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ABSTRACT

Two methods are descrIbed for the calculation of permissible
ocular exposure to repetitive pulse laser radiation. The
rationale for these methods (the correction factor method and
the alternate method) is based upon available experimental
data from several laboratories. The ED50s (effective dose
for 0.50 probability of an ophthalmoscopically visible retinal
lesion) for repetitive pulse exposures expressed in terms of
the total intraocular energy are proportional to the pulse
train duration to the 3/4 power. The conti.~iuous wave ED50s
exhibit the same dependence on the exposure duration ; however ,
tl~e repetitive pulse ED50s were always some factor below the
the continuous wave ED5Os. This correction factor is depen-
dent on the pulse repetition frequency and the duration of
each individual pulse in the train. It was applied as a mul—
tiplicative correction to the continuous wave maximum permis-
sible exposure to obtain the permissible exposure for repeti-
tive pulse conditions. A “margin of safety” comparable to
those imposed for continuous wave conditions was obtained .
The alternate method applied a multiplicative correction to a
single pulse in the train. This correction was dependent
only on the number of pulses in the train. Because of the
limitations of the present standard , this method was not as
consistent in providing an adequate “margin of safety” as the
correction factor method ; however , the alternate method does
suggest that an average pulse repetition frequency can be
used for pulse coded trains in the computation of permissible
exposures.

It is recommended that the correction factor  method be incor-
porated into the current Army laser protection standards.
It is further tecommended that the average pulse repetition
frequency be used in the calculation of the permissible ex-
posure for repetitive pulse conditions with a variable inter—
pulse spacing.
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INTRODUCTION

Over the past 15 years, dose—response relationships have
been obtained for ocular exposure to laser radiation. Most
of the research has been conducted on rhesus monkey eyes
with the ophthalmoscopic observation of a retinal lesion as
the response criterion . The ED5OS (effective dose for a
0.50 probability of observing a lesion) have been determined
for a minimal retinal irradiance diameter which pr esumably
is the “worst case” viewing situation (i.e. the minimal
amount of energy into the eye requ ired to prod uce a retinal
lesion). From these data, the maximum permissible exposures
(MPEs) have been derived . Because of the multiplicity of
exposure conditions and the complex ity of the biolog ical
response , the permissible exposure limits must continually
be rev iewed and revised so tha t adeq ua te safe ty marg ins are
assured while no unwarranted limitations are placed on the
field deployment of laser devices.

An increasing number of military laser systems opera te in a
repetitive pulse mode. The present pulse train standard in
TB Med 279 (1) was based upon a limited set of early da ta
(2—4) . The purpose of this report is to provide detailed
arguments based on experimental data from several different
labora tor ies for an al terna te approach for  the compu tation
of permissible exposure limits for repetitive pulse trains.
The evolution of this approach was initiated by the evalua-
tion of recent dose—response data obtained in this labora-
tory for repetitive pulse neodymium laser radiation (5).
The ED 50s expressed in terms of the total intraocular energy
(TIE) were plo tted with respect to the total dura tion of the
pulse train (T). The slope of the line through the data
exhibits the same T314 dependence that the line through the
ED50s for continuous wave (cw) neodymium laser radiation

1. Department of the Army. TB Med 279, 30 May 1975
2. Wolbarsht, M.L., and D.H. Sliney . Chapter 10. In:

Laser Applications in Medicine and Biology, Vol 2.
M.L. Wolbarsht (ed), 1974

3. Skeen, C.H., et al . Final Report. Technology Inc .
June 1972 (AD 746795)

4. Skeen, C.H., et al. Final Report. Technology Inc .
June 1972 (AD746793)

-5 . Lund, D.J., and E.S. Beatrice. Documen ted , LAIR. Nov 1977

1
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exhibi ts .  When o ther  experimental  data were evaluated , a
similar dependence of the repetitive pulse data was observed .
However , the factor by which the pulsed data was below the
continuous wave data was dependent on the pulse repetition
frequency and the dura tion of each ind ividual pulse in the
train. This led to the following arguments for the treat-
ment of repetitive pulses by laser safety standards.

CORRECTION FACTOR METHOD

In general, the maximum permissible exposure (MPE) for a
given exposure condition has been obtained by d ivid ing the
ED 50 for  ophthalmoscopic criterion by a factor S.

ED 5Ø(T)MPE(T) 
S 1

(The Glossary contains a list of definitions of the symbols
and terms used in this report.) This factor S, referred to
in th is  report as the “marg in of s a fe ty , ” has a numerical
value be tween 10 and 100 (in most cases) and has been ra-
t ionalized by d i f f e r e n t  groups in d i f f e r en t  ways (2) . If
sufficient data were available, it seems reasonable that
repetitive pulse trains could be treated in a similar manner.

ED~~(T)
MPE ~~

’(T) s 2

Available repetitive pulse data from several laboratories
for  neodym ium laser (1060 rim) and argon laser (514.5 rim)
rad iation are tabulated in Tables 1 and 2. The ED~~ (T) is
expressed as the total intraocular energy (TIE) for the
total duration of the pulse train T. The continuous wave
ED 50 (T)s are given In Table 3. A correction factor (CF)
was obtained by dividing the ED~~ (T) for a pulse train of
total duration T (with each individual pulse in the tra in of
-duration t) by the ED 50 (T) for  a continuous wave exposure of
duration T.

2 
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ED~~
’(T)

3
ED 50(T)

By comb ining equations 1, 2, and 3, this important relation-
ship is obtained .

MPE~~
’(T) = CF MPE(T) 4

Therefore the MPE M’(T) can be obtained by mul t ip lying the
MPE(T) for a continuous wave exposure of duration T by the
correction factor CF.

The correc tion fac tors , tabulated In Tables 1 and 2 , were
plotted as a function of pulse repetition frequency (PRF)
for each laser wavelength and ind ividual pulse dura tion t
(Figures 1 and 2) (6—13). For t > 10 us , the correc tion
fac tors for  a given t are proportional to PRF . For t < 10 us,
the functional dependence of the lines drawn is the same;
however , the da ta do not follow this dependence as closely.

The numerical relationship between CF(lO ps) and PRF is
given in equation 5.

6. Bresnick, G.H. et al. Invest Ophthalmol 9:901—910,1970
7 . Lund , D.J . , et al. Memorandum Report M70—24—l. Frank—

ford  Arsenal , 1973
8. Lund , D.J. Documented , LAIR. Nov 1977
9. Hemstreet , H.W., et al. Annual Report 1. USAF Contract.

