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The objective of this invcstioGtion of pyrotechnic light sources was 
coniinod primm·Uy to tho cv<1lu~t1on of oulput illumination levels, the 
factors controlling them and eon1parisons with tho existinC) criteria for 
optical incapacitation, since these eonsideriltions determine the suit­
ability of such a system to a variety of possiiJle weapon nppUClltions. 

The effort was directed primarily at comparisons of existing 
threshold energies for incapacitation lind damage, pyrotechnic output 
energies, and the fabrication of test device-s with controlled parameters, 
followed by estimation of their output energies by means of appropriate 
instrumentation. The approach permitted a comparison with existing data· 
on enc:gy levels corresponding to optical incapacitation and damage. 
This compc~rison was used to obtain first order estimates of the effective· 
ranges at which these pyrotechnic illumination devices

1

would either · 
incap<1citate pr permanently damage exposed p'ersonnel. · 

. 
The four pyrotechnic light mixtures shown in Table I were evaluated 

during this investigation. In the following sections there are presented 
the methods and techniques employed, results obtained, and the conclu­
sions regarding the feclsibility of this approach. 

TABLE I. COMPOSITION OF EXPERIMENTAL MIXTURES 

Composition . 
Dcsianation A B c D 
Inared1ents % % % % 

Al I 40 70 25 so 
. 

J<Cl03 . .. 30 20 30 40 . 
Ca(N03) 

2 
30 10 10 --

Ca(S1) 2 
. 10 -- -- --

Mg -- -- 35 . --

1 
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2. DJ:SCIUP'11CN Ol' F.XPI:IUJv:r.N'fl;L PH01'0l'V~.SI-l PEVICE~ 

A brief description of the charges was included in tho Final Summary 
Report - Part I. Two basic photoflash cnrtridt)es wore employed. Design 
drawings of those <.~"rtridges arc presented in Figures 1 and 2. The per• 
formance of each of the four selected pyrotechnic mixtures wits eveluated 
in each cartridge design. The specifications of each of the mixtures· 
were previously described (see Reference 1) • 

2. 1 PHOTOFLI\SH CARTRIDGE I n:PE s 

The outer diameter of the Type S photoflash cartridge 1s 2 .7 in. 
and the length is 6.6 in. The 'outer shell is made of aluminum. A scale 
drawing of the cartridge is shown in Figure 1. A linear charge of DuPont 
PETN primacord, .22 in. dlamet~r and 5.25 in. long, was surrounded by 
the photoflash mix. Th~s central bursting charge was u .. scd to break the 
casing, and to ignite and disperse the pyrotechnic miXture. 

2. 2 PHOTOFLASH CARTRIDGE I n:PE SDE . • 

This cartridge was identical to the type S with the exception that 
DuPont Deta sheet explosive was wrapped around the exterior cylindrical 
wall of the TypeS cartridge. These sheet.s were cut, as shown in Figure 1, 
to permit the complete coverage of the outer wall. The purpose of this 
design was to compact the photoflash mixture first before it was dissemi­
nated, in an attempt to improve the light output (l ·.e. 1 as discussed in 
the last progress report, the rate of burning and light output should 
increase with the degree of charge compaction). The ignition train was 
designed so that the Deta sheet would be detonated before the central 
bursting charge. · · • ,. 

2. 3 ~HOTOFIASH SHELL I 'l'Y'PE ss 

The Type SS shotg"un sheii has an O.D •. of 0.853 and a length of 
3. 20 in. It is also madC3 of aluminum. Except for dimensions, this 
photoflash shell design is similar to the 2. 7 in. photoflash cnrtridge 
(see Figure 2) • 

t . 2. 4 PHOTOFLASH SHELL, TYPE SSDE 
~ -

.. 
This shell is identical to the Type SS, with the exception that 

·nupont Data sheet is wrapped around the cylindrical body in a similar 
manner as the SDE • 

2 
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3. 

l'be c::pcriment.lll techniques employed and the specific experimentlJ 
per1ormed nrc outlined in this section. 

3 • 1 EXI'ERIMtNTI\L ARRJ\1\!GEMtNT 

The intensity of the light output as a function of time wia measured 
and recorded using a silicon photodiodc (United Detector Technology Inc. , 
PIN-10) and o Tektronix. 535 oscilloscope with a Polaroid film attoch~ent. 
The PIN-10 photodiode has a half-value response between 3600 and 
10500 .R. The photodiode, PIN-10, was protected from frogments generated 
from the e.'Q)losive dissemination!::,. a metal shield. The light from tbe 
flash was indirectly focused onto the PIN-10 sensor using a mirror. 

