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INTRODUCTIQN.

Reoant investigations by Dr. Frll.nk AIlen in the field of Colour Vision

have established a new prinoiple named by him "Reflex Vieual sensations."

Quanti tative measurements have been obtained on the effects Of stimuli

on the retina of one eye upon t e sensitivity of oorresponding reoeptors in

t e retina of tbe ot er eye.

Maaaurements have also been obtained in the field of Touch and Taste,

showing that So stimulus applied toone portion of a receptor affected t.8 sens-

itivity, not only of the stimulated portion of t'~at reoeptor, but also Of 8ur-

rounding areas in all similar sense receptors.

The purpose of this researoh 1s to Btu~ the effect of stimulating

definite portions of the retina of one eye upon the sensitivity of t e reoept-

ora of the same eye. This Was aooomplished by seleoting tubes of inoreasing

diameter, thereby stimulating inoreasing areas Of the retina, When t --e e;Ve was

fixated upon White and ooloured backgrounds trrough the "O'!arious tubes.

SECTION U.

ITHe apparatus used, and t e Method adopted, for the purpose of measure-

ment in this researoh was Elss8ntiall.v t}'s Same as that employed by Allen and

ot] ere in reoent inveati~tione of the visual sensory reflexes. The souroe

of light was an acetylene flame oompletely enclosed,with the exoeption of the

top, by a blaok wooden box. To secure constant luminosity the gas was supplied

to the burner at a oonstant pressure of 7 ems. as me!!-sured by a water rnanometezo_

A s~all glass wind.ow in the side of the box allowed the light of the

acetylene jet to fall on the co1l1rrater alit Of a four prism Hilger spectro-

meter. Between t e slit and tle Window an aluminum disc of two opposite open
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sectors of 90 degrees eaoh was rotated by an eleotrlO motor whose speed of

rotation) oontrolled by til. b:raka
l

wa.s reoorded by an eleotrio chronograph.

The speotrum obtained we,s of oonsiderable d1eperdon, and narrow stri'ps'

of this speotrum were observed by mee~e Of fixed slits in t e eya~p1eoe. The

~an wave-lengths of these coloured bands were known to correspond With defin-

itB Angles of the Vernier Scale of the Telesoope in aocordance wit a oal1br-

atlon by Dr. Allen.

The SpeotroMeter ·itself was shielded from all extraneous light by a

black velvet OQve~ and about the eye-piece Was a tight-fitting oardboard collar

resting against th~ obeerver'e aye, so that all measure. ants were made under

identioal oonditione. The observations were taken under conditions of d~light

Which were reearded as approXimately the s me. The research was performed in
I

a room well illuminated wit daylighte NQ me~surementa were taken on oloud-v

days, nor on dull days, and never wit artifioial lighting, sinoe the aeneor,r

reflexes of the visual organs vary With t e natUre pf the ll1um1~tion,

SECTI'O}T III.

§THQD OF MF.ASUREM.ENT.

The tundamental point of view is tbat of determining the oritioa1 fre-

quenay of. pUlse. lug stimulation, or, in other ~rde, to find the duration in

seconds ot the hang-over effect Of' a preceding atimu~ation. The rotating sect-

ored.dtsc produced alternate flashes of colour and darlOless Which caused a

sensation of "fliokerll in the isolated patoh of. the speotrum v1ewed. 'the speed

of' the motor 'Was adju.sted 'by meane of B, friot;l.on brake until t e fllo1tel" phe-

nom8non was just imperceptible. Whl~o t e reoord Was being made the brake was

oscillated slightly so as to cause tle flicker to ren~in just on the point of

appearing nd disappearing.
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The Ohronograph record gave th- tiMe in half-seconds for 200

revolntions of the diac in the violet portions of the spectrum and increas­

ed to 400 revolutions in the brightest portions. The average of the time for

&8 ~:tI.V revolutions as possible was taken as the accepted reading, and the

~iroe of duration of one flash, or that produced by one-fourth of a revolution

Readings at tIle dim ends of the speotrum were very diffioult to per­

oeive with accuracy, and so several independent readings had to be taken for

these regions. This is espeoially the case for the last three readings in the

violet section Wilsre the ooloured slit showed a decided tendency to migrate,

sometimes moving to the right as to be apparently situated on the telesOope

arm. By holding the hand over the left eye for a few aeconds during the read­

ing the sIlt CQuld be held stationary \mile these three mee.lmreJ"'ents were take~.

As the lum1:r1osity of the slit inOreased or deoreased the eye-plece was

fooused aocordingly so as to give a sharp image.

The reading itself' oMupied about half' a minute. .'Between readings the

eyes were kept in d~ylight .do.pt$.tion for appro:dnately four minutes.

The experiments deSOribed 111 this paper oooupied approxill'll.tely four

months of the first year and one and oha,-half months of' the second yee:J.' devoted

to the resea.roh.

On the average one curve a. da.y was attempted until a unifor~ and satis­

factory set of data was obtained for the eig t tubes used.

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

the oonstanoy of the Normal Curve. 'l'hie was asoertained by repeated oheoking

at short intervals to detect anw varlatlbns.

s calculated.of the <liso,



THE NQRMA CURVE.

The normal ourve is the ourve obtained when the two eyes are in constant

daylight adaptation. It gives a quali tative relationship between the mean

Wave-length of t e oolour viewed and t e duration in seoonds of the bang-over

effeot of that oolour.
•

In all fifteen separate colours were isolated by :rrea,ne of the slit, eaoh

of ~1ese Oolours being viewed by the right eye, the left eye remaining at all

tiMes in diffuse daylight adaptation. The oritics.! frequency of flicker was

then f'o11nd and reoorded for eaoh colour. The curve itself was obtained by

plotting the duX'atlon in. seoondl3 as the ordinates, and the wave-lengths in

Angstrom units as absoissae.

