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Abstract

The ocular effects of laser radiation are discussed. Retinal burns
were produced in the rabbit by exposures from normal laser pulses of
200 _»sec and by Q-switched laser pulses of 30 nancseconds. These are
compared to burns produced by pulsed white light from a Xenon lamp.
The threshold energies and apparent biological effects are similar for
200 _usec pulses, whether from a laser or Xenon lamp., The Q-switched
laser pulse of 30 n sec, however, produces a different type of lesion
and less energy is required, The thresholds (energy required for
minimal burn) are about 0,85 J/Cm? for laser or Xenon lamp pulses of
200 _usec, and only 0.07 J/Cm? for the 30 N sec laser pulse, The retinal
damage caused by the longer pulses can be explained adequately in terms
of thermal injury using a physical model and classical laws of heat
conduction., The authors postulate that other mechanisms of energy transfer
may be responsible for the damage caused by the Q-switched laser.
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Ocular Effects of Laser Radiation
Part I
from the
Department of Biophysics

William T. Ham, Jr., Phd., R, C. Williams, Harold A. Mueller
R. S5, Ruffin, F. H. Schmidt, M.S., and A, M. Clarke, Ph.D,

and
Department of Ophthalmology
Walter J. Geeraets, M,D,

Medical College of Virginia

Introduction

Although this paper is confined primarily to the biological effects
of laser radiation on the mammalian retina the results should be applicable
to other organs and other tissues. The physiolo%ical implications for the
eye of laser beams have been discussed by Solon ), (2 ; the production of
ocular lesions by ruby lasers has been described by Zaret ( , , and,
more recently, by Ham(s) and Geeraets(s). For convenience, retinal lesions
produced by lasers will be discussed under 3 separate types of operation;
steady state operation, normal pulsed operation, and Q-switched operation.
Before proceeding to a detailed discussion of laser effects, it will be
helpful to summarize some of the data about retinal damage ag produced by
more conventional sources in order to provide a background which can be
extended to high power densities and short exposure times,

Background Information

Previous research from these laboratories on the production of mild or
minimal lesions to the retina by means of relatively short time exposures to
white light sources (nuclear fireballs, high density carbon arc, xenon arc
under continuous and pulsed operation) provide a wealth of data which are
applicable to the assessment of ocular hazards from laser radiation., For
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example, Ham et al, (7) have discussed the effects of pulse shape, exposure
time, dose rate, radiaticn dose, and image size on the production of minimal
lesions in the rabbit retina, Other experiments have furnished data on
transmission and scattering in the ocular media (8) the absorption and
scattering of light in the retina and choroid 9, th)’ the effect of blood
flow in the choroid on the conduction of heat{11)  the pathological and
histological characteristics of mild retinal lesions (12), the effects of
thermal conductlion on enzyme activity (12), (13), and the effects of thermal
injury on retinal proteins (14). Most of these data insofar as applicable
to laser radiation are summarized in a publication (15), which also discusses
the effect of spectral quality on retinal damage and describes an optical
system whereby laser exposures of known size can be placed on the retina.

Pertinent data on power density, exposure time and image size for the
production of extremely mild lesions in the rabbit retina are 1llustrated in
Figure I, a log-log plot of power density in watts/cm2 vs exposure time in
seconds, The curve of best fit by regression analysis for all available data
from several hundred milliseconds down to 175 microseconds for a single image
diameter of 0.8 mm is the straight line shown in Figure I. Most of the data
for exposure times greater than 15 milliseconds (ms) come from earl; experi -
ments on rabbits, utilizing a bigh density carbon arc as a source (1) The
maximum power denglty obtainable on the rabbit retina with this source was
approximately 300 watts/cmz. For exposure times less than 15 ms or for image
sizes 0.2 mm or less in diameter it was not possible at this power density
to produce an observable lesion on the rabbit retina. Exposure times in the
range 15 ms down to 175 microseconds (ii5) were obtained subsequently either
by using a Zeiss light coagulator (16) operating under steady state conditions
or by means of an electronically pulsed xenon source . Exposure times
for laser pulses from ruby under normal pumping conditions range from
approximately 1 ms down to 200 us, thus overlapping the data obtained from
white light sources at the short exposure times. To the best of the authors'
knowledge, no data for mild lesions in the rabbit retina are available between
approximately 200 «s and the nanosecond {ng) region which corresponds to laser
pulses produced by Q-switching techniques, This region (200.u+s to 25 ns) is
being investigated currently by the authors, using a Kerr cell as an optical
shutter.

An examination of Figure 1 reveals some interesting features. Since
the slope of the log-log plot of power density, 1 , vs exposure time, t, is
less than 452 (it is 33.2°) reciprocity is not indicated for this particular
biological endpoint, namely mild injury to rabbit retina, Stating it another
way, halving the exposure time does not double the power density required to
produce a typically mild lesion. On the contrary, the power density increases
by less than the reciprocal of the exposure time, thus defining a radiation
dose, D = ¢ t, which decreases with a decrease in exposure time. These data in-
dicate no appreciable change in slope over an extensive range of exposure times,
from several hundred milliseconds down to 173 microseconds. Another feature is that
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Figure 1

Log-log plot of power density in watts/cm2 vs exposure time in
seconds for the production of very mild lesions in the rabbit

retina. The straight line represents data for retinal image

diameters of 0.8 mm, Some data points for image diameters of
1,0 mm (circles) and 0,54 mm (crosses) are plotted for the longer
exposure times. The data point at the extrapolated end of the

curve represents a Q-switched pulse,
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radiation dose depends to some extent on image size for the longer exposure
times, This is illustrated in Figure I by plotting some of the data points

for image diameters of 1,0 mm (circles) and 0.52 mm (crosses) at the longer
exposure times, For short exposures hbelow 1 ms the data do not indicate an
appreciable relationship between image size and radiation dose, More inter-
esting is the observation that mild lesions produced by laser pulses (200 _us)
require approximately the same radiation dose (0D.85 J/cmz) as those produced

by the more conventional white light sources. Finally, the dotted portion of
the curve represents an extrapolation to the nanosecond region where some

data obtained recently for Q-switched pulses from ruby lasers have been
plotted. The fact that these data points for Q-switched pulses seem to fall
near the extrapolated portion of the curve is not regarded as significant

by the authors since in what follows it will be seen that both the physical
phenomena accompanying Q-switched pulses and the nature of the lesions produced
in the retina by these pulses differ from those produced at lower power densities
and longer exposure times.

Experimental Apparatus:

The optical system used to produce lesions of known size on the rabbit
retina by means of laser pulses has been described in a previous publication(ls).
A blaock diagram of the apparatus with asseociated electronic equipment is given
in Figure II. The complete optical system, including laser head is mounted
rigidly on a maneuverable optical bench which has 5 degrees of freedom (3 of
translation and 2 of rotation), thus providing the ophthalmologist with a
flexible system for the production of lesions on the retina. A Keeler
ophithalmoscope ("'Practitioner™) is attached to the exposure end of the optical
system. This instrument has been modified by the insertion of a reticle which
is projected on the retina. The instrument is mounted in such a manner that
the projected reticle is always coaxial with the laser beam,

The laser head contains a ruby cylinder*, 3" x 1/4", with ground outside
diameter, the faces optically flat and parallel but uncoated, optic axis cut
at 909 to cylinder axis, Pumping is accomplished by 8 EG&G FA~100 lamps,
connected separately into 2 sets of 4 lamps in serlies, each set being
discharged separately but simultaneously by a high voltage trigger. The lamps
are spaced at 45° around the ruby, close but not touching; a cylindrical
aluminum reflector surrounds the lamps, Air cooling has been used until recently
but the latest design employs a liquid cooled head in which a CuS04 solution
can be circulated within a glass tube Surrounding the ruby. The pumping

*A Nd-glass cylinder of identical dimensions can be substituted for the
ruby in the laser head.
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Figure II

Block diagram illustrating schematically the relationship between
the laser optical system and associated equipment.
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circuit can store as much as 800 joules of energy and is matched to the lamp
by means of a c¢onventional pulse forming and impedance matching network.

The input energy is reproducible to within 9.2 percent by means of an
electronically controlled servo mechanical charging system. The pulse forming
and impedance matching netwerk has been included to lengthen the life of the
lamps and increase the pumping efficiency. A Q-switched pulse approximately
30 ns in exposure time can be seen oOn the tail end of the pumping pulse shown
in Figure IIJ.

Provisions for both normal and @-switched operation are included in the
design of the laser head.* Q-switching is accomplished by rotating a totally
internal reflecting (TIR) prism at 13,200 rpm; an optically flat dielectric
reflector of either 956% or 60% reflectivity is used to complete the optical
path which has a total length of 19 cm. A clamp with micrometer screw
adjustment allows the rotating prism to be fixed parallel to the ruby face
for normal laser operation.

Pulse outputs are displaved on a Tektronix 585 oscilloscope, using a
fast photodiode (International Telephone and Telegraph FW 4000}, A sample
of approximately one percent of the beam is taken with a beam splitter, and
is conducted to the photodicede by means of a light pipe. The system has a
rise time of less than } ns, and is calibrated using a cone radiometer, 15)
A 30 ns delay in the vertical amplifier of the oscilloscope facilitates
internal triggering and observation (visual or photographic) of the trace of
the entire pulse. This system allows a permanent record to be made of the
pulse duration and energy for each exposure of the rabbit retina. However,
it is not a convenient method for normal laser pulses which extend over
hundreds of microseconds and contain a large number of individual spikes.
Under these conditions it is more convenient to integrate the photodiocde
output by charging a condenser and recording the voltage rise by means of
a Keithley electrometer feeding into an x-y recorder. This is the method of
choice for monitoring both normal and Q-switched pulses.

