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SECTION I - INTROIXICTION.

This research undertaken with the intention of studying
the effect, of light stimulation on increasing areas of the
retine of one eye, upon the prineiple of Visual Sensory Reflex
Sensations recently propounded by Dr. Frank Allen.

SECTION II 4 APPARATUS.

Desoription of eritical frequency of flicker determinations
by means of Hilger Spectrometer and Episcotister prineiple.

SECTION III - NETHOD OF MEASURENENT.

Detailed procedure while taking records for Normel Curve,
Tabe Curves, end Card Curves.

SPOTION IV THE NORMAL CURVE.

Containing the Date and plotted curve of the Writer, with
explanation of Abnormelity in region .Ggm.to .§£y4.

SECTION V. - CONSIDERATION OF TUBE DATA.

Containing Tables of Tube characteristies, Tube measdrements
and condensed curves as plotted from date obtained from Right Tubes.

SECTION VI

CONBIDERATION OF CARD DATA,

Containing Table of Date and Curves plotted from date obtain-
ed from Seven Cards.

SECTION VII -~ DISQUSSION OF RESULTS.

Particular reference to modern nrominemt theories of Color
Vision.




RODUOTION,

Recent investigations by Dr. Frank Allen in the field of Colour Vigion
have esteblished & new prineciple named by him "Reflex Visuel Sensetions."

Quantitative measurements have been obtained on the effects of gtimli
on the retina of one eye upon the sensitivity of corresponding receptors in
the retina of the other eye.

Measurements have also been obtained in the field of Toueh and Taste,
showing that a stimulus applied to one portion of a receptor affected the sens=
itivity, not only of the stirmlated portion of that receptor, but also of sur-
rounding arees in all similar sense receptors.

The purpose of this research is to study the effect of stimulsting
definite portions of the retine of one eye upon the sensitivity of the resept-
ors of the same eye. This was acocomplished by selecting tubes of inereasing
diameter, thereby stimlating inereasing areas of the retine when tre eye wes

fixated upon white and eoloured bagckgrounds trrough the various tubes.

‘SHCTION II.

APPARATUS,

The apparatus used, and the method adopted, for the purpose of messure-
ent in this research was essentially the same ag that employed by Allen and
others in recent investipgations of the visual sengory reflexes. The source
of light was an scetylene flame completely enclosed,with the exception of the
top, by a black wooden box. To secure constent luminosity the ges was supplied
to the burner at a gonstant pressure of 7 ems. as megsured by a water manometer.

A smell glass window in the side of the box allowed the light of the

acetylene jet to fall on the collirater slit of s four prism Hilger spectro-

meter. Between the slit snd t'e window en aluminum dise of two opposite open




sectors of 90 degrees each was rotated by an electrie motor whose gpeed of
rotatiorDGOﬁtrolled by & brake was recorded by an electric chronograph.

The spectrum obtained was of considerable dispersion, and narrow strips
of this sgpectrum were observed by meens of fixed slits in the gye-piece. The
mean wave-lengths of these eoloured bands were Imown to corregpond with defin-
ite angles of the Vernier Secale of the Telescope in accordance with a calibr-
ation by Dr. Allen.

The Spectrometer itself was shielded from all extraneous light by a
black velvet cover, and about the eye~plece was a tight-fitting cardboard collar
resting against the observer's eye, so that all measurerents were made under
identlcal conditions. The observations were teken under conditions of daylight
which were recarded as approxiretely the sames The research wes performed in
& room well illuminated with daylight. No measurements were taken on eloudy
days, nor on dull dars, end never wit? artificial lighting, sinee the gengory

reflexes of the visual orgens vary with the nature of the 11lumination.
SECTION TITI,

METHOD OF MPASUREMENT.

The fundamental point of view is that of determining the eritical fre-
queney of pulsating stimulation, or, in other words, to find the duration in
seconds of the hang-over effect of a preceding stimdation. The rotating sect-
ored disc produced slternate flashes of colour and derkness which ceused a
sensation of "flicker" in the isolated pateh of the spectrum viewed. The speed
of the motor was adjusted by means of a friction brake until tre flicker phe=
nomenon was just imperceptibles While thre resord was being rade the brake wag

oscillated slightly so as to cause the flicker to rerain Just on the point of

appearing and disappearing.




The chronograph record gave the time in halfeseconds for 200
revolutions of the disec in the violet portions of the spectrum and increag-
ed to 400 revolutions in the brightest portions. The average of the time for
as many revolutions as possible was taken as the accepted reading, end the
time of duration of one flash, or that produced by one-fourth of & revolution
of the disc, was caloulated.

Readings at vue dim ends of the spectrum were very difficult to per=
ceive with acecuracy, and so several independent readings hed to be taken for
these reglons. This is especielly the case for the last three readings in the
violet section where the coloured slit showed a decided tendency to migrate,
sometimes moving to the right as to be apparently situated on the telescope
arms By holding the hand over the left eye for & few deconds during the read-
ing the sllt could be held statlonery while these three measurerents were taken.

As the luminosity of the slit increased or decreased the eye-plece was
focused accordingly so as to give a sharp imege.

The reading itself occupied about half a minute. Between readings the
eyes were kept in daylight adapteation for epproxirmmtely four minutes.

The experiments described in this paper oceupied approximately four
months of the first year and one and one-half rmonths of the second yeer devoted
to the research.

On the average one curve a day wes attempted until & uniform and satis-
faotory set of date was obtained for the eight tubes used.

The intervel between the two years' work appeared to have no effect on

the constancy of the Normal Curve. This was ascertained by repeated checking

at short intervals to detect any verilations.




THE NORMAL CURVIE,

The normel curve is the curve obtained whéen the two eyes are in constant
daylight edaptation. It gives & guaelitative relationship between the mean
wave-length of the colour viewed and thre duration in seconds of the hang-over
effect of that coloure.

In all fifteen separate colours were isolated by means of the slit, each
of these eolours being viewed by the right eye, the left eye remaining at all
times in diffuse daylight adaptation. The eriticel frequency of flicker wes
then found and recorded for each coloufe The curve itself was obtained by
plotting the duration in seconds as the ordinates, and the wave-lengths in
Angstrom units as abscissae.

The gurve may be interpretéd as giving measure of the brightness or
luminesity of the various spectrael colours, since the duration D of the hang-
over effect was found by Ferry end later by Porter to depend only on the bright-
ness or luminosity of the eolour and in no sense on the wave-~length under &
constant gource of illuminatione.