The ourve may bei interpreted as giving measure of the brightness or

luminosity of tho various speotral oolours, since the duration D of the ang-

over effect was found by Ferry and le.ter by Porter to depend only on the bright-

ness or luminosity of the oolour and in no sense o~ the wave-length under a

constant source of illumination.

mherefore a lowering of the ourve at any point indioates inoreased

luminosity of that partioular oolour, beoause the diso had to rotate faster

to produoe oontinuity of sensation. An eleve.tion in t e CUI'Ve denotes a

deorease" in the brigr'tnese of tJ e observed colour- For example t 1(' value of

D for the oentral or brightest portions of the speotrum is oonsiderably small-

er than the values for t e ends of the same speotrum. That is, the hang-over

is oonsiderably diminished in the brig test portions of tle speotrum. This

c~n be illustrated in the follOWing diagram.





be continuoUfh

The ~p measures the duration in seoonds which the effects of t a light

impu~se aot~mlly lasts on the retina when the sensation apparently seems to

7

vi 0 LE r

ye LLO W

These observations show that the bright colours of the spectrum require

rapid diso rotation nd the duller oOlours require a a10wer rata of rotation.

The oonclusion 1s that the th'!e of exposure for the bright 0010'0.1'8 requires

to be oonsiderably less than that for less bright colours so as to give OC!ln­

tinu1ty of sensation.

The wri tel" e nOr$l ourve shows that e.n anon1;l.ly exiBts for him between

)... .~ and ).~ in the orange portion of the speotrum.

The rise above smoot curve in this region indicates that t 1e writer's

eye is not so sensitive to the brightness of speotral orange, or in ot er words

the aensitivity of t1~E1 writer's eye is less for that portion of the speotrum,

than Allen's or liJ.lW normal eye.

l1eTI/'/!- [) - D



TUl3E DATA AND R'E!1'LEX PBENOMENON.

of the tube and the head of the observer were concerned.

p~sioal measurements of the tubes are given in Table III.

oS
The left eye was also focused on this B e mark, but under the. ~

The tubes used In this series were manufactured from a fairly thin

oardboard of a neutral grey colour, the inside surfaoe being blackened ~lth

a dull finish to e.bs'Q1!b as oompletely as possible 11 stray light. The

tinct retinal vision of' the background, and at the same time provided a method

lng fixedly through the tube at B. very Btmll pencil mark on a White cardboard

Oare was taken to exclude external light from the right eye during

The position of t e haokground screen was 90 arranged that at all times

The distance b~tween the end of the tube and the oardboard baokground

background.

The method of measurement consisted in fatiguing the right eye bygaz-

was kept constant at approxirrB-te1y 80 centimetres. The zmrk on an otherwise

normal conditlons of vision, Whioh perl1'litted t.e entire sensitive r;a.rea of its

retina to be undergoing diffuse ~ylight stimulation.

uniform back~ound serv~d equally as a foousing spot for both eyes. whioh

counter~cted a tendency of the eyes to relax, with a consequent loss of die-

of insuring regularity and oonformity of' the readings as far as the position

it was under approximately unitor~ illundnation f'rom the outside, excluding,

at the same time. any possibility of direct reflection of the light from the

Windows. through the tube into the eye.

the nasal Bide of the eye pressing lightly against the edge of the tube.

fatigue. by cupping the hand about the forehead and rigllt cheek. and keeping

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

from a cirole of definite area on the white background, the area depending



entirely on the size of the diameter of the tube, all other oonditions being

oonstant.

After fatiguing t.e right eye in this Manner for at loast from four

to five ndnutes, the same eye was immediately plaoed before the eye-pieoe

of the speotrometer, Which WOoS never 1001'6 than five inches distant from the

end. of the tUbe, nd ohronogrE1:ph record was ma.de for a articular wave­

length. After the record had been Trade, approximately two minutes were c.on­

8u.~ed in the preparation of the apparatus for the next reading, during which

time, both eyes were undeI' oonditions of normal daylight a.daptation.

Thon the fatiguing process was repeateu, a dornplete reoord requiring

tram seven to ten minutee. The redord for a single tube was usu.ally oompleted

at one time, a night a1w~s separating different tube reoords, although the

records were ta]cen as convenientlJr close t.ogether as was oonsistent, for fear

of e. change in the normal curve of the epee In a.ll,fifteen separate reoords

were made for eaoh of the eig t tu.bes rovided.

THE REFLEX EFFECT.

The first startling effeot noticed when the right eye was direoted

tough te tube, was th0 appe~rance of the oircular area on the white back­

ground as seen outlined by the end of the tube. This area Was distinotly more

1umdnous than the same Burfaoe and baokground as seen by t.e left eye. It

resembled a brilliant Whi$e oircu1ar patCh pasted on a duller white baokground.

The ltuninosity of this area was seen to visibly deorease and more

olosely resemble the re~~inder of tho sheet as the diameter of the opening of

the tubes increased. The greatest variation in luminosity between t e oiroul·

ar portion and the background, ooourrted with tr6 smallest tubs, No. I.

This pparent inorease in luminosity can be quite satisfaotorily e~lain­

ed if certain facts are taken into oonsideration aa recently expostulated by
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Allen in a New Principle of Oolour Vision.

Formerly it was known that nerve itllpulaes travelled :f:rom the stimulated

receptor to the nerve centre in the brain. The essentially new principle of

Sllen, states tbAt the retu~ning impulse is dual in its nature. The stimulat-

ing impulse releases two returning impulses, one travelling via the Medium of

the afferetlt nerves, whose fUnotion 18 one of depression or fatigue. The

oth~r travelling via the efferent nerves, and of refle~ origin, whose nrinciple .

funotion is one of enhancement.

