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ABSTRACT

The spectral transmittance of ultraviolet, visible, and near infrared light
through the ocular media of humans has been measured. Using freshly enucleated
eyes, the transmittances of each component part (cornea, aqueous humor, lens,
vitreous humor) were determined for the wavelength range from 0.22 to 2. 8
microns. To date 9 eyes have been measured, ranging in age from 4 weeks to 75
years. Two types of measurements were made: the first to measure the total
light transmitted (direct and scattered) at each wavelength and the second to
measure the percent transmittance of that light passing directly through the
various media without absorption or scattering. The results show that: (a) the
transmission of ultraviolet radiation decreases with the age of the eye; (b) the
transmission of infrared radiation appears to be independent of the age; and
(c) the maximum total transmittance of the whole eye, about 81 percent, is
obtained in the region from 600 to 850 millimicrons.
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TRANSMISSION OF THE OCULAR MEDIA

SECTION I

INTRODUCTION

Information concerning the transmission of electromagnetic radiation through
the eye is of importance in two general ways. First, it i1s information which one
must have to assess the possible effect of intense radiation sources on the parts
of the eye, e.g., the lens or retina. Second, such data have been used by various
investigators to establish or advance certain fundamental concepis in physiological
optics. One of the first investigators to concern himself with the transmission
was Brucke, who was investigating the reason for the invisibility of ultraviolet
rays. Later others investigated the visible and Infrared portions of the spectrum.
Duke-Elder summarized the work in this field very thoroughly in both volumes 1 and
4 of his textbook (1).

Most of the measurements to date were made using animal eyes (6), especially
those of the rabbit (7), and only a few observations were made using human eyes.

Ludvigh and MeCarthy in 1938 (2) reported measurements in the visible region
on four human eyes of average age 62 years, and all having sarcoma of the chorcid.
Recently, Geeraets and co-workers (3) measured seven eyes, only two of which could
be termed normal. Both of these papers were concerned with the measurement of the
whole eye, rather than its components.

Becauge of the limited amount of data available on human eyes, and especially
the lack of measurements on the individual ocuwlar medlia, a measuring program Was
started of which this is the first report.

The purpose of this program was to determine the transmittance of the compo-
nents of as many human eyes as available, so that a good statistical sampling of
various ages could be obtained. The measurements were made in the ultraviolet,
visible, and near infrared portions of the electromagnetic spectrum, covering the
wavelength region from 0.22 to 2.8 microns. The components measured were the cor-
nea, aqueous humor, lens, and vitreous humor.

When electromegnetic radiation passes through a medium, several things can
happen to the radiation.

1. It can pass directly through the medium (called direct transmittance in
this report}.



2. It can be reflected by the medium.

3. It can be scattered by the medium. In this case, all the radiation pass-
ing to the medium also emerges, but in random directions.

%, It can be absorbed by the medium, in which casge the energy is used either
to ionize atoms, to heat the atoms, to cause them to fluoresce, ete.

A1 four of these phenomena take place when radiation passes into the media of the
eye. Some of the energy passes directly through to form an image at or near the
retinal surface. BSome is scattered by the media, resulting in a general illumina-
tion within the eye (4,5). Some is absorbed. A emall amount is reflected by sur-
faces separating media of one index of refraction from media of another index.
Most of the reflection takes place at the anterior surface of the cornea, which is
the boundary with the greatest change in index of refraction.

In this report, two sets of transmittance measurements of the individual com-
ponents are described, one set being a measure of direct transmittance and the sec-
ond set a measure of both the direct and a portion of the scattered. These two
sets of data can be better defined by referring to figure 1. The aperture which
limits the direct transmittance measurements is s0 arranged that it accepts only
the rays of the direct beam and those within about one degree of the direct. The
total transmittance reading is a measure of all the radiation emerging over a cone
of about 170° centered about the optical axis. This measurement ineludes that ra-
diation that is forward scattered. It does not include that portion of the radi-
ation that is back scattered (that portion which is reflected back into the same
hemisphere as the original incoming beam).

The eyes used were normal human eyes varying in age from 4 weeks to 75 years.
T™e pathological condition of each eye is described in tables I through IX. The
mounting and measuring techniques were first worked out using the eyes of rhesus
monkeys. Monkey eyes were also usged for preliminary observations of the effect of
time after enucleation on the transmittance measurements.
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SECTION IT

PROCEDURE

The freshly enucleated eye was moved dlrectly from the operating room to the
operating room annex, where it was immediately divided into its components.

The aqueous humor was removed by means of a 26 gauge hypodermic needle and
syringe. The needle was inserted into the anterior chamber through the cornecscle-
ral limbus and the agueous withdrawn. It was then transferred immediately to a
modified short pathlength Beckman No. 92134 liquid cell. This cell was modified
ag shown in figure 2A by replacing the conventional 0.5 mm shim by one which is
1.5 mm thick, but has its cross-section reduced t0 a minimum so that the amount of
solution that i1s required is only 0.12 ml. Except for the smaller infant eye, the
volume cof aqueous removed was always sufficient to fill the cell. The effect of
reflection and absorption by the cell windows was eliminated by using a comparable
window in the reference beam of the spectrophotometer. Next, the cornea was re-
moved by cutting around the corneoscleral limbus with Aebli's corneal scissors.
The cornea was washed briefly in saline solution and then placed bhetween two cell
windows of one millimeter thick fused quartz. This sandwich was then placed in a
cell holder as shown 1in figure 2B, taking care to use only sufficient pressure on
the windows to flatten the cornea without compressing it.

To obtaln the lens the zonule was first broken by using the Kirby lens loop
with a small amount of pressure on the sclera, Then, the same instrument was used
to 1ift the lens and remove it.

The lens was mounted in a cell containing a supportling shim about 0.2 mm less
in thickness than the axial thickness of the lens (see figure 2C). This permitted
the lens to be flattened without breaking the lens capsule. The reason for flat-
tening the lens surface was to remove as much of the optical lens effect as pos-
sible. However, a complete removal by this technique was not possible because of
the varying index of refraction of the inner portions of the lens.

The vitreous was removed from the scleral shell by using s hypodermic syringe
with a large opening. This was inserted through the area of the pars plana of the
ciliary bhody. This posterior route for the removal of the vitreous was found to be
the best way to avoid contaminaiing the vitreous with bits of pigment from the pos-
terior iris surface. The gpacers used in the vitreous cell (see figure 2D) had a
diameter of 13 mm and a thickness of 12 mm 30 that the vitreous from a single eye
was sufficient to £ill a cell and still permlt a messurement at a thickness approach-
ing that of the same medium in the eye.