Although attenuation of the laser beam in the optical system is not
negligible, the power density impinging on the rabbit eye is sufficient to
produce severe biological damage; all exposures for mild damage to the rabbit
retina require the introduction of neutral filters in the radiation beam.

The sequence of events leading to an exposure of the rabbit retina is
under the control of the experimenter (ophthalmologist). Referring to the
block diagram in Figure II, the following sequence is for Q-switched
exposures: Depression of a foot pedal starts the high speed motor, rotating

*Martin Orlande furnished the design for normal and Q-switched operation under a
contract with the Office of the Surgeon General, U. S. Army.
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Figure III

Oscilloscope truce of pumping palse produced by pulse forming network.
A G-switched pulse of approxirately 30 _« 5 duration can be seen on the
last part of the trace., Tiwme scale TO 445/cm,
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tne TIR; when the ophthalmulogist has selected the exposure site he depresses

a button on the shank of the ophthalmoscope; this interposes a mirror between
his eye and the laser beam, reflecting the beam intc the rabbit eye; the

mirror at the end of its travel closes a microswitch which actuates the opening
of a camera shutter controlling exposures to the polaroid camera; when this
shutter has opened completely the pumpipg circuit is triggered, initiating the
laser pulse. The photodicde triggers the oscilloscope sweep and a picture of
the pulse trace is registered on the polaroid camera at the same instant that
the rabbit retina is exposed.

Steady State Laser Hazard

At the present state of development the power output from the CW or
steady state operation of gas lasers (He-Ne) and semiconductor diodes (GaAs),
etc,, rarely exceed one watt., Under normal conditicons the output beam may be
extremely monochromatic and parallel. The hazard to the eye consists primarily
in viewing a CW laser heam over extended periods of time, seconds or even
minutes. The problem is essentially one of a steady state temperature
egquilibrium on the retina of the observer.

Jones and Montan (18) have discussed the eye risk for continuous exposure
to a CW laser such as the He-Ne gas device. Assuming that the retina of the
human eye will tolerate a 1°C temperature rise for considerable periods of
time without sustaining irreversible damage they have calculated that 10-8
watts is a safe power level for the retina even when the energy input is
considered to be confined to a 10 micron () diameter of the retina. Although
most (19) estimates of the minimum light spread on the fundus after corrections
for aberrations, diffraction, etc., are greater than 10 u , this seems to be a
reasonable assumption in view of the lack of experimental data. An under-
estimate of image size provides a factor of safety insofar as the energy
density is concerned but it should be pointed cut also that experiments on
rabbits using relatively long pulses (100 ~ 250 ms) indicate that the minimum
dose for mild injury varies with the diameter of the irradiated image
It was found that the smaller the image size the larger the radiation dose
required to preduce mild injury. This can be attributed to the fact that the
rate of energy dissipation by conduction from the irradiated image to the
surrounding unirradiated tissue increases in proportion to the temperature
gradient which, in turn, is an inverse function of the image diameter., Thus,
the assumption of an image diameter of 104 , while overestimating the energy
density may also overestimate the rate of energy dissipation from the
irradiated image, so that the two factors tend to oppose each other. Actually
1078 watts incident on a 1044 diameter produces a power density of 1,33 watts/
cm2 on the retina, Experiments conducted by the authors (7) demonstrated
that 300 watts/cm? focussed on a 200, diameter of the rabbit retina for
several seconds failed to produce an ophthalmoscopically visible lesion. A
power density of 1,33 watts/cm? on the human retina for limited exposure times
should not produce irreversible effects according to present information,
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Thermal damage to the retinal proteins is probably the limiting factor
in considering the hazard of CW lasers. Nevertheless, it seems wise to keep
in mind the possible effects upon the proteins of the crystalline lens.
Continued exposures at intervals over an extended period of time could result
conceivably in damage to the lens proteins with consequent opacification.

The clinical use of laser beams to coagulate the retina is too recent to rule
out completely the development of long term effects. It should not be assumed
that the eye can accept with impunity low levels of laser radiation over an
indefinite period of time. 1In this laboratory continuocus exposure over 48
hours of an enzyme soclution to a one milliwatt beam of unfocussed radiation
from a He-Ne laser failed to produce significant deactivation of the enzyme

in question. While comforting,this evidence is not conclusive,

The Ocular Hazard from Normal Laser Pulses

The inevitable trend of laser technology toward higher output energies
and greater power densities has increased the ocular hazard in the laboratory
and in the field., Ruby and Nd-glass pulse trains containing more than 100
joules are commonplace, so that even diffuse reflectance from surrounding
objects may prove hazardous to the eye. Before safety criteria can be
established on a scientific basis it is necessary to define carefully the
minimum radiation dose and exposure time which c¢an he tolerated hy the human
eye without undergoing irreversible biclogical damage. Fortunately, scme
backgwound information on safe exposure levels to the eye is available from
the previously mentioned research on the retinal burn hazard from nuclear
weapons, Clinical experience has shown that the rabbit retina provides a
valid and useful model for estimating safe levels of human exposure.

Exposures were made with a 4.5° divergent cone of laser radiation
striking the rabbit cornea to produce a beam diameter on the retina of
approximately 0.8 mm. The rabbit pupil was dilated to approximately 8 mm
before the experiment. Energy and time duration were measured accurately
for each pulse by methods explained above. Standard operational procedure
on esach rabbit involved placing initially a moderately severe lesion on
the retina, then attenuating subsequent exposures by means of calibrated
filters until the lesion was no longer visible 5 minutes after exposure.
Thus, a series of lesions, decreasing in severity until they were no longer
visible were placed on a portion of the rabbit fundus which had been chosen
carefully for uniformity of pigmentation. "Hot spots" in the laser beanm
and lack of uniform fundus pigmentation were major sources of error in
determining an empirical "threshold".

The data points plotted in Figure 1 for monochromatic laser pulses
200 .15 in duration are markedly similar to the "threshold" data for pulsed
white light sources with the xenon lamp. Within experimental accuracy a
radiation dose of approximately 0,85 J/cm2 delivered in 200 _«.s produces a
mild lesion on the rabbit retina. Histological examination of minimal
lesions, whether produced by monochromatic ruby radiation or by the pulsed
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xenon lamp, fails to disclose any marked biological differences in the nature
of the lesions. Thus, both physical and biclogical data indicate that the
nature of the damage is similar.

The Ocular Hazard from Q-switched Laser Pulses

The distinguishing feature for biological damage from Q-switched pulses
is the rate of energy delivery or power density in watts/cm?, Normal laser
pulses, while energetic, require an appreciable time for delivery, from
several hundred microseconds to several milliseconds. Q-switched pulses, on
the other hand, may contain less energy but the pulse duration is orders of
magnitude less than for normal laser pulses. Power densities for Q-switched
laser pulses range from 1 to 100 megawatts/cm? and can even extend into the
gigawatt /cm? range for special devices. Time duration for Q-switched pulses
rapge from about 3 to 100 nanoseconds. In Figure IV, a ruby Q-switched pulse
of approximately 30 ns is shown.

bProcedures for determining power density and pulse time for Q-switched
radiation exposures of the rabbit retina are identical with those outlined
in the last section for normal laser action. There seem to be two cutstanding
experimental features which distinguish a minimal Q-switched lesion from all
others: (1)} the radiation dose (0.07 J/cmz} required to produce an observable
lesion on the rabbit retina in 30 ns is lower by more than a factor of 10
from that needed to produce minimal damage at 200 4 3. (2) the clinical
appearance and histologic evidence indicate that the minimal Q-switched
lesion on the rabbit retina differs materially from minimal lesions produced
at the relatively low power density levels eoncountered for normal laser
pulses. Specifically, it is found that the relatively mild Q-switched lesion
is accompanied by choroidal hemorrhages extending into the subretinal space (6)
A similar clinical or histological picture is not observed for minimal exposure
tn normal laser pulses and xenon lamp pulses of relatively low power density.

Thermal Injury as a Mecdel for Radiation Damage to the Ratina

Henriques (20) has proposed an explanation of thermal injury to biological
systems in terms of rate process theory. This is a statistical mechanical
approach to irreversible damage at the molecular level, based on chemical
kinetics as a function of time-temperature history. The application of rate
process theory to thermal injury demands, among other things, a knowledge of
the time-temperature history of the exposed bioclogical system; to acquire
this knowledge, it becomes necessSary to either calculate the time-temperature
history in the irradiated system in terms of a mathematical model (differential
equation of heat flow, for example) or to measure experimentally the tempera-
ture as a function of space and time, Both approaches have been tried 21),
(22}, (23), (24). Davis (29) has discussed the measurement of transient
temperatures in biological systems and commented critically on the difficulties
involved, Another and perhaps more practical approach to the determination of
time vs temperature in biclogical systems involves the use of electrical
analogues to simulate the irradiation program (26). Whatever the approach, a
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knowledge of the time-temperature history for a biological system is
necessary before chemical kinetlics can be employed in a model to describe
thermal damage at Lhe molecular level.

Most of these approaches towards solving the time-temperature history
require a physical model which will provide a reasonable approximation to
the bioclogical system under investigation. 1In the case of the mammalian
retina, enough data has accumilated to construct a crude model. It has been
rdemonstrated by histochemical staining techniques (12) that minimal lesions
in the rabbit fundus invelve primarily the pigment epithelium and the adjacent
structural layers, including the outer retinal layers which contain the visual
receptors.

