Plgures 4o mand 4% 11llustrate the nractice Of thig
invention ss n direct reading wmnerature dlenlay devise 10
employing more than one resnonsive sye‘eme The Aevicor hoe, ”i
conted on ite front surfnce, individurlly reenonsive lﬁy@ggf”/
ol eneanenlated mesomorphic materials, esch lever bhein -
opplied in the outline Of tho numerals which represent the
temnerature at which the layer undermoes = color chenve. Ir~

Flra. 4n, the surfrnee hne hoearbed Infrored rﬂ@i-ﬂttﬂn/@;fh%
from eource 11 of an amount required to bhring the temp?£§éﬂ;e
of the ecrnpulea UP to about 25 deare g, the temner§§»é% m?
which colar chance oceura in the (firet) outline layer of

the numerals "*2'* ond *'8'',  The repult of thie hent =/
/

aheorntion 18 & vieual indiention Of the surfrce temvernture.
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In Pig«4d, more radintion has been abeorhed, and the termmeranw
ture of the first %ind hae heen reiped nhove the colopntion
temperature nf the firet ¥ind of enennpulrted mrterial ond

up to the coloration temperature of » peeomd rind of
mrterial in snother Inver represented by *'3'' and ''9f'a,
The result, ng shown, is disoppearsnce Of tho numernlegt'2B*?
and subseguent anpearence 04 the numerals '!'30'' o direcct
temmerature indie-tion created by the aelation nnad nren,roe
tion of different arepp with ornrovrinte encropesulrted nMoaw-

mornhic materinlee

Pioures 5 {lluetrertes » further naveet of thie ‘nvention
in the use of encansulnted mesomornhic mrterinls for Anto
dlenlayv. Cepaules nre conrted onto & dlenlay shret 12 sand
dievlay charncters are cnuped o nmmenr Dy eontnet with or
proxinntely to a wormed chorseter, such e an emboeped tyne
12, There enn he nrewnred, hy sreper pelection Of mego=
mornhic svetems, eenning devices »nd 4levley Aevices vhich
veild thetir vipunl eonlor ndvent ot temmerature leveln

considerably ahnve or helow room temperature,
Lxnmple Y.

1.98 grams of neid-extracted plgekin pelatin, hrvine n
Bloon gtrength Of 288 t~ 305 prame end on isoelectrie noint
of pH Be=9, nnd 1,75 prems of gum arabie, ware etirred vith
128 grams ~f Aletilled water Nt 55 derrecs Centigr-de in

n Warning Blendor {0 yvield A solutioh, which WnsS rhout nH 448,
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When tho eolutton wae formed, the. pH wne ndiusted t 0 640
by %hedrop=by=drop addition of 20 percent by welight,
naueons erodium hydroxide solution. 'Po the above svotenm
woe added a eolution Of ¢ prame Of cholesteryl propioncte
IN 8 greme Of cheolestervl oleate., The cholesterol derim
vakive moaterinles were emuleified in the ¥rring Blendor
veagel (O mn average droplet size of 10 tO 5) mierons, ond
the nH of the evetem wrp alowly reduced hy the drenwise
addition of 14 vrercent¥, by weipght, rqueoum ncetic neld
pdation, Addltion Of reild wee continued until the single,
11quid wrlled, ecapsules ~luetered to form awrpegates h-ving
diameters of rbout 2B t0 300 microns. At thia finnl efwse,

the sveatem vH wae about 5.

The entire lLiquid wne then chilled with an {ce bnth
to below 10 desrees Centigrande, While the azitation wae
continued,s At 19 Aepgrees Centigrnde, 06 milliliter of a
25 mereent, by weight, aqueous solutioh of »k nentmnedin,
o chemieal hardening arent fOr the pelatine, woes nAded %o
the Blendor vessel, and the svetem was stdrred for rhout
1% hours vhile slowly returning to room tempernture, At
the end of thot time, the caspule walle were iIM ond hrpe
dened, and the eapgulnpr svetem wrg noured throush » wipre 1
mesh sleve having oveninge Of 74 mierons., Thnt which
rreped the pereen wos sultable for eating the intended
subetrate. Capanles, along with the equilibrium liguiqd

vhich naseed throush the pleve were conted, using » Arawdown
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avrlieator, tO » wet thickneee Of more thrn 2 but teen
than 10 mile onto 2~ blockened, S mil=thick, nrlyt-thylene
therephthalnte £1ilm snd then were Aried 'n air ot abont o6
derrees Centigrndes If tempernture waa raiped at » point
a1 the a-atad inver, cmmeertriec rinre revregenting o tome
perature gradient nottern anneared outwerdlv from 8 centpral
ring of blur, thenece greetrally in order throush red, on
the temmeprature gradlent decorcased. Ap the tempernture
of the point wre inerersed or deorensed, the effeot wes
evidenced by exntnsion oy contrretion Of the ringa. The
gyeten of Examnle I, first exhibited the mesonhase colow
ratlon tronsition at ahout 28 Aesrees Centiprade mnd oone
tinued %o about 28 {0 30 deprees Centiarsde. Swvetema »f
edj cent expanding =nd contracting rinse intersroted, ~na
the resultant COlOr w-a a funetfon of the temmernture of

n ~lven oref.
Ewnpnle YT,

The encaneuletion process of th'e examnle s ‘dentienl
with thag Of Example T. excenvt thet » Aifferent mixture of
cholesterol derivatives wns empnloyed. In this exammle,
the cholegterie mesomorohie materinle were 5 prave of
cholesteryl propionate and 5 prame of cholesteryl nnnmnn#ta
t dhe pubetituted for the cholestervl »nronionate nnd
cholepteryl oleate used in Example T, With regord to ¢nlor
chanse and transition tewperstures, th'e svetem hehnved

much 1ike the svetem of Examnle T,, the nromnprtione heing
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selected with the end 4n view of making the behavior nf
the evetem alimed With ordinary living environment teme

peraturey, ze wne aleo the ohlective of Fxamnle T,
Fwemple PIX.

