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~~u1~IFIED

AB~~~ACT

I

Thi s proj ect was designed to dete rmine the effect of the flash of
atomic detonations at night upon the abili~~- of mi litary persoru~ l to
carry out their assigned ta sks when such tasks involv, the use of vision.

It is considered thet in general thr ee type s of visual tasks are
involved in military operation.: (a) ~~adir€ of instr nts in ships,
ai rcra ft , tanks and vehicles; (b) central acute vision at low levels of
illumination; (c) peripheral viaton at very low levels. After an atomic
flash each ind.tvidtal involved in such mil itary visual tasks would
attempt to return to seeing under the light level then avai l abl, to bin.
Tb. ti requi red for him i.e see ~z~der each of these c~rcurnstanoes was
dete rrd ned.

~ zbjects were located approxis*tely 10 miles from the detonation
point. They were dark adapted in a light—tight trailer. Their eyes were
exposed to the atomic flash by a shutter arrangerent. Soon eyes were
protected by a red filter and some eyes were unprotected. The red filter
was chosen because it selectively filters the high short-wave content of
the early psrt of the detonation and because individuals wearing it can
see red lighted instr ur ’ents in vehicles, ships, tanks and aircraft.

Because of t :e snail n~.w*er of observations permitted, the result.
of t~is expe riment should be regarded an appro~~~~tions. Future tests
will be necessary to detersi.ne response tine values,

* ~xperirieutal results were obtai ned at appro~dir.ately 10 miles rycs
the detonation, The values indicated below are in terms of the tine
lap.. b tween detona tion of the weapon until the indicated function is
resujed.

Re ading Red-lighted Inetrunents — Average tine to the first correct
inst.ru rit reading ~as 23 .2 necc~ds for the unprotected pilot and 8.8
seconds for the protected pilot when red flood lighting wee available in
addition to the red interniLl l ighting . When only the red internal light—
thg wan av~ilnbls , tb . averege tine to the firs t correct reading, unpro—
tect d , was 105 seconds; protected. 89 seeccd~ .

(~ntra3, Vision U nder Reduced flluni na*j on - l~’cto ter test s wer e
used and it was fou nd that reasonably good photopic visi on returned in
132 eeconda in the unprotected eyes and in 111 seconds in those pro-
tected by red filters .

~~ri~~wral Vision Unde r Low Levels of IU~mination — At 0.001 foot—
candles of iU~~~nation (ap pr nidj atI~y that of moonlight ) form could be
disti ngui shed in about 5 minutes by the unprotected and in about~~
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mtmit.s by those protected by red goggles. At 0.00001 toot—candle
(approximately th*t of a starl it night) form could be distinguished in
about 11 minutes, unprotected; 5’~ minutes protected by red goggles . t

Attention is invited to the fact that retinal burns can be produosd
by atomic blanta and that these burns nrc largely independent of di.-
t.ance except for size of the burn pr oduced ; thit  the reported results
on flash blindness are for a distance of appretdiwatmly 10 miles and tha t
additional t..t. are required to get reliable data which can be acourst.ly
correlated with other physical data .

_1__ _ —
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The pur~ose of t~ is report is to give operational units an estimate
of the length of tine personnel would be unable to see well enough to
car ry out their assigned ta sks if they were unexpectedly exposed to an
atomic fl ash.

= It is emphasised that results reported herein are based on only a
email rn~~ er of observations and are therefore subject to re vision when
future taste have supplied more data . Results are furni shed at thin
tir e to give cor,*rxiers a rou gh estimate of these effects for planning
purposes.
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DEFI NITIONS
(Dsfinitio~ of Terms Usea in This Report as Applied to This

Experii~sntal Situation)

1. Adaptometier - An instrument used to neas’ure the stat. of adaptation
to light of the h ma.n eye.

2. FoveS - The anatosical area of the eye which is the site of the
visual end organs capable of giving the individual acute vision.