Technology Inc , Feb 1974
10. Gibbons , W.D., and D.E. Egbert. USAF Technical Report

SAN—TR—74 , Feb 1974 (AD 777144/7)
11. Henstreet , H.W., et al. Second Annual Report. USAF

Contract. Technology m c , Feb 1975
12. Ebbers, R.S., and I.L. Dunsky. Aerospace Med 44: 317—

318, 1973
13. Ham, W.T. Final Report to the Army for Period 1 Sep 76

to 31 Aug 77. Medical College of Virginia, 1977.
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CF(1O ps) = 6.25 X i0~ PRF 5

The ratio of CF(t) to CF(10 us) is defined as R.

CF(t)
R =  6

CF(1O ~zs)

The values of R taken from the series of curves in Figures
1 and 2 were p lotted as a funct ion of t (Fi gure 3) ,  and the
numerical relationships between B. and t were derived .

F o r t > 2 p s :

R = 5 . 6 X 104 t 7

Fort<2j1s:

R = 2.9 X 1O~ t 1 8

When equations 5, 6 , 7 , and 8 are combined , the following Is
obtained:

For t > 2p s :

CF(t) = 3.5 PRF t 9

For t < 2 ~is:

CF(t) = 1.8 X 10 h1 PRF 10

For a given set of repetitive pulse exposure conditions,
the revised permissible exposure can be obtained by using
equations 4, 9, and 10. The continuous wave permissible

- exposures tMPE(T) } were used as they presently exist in
TB Med 279.

4
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Permissible Exposures via Correction Factor Method

The correction factor method was used to determine the per-
missible exposure for repetitive pulse conditions based upon
the existing continuous wave standard (1). Both the present
permissible exposure for repetitive pulse conditions and
those obtained by this method are graphically d isplayed for
easy evaluation (Figures 4—14). A discussion of each figure
is given in the legend. The permissible exposures obtained
by the correction factor method will be referred to as the
“revised MPE~~

’(T).” All doses represented on these plots
are total intraocular energy for  the total dura tion of the
train T. The total intraocular energy was calculated from
the present standard by mult iplying the maximum permissible
radiant exposure Incident on the cornea by the area defined

— by a 7 mm limiting aperture (maximum pup illary aperture).

The neodymium laser repetitive pulse data (Figures 4—8) all
had individual pulse durations (t) less than 2 u s , conse-
quen tly equation 10 was applied . The calculation of the
permissible exposure from the present standard for these
conditions requ ired the use of the single pulse correc tion
C~ (1). The current permissible exposures are not parallel
to the experimental data and generally impose a lower per-
missible exposure for the shorter train durations. The
revised NPE~~ (T)s are parallel to the experimental data and
offer  “marg ins of safety” tha t are comparable to those
imposed for cw conditions. For some conditions, the rev ised
MPE RP(T) impose lower permissible exposure limits whereas in
others the permissible exposures are elevated . Neodymium
laser data (PRF = 1000 Hz, t = 180 ns, Figure 5) wer9 avail-
able for 2 to 1000 pulses in the train. Note the T~ ’~ de-
pendence of the repetitive pulse data for this wide range
of train durations.

The repetitive pulse data for argon laser exposures are
shown in Figures 9—l2~~, For t > 10 us, the permissible
radiant exposure {MPE (T) ~ for the total duration T of the
pulse train is the permissible radiant exposure for the total
on time pulse (TOTP), from the present standard (1). The
TOTP is the product of the duration of each individual pulse
t and the number of pulses n. The number of pulses ii is the
product of the pulse repetition frequency (1~~F) and the total
duration of the train T (n = PRF T)

.5
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TOTP = n t = P R F T t  11

MPE~~(T) = MPE(TOTP) 12

For a given wavelength and 10 us < TOTP < 10 s, the follow—
ing expression is obtained .

MPE(TOTP) = k (PRF T t) 314 13

MPE~~(T) = (PRF t) 314 MPE(T) 14

The factor k is obtained from the standard for the particular
wavelength of interest. This is analogous to the correction
factor wc~

hod , however the effective correction factor CF is
(PRF t)~~’ for the present standard rather than 3.5 PRF t
(equation 9). This difference is graphically shown in Fig-
ures 9—12. In both cases, the permissible exposures follow
the T314 dependence of the experimental data. The only dif-
ference is the magnitude of the “margin of safety.”

Two additional data sets were evaluated by using the correc-
tion factor method . These data sets are important because
the exposures conditions are di f feren t from those considered
so far. The frequency doubled neodymium laser data (14)
(Figure 13) at 530 rim are the only repetitive pulse visible
wavelength data evaluated where the duration of an individ-
ual pulse in the train was less than 10 us. In this case,
the pulse repetition frequency was 5 Hz with t = 15 ns. The
second data set (13,15) was obtained for a helium cadmium
laser operating at 441.6 run (Figure 14). The pulse repeti-
tion frequency was 1 Hz and the duration of a sing le pulse
in the train was 8 ms with a total train duration of 1000 s.
The continuous wave ED 50s were also determined for  exposure

14. Gibbons, W.D. USAF Technical Report SAN-TR—73-45, Nov
1973 (AD 770561/9)

15. 1-lam, W.T., et al. Nature 260:153—155, 1976

6
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durations from 1 to 1000 s. The retinal image d iameter in
both cases was 500 microns. The maximum permissible expo-
sures from the present standard for  the “worst case” cw
conditions from 1 to 10 s in duration are less than a factor
of 3 below the experimental data. If the dc~ endence of the
ED50 on the retinal image diameter is approximately the same
as t hat obtained by other investigators (16) for  longer wave-
length radiation and shorter exposure durations , then the
present continuous wave maximum permissible exposures are
not adequate for these conditions .

Limitations of the Correction Factor Method

Given the empirically derived correction factors in equations
9 and 10, certain l imitations must be app lied . The value
of the correction factor must never exceed 1.0. For t > 2 ~is(Equation 9), CF will be greater than one If PRF > (3.5 t)’.
From the data considered , this occurred for  the 10000 Hz ,
t = 40 us data. For this case, the ED~~ (T) was comparable
to the continuous wave ED50(T) (F igure LU); consequently , a
correction factor of 1.0 is appropriate. The larger t be-
comes , in this case , the lower the required pulse repetition
frequency for a unity correction factor (note that the PRF
must always be less than t~~). As the pulse repetition be-
comes smaller for a given t, the correction factor continues
to decrease suggesting that a lower limit should be imposed.
Heinstreet et al (11) determined the ED~~ (T)s for frequencies
less than 0.1 Hz (Table 5). For a pulse repetition frequency
on the order of 0.1 Hz, the energy per pulse for a repetitive
pulse train was comparable to the energy required for a
single pulse to produce the “same” effect. Consequently ,
the effect is produced by the first pulse in the train.
Since these data indicate for ophthalmoscopic criteria that
there is no additivity or synergism between pulses separated
by more than 10 seconds , the single pulse permissible expo—
sur es should be applied.

