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DEPARTMENT OF THE ARMY
U. S. ARMY ENVIRONMENTA L HYGIENE AGENCY

ABERDEEN PROVING GROUND. MARYLAND 21010

HSE—RL /WP 2 8 MAR 1977
NONIONIZING RADIATION PRDTECTION SPECIAL STUDY NO . 42-0325-77

EVALUATION OF A LASER EQUIPPED RIFLE FOR THE
US ARMY HUMAN ENGINEERING LABORATORY

ABERDEEN PROVING GROUND, MARYLAND
r JANUARY 1977

ABSTRACT

A special study of the optical radiation hazards associated with the
operation of a He—Ne laser mounted to an American Internat ional  Corporation
Model 180 Law Enforcement Rifle was perform ed by this Agency . Radiometric
measurements were conducted on 11 January 1977, for the US Army Human
Eng.~neering Laboratory at Aberdeen Proving Ground. It was determined that
the protection standards for momentary viewing were exceeded out to a hazard
distance of 9 to and to 100 m when viewing through an optical instrument.
Long—term staring at the laser from within the beam exceeded the protection
standards out to a caution distance of 490 m.

It is recommended that: the laser not be pointed at the unprotected eyes of
personnel within the hazard distance, unprotected personnel not be allowed to
continuously stare into the beam within the caution dis tance , the laser not
be pointed toward nearby flat mirror surfaces , and an appropriate warning
label be affixed to the device. It is further recommended that the laser
output power be reduced below 1 mW, if feasible , to eliminate a potential
hazard for retinal injury from momentary viewing.
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Approved for public release ; distribution unlimited .
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U. S ARMY ENVIRONMENTAL HYGIENE AGENCY

ABERDEEN PROVING GROUND. MARYLAND 2)010

HSE-RL/WP

NONIONIZING RADIATION PROTECTION SPECIAL STUDY NO. 42—0325—77
EVALUATION OF A LASER EQUIPPED RIFLE F~~J. TH E

US ARMY HUMAN ENGINEERING LABORATORY
ABERDEEN PJ~JVING GROUND, MARYLAN Dr 

JANUARY 1977

1. AUTHORITY .

a. AR 40—5, Health and Environment, 25 September 1974.

b. Letter , DRXHE—SP , US Army Huma n Engineering Laboratory , Aberdeen 
—

Proving Ground, 30 December 1976, subject: Laser Safety for Test of a Laser
Equipped Rifle.

2. REFERENCE S.

a. Paragraph 2 — 3 5 a ( 7 ) ,  AR 10—5 , Department of the Army , 1 Apr i l 1975 .

b. AR 40—46 , Control of Health Hazards from Lasers and Other High
Intensity Optical Sources , 6 February 1974.

c. TB MED 279, Control of Hazards to Health from Laser Radiation , 30 May
1975.

d. Title 21 , Code of Federal Regulations (CFR) , 1976 e d . ,  Part 1040 ,
Performance Standards for Light-Emitting Products.

3 PURPOSE. To evaluate potential health hazards associated with the use of
a laser equ ipped r if le  and to ma1ce recommendations. designed to eliminate
exposure of personnel to potentially hazardous radiation from this device .

4. GENERAL.

a. Background. This Agency was requested to evaluate a Spectra-Physics
laser mounted on an American International Corporation 180 law enforcement
r i f le  by the (IS Army Human Engineering Laboratory for feasibility for combat
simulation field tests at Aberdeen Proving Ground. The laser system is
illustrated in Figure 1. The system was manufactured by American
International Corporation , Salt Lake City, Utab. The battery operated laser
is employed as a line—of—sight aiming device for the rifle and serves
normally as a deterent to criminals confronted by law enforcement officers.
The laser spot indicates the point of impact for the rapid—fire ,
small—caliber rifle.

1 Approved for public release; distribution unlimited . 1 
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Non ion iz ing  Rad n Prot Sp Study No. 42—0325-77 , Jan 77

‘ . Inve ntory .  At the t i n ~ of this study the US Army Human Enqineering
Lab ora tory  had one lie-Ne laser on hand .

~:. Ins trument.Ition .

(1) Cttited :~~~s~ tor Technology !‘iod~~l 40X Optometer wi th Radiometric
Filter.

(2) Calibrated Neutral Density Filters .

d. Abbreviations. A table of radiometric terms and w i  ~. s is provided in
A~~c::dLx A.