3, ~b ctcnetar - An instrument designed to measure the dark adaptation
rates of the cones in the central area of acut e vision.

‘. ~~~~~ 
- Ocu.la dextra—right eye.

5. 
~~~~~~ 

- Ocula sinintra—left eye .
6. Paracentral Vision - Vision periphe ral to the central area of very

acut. vision d possible by the fovea.
7. ~Protected - t~sed in thin report to indicate an eye behind an

o~~tha’t~ (c filter. This filter absorbs radiant ens r~~r in certain
wavelengths, therefo re , the eye behind it is ‘protected.’

3. Red Filter - A red lens vPich filters out certain amounts of light
in lerious wavelengths by absorption. Such lenses are all ophthal-
sic filter,.

9. Re4 Li~httrf - IUusination by the use of red light.
10. Red Internal U~hting - IUuml.nation of instru ment dials by lights

inside the instr~~~nts rather than by external f lood lighting.
31. ~cpt~~~ - A blind a rea In the visual field. It may be partial or

complele; tmeporaiy or permanent.
12. Scotopic Vision - The type of vision which an individual has when

light Ii~tensIty is lower than moonlight, The central portion of the
re tina cannot func ti on at this light intensity, so the re is a scotoma
in the visual field . He nce the ter m ‘scotop ic vision.’

13. Stsrsocam j~t ter - An instru ment designed to map out the sensitivity
of the central area of vision. It is useful in pping ScotcmatA.
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• 1.0 INTRCDUCrION

There axe essential ly two types of night vision tasks which ars of
interest to the ser.ioes. Ore of thee. is the situation in which an
individual is looking at illt inated dials (usual ly red lighted) aboard
ship, as pilot of an airc ra ft or drive r of a tank. He may be exposed to
a bright flash of light such as that produced by an atosic detonation
and th~~ returo to his task of attempting to read his ill~ainated instru -
ments.

The other typ. of night vision task is that of the soldier or air-
man on the ground. Mis visual task is carried out with only the il1t~~-
nation p~uvided by the moon or stars. If he is exposed to the flash of
an atosic both be returns to his ~..aak of trying to sea obj ects under
this dim iUumthatlon. This task is further subdivided into two because
vision at moonlight levels permits the use of central (phetopic) vision.
When there is only starlight available all vision must be p.ri Iersl
(scotopic) vision.

Tests were the re fore desi~~ed to procure data on all three of
these visual tasks; th . reading of red lighted instru nta , the recogni-
tion of objects by moonlight intensities and the reco~~ition of objects
under starlight intensities.

1.0.1 Objective

This research was conducted to determine to what degree
the flash of an atomic detonati on impairs the vision and reduces tie
sf f ici.ncy of military persorsel during night operations, The effect
during daylight op.rat.ions has been previously atndi.d ~~ • Cbssrva t.icms
were made which were intended to reveal the evolution , degree, and dura-
tion of the reduced vision. An attempt was made to evaluate the protec-
tion afforded by the uas of red goggles.

2.0 I?~ TRt~~ WfATI0N

Sinc, most of the detonations took place in the daytime, it wee
n csassry to uae soem means of exposing the eyes while the subject was
dark adapted and had the normal dilated pipila that go with tb. night
issiz~ situation. This is, of course, necessary in order to obtain uss-
ful infor ttcn applicable to night operationa l conditions.

Flash Blindness Study , Project I~.3, Opa ration BUS~~~
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]
A light-tight trailer was uied to house the observers so that dart

co~~~tiona could be aisuisted. It was set up approximately 10 miles from
detonation pnint. Along the side of the tr ailer were 12 ports fitted with
shutter devices for exposing the eyes of the observers. The shutters
