FORZMCRD

This report was preparced by the Chemical Research Department of
Polacoat Incorporated, 9750 Conklin Foad, Blue Ash 42, Ohio, under Air
Force Contract AF 33(657)-7450, in support of Project Ho. 6301, ".erospace
Systems Personnel Protection,” and Task No. 630103, "Vision Lnhanccment
and Protection in Aerospace inviromment." Dr. Richard =, Horn, Vision
Section, Protection Branch, served as contract monitor for the Life Dupport
Systens Laboratory. Thais contract is under the supervision and direction
of John Dreyer, Director of Research, and Robert Harries, Head of Chemical

Research, Polacecat Inccrporasted.



- Contrails

Approved for Public Release



AJSTRACT

Tvo concepts of phototronic systewms asplication are presented in

this rcereort. Thesc concepts, when consgidered individually or in combination,
paxe possicle the development of improved, directly or indirectly actuated,
phototropic, opitiiainmic, nuclear flash-protective devices. Iy the appli-
cation of a prototropic filter at the focal plaue of an optical systen,
tae attenuation of the piotoltropic respouse due to distance is nininized.
Usinz a renewable fluid filter, a councept ic presented wailch offers the
opportunity to use the more sensitive irveversible phototropic systens
viile still providing reversitle choracteristics. The operating character -
stice of thesc conceptes ave prezenbted alon; with sorme derdved theoretical
relationships.
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THA JE’ACL‘LL AD FOCAL PLAIE
CONCIPYC OF PLOTCTHOPIC SYSTHNS
APPLICATICLH TO OPIUTEALIIIC INUCLIAR
FLADT -PROTUCTIVS DEVICES

ILNTRODUCTION

There is a need for a sensitive phototrople nuclear Tlash ophthalmic
protective device posseseing the highest possible cuantum yield and
\1 os2 arotective response is not attenuated with distance.

Tae intensze clectromagnetic radiation emanating from a nuclear flash
can proiuece peormanent damage to the retina of the eye, in the form of
a thernel lesion., Rapid chenges in tine illumingtion level of cven lesser
canergies are capable of producing a visual "dazzle! blindness or ilash-
tlindness which can last for many seconds, but from which there is cventual
recovery. Accordingly, to prevent this dazzle blindness, the most sensitive
phactotropic filicr materials nust therefore be amployed

It is inowm that rebinal burns resulting from nueclear detonations
have occurred Lo cobscrvers located at large distances from the detonstion
site, go that a system waleh functions even at zreater distances is alsc
desirable.

DYIACELL COLCSPT

2y the use of a protectlive filtor constructed as a thin cell and

conteining the phototropic material as a solution, it is possible to

continuously replace or culckly purse out an activated photosensitive
stem. SZuch a device couvld be used with irreversible phototropic systems.

sone of the more sensitive and therefore desirable, currently avail-
able photochemical systems whicih can be considered for use in ophthalmic,
muclear flash-protective devices are the irreversible, phototroplc~thermotropic
materials. han activated, these materials are neutral in color and are
capable of moing from an initial itransmission of 70 percent down to a
value of less than 0.001 percent (optical density = 5). Because of thesiv
irreversible characteristic, such systeus are normally limited as to
their use in optical viewing systems. Once activated, the systems becone
incperative for Turther viewinz because of their opacity. The new Polacoal
DYLACOLL concent of phototrepic systems application, by continuous but
controlled renewsl of the juotesensitive elenent, offers a neans of over-
coming thds detrimental churacteristic and nornites the uee of these more
desirable matericls.



"static" cells (i.e., thinly spaced compartments with transparent
walle) filled with sealed-in licuid shototropic systems have previously
veen used to satisfactorily demonstrate the phototronie phencmenon.

A dynamic fluld cell, wherein the phototrople liquid would flow con-
tinuously throuzh the cell, eliminates the problem of irreversibility.

These concepts have been evalueted by fabricating and testing several
prototyoes at Polacoat. The prototyves successfully demonstrated the

renewal concept. The flow rate is sufllclently uniform across the filter
that, by a controlled flow rate, a constant gradient density can be maintained.
The IlOW’Tﬁte call be adjusted to orovide a density mabtched to the intensity
oi the ambicnt lizht

After activation by exposure to intense incident illumiration such
as from nuclear flash, the opague filter cell can then be cleared by
purzing. The purging action is similar in appearance to the lifting
of a black curtain. Throughout this procedure, the filter is in yrotective
operation.

