
Dec. 29, 1970 A. D. ALEXANDER m - v ' 3,551,027 

OUTBOARD POLARIZING LIGHT-TRANSMITTING.MEANS 

Filed Jan. 11, 1968 

720 mp returder 05A 

Tmox /_ 

288 mp 
retarder 

|44 m" 0.75 A 
retorder 0'25,‘ -._RELAT|VE TRANSMISSION 

I725 mp 
retorder 

432 mp ‘ ' ~ 

\ retordar ~ ' ‘ ‘ ‘ / . a v 

Tmm _ ' 

.400 432' 480 - 575 v e9o_ 720 750 

WAVE LENGTH (mp) ' ' 

FIG. I 

I 2 a 2 4) 51 support /; 
member g/ f \l\ ‘AA ‘’ 

elemqnt/ / retaining ’ I» \\ 
flange _ , // \\ 

\ \ \ \ 
\ \\ \. \ \\ 

\ - 4 \\ \\ \ \\ \\ \ 

I ‘ I 

I I 

I ’//’/" / /’ "/' 
1 / / 

\ \V \\ \ 
\ \ 

\ \ 

1 

I / 

I 1/ 

z 
/ / 

/ 

FIG 2 * 4.“? 



United States Patent 0 " 
1 

3,551,027 
OUTBOARD POLARIZING LIGHT-TRANSMITTING 

MEANS 
Arthur D. Alexander III, Cohasset, Mass., assignor to 

Polaroid Corporation, Cambridge, Mass, 21 corpora 
tion of Delaware 

Filed Jan. 11, 1968, Ser. No. 697,111 
Int. Cl. G02b 5/30 

US. Cl. 350-155 8 Claims 

ABSTRACT OF THE DISCLOSURE 

When light-polarizing material is used inboard of 
stressed window members which are exposed to sunlight 
the resultant polariscopic effect produces undesirable color 
patterns and striations. These may be relieved by placing 
the light-polarizing material outboard of the stressed 
window member. ' 

This invention relates to the utilization of polarizers 
in conjunction with stressed synthetic plastic materials in 
a composite Window environment. More particularly, this 
invention relates to a combination comprising a stressed 
synthetic plastic window member with light-polarizing 
materials whereby interference spectra resulting from the 
polariscopic effect produced when a stressed translucent 
material is placed between two light-polarizers are ob 
viated. 

It is a primary object of the present invention to elimi 
nate undesirable interference spectra associated with the 
polariscopic effect produced when a stressed translucent 
material is viewed between light-polarizing members. 

It is another object of the present invention to provide 
a composite window structure which is particularly useful 
in pressurized airplanes and comprises a stressed member 
and a light-polarizer wherein light passing therethrough 
is free of chromatic aberration associated with the polari 
scopic effect. 

It is an additional object of the present invention to 
provide a composite window structure which comprises 
a polarizing material and is substantially abrasion re 
sistant and capable of withstanding the extreme weather 
conditions incident to air travel. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the product pos 

sessing the features, properties and the relation of com 
ponents which are exempli?ed in the following detailed 
disclosure and the scope of the application of which will 
be indicated in the claims. 

For a fuller understanding of the nature and objects 
of the invention reference should be had to the following 
detailed description taken in conjunction with the accom 
panying drawing wherein: 

FIG. 1 is a graphical representation of wave length vs. 
relative transmission of white light passing through various 
retardation zones, Tmax and Tmm being the maximum 
and minimum light transmission possible, respectively, 
with a given system; and 

FIG. 2 is a cutaway side view of a composite window 
structure within the scope of the present invention. 

It is very often desirable to attenuate light entering a 
room or a transportation vehicle by the utilization of 
light-polarizing material. The need for such attenuation 
is generally most profound in relation to transportation 
vehicles and particularly airplanes which are often ex 
posed to direct skylight without bene?t of natural attenua 
tion provided by cloud formations. 

Skylight, by its nature, is rather highly polarized; that 
is, there is preferential alignment of the vibrating light 
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waves due to particle scattering, etc. which produces a 
more or less ordered, rather than random wave con?gura 
tion. This effect may easily be experienced by rotating 9. 
light-polarizer against skylight and noting the differences 
in intensity of the light passing through the polarizer. 
When the absorption axis of the polarizer is parallel to 
the primary plane of vibration of incident light, partial 
extinction occurs to a greater extent than would be 
achieved were the transmission axis of the polarizer 
aligned therewith. 