were constructed in such a manner that the left eye only was exposed to
the flash while tie right eye was used to fix tie position of the eyes
by regarding a lusinous f ixation object . Tie shutters opened after a 1~8
millisecond mechanical delay by a blu.—box photoelectric device and
suitable relays. The shut ters closed agai n 2 seconds later. Timi ng of
the tests was begun with the closure of the shutters. Three types of
qu.iasnt were uaed to eT*MI~ tie observers after exposure.

Zeiss nyct~~~tere were used to tabulate the return of sopic
vision following which the observers reported their ability to see
Landolt rings in adaptcmet.rs of knavn li*inc.ity.

Ancther group of observers ware asked to report readi ngs on red-
lighted aircraft instruments. Return of tie ability to read these in-
str~~~nts was record ed in t i .

• The site, intensity, and duration of tie tempor ary ecotoma pe’o—
duced by tie flash were measured in a thi rd group of observers by the
use of stezeocaapi ters.

During tie exposure , half of the observers in each group wore pro-
tective red goggles. (Goggle, dark adaptation, Type E-1, Spec. No.
91s-311i2) .

3.0 C~~RAT 1ON&L I~ C(II~URE

Tb. tests ware oonciuct.d during th. detonations on 22 April and 1
)~ y (Shot. 3 and 4). The subjects were &llo.’sd to become dark adapted
for wearing dark adaptati on goggles for 30 minutes and then by r~~~i~ 4(~~
for 30 minut s in the dark in the trailer befor. the detonation . A
shutter in front of th. left eye of each observer opened between ~6 and
52 milliseconds (averag e 48 ailhis.oonds) aft.r the beg1n~i’~g of the
flash and closed afte r 2 seconds. No att~~~t was de to control the
blink reflsx. This re flex varies only slightly In individuals and av-
erages 100 ilhisec~~~.e in duration . At th. end of this period the lids
are olo..d ad*ittthgabou t lp .r oeiit of the lilht to the syes. The
abutter. remained cuss 2 seconds which aflowed ~~~~~~~~ bleaching of the
retina and then the shu~.te rs cLosed, There would Mv, been no purpoes
served by controlling tie blink reflex since it is a normal pert of
sen’s idaptive response to bright light. Tier. is nore variation in his
retina l recovery period than in his blink tim.. Therefore, the assess-
ment of th. total response is nore useful in this experiment than an
as*lyeis of tie variab les in the experiment. The objective of the etndy
is an answer to an ope rational problem and not a pure ly scientific st~~~,

H a
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Following closure of the shut ters the obs~rvers turned to the

three groups of testi ng devices for examination.

3.0 .1 ~~ctoseters and Adaptosetere (Four Subs cts)

Th. observers placed their eyes in position on the ~~ctcma-
tsr , and as soon as able , began to read the large r letters of the visual
acui ty char ts . They read the pro gressively sealler letters as soon as
these became visible. The progress was t imed f rom the exposure to the
flash. This reading gave cone adaptation levels. After Li minutes, or
after the subject had read all tie characters (whichever came first ) the
obse rve r was dir ected to look at the adaptoseters reporting perception
of tie ri ng and perception of the break in the ring of each of the three
adapto t.rI. These were also re corded in ti from exposure. This was
a rod perception t~ sk.

3.0.2 I r ~stn nt Readi ng (Four ~ab3ecte)

Standard ai rc raft instruments were used since the observers
were pilots. The se instruments are similar in size and design to instru-
ment s used in tanks , wheeled vehicles, and aboard ships . Two types of
red colored illumination were used. First the instruments were illumi-
nated by a re~ flood light as well as the red instru nt lights . After
th . observer could reed the instruments without delay , th. flood light
was turned out and a determination was de when the observer wa S able to