For t < 2 us, CF must set equal to 1.0 if the PRF is
greater than 5.55 X 10 t. Two sets of experimental data
that meet this condition are the gallium arsenide laser data
(17) (PRF = 120 kHz , t = 500 ns) and the mode locked

16. Frisch, G.D., et al. Invest Ophthalmol 10:911—919,1971
17. Lund , D.J., et al. LAIR Report No. 30. Oct 1976

7 
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neod ymium laser data (PRF 150 MHz , t = 300 ps) . The
revised MPE~~ (T) s offer adequate “marg ins of safety” in both
cases (Figure 15). There are certain conditions where a
higher energy per pulse is obtained by using the correction
factor method than is permitted for a single pulse. An
example of this is when PRF = 1 Hz , t = 10 ns , A = 1060 rim
and where the pulse t rain con tains two pulses (T = 2 s ) .
CF is 1.8 X l0~~ (Equation 10) and the permissible total
intraocular energy is 10.1 pJ (i.e. 5.0 ~J/pulse). Conse-
quen tly, the energy per pulse is higher for two pulses sep-
ara ted by one second than the permissible total intraocular
energy for a single exposure (1.9 uJ) .  If this occurs , the
single pulse permissible exposure must be applied .

In summary, for a given set of repetitive pulse exposure con-
ditions, a correction factor (given by equation 9 or 10) is
multip lied by the permissible exposure for  a con tinuous wave
exposure of duration T. This product is the permissible
exposure for the repetitive pulse condition . Three limita-
tions must be imposed on this procedure.

1. If the correction factor exceeds 1.0, then the cv
MPE(T) is used .

If: CF > 1.0

then: MP E~~
’(T) = MPE(T)

2. If the calculated permissible exposure per pulse
obtained with the correction factor method exceeds the per-
missible exposure for a single pulse of duration t , then the
single pulse permissible exposure is the permissible exposure
for  each pulse in the train.

If: MPE(t) < CF MPE(T)/n

then: MPE RP(T) = n MPE(t)

3. If the pulse repetition frequency is less than 0.1
Hz , then the single pulse permissible exposure is the per-
missible exposure for each pulse in the repetitive train .

If : PRF < 0.1 Hz
then: MPE~~ (T) = n MPE(t)

8
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AN ALTE RN ATE METHOD

Presentl y,  many Army system s operate in pulse coded mode.
Determination of the permissible exposure by using the pre-
sent standard or the correction factor method is confounded
because the pulse repetition frequency is not fixed for any
given exposure sequence. In addition , little or no bioef—
fects  data exist for  the many possible pulse coded exposure
conditions. A method of determining the permissible expo-
sure that is independent of the pulse repetition frequency
would cer tainly be advantageous. The following arguments
sugges t such a method that depends only on the number of
pulses in the train. The basis for this methocj is the im—
portent observation that ED~~ (T) exhibits a T

3’4 dependence.
This was also the basis for the development of the correction
factor method.

The experimental d~ ta for repetitive pulse exposure condi-
tions suggest a T3 ~ dependence of the ED~~ (T).

ED~~ (T) = b T314 15

The constan t b uni quely defines the line for a given set of
exposure conditions. Consider all repetitive pulse data

~ED~~ (T)1 where T = l/PRF. Only one pulse~~an be obtained
in this t ime interval , consequen tly the ED 50(l/PRF) should
be equal to or at least propor tiona l to ED 50(t), where Q is
the constant of proportionality.

ED~~(1/PRF) = Q ED50ft) 16

Value-~ for the ED~~ (l/PRF) were determined by extrapolation
from the lines through the experimental data and were divided
by the single pulse thresholds {ED50 ( t) } to obtain Q. Since
the single pulse thresholds {ED50(t)} were deter~~ned as a
precursor to the repetitive pulse thresholds (ED50(T)}, the
experimental conditions were essentially the sante (i.e., the
same retinal irradiation site, same observer, same dosimetry)
thus allowing an internally consistent comparison in the
determination of Q. These values of Q are given in Table 4

9
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fo r all data in Tables 1 and 2 and a p lot of the average
values of Q as a function of the individual pulse dura tion t
is shown in Figure 16. By incorporating equation 16 in equa-
t ion 15, the equation becomes.

ED~~ (T) = n314 Q ED 50(t) 17

If both sides are divided by S , the following is obtained :

MPE~~(T) = n314 Q MPE(t) 18

When t is less than 10 us , the permissible radiant exposure
per ind ividual pulse in the train is obtained from the pres-
ent standard by multiplying the permissible radiant exposure
for a sing le pulse of dura tion t by a fac tor Ci,. To obtain
the total radiant exposure for a pulse train o~ dura tion T ,
the permissible radiant exposure per pulse is multip lied by
the number of pulses (n) in the train.

MPE~~(T) = n ~~ MPE(t) 19

The effective C obtained for all values of t can be obtained
from equations and 19.

Cp Q f l 4,4 20

An expression for C~, can be obtained from the present stand-
ard for t > l0~~s by using the definition of C~, in equation19 and the MPE (T) given in equation 12.

MPE(TOTP)
C = 21P n MPE(t)

10
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For a g iven wavelength , the ratio {MPE(T OTP)/MPE (t) } is ~~~al
to the ratio of the arguments to the 3/4 power {(TOTP/t)-”}
provided tha t t and TOTP are not greater than 10 seconds.

(TOTP)314
C = 22P

Consequently,  the present standard for t > 10 us uses a value
of 1.0 for Q.

The range of values of Q from all data (Table 5) is from 0.2
to 3.4. Let Q = 1.0 for all values of t (i.e. C~ =

For conv~nience this metho d will be referred to as the
C~, n~~

14 method for determining permissible exposures . A
compar ison of the curren t C~ and C~, = n~~-’4 is shown in
Figure 17. The permissible exposure for a repetitive pulse
train of duration. T is obtained from equation 18.