In 24 human eyes, absorption and scattering data indicate that for the ruby
laser wavelength (694.3 mn 3 about 10 percent of the radiation is absorbed or
scattered in the ocular media (OM), while absorption and/or scattering in the
PE varies from 15 to 10 percent depending on the individual; absorption and/or
scattering in the choroid varies from 10 to 80 percent. Maximum absorption
in the PE would represent the most hazardous case. Accordingly, it seems
reasonable to assume that 10 percent of the ruby radiation incident on the PE
is absorbed in a thickness of 10 microns while the remaining 60 percent is
absorbed in the 100 - 150 micron thickness of the choroid. Absorption of
radiation takes place primarily in the melanin granules dispersed within the
single cell layer of the PE, and within the pigmented choroidal c¢ells. The
size and dispersion of these plgment granules varies widely among individuals,
and the distribution of the pigmented cells is much more irregular in the
choroid. Vascularization of the choroid provides an additional source of
absorption,

Taking the above factors into account and considering the thermal
properties of water as a first approximation to those of ocular tissue, a
crude model of the ocular fundus is illustrated in Figure V, According to
this model, significant absorption of radiant energy begins at the PE where
40 percent is absorbed exponentially in passing through a 10, thickness,
and the remaining 60 percent is absorbed exponentially in the choroid. The
assumption of exponential absorption in PE and choroid implies a uniform
but different concentration of absorbing material (melanin granules) in each
structure. In view of the wide variation in both distribution and size of
pigment material among individuals this assumption seems warranted.

Several features of this crude model are worthy of discussion, During
the early stages of exposure the temperature gradient will be approximately
the same on both sides of the PE. Since the choroid absorbs simultaneously
with the PE, the temperature gradient between the interface of the PE and
choroid will vary with exposure time, being large during the initial stages
of exposure but gradually diminishing as the choroid continues to absorb
energy and the PE conducts more energy into the choroid. This model does
not include thermal dissipation by choroidal blood flow because the latter
is slow in comparison to thermal conduction. The fact that damage is first
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V. Schematic diagram of crude physical model of ocular fundus.

Figure V

Schematic diagram of crude physical model of ocular fundus,
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seen in the PE and in the outer layers of the retina seems reasonable when
it is considered that: (1) the energy density and thereby the temperature
%+ill be highest in the PE; (2) the outer retina contains highly developed
an7d sensitive biological structures and substances,

A maximum temperature in the PE can be estimated by completely neglecting
thermal conduction and considering the PE as a pill box having a thickness
of 10_«, filled with a molecular substance dissolved in water which will
absorh 10 percent of the radiant energy incident on its surface., This
simplified model, for all its crudity, can help in delineating the problem,
For example, a radiation dose of 0.85 J/cm? delivered in 200 s by a
normal laser pulse produces minimal damage to the rabbit retina, A calcula-
tion of the maximum temperature rise under these conditions yields 81°C
above ambient. The same calculation tor a radiation dose of 0.07 J/cm? de-
livered in 30 nanoseconds, the conditions for minimal damage to the rabbit
retina from a runy (-switched pulse, yields only a rise of 6.7°C above ambient.
The model seems reasonable for the 200 ./ 5 laser pulse when it is remembered
that the maximum temnperature above ambient in the PE is considerably below
8177 hecadase of hzat conduction to the surrounding environment., On the other
hand a rise of only 6.7% 1 thz PE dose not seem compatible with the
ophthalmoscopically visible l2sion which appears scon after exposure fo the
Q-switched pulse,

Temperatures vs time at the center of the PE for sguare wave inputs of
radiant energy of various durations in the microsecond region are shown in
Vizare VI. These curves are taken from the unpublished data of Schmidt (26)
using an electrical analog which reduces the study of transient retinal
termperatures to the recording of voltages vs time in a resistance-capacitance
network constructed to simulate heat conduction within the ocular fundus.

The physical model upon which this analog is based assumes a PE which is

10... 1n thickness and composed of a substance having the thermal properties
of water and capable of absorbing uniformly throughout its volume a normally
incident power density of 4.18 watts/cm2. The straight line in Figure VI
represents the rise in temperature within a PE which is completely insulated,
i1.e., no conduction, For square wave or constant energy inputs up to 25.4 s
in duration, conduction plays no part in determining the final temperature

of the PE; for constant energy inputs beyond 25 45 in duration conduction
hagins to play an increasingly important role in determining the peak
temperature attained by the PE, The curves illustrated in Figure VI and
similar ones derived by analog techniques for longer exposure times can be
used to estimate the maximum temperature attained in the PL. The results

are shown in Table I in which maximum temperatures for various exposure

times are listed. The radiation doses listed in c¢olumn 2 were taken from

the log-log plot of Figure I for image diameters of 0.8 mm. The simultaneous
absorption of radiant energy in the choroid has been taken into account in
calculating these maximum temperatures in the PE.
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Figure VI

Temperature in °C vs time in microseconds at the center of the PE
for square wave inputs of radiant energy of various durations.
Curves are based upon the uniform absorption of 4.18 J/cmz/sec in

PE.
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TABLE I

Maximum temperatures in the PE for different exposure times as estimated on
the basis of the trude model illustrated in Figure V. An electrical analog
has been used to take account of heat conduction in the model.

Exposure Time Radiation Max, Temp.* in Max. Temp.* in

in Dose in PE, neglecting PE, correcting

LS J/em? conduction for conduction
Q0. 030 0.07 6.7 6.7
200.0 0.85 81.0 52.8
500.0 1.10 105,0 50.5
1000.0 1,38 132.0 55,0
2000.0 1,72 165.0 a83.5
5000.0 2. 11 230.0 49,3
10000, 0 3.07 291.0 47.3
20000.0 3.90 373.0 46.8

sTemnperatures are °C above ambient,
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Discussion:

The Conventional Thermal Injury Model for Exposure Times of 200 4 s or
Greater

Reference to the last column of Table I shows that retinal lesions
produced by exposure to Q-switched laser pulses cannot be discussed in terms
of the model developed above for the examination of retinal lesions resulting
from exposures to lower power densities. Further discussion of Q-switched
phenomena is postponed until the more conventionally produced lesions have
been examined in terms of the thermal model previously developed,

The estimates of maximum temperature above ambient in the PE (column 4,
Table I} may be subject to considerable error, due to the assumptions implicit
in the model, and should be regarded as approximations probably to within
20 percent. However, the uniformity of maximum temperatures in the PE aver
a wide range of power densities and exposure times cannot be ignored. A
plateau or threshold effect seems evident. The hypothesis of an "all or none"
phenomenon for thermal injury at a particular temperature can be discarded
immediately in view of the experiments of Geeraets (12), who has shown by
histochemical techniques that enzyme damage extends well into the outer retina
as well as radially into the unirradiated PE where the maximum temperatures
attained during an exposure are considerably lower than at the center of the
PE. A practical explanation may be that a temperature close to or perhaps
at 100°C in the PE is required to coagulate retinal tissue to the point where
the relative reflectance of light from the PE can be distinguished by
ophthalmoscopic observation. The fact that this maximum temperature is
relatively invariant over the range of power densities and exposure times
shown in Table I can be taken as excellent evidence for the uniformity and
reproducibility of the biological endpoint chosen to define a minimal retinal
lesion, It should be emphasized again that the criterion of the appearance
of an ophthalmoscopically visible lesion within 5 minutes after radiant
exposure is, at best, a crude method for determining a practical "threshold"
which can be used to define ocular safety.

Vos (21) suggested after an analysis of the earlier data of the authors
that steam production might aceount for the lesions observed in the rabbit
retina. Undoubtedly, this explanation has validity for the more severe
lesions of the rabbit retina, but it does not hold for the mild lesions
described by Geeraets (12) or those illustrated in Figure I of this report.
Although temperatures in the PE above ambient could easily attain the steam
point and still be within the estimated accuracy according to the model
used in this paper, the experimental evidence indicates that the radiant
exposures are terminated before the generation of steam produces a gross
disarrangement of the structure of the outer retina, Possibly, the observed
plateau in temperature is due to the conversion of energy to the latent heat
of vaporization of water. 1In all events, the constant slope in Figure I for
minimal observed lesions over an extensive range of power densities and
exposure times suggests that the biological endpoint chosen as a criterion
remains approximately constant., This may represent a maximum temperature in
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the PE needed to coagulate tissue to the point where relative reflectance
from the ocular fundus can be used to define a retinal lesion,

These calculations of an approximate temperature plateau in the PE for
the observation of a minimal retinal lesion do not invalidate rate process
theory as a possible model for thermal damage at the molecular level. The
minimal lesion reported here and illustrated in Figure I is a gross estimate
of "overkill"” which should not be used to test the validity of rate process
theory. For the longer radiant exposures, there is a tendency for the
maximum temperature in the PE to decrease. This is an indication that lower
temperatures in the PE, if maintained over a sufficient time, can account for
the same degree of retinal damage. More refined experiments are needed to
test the effect of time-temperature history on macromolecules of biologic
interest, Thermal denaturation of retinal proteins by the techniques available
to molecular biology are currently under investigation,

Solutions of the differential eguation of heat flow for particular
boundary conditions conforming to those for radiation exposures of the mammalian
retina have been provided by Schmidt and Vosx*, (27) Temperatures in the PE as
& function of time and space coordinates have been calculated on the assumption
that the ccular fundus may be treated as a substance having the thermal prop-
erties of water, The radiation incident normally to the surface of the PE
is considered to be absorbed uniformly throughout a finite depth. For the
case of an infinitely large retinal image (infinite plane) the sclution in
terms of time and depth can be obtained by analytical integration. The more
pertinent solution for finite retinal images has been obtained by numerical
integration using a digital computer., 1In Figure VII, temperature rise in
the PE per unit of incident radiation absorbed is plotted logarithmically
against time for sguare parallelepipedons having dimensions of 632 and 20
microns on a side respectively, The temperature at the center of the PE
continues to rise even after an exposure time of 100 ms for the larger image
while it levels off at approximately 200 _us for the swmaller image. For a
given radiation input the temperature in the PE reaches saturatiocn quickly
and at a much lower value for the small image as compared to the large image.