5. FINDINGS.

a. Laser Out2ut  Parameters. The f c i i o w i n s  lasi r ou tpu t  parameters were
determined :

(1) Wavelength : 632.8 mm (He—Ne laser wavelength)

(2) Radiant Power: 3.1 toW measured , 2 toW specified.

(3) E f f i ~~~t ive  Emergent Beam Diameter: Circular beam wi th an approximate
diameter of 0.5 mm.

( 4 )  Ef fec t ive  Beam Divergence : 1.3 mrad divergence at
l/e—peaii --irradiance—points measured , 1.6 mrad spec i f i ed .

(5) Hazard Classification: Class 11Th medium power laser.

b. Beam Characteristics as a Function of Range. Radiornetric
measurements of beam irradiance versus range were made on 11 January 1977 at
Aberdeen Proving Ground . A power meter with a 1-cm diameter circular
entrance aperture was placed within the most intense portion of the beam at
several distances out to 27 to. The data were corrected to provide the
irradiance through a 7—mm and an 80—mm aperture to depict the largest
pupillary diameter and telescopic viewing. Results of the corrected data
appear in Figure 2. Using Equation 12 of Appendix B and a programmable
calculator/plotter , an effective beam divergence of 1.3 mrad was derived .

c. System Safety. The laser device did not incorporate safety features
as prescribed in 21 CFR 1040 . Such features include an interlocked
protective housing , remote control connector , key control , laser radiation
emission indicator , beam attenuator and warning labels. Class I l ib laser
sy~.tems manufactured after 1 August 1976, except prototypes , are required to
incorporate such safe ty  features unless  an exemption is obta ined from the
regulat ion. Future  production systems would be required to meet the
regulation.

~
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6 .  DISCUSS I 0 .

a. (a.~o z u  Ana l ys i. The potential ho~ oi t rUm the o e — h t  laeer is
l irn i + i to t he co r .. t :~te  I eves  of i n d i vidu a l lookinq at the laser froi
w i t h i :  the  ~e.e:~ b+ . am .i~ close range . The ~~~t e~~

1 iOfl  st .~i r i ~~z I s  f i r  a
t i : i :oos p o i n t  source  l a ser  depend upon the emissi  ±1 w.i .. 1  U (° ~0 .8 mm)

icd the V ow nq ratio:.. Mc t~ u t a r ’ ’  ‘y i ewir io , wh i ch is 1 m l  ted  to to ’
d o r a t~~o: , ot  t : ~~~oye ’ s a at u ra l  avers ion response u 0 1  b l i n k  r ’ f l + x  V. 05 s ) ,

v an e xp o s u re  u± to 0 .5 nW i cr.: averaged over a 7—mm pu r i I lao ’.’ d ia me ter
,WflsL—:ase, dark—adapted eye). The standard for long— tern (10 , . s to 8
Ors ) starIng in to  the beam is 1 ~aW/c m2 through a 7—mm aperture . Comnparinq
L:oo e rr )tect: .n standards to the beam i r rad iance  in F~~c~~ t 2 in d i :ates  a
l t a ~~a :d 0. s t a r . c~ ~. m for unaided viewinq and 100 mn when  v iewi  no t r e u s h  ar,

tlc.d ~ n s tru : . o nt  with ar 80—mm objective lens . urno~o° .1 s r ar~ ±10 l n t f l  the
1. 1 .~;~~~ om  ~~~~ oi i~x1s exceeds the protect ion standard out to a Ia ’ - o’ distance

~~ 4 1

C . R a o  :.t:i ! . . The 1 a..er uresuct- s a 1 i — o f — s i  ~~ . t U . -i rd  out  t~. the 
. .1. .Lr ~~: :~~ St . .irtce s wroi . tilO ~~~~~ be e.. is p ~r , t e ,~~~’.c1~ar  the

to ot e d  eyes f curs nr~~l. Sinc e  t r e  hazard does not ext eod he’zorvl the
I .n’.~~t of th~ perstor ’ S \ U i S i o i I , tb S uap l e o r  control  measure  w ould  be to turn
iff toO l d s u r  should :,~. r s ~~n r + l  o ct er  the  a rea of the  beam path  withi c the