The transmittances of the individual components were measured using two spec-
trophotometers. A Beckman DK-2 Spectrophotometer was used to measure what was
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previously defined as direct transmittance. This instrument is a dcouble beam spec-
trophctometer, where the detecting phototube compares the intensity of the sample
beam with that of the reference beam, with the ratio of the two intensities re-
corded as percent transmittance. Here, the cells contalining the individual compo-
nents were placed in the sample beam, and a compensating duartz plate was placed
in the reference beam. As mentioned previously, this quartz plate cancelled out
the effect of reflection and absorption by the gquartz windows in the cells. Two
diaphragms of equal diameter (6 mm)} were placed in the two radiation beams (sample
and reference) so that the incident beam of radiation was smaller than the smallest
component to be measured.

The total transmitiance measurements were made using a Beckman DK-1 Spectro-
refiectometer. This differs from the DK-2 instrument only in that the radiation
from the monochrometer terminates in an integrating sphere, where it illuminates
the sphere wall. The sphere is 1lluminated alternately by the reference beam and
the sampie beam. The detecting photocell measures the wall illumination cof the
sphere, rather than the direct beams. By placing the eye specimen holder immedi-
ately before the sample besm part of the sphere, all of the radiation transmitted
by the sample, both direct and forward scattered, enters the sphere and contributes
to the wall illumination, and therefore to the phototube signal. Once again, the
phototube measures the ratico of the wall illumination resulting from the two beams,
and converts this information into percent transmittance.

The preliminary work on this project, to test both the cells and the measur-
ing techniques, was done using the eyes of rhesus monkeys immediately after death.
These eyes, although only 20 mm in diameter as compared with 25 mm for the human
eye, appear anatomically similar tc the human eye. One of the first experiments
performed with these eyes was to determine the effect on transmission of the length
of time between enucleation and the measurements. BSome measurements were started
as soon as 15 minutes after the eye was removed. Repesal measurements extended the
test to as much as four hours. The results showed only minor changes in transmig-
sion. They are discussed in the next section with a similar test on human eyes.



SECTION IIT

RESULIS

Kine human eyes, ranging in age from 4 weeks tc 75 years have been measured.
Figuree 3,4,5, and 6 show the transmittances of the four components (aqueous, vit-
reous, lens, and cornea), giving the curve of a particular eye whose data are rep-
resentative of those measured. The corresponding data for all the eyes are given
in tabular form in tables I through IX. Each of the tables consists of two pages.
The first page gives the pathological condition, experimental conditions, and the
accuracy of measurement. ‘The second page is a tabulatlion of the transmittance
data.

a. Cornes

This component transmits radiation from 300 ap in the uwltraviolet to 2500 mp
in the infrared (see figures %A and 3B). The transmittance increases rapidly from
%300 mp and reaches about TO% at 380 mp. From 500 mp to 1300 my, the transmittance
is greater than 90%. Beyond 1300 mu, the absorption bands of water appear (1430
and 1550 mu) but the transmittance between the bands remeins high. It should be
noted that the greatest difference between the direct and total transmittance,
which represents the amount scattered, is shown in the c¢ornea measurements. An-
other point of interest in the transmittance curve of the cornea is the absorption
band at 415 mu. This compares with the position of the oxyhemoglobin band in the
blood and may be due to presence of blood or another material either externally or
internally. However, care was taken ta wash the cornea briefly in saline before
mounting it in the messuring cell. This band was not found in any of the corneas
removed from monkey eyes. A further discussion of this absorption band appears in
the section "Evaluation of Data."

b. Aquecus Humor

This component begine transmitting at 210 mp in the ultraviclet and continues
to 2400 my in the infrared (see figures 4A and 4B). In the ultraviolet, it has a
strong absorption band at 265 mp which some investigators have attributed to pro-
tein. Through the visible region, the aqueocus hag a high transmittance, glightly
less than that of an equal thickness of water. Its transmittance in the infrared
contains water absorption bands at 980, 1200, 1430 and 1950 mp. Furthermore, its
complete gbsorption beyond 2400 mp is due to water in the agueous. Only the direct
transmittance is reported since no difference could be found between the direct and
total tranemittiance measurements. Visual observation of the agqueous after removal
from the anterior chamber also shows no evidence of light scattering. However, a



small amount of scattering (less than 2%) could be present and still escape detec-
tion by either method.

¢. Lens

Transmittance through the lens extends from the ultraviolet to an upper 1limit
at 1900 my in the infrared (see figures 5A and 5B). The ultravioclet and short wave
length visible light transmittance varies considerably with the age of the eye.

The lens of the young child begins transmitting at 300 mp; however, an absorpticn
band centered at 360 mp reduces the transmittance to a very low value below 39C mu.
Because of this absorption band, the lens of a chlild has a transmitting band cen-
tered at 320 mp of about &% under 5 years and less than 0.1% by the age of 22 years.
This same transmittance band was found in the lenses cbtained from menkey eyes.

The transmittance of the young eye begins increasing rapidly about 3%0 mp, and
reaches S0% at 450 mp. The rate of increase is considerably slower for the older
lens, e.g., a 63 year lens begins transmitting at 400 mu but does not reach $0%
transmittance until 540 mp. In addition, the light scattering by the older lens

is much higher. The direct transmittance of the young lens at 700 mp is about &8%,
while the 75 year lens measured only'hl%. The lens continues to have a high trans-
mittance to 1400 mp in the infrared and demonstrates the usual water bands at $80,
1200, and 1430 mu.

d. Vitreous Humor

The vitreous transmits from 300 mp in the ultraviolet to 1400 mp in the infra-
red (see figures 6A and 6B). Its ultraviolet transmittance increases rapidly to
80% at 350 mu. It, like the cornea, has an absorption band at 415 mp which could
be due to contamination. The transmittance in the visible reglon is greater than
90%, but begins dropping rapidly in the infrared. The water bands at 98¢ and 1200
mu are very sirong, and no transmittance is noted beyond 1400 mp. The direct
transmittance is noted beyond 1400 mp. The direct transmittance is about 10% less
than the total transmittance through the entire transmitting region.

e. Transmittance of the Entire Eye

From the transmittance dats of the representative components (figures 3-6),
the successive transmittances es radiation passes through the eye were computed and
are tabulated in table X,

In making this computation, the lose due to reflection of normally incident
radiation at the interface between air and the cornea was included. Reflection
losses between the other surfaces (e.g., aqueocus-lens) was neglected as they total
less than 0.3%. This is only a small fraction of the mean deviation.



The maximum transmittance is 81.&% at 650 mp. In the closing months of the
research covered by this report, a technique was developed irn which a window was
cut Into the posterior of the eye to permit the measurement of the transmittance
through the entire ocular media. No human eye was available for such measurements
during the period of the contract. However, the technique was tested on the eyes
of rhesus monkeys. The maximum transmittance obtained with one eye, corrected to
the thickness of human eyes, was S6% at 650 mp. ‘“This is about 5% higher than the
calculations using our representative data (table X), but would be obtained using
the highest values in our data.