Heat conduction at the borders of the image begins to have an agpreciable
effect on the temperature at the center of the PE after a time t = Z%/4K
where Z is the half thickness of the PE (assuming that the thickness of the
PE is considerably less than the dimensions of the square image) and K is
the thermal diffusivity (taken as about 1.4 x 10™3 cmz/sec for water).

Taking Z as S for the PE, heat dissipation at the borders of the PE will

*J.J. Vos, temporarily on leave from Institute for Perception RVO - TNO,
Scesterbe.g, The Netherlands, under a NATO fellowship granted by the
Netherlands Organization for the Advancement of Pure Research (Z,W.0.).
Dr. Vos returned to the Netherlands in July 1964.
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IMAGE SIZE 632 MICRON

PIGMENT EPITHELIUM

RETINAL TEMPERATURE RISE PER
UNIT OF ABSORBED IRRADIATION
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Figure VII

A log-log plot of temperature rise in the PE per unit of absorbed
radiation vs time in seconds for square parallelepipedons of 632
and 20 microns (figure on next page) on a side. Taken from the
data of Schmidt and Vos, (27)
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become appreciable afler approximately 104, 5. Thus, for the first 40 4/ s
the temperature at the center of the PE will rise almost linearly with time,
Referring back to Figure VI, it can be seen that the electrical analog
predicts about the same behavior. During the next phase, the temperature

in the PE will rise as the square vool of t; in this phase heat dissipated
from both faces of the PE affects appreciably the temperature at the center
but heat from the borders of the parallelepipedon does not have time to
affect the temperature at the center of the PE, Finally, heat dissipation
Ly conduction at the image borders will have an appreciable effect on the
temperature at the center of the 20 micron image in approximately 180 « s
and for the 632 micron image in approximately 200 ms., At this time,

t =~ XZ/JK, where X is the half width of the image, saturation effects become
noticeable and the temperature at the center of the PE tends toward a maximum
yvalue. From this point on heat is dissipated as fast as it is generated and
the temperature of the PE remains constant,

This type of behavior accounts quite well for the increase in thermal
dose with decrease in image size needed for minimal thermal injury at the
long exposure times represented by the circles and crosses in Figure 1. It
also demonstrates for a given steady state input of energy that both the
magnitude of the equilibrium temperature attained at the center of the PE
and the time taken to attain this equilibrium are strong functions of the
image size. It would take approximately 1 ms to attain temperature
equilibrium in the human retina when viewing a He-Ne CW laser beam which
produced an image having a diameter of 20 microns, For small images on the
retina, temperature equilibrium is attained so rapidly that it seems
doubtiul whether blood flow in the choroid could be effective in determining
the final temperature.

The authors are of the opinicn that mild retinal lesionsg produced by
both laser sources and white light sources for exposure times ranging from
175 microseconds to steady state conditions can be attributed to thermal
damage in the PE and the regions immediately adjacent to the PE, especially
the outer layers of the retina. The gross phenomena associated with the
production of these thermal lesions can be explained adequately in terms
of the differential equation of heat flow, as applied to relatively crude
physical models which approximate conditions in the ocular fundus during
radiation exposure, For retinal lesions produced by high power densities
and short exposure times (Q-switched pulses) the concept of thermal injury
to the retina as outlined ahove is not considered adequate to explain either
the physical phenomena or the hiological effects,

Retinal Lesions Produced by Q-switched Laser Beams

As mentioned previously the retinal lesions resulting from exposure
to Q-switched laser beams cannot be explained in terms of conventional
thermal injury. Heat flow from the irradiated image to the surrounding
tissue is completely negligible during a pulse of 30 nanoseconds. The
effective distance over which heat flow can take place within a given time
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may be estimated by solving X = (th)l/E, using 1.1 x 1073 cm2/sec as the

thermal diffusivity of water and substituting 3 =x 1078 sec for t. The
cffective radius for heat flow in 30 ns is approximately 0.13 microns, a
radius which would be comparable to the size of the melanin granules
dispersed within the cells of the PE. This suggests that the absorbing
volume within the PE during a 30 ns pulse might be confined to the immediate
region surrounding the pigment granules. Under these clrcumstances tempera-
tures within this region would be expected to reach very high values since
electronic absorption of photons within the absorbing medium (presumably
melanin i1n a polymerized form) would be effectively instantaneous for the
purposes of this discussion, and the guantum mechanical exchange from
electronic energy states to vibrational and rotational energy states (usually
in aqueous media by the so-called mechanism of internal conversion) would be
very rapid also,

How this relatively instantaneous deposition of energy within a restricted

velune may be dissipated is o matter for future research, There is experimental

evidence to indicate that an appreciable amount of energy 1is radiated according
tu the Stefan-Boultzmann law (':Tl)* and also via shock waves induced in the
media by the intense temperature gradients (283. Cther mechanisms involving
two phaoton processes and non-linear effects are not excluded. After exposure
of the rabhit retina to relatively high power densities a plume of dark
material can be seen ophthalmoscopically in the vitreous. This may be similar
to the vaporization observed when a blackened surface is irradiated with a
focussed laser pulse; also, thermionic emission has been reported from metal
surfaces irradiated with focussed Q-switched beams (29). It has been pointed
out that electric field intensities within such a focussed beam are sufficient
to ionize a dielectric substance and produce a plasma (30).

Exploration of power densities and exposure times in the interval
represented by the extrapolated portion of Figure I should be helpful in
determining experimentally what types of energy transfer become predominant
for sub-micreosecond exposures. Application of the classical equation of
heat flow has already indicated that c¢conduction phenomena should become
unimportant for pulses of 40 .45 or less. The authors postulate that other
mechanisms of energy transfer (acoustic waves, eT? radiation, ionic emission,
non-linear effects, etc,) become important as the power density increases
from kilowatts/cm? megawatts/cm2, A study of this region of transition will
facilitate the understanding of the physical phenomena involved in the

*The authors have irradiated the enucleated rabblt eye with ruby Q-switched
pulses well above the power density needed to produce minimal damage to the
retina and observed the light scattered from the retina through a trephined
hole in the sclera by means of a photomultiplier placed well to the side of
the transmitted laser beam, Scattered light reaching the photomultiplier

passed through a filter having an optical density of 1 for wavelength 694,3 mu .,
Photomultiplier response indicated a light pulse of several s in duration,
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production of retinal lesions by Q-switched laser beams. Meanwhile, ex-
perimental observation indicates that for exposures to power densities
between 2 and 3 megawatts/cmz, the rabbit retina undergoes irreversible
damage of a nature which cannot be interpreted in terms of conventional
thermal injury.

Conclusions

1. There is a fundamental difference in the physical phenomena and
biological ceonsequences accompanying exposure of the mammalian retina to
high power density beams (megawatts/cm? from Q-switched lasers) as compared
to moderate power density beams (kilowatts/cm? from normal laser pulses and
pulsed xenon lamps),

2, A radiation dose of approximately 0.07 J/cm2 produces irreversible
damage to the rabbit retina from a Q-switched ruby laser (exposure time
30 ns) whereas approximately 0.85 J/cm? is needed to produce ophthalmoscopic
visible damage from a laser pulse lasting for 200 _us or longer.

3. No definite physical or biological differences between ruby laser
pulses and pulsed white light sources of comparable power density have been
detected for minimal damage to the rabbit retina. Both types of exposure
can be explained adequately in terms of thermal injury using a simplified
physical model and the classical law of heat conduction,

4, Ophthalmoscopically visible damage to the rabbit retina for ex-
posure times ranging from 20044 s to 20 ms requires a remarkably uniform
temperature in the PE which is estimated to be close to 100°C.

5, For steady state exposure to a laser beam the maximum temperature
and time taken to attain equilibrium depends primarily on the retinal
image size., For an image whose diameter is 20 microns, equilibrium is
attained in approximately 10 milliseconds. This time is too short to allow
significant cooling from blood flow in the choroid,

23

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 6AA- 4§12

B.ox#: q—’,]-

File: ”Pfo&fﬁﬁor W.\“qm T, qu)J N MD—ZZLH
Yt?of‘f} & /V\Gnnu,scm?’fg



References

(1) L. R. Solon, R. Aronson, and G. Gould, Physiological Implications of
laser Beams. Science 131, 1506-8 {10 Nov 1961).

(2) L. R. Solon. The Use of Laser Beams and thelr Potential Occupational
Hazards. Ind. Hygiene Rev. 5, 19-26 (May 1962).

(3) M. M. Zaret, G. M. Breinin, H. Schmidt, H. Ripps, I. M. Siegel and L., R,
Solon. Ocular Lesions Produced by an Optical Maser (Laser). Science
134, 1525-26 (10 Nov 1961).

(4) M. M. Zaret, H. Ripps, I. M. Siegel and G. M. Breinin, Laser
Photocoagulation of the Eye. A,M,A. Arch, Ophth, 69, 97 (Jan 1963).