read the inetrt~~ nts without delay using the Intern al lighting , alone .

3.0.3 Scotometry (Four 9abject s)

With the use of hand-held atereocampime ters tie size and
intensity of the tempo ra ry scotcma t.a were determined.

3.0 .14 Red Goggles

Red filters were used on one-half of the subjects in order
to dete rmine the usef ulness of such filters as protec tive devices
against the effects of atomic flash. Their selection for thi s purpo se
was baeed on the fact that they permit the passage of red light from
red-lighted instn nts . They can be safely worn by pilots flying on
instruments. In additi on, they absor b all the short —wave portion of the
spect r~~ ith ich early in the flash contains a larg e amount of ener~~ be-
omuse of the high color temper ature • They actu ally trans mit about 22%
of the ere r~~ present in tie visible and infra-red port ions of the spec-
tr~~ during tie phase of tie detona tion in which the eyes in thi s expe riment
were exposed. (Based on the old data in the book on the Effects of
At~~~o weapo ne.)



UtiCM~SH:1
Li .0 RESULTS

uniy two detonations were used for this test for the rea son men-
tioned under paragraph 4 .0.2. Consequently an insufficient nuMer of
test findings are available to give precise re sults . [st. available
are discussed below and tabulated in Tables 1, 2 and 3.

The riyctoreter tests showed that tie average tine req4red for the
unprotected irxit vidual to regain good mesopic vision wa s 132 seconds and
for those protected by red filters it was U]. seconds. Tie adaptcmet.ers
indica te that the average of the individuals te sted regained vision for
di stinguishi ng form at C .OOl foot- candle of ill~manation (approxiac tely
that of moonlight ) in 310 seconds for unprotected , 2Li5 seconds for pro-
tected ; at 0 .00001 foot—ca ndle of ilitEi nat ion (approximately that of a
clear star lit night) in 671 seconds unprotected, 325 seconde protected.

Th. recove r y of useful vision for read ing red-lighted instrt~~ nts
was very rapid. The ave ra ge time to the first correct inst ruee nt re ad-
ings are quoted. For the situation in which both red flood lighting and
internal red lighting were used , for the unprotected pIlot, 23.2 seconds ;
for the protected pilot ( red filters), 8 .8 sec iie. Where only the in-
ternal red instru ment lighting wa s used , average time to tie first cor-
rect reading, unprotected, was 105.6 seconds ; protected, 59.5 seconds.
This indicates the shorter periods when the eye is protected by a red
filter. It also shows th, value of tie higher inte nsity red flood light-
ing in shortening tie pe ri od in which an individugl is unab le to read his
instruments.

1i.0.l Scotceetry

Drsmdiately aft er exposure the subjects described a large
whi te or yellow-white ar ea of absolute sc otome • s was reco rd ed as
irreg ular in sha pe and as mu ch as 15 to 25 de grees in si ze . W it hIx~ 30
seconds this decreased ~n si ze to I~ to 6 de grees and roughly spherical
in shape. The densi ty of tie scot.osia became progz’~ssively lees as tie
size gradua lly diminished to ore or two degrees afte r S to 6 minutes.
At this time the area was described as ~hasy~ by ore of the observers
and the othe rs ind icated t re scotoma wa s re lative . After 6 mi nutes most
observers had difficul ty in outlining the involved area , although ore
subject was able to outline a 6 degree scotoac a fter U. minutes .

Li .0.2 The rmal Effects 4 bJ, ~~

Two of the subject s developed blanched ar eas ~‘f tie retir e
foli~~tng exposure to the flash , ’ Only ore of these men showed an imp ir—
sent of vision ciii complained of a ecotoac , This man showed a ~~~l1area of retinal edema wi th a central blanched area . He complai ned of a

apot 0 in the exposed eye and described a positive ecotoma , but no actual
discomfort was experienced . Visual acui ty remained 20/IS, O.D., o.s.,

114

t 0 ~~~~~

•

