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Introduction

Holladayl has described a comprehensive research
In the effects of glare on visibility, and has indicated
that a concentrated, bright source of light in an otherwise
uniform visﬁal field has an effect similar to an over=-all
"yeiling-brightness" added to the entire field. Holladay's
work involved the measurement of the contrast sensitivity
of the eye, first with a glare source superimposed on a
uniform field and, second, With a uniform velling-brightness
added to the uniform field. FIrom these two experiments the
effect of a glare source can be expressed iIn terms of an
equivalent velling brightness; equivalent in that it pro-
duces the same change in contrast sensitivity as does the
glare source,

Bartley & Fryz have described simllar experiments.
Bartley5 has also reported the results of direct photometry
from the exterlor of an exclsed rabblt's eye in an effort
to measure directly the ratio of the amount of focused
light to the amount of unfocused light incident on the
retina,

Bartley3 has also descrlbed a method for demon=-

strating the presence of intraocular stray light by the use



of a small flickering source in an otherwise uniform field.
Under these conditions not only the small source but the
surrounding field appears to flicker, presumably because of
stray light. Bartley measured the critical flicker fre-
quencies for both the flickering source and the surround in
an attempt to establish the reason for the fleld flicker
and to measure 1ts magnitude. On the baslis of his experi=-
ments, Bartley concluded that the flicker in the surround
is very probaebly due to stray light and not to some sort

of retinal interaction.

The contrast sensitivity and critical flicker fre-
guency experiments are typlical of the indirect methods for
measuring intraocular stray light. Each consists essen-
tially of two separate experiments in which some character-
istic of the eye such as contrast sensitivity or critical
flicker frequency is measured under two sets of conditions.
The results of one experiment are used as a calibration of
the visual apparatus, namely the eye, and the accuracy of
the results of the other experiment depends on the assump-
tion that the calibration holds also for the second experi-
ment.

This means that such conditions as adaptatlion
level, puplllary diameter, and fatlgue must be carefully
controlled in both experiments.

The purpose of this investigation was to develop
a direct method of measuring intraocular stray light in

one experiment. In contrast to the indirect methods, this

- -



direct method does not depend on the measurement of another
property of the eye in order to evaluate the amount of

stray light within it. Rather, the stray light is measured
in terms of easlly determlned photometric quantities. The
term "stray light" can be defined in several ways, so it is
convenient to conslder ilmmediately the causes of what, in

the most strict definition, might be called intraocular stray
light.

The eye can be consldered as an optical instrument
which forms a real image on the retina of an object in the
obJect space outside the eye. To simplify the discussion,
it is convenient to choose as the object upon which the eye
is focused an infinite plane perpendicular to the axis of
the optical system. If the optical system were perfect, all
of the light which enters the eye from an elemental area df
in the object woulcd be imaged in the conjugate area e’ in
the retinal image, and no light from other regions on the
object would strike that area of the retina, either directly
or after reflection from other parts of the eye.

For several reasons, some of the light entering
the eye does not behave according to these condlitlions, and
might, in the most general definition, be called stray light.
¥or example, because of diffraction, a point on the object
will always be imaged on the retina as an area., Also, even
the normal eye 1s afflicted with the aberrations of geomet-
rical optics, and these cause devistions from the point-to-

point relationships given above. The effect of these two
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phenomena is relatively local in nature. They tend to cause
part of the light from an area d¢ 1in the object to be spread
over the region surrounding the conjugate area der’ on the
retina. On the other hand, there are several causes of a
more diffuse dilstrlibution of part of the light entering the

eye. These are indlcated 1n Figure 1l.

Sources of Diffuse Stray Light
Figure 1

Some light is reflected at the boundarles between the compo-
nents of the eye which have different refractive indices.
There is also scattering within components which are not
optically homogeneous. Some light enters the eye through
the sclera which surrounds the cornea and therefore 1t 1s
not focused, In addition, a portion of the light which
strikes the retina, whether focused or not, is reflected and
may strike the retina elsewhere. The net effect of these
processes 1s to produce a diffuse distribution of some of

the light from an area de¢” on the object over a considerable

area of the retina.