0.t , :1  i a l  i~ 1.0 0 0 00 0 1:1000 . Ideal ly , a b a c k so o r  should be u ’. i l ized to
term : 1. 50 ’  th e  b e a~ w i t h i n  t h e  r:o±.trolled i r e s . The backetor should present a
l ar o  ,i ro;olar  .e ( — 0 0  m r a ~~ ~± n t he  o p e ri t  n ’ s p o s i t ion  (2 m x 2 n at
IOi~ ml . ‘1  ~~~~~~~~ ~ 1 +51, 5 it d. +~ j..i.aCC 1 w i t I i~ the  beam path  do not r e f l e c t  

U 1 I J 5_ df l l . e  (u n l y s } e r o : t )  ~ p r e sen t  a moo’ : t , , r . ’ v i e w i n G  hazar d
S I onklr .0 nt t he  reflected r eam , mirrored su r fa  ‘i s  can .

fo re , it is r+on-nu l ~
..ractice to avoid p o i n t i ng  the  laser at su ch sur f a ces

Ci U. n € C L U V L  the::: from the ‘~‘i i:;: t.’ of t i r e  am path.

7 . . o. ’ouS . : . . T ;r ~ l . . ’o ~ r . p. d r i f l e  e m it s  ot t i si i , , :~~at .1on ex . : e: i inq
. r . U r ,  t:.i, 5 , 0 . 1.15. hos ev r r , t :~~i s  d l v i  0 . . - . not  : ‘s e  a

Si 4 r . t t I C a L U  ,acar d rev I~ L ( ; a t  the oue r o t  dO I r t m ’ o :  of t oe  h oO . n t i a l  
L 100 ~0+5 5I~ l OOP r1at ~ precautions .

8. RE . . .1 i0 id iU ’

a.  Do l ot .  L ot too laser at the Unpt-ot :t. l Cve s of ir,d:v~~ducils located
a? . d i s t in c ’ s less t. i:. n , or less than 100 m w h e n  too ‘. are vies i no t o nn u ah

±1 ir i s t r . i ri+ :Y (n L r ~i~~r .1:~n 1—4 d , AR 4 0—4 1 )

• 0 o. p e r m i t . u m . t l r r 1 r s  s t a ri n :  1nt ~ t o  be to w~ 0: : n 4 )

i ~~ 
,~ : .. — +0 , 1±’ ~ _ 4 1 ,)

-i
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C . Do not c o i nt  t h e  laser  at f l at  sc ou la r  (‘ mirr n± 1 )  sui t 5:0:, 51’ 0
4 .5 (pa : iorap h ( — 4 0 , AR 4 )_ 4 ~~)

d. Inst0Il i w a rn in ~ label on tO laser  w h i c h  r i 1 ( . . a follows :
[paragrap h 1—5d (1) , AU 4 o — ~~’ . .

~~~~~AN~~~~~~~~~~~

~~~j~~~~~~~~~~~~~LASE~~~~~
DO NOT A IM

A T  THE 

W I T  IN

OR AT N E A R B Y MI R R O R E D S U R F A C E S

L _ _ _ _ _ _ _  _. ____
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Nonionizing Radn Pro t Sp Study No. 4 2 — 0 3 2 5 — 7 7 , T ao 77

e. Reduce tOt output p w o n  of the laser to below I u P , £ f p i 1• ,
e l i m i n a t e  the  potent ia l  hazard f rom r e t i n a l  i n j u r y  f r  n: 1 . ’ t . ’ ‘.‘ ‘ .‘ : S i r , G

0 several of these devices enter the UO Army irrvf~nt u’ f ±  
. otont ~,urj oses or two—sided tactical exerc i ses ,  I t  ‘his we r

redioci oru is not feasible , the emergent beam should b.- ex c ,i ’ :ed to il o r t  rh ~
;, :‘~ er pass  in~j th rough a ‘

~ .mjit aperture to 1 mW ( p a r l or  c ?  1-4 , A}~ 40— 4

TE~~~~~L. i~~~;T

Phy s i c i st
Laser E i c :  ~.‘ D~~v r s i o r ;

— -

P O U R  F. DEL ‘. 0
i:.:, ~i.
Nu l ar T ’ o c a  Sc~ ‘f : ’e r
,, a+ r ‘T r cr : , s i .s ) 1’.’1 s 1~ . r .

p ~- :  : . .~A ~~~~~~~ Ph.D.
LTC , ~lo P

0 .ier , ; . i s e r  ‘T ~ .. r ow a v€  D i v i s i o n

C05 ,

D i r ector , U i d : at~ or and
t r : v l r :rj o i nt i i  Octences

7
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APPENDIX B

TERM l~~lN ~ A LASER BEAM DIA~~ ThR AZ~0 I)IVE RC2iNCE

~ E VALUATE POTENTIAL RAD I AT I ON HAZ ARDS

- . :0~~?1 .,U 1.LtW. Tu assess potential health hazards to irraividuals from
t o t  t~ ~a1,er radiation requires an understanding of s e v e r a l  t o li cs :

1. shape or p r o f i l e  of the laser beam l r rt e r s it 1’ cistribution .