Therefore & lowering of the curve at any point indieates increased
luminosity of that particular colour,; beceuse the dlsec had to rotate faster
to produce continuity of sensation. An elevation in the curve denotes &
decrease in the brightness of the observed colour. For example the valune of
D for the central or brightest portions of the spectrum is considerably small-
er than the values for the ends of the seme spectrum. Thet is, the hang-over

is oonsiderably diminished in the brightest portions of the spectrum. This

can be illustrated in the following diagram.
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The gap messures the duration in seconds which the effects of the light
impudse actually lasts on the retina when the sensetion apparently seems to
be continuous.

These observations show that the bright ecolours of the spectrum require
rapld dise rotation and the duller colours require & glower reate of rotations.
The gonclusion is that the tire of exposure for the bright colours requires
to be considersbly less than that for less bright colours so as to give con=-

tinuity of sensation.

The writer's normal curve shows that en anomaly existe for him between
A .69« and ).@a_ in the orange portion of the spectrume.

The rise above & emooth curve in this region indicates that the writer's
eye is not so sensitive to the brightness of spectral orsmge, or in other words

the sensitivity of the writer's eye is less for that portion of the gpectrum,

then Allen's or any normal eyee.




TUBE DATA AND R

The tubes used in this series were manufactured from e fairly thin
cardboard of a neutral grey colour, the inside surface being blackened with
& dull finish to absutb as completely as possible all stray light. The
physical measurements of the tubes are given in Table III.

The method of measurement consisted in fatiguing the right eye by gaz-
ing fixedly through the tube at a very smell pencil mark on & white cardboard

v

S '
baekground. The left eye was also Tocug@d on thls sarme mark, but under the

)

normal condltions of vision, whiech permitted the entire semsitive ares of its
retina to be undergoing diffuse daylight stimaletion.

The distance between the end of the tube and the cardboard background
was kept constant at spproximately 80 centimetres. The mark on en otherwise
uniform background served equally as e foeusing spot for both eyes, which
counteracted a tendency of the eyes to relax, with a consequent loss of dig=
tinet retinal vision of the backeground, snd at the same time provided & method
of insuring regularity end conformity of the readings as far as the position
of the tube and the head of the observer were concerned.

The position of the bhackground secreen was so arrenged that at all times
it was under approximately uniform itlumination from the outside, excluding,
at the same time, any possibility of direet reflection of the light from the
windows, through the tube into the eye.

Care was taken to exclude external light from the right eye during
fatigue, by cupping the hand about the forehead and right cheek, and keeping
the nasel side of the eye pressing lightly against the edge of the tube.

Thus the only light reaching the retina was that directed through the tube

from & eirele of definite ares on the white background, the ares depending




entirely on the size of the diesmeter of the tibe, all other conditions being
constent.

After fatiguing the right eye in this manner for al least from four
to five minutes, the same eye was immediately placed before the eye-piece
of the spectrometer, which was never more than five inches distant from the
end of the tube, and & chronograph record was mede for a particular wave-
length. After the record had been rade, approximately two minutes were con-
gumed in the preparation of the apperatus for the next resding, during which
time, both eyes were under conditions of normal daylight adaptation.

Then the fatiguing process was repested, & complete record requiring
from seven to ten minutes. The record for a single tube was usually completed
at one time, & night always separating different tube records, although the
records were teken as conveniently close together as wes consistent, for fear
of o change in the normal curve of the epe. In all,fifteen separate records

were rmede for easch of the eight tubes provided.

THE REFLEX EFFECT,

The first startling effect noticed when the right eye was directed
through the tube, was the eppearance of the circular area on the white back-
ground as seen outlined by the end of'the tube. This area was distinctly more
luminous than the geme surface and background as seen by the left eye. It
reserbled a brilliant white circular patch pasted on a duller white background.

The luminosity of this areas was seen to visibly decrease and more
elosely reserble the rerainder of the sheet as the diameter of the opening of
the tubes incressgsed. The greatest variation in luminogity between the eireul-
ar portion and the background, occurved with the smallest tube, Noe. I.

This epperent Inerease in luminosity cen be quite satisfactorily explain-

ed 1f certain facts are taken into conslderstion as reecently expostulated by

e |




Allen in a New Principle of Colour Vision.

Pormerly it was known that nerve impulses travelled from the stimalated
reseptor to the nerve centre in the braln. The esgentially new principle of
Bllen, states that the returning impulse is dwal in 1ts nature. The gtimulat-
ing impulse releases two returning impulses, one travelling vie the medium of
the afferent nerves, whose function 1s one of depression or fatigues The
othér travelling via the efferent nerves, and of reflex origin, whose oringiple
function is one of enhancement.

The afferent impulses produce & depression in the semsitivity of the
receptors reached, while the reflex or efferent nerve impulses produce &
counteracting effect by tending toward enhancement of the receptors affected.

These returning irpulses affect not only those portions of the receptors
under stimmlus, but, depending on the relative proximity of the nerve centres
in the brain, they return to all the eorresponding portions of the same organ.

For exemple, if the left eye is under stimmlation, the semsitivity of
the retinsl recentors of the right eye is noticeably affected by refles im-
pulses and fatigue impulses. Also if the middle finger of the right hand is
bound tightly, the receptors of touch in the other fingers are depressed or
enhanced in sensitivity under the action of the reflex and direct or fatigu-
ing impulses released from the brein by the ascending merve stimlus.

It hag also been Tound, that if the equation relating the durstion D
of the stimulus f{n the intcnsikv L of the same stimulus be of the nature,
laeklogL + Kk, then the effect of a weak stimulus is predominantly one of
D
depresaion.

On the other hand, if the equation is of the order D = k log L + m, 8

feeble stimulus produces an enhancement of the receptors affected.

In the ease of light the equation d&e of the order 1 = k log L + L where
D
kp end k are two constants. Therefore the result of a feeble stimulus on
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When the right eye is directed at an objeet through
diameter, the central ares of the retina of that eye functions with its fund-

neitivity, whereas the left eye directed at the same objeet functions

at a lower sensitivity than its fundemental.

The area of the retina under light stirmletion depends solely on the

inmer diameter of the tube, since the length of the tube and the distance from

the end of the tube to the sereen is constant. Therefore for the right eye,

with inereasing diemeter of the tube we have ineressing aree of retinal stime
is tending toward en-

ulation and decreasing area of peripheral retine which i
Deorease

in the gentrel portion.

hencement of the semsitivity of the receptors
of periphery therefore csuses en increage in returning impulses whose function
is one of depression,and a comsequent descroase in the returning impulses fung-

tioning towsrd an enhancement of the regeptors. This is the explanation of the

decrease in variation of the luminosity between the surfece seen by the right

eye and the same surface as seen by the left eyes

The effeet is very noticeable in the first four tubes, becomes less

marked in the last four, and is almost negligible in the last tube, No. VIII.
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when the backgrounds of two identical surfaces are altered the values of the
luminogity of the surfages are also changed. This is the phenomenon of
simalteneous light contrast. If reflex principles can satisfactorily explain
eolour~contrast, as published by Allen in several J.0.8.A. papers, then reflex
prineiples should be properly applicable to Tube Effects.