MPE~~(T) = n314 MPE (t) 23

The permissible exposures by this method are also shown on
Figures 4—14. For t > 10 us, the permissible exposures are
the same as the present standard (equation 23). For t < lOus ,
the effective permissible exposures (Figures 4—8) in some
cases do no~~,~ f f e r  a consistent “marg in of safety”. In all
cases Lhe T / dependence of the permissible exposure is
preserved . One of the reasons the “marg ins of safety” are
not consistent for t < 10 us is the fact that the current
MPE(t) is a constant , whereas the ED50(t) increases as t
becomes smaller for 10 rim < t < 10 us (Table 4). The assump-
tion that the permissible exposure is some constant factor
below the ED50 for ophthalmoscopic criteria is not included
in the present standard for t < 10 us. Unless the current
standard i,s changed to include this dependence, this method
(C~ = n~ —~

4) of computing the permissible exposures will
remain less consistent in providing an adequate “margin of
safety ” than the correction factor metho d or the method used
by the present standard . The variability of the values of Q
also contributes to the inconsistency. Certainly more exper-
imental data is required for these exposure conditions.

11 
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The cp = n ”4 method is based upon the experimental data .
The permissible exposure calculated by this method for repet-
itive pulse tra ins is independen t of the pulse repetit ion
frequency and , therefore , is equally applicable to pulse
trains with variable interpulse spacings. In the present
d ilemma concerning the app lication of the present standard
to pulse coded conditions, this evaluation does suggest that
an average ~ulse repetition frequency would be appropria te
for the calcula’ion of the permissible exposure.

DISCUSSION

Experimental data from many investiga tors were used in these
evaluations. The range of phys ical parameters is given below:

10 ns ‘~~ t ~ 8 ms

2 ms ~~ T ~ 1000 s

1 Hz ~ PRF ~ 10000 Hz

441.6 ~ A ~ 1060 nm

The biological measure used as the basis for  comparison was
the observation of a retinal lesion 50% of the t ime at one
hour (or twenty—four hours for exposure durations greater
than 30 seconds) after the exposure. Certainly one can argue
tha t the retinal response is not the same for  these extremes
of exposure conditions; however, the comparlso’ts were made
for the same wavelength and total duration of the exposure.
The retinal exposure site for some of the experimentally
determined ED50s was the macula, whereas other investigators
based their statistics on paramacular exposures . Other ex-
perimental conditions introduce possible errors in these
comparisons. These include the corneal irradiance d iameter
(16) , observation of the fundus , measurement of phys ical
quantities (dose, beam divergence), the refractive state of
the eye, and the actual retinal irradiance diameter . In gen-
eral , most of the experimental procedures and techn iques are
similar, however the task of separating the differences Is
diff icult if not impossible. Regardless of these differences,
the revised permissible exposures obtained by using the cor-
rection factor method for repetitive pulse conditions provide
“margins of safety” comparable to those provided for

12
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continuous wave exposures based on the same biological re-
sponse criterion.

SUMMARY AND CONCLUSIONS

Two methods are described to calculate the permissible ex-
posure for repetitive pulse conditions. The rationale for
these methods is based upon the available experimental data .
Both methods require the use of the current permissible ex-
posure for single exposures of a given duration. The cor-
rection factor method applies a multiplicative correction to
the continuous wave MPE(T)1 whereas the = n~~-’~ method
applies a correction of n ”4 to the MPE(t). The difference
between the revised permissible exposures and the current
standard for repetitive pulses depends upon the exposure
conditions. The revised permissible exposures are higher
than the current values for some conditions and lower for
others. The C~, = ~~1/4 method is not as consistent in pro-
viding an adequa te “marg in of safety” because of the limita-
tions imposed by the existing standard . The C~ = n~~

”4 method
does suggest that an average pulse repetition frequency can
be used for pulse coded trains for  the compu tation of per-
missible exposures with the correction factor method or the
current standard . More bioeffects research is required to
substantiate this observation.

RECOMMENDATIONS

As a result of this  review and anal ysis of available repeti-
tive pulse data, it is recommended that the correction fac tor
method be incorporated in the current Army laser protection
standard . This method , with the limitations described , pro-
vides a consistent “marg in of safe ty” for the exposure con-
ditions where experimental data are available. It is rec-
ommended that the average pulse repetition frequency be used
in the calculation of the permissible exposure for  repetitive
pulse cond itions with a variable interpulse spacing.

The recommendation of change in permissible exposure limits
requires careful consideration and judgement. Laser protec-
tion standards have regretfully become more cumbersome and

13 
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complex with each revision. As new lasers and exposure con-
ditions are developed , the biological effects and safe ex-
posure limits must be determined. These standard s must not
be too res tr ictive or the prac tical use of such dev ices may
he unjustly prohibited . The protection and safety of per-
sosmel exposed to these devices must also be assured . The
acu te as well as the chronic e f f ects must be ascer tained and
built into permissible exposure limits.

ADDENDUM

Two documents (Hemstreet et al and Connolly et a!, April 1978) concerning the
ocular effects of repetitive pulse laser radiation were received after the bod y of our
report was comp leted. Most of the repetitive pulse data contained in these documents
were also in our Refe rences 9 and 11. Some additional experimental data as well
as descri ptions of experimental techni ques and a discussion of interpolation methods
did appear in the new reports.

Two addit ional data points were available for repetitive pulse argon laser exposure
at 514 .5 nm with a train duration of 500 ms (Conno~~, et al).  The durat ion of
each individual pulse in the train was 1 ms. The ED~~~(T)s were 94.5 and 750 pJ
for pulse repetition frequencies of 10 and 100 Hz respective ly . These data are now
included in our Figure 12 .

We have added an exp lanation about the data tabulated in Table 5 of our report.
These data were taken from Figure 14 (page 41) of Reference 11. Connoll y et al
(1978) clarif y the genesis of these data , some of which were generated by interpo-
lation methods. Althoug h Table 5 in our report shows a comparison of the ‘marg ins
of safety ’ provided by the correction factor method and the current standard , the
major conclusion drawn from these data concerned the limitation on the magnitude
of the pulse repetition frequency for the app lication of the correction factor method.
Repetitive pulse data and interpolated data (Hemstreet et al) were presented for low
pulse repetition frequencies wi th 2 and 5 pulses in the train for neod ymium laser
radiation (t = 300 ns , ‘nominal’). These results support the app lication of the sing le
pulse permissible exposure for pulse repetition frequencies less than 0.1 l I z  for these
exposure conditions (ie. t < 2 ~.ss). Although interpolated data were used , the
limitation of the correction factor method is app licable as stated in our report.
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FIGURE 1: Correction Factors for t > 10 .~sec

The correction factors CF as a function of pulse repetition
frequency for t > 10 lisec .

1: • Argon laser data , t = 10 usec. Henstreet et al (11)

2: 0 Argon laser data . t 40 Osec . Ijeinstreet et al (11)

3: £ Argon laser d.~ta , t = 100 usec . Hemstreet et al (11)

4 :  U Argon laser data , t 1000 .~sec . Hemstreet et al (11)

5: V HeCd laser data , t 8000 isec . Ham (13)
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FIGURE 2 : Correction Factors for t ~ 10 usec

The correction factors CF as a function of th e  pulse repetition
frequency for t < 10 usec .