A Corning 1-56 filter was placed ir. front of the PIN-10. This filter 
has transmis.ion chardcteris:ics similar to the eye respon._se. It has a 
near gaussian tra~s m&ssion curve between 3600 and 7000 A

0 
with a peale 

transmission ~t 5200 A. The ultraviolet is cuti..off at 3600 A and less than 
10% of theI-R radiation ·(i.e., between 1 an~ 4.5 micrcr.s) can be trans­
mitted through this filter. D~pending on the expected output of each test 
device, neutral density filters were also used so that the PIN~io would 
operate within its linear response regime (i.e., so that light intensitY 
versus output volte;e would remain linear) • 

The output sigr.al from the sensor was fed into a TektroniX 535 : 
oscilloscope with a SO ohm termination. The signals were permanently 
recorded U!!ng a Polaroid camera ~ttactunent. The oscilloscope and 
event were triggered using a S ri firing panel. 

The events were also monitored photographically. A speed graphic 
single exposure cemeR& and a .Beckm•n & Whitley Oyna.fa'!= motion picture 
camera were used with Polaroid filters. The D)tna.fax camera was cperatud 
at a framing rate of 3000 frames per second •. Both cameras were protected 
from the blast. The Dynafax camera was located behind a barricade and 
received the light !rom the photoflash via a front suriace mirror. The­
speed graphic camera "NUs located behind thick glass. 

3 • 2 DETECTOR CAIJDRATION 

The PIN~10 photode~tcct« was calibrated using a National Bureau 
of Standards certified light scurcc. The response of the detector wa1 
measured as a function of distance away from the standard source using 
the following eq\l'l tion · 

-E.- . 
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where 

I = IC • F • V • 0
2 

I is tho intensity of tho light source in candle-power, 

IC is tho calibratiotl factor, 2640 foot-candles per 
38.07 millivolts response 1 

F b the factor which compensates for the transmission 
of the neutral density filtGrs, · 

V is the output signal, volts, generated by the photo­
detector, and 

D is the optical distance between the PIN-10 photo-: 
detector and the light source. 

(1) 

The spectral response characteristics of the photodetector are 
shown in Figure 3. The relative spectral sensitivity of the PIN-10 with 
the Corning 1-56 filter was calculated. These results are presented in 
Figure 4. · 

• 

The opticn1 distance between the light sources and the photo­
detector was 23.5 feet in each experiment. The intensity of the source 
expressed in candle-power wos calculated using Eq. (1). The ·values of . 
c~ndle-power estimated cnn be interpreted directly in terms of the 
luminous flux traveling through a normal plane which intersects the light · 
path 1 foot away from. the source {i.e . 1 the density of luminous flux . 
incident on a normal surface one foot away from a 1 candle-power source 
ls 1 lumen/!t2) • . . • . 

3. 3 EXPERIMENTAL ERRORS ·· 
' . 

An experiment was performed to determine the amount of light 
received by the photo-detectors via wnll reflection. A Genernl Electric 
No. 22 photoflash bulb was placed 23 .s ft. away from the photo-detector 
in a similar ;nanner as were the photoflash pyrotec:'ln1C test devices. 
Black paper was placed directly -in front of the flash bulb to prevent direct 
light tro nsmlssl9n to the photo-detector. When com pored with a control 

. test in which the light b"rrier was not used, 1t was calculated that less 
than 5% of the light received by tho photo-d.ctector was due to light 
reflections from the walls of the test chamber. As a precaution, in subse­
quent tests, all light colored objects were removed from the test chamber 
before CZlch experiment •. The walls of tho chumber were washed down 
after e&ch test, also, to remove nny debris which might increase the 
light reflection. · 

6 
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• 4. f.XPJ:IUM EN'l'/\1. RCSU J.TS 

The measured outputs versus time for each of the experimental 
photofl"'sh devices are shown in riquros S through 8. 'l'hcsc figures were 
drawn from the oscllloscopc traces obtained in eDch ox:;>criment. Tho 
results of each photoflash curtridge design wore combined so that a 
ready comparison could be made regarding the r2lative per!ormanco of the 
light ou~put from each of the four pyrotechnic ml;rtures. The peak light 
1ntensit~cs, the half width of intensity-time and the total integrated area 
under each curve (i.e., total light output in candie-power-seconds} aro 