The afferent impulses produce a depression in the sensitivity of the

receptors reaohed, while the reflex or efferent nerve impulses produce a

oounteracting effect by tending toward enhancement of the receptors affected.

The.se returning impulses aftect not only those portions of t e reoeptors

under stimulus, but, depending on the relative proxl~ity of the nerve oentres

in the brain, they return to all t}'le oorresponding portions of tee me organ.
,

For example, if the left eye is under stimulation, t.e aensiti~ity of

the retinal receptors of the rigllt eye is noticeably affected by refles im-

pulses ~nd fatigue impulses. Also if the ~iddle finger of t e rig t hand is

bound tightly, the reeeptors of touc~ in t e other fingers are depressed or

enhanced in sensitivity under the aotion of the reflex and di~eot or fatigu-·

ing impulses released from the brain by the asoonding nerve atimu.lns.

It h~B also been found, that if t e equation relating the duration D

of the stimulus 1,1) the intensity L of the same stimu.lus be of the nature,
I

1 • k log L + kj, then t e effeot of a weak stimulus is predOMinantly one of
D
depression.

On the other hand, if t~o equation is of th order D =k log L + kj, a

feeble ati1'llUlu.s produoes an enhanoement of the reoap·tors affeoted.

In t e oase of light the equation de of the order 1 =k log L + ~' where
D

1), and k are two constants. Therefore the result of a feeble stimulus on
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Whan tha right eye is directed at an obJeot through a tube of suitable

diameter, the oentral area of the retina of that eye functi0ns with its fund­

amental sensitivity, whereas t,e left eye direoted at the samo obJeot fUnotions

at a lower sensitivity than its fundamental.

The area of the Fatina under light stimulation d~pends solely on t e

inner diameter of the tube, sinoe ~he length of the tube and the distance fro~

the end of the tube to the soreen is oonstant. Therefore for tbe right eye,

with inereasing die~eter of the tube we have inoreasing area of retinal stim­

ulation and deoreasing area of periphoral retina whio is tending toward en­

hanoement of t e sensitivity of the reoeptors in t10 oentral portion. Decrease

of peripher' therefore oauses an inorease in rett~nlng impulses whose funotion

is one of depression,and a consequent decree,se in the returning impulses funo­

tioning toward an enh~ncement of the receptors. This is the e~lanatibn of the

deorease in variation of the luminosity between the surfaoe seen by the right

eye and tra s e aurfaoe as seen by t'e left eye.

T)e effeot is V817 notioeable in the first four tubee, beoomas lese

marked in the 1 at four. and is almost negligible in the last tube, No. VIII.
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when the bnokgrounds of two identioal surfaoes are nltered the values of the

luminosity of the l!Jurfa.oea are also ohanged. This is the phe~omenon of
"

simultaneous light oontrast. If reflex prinoiples 0801'1 satisfactorily explain

colour-oontrast, as published by Allen in several J.C.S.A. papers, then reflex

prineiplea Should be properly applioable to TUbe Effects.

Some anatomioal data will present clearly the various port iona of the

retina of the eye stimulated by the set of tubes. From Vierordt's Anatomioal

!ables is derived the follOWing data.

Depth of the eye =47 mil1imetres. Height = 38 millimetres.

Subtending Approxirre.te Appro.:xirm.te
Region of the !leo Di~meter" Angle. No .of Bods Nq- of Oo,uea.

Fovea Cantralia .2 Dma. 55 ' '10" 4,000

Rod-free $,1"60. •s lIll1lfl •
). 3() 3' ...----- 9,000

1-3 mms, , . " VS'ry Few 1:3.,000Maoula riutee. 4--12

D 0
Periphery 20 mrns.? 12-150 Horizontall~oo~ooo 6,900,000

. 0 0
12-120 Vertical

When fatiguing t e right eye b, looking thro'tlgh the first tube the image

of the oentre of the oirole, whloh was zr.ar ad on the bl'J~olrground, will be tonned

on the Fovea Centra11s of the right eye since this is t e poittt of moet dis-

tinot vis1on. If the attention 113 Gonoentrated on the small mark on the baok-

6r.ound, it is natural for th~ eye to focus itself so as to proJeot the image

of ~ha mark on that portion of tho retina where vision is most aOOurate.

Then if the angle sul,>tel'1ded by the rod-free area. of the retina is 3
0

3'

we oan calculate the diameter of the oircle of oardboa~d at a distance of 120

oentimetres from the eye, whioh will stimalate this rod-free area and no ot~er.
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we conolude that all tubes larger tha~ No. VI will inolude a portion of the

true perlpher~ in their effective retinal light stimulating properties~

Tubes between No. II and No.!. will aocordingly stimulate only Foveal and Macu-

lar portions of the retina. Tube No. I will stimulate only Foveal and; the

Rod~free area of the ~~cular regions. This tube therefore confines the action

of th,e direct light stinnllu8 to the retin 1 portions of the eye whioh are com­

posed entirely of conea. Foveal stimulation ocours only when the Bubtendlng
o

vlsu~l angle is less than 1 , therefore at no time during this research was the

~ction of the direot stimulus confined to the Fovea Oentralis. In order to do

this, the Ciro1e seen through the tube on the background, would have to be only

5 to 6 millimetree in diameter at 120 oentimetres distanoe.