SECTION IV

EVAIUATION OF DATA

Several factors may affect the validity of the results, including the condi-
tion of the eyes, the length of time belween enucleation and the messurements, and
the accuracy of the Instrumental methods and measuring techniques. As stated pre-
viously, only normal eyes were used in this study. The pathological condition of
each eye is given in tables I through IX. The effect of time after enucleation
was carefully studied on several monkey eyes and two human specimens. Contrary to
the results of Boynton, et al., and DeMott, et al., *s) only & little time effect
was found. However, they attribute the change to a drying out of the specimen. In
the work described here, the components were placed in sealed celis so that evap-
oration was negligible.

The only measurable change with time was noted in the transmittance of the
agqueous humor in the viecinity of 230 millimicrons in the ultraviclet. 'there is
an isolated transmission band at this vavelength (see figure 4A) separated from
the longer transmitting wavelengths by an absorption band at 265 millimicrons.
The amount of absorption at this latter wavelength decreases with time, resulting
in an incerease in the height and a slight shifting to longer wavelengths of the
transmission band at 230 millimicrons.

For example, the aqueous of one monkey eye meagured 1.9 percent at 232 milli-
microns 30 minutes after enucleation. A subsequent measurement at 3 hours showed
a transmittance of 4.2 percent at the peak, which shifted to 236 millimicrons.
Likewise, the human eye described in table VI measured 1.1 percent at 235 milli-
microns 40 minutes after enucleation and 1.9 percent at 240 millimicrons at 4
hours.

Through the remainder of the transmission spectrum any change with time was
less than the reproducibility of our measuring technigque. It should be noted that
any transmission change in the first few minutes after enucleation would not have
been detected in these experiments as the first readings were made at 15 minutes
or more after enucleation.

The accuracy of the spectrophotometer readings depend on the instruments, the
amount the radiation beams must be masked to mateh the size of the specimens, the
cleanliness of the cell windows, and the ability to match the window in the refer-
ence beam with those in the cells. The instrumental deviations were determined by
meking repeat runs on glass semples using diaphragms of the sizes necessary to mea-
sure the eye compconents. From these measurements it was determined that the mean
deviation for the direct transmittance of the cornea, aqueous, and vitreous was
1.2% before thicknese corrections. That for the lens was 1.5%. The mean deviation
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of the total transmittance data was 1.5% except for the lens. The mean deviation
of the lens was 2% before thickness correction.

Some of the measurements were made at thicknesses less than found in the eye
to have gsufficient medium to fill the cell. This was true principally of the aque-
cus and vitreous humors. The lens was compressed slightly to diminish its optical
power. The measured transmittances were converted to the transmittance for the
average thickness of the component in the eye of a normal adult(l) by using Bou-
guer's Absorption Law. Both the measured and final thicknesses are given in tables
I through 1IX. In converting the transmittances, the mean deviations are increased
by a corresponding amount as indicated in the tables I through IX. It should be
noted that some of the early measurements were made using thinner cells and, as a
result, the mean deviation after correction is as high as 5%. This error was re-
duced by making new cells which permitted messurements to be made at a greater
thickness. Another possible source of error is the accidental contamination of
the components with blcod not normally present. For example, the 415 mp band of
oXyhemoglobin can easily be detected in blecod diluted to one part in 20,000 with
a smaller effect in the 550 myu region.

Much trouble was encountered in obtaining -ritreous completely free of pigment
from the iris posterior and in scme of the eyes the large difference between the
direct and total measurements can be attributed to the presence of a small amount
of the pigment. 1In those cases where the contamination was apparent, it is noted
in the data table.

11



SECTICN V

CONCLUSIONS

In measuring the spectral transmittance of the ocular media of nine human eyes,
much useful data were obtained. However, the number of specimens messured was not
sufficient to obtain as good a statistical accuracy as one would like, especially
to evaluate more accurately the effect of age on the light traensmission of the eye.

To complete the program, the following steps appesar necessary, and will be
carried out by these 1lnvestigators as human eyes are available:

1. Measure the separate media of more eyes, especially in the 10 to 40 year
ages .

2. Measure the total transmittance of several whole eyes to see how the re-
sults compare with the caleulated results of this report.

3. Measure the light scattered by the whole eye, over the positerior half
using photcecell techniques for the measurement.



BIBLIOGRAPHY

Duke-Elder, Sir W. 8., Textbook of Ophthalmology, Vol 1 and Vol 4, C. V. Mosby
Company, Inc., St. Louis, 1932 and 1949.

Ludvigh, E, and E. F. McCarthy, "Absorption of Visible Light by the Refractive
Media of the Human Eye," Arch. Ophth., Vol 20, pp 37-51, 1938.

Geeraets, W. J., R. C. Williams, G. Chan, W. T. Ham, Jr., D. Guerry, and ¥. H.
Schmidt, "The Loss of Light Energy in Retina and Choroid," Arch. Ophth., Vol
64, pp 606-615, 1960.

Boynton, R. M., J. M. Enoch, and W. R. Bush, "Physical Measure of Stray Light
in BExcised Eyes," J. Opt. Soc. Amer., Vol Lh, pp 879-886, 195h.

DeMott, D. W., and R. M. Boynton, "Sources of Entopic Stray Light," J. Opt.
Soce. fmer., Vol 48, pp 120-125, 1958. See also Vol 48, pp 13-22.

Pitts, Donald G., "Transmission of the Visible Spectrum through the Ccular
Media of the Bovine Eye," Amer. J. Optom. and Arch. Acad. Optom., Vol 36,
pp 289-298, 1959.

Kinsey, V. E., "Spectral Transmission of the Eye to Ultraviclet," Arch. Ophth.,
Vol 39, pp 508"513: 1948.

13



TABIE T
DATA ON HUMAN EYE, 4 WEEKS, FEMALE
March 31, 1961
Age: L weeks Sex: Female Case Number: 977417
Pathological Condition:

A normel eye removed because of an undifferentiated sarcoma growing in the or-
bit. The normel anterior chamber fluld, cornea, lens, and vitreous were removed
immediately after enucleation.

Experimental Conditions:
Corneas Measured and reported in its entire thickness
Lens: Measured at 2.3 mm thick

Data converted to 3.0 mm thick

Aqueous Humor | There were not sufficient aqueous and vitreous humcrs for
Vitreous Humor | measurement

Elapsed time between enucleation and measurements.
Direct Transmittance: 45 to 90 minutes

Total Transmittance: 100 to 150 minutes

Accuracy of Measurements:

Cornea: Direct Transmittance:  + 1.2% transmittance
Total Transmittance: + 1.5% transmittance
Lens: Direct Transmittance: + 2.0% transmittance
Total Transmittance: + 2.8% transmittance

1k



TABLE I (Concluded)

Percent Transmittance

Wavelength . :
{millimicrons) Cornea Aqueous, Lens Vitreous
Direct Total Direct Direct Total Direct Total

200

220

240

260

280 < C.l

300 2.5 0.0

320 17. 3.5

340 22.5 71.5 1.0

360 28. 76. 0.0

380 32. 79. 0.0 0.0
400 35. 3.5 2.6 .1
420 35.5 e 39. 45.5
4ho hi. 8L, 62, 8o .
460 46. 2. 68. 90.
480 l)—l-8.5 G2 . 70. R,
500 51. 935 T1. ol .
550 5k .5 95 .5 Th ol .
600 59.5 95 . 7.5 94,
650 61.5 95 .5 79.5 %5 .5
700 62.5 95 .5 81.5 ol ,
750 6%.5 8o,

800 65. ge.