1: • Argon laser data , t 10 once . Heinstreet et al (11
t. Neodymium laser data , t 270 nsec. Heinstreet er al (9)

2: ~~ Neodymium laser data , t 730 nsec. Hemstreet et at (9)

3: U Neodymium laser data , t 180 nsec. Lund et al (5)

4: 0 Neodymium laser data , t 10 nsec . Ebbers et al (12)
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FIGURE 3: R as a function of t

R is the ratio CF(t)/CF(10 ~.sec) where t is the duration
of each individual pulse in the repetitive pulse train.

22
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FIGURE 4: Neodymium Laser Repetitive Pulse Data
( P R F  10 and 20 Hz, t 10 nsec , = 1fl ’,~i un)

1: • ED 5Ø (T) Lund et al ( 7~ 8)

2: MP E(T) TB Med 27~ ( 1)

3: ‘~~~~ ED~~~(T) , 20 Hz V h e r s  et al ( 12)

4:  0 ED~~(T). 10 Hz Fbht’rs et at (12)

5: Revised ~~F
RP (T) , 20 Hz C~ ‘~~t h~,d

6: Revised ~-1PE~~~(T) , 10 l’z CF M . • t

7: MPE~~~(T). 20 Hz c — ~~~~~~~ ‘ et h o d

8: ~~E~~ (T). 10 Hz C n~
1
~~ ‘~~-t hod

9: MPF RP (T) , 20 Hz T~ Med 27° (1)

10 : ~~ E~~~(T) , 10 i’ z TB -d 2 7 °  ( 1 )

Th e cw ED 50(T)s and the cv ~0’F(r)s O f t - -- I -n~-~~ 2 r - -~~~- . . -  l y )  ~~~~-

shown for comparison and r~ t~ -re nce. The curr .-a~ :et i t i -; e pulse
permissible exposures (lines 9 and 10) re I ; ;r  ,~~~ - l v  .i ~-l~ tor
of 10 below the revised ~o-r~~1ssihle -x ;~ - :~~~~- - (ti~~. . I and - ) . ~~~~~
revised permissible exposures still ~f f ~~r ‘

~~i r ~~t n .  ‘f
com~arah1~~ to those imposed for  ew co nd itl :n - . ~ T~ ” ’
of the E050(T) is apparent (lines 3 and 4). Th, ;- - r~~is~.i ~ ~
d,rrived by using C~, n~~’ (lines 7 and 8) ~re - “ .ira ’~i t~~ the
current standard .
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FIGURE 5: Neodymium Laser Repetitive Pulse Data
(P R F  = 1000 Hz , t 180 nsec , \ = 1060 nm)

1 : • ED 50(T) Lund et at (7,8)

2: ~ ED~~(T), 1000 Hz Lund et al (5)

3: ~~E (T )  TB Med 279 ( 1 )

4: Revised MPE~~(T), 1000 lIz CF Method

5: l1PE~~ (T) , 1000 Hz C = n
_1
~
’4 Methodp

6: ?~~E~~~(T), 1000 Hz TB Med 279 (1)

The cw ED50(T)s and the cw MPE(T)s (lines I and 3 respectivel y) are
shown for comparison and reference. The T314 dependence of the
which were obtained for pulse trains containing 2, 2 , 6, 74 and l0~8pulses is readil y apparent (line 2). The revised MPE~

1’(T)s (ljn 4)
are hig her than the current  pernissible ex~ osure s ( l i n e  f , ),  however
the ‘marg in of safety” for the revi

~?
d MPE (T)  is comparable to tha t

imposed for cv conditions. The MPE (T) derived by using C —

(line 5) is comparable to that obta ined by using the CF met~od.
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FIG U R E 6: N , ’dvmi um Laser R e p e t i t i v e  Pu l se  Dat - I
( ! 5~- 10 Hz , t 270 nsec~ 1 = IOM) nYu)

1: • Er~~0(T) Lund et al (7 ,8)

2 :  ~~ E(T) TB Med 270 (1)

3: 0 D~~(T), 10 }1z Herestreet et al (9)

4: MPE~~
’(T), 10 Hz = n~~~~ Method

5: ~PE~~ (T) , 10 Hz TB M~d 279 (1)

6: Revised >IPERP (T) , 10 Hz CF t1,-th od

The w FrY 50 (T)s and the cw MPE(T)g (lines 1 and 2 re’~peotj\’~’1’-~ Jre
shown for compar i son  and r e f e r e n c e . The ‘oars ins of oa ferv 1 
the experimental ED~~ (T)s (line 3) and the current peroiv .~i 1 I .- x;’osor~-(line 5) decrease to less than a factor of S as T increases to 5 seconds .
The revised permissible exposure (line 6) is paral lel to the line
throug h the experimental data with a “marg in of ~if~- t v  greater than
10 and poses no apparent problem for pulse trains of 01 cr durati on.
This is one exposure condition where the revise- ’ permissible exposures
are lower and provide a more consistent “mo ryir of safety ” than
current permissib le exposures. The PE~~

’(T) s derived by using
c~ ~~lf. (l ine 4), althoug h parallel to the experimental data , do
not offer large enough “margins of nafety ” .
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FIG URE 7 : Neodymium Laser R e p e t i t i v e  P u l s e  0 i t ,
( P R F  100 and 10(3 0 Hz , t = 270 -;ee , = 1o’H~ nyu)

1; • FD 50 (T ) Lund al ( 7 , 9 ,

2 :  1~~E(T) TB ‘-‘--2 279 (1)

3: A ED~~ (T), 1000 Hz Hc’mstree-t et at U)

4: A ED~~ (T), 100 Hz 1 -o- r r ~~et  - t  al (9)

5: ~~F~~ (T), 1000 Hz C
2 

= Neihod

6: Revised MPE~~~(T) , 1000 Hz CF Methed

7: MPFRP(T) 100 Hz C~ = ~‘ethod

8: MPERP (T), 1000 Hz TR -‘H 279 (1)

9: Revio~-d ~~~p R P ( -j )  100 Hz CF

10: ~fl’E~~
’(T) , 100 Hz TB ‘i~- 0 2~~ ( 1)

the cv FD5u(T)s and s’ 71PE(T)s (lines 1 and 2 r~- - - - - ti ~~~1~~ are
shown fo r  comp a~~~son and re f,- r  , : i : e  - Th e T 31 ot-,-n h-:ce of t u

exp e r i m e n t a l  90 50 ( T ) s  ( l i nes  3 and 4)  is app a r -c: . ‘
~~ , re . i sed