Some anatomical data will present clesrly the various portions of the
retina of the eye atimilated by the set of tubes. From Vierordt's Anatomical

Tables is derived the following date.

Depth of the eye = 47 millimetres. Helpght = 38 millimetres.

Subtending Approximate Approximate
Region of the Fye. Diameter. Angle. No.of Rods Nos of Conesg.
Fovea Centrelis o2 TMS 86! 7o e 4,000
Rod~free area o8 mmse ” 5° m¢ o 9,000
Nscula Lutea 1-3 mmmse Arnin® Very Few 3,000
Periphery 20 mmse? 1;3°-150°Hor1zonta1‘3,000/000 6,900,000

0 o
12-120 Vertical

When fatiguing the right eye by looking through the first tube the imsge
of the centre of the cirecle, which was marked on the background, will be formed
on the Fovea Centralis of the right eye sinee this is the point of most dis-
tinet visions If the attention is congentrated on the small mark on the back-
ground, it is natural for the eye to foous itself so as to project the image
of the mark on fhat portion of the retina where wvision is most ascurates

4 : g 0
Then if the angle subtended by the rod-free areas of the retine is 3 3

we can caloulate the diameter of the eircle of cardboerd at o distance of 120

gentimetres from the eye, which will stimulate this rod-free area and no others
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we conclude that all tubes larger than No. VI will inelude a portion of the
true periphery in their effective retinal light stimulating properties.
Tubes between No. II and No. V will accordingly stimulate only Foveal and Macu-
lar portions of the retina. Tube No. I will stirmlate only Foveal and the
Rod-free arees of the Macular regions. This tube therefore confinés the action
of the direect light stimulus to the retinel portions of the eye which are com-
posed entirely of cones. Foveal stimulation ocecurs only whenm the subtending
visuel angle is less than 10, therefore at no time during this research was the
action of the direect stimlus confined to the Foves Centralis. In order to do
this, the cirele seen through the tube on the background, would have to be only
5 to 6 millimetres in diameter at 120 centimetres distence.
" When & beam of light is allowed to fall on the central portion of the
retina, and the surrounding portion is unstimlated fFom the outside, then
the central portion becomes fatigued, as is evidenced by the fact that after
allowing the white light to fall on the retina for about four minutes, and then
to take, with the same eye, & spectral reading of a colour formerly seen by
that eye under normal conditions, the spectral eolour is observed to be of less
brightness than it was before.

Assuming that fatigue consists in the diminution, however extensive,
of the emergy-response of a cell or nerve, we can examine the effect of fix-
ating the image of 2 white ciroular area of constent illumination on the sens=-
itivity of the receptors of the retine of the eye.

The data, given in Table I, were obtained from the stimuletion of the

right eye by means of the eight tubes. The data of seven of these tubes have

been plotted in the conventional condemsed form in Figure II. The straight line
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The gurve obtained for the first tube ghows primarily that the sensitiv-
ity for the luminosity of all the speotral colours has been diminished, with
the exception of two points where the semsitivity hes apparently remained
unchanged. These points can be approxiretely assigned to wave=1lengtha °5Q/Z
and «58¢c. There are four prominent indications of diminished semsitivity.

The firet is & general depression for luminosity over the whole of the band

of wave-lengths from .Zﬁuto .?9/4. Two points are elevated in this general
depression, one at ./;a,aﬂd one at 642+ These two wave~lengths would corres-
pond to & dark red coloure. The next prominent elevation of the curve, or in
other worits a depression in sensltivity, ocours at wave=length .?g/bwhich would
correépona to a bright green colour. Following this there is a graduel elevat-
ion of the eurve in the violet or lower end of the spectrum, between wave-lengths
48 amd :%;/&- The depression of the sensitivity of the Red sensation is greater
then that of the Green or Violet sensation, while the Green is slightly more
depressed than the Violet.

Here we find that fatiguing the right eye with white light in the manner
of the experiment produces a depression in the sensitivity for luminosities
for areas corresponding to Red, Green and Violet, with Blue and Yellow aress
epproximately remaining unchenged.

In the daga derived from Tube # II we have further evidencé that there
are three prominent elevations in the curve which agree very closely with those
obtained by Tube No. I. The curve, as before, shows & general depression of

the receptors over the whole band of wave-lengths with the exception of the

two points at .fg,uand iﬁgAuwhick remain unchangeds
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lengthe whore the two prominent

denroasions have been fused and form o comon one situnted mid-woy. The

depression of the Green 1s of egual magnitude with that of 1 Violots

tube allows

to enter the eye, thereby stim

b1

larger ares of the Maoular region of the retina. Neverthe

produced & doeprogsion in those aroess corresponding to Red, CGreen and Violot

n

vhile the. Yellow snd

wye remeined unohenged.

In tube No. III the result obtalned ag fairly well with the

first twoe The exeeption being the elevation of the curve at wave-length

8 awhioh indloates a shift toward the yellow of the mexlmum depresslon

of that portion of the eurve corresponding to Green, ’L‘q reading however
peems Yo be in disagreoement with every other ronding for the wave-length .Egu>
Coincldenoe with the Hormel curve is the rule for five of the sevon curves.
e depresuions for the Red, CGreen, ond Violet have all spproximated the

soare magnlitude, the rexiyum depression for the Red, however, still roreining
Bt weve-length 'G}w T™ie tube vllows s8till rore light to enter the aye,

-

stimlating an ineresped area of the Veeuls Iunteas Tho sonsation for the

- Pt

Blue wave-longth 1g still colnoldont with the Hormel at «B0« indicating no

ghange In 1ts senaltivity.

The ourve abieined by plotting the data for Tube Hos IV haw aprroxime

ptely the identical form of the first throes with the readical change occoury-

ing ag one nf enhencemont in gertalin portions of the curve which are

bolow the Homoals The three depression maxire are

gtill losated in portions

of the Curve corresponding to the 1y Green pnd Violets The coinoident
points are approzimatels loonted at weve-lengths o060z end .‘fyaw. Five of the

readings however are below the Normal curve which 1s elther an Indleation of
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enhenoement of theese sensations or & discrepency in the messurement of these

aritionl frequency of fllcker by amounts verying from soconds to 0002
seconds.