~' When a beam of light 1s allowed to fallon the oentral portion of the

retina, and the surrounding portion is unstimulated trom the outside, then

the oentr~l portion beaomes fatigued, as is evidenced, by the fa.ct th!l.t ~fter

~llowint the white light to fallon the retina for ~bout four minutes, and then

to take; with the same eye, a spectral re~dlng of a colour formerly seen by

that eye under normal conditione, the speotral colour is observed to be Of less

b:rightnese than it was 'before,

Assqrning that fatigue consists in the diminution, however extensive,

of the energy-response of a oell Qr nerve, we oan examine the effect of fix-

ating the image of a white ciroular area of Oonstant illumination on the sens-

itivity of the receptors of the retina of the eye.

The data, given in Table I, were obtained from the stimulation Qf the

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

been plotted in the conventional condensed form in Figure II, The straight line
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The Ourva obtained for the first tube $hows primarily that the eensitlv-

lty for the luminosity of all t e speotral oolours has been diminished, with

the exoeption of two poinh where the senel tivl ty he.s apparently renained

u.nchanged. These points can be approxinately assigned to wave-lengths .5~

and .~. There are tour prominent indioations of dim1nlahed sensitivity_

The tint is fl, general depression for luminoa! ty over the Whole of the band

of wave-lengths from .~to .~. Two points are elevated in this general

depression, one at .~ and one at ~. These two wa.ve-lengths would OOrres­

pond to a dark red oolour. The next prominent elevation of the ourve, or in

other worl~ a. depression in sensitivity. oooura at wave-length .~WhiOh would

oorrespond to a bright green colour. Following this there is a gradual eleva.t-

ion of the ourve in the violet or lower end of the Epectrum. between wave-lengths

~and~. The depreaeion of' the sensHivi ty of the Red sensation is greater

then that of the Green or Violet sensation, While the Green is slightly more

depressed than the VIolet •

.Rere we find that fatiguing the right eye with whi te light in the rranner

01 the experiment produoes a depression in tile sen~itivity for luminosities

for areas corresponding to Red, Green and Violet, with Blu.e ~nd Yellow areas

approximately re~ining unohanged.

In the da8a derived from Tube # II we have fnrther evidenoe that there

are three prominent elevationo in the Ol'rve wbiOh agree very olosely With those

obtained by Tube No. I. The ourve, as before, shoWS a general depression of

the reoeptora over the whole band of wave-lengths with the exoeption of the

two points at .~and .~WhiOh remain unohanged.
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five and'fifteen millimetres. This

FATIGUE otTRVES.

The Red oard gave a prominent

tensity. From seven to fifteen milli-

oontinuous speotrum of very weak in-

oolour band of a du.ll :red hue between

metres the red was mOderately bright,

of very low intensity.

slight traces of red and green bands

tapered off to a faint orange from

The Yellow card gave an almost

The Black oard revealed only

fifteen to ninteen millimetres. A

. amination of' the whl te card revealed a continuous speatrmn of medium

The oards used to obtain the effeot of fatigue in the following experi-

dull green band ooourred between nineteen and thirty-two millimetres, £'01-

low6d by a gap, whioh graded into Violet at fifty ml1l1metres.

the scale measured, approximately, lengths of t18 various coloured bands re-

intensity stretching from seven to flft,r-flve millimetres.

I

menta were pieoes of ooloured cardboard ten inohes square. Their oolour-

SOOTION VI.

equipped with a vernier scale, reading in mill1metres. A pointer atta.ched to

fleeted by the cards •

reflecting property was examined by Means of a. straight vision spectroscope



the predominant band of oolour being the Or~n~e between fifteen and twenty­

one millimetres. Green oocurred between twenty-one and thirty-four ndlli­

metres, Blue between thirty-four and forty roilllmetres, and a Violet of

dim intensity between forty and fifty-two millimetrea.

The Green Oard gave a bright

band of seven to eighteen mil1imetree

in the Red, and. another of ~een from

twenty-one to thirtY-four millimetresa

The Violet and Orange readi~gs were

eo faint as to be almost negligible, with a slight appearanoe of Blue be­

tween thirty-four and thirty-seven milllmetres.

The Blue oard showed only very

slight traces of Re~ and no yellow

whatever II The Green a.nd 131uo bands

were well ~arked between nineteen to

thirty-tive millimetres and thirty­

five to forty-five millimetres. The Violet was invisible, no trace of colour

could. be seen beyond forty-five millimetres.

The Violet oard gave a promin­

ent band of Violet between forty and

fifty:-,olll' mill1metres. The Red was

only faintly prominent between five

and fifteen milllmetres. Green was

slight between nineteen and thirty-seven millimetres, While Orange nd Blue

were barely distinguishable.
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wi th the exoeption of e. single wave...length .5~. The displaoement is con­

siderable in the Violet, and there are two minor displaoements in portions

oorresponding to Red and Green sensations. ~hese displaoements all indioate

enhanoe lent, the single displacement at .~showing depression or fatigue

~y be due to a disorepanoy in reading or due to its position in the bright...

est portion of the speotrum. Ooinoidenoe ~lth the No~l ourve oocurs at wave...

lengths ,~, and practioally throughout the e.notnalous region .6~ to ~.

This type of cu.rve indioates that a etimulating white light of modere.te

intensity produces an enhanoing effeot in the sensitivity of the reoeptors

affeoted. The enhancement is greatest in dimmest porttons of the spectrum

where the subsequent stimulus is of ver,y low intensity. The greater enhance-

ment of the Violet over the Red sensation seems tobshow that tle dimmer the

speotrum oolour the greater is the enha.noement produced due to the reflex e:ffect
"

of the white oard. The ourve ~oincidee ve?y closely with the Normal in the

oentral or brightest 'Portions of spectrum, only the extreme ends showing en·

hanoement by 8. depression below the line. In these two sensations, therefore,

we ha\"e the reflex effeot of enhS,noement overbalanoin,g t e direct effect of

fatigue. In the case of wave-length .~the direot effeot of fatl~le is not

overbalanoed by the reflex in~ulBes, due perhaps to the repidity With whioh

the effect produoed by fatigue disappears under the influenoe of the br~ghtest

portions of tlEl Bpeot~m.