• reported in Tuble II . The maximum cloud size generated by each device 
is also included in this table. The latter data was obtained !rom the 
film records taken. · · 

4 .l COMP/\RISON BETVIEEN REPORTED AND MEASURED 
OUTPUT OF TYPE III MIXTURE 

Mixture A has a composition identical to the standard Type Ul (i.e., 
mixture Jl.) photoflosh mix. This Type III pho'toflash mixture has previously 
been used in a variety of standard ph,otoflash cartridges. Light output data 
was obtained for this mixture, 2 from other sources, and is summarized in 
Figura 9. The peak intensities and integrated candle-power-seconds total 
output are plotted as a function of charge siZe in pounds. Approximations 
of best-fit curves were drawn tnrough each set of data as shown. The 
arrow on the .abscissa represents the charge wei«;~ht of the pyrotechnic 
mixtures ln the Type S cartridge, 1. 4 lbs ~ 

The predicted peak intensity and total output for this charqe are, 
respectively, 2.3x 108 c. p. and 4.4x 106 c.p .• s. The experimental 

· values obtained during the tests on this program were 1. ~Gx 108 c.p. and 
2.0x106 c.p.s. (see Tab~e II). The-se data are considei "' :l. to be in rea­
sonable agreement and provide an additional check on the .. ~ -::uracy of the 
measuring techniques and th~ charge preparations. . . . 

~. 

4.2 COMPARISON BETWEEN CHARGES 

Based on the peak intensity data·, the overall performance of the 
Type A mixtures in .the various shells was the bes:. In order of decreos­
ing perfornance it was found that . 

A>C>B>D 

The peak intensity of the output however is not -the only criterion that ' · 
should be used in eval\laUng the perfonnnnce of a mixture for this appli­
cation. The durMion of the light pulse 1s of equ!il importance. From 
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TADLE Il. SUMlvli'.RY or TEST lll:SULTS • 

Sample* Peak HaU-Wldth Total PCLljC 
Type Can~e-Powr:r Du~4tion Output Cloud Size 

(10 cp) (msec) (103 ::ps) '(ft.) 

SA 195.7 9.8 2010 7.4 
SB 97.8 15.5 1579 7.5 sc . 103.6 17.8 . 2021 7.1 . 
SD 9.5 40.4 371 3.5 

SDEA 29.8 20.7 526 7.0 
SDEB 19.'i 20.1 0 375 7.0 
SDEC 20.3 18.3 493 . 7.3 
SDED zo.s 16.4 354 4.3 

O • .. 
SSA 1.99 . 4.0 10.3 --SSB 0.99 6.0 . 7.8 1.8 sse 0 Z.81 5.4 01- 17.1 2.4 
SSD 0.51 20.0 S.8 1.5 

SSDF.A 5.59 8.3 52.9 2.8 . 
SSDEB 2. 64 9.1 29.0 3.5 
SSDEC 3.02 12.7 40.2 3.2 
SSDE:D 2.14 13.0 . 28.6 2.7 

*Sand SDE refer to the type of photoflash cartridge used. A, B, C and 0 

D refer to the pyrotechnic mixture used (see Table I) • 

·.t. 
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'the plots o! intensity· vcr:•us time 1t was shO".·.rn tlmt lhc li9ht pulaoa !ro.;, 
the "C" mi;:turr. were in ntost casas of lonqcr durution. Baaed on the 
totalintcgrntcd liqht output the "C" and "A" mixtures were eqUilUy · 
effective. 

It could bo concluded tlult of the mixtures studied, the "A" ond •c• 
mixtures provided the most intense and totallioht output. The •a• and 
·o· mixtures oonera'ted, significantly, less light in the visible apectnun. 

. : .· 
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S. DISCUSSION 0!' t~O'l'EN'l'I,...L Fllo\SH BLIKDNf.SS EFFEC~'S 

Sovcrulimportunt. questions h~c.l to be unnwcrod before these data 
could be interpreted in terms of potcntinl flash blindness of!ects: 

1. What is the level of fla-sh luminosity that will 
produce permanent oyo injury? 

2. What is the level of flash luminosity that will 
produce transient flash blindness? 

3. If tho measure of the transient flash !>lindness is 
expressed in terms of functional requirements 
palling for viewing and resolution of specific 
objects, how ·does the luminosity of the objects 
to be viewed by "the observer affect recovery· 
time from non-injurious flash blindne~s? . 