OPs3ATING CEARACTIRISTTICOE OF ThS DYNACHLL COLCHPT

On considering the DYHACILLL concent, the JTollowing advansazeous
characterietics becone apmarent:

1) OGotical densities of § or greater are obtalnable using currently
available ghototropic systems,

2) Initizl reaction resosonse speeds of under 30 nmicroscceonds are
obtainable with cwrently available chototropic systens,

3} Back reaction (clearins) coecds of 1 second or less Lo return
to the opea chate (i.e., anpromimetely 65+7) arc obtzinatle with the
DEEASILL concezt.

L) The most scneitive current one-ay ﬁnotOuropiﬂ—tJQrﬁO“voalc
licuid systems (1 e., with cuantum yields sreater than 1) can be utilized
in the DYRAZELL concesnt.

ion of the oacbobron
: cgznt a problem, sinca O
Upotivad To the DICLLL,

lc matoericle due to
regh vhototrovic licuid
&} 4 varisble-density sunoloss which is conbtrelled by tix
viillizing neorimal environmental raddaticn for activation, is
here 1o sufficlent flexibility of coneration that it can ©
either daytime (sunglase) or nighttine (slear) asplicsticns

7) Tilterin: action Tor energy in the wavelensth rense of 200-2000
iilinicronz (i) ic readily wrovided by the incorporation of fixed
tors into the DYILWCILL,

rS



8) Increcsed storage stability is offered as an added feature,
sinice the DYNACELL can readily be adapgted to nix the individual components
of extrensly sensitive, phototroplc-thermotrozic licuid systems Jjust
prior to the entry of the solution into the cells.

g) The muber of reversible phototropic responses capable of produciny;
an optical density of 5 without any replacement or maintenance action
is limited only by the volige of phototropic material considered feasible
from an applications standpoint (e.g., 1000 or more reversals are attain-
able with 300 cc of currently available materials),

10) Such a system provides continuous protection while being worn.

Tue major disadvantagses of this systen appear %o ke as fellows:

1)} The replacement of the used phototropic materials with fresh
material places some deryee of logistic limitations on use. (Currgnt
irreversible phototropic licuid systems should te capable of 2 - 2y hour

periols of wninterzupted use Iin the sunlisht with an apyroxdimate volume
of 300 cc.)

2) Additional. eguipment over that required by o "static! revergitle
gysteim 1s recuired.

3) The system is not selective as regards an electromasnetic radiation
intenslity threshold.

FOI L PIJ.LLua \;OI uA‘a.ty,[l

Dy placing the phototropic meterials at the focal plane of an optical

ey

systen, a protective response to a nuclear detonation can be obtained
which is independent of the distance of the observer from the detonation.

The cornea of the human eye functions sinilarly to an optical lens,

t focuses, ag an image, the light enerzy emanating from the source object
ai a2 Tocal plane located in the licght sensitive retina. lleglecting atnog-
pheric attentation, ilashplindness and retinal burns are affocted by
distance in that the inase aresa involved on thc retinag will become smaller
ag the distance from the OXDlO“lOn increcses. Tor a person at various
distances fraan the source object, the size of this image changes in
oroportion to the distance, but the energy received per unit arca (i.e.,
cal/mi“) at the retinal image remaing tlhie same regardless of the distance
up to tie point wiere the lmage resembles a point source. In this manner,
the eyc behaves sinllarly to a camerc., The £ilm in the camera is located
at the camera's Tocal plane. The density of the image forwed on the
L1l (whose cupozure ig a function off the activating energy ver unit
ares) ig the same regardless of the distance from the oblect witil the
resolving povwer of the camera iec reached., The image dcn"itj produced
on the film is a function of the lisht reflected or emanated from the
coject and cnly the size of the irmase changes with distance. £Similarly,

L



i1 one neslects attenuation from the atmosphere, the brightness of the
imase formed at the retina does not vary with distance until the limit
of the optical resolving power of the retina is reached.