~~~~

— - - - • •

~~~~

,-—•.- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ! 0! - ~~~~~~.r - -~~~~~~~~~~~~~~~~~~~~

• : ‘

ii U

and 0 .U. Visual fields in this case revea led a small absolute pa ra cen-.
tral. scoto about 2 degrees in diameter in tie area corresponding to
the site of the retinal lesion. The psracentrsl vision and the retinal
lesion gradua lly improved and recovery was complete.

0 The second individual gave no e’vider.ce of ar~ visual sal-
function. Careful visual field ex~mina t icn showed no scotcac , E~a~~na-
tion of the re tina of this man revealed a small area of retina l ede ,
both of these men were observed until they completely recovered, Neither0 has any visual impeirsent, visual field defect , or change in the fundus

• of the eye. Their injuries were minimal and both subjects are now co-
plst.ly recovered.

5.0 DISCUS!ION A1~ CCNCLUS IONS

As a result of the discovery of tie two cases of retinal inj ury,
tie tests were disconti nued after two shots ( Nos , 3 and Li) ,

The cha nical delay in the abutter mechanism was the cause of a
good deal of dur icul ty . I t was considered important to know what would
happen in a real lit. situatio n if an individual working in th. dark
wqa exposed to an atomi c flash . For thi s reason a shutt er release
mechania~ was built to trip th . shutter , so as to open si .ütaneously
wi th tie detonation of the bo~~ . Unfortunately , however , it w~s not
possible to get a zero minus ore seoond sig~~l with an accuracy greater
than plus or minus 100 milliseconds. It w~s therefore neoessary to use
a p hoto.l.ctrio syste. with an average d.iay of 48 milliseconds aft er
detonation . The lids closed within about 100 milliseconds after the
shutter opened , so the eyes were exposed dur ing the 50— 150 millisecond
portion of the erer~~ curve rather than the 0— 100 millisecond portion
which would have been more desirable.

Preliminary da ta furnished by the Armed For ces Sp.cial. WeaponsProj .ct indicat, that more radiant ener~ r was present during the period
.ised than would have been prese nt duri ng the 0—100 millisecond period .
It can , therefore, be expected that slightly short er times might be
fo~~~ in the real lit. situation than are indicated in this report .

Two of the subjects did develop retinal burns, Therefore, tie
ind ications are that because the dilated ~apIl admits approximately 50
t 1.  the light which is admi tted by the daylight constricted pr~~l, the
flash of an atomic detonation presents a zeal dange r to tie retina of
an individual vhos eye is adapted for night vision and who is looking
in the direction of th. flash. Distance will only decrease the size of
the retinal burn and not its intensity (with tie exception of att sznia-
tin by tie atmosphere and degre~~tiom of the retinal image by optical
defects).

15

_ 
- 111

1 
_ _



- —••-~~ 
-___ ww 

~~~~~~~~~~~ - -.

v”r~ 
—

In spit. of the occurrence of a retinal burn, in most cases this
injury would not incapacitate ti. individual, and unless he were lodcing
directly at tka point of detonation, the ~~all scotona prod~~ed would not
in itself constitute any significant di sabili ty. H~~~ ver, such a burn
incurred in the fovea would be serious. The probability that an indi vi-
dual would be looking at the e~~ct fl ash location is very small.

The military personnel operati ng under condition s of reduced iU~-nation of 0.15 foot—candle (on nyct~~eter) would regain useful vision in
about 2 minutes. (Sub~.cts were 10 miles fros the atcalo detonations of
about ~~~~1n* l yield.) Those operating under even more reduced illumi—

• nation, approximately moonligh t (0.001 foot—candle), would r gain useful
vision in abou t 5 *inutes. Individual. u ing tht.rna11y red ill 1~ 4n~t.dinstruments nnd wear ing no protective devices would on the averag, re-
quire about 1 3/4 minutes before they can again read tho se instruments.
If red fl ood lighting is used , this time can be reduced to about 23
seconds . if tL. subject wears red goggles the time will be reduced to
about l~ minute. ror the interna lly i1l”~in-.ted inst.ruments and to 8.8
seconds when red flood lighting is avail able .