In order to achieve a high degree of pressurization and 
safety for the interior of modern aircraft, the windows 
thereof are made of very highly stressed synthetic plastic 
material—usually polymethyl methacrylate (Plexiglas, 
Lucite), although polycarbonates such as Lexan, the con 
densation product resultant from the reaction of bisphenol 
A and phosgene, and diethylene glycol bis allyl carbonate, 
sold by Pittsburgh Plate Glass Company under the trade 
name CR—39, or any other suitable transparent material 
may be used. As a failsafe procedure a second synthetic 
plastic window of unstressed material is ordinarily in 
serted inboard of the highly stressed member. In the event 
that a polarizer is placed inboard of said stressed member, 
a polariscopic effect is noted; that is, the polarized light 
outboard of the window and the polarizer inboard of the 
window form an analyzer which, in effect, vividly and 
chromatically portrays the stress pattern of the stressed 
outboard window. This effect is quite undesirable aestheti 
cally and often causes passengers on an airplane needless 
worry since the pattern changes with changes in pressure. 
The stress pattern chromatically portrayed in the out 

board window is due to birefringence occurring in the 
stressed material. In polymethyl methacrylate and similar 
type windows the maximum retardation produced by this 
birefringence is up to approximately 3 Wave lengths, which 
is in a vividly colored area. 

Retardation may be regarded as the product of hire 
fringence and the thickness of a given material. Thus, if 
the two refractive indices of a given birefringent material 
are denoted as n and n1, the birefringence as (n—n1)=An, 
and the thickness of the material is denoted at t, the re 
tardation may be visualized as 

Since the thickness range and the birefringence of the 
members utilized in window con?gurations anticipated 
by the present invention are such that the retardations 
which result are of the order of magnitude of approxi 
mately 3 wave lengths, some method must be devised for 
causing a depolarization effect to thereby produce sub 
stantially white light, which is the subject of US. applica 
tion Ser. No. 697,113, ?led on the same date as the in 
stant case in the name of Albert S. Makas, now aban 
doned, or for removing the system from a polariscopic 
environment while retaining the bene?ts inherent with 
the utilization of polarized light, which is the subject of 
the instant application. 

It may be bene?cial at this time to brie?y mention the 
theory producing the various chromatic effects achieved 
with stressed synthetic plastic material of the type utilized 
herein in a polariscopic environment. Let us assume, for 
example, that at one point in said material the stress pro 
duces a birefringence which causes approximately one 
quarter wave length of retardation relative to 575 my light, 
which is in about the center of the visible spectrum, thus 
producing a 144 mp retardation. Looking at FIG. 2, the 
inboard polarizer is positioned to produce maximum ex 
tinction with the incoming skylight, i.e., the absorption 
axis of the polarizer is parallel to the primary plane of 
vibration of the entering light. It will be seen, as is illus 
trated in FIG. 1, that for midspectrum light there will be 
an effect on transmission of a one-quarter wave length 
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retardation; for 400 my light there will be 144/400 or 
for the 750 my light there will be approximately 1/5 wave 
length retardation. It is evident that the resultant light 
will be slightly blue colored. If approximately 34 wave 
lengths of retardation is produced, relative to 575 my 
light, again with reference to FIG. 1, it may be seen that 
the resultant light would be approximately amber; while 
1/2 wave length retardation relative to 575 III/.4. light pro 
duces greenish yellow light. Also included are graphical 
representations of the effect of 1.25 and 3.0 wave lengths 
of retardation, relative to 575 mp. light, on light which 
may be incident to the system of the present invention. For 
orders up until approximately 3.5 wave lengths retarda 
tion is achieved, very vivid simple colors are progressively 
evident. Over 3.5 wave lengths the colors are so profuse 
that they cannot be distinguished individually and are 
viewed as a less colorful mixture or as white light. Graphi 
cally they may be visualized as curves containing many 
maxima and minima. 

It is known that one light-polarizing member will not 
cause substantial extinction of polarized light when its 
absorption axis is parallel to the primary plane of vibra 
tion of said light if a birefringent material is placed be 
tween said polarizer and said polarized light because the 
birefringent material changes the linearity of the pene 
trating polarized light waves and causes the emission of 
waves which may be helical or elliptical in nature. It has 
additionally been found that when an axis of stress is 45° 
to either transmission or absorption axes of the crossed 
polarizers a maximum intensity of the interference spectra 
is reached. Where the axis of stress coincides with either 
transmission or absorption polarizer axes no effect is 
seen. The resultant pattern, therefore, evident to a viewer, 
appears as 4 distinct quadrants with maximum intensity 
at the center of each sector and a minimum intensity along 
the polarizer axes. 