hen placed in the line of wvision, a sensitive self-gttenuating

paototyrosdic filter has soue limitation in its ability to protect the
eyes ajeinst flashiblindness. In tals position, the optical density
produced by a phototropic filter is in direct proportion to the amount
of activating eneryy received per unit arca. This level of energy is
in inverse prosortion tc the scuarc of the distance from tue source.
Uhen placed at an encrgy level suffficlent to produce a protective ontical
density, the phototropic system vill proportionately weduce tuc encrsy
evel bein; focuccd onto the retina. Dut, at distances from the flash
wiere the activating energy per unlt area ig insufficient to produce
a protective optical dens 1ty, the lens of the eye can still focus the
gource ohggct ag an imaze. Althouzh the inege is of a reduced size,
it will have the gane eneagy level per unit area as an imaze Torned
at closer preoximity to the dotonation. Hut, as the distance increases,
the wrotective density of a gelf-activated phobotropic filter will be
reduced {i.c., neslecting atuospheric attenuation).

Dy uveing an optical syeten waich would allow the fireball imase
to forn at a phototropic focal plane, the mazimu: responge would
obtalned from the systom. The reason for this lies in the incyea
concentration of actiwating cilergy per univ crea of the phototron
material., Discounting attenuation, “the »rotective response provided
oy sucn an zpplication would not be in propertion to tie disbance
the activation source, Zather, it wovld function in premortion o
brililance of +the source,.
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OPuATILG CIAACTLLISTICS OF Wi, FOCAL PLAITS COLCEIT

[ W

The FOCAL PLAIS concept, in combination with the DYHACSLL concept
affords all of the characteristics of the dymacell in addition to the
following advantereous characteristics:

1) A uwnifors protective phototrosic ressonse is vrovided, rciardless
of distance.

2) This concent of application provides for the continuous viewin:
of the field of vision surrounding the activated image.

3) Thie device elso provides for a vrovortional reduction in the
light reflected or emanated from any object appearing in the field of
vision,

The major disadvantages of this system appear to ke as follows:
1) The field of vision is lorically restricted because the systen
Dunictions ag an coptical device.

2) The Tinished device 1s bulliy since it is an optical device.



THEQRETICAL CONSIDERATTIONS
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Figure 1. Optical System

Consider the above optical system in which;:

d = Diameter of thermal radiation source (fireball) at time t, expressed
in centimeters.

x = Distance from detonation to lens, expressed as centimeters.

f = Distance from first lens to a phototropic focal plane, expressed
as centimeters.

i = Diameter of image formed at the focal plane, expressed as centimeters.
h = Diameter of first lens, expressed as centimeters.
f* = Distance from focal plane to second lens, expressed as centimeters,

h' = Diameter of second lens, expressed as centimeters.

¥ = Diameter of pupll, expressed as centimeters.
r = Diameter of image formed on the retina.
z = Distance from cornea to retina, expressed in centimeters.

x' = Distance from detonation to cornea, expressed in centimeters.

The following symbols are used to express various energy and area
paraneters in the derivation.

L4 = Total thermal radiation emitted by detonation up to time t,
expressed as calories.
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Total thermal energy level per unlt area received up to time

t at the front of the first lenc or at the distance .

Area of the first lens, expressed as square centimeters.

Total thermal enerzy incldent to the front of the first lens,
expressed as calories.

Area of image formed at the Tocsl plane, cxpresged as sguare
centineters,

Total thermal energy level per unit area received up to time .

t incident to the imege at the focal plane, cipressed as cal/cm“.
Area of the thermal radiation sowrce (fireball) at time t, expressed
in square centimeters.

Total thermal energy enitted per unit area of source {fireball)
)
up to time %, expressed as calfer,

Activating energy in the wavelensth range 310-410 my per unit
area required to produce an optical density of 4, cipressed
as cal/cmz. (This value may be determined experimentally for
any given phototropic system.)

Decimal percent of the total thermal energy in the activating
wavelengths (310-510 mu) based on black radiator distribution
for a color temperature of 6000°K.

Thermal energy contained in the visible wavelenzths (h00-700 i)
per unit ares which is incident to the focal plane and equivalent
to sufficient activeting energy tc produce an optical density

of & at the image, expressed as cal/cnf.