Thus, it is possible to consider two types of
stray light, local and diffuse. Depending on the distribu~
tion of light in the scene being viewed, it 1s possible
that one type of stray light might be more important than
the other 1in affecting the appearance of the scene, just as
it 1s possible that the eifect of stray light of either type
may or may not be Important as far as the appearance of the
scene 1s concerned. Therefore, it is lmportant to state ex-
plicitly the conditlions under which the quantity of stray
light is measured. For the same reasons, it is important
to choose experimental conditions which approximate those to

which the results of the measurement are to be applled.,



The Method Used in thils Investigation

A. General

In general terms, the method of measurement used
in this investigation is as follows. Consider the eye to be
fixated on a small, uniformly bright area on a plane 1n the
object space. Let the size of this area be such that its
image on the retina falls within the fovea, The remainder
of the object plane may have any brightness distribution
desired, but the brightness of this surround varies in time

as A sin2

wte Some of the light from the surround will be
scattered to the area of the fovea on which the flxation
spot is imaged. 1If the quantity of stray light from the
surround is sufficient and Lfg%dﬂ below the critical fre-
quency of flicker, the fixation spot will appear to flicker

as A? sin2

wte If now the fixation spot is illuminated by
additional light whose intensity varies as B cos®wt, the
conjugate area on the fovea will receive light flickering
as B! coszwt. By setting the amplitudé of the coswt com-
ponent of the foveal illumination equal to that of the
sin®wt component, the flickering of the fixation spot will
cease, since A! sin®wt + Bt coszwt = AVif A' = B', A mea~-
surement with an ordinary photometer of the average value,
g, of the brightness of the fixation spot gives the apparent
increase of brightness of that area due to stray light from

the surround.



In this investigation the illuminated portion of
the field of view consists of a uniformly bright circular
area in a plane normal to the line of sight and with a small
test spot in the center. The method of illuminating the
field is shown in the accompanying diagrasm of the apparatus,
(Figure 2).

The light source is a 500-watt projection lamp
operated on the 115 volt, D.C. power circuit. The condensing
lens I, forms an image of one-half of the lamp filament on
the projection lens Lg directly. The mirror¥; reflects about
one-half of the light from Ly through the Polaroids Pz' and
P,' and the lens Lo'.

P, is a Polarold which rotates about an axils
through its center and normal to its surfaces. It is driven
by means of a motor whose speed can be varied over a wide
range by the observer. P, is a fixed Polaroid, and Pz 1s
another Polarold whose plane of polarization can be set at
any angle with respect to that of Py, The combination of
Py, Pgy and Pz provides a means of illuminating the screen
wlith light whose Intensity varies as A sinewt, where w 1is
Just the angular velocity of P;. By rotating Pz, the
amplitude of the screen 1llumination can be varied without
changing its phase. Po' 1s a Polaroid fixed with its plane
of polarization at 90° with respect to that of P5, so that
the 1light reflected by the mirror Iy varies in intensity

2

as B cos®wt. ©Slnce a portion of the light reflected from

M; is depolarlzed in the process of reflection, a Polearoid
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Pz', with its plane of polarization parallel to that

of Pe', is used to insure that only plane=-polarized
light strikes P,'s The latter Polarold is rotatable by
the observer about an axlis normal to its surfaces and
its position is read on a divided circle. The combina-
tion of Py', Po', Pz, and P,' causes the intensity of
the light beam which passes through the lens L,' to vary
as B coszwt, and the value of B is varled, without
changing the phase, by rotating P4'. The light from Lo!
passes through the second optical train, which includes
a rectangular stop S2' with varisble dimensions. An
image of So!' 1s focused on and just fllls a white,
opaque, matte surface which 1s attached to the screen

on the side of the observer. The screen itself is a
sheet of flashed opal glass with the flashed side turned
toward the observer., These two optical systems provide
a uniformly bright flield surrounding a small test spot
at its center, the brightness of the field varying in
time as A sin®wt and the brightness of the test spot

varying as B cos®

wte The amplitudes of the flicker in
both fleld and test spot are variable continuously from
zero to the maximum value.

