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MEMoRAMluM %X: 

SUBJECT: 

DIxEcMIl OF DEFEtiS -CE AND WGRiXElRiG 

SurMy of Effects of Nucle- &3toMtiOM On the Eye (U) 

1. Objective 

To renew the s ta tus  of kuowledge of &rzle effect md ret- 
bllPtlB, 88 requested by the Director of Defense Research end En@neering 
a t  the Armcd Forces Special W 6 a p ~  Rojec t  briefing on 21 Jmuuy 1959. 

2. General B e o U n a  

a. Gnects on the eyes caused by thermd radletion from nuelear 
detonaticour ray be divided into two categoriei, (1) dazzle effects (including 
& o r - w e ) ,  which is a tratllitary loss of ~ s i o n  and (2) choriceetinal 
bums, vhich ccmatitute pemanent injury t o  the retina of the eye. 

(1) Da.ale effect is defined M that Condition in vhich the 
l'ha extent vision is impsired by an exwoe of, or ov-red by, Light. 

and is not curectly dependent upon orientation with respect t o  the l igh t  
sowoe. 'phe &er-*e is L special &zzle effect ubich depends upn 
orientation, aince by definition the w e  of the lminoue source m u s t  
fall upon scuw part or  tha retina in order far t h e  temporary scotam, or 
blind spot, t o  occur. 

of dazzb  Is determined prlmsrlly by the h t e M i t y  Of the ILllmlUstion v1 c 
rJl 
H 

.I 

W 

r( 
al 

0 a photochemical process. 
Dazzle effect is a blanching of the v i s u l l  pmple, 

* 
(2) ChoriccetinLL b u m  is a lesion in the ret- and 

uuderlying vasculpr pi@ne.nted chmioid. The extent of the lesion depsnd. 
upan the c a s  of the  
in the pigmanted layers, which is a funation of the incident radiant 
intensity. 
that  portion of the v i s w l  f ie ld .  

b. 
eff6ct (mer-image), or a retinal burn if the f i r eba l l  is in the f o r w d  
f i e l d  of vision. 
since operation lRRIIpppT, vhen observers vore high density goggles for the 
purpose of i-Lsvlng the burmt directly. 
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roousad on the retina snd upon the haat genanted x 
P 

.u The lesion is a Wrmanent so- and cauees loss of vision in 
0 4  

The nuclaar f i r eba l l  ham the capability of causing daLr,h 

The existence of these phencmm has been recognl8.d 
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c. In general, under d a y l i g h t  conditions dazzle e f fec t  is not 
an impartant factor  i n  es t imathg  effects  on personnel. 
occurs during daylight hours i n  the f o m d  f i e l d  of vision, impslnnent 
t o  precise vision does not pers is t  for  more than t w o  o r  three minutes, 
and there is no impairment to  a b i l i t y  t o  move around. If the f lash  is 
not i n  the forward f i e l d  of vision, no impairment is encountered. 
darkness, impairment of vision varies with the amount of illumination on 
the objects viewed. 
l ighted instrument panels i s  15 t o  30 seconds. 

If the f lash  

During 

Time a f t e r  burst required fo r  personnel t o  read red- 

d. When the f i r e b a l l  is i n  the forward f i e l d  of vision, re t ina l  
burns with some degree of permanent loss of v i s u a l  acuity may occur a t  
re la t ive ly  -eat distances from the detonation. The degree of permanent 
loss of acuity is dependent upon the area of the  les ion and i t s  location 
on the ret ina.  If the lesion i s  located on the sensi t ive fovea the loss 
of acuity w i l l  be great. 

e.  The blink-reflex of man is considered t o  be between 100 and 
This ref lex cannot be considered a safety factor (for 

Furthermore, 
150 milliseconds. 
r e t i n a l  burns) for small  weapons (below 50 EC) in general. 
even weapons in the  megaton range emit the major portion of t he i r  thermal 
y ie ld  a t  lower times when burst  at  ultra high al t i tude,  such as TERK event 
at  250,OOO fee t .  

3. Unknown Factors 

a. Currently there i s  only limited information available to  
enable accurate prediction of the distance t o  which r e t h a l  burns w i l l  
occur in relat ion t o  weapon yield, fFreball  altitude, and target  alt i tude.  

b. Operation HARDTACK, Phase I furnished limited data on the 
following: 

(1) 

(2)  

Information is needed on the following: 

(1) Atmospheric attenuation as a function of altitude, slant 
range, and geographical area. 

( 2 )  

Firebal l  s ize  in re la t ion  t o  yield, a l t i tude,  and time. 

Thermal emission in re la t ion  t o  yield, a l t i tude,  and time. 

c. 

Threshold conditions f o r  burn---no burn conditions. 
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4. Service Requirements 

a. The Services are Interested i n  the effects  of the f lash 
of an atomic detonation upon the ab i l i t y  of military personnel t o  carry 
out the i r  assigned tasks when such tasks involve the use of vision. In 
general three types of v i s u a l  tasks are  involved in m i l i t a r y  operations: 
(1) reading of instruments i n  ships, a i rc raf t ,  tanks and vehicles; 
(2) central  acute vision a t  low levels of illurfination; (3) peripheral 
vision a t  very low levels of i l lumination. 

b. In order t o  reduce t o  a mirifmum the effects  of dazzle and 
r e t i n a l  burns on Service personnel in combat conditions, it is necessary 
that the Services be able t o  accurately predict these c r i t e r i a  i n  order 
t ha t  precautionary measme8 may be talren. 

5. Present Program 

The current research program may be divided in to  three areas of 
interest ;  namely, basic research, protective device research, and 
atmospheric attenuation. Research i n  each area of in te rea t  is as 
f O U O W S  : 

a. Basic Research 

(1) Post i r rsdiat ion follow-up of past t e s t s .  See Inclosure 
1 for  a summary of past t e s t  projects i n  t h i s  area. 

(2) U. 3. Navy - Navy Material Laboratory is preparing a 

(a) Measure thermal flux at the eye position of 

proposal t o  : 

rabbits, as support for the threshold c r i t e r i a  stuhies being propcsed 
by the School of Aviation Medicine (see below) for  Operation WILIDW. 

(b )  Develop a devlce t o  simulate the r e t ina  and the 
bllnk-reflex, i n  order t o  conduct laboratory t e s t s  on r e t i n a l  burns. 

b. Protective Device Research 

U. S. A i r  Force .- Wright A i r  Development Center is continuing 
research on shutter devices. 
weapon delivery p i lo t  situation. 

These a re  primarily applicable to the nuclear 
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c . Atmospheric Attenuation 
U. S. Air Force - School of Aviation Medicine is  preparing 

a proposal. for studies of atmospheric attenuation and threshold criteria 
for retinal burns, to be investigated in Operation !4IIUJW. 

1 Incl 
sUmmEuy of Past 

CY l.A 
Test ProJects, 

Brigadier General, USAJ 
Deputy Chief, APSWP 

4 