In this example, two different cholesterol deriv iive
nlxtures were wennrately encaneulnted by the methed depcribed
in Exonmple Toy And the careules were costed, ne A mixture,
onto « hleckened substrete films  The cholesteric mesome
orphic mixtures were (=) olevl cholesteryl eanrbonnte mnd
ehnlegtery) nonsnonte in o onewto-one ratis, mnd (b)) Olevl
cholegteryl enrbonate and ehelcgteryl nonannante in n onews
tewthree ratio, resvootively, Maximum reenongse tn incldent
light (etronz in BR00 A. comnonents) wrs at 34,5 degreos
Centigrade in one syetem (R} and Nt 48.8 degrees Centirrsde

in the other pvetem (b).

The visual effeet of such o eonted mixture of ennerules
vag mich the pame ag that of the nrevious exermples, excrnt
that the, irideccence oecurred IN tWO sequences herinning
ot two different temmeratures. In warming a test point
sm the eooted laver, the first sequence nf eoncentrie rincg
of color apneared eireling the paint of heat arplication,
Vhen the SpPOt on the conted laver was furthsr heated aheve
the firet color =»roducin- temwerature hut helow the eolw
producing temmermture Of the seermd encensulnted materisl,

the test point apain spnesred bleek with only a ring



of eolor remeining, ot the time, a fixed Adistance fram the
center of heat gourcec, due to the static temernture prom
dlents Unon further heatinr of the test woint on the cant-
ed 1nver, & peeond cet of color rinee heean tn ronenpr ~nd
nove outwardly, hut never resached the firat ringe,pivins
rise ta n vieual indiertion nf the temnerature nttwo
difierent locntione ON the coated pubstrate. B0 maeh for
~oint annliention nof heat.s When Chr certed substrate

£4im, ®» a whole, wng heated, tho £ilm reflected chrneing
colore, not in rinegs, hut 211 over colare first annenring
due {0 rne smeapsulated material, the film ewmenring bloek
far o time st temperaturep intermedinte to the different
color nroduecing temperatures. The color chanpes anncnred
in reveree order 0N coolingz the f£1im, If erngules of
dirferent cholegteric mepomorvhic materimls which have nveprw
Lapning colorechanpse temperature poanges nre combined, then
the reflected colrra will be combined to nlter thr visgnal
aopearanee, depending ON the relation of the different
resnonses and the resolution nf the canpulrr systems A
figouesed nrevisouly, smnller canpules vield svetems vith

hirher resolution.
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Apmlication 9

MULTI-PREQUENCY TIGHT TEFLICTORS

The vresent INrention relatee to o method fOr separnte
ing & polychrom-tie light berm into two Or mnre svaced
outout berme, ench comprisinse one opr more of the énmmonent
1ight frequencies of the arizinal nolvchronatic light henn.
In scoordence with the ineentiOn 2 multifrequency lirht
doefkector comwrises beom forming merns ndnnied to mreinee
f henm of nlene nrlrrized light ineluding a plurality ~f
wnvelenpths, polarie ¢ion control meane for nrienting
the rolarig-tion »nlrne of at leacet ONe »f the wavrlensthe
perpendioulsr 1O the polrpipntion plane nf the ather w va-
lensthes pervendicunlryr t(@he nolrpisation nirme of the
asther wrvelensthe, and heam enlitting merne ndnnted tO
sonerate wovelengthes hevine matuelly nepnendionliar nolorie
7 tion plrnes into spatially seperefed light outmutee..

A polapisrtion eontrol annarsatue which movy be used e
eommrised of o geries of clectric field controliled

Liguid orvetnl ecelle,

sesThe deviece shewm iN Plegure 5 enables n eincle
1ight frequenéy tO he chanred in ite polepisntion diredtion
guch thnt 1t will be perpendiculsnr to the remnining 1isht
frequencies In » polvehromntic lipght heam. The Aeviee
consiete ~f » trongparent vile or cell 72 £11led with a
1lguid crvetrnl material 74, A firet electrode nnip 74 nnd

783 18 gecured to the cell smnd 1p crmnected to ~ emres of
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nigh potential 88 by means fo the switeh 0. If a volinpe
ie applied to » firet electrode nroir 78 smd 78 Dy closure of
the switch 80, ms shown in Fig.5, the molecules of thnt
1iguid ervetal mnterinl will aligm in the direction of the
clectrie rield, ap shown N by the arrow, which g pernon=
ddeoulapr tO the light direction. Giomt moleeonles of clongeted
structure often exhibit hirefrinmence f{ thev form a
1leroseonie structure 'mown re lignid ervetale, The ontto
axig Of guch 119414 erve ole enineldes with the elsongated
rxls of the molecules.s Mrny Winda of euch molegules hrve

o cone’derable dinole moment which mrkee them »lism iN an
extornal cleetrionl field, ThiS vronerty 18 mrde use of