(3) WwW. T. Ham, Jr., R. C. Williams, H. A, Mueller and W. J. Geeraets.
Ocular lazards from Laser Radiation. Symposium on the Physioclogical
and Biologlcal Aspects of Laser Radiation, 1 April 1964, Optical Soc. Am.,
Washington, D. C. A review of this symposium is to be published.

(6) W. J. Geeraets, W. T. Ham, Jr., H, A, Mueller, J. Burkhart, D. Guerry, III,
R, Williams, and J. J. Vos. Laser vs Light Coapgulator. Federation
Proceedings (accepted).

(7) W. T. Ham, Jr., H. Wiesinger, F. H. Schmidt, R, ¢, Williams, R, S, Ruffin,
M. C. Shaffer and D. Guerry, III., Flash Burns in the Rabbit Retina as
a Means of Evaluating the Retinal Hazard from Nuclear Weapons. Am. J.
Ophth. 46, 700 (1958).

(8) H. Wiesinger, F. H, Schmidt, R. C, Williams, C. O. Tiller, R. 8. Ruffin,
D, Guerry, III., and W, T, Ham, Jr. The Transmission of Light Through
the Ocular Media of the Rabbit Eye. Am. J. Ophth. gg, 907 (1956).

{9} W. J. Geeraets. R. C. Williams, G. Chan, W. T. Ham, Jr., D. Guerry, III,
and F, H. Schmidt. The Loss of Light Energy in Retina and Choroid.
A.M.A., Arch Ophth. 64, 606 (19690).

L0) W, J. Geeraets, R. C. Williams, G, Chan, W, T, Ham, Jr,, D. Guerry, III,
and F. H. Schmidt. The Relative Absorption of Thermal Energy in Retina
and Choroid. Invest. Ophth. I, 340 {1962).

1) W. J. Gerraets, R. C. Williams, W. T. Ham, Jr., and D. Guerry, I1II. The
Rate of Blood Flow and Its Effect on Choreoidal Burns. A.M.A. Arch

Ophth. 68, 58 (1962).

24

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 6?A*L+QE;

Box #: H,’,}_
File: (?(aefveﬁﬁor w.ligm T. qu, S MD-224

Tegorts & Mancscugts



(12) W. J. Geeraets, J. Burkhart and D. Guerry, I1I, Enzyme Activity in the
Coagulated Retina: A Means of Studying Thermal Conduction as a
Function of Exposure Time. Acta Ophthalmologica Suppl. 76, 79 (1963).

(13) W. J. Geeraets and D, Ridgeway. Retinal Damage from High Intensity
Light. Acta Ophthalmologica, Suppl. 76, 109 (1963).

(14) G. Chan, E. R. Berry and W. J. Geeraets. Alterations of Soluble Retinal
Proteins Due to Thermal Injury., Acta Ophthalmologica, Suppl. 76,
101 (1963).

(15) W. T. Ham, Jr., R, C. Williams, W. J. Geeraets, R, S, Ruffin and
H. A. Mueller. Optical Masers (Lasers), Acta Ophthalmologica, Suppl. 76,
60 (1963). o

(16) H. Littmann, The Zeiss Light Coagulator after Meyer-Schwickerath with
Xenon High Pressure Lamp, p. 311, Bericht Uber die 61. Zusammenkunft
der Deutschen Ophthalmologischen Gesellschaft in Heidelberg 1957.

{17y W. T. Ham, Jr., R. C. Williams, F. H. Schmidt, W. J. Ceeraets, II. A.
Mueller, R. S. Ruffin and DuPont Guerry, II1. Electronically Pulsed
Light Scurce for the Production of Retinal Burns. Am. J. Med.
Electronics 2, 308-315 (1963).

(18) D. E. Jones and D. N. Montan. Eye Protection Criteria for Laser
Radiation, To be published (private communication to authors).

(19) G. Westheimer. Optical and Motor Factors in the Formation of the
Retinal Image, J.0.5.A, 53, 86-93 (Jan 1963).

(20) F. C, Henriques, Studies of Thermal Injury. Arch, Path, 43, 489-502
(1947). See also: C, H. Fugitt. A Rate Process Theory of Thermal
Injury, AFSWP 606 (6 Dec 1955), Headquarters, Armed Forces Special
Weapons Project, Washington 25, D, C,

(21) J. J. Vos. A Theory of Retinal Burns. Bull. Math. Biophysics, 24,
115 (1962).

(22) H. Najac, B. Cooper, J. H. Jacobson, M. Shamas and M. Breitfeller, Direct
Thermocouple Measurements of Temperature Rise and Heat Conduction in
the Rabbit Retina, Invest, Ophth, 2, 32-36 (1963),

{(23) J. L. Wray. Model for Predittion of Retinal Burns, DASA-1282,
Defense Atomic Support Agency, Washington 25, D, C. (1 Feb 1962),
{(Unclassified).

25

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: GAA- 4§13

Bf)x#: L
File: /?(@&,950( W.\\t\qm T. quvj St MD-224q

E(-?D(‘t; & Manes 01;9’1'5



(21) <C. J. Campbell, K, S. Noyori, M., C. Rittler and C. J. EKoestier,
Intraocular Temperatiure Changes Produced by Laser Coagulation, Acta
Ophthalmologica, Suppl. 76, 22-31 (1963). See also, J. Crowder,
Meusurements of the Vitreous Temperature During Photocoagulation
in the Rabbit Eye. Acta Ophthalmologica.

{25) T. P, Davis. In Vivo Temperature Measurements. Acta Ophthalmologica,
Suppl. 76, 41-50 {1963).

(26) TF. H. Schmidt, et.al., Analog Computation of Temperature Transients
in the Retina, To be published.

{27y F. H. Schmirdt, and J. J. Vos., BSome Calculations of Temperature in
Retinal Burn Problems, Laboratlory Report, Department of Biophysics,
Medical College of Virginia, June 1961,

(%) E. F. Carome, N. A, Clark, and C, E, Moeller. Generation of Acoustic
Signaols in Liquids in Ruby-Laser-Induced Thermal Stress Transients.,
Applied Phys. letters, 1, 95-97 (15 March 1964}.

(29 J. K. Cobb and J. J. Muray. Laser Beam Induced Electron, Ion & Neutral-
Atom Emission from Metal Foils., Presented at the 1961 Summer Meeting
of the American Physical Society, Denver, Colo., June 25, 1961 (D11)

(3uy M. S. Bruma. Mechanism {or Energy Transfer between a Focussed Laser
Beam and a Transparent Medium Involving Electromagnetic Field Gradients.
Presented at the 1961 Spring Meeting of the Optical Society of America,
Washington, D. €. April 1-3, 1964 (WF 15),

26

Washington National Record Center
Office of the Army Surgeon General

Record Group 112
Accession #: G?A - W 8’1 3
Box #:

: Lk , —
File: /?(0%550‘, W.H\qm T. qu, > FP-22 4
Vepocts o Mamcscagts



DISTRIBUTION LIST

ADMY :

Director, Armed Forces Imsitute of Pathology, Walter Reed Army Medical Center,
Washington, D.C. 20315 (1 Copy)

John €., Armaington, PhD, Department of Sensory Psychology, NP Division, Walter
Reed Army Institute of Research, Walter Reed Army Medical Center, Washington,
D.C., 20315 (1 copy)

Major Robert W. Bailey, MSZ, "BA, Chief, Technical Operations Division, U, 5.
Army Aeromecdical Research Unit, Fort Rucker, Alabama 36362 (1 copy)

Dr. Philip J. Bersh, Combat Systems Research Laboratory, Room 1406, U.S. Army
Personnel Research Laboratory, Washington, D.C. (1 copy)

Commanding General, Army Medical Service 8School, Brooke Army Medical Center,
Fort Sam Kouston, Texas 78234 (1 copy)

Chief of Research & Development, Department of the Army, ATIN: Atomie Division,
Washington, D,C, 20301 (1 copy)

LtColonel Roswell G. Daniels, MC, USA, Lccupational Health Branch, Prevenitive
Medlcine Division, Office of the Surgeon General, Department of the Army,
Washington, D.C. (1 copy)

Dircctor of Spectal Weapons, Development Officer, HQ CONARC, ATTN: Captain
Chester I. Peterson, Fort Bliss, Texas 79905 (1 copy)

E. Ralph Dusek, Scientific Advisor for Military Performance, HR, U.3. Army
Research Institute of Environmental Medicine, Natick, Mass (1 copy)

David L. Easley, U.S. Army Armor Human Research Unit, Fort Knox, KY (1 copy)

LtColonel John E., Edwards, MC, USA, Box 6245, Fitzsimmons Geperal Hospital,
Denver, Colorade (1 copy)

Colonel C. 8§, Gersoni, G5, USA, Commanding Officer, U,S, Army Personnel Re-
search Command, Office of the Chief, R&D, Department of the Army, Tempo
A, Washington, DC {1 copy)

LtColonel Donald Glew, Medical R&D Command, OTS8G, Washington, DC 20315 (20
coples)

Dr. 8, J. Goffard, 300 North Washington Street, Alexandria, Virginia (1 copy)

LtColonel Billy €. Grecne, MSC, USA, OTSG, D/A, Washington, DC (1 copy)

Dr. George S. Harker, Psychology Division, U.S. Army Medical Research Labor-
atory, Fort Knox, Kentucky (1 copy)

Dr. Glen Hawkes, Behavioral Sciences Research Branch, U.S, Army Medical R&D
Command, Washington, DC 20315 (1 copy)

Colonel Kennmeth E. Hudson, MC, USA, HQ, VIII Corps, APO 107, New York, New
York {1 copy}