Decimal percent of the total thermal energy in the visible wave-
lengths (LOO-TOO nu) based on black boedy radiator distribution
for a color temperature of 6000°K.

Total thermal energy per unit area transmitted by the image
formed at the phototropic focal plane, while it closes down
to an optical density of Y4, expressed as cal/cm”.

Decimal percent of incident vislible energy transmitted by o
specific phototropic filter while closing down to an optical
density of k.

Apparent total thermal energy emitted per unit area of source
(fireball) up to time t after the image has passed throush a
phototropic focel plane, expressed in cal/enf.



e, = Total thermal energy recclved by the retinz, per unit ares,
up o time t, affter the imese hos passed throush a phototropis

focal plane.

In this derivevion, it is to be assumed that there il be no atten-
uction of the tacrmal radiation due to the atmospiere or the lens naterials
usad.

The thermel cnergy level per unit arca reccelved up to time t at the
" . R .
leas frent or at a distance 2 (e,), expreceed as celories/cr™ is given

ot
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The area of the lens (iy), expressed as cr, is given by:
i

‘1h "']_"- (2)

The total amount of thermal enerzy roceived by the lens front (Eh),
expressed as calorles, is glven by:

o P R
S T (C)( nJ L_h-ﬂ::‘ﬁ _ I lC (3)

Zince the total amount of thermal enerpy received by the lens front
(3,) would then be Socused on the focal plane at the image, and since
the area of the image (g} is given by:
71

A= TN ()

then the formula for Gctermining the total amount of thermal cnergy per
unit area received at the image (ey), cupressed as cal/er®, is:

‘1..

._rtla.
g3
Gy = J::.l: 16:{“ = .L.\-th
1 -"‘Li ,ﬂizz }+¢L- 1
b

(5)

Proportioning the object and image dlameters to the object distance
and focal length, we obitaln:

i
EL L

]k

(6)

Squaring both sides of this eguation and solving for i<, we cbtain:

oy

3=

T (7)
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Cubstituting the couivalent of i* in the formula to obtain the total
amount of therrml enerzy per unit ares received at the imaze (ef), we
obtain:

D Lgh®
f1 T afreg? T IrgR (5)

Considerin; that the surface area of the fireball (ig), expressed
a8 cma, is given by:

iy =@ (5)

then the total thormal energy emitteqaper unlt area of source {fireball)
up to tine & (cd) gupressed as cal/cmb is ziven by:

oq = = (10)

Tixe relation then, between the total amcunt of thermal cnergy emitied
per unit area of source and the total amount of thermal enerzy received
per unit area at the image, is given by:

fn at2
Ltl’l

T (11)
7=

Thus, when utilizing the focal plane concept, it was theoretically
establisned that the induced phototropic response is proportional to
the intensity of +the radiant energy of the source {fireball) and the
diameter and focal lengih of the objeetive lens. On the basis of formula
11, it is now possible to determine the total amount of thermal cnergy
emitted per unit arca from the source in order to produce an optical
density of L at the focal planc.

Bxperinentally, it has been establiished that current licuid photo-
trowic-thermotropic sgstems are capable of producing an optical density
of 4 with 0.06 cel/er® of activating ultraviolet energy (310-410 mu).
Assuming the color temperature of the source as bein; escual 4o 6000°K
(this temperature would contain the hizhest proportion of enerzy in the
visible wavelengths and, therefore, be the worst condition in application),
and assuming that the distribution of the emitted energy follows that
of a black body radiator, then the percent of thermel encrgy emitted
from 310-410 ry is eguel to 10.9 percent {(i.e., 15.7-4.3, see G. . Radiation
$1ide Rule) of the total energy emitted from the source.