in the eell of Figs Be

- Therefore, the light that passes the liquid ecrvetel
ol satd orientation mote split in two commonente, the
ardinery end the extrrordincry ray which hee »nolarisotion
rotnted 90° with respect to the ordinapy ray.  Bath hove
the sanme direction, but different enced thua mettin~ out !
ol vhages Unon recombdnation, this nhoee shift ecruees, y
in peneral, an allintle poleriartion etrte. Due to the 3
dlaperesion of the indiecee of refrrotion, the totnl rhrge
difierencee in o cell of given lenrth, denends ON the
1ight wavelensths,  There eoan ~lways be found o lenesth
nf the sell whereby ot lengt one wnvelength is nolarized

pereendicular {0 211 other wavelennthe upon lecving the

cells If IN Piged 4o the voltare {8 npplied t0O tho aceond
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poir of eleettodes B4 and 86,iAstend Of 10 the eleotrodes
78 snd 78, the liquid ervetal molecules will elirsn parnlliel
@ the light; vesms  This iz now the direction of the rmtics
nxle end therefore, no birefringence occurs. All $ght »2
whatever wavelength now nnrees without chonpe oOf its

nolarizsntion etate,

™e effect of putting severn) such cells IN seriee
leads to o binary selection rule |Or tho nolapization
dircetion Of the wovelength ~aeeing the, deviee, TO
dezoribe the result of the combvined rells, the hirefring@nt
stote 2f o cell, that ia vwhen the moleenlar orientrtion
ir the cell (the arrow in the &tagram) {e in = direction
peroendiculer 4o the 14rht beam, will be Aegipn - ted np
111t omd the state at which it 1s nonbirefrincent will
he designnted as *'O0''y  That any We cmn list the
nougible nolortisntion combinntione sccord ng to the cell

stutess Thie IS done in the Tehile.

An one esree from the Table the number ~f comhin-iiove
of polerigntion directiones which ean be rehieved by three
nf the deseribed liquid cryetel cells is eights Thisg is
trué for four Lisht wovelensthe, ewitched 4o two mutunl
pervendicqlar volrrizetion directions, However, eixteon
different comhinrtione moy be nhtained by the nddftion &
the syetem of three cella of nn electroonticnl switeh 100
vhich ig schromatic, todwitceh any nolarization state to

1tg nermendicnlar direction, SBuch n avaten g shown Iin Pig.8,



TABLE

The 1ight wavelensth enter Celle

1 all with the srme linerr noleriestion dfrection.

Cel|l =1 Cellep Call = 3 Reci1ld

o o 0
1 0 0
) = 0
0 0 1
1 1 0
0 1 1
1 1 1
1 o 1




In ense Where six lisht fregquenciems are te be emtr~liled
In the same wey, One would nced five cells similor to the
cell shown in PimeS, the functions of tho celle being smalopnus
to the former exnmple. The number »f combinrtions of
v velenzthe nohleved by five celle is 2§~39. The ume nf an
sdditionnl achromatie eleétrmwaptical ewiteh inereapes the
numher nf combinentions (0 84. TIn menernd A w velengthe
require n-1 celle tn nerform the mrximum numher of éngi
different wovelenrth combinationg in the two mutunlly

perpendicular nolrrisotion direetion,

¥

The device shown in Plg.7 conateta of electrie fisld
controlled 1iguid ervetal cells in combinntion wtth benm
eplitting merng which genrpate light beams recoprding tO
thetr poleorisstion direction, Tn the exammle shown by
lee? four light frequencien fre ueed and the iwo atnyeg

ol the deovice give four sutout herme,

The cellaused fnr the volarization contrdl 102, 104, 106
108, 110, 112, 124 sand 118 are ench a cell ne hog Yren desw
eribed ahove with reference to Pe.5, The combination of
four celle 's similor to the arrengement shown in Fig.s
but with the slectro=option) switéh 100 Of Pig.8 heing renlnced
by # fourth cell which wauld smive O nAll wrvelengthe n vhree
en1ft of 90% 1f ewitched tO etate ''1''s  Thus, if ew!tched

10 #1¢ ceil 102 makes the nolepteation direetion ~f thr



light w velenath pervendiculnr to all others, the eell

104 mukee the =oleorirntion dlreetion of the lirht wove

pernendicular to all othere, cell 108 mrkes the nolori-

nrtlon dlrection »f the light wrve narnendicular toO

211l othere and cell 108 mekes all wavelensths to chanve

thelr volorisation direction hy Qca.
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NONDESTEYCTIVE TRSTING METHOD USTNG
CRYCTALR

Thies inventlion involves 2 methed of eonlyving llauld
ervetal moteprinle to A surfnce to he tepted Lor dlseontinuitice.
Tept arens ON the surfree nre defined through utilizntion of
£ hellew, loop=forming tubular member throurh which n yrenum
is apolled, snd wvhich producees o thepmally reswonsive emtnct
between the ecrvetel holding medium snd the surfaee within

the tept "ref.

A flexible spnlicntion device has heen devieed ond 1o
shown IN Plg.l 1n an ellivtionl view wherein ~ hepe 14 ‘g
joined nt point 17 ond rermonertly honded {connected) fo
Jorm o hollow tubulapr shaped member 14 ecanrble Of bheding
shrped In Aif ferent confipurations. Tyrical meterials
nsed for thin nhrve been pelyvinvis, rubher and Tvgon.

A multiplimi%y of hales 15 are made on the inside oireum
fepence of the hollow member (ring)s At leapt one nitot
avening 18 eanable of heins adanted to £1t inte vrouun
grateme IS Inserted inte the member 14, The hose S
aesembled ao cs to fhelude sufficient ares within ItS
clreumference to enabhle ndequate teestines 10 done within

thisg defined aren.