The use of red goggles gave enough protecti on to the eyes of the
observers so that they regained tie use of their eyes more rapidly. None
of the individuals protected with red goggles received a retinal burn.
Thi s Is not surpri sing since the filte rs absorbed a larg e per cent of
the incident light ener~~ during the pe riod of exposure . The nusher of
ins tances is too small for th i, to be statistically significant.

6.0 P~~~~~~?LATI0?~
The following recommendations apply to the use of the eyes at

night. Tie daytime situati on presents no pa rticular problem fros tie
standpoint of flash blind ness.

It is recormerded thet a

Individuals who can perform military tasks wearing red filters, do
so if there is a possibility of an atomi c explosion in their vicini ty at
night, ~ich pareorsel would be largely limited to those observing red-
lighted inst ru ments .

Addi tiona l studiee be carried out to de t rs4 ra other filters which
may be added to the red filter to increase its effectiveness. For ex-
ample, an infra-r.d filter to scre n out in. long wavelengths ,

Addi tional flash blinà~ess atnd.tes on the night problem be carried
out at future te sts as soon as laboreto ry wart on animals has establi shed
uit abls rgins of safety fro. a retinal burn standpoint.
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~~tina.l burn studies on ~~~4 ii I s be carried out in the laboratory

to deter mine the reti~~l burn threshold ) and that suitable field studies

• tollai , using ~~~~~~~~~ in actual atonia detonations .

Individua ls performii~ ai].it.ary tasks and suspecting the i~~ .nenoe
• of an at~~~c flash make an effort to shield at least ore eye fro m the

light whether wearing red goggles or not.
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Fig. 1 Int.i rior of light -t ight tr a i l ir .  i’ ~~~~~ r rw c-r.a~i1~ w~s air
on the right . The Eub 3ects we re seat ed ‘~~ ~~~~~~~ ~~~ i c r

~e seen be rr ath the co~~ter. ~t’ r ‘ x~~ ~urr ‘hey tu rm ’ d
ar ~~~ and faced the test a~ ~ar :itu ~ - . - - . ‘ . ~tOOl5
wr re g ided to the proper a , piI - .tu!~ y t rac ks v~~- 

~~~
- on tie

floor . The various sec t Ia -  ‘ ~ ri ’ ~. s- ’lA i’d f rom c’ath othe r by
the dar t cu rtains on the ~11d. ‘~~~ rods. The t i ack st evepi pe
visible wa s a portion of tie i1c ht-t ’.~: t forced a~r ventil ati on
system .
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Pig . 2 Shut ter Mecha ni sm The se ehutter have a small self-lix~ii nous
fiution spot before the right (unexposed) eye . This is
brou ght to infini ty by the strong plu s lens shown . This de-
viøe insures that the e~1J ect viii be looki ng near s but not
directly, at the detonation point and that his acc~~~~dstion
viii be properly controlled. The shutters had an average open-
ing lag of I~8 milliseconds, re~~ined open 2 seconds and closed

~
; 

again autonatical1~ .
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Fig 3 Shutter timing cieniu capable of taki ng az~ input signal of
one second or less pr i or to detonation and actu ating the shut—
tare , It has an accurac y of plus or minus one millisecond . It
could not be used because of the inability to give an input
signal at the t.it site of an accuracy bitte r than plus or minus
100 milliseconds.
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Fig h Aircraft instr~~~nta used in the inet r~~~nt readi ng ta sk.
The red flood lighting and tie individ~a1 inatn n t  lighting
sources are visible. Altiseter and ~~ru oo~ *ss wars selected
becausi readings con3d be chen~~d by the e~~athe r and because
they rep resent th ty~doa 1 inatr~~~nt reading task of itlot..
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Fig 5 Battei7 of rq’ct~~~t.rs and adapto t.re The ware used to

plot tie ret~~n of dark adaptation , both of tie central and
peri phe ral visual 1\motione.
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