‘~ perm issible exposures  o f f e r  c on s i t C n t  ‘ m I r z i n - - of ‘ : ife t - ’ t ( ~~t
c omparable  to those ir~~osed f r  c— c cond t ions . T(e N ! i ’ (1)

d e r i v e d by us ing  C = n a re  p a r a l l e l  to be e—:p er (-noOt al iut a;
however , the  “marg ?ns  of s a f e t y ” - :r e  s m a l l - r  t h i n  t ’~~~-~ , - - 1 t i i n e d
by us ing the CF Method.
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Repetitive pulse data/Permissible exposure data—Stuck et al

FIGURE 8: NeodymIum Laser Repetitive Pulse ito
(PRF = 10000 Hz , t 730 nsec , \ = ( ‘ ‘ h i ’  nm)

1: • FD 50(T) l und et al (7.8)

2: 0 ED~~(T) , 10000 Hz l!,m tr,u t ‘-t al (9)

3: l’WE(T) TB Med 271 (1)

4 :  MPE 112(T), 10000 Hz C
2 = n ’~ Method

5: Revised l.~ ERP (T), 10000 lIz CF 2’ ’

0 :  i’WE~~~(T) , 10000 11z TB Med 27 -’ (1)

The cv ED50(T)s and the cv (IPE(T)s (lines 1 and 3 ro rtivcl v ) ire
shown ~~r comparison and reference. The “r i-i r -: ‘f ~ i f e t y ” ~~~~~~~
the ED 50(T)s (line 2) and the current p e rm i s- i’H - .~; , -- ~u r e s  (line ‘-2
decrease as the train Icroth increases and ar e rot 1< (in . us t ’ -

imposed f or cv conditions. The r ev i :,.~ perm is-~ il ,le exposures (tin - 22
ore - -irallel to the tine through the experimental data vith a “mat h:

of safe~~” of approximately 7 for train durations less than 10 seconds.
The 2TPE (T) , ( e r iv e d  by using c~ = n h16 (line 4) are para lleL ti, the
ex p e r i m e n t a l  d a t a :  :ow€- .e r , the “margin of sate t ’- ” is too small.
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Repetitive pulse data/Permissible exposure data—Stuck et a].

FIGURE 9: Argon Laser Repetitive Pulse Data
(PRF = 10000 — 1 Hz , t = 10 uses , i14 .5 na)

1: • ED5Ø (T) Bresnick Cr at (6)

2: 0 ED~~ (T), 10000 Hz Hemstreet en al (11)

3: MPE(T) TB Med 270 (1)

4: A ED~~ (T) , 1000 Hi ( e m - i r en t et at (11)

5: Revised M1’E~~~(T) , 10000 liz CF Method

6: ~~ E
RP (T) , 10000 Hz TB Med 27” (1)

7:  A ED~~~(T) , 100 Hz Hemstreet et al (l(’

8: Revised Ml’ ’(T), 1000 Hz CF Method

9: )~~E
RP (T), 1000 Hz TB 7-ted 279 (1)

10: 0 ED~~~r ) ,  10 Hz Heo treet et at (11)

11: MPE~
’(T). 100 lIz TB 7-’od 279 (1)

12: Revised ~cPE~~~(T) , 100 Hz CF Me thod

13: t’WE~~ (T), 10 Hz TB Med 270 (1)

14: • ED~~(T), 1 Hz ll em~u~~eet Ct ml (11)

15: Revised M?E~~
’(T), 10 Hz CF Method

16: MPERP (T) , 1 lIz TB Med ‘‘° (1)

17: Revised MPE~~
’(T), 1 Hz CF M e t l e ’ (

The l ines through the experimental data exhibit a .!i- ( .-’:der- - i- in rh0
train duration of T314. The revised permissible ex p o - i o r e -  o f f e r  l o r ~~,-r
“margins of safety ” than the current permissible expo~ :ires or the lover
PRFs. For the higher PRFs , the revised permissible exposures are
higher than the current permissible exposures. The revised permi-~sib 1c
exposures offer “marg ins of safety ” that are conslr.’nt and comparable
to cv cond it ions. The permissible exposures d e n y - il by using C~, n ’ ‘~
are the same as the current permissible exposures.
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Repetitive pulse data/Permissible exposure data—Stuck et al

FIGURE 10: Argon l.aser Repetitive Pulse Data
(PIl E = 10000 — 10 lIz , t = ‘see , -~ = 514 .5 nYu)

1: • E0 50 (T) Bre onirk c i  al (6)

2: 0 ED~~ (T), 10000 liz He~ stie ~~t et at (11)

3: A ED~~ (T), 1000 liz Gibbons et ml (10)

4: MPE (T)  TB Med 270 (1)

5: ~~R~~(T), 10000 lIz TB Med 279 (1)

6: A ED~~(T), 100 l iz  Gibbons et a] ( 10)

7: Revised MPE~~~(T) , 1000 lIz CF “ethod

8: 6~ E~~ (T), 1000 Hz TB Mcd 7 7 9  (1)

9: 0 Lh~~ (D, 10 Hz Heostreet et ml (11)

10: ~~E~~ (T), 100 Hz TB Med 279 (1)

11 : Revised (0~ERt’ (T) , 100 Hz CF Method

12: (~~E~~ (T), 10 Hz TB ‘ted 2 7 9  ( 1)

13: Revised MPE RP(T), 10 Hz CF M ethod

The cv F050(T)s and the cw ~~E(T) Ire shown for comp, r i-ni: . r,d r ,-Iereoon .
For the 10000 Hz condition , the revised permissible cxp o - ’ire is the cv’
i -PF .( r )  (line 4) since the calculated correction factor exceeded a value
of 1.0. Note  t h a t  the e x p e r i m e n t a l  da t a  p o i n t  is comparab le  to t h e
cv E050(T) (line 1) for that exposure condition. The revised ,er-iis~ ih1e
exposures offer larger “margins of safety ” for t h e lower put le repel it i - u
frequencies than the current permissible exposures. TI. - 7lPE~-~ (~~‘)~~
derived by using C1, = ~~1/4 are the same as the current t . : i s s i I
exposures .
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Repetitive pulse data/Permissible exposure data—Stuck et a].