Hc w this l . r i r  t ie  changes as the be am traverses st:rc- s;.:1e re.

C. I . e definin g aperture for the optical radiation protecti on ,s r ~~ardS.

- . ..,AUP t’iAN BEAM. The beam profile at a fixed d±sta~ cc from a single—mode
-a. .e r (often the case for gas lasers) closely resembles a .;a’issier
di s t r i b u t i o n .  We can express this distrthution mathenatica+ly f:r beam

~.rradiance E(k) as a function of radial distance 4 from the cooter axis of
the beam by :

5 ( 4)  = E0e”L
2/202 (j, )

Srre re E
~ 

is the peak i r radiance  ari d o is a constant which is related to the
width  of the d is t r ibut ion.  Normally , the radiant exposure be am p rof i l e  at
tho ’ t i t  of a so l id—sta te  pulsed ruby laser system such as f rom some l a se r
r a n g e f i n d e r s  doe s not even remotely follow a Gaussian d i st r ~ b u t i u n . At great
di s t a i ces  f rom the laser , howeve r , the beam is “ t runca ted’  and b roken up into
Var ious  hot spot s . This change in the shape of the beam occurs due to
diffraction at the lasers projection optics as well as i r,t er ao tions  between
the bean and tOe atm osphere. Measurements of maximal be am t r r a d ~~ance at
severa l  points downrange permit the calculation of an e f f t .. :l,-e be,i diameter
which can be related to a~ Hence, the mathematics of equation 1 ro u ld  also
oe 5sed for a pulsed laser system with beam radiant expos9re H(k) as a
t u nc t i on  of r ad ia l  distance assuming an e f fec t ive  value for  ~~ .

3. 0 AY. DIA~~ ThR. The diameter of a laser beam is not d i r e c t ly app a r e n t  for
a ;a .ras i -tj i  d is t r ibut ion as opposed to a rectangular  bear prc . f~~le as shown in

;are  1. Laser technologists have defined the beam diarr~~U er  in d i f f e r e n t
• We wish to def ine the beam diameter such that t b ’  peak irradiance can

r e  re .so u i l y  calculated.  Consider the total powe r conta ined  w i t h t o  a beam with
radial  symme t ry . This total power , ~~, is given by the following integral:

= J E ( / L ) 2~mk d/t (2)

.~t e r .  2~’ t  d ’t is the differential area of an infinite diameter crioul ar
aperture th ru  which the beam passes. Combining equations I and 2 and
in teg ra t ing w~ obtain :

I.
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F r ’~~ro 1. A . e issian  Bea m as l il u s t rat e d  in the Lower Gra p h has no

C l ’a n ].y Def ined  04 .; as does the Rec t anqu la r  Beam ~ruT ile

I l l u s t r a t e d  in the Upper Graph.
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• — ,rD~
2E0/4 where DL E 2/~

’
o (fl

Phys ica l ly  DL de fines twice the radial distance to w h e r e  the i r r d d r a r 1  s on
t h~’ ~auss ian  distribution is reduced to E0/e (or beam diamete r to
l ’ e-peak-ir radiance-points ).  Therefore by knowing the beas~ dta.me te r cett :.eu
at l ,/e-peak-irradiance—points and the total power con ta ined  w i t h i n  the
tus slan profile it is possible to predict the peak irraui a ,’.oe w~~tJ, t h e  ~~~~
ri~~uration as for a rectangular beam. One simple method for exjerimer ta~ ly

me a su r r n g  the beam diameter consists of allowing 63 pe rce  r . ’ or 1 — c 0f tO .
total  beam power to pass thru an adjustable circular  apert ir t  lc .côted on U. o
t eam axis. The diameter of this aperture is DL . (This can k. t’ oat.~~mati~~a1I ,’
‘z e r if i e d  by integrat ing equation 2 to the beam radius at

e-peak -i r radiance—points  or It = h o ) .  Figure 2 is a p lot of tnis  i r . t ~’ .~r a~
ove r various l imi ts  of integration .