850 66.5 82,

00 68, 81.5

956 67. 79,

980 66. 6.
1000 67. 7.
1100 70. 80.5
1200 66.5 63.
1300 68. 67.5

1400 21, 1.5
1445 9.0 0.0
1550 18. 0.5

1600 L5.5 13.5
1700 51. 16.
1800 41. 9.

1900 0.0 0.0

1950 0.0
2000 0.5
2100 .
2200 16.5
2300 10.

2400 1.0
2500 0.0
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TABLE II
DATA ON HUMAN EYE, 2 YEARS, MALE
November 23, 1960
Age: 2 years Sext Male Case Number: 968923

Pathological Condition:

Undifferentiated sarcoma of unknown duration growing in the orbit. The eye was
entirely normal. The anterior chember fluid, cornea, lens, and vitreous were removed
imnediately after enucleation of the eye.

Experimental Conditions:

Cornea: Mespured and reported in its entire thickness

Aquecus Humor: Measured at 1.5 mm thick
Data converted to 3.0 mm thick

Lens: Meagured gt 2.9 mm thick
Corrected to 3.2 mm thick

Vitreous Humor: Measured at 1l1.7 mm thick
Corrected to 15. mm thick

Elapsed time between enucleation and meagurements.

Direct Transmittance: 25 to 90 wminutes
Total Transmittance: 100 to 150 minutes

Aceuracy of Measurements:

Cornea: Direct Transmittance: % 1.2% transmittance
Totel Transmittance: % 1.5% transmittance
Aqueous: Direct Transmititance: = 2.2% transmittance
Lens: Direct Tramsmittance: =+ 1.,8% transmittance
Total Transmittance: = 2.5% transmittance
Vitreous: Direct Transmittance: * 1.6% transmittance
Totel Transmittance: * 1.8% transmittance

16



TABLE IT (Concluded)

W Percent Transmittance
avelength -
(millimicrons) Cornea, AQueous, Lens Vitreous
I Direect Total Direct Direct Total Direct Total
200 ,
220 0.3
240 0.8
260 0.0
280 < 0.1 < Q.1 < 0.1 0.0 0.0
300 1.0 10.5 43, 0.0 0.0 1.0 1.4
320 13. 64 .5 81. L, 5.5 56. Ti.
340 18. T3 81. 0.0 0.0 58.5 72
360 21.5 78.5 81. 0.0 0.0 £1. .
380 25.5 81, 81. 0.0 0.0 £1. 70.
400 28.5 83.0 78. 3.0 5. 51. 52.
420 30.5 8L, 79. Ls, L8, hs.5 52.5
WO 34 .5 88. 89. 80. 88. 65 . 81.
460 37. 90. 89. gL, g3, 70. B7.
480 29.5 1.5 91. 85. 9%5. 1.5 89.
500 41.5 2.5 91, 86.5 95. 2.5 Gi.
550 45.5 9. 2. 87.5 96.5 3. 88.5
600 hg.s ol , ol . 88. 97. 73.5 95.5
650 55. Ol .5 k. 88.5 97. 7545 96.
700 56. 95. 5. 89.5 97 76.5 955
50 58.5 955 96. 89.5 97. 76.5 93.5
800 60.5 96. 955 90, 975 76.5 93.5
850 62.5 %. 93, 90. 97 755 g1.
900 6l , 96. 92, 90.5 96 . 7345 88.
350 65 . 95. 86. 88. 30. 56. 66.
980 63. 9%, 8. 86. 88. 40.5 4.5
1000 6l o k.5 83. a7. 89.5 53.5 56.
1100 67.5 96. 92. 30. 93, 65 . 3,
1200 63.5 90. 68. 65. 70. 12.5 20.
1300 65 .5 S0. 67.5 ol 70. 13. 15.5
1400 36. 37. < 0.1 3 3, 1.0 1.5
1445 10. ik, 0.0 0.0 0.0 0.0 0.0
1500 17.5 28, < 0.1 0.0 0.0 0.0 0.0
1600 3.5 10. 8.5 10.
1700 48.5 16.5 11. 1k,
1800 40, 5.5 5.5 6.5
1900 0.5 0.0 0.0 0.0
1550 0.0
2000 0.5 0.0
2100 9. 0.8
2200 16.5 2.7
2300 10. 1.0
2400 1.5 < 0.1
2500 0.0 0.0
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TABLE III
DATA ON HUMAN EYE, L-1/2 YEARS, FEMALE
May 11, 1960
Age: h-1/2 years Sex: Female Case Number: 837052

Pathological Condition:

Eye with primary optic nerve atrophy following removal of an optic nerve glicma.
The cornea, agqueous, lens and vitreous were entirely normal and were removed immedi-
ately after the enucleation of the eye.

Experimental Conditions:

Cornea: Meagured and reported in its entire thickness

Tlens: Meagured at 2.3 mm thick
Data converted to 3.2 mm thick

Vitreous Humor: Measured at 3.2 mm thick
Data converted to 15 mm thick

Elapsed time between enucleation and measurements.
Direct Transmittence: 15 to 170 minutes

Total Transmittance: 70 to 140 minutes

Accuracy of Measurements:

Cornea: Direct Transmittance: =* 1.2% transmittance
Totel Transmittance: * 1.5% transmittance
Aqueous: Direct Transmittsnce: = 4.5% trensmittance
Lens: Direct Transmittance: =# 2.1% transmittance
Total Transmittance: 2 2.9% transmittance
Vitreous: Direct Tramsmittance: =+ 4.3% transmittance
Total Transmittance: # 5,0% transmittance

18



TABLE III (Concluded)

Percent Transmittance

Wavelength -
(millimierons) Cornea Agueous, Lens Vitreous
Direct Total Direct Direct Total Direect Total

200

220 0.0

2k 0.5

260 0.1 0.0
280 < 0.1 < 0.1 0.4 0.0 < 0.1
300 2.0 8.5 22, 0.0 0.0 < 0.1 0.2
320 27. 57. 78, 6.5 9.0 11.5 51.
340 35. 65. 86. 1.7 2. i5. 57,
360 o, 68. 86. 0.4 0.6 17.5 63.
380 L=z,5 69.5 86. 1.0 1.5 20.5 60.
koo e, 65 . 81. i2.5 14, 13.5 54,
420 46, 63. 81. 56. 6l 13.5 57.
Lo 5%.5 7. 9%, T1. 90. 24 .5 65 o
460 57.5 85.5 oL, Th. 93. 26.5 67 .5
480 60.5 88. ol . 76. §%.5 28. 1.
500 62,5 89.5 ol 8. 9l 30. 72.5
550 66. 92 . 95 2. 95 . 33.5 Th.
600 T1. 95. 5. 85.5 9. 35.5 76.
650 5. Ot o 96. 87. 9545 39.5 78.
700 75.5 93, g6. 88. 96. 43,0 80.
750 775 93.5 G6.5 88.5 96. 45, 80.5
800 79. o, G6.5 89. 96. 46,5 go.
850 80.5 g5 . 83.5 96, 47.5 78,5
900 81.5 95 . 90. 95 .5 48,5 6.
950 81. 95 . 85 . 90 4o, hg,
980 80.5 93 .5 79. 8. 30. L,

1000 81.5 ol . 81. 8l ., 33, Lo,

1100 85. gL .5 86. 88. 49, 63,

1200 80, 91.5 6l . &7 11. 16.