The viewing conditions which were finally used
were Influenced by expedlency. The apparatus was first
designed for a viewlng dlstance (observer's eye to screen)

of ten inches and with a clrcular screen of such dimensions

that the diameter of the 1lluminated surround subtended a



plane angle of 90 degrees at the eye. Because the screen
illumination is limited by the size of the Polarold discs
and the f/numbers of the lenses, it was found that the
avallable apparatus did not permit a sufficlently great
screen brightness. Accordingly, the dlameter of the bright
surround was reduced and 1ts brightness Increased by moving
the screen closer to the lens Loe It was necessary to re-
duce the plane angle subtended at the observer's eye by the
diameter of the fleld to 36 degrees. Although this restric-
tion of the size of the surround limits the usefulness of
the measurements made with this particular apparatus, it in
no way affects the validity of the method itself. The view-
ing distance finally used was ten inches., The observer's
head can be fixed in position by means of a biting board,
and arrangements can be made for the use of elither binocular or
monocular vision. Since the observer's eye is only ten
inches away from the test spot, some of the light from the
screen will be reflected to the test spot from the face and
clothing of the observer. To determine the effect of this
reflected light on the meassurements made, a black cloth with
two holes for the eyes was placed over the observer's head
and chest. Measurements taken under these conditlions showed
no systematic variation from those made without the cloth,
and the latter was dispensed with,

In making an observation, the observer takes the
biting board in hils teeth and fixates his eye on the square

test spot at the center of the screen, The side of this
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spot subtends an angle of 1%, degrees at the eye, insuring
that the image of the spot on the retina lles within the
area of the fovea. .

If the Polaroid P4’ is turned to extinctlon the
illumination of the test spot is zero, but if the surround-
ing screen is sufficiently bright and if the frequency of
rotation of the Polaroid Pl is properly adjusted, not only
the surround but also the test spot will appear to flicker.
The observer now rotates the Polarold Py', by means of a
shaft coupled to the Polaroid, until the test spot ceases
to flicker.

Let the average brightness of the screen (one-half
of the maximum brightness) be By and let the average bright-
ness of the test spot at balance (no flicker) be Bige Con-
sider now a circular area (diameter equal to that of the
flickering surround) of uniform brightness Bg and in a
plane normal to the line of sight of an observer whose vision
is fixated on a small area (equal to the area of the test
spot) at the center of the field. Because of intraocular
stray light, a fraction of the apparent brightness of the
fixation area will be due to light from the surround, and
this fraction is given by the ratlo °ts/mg.,

The average screen brightness Bg was measured
with a Macbeth illuminometer by increasling the flicker rate
above the critical flicker frequency. To the eye, the
screen brightness is then constant and equal to the average

value obtalned when the flicker is wvisible. The divided

.



circle of the balancling Polarold P4' was also calibrated at
a super-critical frequency. This was done by setting the
circle at the experimentally determined balance point and
reduclng the brightness of the surround by rotating Polaroid
P> until the brightnesses of the test spot and surround
matched. The brightness of the surround was then measured

with an i1lluminometer.

B. Viewing Conditions .

In the course of bullding and testing the appara-
tus described above, a number of experiments were made in
an attempt to find the viewing conditions that would give
the observer the most comfort and yet allow him to make
an accurate determination of the no-flicker balance point.