The next oard used to fatigue the eye was dull black in colour. The

resul te obtained are shown in Figure V where the Fatigue and Normal curves
here

are plotted together. We find thqt/t ere is the opposite effect to that of

the White card, t e ourve showing a general depression throughout the whole

spectrum. The effeot as before is most pronounoed e.t both ends of the speot-

rum, and not very well. rked in the pnst luminotH3 area. ,Although the appear-

anaEl of the spectrum to the darlr-adapted, right eye was such as to suggest

an inorea.ee in the luminosity, yet the true effect is shown by the actual
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ion ooours at wave-length ,~, whioh is followed by a s~all depression at

The net result of these two seems to favour ooinoidenoe with t e Nor~l

using this card 1s shown plotted with the Normal in Figure VII. The curve

ahows a general elevation throughout the whole spectrum, the on~ ooinoidenoe

with t e Normal ocourring at wave-length .~. Two prominent elevations

ocour in regions oorresponding to Red and Violet sensations. A slight elevat-

Th& next oard ohosen was of a bright apple green oolour, ~he data

rather thftn the eXpected depression. It was thO'lght that the Violet band

would be depressed below the Normal to the enhanoement by the Reflex Action of

the Yellow card. The Red and Green sensations show an elevation in the ourve,

depressed in sensitivity by the direot or fatigQing aotion of the yellow etimu-

The unusual feature is the elevation of the ourve in the Violet region

the green, however, being someWhat doubtful. The Red sensation is therefore

obtl'dned are plotted with the No~.l in Figure VIII. The ourve obtained is as

minent elevation covering the green sensation, with two depressions oorreepond-

Ius. T is ourve ~s repeated with the same resUlt, showing perfeot &greeMent

as to form but differing slightly in the '~ount of the variation from'the No~l+

expected. The reflex and fatigue effects being very well shown, by one pro-

is shown by the elevation in the curve for the green wave-lengths. indioating

Ing to the Red and Violet sensations. The direot effect of a Green stimulus

fatigue of the receptor13 for ~reen, The reflex effect is shown by depression

of the ends of the speotrum indicating enhanoement of the reoeptors for Rod

and Violet. Another important featu~e is the position of the oQinoidenoe points

previous figu,rea, at wave-lengths /-and7'
with the Normal. Those correspond apprOXimately with tho~e obtained in the

-'5"-'
for the Green sensation.
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iOfi or fatigue in the sensitivity of the reoeptors for all colour sensations.

The dominant effect in the Violet Is due to the direot aotion of fatigue by

the Violet card on the receptors oorresponding to the Violet sensation. The

curve is almost coinoident with the Normal at wave-length .5~

The pronounoed elevation in the Red end of the speotrum indioates

the effeot of the direot aotion on the Red sensation by a. Violet card over-

balancing the reflex aetion on the Red senSation by the same oard. The aimi-

larity between the resul ts obtained from this oa.rd and tho se of the Black and

Blue oards will be at onoe app~ent. The prolonged effeot in the Red sensat-

ion by the Vi~let oard ~ be due to the greater saturation of the red re-

fleeted from this oard tha.n from the others.

Another point of interest is the regtllarity ot the ocCurrenoe of the

ooincidenoe points of the Fatigue Curves with the Normal. These pointe

oorrespond in a n'lOderate degree with those obte.:.i:ned by Allen using Oolours

obta.ined f'l"om an acetylene tlaP1e to fatigue the eye. They weire called by
,

11im equilib~ium oOlours. since their aotion on the reoeptors was neither reflex

nor direct, and faUgueottrv'ea showed no enhanoement' or depres"ion o'f the sens-

itlvity o£ the reoeptors for a.ny wave-lengths in the speotrum.
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holts. n:e T. d.., CI%'I~H~n ~nd Via at.

'~on th o:~1t1n 001 rs ~ra ~d. G~e n or V~Ql$t onG &nsntiG~ 19

iildom1ntl\ntl1 e. . 0 ed.. 0'1' ox· mple. "I on tore 6t1~1l1Atbl~ eoll)t' ired., t e

re $ llS8,t1~nl! nf odtod. but When the $t11rlli1'aUn; ca,lQ1'" h .(f!t" e~. t. ~flten

eo~ 8>1:11)1'1 0 "root d,t'l.Ud. 'wNm t fJ sUm a 1ng oolol" 1s vIolet t.e "II'J.olet

!:jsn$a. lQlQ 1 a:tf'ilH!ltQd_

~ hen tllf/1 b~Qiti g 001 r;:t l!'~ l'ellow,anee,. or »1ue t.\VO B$UG tiO-nB

11: (!lAO on G l"'e dirGO J.y i. O);fl:ll(1,. If t lit) lit1mal&l.t1ng od:10'l'" 1$ bl'to tor

Inat$8oe. 0 ~GO~ ~n4 viQlet sOnnat1o~s are $free ~d.

e Gt ~llatl»g eol 1"'0 !ed; QrG~n ~~d Violet

oillONh 't'he eU-ulating 0010 Q O:ro;n ,1sl1<>w a.nd lJht
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n s t. El tf. tleuln oola It, t 0 ~eil I:

u.tl ·6 of til

In nor 1 vl ton it 9 eo

bte.vel11n to t 0 'bJ'!' in l"Gtu;rn e ~c (tope",$.· impu' BOI;1 hloh p.ft at 11

then$ :tu: ~te.l QGtl.s tiono.