1300 82. 90. 67. T0. 14.5 23,5

1400 Lo. 59. 1.7 L. < 0.1 < 0.1
1hk45 19.0 24.5 0.0 0.0 0.0 0.0
1500 27.5 33, 0.2 0.5 0.0 0.0

1600 58.0 68. 9.4 14.5

1700 63.5 71. 11.5 15.5

1800 55.5 61.5 5.5 6.3

1900 3., 5. 0.0 0.0

1950 0.0 0.5 0.0

2000 1. 3. 0.0 0.0

2100 17. 22,

2200 26.5 31.

2300 18. 21.

2400 5.5 8.

2500 0.0 0.5
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TABLE IV
DATA ON HUMAN EYE, 23 YEARS, FEMALE
September 23, 1960
Age: 23 years Sex: Female Case Number: 89901k

Pathological Condition:

A normel eye with an undifferentiated sarcoma growing around and behind it.
The eye had to be removed with the tumor. During surgery the eye was perforated
and mest of the vitreous was lost.

Cornea, aqueous, and lens of this normal eye were removed Immediately foliow-
ing the enucleation.
Experimental Conditions:

Cornesa: Meassured and reported in its entire thickness

Agueocus Humor: Measured at 1.5 mm thick
Data converted to 3.0 mm thick

Lens: Measured at 2.5 mm thilck
Data converted to 3.2 mm thick

Vitreous Humor: Not measured.
Elapsed time between enucleation and meagurements.

Direct Transmittance: 35 to 150 minutes
Total Transmittance: 160 to 180 minutes

Accuracy of Measurementa:

Cornea: Direct Transmittance: % 1.2% transmittence
Total Transmittance: * 1,5% transmittance

Adqueous: Direct Transmittance: = 2.2% transmittance

Lens: Direct Transmittance: * 2,1% transmittance
Total Transmittance: * Not measured
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TABLE IV {Concluded)

Wavelength ‘ Percent Tz:ansmittance .
(millimicrons) Cornea Aqueous, Lens Vitreous
| Direct Total Direct ' Direct Total Direct Total
200
220
240
260
280 < 0.1 < 0.1
300 1.0 6.5
320 16. ba.
340 23, 50. 17.
360 3. 58. 17.5
380 37, 66. 20. C.0
400 ko, 69. 18.5 5.5
420 L1. 68. 20.5 33,
HY o) L5, Th. 30. 58.5
460 51.5 81. 22,5 68.
Ste] 54, 83, 35. 2.5
500 55.5 Bl 37. 5.
550 59. 85. hi. 79.
600 62. 8e.5 45, 82.5
650 eh . 87.5 49, 8h.5
700 66.5 87.1 5%.5 g6.
750 68.5 87. 55. 87.
800 70.5 87. 58. 88.5
850 TL.5 87. 59.5 89.
900 T3. 87. 61. 89.
950 T35 87. 59, 87.
980 1. g6. 50.5 83.
1000 7. 87. 52. 8.
1100 h. 86.5 55. 83.
1200 70. 82.5 39, 1.
1300 71.5 82.5 L1. 3.5
1400 Z5. 36.5 0.4 5.5
1ihs 11. 18. 0.0 0.0
1500 20.5 30.5 < 0.1 1.0
1600 Lg, 61. 5. 18.5
1700 5%, b2, g. 22,
1800 43,5 53. 3. 1%.
1900 0.5 4.1 0. 0.0
1950 0.0 0.0
2000 0.5 2.0 0.
2100 11. 16. < 0.1
2200 18.5 2h.5 0.3
2300 11. 17. < 0.1
2L 00 1.5 4.5 0.0
2500 0.0 0.0
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TABLE V
DATA ON HUMAN EYE, 42 YEARS, MALE

November 3C, 1960
Age: U2 years Sex: Male Case Number: 968450

Pathelogical Condition:

A normal eye which had to be removed because of carcincme extending fromlthe
ethmoidal sinus area into the orbit.

Anterior chamber fluid, cornea, lens, and vitreous of this normal eye were
removed immediately after enucleation.
Experimental Conditions:

Cornesa: Meagured and reported in its entire thickness

Aquecus Humor: Measured at 1.6 mm thick
Data converted to 3.0 mm thick

Lens: Measured and reported at 3.2 mm thick

Vitreous Humor: Measured at 11.7 mm thick
Datsa converted to 15 mm thick

Elapsed time between enucleation and measurements
Direct Transmittance: 130 to 210 minutes
Total Transmittance: 60 to 120 minutes

Accuracy of Measurements:

Cornea: Direct Transmittance: # 1.2% transmittance

Total Trensmittance: * 1.5% transmittance
Agueocus: Direct Transmittance: = 2.2% transmittance
Lens: Direct Transmittance: 1.5% transmittance

W

Total Transmittance: 2.0% transmittance

Vitreous: Direct Transmittance:
Total Transmittance:

1.6% transmittance
1.8% transmittance

M+ M
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TABLE V (Concluded)

! Fercent Transmittance

Wavelength Cornea | Aguecus, ! Lens Vitreous
(miliimicrons) Direct  Total = Direct Direct Total | Direct Total
200
220 0.0
240 0.3
260 0.0
280 < 0.1 0.1 0.0
300 1.0 8.2 17. 0.0 1.0
320 10. 48.5 %45 60. .
340 14, 61.5 78. 6l . &0,
360 18.5 69. 81.5 66.5 81,
380 22. 5. gh.5 0.C 0.0 67. g2.
400 25. 8. 86. 2.5 5.5 62. 9.
420 26. 78. g8. 32, 42. 56. 8o.
Lo 29.5 86. 89.5 50, 70.5 72. 93.
Leo 3345 90. 91. 56.5 8. 5.5 95 .
480 37, 91, 2.5 62. 85. 76.5 96.
500 40. 91.5 oL . 6545 g0. 775 96,
550C h2.5 92.5 %. 2.5 G3. T2 9.
600 L8, 9. 96, T g5. 80. 97.
650 52. 95 95.5 195 5.5 80.5 97.
7100 54.5 95.5 95, 81. 96. &1i. 97.
50 56.5 5. 8z, 81.5
800 58.5 94 .5 84.5 81.
850 60. gh .5 8. 78.5
300 62. gl . 85.5 75.5
350 61. 87. 8. 60.
isle 59 e . hl.
1000 60. g0. 6. 44 .5
1100 6%, 85 .5 81. 65 .
1200 £0. 60.5 5745 12.5
1300 62. 62,5 61. 12.5
1400 27. 0.6 1.5 0.0
1445 9. 0.0 0.0
1500 17. < 0.1 0.0
1600 41, 8.7 8.0
1700 hé, 15. 10.
1800 37 50. 4.5
1900 0.5 0.0 0.0
1950 0.0
2000 0.0 0.0
2100 9. < 0.1
2200 15.5 0.1
2300 9. < 0.1
2400 1.5 0.0
2500 0.0
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TABLE VI
DATA ON HUMAN EYE, 51 YEARS, FEMALE
September 30, 1960
Age: 51 years Sex: Femsale Case Number: LTU4E0S