In Fig.2, the membar 14 ‘& vlneed ON the ohiect 10
te be teeted rnd conneeted with vacuum drawing merme (not

shovm) al the »nitet cnening 16 o thet nir 18 evnounted
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through the openinee 18 ineide the tnnar efreunference

anf the member 140 Therenfter at least Me eolid £ilm
laver 19 suitably conted with o selected cholesterie
medium 20 1s placed unon the member 14, the top ~f which
has thereon n bhondin- ~gent P1 such re onrihesive tape,

It im aleo posaible to hrve » retaining hoop »laced nver
the f1lm levere In Pge 2y 28 n vaguum IS drawn, f£ilm

12 1s dpawn  inward in the middle region Of the area
defined by the circumference of the member 14, Eventunlly
sg more vacuun is drawn, £ilm 19 sand medium 20 make a thermnlly
regsponsive conteet with the article 10 in the aren dcfined
by tho inner cireunierence of the mambe 14, The wneounm
ig meintained during testing rnd relerped when thOo testing

is completed,

Pige 3 (cut alens line A d af Pige?) eshowe = film 23
being vleced upon member 14 held in nince by rdheatve 71
vhich member 14 pestg on o subatpate 10 te be temted. The
£11m 12 18 conted with o filled cholesteric comprund lover
11, Tynlcal embodimente of £1lm 12 are saran, Teflon,
Polvrethylene, nnlyvinyl alechnl and oleer nleptice.
tnnther arpangement nogeible fOr Flg.3 i n unfilled
cholesteric material lever 11 when the mubstrate 10 s n
dark artiele which of ‘¥s own asccord will brins OUt the

ecolor nntterns of the unfi11led cholesterie moterinl 11,

Fige4 aete forth » gombinrtion Of £11lm 12 with the
memwber 14, the £ilm 12 being held in olrece by adhepive ©1
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upon whieh film 12 18 & dork ovnque f£ilm 1% followed by n
tormont coating laver of an unfilled cholesteric medium 11,

A tynienl embodiment of film 13 would be = blrdgk earbon f£1lled
polymerie f1lm,.

4 further embodiment fg ehown IiN PAxeB iN which subge
teate 10 has o member 14 rasting thereon with a £ilm 19
heing held 1n nlece br aghesive 21 upon whieh £4lm 12 IS
£111ed Liguid erystal lover 11 followed Dy A topmost £ilm
12, Tynical embodiments of euch » film 412 would be snron,
Teflon, etes Another aprengement poeeible fOr F1g.5 1n
uveing an WMilled cholesterie miterinl 11 when the substrote
10 i n dark artlels which of itg own record will bring
out the coler nattern of the cholesterie materiml 11,

Lpoin layer I is the tovmeost [ilm with a seonnd laver belng
the bottomnost {1lm thus sarrounding laver 11 and laver 19
iz conetituted me eat fOrth above. I% 1e alse wopeidle to
have the laver 12 which ocomes IN econtapt with the subetrite
10 when vrRouum IS applled comnrised of n dark onsgue laver

when ueing en unfilied cholesteriec medium on & light enlored

substrnte 10,  (Tymeesl emhodiment ns per Piged)

Fig.8 ghows n dark opague film 13 resting on the hollowe
nember 14 With an unfilled cholestrie laver 11, The dork
nnaque Loyver 13 emm de of the same materinle ae listed fop

leyer 13 in Figeds
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Alter & thermully resvonsive contact has been nchieved
between the oholesteric medium and the nrticle trn be teated,
anplientlon of hent ig commenced Dy a number of meens such
ne hent lompe, eiroulnting flulds, enclosed herting ovens,
tleotrion) resietance getume and eny device for imminging
hat oir currente SO that the tempersture of the mrtinle 10
rnd the cholesterie medium 11 are heated to = temperaturce
nrofdueing 8t lesst ~ f£irst color traneitien for rnrens nf
the cholesterie mediums At thig woint It should be nnteq
thet any discontinuities IN the substrate 10 rill heove
diiferent thermally reenongive charncteristice Yeing shown
in the cholesterlie layer 11 so thnt discontinuities will
be defined by a color dlseontinutty within the cholesteric
Laver 11e Heating enn further be conducted until A mult! e
Ligity of color transitions tales nlage within the cholegterie
Layer at the noint of the dlscentinuity iN. the mubetrate
{thnt IS, devending mm the somnoanition Of the ligquid ervesal
mixture beins emploved, the ovolop ehangea will normally be
from clear to red to vellow o areen tO hlue mm hoatine and

vice wersa an ocooling).

It is aleo pospible tO reenrd the “hermnl natierne vhisgh
develop by meane of wmolion niceturee, skxetches, etcs HBuoh
reesrdines con be used Lo very agovrntely farm overlaye on
the nart and nrecleely loente the exnet configuration of the

digpeontinuity detected.
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W have also studied the feasibility Of prevaring (boy
enospeulation) sondwiches of liquid orvetals using verv thin
{(in the order of 0,001 ineh) £ilm (tvnically saran wraop,
Teflon or polvethvlene filme) tO nerm't {nevection of eurf cee
vithout the neceselty «f nointing them eanoch time thev nre
tested, The obieetive of this wnrenarntion 1a tn obhtain an
encopeulated cholesteric film which e be engily mantpulrded
without coming Off om the nepsen's hande whe 1e handline the
$iln or being left on the -art being testad. To nroduce
guch thin £ilme, ve use the vacuum member 14 Adegeribed chove
{0 dAraw the thin filmy, fer excumles, snren wrap, tigzht ond
thein paint the £ilm with ligquid erystals.s The first £1ilm is
then out to the immer dlcensions of the vreouum frame { memboyp
14) nnd = gecond film i& pinced on tha frame, The framc 's
next pleged over the Liret film eo ny $0 heve the edres of the
£1lm within the etreumference Rd inad by tho waecuum frame,
Yhen the! frame ie re-evccouated, the necond £1lm g vroased
raoingt the ligu'd eryetal lover and forme AN aiprefree ornde
wighe The sandwieh am then Be nlaeed om the surfaee of on
rrtiicle for teating and reuged reneatedly. Such sandwiches
have very high, efficient thepmal resvonsivenemess When
molded to seid substretes It le readily aonorent thet tuch
pormanent pandwiocher nre encily handled snd ndd om efficiency