The most marked difficulty comes when the ob=-
server attempts to concentrate on the small area in the
center of the large, bright, flickering surround. Qualita-
tively, the annoying effect of the surround is greatest
(even to the extent of being painful) at very low fre-
quencies, of the order of 2 or 3 cycles per second. At
relatively high frequenciles which are still less than
the fusion frequency the flickering of the surround is
only slightly objectionable., However, the brightness of
the test spot near balance is only a small fraction of
that of the surround, and hence the critical flicker fre-
quency for the test spot is much lower than that of the

bright surround. This means that the flicker frequency
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must be below the critical freguency for the test spot.
Several tests for balance were made at relatively high
frequencies, and the results were not nearly so consis-
tent as at lower frequencies. As a compromise, a fre-
quency was chosen which was low enough to glve satisfac-
tory accuracy in balancing but high enough to give suf-
ficient comfort for the observer. It was found that a
flicker freaquency between twelve and fifteen cycles per
second was the best value.

Many of the preliminary trials with the appara-
tus were made in a darkened room, with speclal attentlon
being paid to the shlelding of the observer!s eyes from
all light except that from the screen contalning the test
object and the surround. Later 1t was found that it was
easier to make observations if the normal room illumina-
tion from tungsten lamps was used during the experiments.
Precautions were taken to shield the observer's eyes
from extraneous bright sources of light and also to pre-
vent the illumination of the test spot by flickering
light of the same phase as that of the surround. On the
other hand, both the ground glass screen and the test
spot were illuminated by the unmodulated room lights,
and the flickering field was surrounded by a sheet of
white cardboard. This was in marked contrast to the
earlier situation in which the brightnesses of both the
test spot and the surround were completely modulated

and the fileld of view outside the flickering surround
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appeared very darke. The results obtglned under these con-
ditions showed no systematic varilation from those obtained
when the room lights were turned off. This is not unex-
pected, since 1t is only the modulated light which is ef-
fective in determining the balance point for no flicker
in the test spot. Of course, it is reasonable to expect
that there is an optimum value at which the increase in ease
of viewing obtained by thus dlluting the flicker of the
surround and by making the exterilior field of a brightness
comparable to that of the surround would be balanced a=-
gainst the loss in the abllity to detect flicker 1n the
test spot, as a result of the lowering in the percentage
of modulation of the test spot brightness.

The discomfort which arises from viewing the
flickering surround received considerable attention in
the course of the investigation. The final apparatus
contains a third optical train which is not indicated in
Figure 2, Light from the projection lamp passes through
an optical system which is similar to the system described
above for illuminating the test spot. By means of another
motor and rotating Polarold the light in this auxiliary
beam 1s moduvlated at a frequency different from that used in
the other two beams. The auxiliary beam 1s used to provide
additional illumination of the test spot.

Suppose that the brightness of the surround varies

2wit and the test spot illumination varies as

as A sin
C sinzwzt, where wy; and wo are different angular veloci-

ties. If w; and wy are chosen properly, the stray
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light from the surround and the light from the test spot
will comblne in the well=known manner to produce beats.
That 1is, the resultant i1llumination of the fovea will be
equivalent to a modulated illumination of frequencyw%ﬁjwl = WB)
but of a variable amplitude modulated at a frequency
§%F(Wl - Wo)e
For the moment, suppose that the observer ac=-
tually observes that the 1lluminatlon of the test spot
appears to vary with a frequency% (wqy = wg)e Now let
there be added to the test spot 1llumination varying as

B cosgwlt. If the amplitude of this illumination is ad-

ur
b g
from the test spot will combine with the stray light (which

justed to the proper value, the light of frequency

varies as A sinzwlt) from the surround to produce a con=-

stant illumination of the fovea. Thus the total illumina-
tion of the fovea will consist of an unmodulated component,
plus a modulated component varylng as C! sinzwzt. In other

words, the balance point is indicated by the disappearance
e a0

W

This method of 1llumination was undertaken be-

of the beat frequency .
cause, if practical, it would allow the use of a relatively
high flicker frequency in the surround, thus lncreasing

the ease of operation, while the frequency under observa-
tlon in the test spot would be relatively low, thus allow-
ing accuracy in determining the balance point. Accordingly,
the following mathematlical investigation of the necessary

conditions for the observation of a beat frequency in the
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test spot was made.,

Let the apparent brightness of the test spot
due to stray light from the surround be by = By sinzwlt.
Let the test spot be illuminated simultaneously by two
beams such that the components of the brightness of the

test spot due to the separate beams are b = By sinzwzt

g 2 . &
and bz = Bz cos wlt. For the moment, let B3 = 0, Then
the aprarent brightness of the test spot 1s,

b = by + by = B sin?w t + B, sinwyt.