IPf.

r~f1GX ~ot1Qn on tho reA ~nd violet ovar~ l~Qe th t of t, e 4i~eot action.

$orr"- nh Com nt of ills 'f;w~ enmpl mental'Y t!lOO o.tSone 11:1 th· resul t. Till

ahow- th t Ii t as d,al otiOtt pan the ret!n f loh 1s tee aGnti~l

if! 1tot. ~~BUy por,~li1/'e ahout th~ e.1d or such PPM'ebe /i"O 'M. 'beat!l pllov1ous-

11 c1esOJP1bed. Anotb~l' t~o~ttlJlt V$int l$t c- fn.ot that the 41t&ot effeot in-.

flu.obO~-liJ -.11 t )!'E)(1j een.~tlons of th$.t 1?o.J"t of t ,e . tina UJPon hitch t He; t

~oJ,llh Tho ~ t1~ eftedt Eff,lh~oes fYfI1!1ry- part (!If eaoh ret 11m it re X'd to

aonsnt1ona In ~~h eVe dq to ~ flo~ eot1c~4

the ooncal:uslQns liet'ived. frot!l tl'6 e1q) r1ruental 1"'Elou1ll of thin rf.') sarah

are depa~4ent on the v~lld!t~ of evefal a G~t1ou~.

Wi. f'1i"at important a8~umpt1-Q'l'!. W(:LtJ t o.t :rolati.g the ~r1tlo 1 f:t'Elqu t't01



ion oorresponding to th.t W(\l:'1l't;1-1e.n~th. M~.r· Qt tile ve.r1Q.tlo~ in the ml,\ftl.f'J1.lreIrant

of th'b (!Jri U(U\.l :t"rtilqUGm.'l" ot :tllolre1" 0,6 o'btm.121,od t't"t r,,;ugu d no:tmt\.l readings

e duC'J to th sfreet f t1:xn.tlng ,11l0de:r'/.!t.te11 br1t.tht tiluT'fa.Q £ot" 80n11t1f1le, 8nd

tmmediAtet ~ocus81n the eye on pot er OQI~ wh1cb ~y be of eator or I·ss

mente use to p od:no . t e tlM111.l.

IJ:tb10 i tu:J;'ll 1rl <tepa d.ent on t· fact as proved by "tor tIl t, .. ,

st:1tw.1atod 'by 'the t!J!ljl;1l ellt ot eolQr een in t 9peQ'~omete. vhioh J'l'lay bo

rave 1., Q ft}"etl1 n rr. Qula &1"1t1rely. Th t port~ on of the :reti ftl. 'r rno.1n1ng

the eo~oall d f tl in ot

Another "tl:~~o:rta:nt I.\. 1jU~Uo·t1,~ d ttl expl lhin t:.H :u~ t e. __ nue. ion.

1111 t. Q t at tht va.r~a.t1ons in the 01"1 iQal frequono;r (It fl1Ck> r' for a. p.o.rt1(.)'1ll1 r

\l,l.IIV"o""leT:1 th Q~n ba t 1.rEl()t1.v related to f~t1l;l'ue Q¥' en1:lO:no~ment of ~ olO')"seneat...

.
l!lura.t1on ¢I the und1mlnbhed $~sF;l.,tlol'l pro ced 1>Y' 1f· l'Otlt dtJOotral hUs

dependo 801ely on th 1 :unlnos1tsr of the oolo M 11 tot ell' v -:f':reque~ y_,.

Th :r foro the men.troreml$JUt of the c1'i1ti 1 troqu.eney Q! 0010'1" i 1ndep ndent

ot the Je.'lfQ",trequonl!)y. On what then doe tho lUJftU.lI'H?il t; ot oQl~r depend?

'!'ho 'ba~1s of he :mph~"t1At9:r f'1ii)tho of 'In e.su:rll1 brlght'l1e.,e 1 te

'J.lEtlbot·...,li'ltl.tenu: Law, i1h1ol1 1.,,&s tn 'relation 'bet en t 0 orlChtneof,l of' th in,...

db1dut1.1 stimuH Mt't thG rOQUl t nt ons tlon, ~ s ~the reS121 t :nt. lnpra$$1on h th

lum1nQ 11\1 t,

.tlioker 1!'J e~u 1 to th lot of th 1ntEltlf:'J1 F of t i:JU:rlUle.tlQll, it t.o

e.1 at Q rtai t 'Whioh t\ap n on the p'h¥81 1. f'MtOt'8 f 1:h bUlihu-



,V A. Bol-

thl$, 01'1 hio} t '6 o.dln, t t j I.'IpGCitro tel"on t llsntre.1 portion ot th

d~cmd.

bl Allen i cll0 teo that a-n bno, ,11' e l.ote: for the ,it 1", slnQo Allen '8

curve lma bocn, lly oont'l,rmod 'bY' otheJ,.'" blV'OSt1 to· s Vih.&~~ l"$ ults th l:'E>f'ore

a14 red, :1th 8p <Uo,l ree;ar to AnQ,' 1 un T1"'!ohromat:1s • 00101" Oontrtlff1t tl.

thO Oolo:t" Th or1 f!I ot Youn~Bo.1 oltt.-Uer1ng and ~Ol1o~ 1. ~ho Gxp(u"1~ta],

,.. o.ulta ioh haT no b an OQnsid~re, 11\ ver1trf All ·n'o th 0

~ aot1on ot 11g t 1~ ~rou$ln. vi ual 0 n t1 tt ~ ~

thAt In iMtdi tio:ft to the direct (,) t at f 11 ht h10 t na. tc) p UOG l' t:1 1e.

there hi 1 (') r :rle e tea wh oh te'l.da to r4 t G enhanoe.. nt of th Oom-ple-

t':rn'l.onnn.ll ~ Net tlt-lUiJl ao b(:)t\'l'Goti the W&IV ~l~'!l8'th(l '.~find ~. Ii} t111.4 n

el&:'1f.'l:.Uo i x:1,GUnS t;l..bove h~ dIrlooth t rp 0t I ersbteno c\U"Ve.