Fagtor to sny mondestructive teeting annlicationm.



11183

Anplication 1%
L RMO

It is a prime oblect Of the nresent invention te ~rovide
an imoroved elintenl thermometer which s relotively inexncne
Vv foat-noting, simple tO read,; unbreakeable, 28 well np
o' hepwise harmless, "nd thereby narticularly euited for throve

AUy UNR.

Referying 4o Firel, the embodiment of the Invention chown
theredn comprlece a plurality of hellow, substantiallyeepline
drieal sengor cella, ten such cells betng 1llustrated rnd
nuwbherod 122 10 19§, conteining temperature respmeive ligquid
ermmopitiene 140 € to 143, such as hveteretic chelesteric liouid
ervatelline conmogitimma ol the tvne auch =e et forth, fap
axrmole, in covending U.8. potent apnlicntion Ser, Yo,

RO74080, #1led June 13, 1968 and ngatmmed {0 the agaimeae nf
the? natent avnliceotions Theee comnneitions exhibit a certein
eolor, green for exomple, when inttinllv IN & cholesterie
rhape below a preecine threehold temverature, turn oolorless
upen reaching SUoOh temnerature ond incresming thereahove, and
retein such coleoriesp condition for & atgnificant intervel

i time following return (0 and below sueh threshold tempe:fiw
turce By contreiling the formuilation of much commositions
14n to 143, nreclee ifferent threshold temmeratures omm be
ehtained for tho seversl seneor celle 19a to 123, For exrmnle,
eclls 122 tn 1924 con be onde resnonsive tn body temperntares

ronging from 08°F to 102%F in eteps of 1/2%, Thie spoms a
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renze from subnormal body temperature {0 fover temmerrfures.
The peneor cells 128 4o 1231 when emmtrining such liquid erystal
compnsitions and dle ored within o vetient's mouth apre Fagt
coting and suscentible to thresheld-temnerature-repvonse withe

in ten ceomdr.

As 18 svparent from the showing IN Pig.1, the severnl
diiferent rime-tampersture repnonpive cells 1922, 12¢, 1%e,
174, nnd 123 are arrenred IN groups Of two w@th tholr 1/&3O
gomplements and sre swreed ansrt in such rrouvs (0 affapd
reody ldentifiention and &1fferentintion Of thoee temverature
pereor ¢2lla whieh have regnonded o thelr threrhold Lol
puratur-e {rom these celle whieh have nnt o resnmdieds,

In tho ehoeen exnmnle, thoee sensor celle 18a to 18) which
hive NOt been sublected {0 t¢heir threshold temverainres will
retain their initial color, rreen, for exrmnle, while those
eeneror cells which have been subjeeted to their threshold

termeratures will hrve ¢hsnged 10 the colerlese stote.

Tn the case Of usge of surch liguid ervetal commositions,
the initisal color 18 enhanced by a dark breksround, such cp
bhlael, for extmple, so thet In thelr non-responusire cond’tion
the peneor celle 12a 4o 123 will exhihit the'r inttinl eoclor
condition, while tn their threshold~temperature-rosnmelive
eondition in whioh the 1llquid ervatal comnopition turns ele-r,
such eenror celles will nonoar bleek, in record with the hlrek
brokground os e observed through the thenolenr liquid

ervetni comnosition f1illing such eelle.



| N 2eeord with the Fig.1 construction and se iS asporent
nleo from P4g.2, the sensor celle 19a La 12f enoh eomnrises
ond elongrted treongporent rounded unper wall 18 throurh whetich
the color etete ~f the ligquid ervstalline commanitimm within
puch celle may he odbeerved)y such rounded wnlle serving to
neenify the anpenrence of such compositiong, se well ne 4o
rrovide sovoratine Indentatiors 0N the surfrer 02 the thore
soroter vhich con he recorn'ped vigibly n npepipt ta o~
tinruishing the sever 1 celle, one from the other, nnd thup
foellitate countinmg of the number of celle from one end ¢n
¢f the thermometer which have exverienced threehold-temnornturew

TEFPONLE .