LtColonel Woodbury Johnsen, TC, USA, Human Factors & Survibility Group, U.S.
Army Transportation Research Command, Fort Eustis, Virginia 23604 (1 cy)

Dr. L, T. Katchmar, Systems Research Laboratory, U.5 Army Ordnance Human
Engineering Labs, Aberdeen Proving Grounds, Maryland (1 copy)

Dr. John Kobrick, Psychology Branch, Envirommental Protection Research Div,
QuartermasSter Research & Engineering Command, Natick, Mass (1 copy)

LtColonel Charles W, Kraul, MC, USA, Personnel and Training Directorate, Army
Material Command, Departmernt of the Army, Washington, DC 20310 (1 copy)

James D. Lamher, Automatic Data Processing Department, Electronic R&D Com-
mand, Fort Huachuca, Arizona (1 copy)

27

Washington National Record Center
Office of the Army Surgeon General

Record Group 112
Accession #: 6 A - 4 &) 3
Box #:

T Lki}‘ t rw
File: ?(@2{’550( W.H\qm T, qu’ S FD-2244
'\?,C?o(‘t,g e A/\o]m,scue’fs



Colonel Joel McNair, MC, USA, Walter Reed General Hospital, Walter Reed Army
Medical Center, Washington, DC (1 copy)

Dr. Thomas F, Wichols, U. 5. Army Training Center Human BResearch Unit, P.O.
Box 787, Presidio of Monterey, California 93940 (1 copy)

LtColonel W, R. Otto, MC, USA, Chief, Aviatipn Operations Branch, Directorate
of Plans, Supply and Operations, Qffice of the Surgeon General, Depart-
ment of the Army, Main Navy Building, Washington, DC 20315 (1 copy)

LtColonel Richard Philips, U.S5. Army Environmental Hygiene Agency, Edgewood
Arsenal, Maryland (1 copy)

Dr. Edward H. Polley, Clinical Research Division, Army Chemical Warfare Lab,
Army Chemical Center, Maryland (1 copy)

Dr, Michael M. Siegel, PhD, U.S. Army Chemical Center, Edgewood Arsenal, Mary-
land (1 copy)

Dr. Francis H. Thomas, PhD, U, S, Army Aviation Human Research Unit, Fort
Rucker, Alabama (1 copy)

Dr. J. E, Uhlaner, Director, Research Laboratories, Personnel Research Office,
Department of the Army, Washington, DC (1 copy)

Dr. J. D, Weisz, Human Engineering Laboratory, Building 2427, Aberdeen Proving
Ground, Maryland (1 copy)

Dr, R. 5. Wiseman, Warfare Vision Branch, U, 8, Army Engineer R&D Labs, Fort
Belvoir, Virginia (1 copy)

Commandant, Walter Reed Army Institue of Research, Walter Reed Army Medical
Center, Washington, DC 20315 (1 copy)

Dr. Joseph Seidner, U,S, Army Personnel Research Office, 0ffice of the Chief,
R&D, Department of the Army, Washington, DC (1 copy)

AIR FORCE

The Surgeon General, HQ USAF, ATTN: Bio-Def Pre Med Div, Washington, DC 20330,
(1 copy}

AFSWC, ATTN: Tech Info & Intel Div, Kirtland AFB, NMex 87117 (1l copy)

Air Force Weapons Lab, Kirtland AFB, NMex 87117 {1 copy)

LtColonel William R. Armstrong, USAF, MC, 253th Air Division, McCord AFB,
Washington (1 copy)

Dr. C,P.Crocetti, Human Engineering Laboratory RCSH, Rome Air Development
Center, Griffiss AFB, New York (1 copy)

ItColonel James L. Curtis, Box 1559, Wilford Hall, USAF Hospital, Lackland
A¥B, Texas (1 copy)

Major Paul W, Lappin, Radiation Shielding Branch (MRBBR), Biophysics Lahora-
tory, 6570th Aerospace Medical Research Labs, Wright-Patterson AFB, Chio
(1 copy)

LtColonel Richard K Miller, USAF, MC, HQ USAF (AFMSP), Bldg T-8, Washington,
DC 20333 (1 copy)

Captain Donald G. Pitts, USAF, MSC, 712 East Cottage Grover, Bloomington,
Indiana ()} copy)

Brig General Benjamin A. Strickland, Jr., AFSC, Andrews AFB, Washington, DC

(1 copy)
(Continued on page 29)

28

Washington National Record Center
Office of the Army Surgeon General

Record Group 112
Accession #: HAA- g2

Box #: o F .
File: Porescar Wikam T qu, >, HMD-2Z22z7w

’T@;rq,o(ﬁ;s & Jﬁﬁtanuﬂgc:A;(ﬂﬁs



NAVY

John A Bartelt, Code RAAE-531, Electrical Branch Airborn Equipment Division,
BuWeps, Department of the Navy, Washington, DC (1 copy)

CAPT S. D. Bond, MC, USN, U.S. Naval School of Aviation Medicine, US Naval
Aviation Medical Center-54, Pensacola, Florida (1 copy)

CAPT R. A. Bosee, MSC, USN, BuWVeps (RA-15), Navy Department, Washington, DC
(1 copy)

Chief, BuMed, Navy Department , ATTN: Special Weapons Defense Division, Wash-
ington, DC 20390 (1 copy)

Chief, BuShips (Code 708C), Non-Government Technical Society Liaison Section,
ATTN: Amos R. David, Washington, DC 20350 (1 copy)

Chief of Naval Research, Wavy Department, ATTN: Code 811, Washington, DC
20390 (1 copy)

Victor Fields, Deputy Head, Physchological Research Branch, Personnel Research
Division, BuPers, Department of the Navy, Washington, DC (1 copy}

Dr. J. H. Hill, U. 5, Naval AirDevelopment Center, Aviation Medical Acceleration
Lab, Johnaville, Pennsylvania (1 copy)

Dr. Miltonm S. Katz, Human Engineerlng Office (Code 343), U, S. Naval Training
Device Center, Port Washington, New York (1 copy)

T. Kenney, Safety Engineer, BuShips, Navy Department, Washington, DC (1 copy)

Dr. J. 5. Kinney, Head, Visionh Branch, U, S, Naval Medical Research Lab,
U. S. Naval Submarine Base, New London , Groton, Connecticut (1 copy)

Dr. C. H, Maag, Deputy Life Sciences Officer, Life Sciences Department, Box
31, U. S. Naval Missile Center, Point Mugu, California (1 copy)

Dr. Earl Miller, U. S, Naval School of Aviation Medicine, U, S. Naval Aviation
Medical Center-54, Pensaccla, Florida 32512 (1 copy)

CAPT J. P. Pollard, USN, MSC, Oifice of Naval Research, Code 107, Navy Depart-
ment , Washington, DC {1 copy)

CDR N. D. Sanborn, MC, USN, Head, Aviation Physical Qualification Branch,
Aviation Medical Operation Division, BuMed, Navy Dept, Washington, DC 20390
(1 copy)

Dr. R. Tousey, Code 7140, 4,5, Naval idesearch Lab, Washington, DC (1 copy)

U.S. Naval School of Aviation Medicine, U.S, Naval Aviation Medical Center,
ATTN: Director of Research, Pensacola, Florida (1 copy)}

CAPT R. L. Vasa, USN, MSC, Code 3121, BuMed, Washington, DC (1 copy)

CAPT H. G. Wagner, MC, USN, Director, Aerospace Crew Equipment Laboratory,
Naval Air Epgineering Center, Philadelphia, Penna 19112 ( 1 copy)

Dr. €. White, U.S. Naval Electronics Lab, San Diego, Calif (1 copy)

Dr. M. L. Wolbarsht, Naval Medical Research Institute, Bethesda, Md, 20014

(1 copy)

FAA

Dr, William Collins, Civil Aeromedical Research Institute, Federal Aviation
Agency, Aeronautical Center, P,0, Box 1082, Oklahoma City, Oklahoma (1 cy)
Federal Aviation Agency, ATTN: Civil Air Surgeon, 1711 New York Avenue, NW,
Washington, DC 20553 (1 copy)
{Cont'd on page 30)

29

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 67('A - L’*‘g’l;

B.ox#: 4%

File: ?{0%550‘- W.U.iqm 7. qu’ S M'D-ZZLH
—XG&TQ’C“:TE; & /V\Cﬁﬂk{jic;(néﬂis



Dr. Walter Gogel, Civil Aeromedical Research Institute, Federal Aviation Agency,
Aeronautical Center, P.0. Box 1082, Oklahoma City, Oklahoma (1 copy)

NASA

W. H, Allen, Code RBE, NASA H@, Washington, DC (1 copy}

Director, HQ, NASA, 1520 H Street NW, Washington, DC (1 copy)

Dr. W. E. Haymaker, NASA Ames Research Ctr, Moffett Field, Calif (1 copy)

Captain Walton L. Jones, Code RBH, NASA HG, Washington, DC 20546 ( 1 copy)

Office of Manned Space Flight, NASA HQ, 1520 H Street NW, Washington, DC
(1 copy)

Dr. G. Dale Smith, NASA Ames Research Center, Moffett Field, Mountain View,
California (1 copy)

Robert W, Taylor, Electronics and Control Division, Office of Advanced Research
and Technology, NASA, 1520 # Street N¥W, Washington, DC (1 copy)

OTHER

LtColonel Ralph Allen, AFSOR, 2436, Tempo D, Washington, DC (1 copy)

Dr. Mathew Alpeyrn, 3536 Kresge Medical Research Bldg, University of Michigan,
Ann Arbor, Michigan (1 copy)