Pathological Condition:

7 months history of malignant melanoms of the choroid—round cell type. Very
little retinal detachment is seen around the tumor. No tumor extensions out of
the eye. lens and cornea are perfectly normal and were removed immediately after
the enucleation of the eye.

BExperimental Conditions:

Cornes: Measured and reported in its entire thickness

Agqueous Humor: Measured at 1.5 mm thick
Datea converted to 3.0 mm thick

Lens: Measured at 2.3 mm thick
Data converted to 3.2 mm thick

Vitreous Humor: Measured at 11.7 mm thick
Visible plgment contamination

Elapsed time between enucleation and messurements.
Direct Transmittance: 15 to 95 minutes
Total Transmittance: 105 to 160 minutes
Accuracy of Measurements:

1.2% transmittance
1.5% transmittance

Cornea: Direct Transmittance:
Total Transmittance:

i+ I+

I+

Aqueous: Direct Transmittance: 2.2% transmittance

Lens: Direct Transmitiance:
Total Transmittance:

2.1% transmittance
2.9% transmittance

H 1+

1.6% transmittance
1.8% transmittance

Vitreous: Direct Transmittance:
Total Transmittance:

H H-
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TABLE VI (Concluded)

Wavelength

Percent Transmittance

Cornea Agqueous, Lens Vitreous
(millimierons) Fpiror™ Total | Direct | Direct  Total | Direct  Total

200

220 0.0

240 1.4

260 2.2

280 < 0.1 < 0.1 3.2

300 0.5 9.5 28, 0.0 0.0
320 12. ho. 46, 5.5 22.4
340 18, 55. L7.5 Tok 3%.5
360 24, 61. 48, 8.9 LQ.
380 29. 69.5 48,5 0.0 0.0 10. 4é.
400 32.5 T35 46. 0.2 0.1 9.3 36.5
420 3%.0 T2, 47.5 8.5 10.5 8.7 2745
4h0 38. 81.5 52, 22, 33.5 9.3 45,
L6o Lo, 87.5 53. 33, 44 .5 10. 5%.5
L8o 4L .5 88.5 53.5 47.5 56 10.5 60.
500 L. 839.5 53.5 62 .5 70.5 11.5 67.5
550 51. g1. Sk 6. 89. 13. 3.
600 54.5 gk, 57 81.5 k.5 14.5 81.5
650 57. 9.5 5745 8h. 96 .5 15.5 85.5
700 59. 95. 59, 86. 96.5 17. 85.5
750 60. 95 .5 59. 86.5 7. 18.5 85.5
800 62, 95.5 53. 87.5 97. 20.5 85.
850 63, 95 .5 59.5 88. 96.5 21.5 83.5
900 &l . 95.5 59,5 88. 96. 23, 81.5
950 Bl oh.5 59. 84 .5 90.5 19. sk,
980 63. 93.5 52, 80.5 86.5 14, 48,
1000 6l ok . 535 81. 89. 16. 5%,
110C 67. 96. 55, 86. 93. 26. £9.
1200 63, 90. 42,5 65. 2. 6.2 16.
1300 6h. 89.5 42.5 68. 2.5 .7 15.
1400 34, ho. 0.5 30. 5.5 0.0 0.0
1445 10. 17.5 < 0.1 0.0 0.0
1500 17.5 27. < 0.1 0.0 0.0
1600 L3, 6%.5 6.5 11. 13.
1700 47.5 67. 10. 1k, 16.

21800 Lo. 55. 3.5 7.5 7.5

1500 0.5 1.5 0.0 0.0 0.0
1950 0.0 0.0 0.0
2000 0.5 G.5 0.0
2100 9.5 16. < 0.l
2200 17. 25, 0.2

2300 10. 15. < 0.

2400 1.5 4, 0.

2500 0.0 0.0
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TABLE VII
DATA ON HUMAN EYE, 53 YEARS, FEMALE
Mareh 7, 1960
Age: 53 years Sex: Female Case Number: 9L0239

Pathological Condition:

Malignant melanome of the choroid—spindle B cell type—without extensions of
the tumor out of the eye. The tumor had developed within the last half year. The
retina was partially detached.

The cornea, agueous, lens and vitreous appeared normal and were removed im-
medlately after enucleation of the eye.

Experimental Conditions:

Cornea: Measured and reported in its entire thickness

Aqueous Humor:  Measured at 0.42 mm thick
Data converted to 3.0 mm thick

Lens: Measured at 2.4 mm thick
Data converted to 3.2 mm thick

Vitrecus Humor: Measured at 3.2 mm thick
Data converted to 15 mm thick

Elapsed time between enucleation and messurements.
Direct Transmittance: 35 to 135 minutes

Total Transmittance: 160 to 220 minutes

Accuracy of Measurements:

Cornea: Direct Transmittance: * 1.2% transmittance

Total Transmittance: * 1.5% transmittance
Agqueous: Direct Transmittance: * 5 % transmittance
Lens: Direect Transmittence: * 2.1% transmittance

Total Transmittance: No measurements due to
lack of proper cell holder

Vitreous: Direct Transmittance: * & % transmittance
Total Transmittance: % 4 % transmittance
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TABLE VII (Concluded)