Algo in facosrd with uee of such liguid ervetrl commrgitions,
ench »f the gensor cellm 128 to 121 will have o &ark op blrek
ﬂfgmﬁntaﬂ layer or backpromd ﬁharahoﬁeﬂth. In hehnlf of
econony In manulacture of Lobriertion mich Arrk heerpround
moy he furntehed by dleverenl of niementation throushout the
thickness of the botiom wall 18 of esoh evlindrical senasr

gell e shawm, op spraved om ‘s 7 enatiny om guch wall,

The thermometer cmfiguration in the embodiment of Firl
is tnbe=like, with the array of seneors 124 {0 12} rern-ed
nt one end of an elongnted support meane in the2 form of a thin
roetemrular tab 22, The overall dimensione of puch tAbw
1ike thermomoeter may be, for ex-mwle, n auerter nf »m inoh
vide and sbout two incher longs with the rrpav Of ten eeranpe

extending about three quertere of an inech along one end of
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the tadb 22, which ie relatively amall, relatively consorvie
tive in material, and readily insertebly in the -ntientte

mnouthe

In behnlf of eennomy of fabriention, the walls of the
gene~r cells 122 10O 123 cun be formed integrally with the
tnb 22 of & suitable thermonleetie mrterinl, such ns an
ionomer reeln, by extruzion. Referring {0 #12.82, the inb
#2 axd the walls 18 and 18 of the ecelle 192 %o 123 o™n be
oreed intesrally by extrusion and filled with the ligquid
er-atnl compogitione to porm a2 emtinuous sheet P4 hovine n
nio dle noprd 88 and £ geneor cell naprt 28, Bubsequent to
ruch formotion of the sheet £4, such sheets may he pubiceted
to idertatlone (not ghown) by & hented roller, or other
guitoble joining meana, transverscly of the Direeotion of
extenelon of the continucus 15quid-ervetalline=compositiOn—
ermtetning convolutione OF eylinder parte tO ohtrin eenlins
of ihe ende of puch oviindery {0 form the dlserste eengop
celley, aimuliteneously with or following which the sheet La
semaprnted alone such indentotione t0 obtain individunl therw
neneters. In the uge of ligu!d ervetalline comnositione
reanrding te the present ptate ~f the art and rormulation
af zuch eorceositlong where the cell sealing ir nhtrined hy
apnliention of heaty 2 thermoplastie mrterial neede (O he
ehooen which will aoften sulficientlv to obinin such hent
genlins and fusion bhetween lavers nt temweratures vhich
wlll not nlter OF deatroy the tenmperatare reeponeive

nranertiee of sugh cormogitions.
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In aceord with the preferred feature of the invention,
the material of which tho thermometer in commoeed should he
pomewhat nonrinid, or {lexible, in order t0O eniov the rAvene

tare of such thermometer belng unbreankable.

The number of eensor eclls 12 which the thermometer may
enmrloy 1le somewhat nrbitrrry. DBar exvmnle, perhans only two
or three reerponse *emreratures may bDe desired *o merely ~ive
indlention of abowve, normal, and/or velow normnl body
temperatures, O even & gingle reencnee tewmmerature &o
indlente an nhove nermnl eondltion, forllowing which more
rrepise informetion ae to the snecifie body tempernture
could te obtained by use of sn suxiliary thermometer of
the conventional type, In this letter case, uee and inter—
nretetion of such n thermometer Yo simplified, and will
entienfly the majority of hospitol needs. Further investirne
tinn of the vatismt's temporature need he mede onlv when

shnorral.

In the eonfisurntion shown in Pige. 3 and 4, SiX temreraw
ture oelle, 322 to 320 resvond to resvegtive hody temmerniures
of 989, far exemples Ciroumferential sprein- between cclle
ern he emploved to readlly ifdentify end dlsatincuish between

sach relle and between groups of puch cells.

Referring t¢ Piged, the cylindrienl emfipuration nlso
esn bhe fahricated hy extrusion tn nrovide & blugk inner laver

%6 to 382 hetween inmer 1ay&r 38 and outer clesr lnver 40
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whi ch la rounded in the resion of the aenmor sells for
megnification af aopenrsnce of the liquid ervztalline
coupositions therevnder ma well ag for #igtinguishment »f
the euneor celle from ereh nthers The Piad? eonfigurntion
i one which would neocomodate oral as well np rectel use,
but would teud te he somewhat more difficult to read then

the tab~lite aonfipar-~tien Of Pig.l.

Referving to Pigel, o third eonecevt of iohrlention nf
tab=1ite thermometare eomewhr s esimiliee to thrt of Pigol
enn be aorived Bt by mrovigion of N darkepigmented bottom
gheet ¢ heving a vlueality of napallelenppenced trourhs 44
formed 4in am uppep surfrce thorasl which could be filled with
the liguid orvetalline meterials 14a to 143 MA covered £op
containment by a tronepsreat usmer sheet 48 of clenr plnetie
ncterinl bonded to such bottom sheet.,  Follewing this, the
sendwich niepemblare of sheetas cmlé he indented nd penled
along Ylines traneversme %o the dirention of ertension ol the
troughs Lo form dfenrete aemaor celle plrllre to thege of
the Pir.1 thermometer "md smeversnce of the thermometers

along the lines of aenl indentations.

¥here the temnerature resnsneive liquld commoeition
employed for the sensor eelle of tho thermomcier of the
rresent invention are hygteretic cholesteric 1liguid ervetalline
cemmogltione,y the degired threpheld temrerstures oon be
obtained by thowe versed in the art of formiating euch

compomitiong with & relatiively high desree of sccurney,



$ 124 ¢

guch, far example, as within a tenth of o degree Pahrenheit.
By way of exnmple, 2 threshold temmernture of 98°P, ean he
obteined by o comvesiti NN including 24 nercent cholesterol
chloride, Y3 poreent cholesierol olevl capboncte nmd 1
percent trioleln, ond » threckold temperaturs such ~a 101%
might ha obinined by 2 cormosliion “‘neluding 926 sercent
eholesterol chloride and 74 nercent coholestersl erwovl
errbonttas The rate of responee of these nrterinles te
Inerenge In temveranture o their threshold ynlues eon be o
metter ol aeverel gegonda, s concared o three minutes

for the vmel virdtor opt elintenl thermometers. Once hoving
experienced & enlor ohanre upon feunarature inereaee, thepe
materials retain thetr colorenltered siate fnr r puffictent
period of $ime, for nt laaei 2 motter Of minutes, UPON return
to gubbody Gemperaturey, thue affordin: anple time for rending
the thernometer without eracure by the proon temaernture
coriditions to which the therzoneisr hecomens ocxydoned nfysy

romovel fron the vaticnta
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LIQUID CRYSTAL COWPOSTTIONS

Thie invention relsntee {0 a eseries Of commoaitions of
cholesterieo wmatertale of two Or more eomponents wvhich hove

increaged seneitivity IN temperature responsive color nrtterns.