Dr. H. D, Baker, Department of Psychology, Florida State University, Talla-
hassee, Florida (1 copy)

Dr, Stanley S. Ballard, Department of Physics, University of Florida,
Galnesville, Florida (1 copy)

Edgerton, Germeshausen & Grier, Inc., Santa Barbara Laboratory, Bldg 226,
Santa Barbara Airpert, Galeta, California, ATTN: Don Barnes {1 copy)}

University of California, Lawrence Radiatlon Laboratory, P.0. Box 808,
Livermore, California, ATTN: George Bing (1 copy)

Dr, H. Richard Blackwell, Institute for Research in Vision, 1314 Kinnear
Reoad, Columbus, Ohio (1 copy)

br. Robert M. Boynton, Department of Psychology, University of Rochester,
Rochester, New York (1 copy)

Dr. Goodwin Breinin, New York University Scheool of Medicine, 550 First Avenue,
New York 16, New York (1l copy)

Dr. John L. Brown, Department of Physiology, School of Medicine, University
of Pennsylvania, Philadelphia, Pennsylvania (1 copy)

Dr. Victor A. Byrnes, 234 Beach Drive, N. E., St. Petersburg, Florida (1 copy)

Dr. Charles J, Cemphell, Eye Institute, 635 West 165th Street, New York 32,
New York (1 copy)

Dr. Gloria Chism,Aviation Medical Acceleration Laboratory, Johnsville,
Pennsylvania 15201 (1 copy)

Mr. Tom Cook, Sandia Corporation; Sandia Base, Albuquerque, New Mexico 87115 {1 cy)

Dr. Tom N. Cornsweet, Department of Phychology, University of California,
Berkeley, California {1 copy)

LtCol James Culver, USAFSAM, Brooks AFB Tex 78235 (1 copy)
(Cont'd on page 31)

30

Washington National Record Center
OfTice of the Army Surgeon General
Record Group 112

Accession #: GFAA- b3

Box #:

\ 4% , —_—
File: ?&‘a&fﬁﬁ(x W.H\qm T. qu, >e. MP-22zw
Tepocts & Memescagts



Chief, Defense Atomic Support Agency, ATTN: Document Library,
Washington, D, C., 20301 (1 copy)

Commander, Field Command, Defense Atomic Support Agency, Albugquerque, New
Mexico 87115 (1 copy)

Chilef, Weapons Tests Division, DASA, Sandia Base, Albuquerque, NMex 87115 (1 cy)

Commander, Field Command, Defense Atomic Support Agency, ATTN: FCTG,
Albuquerque, New Mexico 87115 (1 copy)

Mr, Willard Derksen, Naval Applied Science Laboratory, New York Naval
Shipyard, Brooklyn, New York {1 copy)

DDC, Cameron Station, Alexandria, Virginia 22314 (10 copies)

Director of Defense Research & Engineering, ATTN: Chilef, Medical Services
Division, Qffice of Science, Washington, D. C. 20301 (1 copy)

Director of Defense Research & Engincering, ATTN: Tech Library, Washington,

D, C. 20301 (1 copy)

Dr, D. F. Downing, Defence Research Staff, British Embassy, 3100 Massachusetts
Avenue, N, W., Washington, D. C. (1 conv)

Dr. Jay M. Encch, Department of Ophthalmology, Scheol of Medicine, Washington
University, 640 South,Kings Highway, St. Louis 10, Missourl (1 copy)

Dr, W, G. Fastle, Applied Physics Laboratory, Johns Hopkins University,
Department of Physlcs, 8621 Georgla Avemnue, Silver Spring, Maryland
20018 (1 copy)

Dr. Richard Feinberg, AM-12, Clinical Research Branch, Federal Aviation
Agency, Washington, D. C. 20449 (1 copy)

Dr, Benjamin Fine, George Washington University, Washingteon, D. C. (1 copy)

Dr. Samuel Fine, Northeastern Unilversity, Boston, Massachusetts {1 copy)

Mr, Robert M. Frank, E. H. Plesset Associates, 2441 Wilshire Boulevard,
Santa Monica, California (1 copy)

Dr. Glenn A, Fry, School of Optometry, Ohio State University, Columbus,
Ohic (1 copy)

Dr. J. W. Gebbard, Applied Physics laboratory, Johns Hopkins University,
8621 Georgia Avenue, Silver Spring, Maryland (1 copy)

Mr. F. C. Gilbert, University of California, Lawrence Radiation Laboratory,
P. 0. Box 808, Livermore, California (1 copy)

Mr, Sylvester K. Guth, Radiant Enerzy Effects Laboratory, Lamp Division,
General Electric Company, Nela Park, Cleveland, Ohlo (1 copy)

Dr. william T. Ham, Department of Blophysics & Biometry, Medical College
of Virginia, Richmond, Virginia (20 coples)

Dr. Jerry Hank, New York Eye and Ear Infirmary, New York, New York {1 copy)

Mr. Don Hansen, LEdgerton, Germeshausen & Grier, Inc., Santa Barbara
Laboratory, Bldg 226, Santa Barbara Alrport, Galeta, California (1 copy)

LtCol William Wausman, U. S, Army Medical RE&D Command, Office of the
Surgeon General, Department of the Army, Washington, D. €. 20315 (I copy)

Dr. Herman Hoerlin, Los Alamos Sclentific Laboratory, P.O. Box 1863, Los
Alamos, New Mexico (1 copy)

Dr. Henry Hofstetter, Division of Optometry, Indiana University,
Bloomington, Indiana (1 copy)

(Cont'd on page 32)
31

Washington National Record Center

Office of the Army Surgeon General

Record Group 112

Accession #: CAA- g3

Bf)x #: L |

il ?f@xé’ﬁﬁO‘r W'H‘Q"‘T T qu’ Nt MD"ZZ‘H

—ECETE>CKJTE; > /V\t%ercs;c;‘;E;fE;



Dr. Michael J. Hogan, Department of 7 phthanoiopy, University of California
Medical Center, San Francisco, California (1 copy)
Dr. Arthur Jampolsky, Deputy Chairman, Director, Eye Research Institute,
Presbyterian Medical Center, San Francisco, California (1 copy)
Dr. Parker E. Johnson, Dean of the Faculty, Colby College, Waterville, Maine (1 cy)
Capt Walton L. Jones, Code RBH, National Aeronautics and Space Administration,
6th and Independence Avenue, 5.W., Washington, D. C. 20516 (1 copy)
Colonel leo Kiley, L G Hanscom Fld, Bedford Mass 01731 (1 copy)
Ur. Edmond Klein, Rosswell Park Memorial Institute, Buffalo, New York (1 copy)
}Mr. Morgan Kramm, Sandia Corporation, Snndia Base, Albuquerque, New Mexico
87115 (1 copy)
Dr. John Krauskope, Department of Sensory Psycholeogy, Walter Reed Army
institute of Research, Walter Reed Army Medical Center, Washington, D, C,
20315 (1 copy)
Los Alamos Secientific Lahoratory, P.0O. Box 1663, Los Alamos, New Mexico,
ATTN: Helen F. Redman, Report Library (3 copies)
Lawrence Radiation Laboratory, P,0, Box 808, Livermore, California, ATTN:
Document Library (1 copy)
Colonet Elliot Lifton, AFSC (SCTB), Andrews AFB, Wash DC 20331 (1 copy)
Dr. Leo E. Lipetz, Institute for Research in Vision, 1314 Kinnear Road,
Columbus, Ohio (1 cop:
Irene E, Loewenfeld, Ph,D., Department of Cphthamology, College of Physicians
and 3Surgeons, Columbia University, 635 West 165th Street, New York, New York (lcy)
Luovelace Foundation for Medical Education & Research, 4800 Gibson Avenue, S.E,
Albugquerque, New Mexico, ATTN: Dr, Clayton S, White, Director of Research (1 cy)
Norman H. Mackworth, PhD, Harvard School of Public Health, Center for
Aeruspace ilealth & Safety, 665 Huntington Avenue, Boston, Massachusetts (1 copy)
Dr. Elwin Marg, PhD, School of Optometry, University of California, Berkeley,
Califurnia ( copy)
Mr, Harris L. Mayer, E. H. Plesset Associates, Inc,, 2444 Wilshire Boulevard,
Santa Monica, California (1 copy)
Dr. Roland Meyerott, Lockheed Missiles and Space Company, Technical Information
Center, 3251 Hanover Street, Palo Alto, California (1 copy)
Dr. James W, Miller, Contract Monitor, Office of Naval Resewrch, Code 454,
Navy Department, Washington, D, C. 20390 (1 copy)
Dr. Conrad Mueller, Scientific Advisory, Department of Psychology, Columbia
University, New York, New York (1 copy)
Major Robert Neidlinger, Walter Reed Army Institute of Research, Walter Reed
Army Hospital, Washington, D, C. 20315 (1 copy)
Dr. Thomas Nelson, Department of Psychology, Michigan State University,
East lansing, Michigan (1 copy)
The New York Eye and Ear Infirmary, New York, New York, ATTN: Blossom Cooper (licy)
Dr., Kenneth N, Ogle, Section of Biophysics, Mayo Clinic, Rochester, Minnesota (lcy)
Department of Ophthalmology, Ohio 3tate University, Columbus, Ohio (1 copy}
Dr, James Parker, Biotechnology, Inc., 3219 Columbia Pike, Arlington,
Virginia (1 copy)
E. H. Plesset Associates, Inc., 2144 Wilshire Boulevard, Santa Monica,
California (1 copy)
(Cont'd on page 33)
32

