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THE OSCILLATORY SENSITIVENESS
OF THE RETINA IN NORMAL AND ABNORMAL COLOR VISION
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The nistory of evior vision cdates from the Lise
of ?y%ﬁ&%@%&%w%ﬁﬁ the Pythagoresns, 540 B.C., the second
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that vision ig ceused by puriticies continually flying fron
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Empedoclics and Flabo, 28 the sther hand, maintaine
&4 bhal the csuse of visien is somelhing emitied by the

¢ye, whiech meeting with something slee proecscding frem tis

ebject 1s rellected buck again. This may be considersd a
Bpecies of touch due Lo lnvislble Jeslers hoving their origin
in the sye.
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rainboes los wore ganssd by

= raindrops. bbe image of the sun being Jdletorted and
solor only exhibited. Aristotle alsc taught thab blaek
and whiic were bhe colors fron ehiech all elheres were de-
rives, an iﬁ%@@ whiech in & modifled iorsm, pursisied Lo
the Line of Goelhe.
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fepsnes 1n duration of vibretions and thus sbrongly op-

dostrine ol 1izht corpuseles. Eo sug @ﬁ%@&

means of preducing achromatic lenses bubt was unable 1o

profucs one himeslls
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that Lhe rods ars responsibls for schrumslie sensations

ang the cones Por boih aghromatic and ghromatic sensae

tiens. The rods ars suppossdé to be larpely responsible

for scotopla orp Lwilight vision %ﬁﬁ_%ﬁ@ sones Lor photopia ‘

. avaplatlon of thwe eye. The duplielity Lheory doss

@ﬁ@i&iﬁ soler vision, Butl is of iatersst
because ol ﬁ%@y&%ﬁ@%@% e @%%&fﬁ%% vision inte chronatic
and achromatic processss.

Boll discoversd o ?ﬁﬁ%ﬁ%&%ﬁﬁ&ﬁ@ substance in

the retina of the oye which has been m

et Lhe visual pur-
ple. Thespubstance is present in the reds only. Bdridge-
%@%@ﬁ Bag atiompis %ﬁ weuve ths visual purple inte & the=
ory of eoler vision. Light lmplaging on the retins liber-

ates Lhe visual purple from the rods and ls dilfused inte

£5 1 @%ﬁ%f'garﬁw of Lie rod and cone layer of ihe
rotina. The ﬁ%@%ﬁ%@giﬁiﬁﬁ«ﬂf the visusl purple stimulates
Lhe gnds of Whe cones selildns vp 2 visual lspulss wnich iz
transsitied Lo the brain @ia_%&% optie narve. He further
aBsunss %&&gfﬁ%%‘?iﬁﬁﬁl impulses caused by the differsnt
&é@ﬁ of 1izht ddflier in ﬁ%ﬁf&@%@?*@%%% #8 Lhe rays ol |

diffsr in wave lengih. VIn the impulse iteslf we

have Lhe %ﬁg%&@%ﬁﬁiﬁﬁi basis of the sensation of lighi,
7S5/S

; B
and in the guelity of the lmpulss, ths physlological of

the sensation of color. The impulse being conveyed sleng

tis optie narve to the brain, stimulales tie visual centrs
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causing 2 sensation of light, thes passing on to ihe
: %
golor-perceiving centre, csuses a sensation of colop.

Deseripbion of Apparatus.

The apparatus used for oblalning the persiss
teney curves for the three types of vision was Lhe same
as that used and described by Allen in one of his ya&%@a;
The source of lighi was an acetylens flame, the luminos~
ity of %&iaﬁ was kept consbanl by means of 2 manonmeler
‘%ﬁaﬁ incicates Lhe pressure of gas at any time. Betweon
the light and ths spectrometer, %&ér& was a @éﬁ sectored
disc, Lhe opposite saectors %@iﬁgﬁgﬁt out. _Tﬁ@ ﬁiﬁ%/%ﬁﬁ
mounbed $ﬂ tﬂ%~ﬁ%Rf$%@f a motor. The light was viewed
through an eye pisce. on i&% ifour prisam ﬁil@%f Specirom-
glber. 1o %ﬁﬁ'@y@ plece there were a&ﬁ&%@a%&@ shutiees
,%hiaﬁ;iﬁeia%@ﬁ a parrow rectangular band eof the desired
wave lengih. The sectored disc was rolated by means ol
azﬁ. G. motor, the speed of whigh was recorced by slec~
trical means. BEBvery fifty revelutions, a contascl was
made by one snd of 2 long dismetral arm whieh completed
an elsctrical ecircuit and ih@r@%g«m%ki&g an electromagned
Lhat on attraseting the armature mede a dob on a shest of
paper on a drum rotating at ﬁﬁifarﬁ,ﬁﬁﬁaﬁ, The time taken
for esch Fifty revolutions of the motor was slso recorded.
A clock was uscd having & mercury cup into whieh a wire
dipped every hall second, thus ceppleting a similar @iﬁ%ﬁit

“Bunterisn Lectures on Color Vision and CUolor Blindness,
Feo ile 80T
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Lo Lhe sbove sne and registering every balf segond on Lhe

rotating drus just below the former marke made svery fifvy
revolutione of the sobor.e Due v Los gpesd of the dlss.
gip currenis would disturb the flame unlssse isvisbed.

the fiasme in 2 boz without a 1id

This was done by having
and baving s gless window in the side.