In the copending application of Albert S. Makas, re 
ferred to above and incorporated herein by reference, it is 
disclosed that in an environment including a stressed trans 
lucent window member with a polarizer inboard thereof, 
undesirable interference spectra may be obviated by plac 
ing a high order wave plate between said polarizer and 
said translucent member. This technique, while causing 
substantial depolarization and elimination of undesirable 
patterns and striations, is primarily useful in situations 
which relate to variable density windows wherein a ro 
tatable light-polarized member is incorporated in the sys 
tem and placed in a position so that crossing of the ab 
sorption axes of the ?xed and rotatable polarizers will 
cause complete extinction of any light attempting to pass 
therethrough. In order to conserve weight and provide as 
compact a structure for utilization in airplanes and in other 
related environments as possible, as well as providing a 
highly abrasion-resistant outer layer, it has unexpectedly 
been discovered that the entire undesirable polariscopic 
effect may be obviated by laminating the polarizer ma 
terial outboard of the stressed window member. 
Any suitable material which will produce the desired 

light-polarization effect may be utilized in the present in 
vention. It has been found, however, that polymeric light 
polarizing sheet material lends itself most readily to this 
function. The preferred material is a transparent sheet 
of polyvinyl alcohol containing substantially oriented mol 
ecules of dehydrated polyvinyl alcohol and deriving its 
polarizing properties essentially from said dehydrated 
molecules. The manufacture and utilization of such sheet 
material may be appreciated with reference to US. Pats. 
Nos. 2,173,304; 2,255,940; 2,306,108; 2,397,231; 2,445, 
555; 2,453,186 and 2,674,159, all incorporated herein by 
reference. 
FIG. 2 denotes an embodiment of the present inven 

tion wherein a light-polarizing material is laminated out 
board of a synthetic plastic stressed window material. The 
structure, which will be discussed in detail below, com 
prises a stressed window member, 4, upon which is lami 
nated a composite light-polarizing unit which comprises 

10 

15 

25 

30 

40 

60 

65 

70 

75 

4 
a light-polarizing material, 3, sandwiched between trans 
parent synthetic plastic protective members, 2, and upon 
which is deposited an abrasion-resistant coating, 1. Mem 
ber 5, is an unstressed plastic material which provides a 
failsafe function in the event the window structure is used 
in a pressurized environment. The inner member is de 
signed to act as a seal to prevent cabin depressurization if 
the outer member fails. 

In order to gain optimum qualities with regard to 
shrinkage and crazing of the light-polarizing material it 
has been found bene?cial to laminate said light-polarizing 
material between layers of cellulose acetate butyrate or 
similar materials as described in, for example, US. Pat. 
No. 2,674,159 and in the applications of Buzzell and 
Bloom, Ser. Nos. 577,578 and 577,576, respectively, both 
?led on Sept. 2, 1966. Lamination of the cellulose acetate 
butyrate layers to the light-polarizing material may be 
accomplished, for example, either by subcoating the 
cellulose acetate butyrate material with a suitable com 
pound such as, for example, cellulose nitrate, and then 
laminating the subcoated material to the polyvinyl alcohol 
light-polarizing sheet using a well-known pressure roll 
technique with a typical adhesive for such material, such 
material, such as a 2% polyvinyl alcohol solution; or, 
alternatively, the lamination may be accomplished by 
the conversion of the surface of the cellulose acetate 
butyrate to cellulose, subcoating the surface with poly 
vinyl alcohol and pressure laminating the subcoated 
cellulose acetate butyrate to the light-polarizing material, 
as more fully discussed in the Buzzell application men 
tioned above. 
The instant invention may be further appreciated with 

reference to FIG. 2, which is the preferred embodiment, 
wherein a stressed window member, 4, of about 0.5 inch 
in thickness is placed outboard of a similarly dimensioned 
unstressed failsafe window member, 5. The stressed win 
dow member comprises a laminate consisting of, in order 
from the outboard side; an abrasion-resistant coating, 1, 
approximately 0.5 mil to 2 mils in thickness and pref 
erably 0.9 mil in thickness; a ?rst transparent cellulose 
acetate butyrate material, 2, approximately 4—30 mils 
in thickness and preferably about 13.5 mils thick; a polar 
izer member 3 as described above, approximately 0.75— 
1.5 mils in thickness and preferably about 0.75 mil thick; 
a second cellulose acetate butyrate layer, 4, of the same 
dimensions as said ?rst cellulose acetate butyrate layer; 
and said unstressed synthetic plastic window member 
as described above, 5. The respective constituents of the 
composite window structure may be held together by 
any suitable mounting structure including an aperture 
capable of retaining the above-described light‘ trans 
mitting means transverse thereof, such as a cylindrical 
member with suitable element-retaining ?anges. 
The abrasion-resistant coating designated in FIG. 2 as 