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: A 453

Box #: L —
File: ’?(aieﬁﬁor w.lligm T. qu, SC PP -22 %

Trq;ort‘; & /V\Orm,cc,{;éfg



Dr. Albert Potts, Department of Ophthalmology, University of Chicago,
Chicago 37, Illinois {1 copy)

The RAND Corporation, 1700 Main Street, Santa Monica, Californta (1 copy)

Frances Richey, E. H. Plesset Associates, Inc., 2444 Wilshire Boulevard,
Santa Monica, California (1 copy)

Dr, Lorrin A. Riggs, Department of Psychology, Brown University, Providence,
Rhode Island (1 copy)

Heinrlch Rose, MD, Lockheed Aircraft Corporation, Department 5323, Bldg 202,
3251 Hanover Street, Palo Alto, California (1 copy)

Dr. Donald Rounds, Pasadena Foundation for Medical Research, Pasadena,
California (1 copy)

President, Sandia Corporation, Sandia Base, Albuquerque, New Mexicoc 87115,
ATTN: Report Library (1 copy)

Dr. Sanford L. Severin, University of California Medical Center, San
Francisco, California (1 copy)

Dr. Thorne Shipley, Department of Ophthalmology, University of Miami School
of Medicine, 1638 NW Tenth Avenue, Miami 36, Florida {1 copy)

Mr. Don Shuster, Sandia Corporation, Sandia Base, Albuquerqgue, New
Mexico 87115 (1 copy)

Dr. Harry G. Sperling, Minneapolis Honeywell Regulator Company, Military
Products Group, 2600 Ridgway Road, Minneapolis, Minnesota {1 copy)

Mr. Frank Strabala, Edgerton, Germeshausen & Grier, Inc., Santa Barbara
Laboratory, Bldg 226, Santa Barbars Airport, Galeta, California (1 copy)

Dr., John H. Taylor, Visibility Laboratory, Scripps Institution of Oceanography,
University of California, La Jolla, California (1 copy)

Dr. Richard Trumbull, Chairman, Office of Naval Research, Code 454, Navy
Department, Washington, D. C. 20390 (1 copy)

Western Development Laboratories, Philco Corporation, Palo Alto, California,
ATTN: Chief, Bioastronautics (1 copy)

Director, Weapons Systems Evaluation Group, Room 1E880, The Pentagon,
Washington, D, C. 20301 (1 copy)

Dr. Gerald Westheimer, School of Optometry, University of California,
Berkeley, California (1 copy)

Mr. Dean Williams, Bio-Dynamics, Inc., One Main Street, Cambridge,
Massachusetts (1 copy)

Wg/CDR T. C. D. Whiteside, Institute of Aviation Medicine, Farnborough,
Hampshire, England (1 copy)

Dr. Ernest Wolf, Retina Foundation, 20 Stanford Street, Doston,
Massachusetts {1 copy)

Dr. Benjamin J. Wolpaw, 2323 Prospect Avenue, Cleveland, Ohio (1 copy)

Mr. John L. Wray, General Electric, Building 93, San Jose, California (1 copy)

33

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: 6:{'A - kg3

B.ox#: l_'_’:]_‘

File: Trobessoc William T Ham, S0 1D -2 24
\ch;o('tg & MDML/}'-CA;ét'S



-LASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Jecurily olassiiicetion of Hile, body of abetrect and Iindexing annatation muel be sniered when the ocverall repori is olaasilied)

1. ORISINATIH G ACTIVITY {Corporate suthor) 28 REFOAT ARECUMITY € LARSIFICATION
URCLASSIFIED
Medical College of Virginia 2P amour

3. AEPORT TITLE

OCULAR EFFECTS OF LASER RADIATION, PART I

X CESCRIPTIVE NOTES (Type of repor? and Inclusive dates)

B. AUTHOR(S) (Last name. Hrel name, initfal}
HAM, William T,, Jr., WILLIAMS, R.C., MUELLER, Harold, RUFFIN, R.8,, SCHMIDT,
M.S., CLARKE, A.M., GEERAETS, Walter J.

8. AEFOAT DAYTE Ta TOTAL NO, OF PAGKDN 7h. NO. OF REFS
Undated 33 30

§a. COMTRACT OR GAANT NO. fa ORIGINATOR'S NEFORT NUMBRRNYS)
DA-49-14G-XZ-102 Nene

b mmoJweT No. Adl; 03, 002

. b zru | (] :"QHT WOfY) (Any other mumbery that may be sspigned
ia repoi

None

d.

10- AVAILABILITY/LIMITATION NOTICES

"Qualified reguestors may obtain copies of this report from DDC"

11. SUPPLEMENTARY NOTES 12, SFONSORING MILITARY ACTIVITY

None DASA

13- ABSTRACT  1pe peular effects of laster radiation are discussed. Retinal burns
were produced in the rabbit by exposures from normal laser pulses of 200 asec
and by Q-switched laser pulses of 30 nanoseconds. These are compared to burns
produced by pulsed white light from a Xenon lamp. The Q-switched laser pulse
of 30 nsec, however, produces a different type of lesion and less energy is
required. The thresholds (energy required for minimal burn) are about 0.85 J/CM
for laser or Xenon lamp pulses of 200Msec, and only 0.07 J/Cm2 for the 30 nsec
laser pulse. The retinal damage caused hy the longer pulses can be explained
adequately in terms of themal injury using a physical model and classical laws of
heat conduction. The authors postulate that bther mechanisms of energy transfer
may be responsible for the damage caused by the Q-switched laser.

2

DD o, 1473 UNCLASSIF1ED

Security Classification

Washington National Record Center
Office of the Army Surgeon General

Record Group 112
Accession #: GAA- g3

B?x#: 3
File: r?(&"it’ﬁﬁaf U/.\\:qm T. qu, St MP-zzé

\?c?o(‘fs & /V\G’m«,,scﬁp”l's



Security Classification

KEY WORDS

LINK & LiNK 8 LINK C
ROLE wT ROLE WY AOLE w7

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grenter, Department of De-
fense activity or other organization {corporate author) lssuing
the report.

28, REPORT SECURITY CLASSBIFICATION: Enter the over-
all security classlfication of the report. Indicate whether
‘'Restricled Data” in included. Marking is to be ln accord
ance with approptiate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD [)i-
rective 5200. 10 and Armed Forces Industrial Menual, Enter
the group number, Almo, when applicsble, ghow that optional
markings have been used for Group 3 and Group 4 as euther-
ized.

3. REPORT TITLE: Enter the complete report title in all
capita] letters. Titles in all canes ghould be unclassified.
If » meaningful title cannot be selected without classifica
tion, show title classiflcation in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
repoft, e.g., interim, progress, summary, annual, or final.
Give the jnclusive dates when H specific reporting peried ls
covered,

5. AUTHOR(S): Enter the name(s) of suthor(s) as shown on
or in the report. Enter last name, {lrst name, middle initial.
If mulitary, show rank end branch of service. The neme of
the principa) anthor 1s an absclute minimum requirement.

6. REPORT DATZI: Enter the date of the report as day,
month, year; or month, year, If more than cane date sppears
on the repert, use date of publication

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normaf paginstion procedures, le., enter the
number of pages conteining information

75. NUMBFER OF REFERENCES Enter the total number of
refetences cited in the report.

84. CONTRACT DR GRANT NUMBER: If sppropriate, enter
the epplicable number of the contract or grant under which
the report was writtemn.

85, Bc, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, elc.

92, ORIGINATOR’S REPORT NUMBER(S): Enter the offl-
cial report number by which the document will be ident ified
and comtrolled by the originating activity, This numbet must
be unique to this report.

9h. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers {etthes by the originator
or by the sponsor), also enter this number{s}

10. AVAILABILITY/LIMITATION NOTICES: Enter any kim
I1ations on further dissemination of the report, other than those

imposed by securlty clagglficetion, using standard statements
such as:

(1) *‘Qualified requesters may obtain copies of this
report from DDC."’

{2) ‘“"Foreign announcemesnt and dissemination of this
report by DDRC i not authorlzed.”

(3) "U. S. Government sgencles may obtaln copies of
this report directly from DDC. Other qualified DDC
users shall request through

"
.

{4 *'U. 5 militery agencies may obtain coples of thie
report directly from DDC. Other quallfied users
shall request through

(5} *‘'All distribution of this repott is controlled Qual-
ified DDC ysers shall request through

"”
.

If the seport has been furnished to the Office of Technical
Services, Department of Commeece, for sale to the public, indk
cate thia fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for additionel explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project olfice or Jaboratory sponsoring (pay-
ing for) the reaenrch and davelopment, Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the decument indicative of the report, even though
it may alao appear elsewhere in the body of the technicel re-
port. If udditional space iz required, a continuation sheet shell
be attached.

1t is highly desirable that the abstract of classified reportn
be unciassified. Each paragraph of the abstract shall end with
en indication of the military security classiftcation of the in-
formstion in the paragraph, represented as (T8), (S}, (C) or (U)

There is no limitation on the length of the abstract. How-
ever, the suggested length {s from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiere, such as eguipment model designation, trade name, military
project code npame, geographic location, may be used a8 key
words but will be followed by an indication of technical con-
text. The agsignment of links, rules, and weighte is optional.

Washington National Record Center
Office of the Army Surgeon General

Record Group 112

Accession #: EFA- U 3

Box #: L+-1]—

Securily Classification

File: Professoc Wliam T Ham, e MD-224
T,C?o(t; & /‘A@m«/,sc,ne’fs