Percent Transmittance
Wavelength
(millimicrons) Cornea Agueous, Lens Vitreous
Direct Total Direct Direct Total Direct Total
200
220 < 0.l
24C 0.8
260 0.0 0.0 < 0.1
280 < 0.1 < 0.1 0.1 0.0 0.0
300 1.5 5.0 29.5 < 0.1 0.2
%20 18, 43, aL., 31. 50.5
340 24, 5%, 86.5 39.5 61.
360 28.5 61. 88.5 k1.5 68.
380 33, 65 .5 30. 0.0 L7, 69.
L oo 35.5 68. &7. 3.6 Y. 67.
420 35.5 66 . 87. 23, 48. £9.
Lo Lo. 75 . 90. Lz, 50.5 75.
W60 L6, 8. . 53, 52, 9.
480 Lo, 86.5 g3, 60.5 5, 8.
500 51. 88. ok, 68.5 56.5 8s.
550 55 50.5 9. 78. 60. B7.
600 59. Sk, 96,5 82.5 61. 89.
650 g2, 5. 6. 86. 63. 90.
700 6l . 9. 95.5 88. 66.5 91.
50 65 .5 5. 5. 89. 67. 91.
800 67. 95. 95. 83.5 67. 01.
850 68. 95. Gl 89.5 66.5 88.5
900 £9.5 5. R, 88. 60. 85.
950 €9.5 9. 90.5 85, 49. 54.5
980 66. 9k, 89. 80. 29. L.
1000 67.5 94,5 90. 82, 32, 50.5
1100 70. 95 .5 97. 87. 49. 69.
1200 67.5 gl. 6l .5 68, 10. 1k,
1300 68,5 9l. 66. 71.5 10. 1k,
1400 Lo, 45.5 1.5 6. 0.0 C.0
1445 16.5 24.0 < 0.1 0.0 0.0 G.0
1500 25. 37.0 0.2 0.5 0.0 0.0
1600 50.5 68. 10.5 16. < 0.1 < 0.1
1700 5h.5 70.5 17.5 20. < 0.1 < C.1
1800 L7.5 61.5 6. 12. < 0.1 < 0.1
1900 0.0 3. 0.0 0.0 0.0 0.0
1350 0.0 1.5 0.0
2000 1.0 3.5 < 0.1
2100 1k, 21, < Q.1
2200 23, 30.5 C.2
2300 16, 21.5 < 0.1
2400 b4, 8. < 0.1
2500 0.0 0.5 0.0
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TARLE VITI
DATA ON HUMAN EYE, 63 YEARS, FEMALE
May 11, 1960
Age: 63 years Sext TFemale Case Number: 963117

Pathological Condition:

Malignant melanoma of the choroid—epitheliold cell type—without extensions
out of the eye of unknown duration. The retina was totally detached.

The lens appeared normal and was removed immediately after the enucleastion
of the eye.
Experimental Conditions:

Only the lens of this eye was measured, as it was enucleated 1-1/2 hours after
the eye described in table III, and cells were not available for measuring the

other components.

Lens: Measured at 2.9 mm thick
Data converted to %.2 mm thick

Elapsed time between enucleation and measurements
Direct Transmittance: 75 minutes
Total Transmittance: 35 minates
Accuracy of Measurements:

Lens: Direct Transmittance:
Total Transmittance:

1.8% transmittance
2.5% transmittance

-+ 1+
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TABLE VIIT (Concluded)

Percent Transmittance

Waveléngth Corunea Aqueous, Lens Vitreous
(millimicrons) ! Direct Total Direct Direct Total Direct Total
200
220
240
260
280
300
320
34 o
260
380
Loo 0.3 0.4
iig 12.4 20.
37 53.5
460 48.5 67.5
480 56. 76.
500 62. 85.
250 Tie 91.5
600 76. gl .5
650 78. 95 .5
700 80.5 96.
750 81. 96.5
800 8z, 97.
850 8z, 96.5
900 82.5 g6.
950 79 87,
12%8 - 28‘
1100 95.5
1300 7h.
1400 2.7
14k5 0.0
1500 .0
1600
1700
1800
1500
1850
2000
2100
2200
23500
2400
2500
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TABLE IX
DATA ON HUMAN EYE, 5 YEARS, FEMALE
April 18, 1960
Age: 5 years Sex: Fenmale Case Number: 951219
Pathclogical Condition:

Malignant melanoma of the choroid—epithelicid cell type—without extensions
out of the eye. The tumor had develcped in the eye within the last three months.
The retina was partlally detached.

The cornea, lens and vitreous appeared normal and were removed from the eye
immediately following the enucleation of the eye.

Experimental Conditions:

Cornea: Measured and reported in its entire thickness

Aqueous Humor:  Measured at O.4 mm thick
Data converted to 3.0 mm thick

Lens: Measured at 2.3 mm thick
Data converted to 3.2 mm thick

Vitreous Humor: Measured at 3.2 mm thick
Data converted to 15 mm thick
Contained visible pligment contamination

Elapsed time between enucleation and measurements

Direct Transmittance: 70 to 160 minutes

Accuracy of Measurements:

Cornesa: Direct Transmittance: * 1.2% transmittance
Agueous: Direct Transmlttance: £ 4.5% transmittance
Lens: Direct Transmittance: = 2.1% transmittance
Vitreous: Direct Transmittance: = L.3% transmittance
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TABLE IX (Concluded)

Wavelength

Percent Transmittance

(millimicrons) Cornea Agqueous, Lens | Vitreous
Direet Total Direct Direct TotalAj Direct Total

200

220 0.0

240 0.5

260 0.0

280 < 0.1 0.1 0.0
300 0.5 21. < 0.1
320 1. 78.5 25.
340 16. 80. 2.5
380 25. 81. 0.0 38.5
%00 27 81. 2. 25,5
¥=1e) 25.5 8o. 8. 31.5
Lho 30.5 80.5 13.5 Lo.s
460 38. 84, 17.5 bz,
480 4o.5 84 .5 21.5 hi,
500 ho.s 85. 25.5 46,
550 L6, 86. 32, L.
600 50.5 87. 36.5 L8,
650 5345 87. 39 50.
700 56. 87. hi. 51.
750 58. 87. ho.5 52.5
8oc 60. 90, 43.5 54 .
850 61.5 93. 45. 5l .
900 63%.5 95. L6.5 Sk,
950 6%, 86.5 L. L46.5
380 62.5 85. Ls. 21.

1000 6. 86. L. 3%.5

1100 66. ok, 52. 51.

1200 63 .5 ol .5 4.5 11.5

1300 65.5 66. Yy, 13,

1400 35, 3, 4, 0.0

1445 12.5 < 0,1 0.5 0.0
1500 20.5 0.1 0.0 0.0
1600 46. 8.5 7. < 0.1

1700 51. 17.5 16. < 0.1

1800 4o, 545 9. < C.l
1500 0.5 0.0 1.0 0.0
1950 0.0 0.0 0.0

2000 0.5 < 0.1 0.0

2100 11. < 0.1

2200 19. 0.3

2300 12. < 0.1

2400 2.0 0.0

2500 0.0
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TABLE X

CATCULATED PERCENT TRANSMITTANCE THROUGH THE WHOLE EYE OF A HUMAN

(Percent of that radiation inecident on the eye reaching the various surfaces)

Wavelength

Percent Transmittance

(millimicrons) Agqueous Lens Vitreous Retina
Direct Total | Direct Total | Direct Total | Direct  Total