This equation can be rewritten as,
B1

- B1 Bg _ Bo
1 + b2 = — cos Zwlt o == 1?.cos 2w2t +'Z

. B By
+ = cos 2w2t - cos 2w2t .

Rearranging terms,

_Bl+B2 Bl

By - B
= - 5= |cos 2wt + cos zwzt]+ ._._2__3 cos 2wyt .
Since cos e« + cos@ = 2 cos %—@- cos .“_2"-@ ’
By + B
b = ‘;75"“g = B |cos (wl + wg)é][éos (wl - WB)EJ
By -
4-_E;§#E§ cos 2w2t.

The second term on the right hand side of this equation

represents a cosinusoldal variation in brightness of fre-

quency %f(wl + wz) and of varlable amplitude of freguency %ﬁ{wl - wz)
If B, 1s set equal %o Bl, the last term on the right vanishes,

and the only variation in brightness is that represented by
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the second term. If the sum frequency %ﬁ#wl + wg) is below
the critical frequency for the conditions used, the second
term indicates that the brightness of the test spot will
appear to vary about the value B1 as Bl cos (wl + wg)t
with a beat frequency %ﬁiwl - wy) superimposed. When By = By
the beat frequency will be most easily observed, since the
third term of frequency %? is then absent. It should be
noticed that if wy + wgy is too great the eye will be unable
to detect the cos (wy + wg)t variatlion in the brightness,
but will rather see the average value, which is zero., Thus
the phenomena of beats would not be present and the test
spot would appear to have a constant brightness, Now let
By have some value other than zero. This increases the
brightness of the test spot by the amount bz = By cos®wyt,
and the apparent brightness is given by,

b= by ok Do+ by = By singwlt =+ B2 sinzwgt e B5 coszwlt.
These three components can be treated in the manner above,
but it is easily seen that when B5 is set equal to By,
b = By + Bg sinzwet. If Bo has previously been set equal
(or approximately so) to By, the beat frequency-%ﬁlwl - Ws)
which was observed wilill disappear when B5 1s also set
equal to By. It is only necessary to measure Bz at the
point where the beat frequency disappears in order to ob=
tain By, %% is then the average value of the contribution
which the surround makes to the apparent brightness of the
test s=pot.

Under some conditions it may prove that the



observation of the beat frequency depends critically on
the value of Bg. In that case, By is also a good mea-
sure of By, since the beat frequency is most noticeabls
when Bg = By

Not only is it necessary to choose wj and wo
in conformity with the conditions outlined above, but
it is also necessary, from an experimental standpoint,
that they be carefully malntained as constants.

When the method was tested experimentally the
phenomenon of beats was observed, but the necessarily
accurate frequency control requires more elaborate ap-
paratus than was available in order to maintain the
beat frequency constant. The tests made were encourag-
ing, however, and indicate that the method merits
further investigation at a time when the materials and
shop time to consiruct the apparatus can be obtained.

In referring to the fixing of the observer's eye
in position before the screen, it was stated that ar-

- rangements were made for either monocular of binocular
viewing of the test spot and surround. Whenever only
one eye 1s being used the other can be covered by a
small black screen (held in place by a band about the
observer's head) so that the observer can keep both

eyes open.