Tegting nf edhecively honded satrueturer ip conventently
caprind out with £11led cholesterie liquid ervetnlis. A
£illed cholegteric ligquid is a comvomition ﬁf chalegteroal
wvhich hae incorvorated and Alspersed therein vrnrtone ~ther
epubgtancap, The tept purfhce e initimlly‘wﬁrmeﬂ to
freilitate sorending ar of the chodesteriec 1im. The £41led
material is then brushed or soraved (with aprroximately 19
pereent benzene ~dded) onto the purtsee -nd hushed until
£ uniform color nottern ‘s ohmperved When the puprfree 1o
sglowly hapted tn » tempernture to whiesh the eunlepterie
materinal resnends, The bonded structure fe them ranidly
oveled thronegh the ranre Of temuerature 4a whish +he
eholegtarie wohepinle recnmma. Reptin~ 1n ~evercs)le
aceamnliphed with = henk of 1000 wntt o»hokaflnnd 1amne
vneitioned te nrovide aven weatine of the test sorfroe, The
intenaity ~f *he lamme 1n controlled by vartabhle rutoe
tranaforters. Conveotive ponling 1s veed 4~ lower the
temmerntura af the »arel follrwine amltaction af hsnt frem
the fload lammege  At? the bhonded ormel ‘e o:l1c%ly heated

and ponled, votds, lrelr of rdneglve smad nther flrwg are
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revealed ce ‘emperature anomnlies which nroduce n color
eontrast over the flawe,  Thenme local temperaturs 4dffepre
encep arise due to vardiations in the thermal A1frnsivity
of the honded structare in the vieinity ~f the honding
irresularily ns comnered with the more unifarasl thermnl
nroverties of wellwbanded reciong,s Banding flawe mey then
be sutlined en tho purfree with 2 werkine drvine and/or
the cholesterieo temmerntura nattemm nhntoprrshod o sbtain
a pernenent record. Pollowing testing, the choleelerie
mateprieale and filler 2re removed By aloening the pupf-o6
with o flexible rudher moraver, Tha 1lsst troees of the
cholesberic mteriales 2re remaved by wiving <« ¥th 2 pog

contninine heneene,

Choleaterie liguid ervetel mixtures esul: able for
ternerature visgaligation over » siven roanre ore prevcored
By initially wnurifying the crnestituents by rocryvatellisos
tion from hot ethanol or by washines with chinnol st room
teanerature if the row umatepisle are relntigely nure.

The necessery verceniopgee of the verious constituents nre
pelected from grrphe glmiler te Pipesl threurh 4 te achieve
light ae ttering »i the demired temmeraturess The solid
conpounde ¢orbined in these miviures nre veirhed to 0,1
peraent ond mikxed In n euitnable centriner wh'eh 1e thén
herted to mrproxismately 80°C.  The mixture 1o stirred

oontinucusly for at least 10 minutee. Pi1ller mnterinl ‘o
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then ndded to the liauilsd corvetals sand stivrring esntinued
for an additional 10 minutes to ineure intimﬁte/ﬁixtnﬁ of
the f£ilter and chnlesterio mrterirls. Uvmn cooling, the
f1lled cholesnteric noterials are etored at onnproximetely
0°C. or in on evrcunted conteiner at room termerature.
These ptorare nrocsfures fpre effecotivé in cinbilizing the

eolor tervernture behnvior ~f the mixtures {for several werkge

Eyrerinentntion with the vroperticr of cholesterie
materiale led %0 n nuvber of combinatiome ol chedicnle
whiech sghee dcaiprble npoverties of vigeoneity, eneed of
revvonns, tomnerature senelitivity, rnd reversible colore

terveratrre Rehavior.

A three component comnesition of

gélected constituents will onffer the seneitivity needed in

cholesterie materinle. The choleetoryl commopitions ¥

a hepie commonent nroviding geneitivity by
color ohanme st iow relative temvern‘ure (annroximately 0° ¢
fa 56”0~w 0 normil testing tempereoture yenre for eym loving
cholegteryl woteriale) iN the presence of © gecond comnment
whiah hae the funetion of narrewing temmer-ture resnponee

to & smnll renve of temnernture for the occurrence of the
color nhenomens (red to blue tremeition in 17C.) with a
third commonent hreing ndded <o ndluet the npturl temmeraw

ture at vhich the color rhenomens will oocure.
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the hreie enmnonent can be gelected
from the sroup eongisting nf cholestervl olente, the seermd
comnonent onn be selected from the group eoneisting of
choleeteryl nonanonte, cholesteryl decomnonte, cholestervl
cctanoate and cholestervl rrranitrobengonte, tnd the

third comnerent ern be selected from the rroun emeleting

of ehnlegteoryl ~estate "nd cholepteryl nronisnrte.