5 .1 PERMJ\NENT EYE DAMAGE .... , 

It has ooen reported that the threshold energy level for permanent 
eye damage is between 0. 2 and 1. 6 cnls/cm2. 3 - 6 "llr . 

; . 
Zaret- expresso.s the requirements for permanent eye injury in terms 

of the fraction of the photopigments which are b:eached by the light flash. 
This bleaching process involves the pootochemical transforma:tion of 
11-monocis retinene to. trans-retinene. 'The 11-monocis retinene 
complexes with the opsin enzymes to form the active photosensitive 
pigments. Upon light excitation the 11.-monocis olefin is transformed 
to the more chemically stable trans isomer via an electronically or vibra.: 
Uonally excited state. ?-9 . The · trans.:retinene, a yellow pigment, which 
-is formed is not compatible with the opsin epzyme and, thus, does not 
form a photosensitive pigment.. Recovery of the bleached pigment is 
dependent upon a chemical transformation bac;k to the 11-monocis isemer 
catalysed by retinene 1somerizase. 

. . 

The concentration of visual pigment only begins to be s~gnificanUy 
affected by light intensities of the order of lOS troland-seconds* .and 
decreases rapidly with further increase in intensity. The concentration 
of bleachad pigment as a function of light intensity can be expressed as 
follows3 

*The troland is the unit of retinal illumination. It is equal to the 
product o! the luminance of the obje~t viewed in Cilndles/(motcr)2 and 
the area of the pupil in mrn2. · 
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whcro 

\ 

Cb is tho concentration blenched at exposure 1 t, 

C 
0 

is tho original pigment coneentra tlon, 

It is the retinal total irrildinnee in trolar.d-sec:onds, ~nd 

u y is tha ·phc.otosensitivity expressed in (td-sec)-1 

(2) 

. In tho case of the human pigments the value of et y is appr,ximately · 
10-7 (U-see) -1. Zaret estimates that as the fraction of pigment bleaching 
~pprouches unity permanent retinal dama9e· occurs. Within the time frame 
of the flashes which wore produced in the exp~riments r~ported here, the 
threshold damage irradiances are approximately 0.4 cals/cm2 (4x 109td•nc) 
and 1. 6 culs/cm2 (1. 6 x 1olO td-_sec)l0 - 13 !or exposures of· 1 arid 100 ms(tc, 
respectively. According to Brown, 4 these irra~iiance levels must be delivered 
at flux leve~s of at least 0. 7 cals/cm2_sec ·or the rate of heat dissipation ir1 
the eye tissue will be sufficient to prevent an elevation of temperature to 
the degree where thermal burn wUl occur, 

.. 
· At 5550-angstroms the wavelengt~ of maximum 'sensitivity to the eye, 

one ~vatt of radiant energy coiTesponds.to 672.llumens. Assu.ming that_all 
of the light omitted from the pyrotechnic flash devices tested during the · 
program 1s at this wavelength, the light intensities required to affect 
thermal damage to the retina would be 1. 75 ar..d 6.99x 104 lumen-sec/ft2 
for exposures of 1 and 100 msec, respectively. The above estimates 
take into account the fact that the l19ht received at the cornea is -intensified 
when Jt arrives" at the retina (i.e., the imag~ size ls reduced): Ham15 

noted that an inadiance received at the cornea of a rabbit eye 1s intensi-
fied by a factor of 60 ti"mes when lt reaches t~e retina. .. 

.. 
With respect to the experiments performed in this investigation, these 

values are considered to be low. Assuming that the light emitted from the 
flash units' have the same spectral characteristics as the sensor, than the 
luminous efficiency of the light output is only 28 percent that of s·sso ang-­
strom light. The thresh~l<l light exposures ~ould then be 6.26xlo4 and 
2.4Bxlo5tumen-sec/ft for exposures between l apd 100 msec, respec- . 

· tively. 