a layer 1 may, for example, be a completely polymerized 
melamine formaldehyde resin, a thermosetting crosslinked 
polymer, such as a diethylenic substituted polyalkylene 
glycol, e.g., polymeric coatings formed by in situ polym 
erization of polyalkylene glycol diesters of cap-unsaturated 
carboxylic acids on the plastic sheet material, etc. Lam 
inations of mar-resistant coatings and methods by which 
they may be applied are disclosed, for example, in US. 
Pat. Nos. 2,237,567; 2,527,400; 2,554,850; 3,081,192 and 
3,097,106, all incorporated herein by reference. 
Any suitable adhesive with good optical properties may 

be used to bond the stressed window member to the 
composite polarizer structure using, for example, the 
previously mentioned pressure roll technique. Exemplary 
of such adhesive materials is an adhesive which consists 
of approximately 4% cellulose nitrate whose viscosity is 
approximately 600-1000 seconds—1 dissolved in approxi 
mately 95% methyl methacrylate with about 1% by 
weight of a diisopropyl percarbonate catalyst. This ad 
hesive material is more fully described in US. applica 
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tion Ser. No. 697,019 ?led in the name of Harold O. 
Buzzell on Jan. 11, 1968. 
Throughout the speci?cation the terms “inboard" and 

“outboard” have been extensively used. “Out-board” is 
considered to be the side through which light may enter 
the apparatus of the present invention, while “inboard” 
relates to the side through which transmitted light exits 
from said apparatus. 

Since certain changes may be made in the above prod 
uct without departing from the scope of the invention 
herein involved it is intended that all matter contained 
in the above description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in 
a limiting sense. 
What is claimed: 
1. A light-polarizing window apparatus having stress 

induced birefringent areas and including an inboard side 
through which transmitted light may exit from said ap 
paratus and an outboard side through which light may 
enter said apparatus comprising, in combination, a mount 
ing structure having an aperture therein and having 
mounted within said aperture a composite structure 
comprising a light-polarizing element and a light-trans 
mitting element having stress-induced birefringent areas, 
said light-polarizing element being bonded only to the 
outboard side of said light transmitting element and 
having an abrasion-resistant coating thereon, whereby 
said stress-induced birefringent areas are not evident to 
an inboard viewer of light transmitted through said com 
posite structure from the outboard side thereof. 

2. The invention of claim 1 wherein said abrasion 
resistant coating comprises a polyalkylene glycol diester 
of an a,;3-unsaturated carboxylic acid. 

3. The invention of claim 2 wherein said composite 
structure includes, as protective layers on either side of 
said light-polarizing element, layers comprising cellulose 
acetate butyrate. 

'5‘. The invention of claim 4 wherein said light-trans 
mitting element comprises polymethyl methacrylate. 
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4. The invention of claim 1 wherein said light-trans 

mitting element comprises a synthetic plastic material. 
6. The invention of claim 5 wherein said .cellulose 

acetate butyrate is laminated to said polymethyl meth 
acrylate by means of an adhesive comprising approxi 
mately 95% methyl methacrylate, 4% cellulose nitrate 
with a viscosity of 600 to 1,000 seconds—1 and 1% di— 
isopropyl percarbonate initiator. 

7. The invention of claim 5 wherein said light-polarizing 
element comprises a layer of polyvinyl alcohol com 
prising substantially oriented molecules of dehydrated 
polyvinyl alcohol. ‘ 

8. The invention of claim 7 wherein said coating com— 
prising a polyalkylene glycol diester of an cap-unsaturated 
carboxylic acid is approximately 0.5 to 2 mils in thick 
ness, said protective layers of cellulose acetate butyrate 
are approximately 4 to 30 mils in thickness, said light 
polarizing element is approximately 0.75 to 1.5 mils in 
thickness, and said light-transmitting element is approxi 
mately 0.5 inch in thickness. 
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