With tube Ho. IV we have tho aresa of the elraular patoh on the baaks

ground stimuleting complete

the Foveal and Maoculer aress of the reting of

the right oye.

with Tube No. V tme peripheral portions of the retina sre stimulated
dlreatly for the flrst times The ourve is gseen to lose ite charsctoristile
position and form, the rendings varying both above and below the Wormml,

"

indlenting both depression end enhencement for the various sensations. The
Red, Green snd Blue show enhencoment, the Orenge end Vielet show depression.
The soineldent pointe however are still approximately at wave-lengthe fg;vv
and «88.c »
/M/

The date plotted for the last two tubes Wos VI and Mos VII, show that
the curves have lost all the former charscteristicse. The readings veary conside
erably with the developerent of enhangements in the weve-lengths corresponding

to Dark Red, Green, Blue end Vielets The data for Tube Nos. VIII agree very

olosely throughont the entire spectral band with that of the Hormel Curves

=

hese resulis mey be due "ot of atimulatings not only Foveal

ond Maculer retinel areams, but ales including ineressing portions af the

periphery ns the dlamoter of the tudbes following Ro. IV inoresses beyond &

gertain limits The use of tudbos lorger than Uoes IV biings the conditions of

vision to avproximate those of eonst

ont daylight adeptoetion, or the normal

gondition of the eye. Caonseguently in this condition there iz no sneaiesl

fatipue produced by etimulating the retinal roceptors, therafore the ourves

obtaingd olosely resormble thet which was obtained when the eye wes in ite
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sdantations The slipght variations between the roadings

normel ste
of Tubes VIy VII snd VIII and the Normal readings, re&y be due tog Blther,
4.

dlscrepancles In wmeasurerent, or to o slisht sotion still nrodused W thet

riphory not yet under dirveot

. P i e B 8 R wuin  pnon ma e A e o ¥, e wn s
small area of the sensitive portion of the ni

stimmlation by white lights The latter be the more logleal explanation,

P

singe 1f the regords of the last three tubes nre examined glogely, 1t will

be noticed that the general trend of 'enhansement snd devression gaours throu

out spproximntely ldentionl bande of wave-lengthe. The deproanions oogur

regularly in the Vielet and Orange roglons, shile genersl nroxirity with the

Norrel 18 the ontstanding feature of the Green

d Blue portions of the spootrums

The enhaneement indiented in the Zed end a portion of the Yollow snd
Vielet moy be explained by the reflex sotion of white light of 2 moderate in-
tensity on the mensitivity of the aentra) portion ﬁi’ the retines .It hes alroady
been shown by Allen, end others, that a stirmlus of roderste intensl tr hos a
remltent effect on the sensitivity of tho recoptors of enhencerment rather than
depression.

The reflex impulses of enhanceront due to the pot! on of the atimulus
overbalance the irpulses of fatigve for 1he sume portion of the roting. This

ls in seccordsnce with the Peryrv<Porter 1 oWy nmely, =¥ log 8 + Xy, in which

——

1
D
i g

e atimmlue 8 of low intensity produces en offoat of f atigne or deprossion,

-

conversely o stimlue 9 of modernte Intenslty produces enhsngement of the

sensitivity of the reoeptors, rosulting in e dlsplacemont of the fatie

e ourve

below the Normal in portions corresponding to the colour areas rost prominently

affectods
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FATIGUL CURVES.

SECTION VI.

The eards used to obtain the effect of fatigue in the following experi-
ments were pieces of eoloured cerdboard ten inches square. Their colour-
reflecting property was examined by meens of & straight vision spectroscope
equipped with a vernier scale, resding in millimetres. A pointer attached to
the seale measured, approximately, lengtha of the various coloured bands re-
flected by the cardse.

Ixamination of the white card revealed a continuous spectrum of medium

intensity stretching from seven to fifty-five millimetres.

The Black card revealed only
slight traces of red and green bands
of very low intensity.

The Red card gave & prominent

colour band of & dull red hue between

five and fifteen millimetres. This
tepered off to a faint orange from
fifteen to ninteen millimetres. A
dull green band oceurred between nineteen and thirty-two millimetres, fol-
lowéd by a gap, which greded into Violet at fifty millimetres.
The Yellow card gave an almost

continuous spectrum of very weak in=-

tensity. From seven to fifteen milli-

metres the red was moderately bright,
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the predominant band of colour being the Oranpe between fifteoen and twenty=
one millimetres. (reen occurred between twenty-one and thirty-four milli-
metres, Blue between thirty-four and forty millimetres, and a Violet of
dim intensity between forty and fifty-two millimetres.
The Green Cerd gave a bright
band of seven to eighteen millimetres

in the Red, and another of green from

twenty-one to thirty-four millimetres.
The Violet and Orange readings were
80 faint as to be almost negligible, with & slight sppearance of Blue be-
tween thirty-four snd thirty-seven millimetres.

The Blue sard showed only very
alight traces of Red and mno yellow
whatever. fThe Green and Blue bands

were well rarked between nineteen to

thirty-five millimetres and thirty-
five to forty-five millimetres. The Violet wes invisible, no trace of colour
could be seen beyond forty-five millimetres.

The Violet card gave & promine
ent band of Violet between forty and
fifty=four millimetres. The Red was

only faintly prominent between five

and fifteen millimetres. Qreen we.s
slight between nineteen snd thirty-seven millimetres, while Orange and Blue

were barely distinguishable.
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All the fatipgue ourven in this seotion are shown plotted in condensed
form in Plgure 113s and wore obtainod from the dete of epovon oards ghown
in Table 111, The data wers obtalned by directing the r»ight eyo through
abe 42 at the coloured onrds on the baokgrounds The right ey vos oxpoased
in this maner for spprozximetely three minutes, then a ehrdnogrent record

e madosfor the samo oyo with the speotrometer. The vapious gards wore

hung on thoe baokground used in the previous part of the work, ot approxime

=

rom the ayes On diresting the right eye through

atoly the sarme distenco

the tubs and » the attontion on o smell ponell waek on the onpd,

3

the eve oould Aetinguish only o olroular spot of colonre This spot o
gaon by the right eve seermed brighter then the seme coloured oserd ag scon

tr the left eyes The bdrightness of the spot seemed to be due to & whitor

appearance of the colour, in other words, 1t sppoared to be less saturated

to the right eye than %o the normml left oye.