F I C h R E  11: Argon Laser Repetitive Pulse Data
(PR F  = 1000 — 10 Hz , t 100 55cc , = 5 1 4 . 5  nat )

1: • ED 50 (T) B r e sn i c k  , t  m l  ( 6 )

2 :  A ED~~~~~(T) , 1Q00 Hz Hem- -m eet - i  ml (11)

3: l~~E(T)  T B ‘(ed 279  (1)

4: Revised MPERP(T) 1000 lIz CF erl.od

5: A ED~~ (T), 100 Hz Herictreet e t  m l  ( ( 1 )

6: MPE~~ (T), 1000 lIz TB (ted 279 (1)

7: Revised i~~E
RP(T), 100 Hz CF Method

8: t~~E~-~ (T) , 100 Hz TB Med 2 7 ’  ( 5 )

9: 0 ED~~~~~(T) , 10 Hz He-n- t r~ Cr ii ‘Il)

1’1: r’fi’E~~~( T) ,  10 Hz ~B Med 279 ( 1)

11: Revised ~PE RP (T) , 10 Hz CF “e ; ( ~~ d

The ew E050(T)s and the cv MPE(T)s (lines I and 3 r- ~~’.v t ic -id ir-
shown f o r  comparison and reference. The n e v i s , d ”h h ( ~ - pn.’ \- i ’ c
“marg ins of s a f e t y ” that are consistent and comparable r.’~~.,-
condi t ions  fo r all  pu lse r e p e t i t i o n  f r e q u e n c i e s .  The
derived by using C~ rr1/4 are the same as the current p c r c i :s i Lie
exposures .
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Repetitive pulse data/Permissible exposure data—Stuck et al

F I Gu RE 12: Argon Laser R e p e t i t i v e  Pulse Data
(PRF 100 — 1 Hz , t 1000 se~- , 514 .5 nat)

1: • E0 50 (T) gr e sn i ck  i t  m l  ( ‘ - ‘

7: A ED~~~( T ) .  100 Hz Iierrs t ree t et al (111

3: MPF ( T)  TB Med 279  ( 1)

4 :  Revised ~~E
RP (T), 100 Hz CF Method

5: 0 ED~~~~~(T) , 10 Hz ll ems t reet  et ml ( I I . )

6: MPE~~
’
(T), 100 Hz TB “e l  2 7 ’  (1 )

7: U ED~~~(T) , 1 Hz (enstreet i-t ail (112

B : Revised MPE’11’(T), 10 Hz CF M~

9: Mi ’F~~
’( T ) ,  10 lI z TB Mcd 2 7 ”  ( 1)

10: MPE~
’
~~(T) , 1 Hz TB ‘.-d 2 7 ’  (1)

11: Revised  (.TE RP (T) , 1 Hz CF Method

The cv ED50(T)s and the cv MPF (T)s (lines 1 and 3 respect ii’ . - ]  - 2 a r e
shown for comparison and reference. The revised permissible ~ ~ 7o~ ur - - s
p r o v i d e  “m a r g i n s  of sa f e t y ” t h a t  a re c o n s i s t e nt  and .-ompur -:(- .le to cv
condi tions  fo r  a ll pul se repe t i tion  f r e q u e n c i e s . The- MPF~~’ ( 1 2  den - - i d
by u sing  C 1, n~~ ’4 are  the  same as t h e  c u r r e n t  p er m i s s l i . - € -x F . -- - I r i
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Repetitive pulse data/Permissible exposure data—Stuck et al

FIGURE 13: Frequency Doubled M’zodvmium Laser Repetitive Pulse Data
(PRF = 5 Hz , t = 15 nsec , A 530 nat)

I: ?IPF(T) TB ((c, !  (79 (1)

2:  • ED~~~(T) , 5 Hz G i l - h e n s  et ml  (14)

3: Rev ised  MPE~~~(T) , 5 Hz CF M e t h o d

A :  -‘~~E~~~(T) , 5 Hz TB Med 279  ( 1)

The cv MI ’F ( (T) f o r  t h i s  laser  w a v e l e n g t h  is shown f o r  c om p a r i s o n  and
r e f e r e n c e .  T(,e ex p e r i m e n t a l  ED~~~(T) s ( t i n e  2) w er e  oh a in ~ d f o r
long t r a i n  d u r a t i o n s b y us i ng a 24 hour oph t ha l t n o i - cop ic  r i’-~puri. .-

cr i t e r  i , - n .  T h e  c u r r e n t  p e r m i s s i b l e  ex p o s u r e s  do not p rov ide  adeq:.:~: —
“ma rg ins  of - , s i et y ” fot  the longer t r ain d u r a t i o n s .
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Repetitive pulse data/Permissible exposure data—Stuck et al

F I G U R E  1 . :  H e l i u m  C a d m i u m  L a s e r  R e p e t i t i v e  P u l - - .’ - i t a
( P R F  1 Hz , t = 8000 , ,,ee , = 4-A l ( i:-~~ )

1: • ED 50 ( r) Il tm et  at  ( I , )

2 :  U F l , R
~~~ T) , 5 Hz l ,, m (13)

3: MPE~~l) ‘II (‘ -1 27 9 ( 1 )

4 :  ML! ~ ( T ) ,  l i z , TB ‘ed 2 79 ( 1 3

5: R e v i s e !  ~,l ,h i
~~ (T)  1 Hz CF M e t h o d

The cv ED ,~~(T)  and  t h e  cv ( - I P F(  7)  ( 1  i t t , -s 1 ,in. l 1 m , - - - ,  ‘ I - - - !  - ,‘)
- : ‘o:zm t s r  sn” ‘ i n !  s -n  i i i  r e f i n e : , : .’ . The  I- , , (7)~ sn’~~~~’” ()s y e ’ ,-

. - h t _ i i : i e d  by t ’  ::e , n v c - ; t  :~: I t , ’ r : - , r  c ’nlpar i L e o: - , ~~~~ il.
condi tions ( - . , ,~~, -  i t  h e a l  i n r s d : , ’,. .- d i  c,:,- t ’ -r , 5( ~ 1~~~, ad -h~~, r ’.’:j t
t i m e , 24 h o u r s ) .  The cv p , ’rm I - - - i b l e  e ’p o s u re s  ( l i m e  33 - I r e  I - - i :  -

a f a c t o r  ‘f 3 he lov - m expe r  ime~~t at  d a t a  f o r  a l i  sec- ’nd  e x p o su r e
i t  Ion .  T I - i -  r e , ’ : . 2  penn iss i h i .  - ~.‘~~po -: :  r e f r t r i  t iv ’.

p u l - : e cond i  i n  ‘r ides a l i r ,(e “m , r , : :n  of  : a t , ’ t - - h , .  ,-~t , t h e
- e r e c t  n,’p - t I t i ” e  7 a l s i ’ 7y’rm j ,; ’ h e  e x l o - : , r e  is l e s s  i l , - ,,, :i factor

of 5 below the exper (:u,-ut - i l  l i t  i -

\
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Repetitive pulse data/Permissible exposure data—Stuck et al

FIG URE 15: E x p e r i m en t a l  d a t a  where  CF = 1,0

1: • ED 50 (T) , cw neod vm i o-’s l a s e r  l und i - i  aS ( 7 , B)

0 ED~~~(T) , mode loc ked neodvnih ,ir . i , i ; i ’r Lur id i t  ml  ( 1 7)

2 :  ‘
~~~