Based on the luminous intensity data, shown in Table II, it can be 
seen that the small photoflash charges (i.e., the SS and _SSDE series) are 
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not copablc oC delivering damnging light ilJ shes. 'l'he l3rger churges 
{i.e., the Sand SO~ series) cun produce perm!tncnt eye dumoge. Further 
discussions regarding the possibility of penn~nont eye injury ere presented 
elsewhere in this report (see Section 5. 3, 2) • 

S. 2 RECOVERY TIME TO LIGHT FLI\SHES 

Before one can estimate the ret:overy Period after llght exposure It 
is important that tho important recovery measurement conditions be defined • 

. Clearly, the intensity of the light which the observer is exposed to wW 
determine recovety time:. An additional consideration is the illuminance 
of the object which the observer needs to detect after exposure for func- . 
Uonal reasons. · · · 

A· review of the literature was. made in order to de,fine the. dependence 
of recovery on the two factors noted above. The results of this search 
and the subsequent analyses are shown in FigUre 10. · 

5. 2.1 Review of Flash Blindness Exoeriments 

Metcalf and Horn6 , 1.3 conducted flash blindness exp~riment/5 using 
the high intensity flashes from a cllrbon arc. The expedment was designed 
to determine the effect of light exposures likely to be encountered during 
nuclear operations. Each of the !our subjects had their pupils dilated 
prior to exposure. A 6mm artificial pupil was used in order to maintain 
constant pupil size. the sut?Jects were exposed for 100 msec to illumina­
tion ranging from 70 to 12,000 lumens per square foot • . Following this 
exposure, the subjects were required to detect the flashing of a 17 minute 
visual angle circular patch. The luminance of the test patch was . varied 
between • 07 and 71 foot-Lamberts. A summary of a complete set .of this 
data at a flash luminosity· of s ·x 10S iumen-sec/ft2 is shown in Figure 10 • . 

The time required-to recover visual sensitivity following exposure to 
high intensity, short duration adapting !lashes also has been investigated 
by Chisum llnd HU1. 8 , 141 Adapting flashes of 33 to 16S'IJ.SeC and 9.8 msec 
in durntion with luminances from 1 x 104 to 5 x 108 lumens/ft2 were used. 
Visual sensitivity was determined by the resolutio'o of gratings requiring 
acuities* of 0.13 and 0.33 at display luminances between approximately 
, 004 to 200 millllamberts. The 0. 33 acuity level requires the function of 
cones while the 0.13 acuity level can be resolved by rod vision. The 
light pulses used by Chisum and Hill which best represent the flashes 

*Acuity is defined as the relotive ability of the visual organ to resolve 
detail. It is usually expressCild as the rE.Ci!=rocal of the minimum ~ngular 
sepnration in minutes of two lines just resolvable as separate. 
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• 
!rom the pyrotechnic devices tCiolstod during this procJrdm were selected for 
tha coml>'lrisons mnde in Figure 10. J.lso the datn !ot the acuity level 
0. 33 WLls usr.d, since the e!fects to cone vision aro the most critical to 
this study. It should be noted that recovery from rod silturntion is a much 
!ilstcr p~·ocess than rccoverr from cone saturation. The latter also requires 
mora en<:!rgy for saturation. 

It was observed that tho recovery times for the light illuminations of 
Sx 10S lumens-sec/ft2, reported by Metcalf and Hom, and 5 x 104 lumens­
sec/!t2, reportad by Chisum and Hill \Vere almost identical. This is not 
too surprising after one reviews the discussions by Brown" and Zarot. 3 

N~mely, both postulate that the relation between the energy of an adapting 
flash and recovery time for a specific visual task i~ similar in nature to 

. that shown· in Figure 11. >o 

1ooC · 
u · 
~ 80-.. 
~ 60 .... 

f-1 40 
~ 
~ 20 
0 
u 
Cl) 
~ 

Log Adapting Flash Energy-
Fig1Jre 11. A hypothetical curve illus~ting the relation between energy 

of a blinding flash and time required for detection of infor­
mation in a v1su3l display. The minimum detection time at 
low flash energy corresponds to visual reaction time. 
Detection time approaches infinity as flash energy approaches 
a value which will cause irreyersible inJury. 

For very low adaptin9 flush energies* there is _very little, 1f any, effe.~t on 
the visual capability, and recovery time is minimal. As energy is increased, 
there is an increase in recovery time at an Increasing rate. The form of this . 
function depends on the nature of the visual task;. As the energy of the 
adapting flash reaches a lev.el which corresponds to a maximum possible 
bleaching of the photosensitive pigments of the retina, the rate of increase 
of recov<.lry time may be expected to decrease. It is postulated as shown 
in Figure 11 that recovery time may actually assume a constant value over 

· some range of adapting flush energies beyond that at \vhlch rnaximu":l: bleaching 
occurs. 

*1\daptln.q flash energy ust:ally refers to the total energy to which the subject 
is exposed and from which the subject must recover normal vision. 
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of the light pulse. Therefore th"re is an \111Ccrta1nty in the total exposure 
duratiot'\ of each subject to the light . 'I:!lcrc!orc th~sc dnta wcro not used 
to correlate results obtained .in tho pro sent study. 