Sinoe the ocharagteristic effect of fotlipue in norpsl wision la o dlmine
ition in brightness, an elevetion from the noreel ourve will always indlcste
vhat someations are dlrsatly affected oy fetipgued, snd s deprossion helow
the normel ouwrve will salwaye indicete what sensations are foflexly affected
oy enhonogods

Tho first cerd used wes white in ocolour. The cwrve obtsined is shown
plotted with t' e Hormal In Figure IV. The weduced curve at the bottom shows
vhat sensotions are predominantly affeoted, and 1s obtained by asslgming
& nominel velue of 166 to tho nowrmal rooading snd reduoing the fetipgee resde
ing In proportions

Although the oorve stlll retalne the charecteristio shape of the normel

types it will Be poen that 1t ls diepleced below the Normal In all portions
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with the exception of a single wave-length .Q&u,. The displacement is con-
gidersble in the Violet, and there are two minor displacements in portions
corresponding to Red snd GOreen sensations. These displacements ail indicate
enhancement, the single digplacement &t '%9“ ghowing depression or fatigue
may be due to & discrepancy in reading or due to its position in the bright-
est portion of the spectrum. Coincidence with the Normal curve occurs at wave-
lengths iiéﬂ%, and practically throughout the anomelous region .6%/g to fﬁ;AL.

This type of eurve indicates thet e stimulating white light of moderate
intensity produces an enhancing effect in the sensitivity of the receptors
affecteds The enhencement is greatest in dirmest portions of the spectrum
where the subsequent stimulus is of very low intemsity. The greater enhance~
ment of the Violet over the Red sensation seems tobshow that the dirmer the
spectrum colour the greater is the enhsncement produced due to the reflex effect
of the white card. The curve soincides very closely with the Normal in the
gentrel or brightest portions of spectrum, only the extreme ends showing en=-
hancement by & depression below the line. In these two sensations, therefore,
we have the reflex effect of enhancement overbalenecing the direct effect of
fatignes In the case of weve-length -?gﬁLthe direct effect of fatigué is not
overbalenced by the reflex impulses, due perhaps to the rapidity with which
the effeet produced by fatigue diseppears under the influence of the brightest
portions of the spectrum. |

The next card used to fatigue the eye was dull black in colours The
resulte obtained are shown in Figure V where the Fatigue and Normel curves
are plotted together. We find thqt/?igie is the oppoasite effect to that of
the white eard, the curve showing a general depression throughout the whole
spectrum. The effect as before is most pronounced at both ends of the spect-
rum, and not very well marked in the most luminous area. Although the appear=-

ance of the spectrum to the derk-adapted, right eye was such as to suggest

an inoresse in the luminosity, yet the true effect is shown by the actual




Fatigue
Curve
"Red Card o——0

Norma| X===-x

({p)
i
£
0
(3
3
)
£

Time




24

mogsurarents. Ther enhonasrent due to at

by & blegk aurfoce is dominoted by the direst offeat of fatiy

se  The rotine of the eve lo thorefore loss senaitive to the

uminoaity appesrs to be proatore

pesy mmder the inflne

the bright
apeotral colours and be reterded by those o lower intenslty, whioh rey explain

A .. o o o . o & "~ ¥ ey e ) " n——— Y By
the eharagtoristio slevations at elther end of the speotrom

o 8w #
roxirnte

ion to the Normal Iin the aentrol portions.

L DY)

yiaok oord was replaged by one of dull red colour, and the ourve

obtalned is shown with the Horenl In Plpure VIie It was Pirst noticed st this
point that colour contraat wore notioonble th the left oyes The

®

borders of the Red card wore tinged with greem whieh the baohe

pasned off into

",

o minute or twos The ourve iteelf shows deprospe

ion over the red sres prodominantly at wave=lenpths %’m«l y Two define

ite enhancements wore ghown by deproessions of the ourve bhelow the Normal,

~
-}
by

ground after sn Intorve)

I -
§

3 ypf nd %ew the groon sonsatlon, rud alme betwesn

batwoen wavo-longt

wevowlongtho .’t}w d «b or the violet sonsations Again the ooinsidence

coours with the Hormal ourve lying olosely o wavoslenpthe ﬁummi a/ﬁf';g.,o

The red cerd 1tself produces p direct effeot of donression snd a refley

foot of enhancoment In the Ted semsations bt in this partiounler case the

roflex effest io ovorbdelanced by the dirvoot effeoct, the nat rosult of the two

“ it

aotlone is shown by the elevetion of the enrve in the Red portion of the speote

mame  The reflex offeot of endy pyar the direat

i i o 40 I ™ v i I & o A o5 Yy 4 -t
affont of fatigue In tho Groom ond Vielet sensations ae

by depresgion of

the ourve bolow thoe Hortmla.

The next ocard vaed we waillow ecolonrs The dats obtained
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using this card is shown plotted with the Normal in Figure VII. The curve
shows & general elevation throughout the whole spectrum, the only coineidence
with the Normal occurring at wave-length .??Azﬂ T™wo prominent elevations

ocoeur in regions corresponding to Red and Vielet semsations. A slight elevat-
ion ocours at wave-length +63¢c, which is followed by & amall depression at
iiglb. The net result of these two seems to favour coincidence with the Normal
for the Green sensation.

The unusual feature is the elevation of the curve in the Violet region
rather than the expected depression. It waes thought that the Vieolet band
would be depressed below the Normal to the enhancement by the Reflex Action of
the Yellow card. The Red and (reen sensations show an elevation in the curve,
the green, however, being somewhat doubtful. The Red senmsation is thersfore
depressed in sensitivity by the direct or fatiguing action of the yellow stim-
luse This ourve was repeated with the same result, showing perfect agreement
as to form but differing slightly in the amount of the veriation from the Normalg

The' next card chosen was of & bright apple green colour. The data
obtained are plotted with the Normsl in FPigure VIII. The ecurve obtained is as
expected. The reflex and fatigue effects being very well shown, by one pro=-
minent elevation covering the green sensation, with two depressions corregpond-
ing to the Red and Violet sensations. The direct effect of & Green stimlus
is shown by the elevation in the curve for the green wave-lengths, indicating
fatigue of the receptors for @reen. The reflex effect is shown by depression
of the ends of the spectrum indicating emhencement of the receptors for Red

and Violet. Another important festure is the position of the coincidénce points

with the Normal. These correspond approximately with those obteined in the

previous figures, at wave-lengths :EE/Lﬂnd’:ieﬁu.
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vna of & deop Blue soloure The dote obtained i

IXs This ourve shows a vory propinent o

" " a P o o il TP P ™ wer ] %y
vation in the Red and Oroon sonsetlions, wit)