~$ aronteQt d·ep~tu:rEl trom .h '\101" 10'oetU'!.'l in t e G em '11' Y 11

Q.lJl:lOf)l,l" /11.0 thoae ,,1\T:!l1g l'lo:r-1'!)l;3,J. color vi to. ~ G witali ha$ tutpe1tlol1eed tIc>

l'hetto~J3~,. 8;t,) :rt ;tl"om t l'l01 Q,Xpor1J'llGnts. Q 1nd1tC&te t a.t h1a vl~:Lou ~B in

a 'WI f:\bnortal. Ori11'W.l"Y \Yo01 ~'Md Oard ;e h i t'U()a.t~ :n<> trn~~$ of (lol¢,r

rho least d:epn't'tuve trom t e ;n()~,l p 0'0 ~ $ in t. e Oral1ga d III x-o lons.

WheJt& t e ~1"it:r' 0 U"V' i 6 ~letr ted tQWC/:rd. t e~., 1 type oUO Q All n' •

\MiG \\1"1 to:ll" a Ott c 10 'P'r (rt1cl!\,l1~r 1<1 Hanl Wit that o\ttU'nGc!l by W.ll. And ltGQ1'h

,0 pO$elO~ 0(\ 1)Onl&lo n t!ll"lohrmnt t10 vi ion .. rne.n,y of hie rG. dlng~ ooinoide 0;1'''

ti.otl3t vi t t, 0 W1"1to~t0. oh1etly in nu~ ol'~nBO, 'y' llow. a Xl >" lui bh10 l>~rt1ona
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o 8 trlohroJ"7t).t nd Onf) Who lit Qd,;-Gre(l)tl Qolor 'blInd,;

Th 00:40X'''' lind (SUn-' 1'10\7$ s.:tmtreJtt Vo.:r1at1!1 thrOUg1'iO t the:roo and

gr 0111 r'B.g10:na d th but all,~t olGvlJ.tlon in t 0 'Violet o~tl n or the Q M" •

A oolq)arl on of th %"$l'JU.1tu o'bt$d;ned 'b,y 1i'. All n. m.f)~ .Il A.. Nol'1prl'bergt

Cioll'n.......bl1tH'l' ..~(l \V.. AIII And$I"'sQn, o:n.o~1ou:t tl"i~ roxnt-t, 11 given i tebl IV

H ~.

lti.!o ion of the ~f)en ~so.t1Qn b010n we.v~~l, n~th .~1$ -V-G ,11. thuB in

the ",1(1%:1 .~ to .~thO greoo e.sne-,Uoll fall. \) 1"0. '1'l e.bnI.'H'I)! l1ty

in Ho rI Gtt'seurve ~u:ld waltZ' therefore to 'be d\1.6 () (t. devlo,tlon or h

"1"0 ~~ns fJiQ,n C-'tUJIY'o., rethel'" th ti ~h$ 't'I~4f from th~t of' t c:; nO~'l.l type. &

ab~Q~11t1 10 due 0 mo~$r"'$an~ltlvene$s or 'h~ sre~n sens~tlon to wa~e~

It'~ngthll Q th ;:;reUow ~:nll g'J't')en ~ S'1o:n~ of th~ upe()tn~. and tQ n uncl$r'''''. ;os..

tti~ell0 a of. the f:le,m0 OGl'.lB~Uo1l. 110 w~"'Eli ...lanblths betw~Gln .~, <it .~. In
~,

18 r~spaot the )\lri tel" h classod ~$M A~oJr",l()\ul ll't"i~h;t:~Q_t~

~be ph'Grtomenon of A'rtOrt'li!l.lotls !tlrl~h.'rt()Jl'Jlll.t1Gm :ha,a ba(l~ ~11l,lnodll t't'!. part,

by St:I;PPPf,t!tj,QJ,Qo't 'tJl, 8111tt in. Q1'lG Qf' th~ .ns~u.()n Gur",elJ!', b~t th"f 'Phon,,!":~n()n

'Qt.L'rU'Wt be tQ.ll, atu.tU,e4 U.tt1EUJ$ l,Ioth tltG <lI.t,,",o Up rotl~~ cthn ot f), li . it

1 aJw~~ ~OOQ~ ttiG4 b~ a ~G~s0t1 raf,l _ nn bnQl~l davol~p~lt of thin

"flex 'louili }';l:t:"onOEJ itlQll'Al(J'lllll 1"8 u1 to in Color v1l1Qn,. 1:711 nerl.lol. e'!;"ttfor J

:noml(luG tr1dhro t1F.1tl ~ bQ duo to ~ Oi'bnom j l1aU,('I '! the i:r Bt stirllU at..