200

220

240

260

280 < 0.1 < 0.1 0.0 0.0

300 2.0 8.3 0.3 1.4 0.0 0.0 0.0 0.0
320 26.3 55.5 15.3 40.7 1.3 2.7 0.8 2.7
340 34.1 63.% 26.6 49,3 0.5 1.0 0.3 ¢.8
360 39, 66.2 31.8 54, 0.1 3 < 0.1 0.2
380 4o.3 67.7 35.7 57.2 0.4 .9 0.% C.7
400 1 .8 £2.% 38.5 53.6 4.8 7.5 3. 5.9
420 hi 8 £1.3 39.4 53.9 22.1 34.5 12.4 27.6
Lo 52.1 75 . 46.6 67.1 33,1 60.3 232.8 56.1
LA0 56, 83.3 50.9 75 .6 37.7 70.5 28.4 67 .
480 58.9 85.7 54 .5 79.2 b4 . 31,6 1.5
500 £0.8 87.2 57.2 82, L4 .6 77.1 3L .6 Th,
550 el .3 89.6  61.7 86. bh iy 81.7 340 78.5
600 6G. 90.6 6.4 87. 56.8 82.7 Ls 80.2
650 71.1 Gl1.5 67.9 87.4 59.1 83.9 4.6 81.4
700 73.5 g0.6 69.8 86. 61.4 2.6 ho.7 80.1
750 75.5 9.1  T1.7 86.5 3.4 83, 51.7  77.6°
800 T76.9 91.5 2.7 86.4 64 .7 82.9 52.3 Ti.5
850 78 .4 9.5 7h.1 87.4 66,3 g8%.8 52, 6.3
900 79.4 92 .5 .7 87. 66,8 83,1 50.3 3.1
950 78.9 92.5 68.6 80.5 58.3 2.5 35. 47.8
1000 79 .4 91.5 63.5 73.2 51.4 61.5 22.9 L
1100 g2.8 G2.1 70.8 78.8 60.8 69.3 33,5 50.6
1200 TT7.9 89. h7.1 5%.8 30.2 36.0 3.8 7.2
1300 79.8 87.7 4g.8 54.8 33,4 38.4 4.2 6.
1400 55.9 57.4 0.2 0.3 0.0 0.0 0.0 0.0
1500 26.8 32.1 0.0 0.0 0.0 0.0

1600 56,5 66.2 4.9 5.8 0.5 0.8

1700 £1.8 65.2 9.3 10.4 1.1 1.6

1800 53,5 59.9 2.7 3.0 C.1 0.2

1900 2.9 4.9 C.0 0.0 0.0 0.0

2000 1.0 2.9 0.0 0.0

2100 16.6 21.4 0.0 0.0

2200 25.8 30.2 < 0.1 < 0.1

2300 17.5 20.4 0.0 0.0

2400 5.4 7.8

2500 0.0 0.5
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APPENDIX I

MEASUREMENTS ON MONKEY EYES

The transmittence measuring techniques and procedures were developed using
the eyes of rhesus monkeys with the result that some data were asccumulated on
these eyes.

After the mounting cells were prepared, the first measurements on these eyes
were made for the purpose of determining the effect of time after enucleation on
the transmission. These findings are discussed along with the similar study on
human eyes in the section "Evaluation of Data."

Repregentative transmittance data are tabulated in table XI for the various
components of the rhesus monkey eyes. The whole eye transmittances, tabulated in
table XIT, have been corrected for reflection losses at the air-cornea interface,
and like the data in table X are the percent of that radiation incident on the eye
reaching the retina.

The transmittance values have been calculated for path lengths corresponding
to the thicknesses of the media in the monkey eye. These figures, along with the
estimated accurecy of measurement are as follows:

Cornea + + » « « « Obom . . . . . . . +1.5% Transmittance
Aquecus .+ . + » o 2.6mm . . . . oo . . OB "
Iens « « o ¢« « » + 2.8 mm « . . . . . . H2.5% "
Vitreous « « » « 12.0 MM « & + » + - « 15.0% "

The relatively poor accuracy of the aqueous and vitreous data result from the
use of short measuring paths, making large converslon factors necessary. This sit-
uation was corrected later in the program, but no further messurements were made on
monkey eye media.
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TABLE XTI

PERCENT TRANSMITTANCE OF THE MEDIA OF RHESUS MONKEY EYES

| Percent Transmittance

Wavelength b -
(millimicrons) Cornea Agqueous, Lens Vitreous
Direct Total Direct Direct Total Direct Total

220 0.5

240 3.0

260 < 0.1

280 < 0.1 < 0.1 4,0 < 0.1 < 0.1
300 1.0 2.0 5Q. < 0.1 < 0.1 15. 15.5
320 156. 56. 1. 8.0 10. 79. g2
340 2k, 65, 76. 3.0 5. 80.5 85,
360 LQ. 73. 78.5 0.2 1.0 81. 85.5
380 L5, 81. 81. 0.4 1.5 81.5 86.5
400 48, 83, 8%. 10. 20.5 &2, a8.
420 52.5 86. 85.5 50.5 62. 82.5 89.
440 55. 86,5 87. 80. 90. 83. Go.
460 57, 90. 88.5 82.5 93,5 83.5 91.
480 5G. 9l. 89. gl . g5. 8y, g1.5%
5C0 61. 91.5 30. 85. 5.5 8l . G2.5
550 65 . 2. ol. 87. 9. 85. Al
600 68. o, 93, 88. 96.5 85.5 95.
650 70.5 9k .5 Gh.5 89. 97. 85.5 9.5
700 2. §5.0 95 .5 90. 97. 85.5 96.
750 T35 93 . 96 90.5 57 85.5 96.
800 .5 %6. 9l. 85.

850 245 95.5 91. 83.5
900 76. 95. 90.5 g2.
350 6. 9. a8. S

1000 T6. 88. 85.5 52,

1100 7S 90.5 88. 2.5

1200 75 . T0.5 T3, 18.

1300 6. 65. 76, 18.5

1400 b5, 0.5 5. < C.1

1500 32, 0.5 2.5

1600 57. 12.5 2L .5

1700 61, 19. 28.

1800 5k, 7.5 17.

1900 0.5 < 0.1 < 0.1

2000 3.0

2100 20.5

2200 30.5

2300 20.

2400 6.5

2500 0.5

2600 < 0.1

L2



TABLE XII

CALCULATED PERCENT TRANSMITTANCE
THRCUGH THE WHOLE EYE CF A REESUS MONKEY

Wavelength Percent Transmitftance
(millimicrons) Direct Total
260 0.0 0.0
280 < 0.1 < 0.1
300 < 0.1 < 0.1
320 0.7 3.2
340 0.6 2.1
350 < 0.1 0.5
380 0.1 0.8
400 3,2 12.
420 18.5 4o.
Liyo 3l. 61.
460 3L .5 6E.5
480 36. 69.
500 38.5 Tl
550 L3, 7h .
600 h6.5 78.5
650 50. 8i.
700 52. 83,
750 53.5 83,
800 5i,
850 5k .5
900 52,5
9506 3945
1000 23,
1100 Ll .5
1200 6.8
1300 6.8
1400 < 0.1
1500 0.0

k3