Ce Balancing

In setting the Polaroid Pé' for the condition



of no apparent flicker in the test spot, it was customary
to approach the final test spot brightness from both
higher and lower values. No significant differences
between the two sets of values obtained in this way was

noticed.,
Dse Effect of Wave Form

If the light transmitted by the Polaroids is
completely plane-polarized, the wave forms of the
modulated light used are A sinfwt and B cos®wt. The
trigonometric ldentities A sin®wt = % - é cos 2wt and
B cosfwt = % + % cos 2wt indicate that each of these
wave forms may also be thought of as equivalent to a
constant plus (or minus) a cosinusoldal wave of twice
the original frequency. This latter fact was strikingly
illustrated in the first model of the apparatus. This
was bullt as indicated 1in Figure 3, which is a diagram
showing it as a modification of the current apparatus.
The light from Pz 1is reflected into the lens L:5 and the
subsequent optical train by the mirror Mce The pinhole
stop Sg (about 1 mm in diameter) is imaged on the pupil
by the lens L4. The diaphragm Sz next to L4 is of such
a diameter that its image on the retina falls within the
blind spot. The position of the image of Sz on the
retina can be altered by swinging the arm on which the
optical system lig, Lz, 82, L4, 35 is mounted and which

is pivoted about a vertical axls under the observer's

eye.
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When making an observatlion, the observer uses
only the right hand eye, the other one being shielded
with an opaque screen, Hls head 1s held in position
by means of a biting board so that he views the screen
of opal glass ten inches from his eye. He fixates on
the center of the area, which 1s determlned by the
stop So!' so that 1ts image on the retina falls within
the fovea, The intensity of the light from SS varles
as A singwt, while the brightness of the opal glass

varies as B cosz

wt.

In the tests that were made with this apparatus,
the stop Sz was imaged on the blind spot on the ob-
server's retina, and therefore was not visible. But
some of the light from L, struck the fovea as stray
light (actually, it was observed that a large part
~of the retina was illuminated by stray light which was
most intense around the blind spot) and its effect in
illuninating the fovea was matched by varying the
brightness of the fixation spot until there was no
flicker apparent in the latter.

Knowlng the average brightness of the screen at
balance and the average amount of flux in the bheam
which is imaged on the blind spot, it 1s possible to
compute the effect on the apparent screen brightness
of the stray light in terms of the flux entering the
eye from L,,

This earlier model of the apparatus was discarded

SO



before any quantitative results were obtained with it,
in favor of the previously described method which
glves a more useful evaluation of the stray light.
However, it was possible, with thls apparatus, to in-
troduce enough light into the eye by means of Ly to
provide a rather high level of illumination of the
fovea by stray light. Under these conditions it was
possible to study closely the appearance of the test
spot as balance was approached. It was noted that
near the balance point the frequency of flicker in-
creases markedly. This indicates that for the higher
amounts of modulation the eye sees the light which
varies as A sin®wt as having a flicker frequency of Wém.
For lower modulation the eye records the frequency ‘%’
corresponding to the interpretation of the A sinzwt
variation as one of the form % - é cos 2wt. Cobb% has
reported a similar effect for modulated light with a
rectangular wave form., He showed that for some cases
the flicker perceptible just before the critical fre-
quency 1s reached 1s due to the harmonics above the
one of lowest frequency in the Fourier series represent-

ing the rectangular wave,



Results of Measurements

The results glven here are for one observer (E.T.L.)
using binocular vision, and they serve to show the order of
magnitude of the effect of stray light under the conditions
that have previously been described,

In Table I, @ represents a series of settings of
Py! (angles measured from extinction) for no flicker in
the test spot. The first column gives the direction in
which the brightness at balance was approached; i.e. from
higher values or lower values. The next two columns give
sin® and sin®@ . The latter values are averaged and the

mean deviation from the average 1s calculated.

Table I

Results of A Series of leasurements

# is the setting of the Polaroid P,' at balance, the

angles being measured from the position for extinction
of the test_spot 1llumination.