4 . BEAM DIVE RGENCE . The profile of this laser beam at any o the r  p o i n t  along
its path will  also be approximately Gaussian (assuming tha t  other  opt ical
systems are not present which might obstruct the path or in any way modi fy
the beam shape).  The Gaussian beam in the far field wi l l  ~~~~~~ and the pe ak
irradiance will  be reduced as we trave l farther from the laser. The total
power within the beam will be reduced only slightly due to atmospher ic
absorption. The beam diameter at some distance , r, from the laser is given
by:

DL = r t an ~~~~+ a  ( 4 )

where ~ is the beam divergence and a is the diame ter to l/e
peak-irradiance—points at the laser output. Since most laser systems ar e
0 i p 01y collimated we obtain from equation 4:

+ a (5)

From this expression it is apparent that the beam divergence must also be
spec i f ied  to l/ e—peak-irradiance—points. To demonstrate th i s  conside r
sn e c i fy i n g  the beam diameter to l/e2 —peak—irradiance—poir i t s  (D 1 ) t h en  from
osoation 1 we can prove that:

DL = D 1/h

and equivalently :

a = a 1/h (7)

There fore we f ind that:

( 8)

~~s

B— 3
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R a d i u s  of Ap e r t ure

F .  .ur e  2 .  Bea.m Diameter is Determined by Measuring the Fraction of Total
~1- Power in a Gaussian Laser Beam which Passes through a Cal ib ra t e4

J~~~r t u r e .  If  63 Percent of the Beam Passes through an Ape r t ir~ o f
{‘; m eter , d , then d is the Diameter at l/e Points. The Diameter

~~ at l/e Points is 1.2 Times the Aperture that Passes 50 Percent
of t h e  Total Beam Power.

B-4

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _  :r~~~ _- 
~~~~~~~~~~~~~~~~~~~ :i::



-~

Nonionizir~u Rado } r ~ - t .  Sp Study No. 42—0325—77 , Jan 77

~~~ re a and 1 are t h e  ex Lt beam diameter  and live r a. n ~~~~ .‘ ‘ i vely
.10 f I:Ied to 1 /e~ —peak—i rradianct .

Th. laser range equation is obtained by combining e q u a t i o n s 3 aid 5 o r :

E (r) (1 .27 ~ e~~~ )/(a + r f l  ( 9 )

w h e r . - ‘~~~ is the atmospheric transmission. (
~ is alit- i 1 n ~ .i i t r r.0s i a r  i c

i t t .  n a t  l orl coefficient and is normal ly  very small. ) Itenc , alt i f u q l .  L a o
i~~v ti . ..-n e could  be d e f i n e d  in severa l  way s , it  is (l!0.’I . 1 . c i t  t r a i I Z S I

* e’:-ml ~ m t  i on  to select the beam divergence defined at.
1 . — ;  

~~~~
— . m r.Idlance—points so that it is possible tu  n t - d r  Ct  t . :5- p.015

r r r i , i i a r t  w i t h i n  a : ;aussian  p r o f i l e  a t  any dista.i ,
~~~

. f r o m  a las ’r of k n o w n
i t  ~ I. w . r .  We caii also app l y t h i s  equatliol: t~ ex ~ i I i, . r r t a l l ’ ,’ t’5’d~ Jr  tn

eta-m o i .io~ i . . ,  
• tn can measu re  t h e  peak i r r a d t a r . . . w i t h  a .~~ t o t

s. ra- it  10. 11 .1s t .  r is mu ch  smaller than D fu r  the la ’ .~ :’ in  tn  f - m r  i ~
. d

i.~~. ’r ( i :  ~a) and them compute from equation 9 siz.ce , ~.,  r and a can
1 so he m ea s u re d .

iRJF1 ..Tl1m. STANDARD S. Why doe s one need t o  c a lcu l at  t u e  t e a k  ir r ad i an co
in  the oar . We do not always need the  peak i r r ad i an ce  t ~t. n o r m a l l y tO. beam
. i r a m e t er , P , is much iarqe r than  the samp li rtq diame te r for t ie - laser

r .~ t . c t  ion s t a n dar d s  since the potential hazard often .xt.nds tn a t t u i t

list ar.ces m om the laser. The protection standards for tO s k in  i r i d  cot-l ea

a - i lens of the eye are based upon power or energy trar.smi tt’ t t o t  ag O a 1-rio
aperture (f r  wavelengths between 10 and lO~ nm this a le rt u r  becomes 10 mm)
whereas the aperture for the “retinal hazard region ’ of t~~IO s~ • ~t rum ( 4 t-1~ to
400 on) is based upon a 7—mm aperture (dark adapted p u r  u n i v  Jiuu’ . t - r).