Violets These resulte would indlonto that the dirsot effect of the Jlve errd

predominates on the Nod and Creen sonpations, the rajor offeot being at wavas

e
b b % - y T TR T g & 5 B P L W Ty o e gt o ey R AT
lenpth 48 which probobly corresponds to the Blae oards The refles offoat

W

o e A "
DROEO R

on the Vielet sencotlon showing onhancement of those receptors by

eprossion below the Normals The blue ocard has o 4l atimlue somovwhat 1ike

WOl onrdane U t

he ourve resembles those obtalned from
low ptirmlle Uhis is ehown by pronsunced warlation from the Hormal in the dlwm

onds of tho spootrame and ohe

e loant varistion under the influonge of the trighte
or or contral portions Also by the fast that the cuvwe s o vhole o reised

sbove the Nomml overvvhore exeopt in the ontrerc

Violet regions

“his emhancemont of the Vielet is peoulilsr uhtil we £ind on examinstion
of the sonsation ourvos of Yonig and Abmoy, tiat at the interseotion of the
Groen ond Violet (or Blue) pensations o very syall ohange of wevo-length transe
fors the prodominating etimlus from Oroan to viﬂlmf. in thie onse the Green

gomagtlion rast o th

prodominent stimlue, which is direotly affected showing
fotigne while the Vielet sepsation ls yveflexly affected ahowing enbanooments

The lpst oord used won o dark Vielet coloure "The date obtmined ta flote

ted with the Normel in P

are Xy tho ourve slowing poneral 4

rosgion over all

the sengatlons, with pronounced offecta in the Ted and Vielet portions.

) -y "l " b o 4 M (e i oy L T
Thoe veak stimalus Trom the

- <% o | o g AW wAl  wuas Y eies
pard rogulted in a dlroot and rofloxn

coribination whersin the direot overbalances the reflex wit) Sonsoquont

apadid ik B
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ion or fatigue

in the semsitivity of the receptors for all colour sensationsa.
The dominant effeet in the Violet is due to the direet sotion of fatigue by
the Vielet card on the receptors corresponding to the Violet sensation. The
eurve is almost coincident with the Normel st wave-length -%EAQ}

The pronounced elevation in the Red end of the spectrum indicates
the effect of the direct action on the Red sensation by & Violet card over=
balaneing the reflex asection on the Red sensation by the seme ocard. The simi-
larity between the results obtained from this card and those of the Black and
Blue cards will be at onge apparent. The prolonged effect in the Red sensat=
lon by the Violet cerd may be due to the greatervsaturation of the red re-
Tlected from this cerd then from the others.

Another point of interest is the regularity of the ocsurrence of the
coineidense points of the Fatigue Curves with the Normal. These points
correspond in & moderate degree with those obtained by Allen using eolours
obtained from an acetylene flame to fatigue the eye. They were called by
him equilibrium colours, since their action on the receptors was neither reflex
nor direet, and fatigue curves showed no enhencerent or depression of the sense

itivity of the receptors for any wave-lengthe in the spectrums.
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SEQTION VI,

The Two=fold Effect of Lipght Stdmlation.

Before epplylng the omperimental resultes to the theories of eolour
vislony 1t will be adventageous to summrize briefly present views repording
the two~fold sntion of 1light etlimmll on the retins.

1t i held that the first effect lg due to the direot action of the

1ight on the vim

mechanism, and thls sotlion produces featigus, thet io a

diminmtion in the

ragponss of the receptors of the retine o light stimalation.

uH™

This direct sotion stimtlstes all three color sonsotions sugrested by Holme
£ )

holtgs narely Redy Green and Violet.

When the execlting colors are Red, Oreen or Viclet one sensation is
pradominently affecteds PFor cxemple, vhon the stimmlating color 1o red, the
red sensation ls nffectod, but when the aﬁimmlatin@ golor ia green, the green
senpation la affeoted, and when the stimlating color is violet the violet
sensation ls affootod.

When the exgiting colors are Yellow, Oranpe, or Blue two sensetions
in each onse sre direoctly invelved. If the stimmlotine color is blue for

instance, the groen and violet senseations are affected.

The stimleting eolors Red, Greon end Vielet sre seid to be nixple

colorss The stirmlating colors Oranges Yellow and Blue sre ssid to be goppound
enlora.

It im am

wsed that there is o pegond effect selled the Reflex, whiech

=

produaces enhencerent of the three sensetions, Red, Greon and Violots The
prodominant effect of the Reflex lrpulse is upon the mensations sorplementury

o tho aoting ocolors IT the scting color for instence in Red, the reflex

enhanoeront oceurs prodominantly in the Green end Violet sensations. If th
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soting color is corpound in charsoter sueh og Blue, Orange or Yellow, the

.

retlex enhancoment oosurs in the remaining sensatlon wmetimilsted by the
direct aption of the aoting golors Jor oxample 1f Blue is the stimilating
solory the reflex enhencement oosurs in the Red sencation, beosuse the freon
end Violet senaetions are ireetly affooted.

Thiirefore the predomirant direst and reflex effects are gormplementery

to enoh other in action.

The reflex Inflnences nye tronaforred frorm one ave to the othe

ry And
Prom ohe reatinnl ares to adjoining portions of the same retina, but no oevidence
hns been found that fatlgue from the direst agtion of light wes transferred
from eye to aye or from area to ares on slnglie retines

™he theory in detsil is as followns~

When 1light of a certain wave-longth, for example, .Sﬁngstrik@m the
retina of the eye, three distinet aolour senmsations are exglted, although
not 2ll in the sere degree of magnitude. In other words, it is irpossidle to
exaite only ome colour. This rhenomenon has been shown to be truo for other
Benees, especlally that of teste, where by aroueing the sempation sour we also
exclite the sensations sweet, bitter, salt, though to & less degras,

It iIs true that whon light falls on the rods and conove of the retine
1t fetignes therm, in other words, the direct effeat of the light is one of
fatlgue, and when the sare colour is viewed as in a speotrum 1tn phyalological
brightness is lowered. But 1t is alan true that when 1ight ntimintes the
retina there is produced o reflex effest whish has the tendenoy to inoresse the
recoptor powers of all the fundamentnl sensations. Thus the colours complement-
ary to that which prodused the fatigue will have thelr physiologicsl brightness

enbanced dne to thie reflex aotion. Therefore we see that the one irpulse
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travelling to the brain roturns sg two separate irpulses whioh affoot all
thene fundementel sensations.