Brightness Deviation from
values from mean of 1ndl-
which balance é vidual values
was approached (degrees) siné sinzi of sinle@
- lower 26 438 +192 «053

higher 18 « 309 095 «045

lower 23 e 391 153 .014

higher 20 0242 = i oy .022

lower 17 +292 .085 054

higher 19 s B26 106 033

lower 29 485 20D « 096

higher 19 e D26 « 106 +035

lower 24 407 + 166 027

Ave .= o139 Ave.=,042

Average sin® 8 = ,139
Mean deviation from average sin2 @ = ,042,
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The average brightness of the screen was Bg = 13 ft-
lamberts and the average (actual) brightness of the test
spot at arec sin?ﬁr;verage value of sin%f§7was determined
to be Byg = 0,17 ft-lamberts. The ratlo %if 1s 0,013,
with a mean deviation of X .004,

This ratio gives the contribution of light from
the surround~to the apparent brightness of a small area
in the center of the surround (the diameter of the latter
subtending an angle of 36 degrees at the eye and having a
brightness of 13 ft-lamberts)e The natural pupil was used
in all measurements, Most of the settings were made in
about twenty seconds of viewlng time. ¥Fixating the eye
on the test spot for periods as long as one minute ap=-
parently does not increase the ease or accuracy of setting.
Any increase in adaptation of the fovea to the brightness
of the test spot 1s presumably overbalanced by the fatigue
due to the flickering surround.,

The results given above can be compared with those
of other investigators who have measured the effect of
stray light on minimum perceptible contrast, minimum per-
ceptible visual angle, and simllar characteristics of the
eye. Moon and Spencer 5,6. have formulated equations,
based oﬁ the work of Holladay, Stiles, and others, which
give the effect of light from the surround on the adapta-
tion of the fovea. Before glving the results of lMoon and
Spencer 1t 1s convenient to explain their procedure., If

a scene of any arbitrary brightness distribution is viewed,
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the fovea (as well as the other areas of the retina)
finally reaches a steady state of adaptation which can
be specified 1n terms of the brightness of a large
uniform field (specified by lMoon and Spencer as one
whose radius subtends an angle of 1 radian at the eye)
which would produce the same steady state of foveal
adaptation. =This brightness is called Hg. If the fileld
i1s of uniform brightness Hg, and 1f its radius subtends
an angle of one radian at the eye, then Hy = Hge On
the other hand, 1f the radius of the outer edge of the
field 1s reduced (the area in the object space which
lies outside this outer edge of the uniformly bright
field 1is assumed to have zero brightness), the amount

of stray light from the surround which strikes the
fovea 1s reduced; and therefore the fovea adapts itself
to a lower brightness., The brightness of a large unil-
form field that would produce the same foveal adaptation
might be called Hg'e Then, Hg'< Hge If now a small
area at the center of the field, of such a slze that its
image falls within the fovea, has zero brightness, the
fovea will receive even less light ahd its new state of
adaptation, on the basis of the above convention, might

H ]
be called Hg". Thus, Hg"<& Hg' < Hge The ratio =2—

Hg
gives the contribution of the light from the surround
to the foveal adaptation.

Using the equation of Moon and Spencer, and

setting the angle subtended at the eye by the radlus
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of the outer edge of the bright surround equal to the

value used in this investigation (18 degrees), the cal=-
H 1

culated value of Hﬁ‘_ is 0.,060. Thls result is of the
s

B
same order of magnitude as the value of ;ﬁﬁ obtained for

J.as
the author's eyes,



Conclusions

A method has been proposed and developed for
measuring directly, in one experiment, the amount of
intraocular stray light. leasurements made by this
method indicate thaf‘approximately 1% of the apparent
brightness of a small area at the center of the uni-
formly bright surround 1s due to stray light from the
surround. These results are for one particular set
of viewing conditions, but the method can be extended
by the use of non-uniformly bright surrounds and also
surrounds of sizes and shapes other than those used in
this investigation.

A means of lmproving the method of measure=
ment through the use of a beat frequency has been pro-
posed, and preliminary tests of the principle have
been made. Further investigation of this phase of the
subject should be made, when the equipment necessary

for accurate frequency control 1s again available.
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