. -‘.ct ual  range measurements  are p e r f o r m e d  on l a se r  sys t. -n s . w i t n  sma l l e x i t  b oom
diameters using an appropriate diameter aperture ~lace d directly in f r ~~ot  of
tire aetector and cente red on the beam axis.

e . J L.AT IVE OL!iiO I WL R OR ~ LR G i . The n ra x rr urr poser  or or- . r tv eva Lii 10
oa ’~s t aru  the a~~ ro~ n ate def in ing ap er ture  ( f u t  tfle var ~~u ..~s 1 t o O th 0.
sta aards) ~s the ncst usciul ~arameter to de ter ’  e t r e : r  the t .  h , :0
eva 1~~it i u ; q  opt i c al  r a d i a t i o n  haza rds .  F i ~~ur t .  .i aan be usea  to n .  it .  tO .
f r a c t  i n of tota l  newe r t r ansmi t t ed  thru  d i f f e r en t  i i  a roo ter  ~~ I t. ~~.5  w n v ; .
the total 1 cam pcwer is known . Expressed  flcI i h~~m at  i c a il y  Pi nt o . s ir r i  l y

~tat,~c that to.- ~ owe r t h r u  an arbitrary axial a~ er  t u r u  of d i ~~i- . t r a

= ~ (l-~~) ( i ~~)

who re = 0 ( 2  d ’E 0 a i d  1 = 2~~m T2 f n ( 1 / r ) .

By in t egr . I t i : ; the Gaussian ~r .-file over the area of -mr a r b i t r a ry  c i r ~~r . I a r
ape rt  110 .it-. O . . oi.i n ing  this owe n wi th  equation 3 we o b t a u r .  .~~cthe r j~~e f u i
• x p r ess ior :

‘I’

~
I1
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( 11)

Hence a general laser range equation can be seen from equation 11 which r.~~uld

l e  i~~j lied to laser systems which have relatively short retinal hazardous
t a r  ~. i  (D L is of the same order of magnitude as 7 mm) or to telescop ic
v i ew i n g  of such beams . The average irrad.iance over an arbitrary axial
c i t  u l a r  aperture of diameter d is given by:

E ( r ,d) = 2.6~[l_e~~ ’DL )
2
]e_ I

~~ ( 1 i )

11-i s range equat ion is primarily applied to low power Ga—As laser diodes ~ir d

t i e —Ne lasers .

C

B-6 
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wni.-re a 1 and ~ 
1 are the exit beam diameter and dive r~

. a .~ ~~e v.’ l y
.1. a d  to i /e S —peak — i r rad iance .

‘IIe I .- er  range equat ion is obtained by combining e q u a t r I r  e 3 anti 5 o r :

E ( r ) = ( 1 .27 ~ c—r r )/(a + r~ ) ”  ( 9 )

where • ‘~~~~~~‘ is the atmospheric transmission . (
~ is a l L - i t O e  . t t r t L a - - ) n t - n c

~tt .-:. sit ion coefficient and is normal ly  very s m a l l . )  i lenc . - , a 1t ) I c ~~u t ,  E ar :
L v .  i - -r o e c o u r d  be d e f i n e d  in several ways , i t is - o n v . r i . ~r i t  t a r  .m i l - l i t O t

~‘a l t r . i t . i en  to select  the bean divergence de f ined  at .
1 c— u - ak-it rad iance—points  so that i t  is possible tu  r .-dict t h e  p ea t .

ro r aula n oc within a Gaussian profile at any di st an ce f r i - n  a laser ~f -c ow:
o~~t at power. We can also app l y this  equa t ion  t~~ exj  or  it t hai  lv n - a :  o r  t i .
, ..-na dive r .;erhce . We can measure t h e  peak  i i  r a iL  ar c. ’  w i t ] .  a a - ’ t - c t  o r
sen s i t i v , - d iamete r is much s ma l l e r  than D 1 f u r  the b. at- i t t  t I . .  f a r  f l e d of
the l a e ’- r  I t :  ~ ‘a) and them compute ~

. from equat ion  Y Su si , 1 ,  1 ar rI a car
also be measured.