5. 3 INTl:RPRETATION OF RESULTS 

The meDSl\TCd light intfmsities and duratlons were iJ~t .: ~ .. ,,reted in torrr.'i' 
of possible irreversible and reversible eye effects. 

S. 3 .1 · Illumination of Photoflash 

The experimentally measured illuminance of each pyrotechnic test 
device as reported in Table II wus estimated as a function of distance from 
the flash origin using the inverse square law. These estimates are shown 
in Figures 13 and 14. The expected illuminance which observers would 
receivad from exposure .to a G.E. No. SO flash bulb are also shown in these 
figures. The value for the total output of this ·flash bulb, 1 x 105 lumen­
sec/ft2, was obtained from General Electric ~pecifications. 

S • 3 .• 2 Estimated Eye Effects 

Some of the !so-illuminance curves shown in Figure 11 were extra­
polated to a display illuminance level of 0.1 millilumberts (or 0.093 
lumens/ft2). The recovery t-ime for each of the reported adapting flash 
energ~es shown in Figure 11 were estimated for each of four display lumi­
nances; 0.1, 0.2, 0.5 and 1.0 millilamberts. These estimates are tabu-
lated in Table UI. · 

TABLE III. ESTIMATED nECOVERY TIMES AS A FUNCTION OF 
ADAPTING LIGHT ENERGY AND TARGET DISPlAY . 
LUMINANCE 

Adapting Flash Energy Recovery Time . (sec)' 
(lumen-sec/ft2) Target Luminance · 

(millila mbert s) 
0.1 o:2 0.5 

.5 - 5 X 105 62 ss 35 

1 x to4 47. 31 18 

5 X 103 . 24 17 12 

.9 .... 1 X 103 8 5 4 

24 

~ 

1.0 

26 

.12 

9 

3 
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• Curves fdenticnl for SD und SDED 
S and SDE re!cr to the typa of photoflaoh cJrtridge used. 
A, n, C and D refer to the pyrotechnic mb:turc used 

(see Table I). 

Ssparatlon Distance, ft. 

Figure 13 •. Light Illumination From Type Sand SDE Photoflash _____________ ._._ .. _. _ .. _._•·...:.....··. ~:..'_:_·_-._ ..... _'· · ~~-------·------

• 



C000 22024 

N ... 
~ 
0 
CP 
Ill 
I s:: 
CP 
e 
:l -... 
>-
01 ... 
CP s:: 
~ 

.c: 
Ill 
10 -"" 

103 

102 

SS ar.d SSDE refer to the photonnsh cortrid~~ usad. 
A; B, C nnd D refer to the pyrotechnic mixture used 

(see Tn ble I). 

Separation Distance, ft. 

• .. 



c oo o22024 

L 

• 
. 

'fhosc cstim<:tos nrc ..:lso inclicntcd by the vcl'ticn1 d~shcs crossing each 
of the cun•c:; in FiQlll'C 11. 

f'or each pyrotechnic device tested, the recovery times for a S\tbject 
c.>:poscd to the light flash were estimated usJng the d<1ta in FiQures 11, 13, 
and 14 und Tn~lc III. These estimates were made as a !unction o! distancQ 
away from the flash end the luminance level~ of objects which the observer 
might attempt to detect a !tor exposure. These estimates are reported in 
Figures 15 nnd 16, · 

As expected the large photoflash devices (i .c ~, tho S and SOE series.) 
should be the most effective as far as separation distance is concerned. 
An observer separated from the flash by 50 feet can be affected if an SA · 
charge is employed •. At S(:.pi'.lration distances less than 7 feet there would 
be the possibility that irreversiQle eye damage could be affected using tha 
SA charge. Siqnificflnt.flash blindness effects are expected within this 
distunce range for all of the charges. Recoveey times of as long as 60 
seconds are predicted for the detection of objects which are very dimly 
Ulumin<lted. · 

The effects of expo sure to a G. E, S 0. fla sb. bulb were also predicted •. 
It can ba seen that the estimated effects are not as great as for the S and 
SDE series photofla ~h units. By furthor comparison with a recent report 
by Tiller et al. 15 (ARPA Contract DAAK02-69-C-0338) the estimates made 
for the G.E. SO flash bulb appear to be reasonable. Tiller et al. evaluated 
'the e!fects of exposure to this flash bulb to subjects performing military 
tasks. The subjects were exposed to a flash at distances between 6 and 
19 !eet, After exposure the subjects were required to detect ground 
emplaced mines or detect and fire upon a test target. All of these tests 
wore performed under various night time concitions to which the subjects· · 