Accordinsly, the total thermal energy incident to thc Toecal plane
which contains sufficient activating energy from a G000°YK source and
capable of producing an 0.D. of L at the imaze, cupressed as cal/cm“,
is given by:

0

_ =iu
R M (

B

bubstituting the data previously glven, we gbtain:

0.0¢6

159 = 0,55 cal/cm“

'8
O

Cengidering a commercial lens 3.95 ¢m in diamebter and having a focal
length of 2.83 em, it is possiblc to determine eg, the total awpount of
enery;y enitted per unilt ares from tiae scurce to produce a siven 0.0,
at the Tocal plane plototronlr imaze (for tuis case, we will use az 0,0,
of L), by usin: ecuation 1l:

edz-——'.,-——

(1) (0.55)(2.83)%

(3.95)°

o

cg = L.13 calfex®
Sipilar wvalues rerulved to produce O,0.'s of 3, 2, and 1, r;sgectively,
at the focal plane ave 0.85 cal/en™, 0.57 cal/cﬂ , and 0.28 c_l/cg

tal thermal

at a color temperature of 6000°IL, that portion of the to
to 37.5 percent

pe

enerzy in the visible wavelensths (LOO-700 my) is ecugl
(51.9-11.h%, gec G. 3, Hadiation Slide lule).

‘"he thermel eneryy contzained in the visible wavelenstas (400-700 myu)
pnr unit area which is inecldent to the focal plane and ecuivalent to
uwPTicient activating energy to vroduce an 0,D. of I at the imaze (eiv)
is ziven by:

Csy = (C‘i) (V) (13)
Substituting the data previously given into tihe forrmla, we ottain:
(0.55)(0.375) = 0.206 cal/ci
It has been theoretically and experimentally established that a

value of 10 percent or less of the incident thermsl enermy in {the visible
vavelengths is transmitted by an irreversible phototropic filter while

\D



i% is in the process of closing down to an opticel dengity of ().
accordin;ly, the visible energy trensmltted by the ohototropic inage
formed at the focal plane {eiyp) is given by:
— I )]
eyyp = (eiy) (D) (1)

Junctituting the dats previcusly glven into the feormula, we obtbain:

ey pp = (0.206)(0.10) = 0.021 cal/cw”

Utilizing the same type of lens to r :focus the image as was used
to ceaverze (i.e., 3.95 cm diameter and 83 cm focal lcngtn), it is
now possible to determine tae new enersgy lcvel per unit arez in the
visitle wavelengtis emanating from the image source (eqr) which will
ve apperent to ihe eye. (There is no reduction or rmasnilficaticn trousat
about by this optical system.) This relationship is given by:

°d' . Cive

Arrv—

ed Ci

solving for eggtr, we obtain:

Cdr = : - (15)

Substituting the data vreviously given into this formla, we ovtzin:

o (0.021)}(1.13)
at (0.55)
agr = 0.043 cal/eaf

“ince the eye behaves like a simple convexn lens, the relatioaship
of formmla 1L could te used to obtain the amount of thermal enerzy received
per unit area at the retinel image (ep) vhen a current irreversible,
pactotropic-thernotropic licuid syctewm is placed in the focal plane.

Thus,
ey 15
egt 4"“
and solving for €,, We oblLain;
1"1 aat B
ey ££:l£;§_l (15)
Y=

10



Since an average pupil diameter (y) of 0.45 cm can be used along
with an average focal distance to the retina (z) of 1.5 cm, en can readily
be computed using these and other data previously given. Thus,

e = £0.45)%(0.043)
o 4(1.5)

e, = 0,00096 cal/cnf

This wvalue, obtained under the conditions stated, is much lower
than the value of 1.0 cal/cnf as given by Ham et al, (see ref. 1) which
caused a retinal burn on a rabbit's eye.

CONCLUSICNS

The FOCAL PLANE and DYNACELL concepts of phototropic systems appld-
cation afford a means of obtaining proporticnate phototropic protection
regardless of the distance from the source. They also afford a means
of utilizing the more sensitive, one-way, phototropic-thermotropic materials.
Up to this time, these systems had limitations as to their use because
of their irreversible character. The DYHACELL concepbt allows for the
use of these sensitive materiasls and also offers the advantages of a

reversible phototropic systen.



BIBLIOGRAPHY

Ham, William T., H. Wiesinger, F. K. Schuidt, R. C. Williams, R. S.
Ruffin, M. C. Shaffer, and DuPont Guerry III, 'Flash Burns in the
Rabbit Retina as a Means of Evaluating the Retinal Hazard from Huclear
Weapons, " Am. J. of Ophthalwology, Vol., 46 (5), Part 1, Figure V,

Hovember 1958.