7 . • k)rt :iI~~r-m o T A N DARDS . Wh y does one need t o  .-a l cu la t- tO.- peak i r r a d i a t c.
i n  t i e  I ‘-a r . We do not always need t i m e peak i r r ad i  — Ct- i ~t - . - r m n l  I U i . -  b ourn ,
i u a m et er , L , is much larqe r than the samp lir ’.~ d i am e ter  f~-r  t O .  l aser

r - t e - t ic  :- t and , ’,rd s  s ince the p o t e n t i a l  h a z a r d  o f t -n e.~t .  . 2-.
s i s t  au C C S  r t on’, the l a se r .  The protection standards for tO ~k in i t t  0 i t t -a
.i: .I lens rf the eye are based upon power or energy t r a r u s r i  i t -  - - tO • a 1—run ,
.q- erture (f- -r wavelengths between l0~ and 10~ nm th i s  a~~ - r t u r -  n. TO C- S 10 mm)

~:iereas th ~ a~ e r t u r e  for  the “retinal hazard reqion ’~ of th e  s l e et  rum (4)~U r-0
14... u rn. ) is based upon a 7—mm aperture (dark adai t e d  p u t  i l t r y  t i a u ” t e r ) .
Act ~a l  range  measu remen t s  are performe d on laser syst Ira w u t h  small exit bo u r n

L. i;ime tors u s i n g  an ap p r o p r i a t e  diameter  a ler t u r e  laced l ir e c t  l y in  f r o n t  of
tn .’ dcii ct. r arri centered on the beam axis.

e.  R L : A T I V E  BET2- , SLR CS ld- RL;. . The n o x ’ . ’ ~. owe i or  n e r o ;  ~~~i i l i i  , o -  to
:‘ ass tOrt tie 3 ) )  n ate defining 1) e r t u r t -  i t :  toie - at root ; ~ z t .  ~ t i~~r i
S t  .i n d ar d s )  us  the nest oa- lul  . Ir anre t . .- r  t o  • h ~ t . rro ifle t r . .u: t he  st ~~n i  5 i : , t  of
. v a 1 u .~t in g  o p t i c a l  r a d i a t i o n  haza rds .  F i r u r ~ 0 can Le 1. ’ 0 t i i  r~ - . .t. the
1 :; 0 ion of total power t r a n sm i t te d  t h r u  d u f  t r :  .:~ • . . r .~ . r -tu r e s  wn t :
tOe raotal : ,. a.-o r ower is kn o w n . 0x~.i .  s te d n- at  t r o t  icall’: Fie’j :.- . s i r u le
s t a t -s to .0t t ire owe r t u j i c  or ’ a r b i tr . r r y  a x i a l  a: - i t r o  f ‘L 1:- ’ - r ii u s ;

-‘ ~d ~ ( l - ~~) ( 1 0 )

~n - . re 0 = 1. 1 2  d , 0
0 

a:.d d =

By in t 0 c : r t~ : r the c usoia:i a- f i l e  over the a r ea  of  .-r r .~~~t r i  r t r ~~r~ - i r c u l a r
i t o  -40. a c n n u n i : - u  th is  I ow . ’r  w i t h  equation 3 se o b t a r n  anothe r u s e t u ’.

e xp ressior . :

B—S
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= r~{l_e(d/DL)
2
J LI)

a 9eneral laser range equation can be seen from 0 .1031 ion 11 w r , i c h  ~o 1
t o  I t j  l ied to laser systems which have relatively short  r e t i n a l  t u Z . i I .1’ o~ - .

r m r ~~,.s (D ,  is of the same orde r of magnitude as 7 mm) or t i  t e l . s c c )p i o
vi ’-wi rit~ of such beams. The average irradiance ove r an arbitr~~r1 axial
. ir :u l a r  aperture of diame ter d is given by:

E ( r ,d) = 2.6~ [l_e (~i~’DL ) 2
]e

_
~~ ( 11 )

tr s range equation is primarily applied to low power Ga-As late r criodes and
s -Ne lasers .

• 1

B-6 

~~~~~-• — ,.,... — — -  — ..-. “—r’ - - -

~~~~ 

- -- r~~- ’ ~ - —~~ 
. . . , -.. 

-~~~~ ~~~~ - -  --- ~~~~~~~~~~ — —~~~~- ~~~~~~ --