The emovnte of the vnrious conptituents found to
profuce 1icht serttering over ureful temmératurer inerements

npye 3

Papraent: re by wt.

Cholegteryl nontnoate, »r docemnante
» ¥ y

or octnnonte seensacsnne O te 70
Cholesterr] olente saeecsssvsssssnsronons 4 to N
Choleatervl acetnte, nr nranimatessesese £ to 9%
And algo
Cheoleeteryl penitrobenront@ececsnssessaee 1 %0 4
Choaleetery) Alente sssernssesncssssnavcres 80 to 91
Cholegtervl reetonte, or pProvionn e ceveee = B to 18

The ooloretemperature Yeheriny nf » perlee of mivtures
utilizing the above mentioned comenente ore shown in Plre,
1 %o 4, Tiehed lines ronresent the termepatu-ep at which
red sentterine commemess, Le the temmer~ture ta Increreed

light 1e seattered guccessively In the aranee, wellow, rreen,
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blue and violet regions of the vieible emectrums The goltd
Hnes in the figzures refer to temreraturee -t vhieh Blue
seattering 1e obeerved.

They
In nddition to the nbove comoeitions, TSk —further

improved *helr resvonee and diptinetive color natterns hy
making an 288ition of o f1ller mateprin) selcoted {rom the

eroup eorefak np of carbon, carhon hlagk, bBisg? nemmepn

powdar, finely &ivided wet le, finely 31vided noneretnlis

and combinetions thereofs Exnooles of Pinely Atvided

metnla enfl vonemetals which hrve bheen sreccscfully

embhndied nre nickel, molevhdenum and ﬁ!l‘aaﬁ. Trieal but

nat Liniting »article elmece heye been ueed Srem o renge of

120 mech to 800 weeh by the Tvler Serecn Claspificrtion
Buetens T hre heen found thet on eddition ol an an-gue
£iller meteriel selected from the shove ppoup, when incnvnnrﬂﬁea
Into & Ligald cheleprerie wmatepinl mmanﬁdimm T the nheye
gommenitiong in the ronve »f 3,0 percent to 30 nepreent hv
weipht hriosee op imvrovement in their penlicetion Lor
temnerature vigvaliertion on reflective ond nonreflecotive
surf-ces (e.fe, retal eurface and humen ekrin resnectively)

and transperent materiale (e.p, glepe, Plexisloge and nlaetie).
Thﬁ inenpnopntion »f the f*liér eliminnter npine a hHloek

naint hackrround, thus eliminating the ~poblome rgroeinted

with thie blaek nairt hnokproumd.
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Liquld ervetals, particularly with filler ~dded, nrovide
n rapid and very sensitive neane of masping humen ekin temw
nerntures, The darkensd cholesteriec mnterinle are es-eeinlly
useful in apnlicntions where movement of the glrin, se around
Jointes, normnlly sauesee erncking of underlying hlack hacke
ground painte. Several studies have heen eonducted in a
variety of medical fielde. Pedimtria{ﬁnm nre evnlurting
these mrterisle &a‘rﬁméte cemoerature indle tors on infrate
in incubntors. In 2 normal infamt, the feet sheuld he
abeut 1°C, below the rbdomen tem-erturc. I £ hormnl
infent, the feet should he nbeut 1°C. “elow the =hdoren
temners ure, By nlreine ligquid eryetel 1o g on both of
thege nreas of the infent, the regrective temme ntures of
ench anven are quickly indicated., If the relintive
temrernture Aiffervence inerenres bevend thFa 11 mavy be an
indication of sn infectiouve dimease enuveing vrnsoconetriction.
If the relative temmerntures ore lese then n degrer anopt,

$ha 4dnoubator mov he teo warm.

The temperature indientione wrovided Ly the wrte-inle
set forth shove reflect when vein grefte hirve puecesafully
regtored circulation to the extremitics. ™he puecr re nf
removnl of nrterial blookage ‘e aleo reflected by the
inerense in terperature over aptories Tving elece to the
ekine I the temmerature raipe does not necur, 't le
likely that the blood veseel hra not been conmletely nmenecde.

The efficiency of wvesculrr 'etivity rt suturce, skin "lape,
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and wounde after surcery may also he indicrnted by ekin
temnernture patterns, A plastie surseon fg studving
thia a3 2 meeng ol reducing the woliting time hefore

oommenoin seoond-atoge constructive surrerv.

The Joamase Yo dblood veaspels in oress of seernd and
third Aferrec burne mey opeduce loenlimed temnerature
anomelies virible by liguid ervetole. To owrevent 1nfa¢tion
in arene of severe burme, % comnon eractics ip to ﬁ%ﬂlyy
gilyar nitrete o the sren,  "hip Atrkens the gkin and maes
rigual ex nination of the burned tiessue dirflenlt. With
loavers od cholesteriec materiale svnlied to pmnll eontrolled
areng of third deryee burne in lahoratory animale, we heove
aeoourntely cutlined the extent of movere burnine due tn an
cpnreeinbly lower tenperature indiention over thepe arcng,
Thie would smable eaply remsvnl of the $ipeue in the third
degree 2rens apnd 2)low proftineg to commencs shordly aftepe
wards., As nhove neted, thege mmalientions are not currently
poeeible with chelagteric mnierinle which roguire an mww

opagure wackeround.

Mony avplications snd viilisntions of the mmrosition
get forth ia this invention have been found, A liguid
eryptal ecomposition émn be emnloyed effeceotively to tent
adhesive tonding honeyocomd struchures far various fenlts

and flawe n the Sbpiention of the etrueiupn,
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