. bad adaptod before being ~posed to "the light flash. It was found that the 
subjects, au trained Marines, were able to resume their assigned task 
with the same eff1c1enc~ after ~n average recovery time of 5 to 20 seconds. 
No indication of reflected luminances of the objects detected were made. 
It is felt, however, that the predictions of recovery times for dimly lit 
displays (viz., 0.1 and 0. 2 mUlilamberts) agree with the results obtained 
by Tiller et al. Between 6 and 10 feet 1t is t=redicted tha~ exposure to th~ 
G.E. 50 flash should take approximately 8 to 18 seconds, No predictions 
beyond 10 feet for the G.E. 50 wore made because of lack of data. How­
ever there iS much Indication to suggest that at longer d1stancos {i.e., 
lower fl<lsh energies) the recovery times versus distance decreases at a 

·very sma 11 rate • 
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The estimated recovery times a!ter oxposU(e to the smuller photo­
flush sources are shown in Figure 16. It is not anticipated th~t e)•e · 
damage could bo nffoctod by those charges even at ~hort sepurotion 
distances. J\gain the "A" and "C'' mixtures are expected to be tb., most 
efficient. 
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6. COl'!CUTSlONS 

Sixteen pyrotechnic flash anL-.:turos -fragmenting contoincr combin6tionf; 
were tested·. It was shown thut significant flnsh blindness effects can be 
expected to result from the exposure to these flashes, all of which occur 
within SO mscc. These effects con result by exposure to these charges at 
distances within a range of so feet depending on the pyrotechnic miXture 
and qunntity, container design, and method of initiation. 

6 .1 CARTniDGE DESIGN 

The seric s S and SDE charges (1. e • , the 2. 7 In • photon ash cartridge) 
produced the most intense light and are expected to be effective at distances 
as far as 50 feet. The external explosive burster attached to the outside of 
the "S" cartridge was expected to increase the light intensity by compact1nq 
the mix before ignition •. However, for the larger cartridge this does not 
appear to have been successful. For the smaller 0.83 in. photo!lash cart­
ridge the expected trend resulted. The effective compaction by this implod­
ing mechanism probably increases with decrcosir:g cross-sectional area. 

6 • 2 PHOTOFI.ASH MIXTURE 

The type "A" and "0" mixtures in all cases generated the most light 
output. In some cases the "C" miXture produced light pulses of lCinger 
duration as previously anticipated • . The "8" and "D" mixtures were not 
as effective. In fact the performance of the "D" mixture was relatively 
poor. 

6. 3 DATA INTERPRE'XATIONS 

In order to ·estimate. the flash blindness effects, correlations between 
reported data had to be made . The results of the analyses appear to be· 
consistent with expecta.uon, namely that recover-t time is dependent not 
only on the flash energy but also on the luminance of objects which are 
visually sought during the recovery period. Also the relatively insensi­
tive chunge of recovery time at flash energies which produce 90 to 100 
percent piyment bleach was shown in this analysis. 

It is useful to note that the large light sources used in our experiments 
(i.e., the Sand SDE series), produced more ir.tense illumination than the 
source er.tployed by the Vertex Corporation . Correspondingly, longer 

· incapacitation times are predicted for the Sand SDE photoflash units as 
cornpared with the G .F;. SO photoflash used in the Vertex studies. ln · 
addition, on the basis of our independent experinental data, we could 
predict the shorter incapacitation times reported by Vertex for their weaker 
light sou:ce. 
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In order to clarify tho question of potential appliccltions of bright 
light sources, a seri~s of simple scenarios hav~ been developed, which 
illustrate possible suitable situations. 

The use o£ a detonating pyrotechnic" permits tho generation of 
casing fragments as well as intense light, 1t the material is enclosed 1n 
a metal casing. On the other hand, pUcking the pyrotechnic into a non­
metallic (o. g. , cardbolrd} casing, essentially eliminates any significant 
fragment huz<lrd, These two modes of operation find separote regimes of 
possible application. · 

I. PERHv1ET£R DEFENSE 

Given a situation in which a village or a group of men wish to 
provide a very distinct ipdication of an attempt at perlnreter penetration, 
by the enemy, and in addition wish to either inflict temporary optical 
incapacitation alone, permanent optical incapacitation alone 1 or fragment 
damage in addition to the optical incapacitation, those pyrotechnic Ught 
sources can play a useful role. 