1o~ 01: t e S01u'lat!Ot1fJ 'n th.oir re.tlo.x Qn e.noe.1Mnt, 131nce tllG rnuo depends to

~11~ t deer ~ on the intensity ~nd dU1"$t1oft of $tt~lu t la oonQol~bl

thf.1.t 00f': po. O''nO "'-'b'(114 e.'f';"G:e with a () .:11 reeul t in one 6~ of 011"C'Q111lJ1\ta'nBea

. nd bo "'nQIW.louG I'll anothe~. i ~e latta}:" ph se htnl'o'b~bll moat eUi:J:ttl il&teot d
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e lex enh c rfto 1~t\ l~d bV t e Selil Ut!rt111.
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~~ \ ~tltm)1~t1o ~.~ t~ 0 ~~ $~na«t1o~, ~ tb 'l~'\~!Oh prod ,0

r~1$t,h':$~1 tho ptj to filtteot. ii, "~ n~q~nt,~, i'):t" ~hU 1>1 ,k G'db~tf~n,s

t<; ~_l~ ~~ th~U!ll :Qp1:r1ttl ' ttm(t$o 0t i\ eol(lr, $.8: UnU£i\1:&:ilI$ 't'g,~ h t, lfJtto""

litUM,1«m Q'" t (I at, n,e~ ':t"h a1p2e,$ ~

'ht ll'f1n. (.tOO tUrot ~ct1¢t,I jlJ¥.r,' ;U~ t V~()(J.UiO~ U~e " tull ~rt lit Wi h \Xt
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OlQXl:f thla ,QU.l,..t1~n t:H~ ht ,~l!)t!I':l~~J~lnt$. S$ne titl'l1,e. ~tl. S on flI,n 101 t,

',l1a t e }k t~lMOC nd~l9'in~ apQQt.r: ~ ~aloH l"r(lV ~ olh\ to t: f timul t1o~
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n ,ent1 1 1 tur of QQlor

sf

~~ r t11. • This 'rinolple etroro ~n ~xpl n~t101 0 nolo oont~ t whl0 la

Ind pond.ont of mo G~ .1'1t Q! ~tetl .1 pa.. Hcl a. 01" iloVil of vi u ). pu.rpl t $0

dJ'Q.'rt.\cteri tic o'f othor t orl('ig, whleh l'),1'e i(.7,hl.1 1!.'l'pt-o'bs.blc on aooount of

the :rapl 1t wi th 'Wh10 Stloh mo Hone or flo ~()'lld hQ reqllir to t7avol 1'J!l

~other vnth ~gtt~l t~olli~. Thue t e pinki~h tin to t.O bQrd@r ~ t a aree~

e· rd, when r ti3'dn ~ tb(ijaye throu t' \) ttlb() f h Ql>\ ~a bJ t. 0 1"9 lG.'llr e~h.a'l'l.O ...

4J.lJle ph tJ,(W, 'rtf!, oi' golo1" cont a. t OM 'b 0'

OQup11n~ t , ~rio' o~t!c t eory1tl t rrinclpl ~~ r 'lex v1G~ 1 a n$t-
.

:10 ~h Sl,.;mllt Jl0 n blnooul~:l" oolor o~,.ntt" ,ut i~ 'b $€d on 1..' f .at that r· .f'le~

fjlOnt f ·he J" d se:nE3Gti0n. t 0 c.ol1Jle!!l0ntfh if 0 gtCiO t niX"" with th~ Whl11&

ot the 'b u. ~ound, t.~ 1 tti~ va tJ e "l1Veta.~ not' ot' ph1'lr.\I Thus t e (I¢10t'$ eX"

lIe supple n I) 'ha ol'"i.1tw.1 t eo

1ta ~hf1ni(lm. .1 f;l.ooep t thE) vi

ln6nt."

lIte t eo 0)1 in $:imul t n OllS 00 tJ: at ~ l~l ibHion Qf tl . st1~l ttnr:

0010r 1 h t 16 eo (;qu '11t prOduOti 1'1 t a oo;nplement~:t"1 colors 10 This teo.tul'o

1$ relat d to ~10 prlncipl of refle ~1 ~al gens t10n • ~nl of e~ th~r

" Ide (} tOWtlt-U 117 . ve 'i:f1I)lttiOlh



o or to ~OQunt for P &bOmone. t~~1~e pI co lrt .0r1 $l 11 tr on ot n

eOQnd. In t~t the tri~sto~ ot mato~l 1 pn~tlole trom t e retiue at one

8;fec to t I f the othe.r 'Woul. b~ f), PhS" 10al 1 l1'OBG 111Ult.1.

Oont, aut is ~ pheno~ nDU ~f. fQn~G~t 1 lmpo~t~nce. therefore evar.r

theoJ."y' of' Color Vldon, sllOnld. ~tfG1"Qe.t:1Sf"'otor;y 1~$l.tl0ft ot it" T 0

YoWl H01.MhQlt~ teo Y' in comblmt1ob with t. 9 1'1'lno1plesot a 110% Vil'n~Al

9 sation d OO'V'fi)1" by • F:'en1 J,llen 1"1:111.1 axplt.\.ht 11 p1'1lflnomona 01 t

to thie ~ort1on of Oolor Vl~lon.

iI'S ret'toareh h otl~ oj;' ti t;lor1es. litio.totJ. wJ 1'rol" o:r 1~l"(\~ Allen"

Oll aetlex YieUg.J. ';;'Gnf1Je.t~Qnl:! ~n.d Colt).t> Vi ion 4ell1:te to exp:l!' De by tb&l'lktf

to 1':rofa eo'!.' Allon tor Al)tlliJ,t E ttl:· p «~l1l(;l t J!\V di.flpoPJal. e:rId for eu-e-S8 19t!orti

Q-i1d. fSU.1dJmGe VEl nl'din~ 1'1: G 11lte~rct(Ltl()n of . e ~e"ulto.

P.1\v~...ic.$ :DGpn1"ti'lGnt

11l!iivat'i1 t,y ~t !4wtab

UnnlpGG - ()/il.:neil.a,