In norrel vislon 1f we see green as the fatiguing doloury, the reflex
aotion tending toward the onhancement of this solour is overbelensed by the
direct effect, sand the result i1s o fatipue of the groon sensation, but the
roflex sotion on the red and violet overbelanses that of the direot action,
and enhengement of these two corplementary sonemtions is the result. This
shows that light hee o dual action upon the vetina, whioh is the essentisl

vart of the new theory of Allens
Braiw
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The enhanoing effect is so rmeh weaker than the direct effecttiat it
is not easily percelved without the ald of such epparatus as hes been provioug-
ly demeribed. Another important point 1w the faot that the direct effect ine
fluences all three gensations of that part of the retins wpon which the light
fallas The reflex effect enhances every part of each retine with regard to
‘ali the pensstions. It matters not whother the right or left eye be fatigueds
If the readings are talken with the right eye we ptill heve enhancement of all
gensotions in each eye dus to reflex sotion.

The oonclusions derived from the experimental veaults of this researeh
are dependent on the validity of several asourptions.

The first irportant assurption was that relating the oritieal frequenay

of flioker to the luminosity of the colour memsureds This relationship is

given by the Ferry-Porter Law, which states that the oritiesl frequency of




e

flicker 1s equal to the log of the intensity of the stimulstion, with the
ald of certain constants which depend on the physical factors 5? the instru-
ments used to produce the stimuluse

his in turn 1o dependent on the faot as proved by Porter that, "the
duration of the wndiminished semsation produced hy different speotral hues
depends solely on the luminosity of the ¢olors and not on thelr wave=fraguendy."
Therefore the measurement of the eritieal frequency of a eolor is independent
of the Veve~frequencys On what then does the luminoslity of & color depend?

The besls of the Episootlster method of measuring brightness

foia

8 the
Talbot-Platean Law, which gives the relation between the brightness of the ine
dividuel stimall pnd the resultent sensation, ns "the resultant irpression is the
mean of the periodic impressions,”

Another irportent asswrption used in explaining fatigue of o sensation,
ia the faot that veriations in the oritios)l frequeney of flicker for s particuler
wave-length con be directly related to fetiguve or enhsnoement of a color senpate
lon corresponding to that wave-lengthe Moy not the veristion in the messurement
of thé oritieal frequency of flicker as obteined for fatigue end normsl readings
be due to the effect of flxeting o moderstely bright surface for som%&ir@, and
imredintely fooussing the eye on s spot of color which ray be of greater or less
Juminosity than the surfoce itseld?

Variations in resdings mey nlso be due to aresl effects, for exsmple in
the so-onlled fatiguning of the eye by mesms of the large tubes, we stimulste a
large portion of the retine including some of the poripherys The effeot of
this fatigue is then reasured on that portion of the retina which is directly
atirulated by the smell slit of eolor seen in the speotrometer, which may he
foveal, or foverl snd racular entirely. That portion of the retine remsining

unetimilated following fetigue by & white light ray have a physiologiecsl effect
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on the gentral portion of the retina on whioh the rend Ings of the speetrometer
depend.

With these baale feots in mind, the experimentsl results may be cone
sidered, with gpeslial regard to Anomalous Trichromationm, Color Contrast and
the Color Theorlies of Young~Holrholta-Hering and HooDougalls. The exporimental
results which have now been considered, fully verify Allen's theory of the
dunl sotion of light in aroveing visual sensatlons. The eurves obtoined show
that In sddition to the direot offeat of light which tends to produce fatigue,
there 1s aleo @ reflex effeot whioh tends towsrd the enhanaement of the Comple=
mentary color sensstions.

4 comparison of the writer's normel persistenoy carve with that obteined
by Allen indicates that an abnormelity exists for the writer, sinee Allen's
curve has been fully confirmed by other invaﬁtigmtmrm whose resulte therefore
sppear ae those having normal color vision. fThe writer has éxperionced no
phenomens, spert from these experiments, to indieste thet his vislon was in
any way ebnormals Ordinary Wool and Card tests indicante mo tregos of eolor
sbnormality. Wevertheless between the waveslongthe .ngtﬁnd 66, we find an
elevetion exieting above the smooth type of permistency curve.

The gresteat departurc from the norre) sosurs in the Green and Yellow
region, or that part whieh corresponds predominantly to the (reen sensation.
The lemst departure from the norml type ooours in the Orenge and Ned roglons,
where the writer's curve in elevated towsrd the normal type such es Allen's.
The writer's curve 1s prastieslly identical with thaet obtained by Wehs Anderson,
vho possessed anomelous trichromatie vision, many of hils readings colnolide oxe
actly with the writer's, chiefly in the orenge, yellow, green aad blue portions

of the speotrume A comporison of the writer’s eurve and that obimined by A Yol

lenberg indieates the difference betwern the type of curve obtained by an anomple
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ous trichromat snd one who is Red-CGreen aslow blinde

The color-blind ourve ghows extrome wvoristion throughout the red and
greon reglons with but slight elevation in the violet portion of the ourve,
vhere the two types of carve are preoticslly identieel.

A comparison of the results obtained by . Allen, normel; A. Hollenberg,
golor«blind; and Wil Anderson, anomalous triohromet, is piven in Tebdle 1V,

An examination of Fonipg's sensetion anrven indiontea that direct stime
lation of the green sensation beyond waveslength ./@Auim very emslly thus in
the rogion .qga_ta iﬁgﬁbtw@ green sonsation falls to mero. The abnormal ity
in the writer's curve would sppenr theprefore to be due to o deviation of the
greon sensation curve, rather than the red, from that of the normnl tynes. The
sbnormality le due to en over-semaitivensss of Lho greon sengatlon to wevee
lemgthe of the yellew and green reglons of the spestrum, and to an under-sens-
itiveness of the same pensation %o wave-lengths botween .églgmn& tﬁﬁAb‘ In
this respect the writer i: clsssed ns sn Anorslous Triohromet.

The phenomonon of Anommlous Trishrometism has heen explained, in pert,
by supposition of a shift in one of the semsation ourves, but the phenorenon
canmot be fully studied unless both the direet and reflex aotion of u light

stimlues ls taken into consideratione Sinoe direct stimlation of 1he retine

is always accorpenied by o sonsory reflexy, sn abnormal development of this
rofiex would produce enornlous results in colop vibions In general, therefore,

anomplous trichromatism moy be due to sn abnorms] retio of the dirent stimlate
ion of the sonsations to their reflex emhencement. HSinae the retio depends to
& slight degree on the Intensity snd duration of o stimlug 1t le concelvadle
that sore persons would sgree with a normel result in one set of clrowmstances

and be snomelous in another. The lattor phase lo probably most sesily deteoted
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sftor prolonged stimiletion singe the reflex sonsatlion, whioh way bo set up

in o spnll frastion of A sotond, incrossos with sontinued stimmiction untlld

o maxlmars 1o recohed.