Thus, cased in metal and triggered by sensors (or trip wires}" 
within the effective fragment range, they provide direct fragment damage 
capability with a good possibility of severe permanent optical impairment 
at such relatively short ranges. 

Triggered by sensors deployed outside the effective fragment 
range, the effects would be primarily temporary optical incapacitation 
and disorientation with a low probability of fragment damage. 

In specific situations, calling for no fragmentation effects, such 
as one in which friend.ly personnel may inadvertantly trigger the charge, 
the sensors can be deploy~d far enough awaY. to assure only temporary 
opticalincap.3citation and fragmentation can be completely eliminated with 
a cardboard casing for the pyrotechnic. 

Jl. VEHICLE PROTECTION AGAINST KIDNAPATTEMPl' 

Given the premise that abductors (e.g., ~f South American diplo­
matic representatives) do not wish to kill the hostage during the kidnap 
attempt, a system for providing even 5- 10 seconds of opticaltncap~ci­
tation in a 360° field around the car in which the hostage is driving 1 

provides an opportunity for escape, while the abductors are optically dis­
oriented. This system would be more ·effective at night than in the day­
time. The Ught source could be either pyrotechnic or electric discharge, 
It could be made safe against accidental discharge causing permanent 
damilga to innccant bystanders. - · 
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III. T!~l'vtJ'OliNW J?~riQ~ CJr Vf!.!UCJJ: QQ:'-JVOY UY 
CAUSlNG OPTICAL JNCJ\PAC!T.l.1'JON o~· 1.!:/\D DRIVER 

Tho scenario here is relilt1vcly simple 1n that the lead driver 

• 

can b3· optically inca~citatcd as he's rounding a turn, or cousecl to block 
the rocld by his inability lo seG 1t for a su!!iciont Ume to eaus9 a \''rock. 

IV. ESCAPE FRQM AN ENCLOSURE WITH NO PER1•AA!-1ENT 
DMM'3E TO OTU~ 

In some situations, where the presence of innocent bystanders, 
· e.g. women and children prevents the use of more damaging techniques, 

the use of temporary optical incilpacitation is of potential interest. 

V. PREUMlNARY TO UlDWIDUAL CAPTURE 

Where a single individual is to be captured alive, the use of 
opticalincapacitntion m_ay provide useful assistance. Thus, n bright 
Ught source generated !lill him by impact functioning of. a device fired 
from o shotgun cnn provide sufficient temporary optical incapacitation 
to permit other capture techniques to be empl<~yed more reliably. 

VI. SUMMARY 

While these scenarios do not provide a complete list of poten­
tial applications, they should be useful in examining the value of a system 
which combines the capability for frilgmentaUon damage, severe permanent 
optical incapacitation and transient optical incapacitation with.the choice 
fairly easy to control. . 
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III. Tl~MJ'Oiv\JW D!~RUl"fXON Or vr:mcr.r. CO~OY l\Y 
cXUwz(;OiYJ'IC'i\'Lrnci\PA'crti\fmNor-i.ti\515iTIVER 

The scenario here is relatively simple in that tho load driver 

• 

can b3 optically 1ncn~citatcd as he's rounding a turn, or cau!:cd to bloclc 
tho road by his inability to see it for a su!Hcient time to caus9 a vneck. 

IV. ESCAPE FROM AN ENCLOStmE WlTii NO PERMANENT 
DAMA~E TO OTilF.:B§. 

In some situations, where the presence of innocent bystanders, 
· e.g. women and children prevents the U$e of more! damaging techniques, 

the US<! of temporary optical incapacitation is of potential interest. 

V. PREUMINARY TO INDIVIDUAL CAPl'URE 

Where a single 1nd1v1dual1s to be captured alive, the use of 
optical incapacitation m.ay provide useful assistance. Thus, a bright 
light source generated ~ him by impact functioning of. a device fired 
from a shotgun can provide sufficient temporary optical incapacitation 
to permit other capture techniques to be employed more reliably. 

VI. SUMMARY 

While these scenarios do not provide a complete list of poten­
tial applications, they should be useful in examining the value of a system 
which combines the capability for fragmentation damage, se•,•ere permanent 
optical incapa.citation and transient opticolincapacltaUon with. the choice 
fairly easy to control. 
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