“ ED~~~(T) , 120 k il z GaAs laser  Lun d C r  al ( 1 7 )

3: ~PE ( T ) , cv neod ymiu m laser  TB Med 2 7 ’ i  ( I )

4 : l~~E(T) , cv GaAs I l s , ’r TB ((ed 27 9  ( 1)

The ow neod y m i u m  l a se r  l - ,~(73 a and t h e  mode locked m,’-jdv’n 1 st, laser
ED~~~( T ) s  a re  on t i . e  same i n n -  ( l i n e  1) . C~ n s, -~ ’ient I’ .’ the i v  M I ’ F(

p r o v i d e s  an a d e q u a t e  “tt~~t~~ 1~~ of s a f e t y ” f o r  hell, -!:ita~~ its. The
ow ‘ iAs laser M P F ( T )  ( l i n e  4’) p r o v I d e - - an ad - qu a t c  “ rt ar ~ in of  s a l t ,- ”
f o r  t h e  120 kllz ,As l a se r  r c p . -t i t  ive pu l s e  d a t a  ( l i n e  2) . The
c o r r e c t i o n  f a c t o r s  c a l c u l a t e d  f o r  o t h  th e se  r e p e t i t i v e  p u l s e  i- o r t d ! tj o n ~
exc”e d  1.0 c o n s e q u e n t l y  the ow b - e n l n i s s i b l e  ‘- s m : , - , :r , e ,  ap p !’,- ,
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Repetitive pulse data/Permissible exposure limits—Stuck et al

FIG URE 16: (7 as a f u n c t i o n  ..f t

Q i s  t h e  r . It i o  En~ g( l/PIIi )/f(’~ ,1 (t)
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Repetitive pulse data/Permissible exposure limits—Stuck et al

FIGURE 17: C1, 
as a func t ion  of PRF

1: Cr,, t < 10 osec TB “ed 279 (1)

2: C~ = ~~~~ T = 10 sec

3: c~ = ~— l / 4 , T I sec

4:  — ~
.hI4 , T 0.1 sec

5: cp = n~~14 T = 10

50
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TABLE 3. Argon and Neodymium Laser Data for CW Exposures

T ED 50(T) X Reference
ins p3 nm

12 222 514.5 Bresnic k et Si (6)
70 875 514 .5

125 1437 514 .5
1000 5500 514.5

8 2700 1060. Lund et a1 (8)
38 7500 1060.

69 11300 1060 .
1000 56300 1060.

56

~ 

- . - ---— -- _ -



r - - —

~~~~~~~~~~~~~~~

-

~~~~~

_ _ -.“

~~~

-

~~~~~~~~~

- - —-‘- 

~~~~~~~

--

~~

--

~~

- -

~~~~~~~~~~~~~ 

—- -- - -

Repetitive pulse data/Permissible exposure limits—Stuck et al

TABLE 4. The Factor Q

PRF t ED~~(1/PRF) ED50(t) Q Reference
Hz p5 pJ

10 .010 239 164 1.46 Ebbers ci aS (12 )
20 .010 219 164 1.34

1000 .180 70.5 130 .54 Lund et Si (5)

10 .270 7.65 28 .27 Hemstreet cc aS (9)
100 .270 11.1 28 .40

1000 .270 9.3 28 .33

10000 .730 6.02 28 .22 Hemstreet cc at (9)

1 10 .49 1.59 .31 Hemst r eet et at ( 1 1 )
10 10 ,87 1.59 .55

100 10 1,28 1.59 80
1000 10 1.94 1.59 1.22

10000 10 2.43 1.59 1.53

10 40 1.79 2,04 .88 ilemst’reet cc aS ( 11 )
100 40 3. 19 2,04 1.56 Gibbons cc Si (10)

1000 40 4.73 2.04 2.32
10000 40 4.37 2.04 2.14

10 100 3.59 4.6 .78 1{emst rc et cc Si ( 1 1 )
100 100 5.27 4.6 1. 15

1000 100 9.13 4.6 1,98

I 1000 29.6 19.9 1,49 Hemstre e t cc Si ( 1 1 )
10 1000 39.1 19.9 1,96

100 1000 66.6 19.9 3.35
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GLOSSARY

C~ a fac tor by which the single pulse permissible
exposure is mul t iplied to obtain the permissible
radian t exposure per indiv idual pules in a re-
petitive pulse train .

CF( t) the ratio ED~~ (T) / ED 50(T). The magnitude of
this correction factor is dependent upon the
pulse repetition frequency and the duration t
of each individual pulse in the repet i t ive
pulse train .

ED 50 (T) e f f e c t i ve dose for  a 0.50 probabi l i ty  of op h—
thalmoscopically observing a lesion for a
sing le cw exposure of total duration T

ED~~ (T) effective dose for a 0.50 probability of oph—
thalmo scop icall y observ ing a lesion fo r  a
repetitive pulse train of total duration T.

ED~~ (l/PRF) — the repetitive pulse ED50 evaluated by extra—
polation to a train length equal to the reci-
procal of the pulse repetition frequency..

PRF pulse repetition frequency .

Hz hertz (pulses per second).

MPE(T) the maximum permissible exposure for a sing le
exposure of durat ion T.

MPE~~ (T) —— —— the maximun permissible exposure fo r  a repeti-
tive pulse train of total duration T.

n the number of pulses in a pulse train of dura-
tion T (n = PRF T ) .

Q the ra tio ED~~ ( l /PRF )/ED 50(t).

P the ratio CF(t)/CF(lO us) .

S the fac tor which when mul tiplied by the maxi-
mum permissible exposure for a g iven exposure
condition gives the ED 50.
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T the exposure duration.  For repetit ive pulse
cond itions , T denotes the total duration of
the pulse train.

t the dura tion of each ind iv idual pulse in the
repetitive pulse train,

TIE the total intraocular energy.

TOTP total on time pulse. For a repetitive pulse
train, TOTP is equal to the number of pulses n
times the duration t of each individual pulse
(TOTP n t = PRF T t) .
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