&

Tmemination of the reduced fatigue ourves at the bottom of the Flgures,
Indioates & doolded tendonyyr to dlvide, in rost osaos Intoe theoe reglongs those
roglons probebly Indieating the exlatonce of three fundamemtal oolor sensationa
cofmepponding in the madn to %edy Croen end Violet aolorss CGolor wislon is

enpemtinlly trlohrorstios. This faot Mo boun recognized by wvarious oxperimonte

iy oolor viglon Por some tive

ty o

hovn By the caely roescsrohen of Hewton,
who belleved thet goloy olelon consleted of three distingt parts which oculd
agooumt for all the oolor sensationss ILator work b Young resnlted In a Tris
ghromatlie theory with the fundameontal color sonentlions Redy Yellow and Miuoe
This thoory wes mﬂ..’iﬂm snd extondod by Helrholts to Cinelly consist of three
fundamintel oolor sensatisnmensrely, Bods Oroon and Vielots

This theory in Ilta fined form oviginsted from o stodr of coler pimturess
whioh are expininod in & wory santisfectory ranmers Anoralous telohromstism

2

wns rogopnised end oxplisnined as g sortidl rodootion in one or rore of t'8 BORE
ntiong, or in soms ospeds, to 6 ehilft of one of the sonsation ourvens The
theory laoka, however, adequate explonstion of the verious types of colors
blindness with rormel luminosity ourves, vwhite patinl Indooationg sivmltentous

and succsessive oontropt ars roperded ns "Illusions of tudgments™ With this

th

oy on the basle for the sdditlion of the prineiple

vl ol visuel sonse

ntiona, sinmple and gtory oxplonations are effered for thean vardoun
phonomens of oolor wislone Ther sre probably due to balsnoss got up In the
visusl meohaniem betwoen the direct sotiom of the light etibmlue ond the somple-

mendery reflex enhencemonts released by the semo otimalls




oy w8 el e
or vislon wes ocspentinlly

Hoying sloo recopniged

triohromatio, but in order to explein satl sfuotorily rhenomens sssoolatod with
sirmltansous ond suonoseive oontrant, Introdused hilg theory sssuming the
existonoe of thrae photoohsmion] subatanses in the retiw ¢ ONe substencd gore

rogponding to esoh palr of the ponuationss Lleos Blagk-hite, fod-Gresn and

Tollow-Bluos The firet namod sensation in oach pair ie supposed to arise

from the broe

P

sng down of the photochemioal substsnoe, the rabullding of the

pame substance glves rise to the lsst nemod sensatlon. Hemon we heve ol

prdmary sonsations sorresponding to threo peirve of plysiologlenl Proocoaan.

In the explanation of solor gontvast, this theory sssumen, not o complemente
gry sotion, but rather sn entbconistie procoas whoroly the wet resalt ariaing
from o atimdation lo dne to the one sensation of the aix whiok produces

rolatively the prostost effest. The notoepity Cor e white-hleok substense

P

to explain the underlying whitoness of & color, is winaesessary with the introw
duotion of the reflex prinsinlos.

“he roflex and direct sotion of 1ight produce thely full effent without
dentroying enoh other, the net result i that dus to o combination of the two
sotiongs Those colows verring from bleek ¢o white o I the prey serios results
from the stimilation of the threo fundsmontsl sensntionsy reds green snd violet,

while the whitoness wnderlying gpootral oolors ey be to the stipmlation

by reflex sotlom snd diroot aotion of the throe Tondomontal sonsations with o

rosultant effeot of white combined with the apsotral oolor etimiuse Dousl

atimmlation of all threc sonsati

wonld resalt in a sevsation o white,

*

whether 1t be by & conbination of reflex snd divent aotione or by individanl

direot nnd vreflex setlons. The existonos of o reflex v A whioh sffenty

pradoninettly the complementary color ssnsations taploing fully the phononenon




of color sontrast which Hering recognized se sn egssential feature of color

~

peraception, and erronsously explained by Helmholtz ss en "l1llusion of Judge

mant"

Eoobougnall's theory supports three=-component theory of color wvislon.

e supploments the original theory of Toung by the additlon of an Independent
white meahanlem, snd acoepts the view thet e speolal blachkeexeiting progess is
unnecessarys the seneption of black osourring when complete fadlng ocourss

His theory explaing simulteneous contrast by Inhibition of the stlmulating

golor with the consequ produstion of & complemontary colors. This feature
in relptod to the pringipie of reflex visinl sensatlonss snd offers farther
evidence toward 1te verificntion.

The phenomens of color contrast gcen be expleined satisfectorily by
goupling the trichremiic theory with the priwsiple of reflex viesual sonsate
ionss Birltenenus binoccular color contragt 1z besed on the fasoet that reflex
effecta nre trengferred from oye to eye or from ove part of one rotins to
enother with equael fmailiny. Thus the plinklsh tinge te the border of the preen
gerd, vwhen fatigning the eye through the tube, is esvend by the reflex enhsnpew

mont of the red sensationy the corplementary of groen, mixed with the whito

of the baokground, and thie geve the appesrante of pinke Thus the colors are

gaon ae . if mized to o groatey or less extent with thelr complementarics glving
rise to & podiflocation of that color which ia Inown &8 color contraste

Unioowler acontrogt com be expleined in an identliesnl maymer, with the

amceptions that the lax effects are confiund to arceg on the

i

g offers sn explanation of eolor contrsgt which is

.

e retings This prinaip
independent of moverant of mpterial particlesy or Llow of visuel purpley go
characteristle of other theories, vhich are highly lmprobsble on agoount of

he repldity with which suoh motlons or flow would be required to travel in



order to actount for phenomona taking place in a vory small frection of o

saconds In fast the transfor of meterisl perticles from the retine of one

aye to that of tho other would be o physiecal ilmpoessidility.

Contrast is a phenomenon of fundamentsl importanse, therofore evory
theory of Color Vision should offer a satisfactory explamation of ite The
Young-llolmholtz theory in combination with the Principles of Reflex Vieunl

Henmatlions discovered by Drs Frank Allen fully explodn sll

phenomens relsted

his rescoarch ls ome of a series, initlanted by Professor Vrank Allem,
on Reflex Vieusl Uensstlons snd Color Visions I desire to express by thanks
to FProfessor Allom for apperstus placed at my dispossl, end for suggestions

ond guldance regarding the interpretstion of the yesults.
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