The spewd of bthe disc wes sunirelled by meens

ol é;ffﬁﬁﬁiaﬁ:%@"ﬁ%fﬁﬁﬁﬁ&% on = pulley sounted @%;%%%
shaft of the motor. The desired mave lengih was obialned
by turning the telesgope Shrough & definite angle. In

this manner, ws ware sbie Lo use ang

visible spoctrus ond seintain Lhe necesssry spoed of the

dige for the oriticsl ITresguency of flichker and have both

the speed .

and time recordée. Thus we nay calculsbte Lhe
eriticsl freuuency of flleker for a particulsr wave lengih
of 1ight and delerains %%%,ﬁ%fﬁ%iﬁﬁ,%f & gingle flash
wpon the retlas ol the sye.

| 4s the dise is rotabed sliowly, there is & f@iﬁ&Q
ering sensation produced when the 1light is viewsd throush
the gye plecs. 48 Lhe dies is poteted asore rapldly, a car-

tein spesd is reached zhere $he flichkering just stops and

A

145, ‘Ihis speed is named the

& esntlnucus sensalion resu ,
sritieal frsguency of flicker and is of different values
for different wave lengths of light. The oritical fre-

guency will be greabor Ior light of grealer luminosity im
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the spectirometer. Then in Lhe brightest part of Lbe
specirus whieh is in the yellow and green, we find that
the eritical frevusney is 2 zazimun.8L the ends of the
spectrunm, She luminosiiy is less pariicularly so at the
vislet end sa may be seen by referring 1o the nermal

surve. 1% is svident thet Lhe retlns of the eye is more

sensitive to light of grsater luminosity since 1t is nec-

gssary %o rolele the dise faster Lo produce = conllinuocus

senpation. Thus the gresler Lhe gpiticel frequsncy ol
filieker, Lhs shorber will be the curstion of 2 single
fissh of light upon ihe rebine 1. g., Lhe duretion of Lis

i

cimum Intensity of Lhe sensstion variss inversely ae

the epitical freaumency of fiicker.

The roon in which pessuresents were pade was

well 1lluminated with dayiight, there being four windows

in 1t. Readings were taken wilh both eyes open 1. 8.,

both gyes dn vaylight aisplallion

and oniy during the bright

sart of fhe day whes L8 zun was abovse Lbhe horizon.

Direst sunlight was excluded from the room end &t no tims
while beking readings wvas the gye %%i%@i@%@é'@g staring
st sny particular lumincus shbject. ;

The method of taking readings was roubting work
enee one acoustomed himsell %e it, alithoush with every

sitting, great care and precision wers nscessary. & shield

was silachel %o the eye plecs whieh exactly TiiLed around
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tinel flickering at firsl but

e mobor vas Blavied Bnd ong gc %Eﬁ 886 2 die=

é/%t &
on Pelessing the fristion
brake, Lhe speed was insressed Just Lo the point whers

kering seased and a conlinuocus %%ﬁ%ﬁ%i&ﬁ»ﬁﬁgﬁgﬁw

The motor wes meintained at this spesd and the two olre

cuits vors glosel . wiz: Lheb of the clogk snd Lhe spesd

counter. Also 2 siring mas pulledsimultonsously thus

phigh BaL Lie ¢

releasing Lhe mechanisn

&

ox
e

rplalicn. Alter one

Lk

e bell spunder ey Lhen Lie grun vl %%&g sed and Lhe

eaPe &ﬁ% B

Aiter ﬁ%@? %%%@y%gﬁémw is eye waz rosioo

thres sinutes durin

tebkon. The %&ﬁ@ rpeguired Lo make ocae re

thirty-five soconds and the spoclrum on which these

S

=

pessursnenls were nsde wns ol ol swilicient brightue

tinglale Lhe sye Lo euy spprecisble eztent.

&=

& @wrﬁﬁﬁgﬁﬁﬁyi@ resoprd Lo the

£

5 Lhe pating,

%

2 at

oniy one vaius |

resding sincs Lhe disesrolalsd very

Lizss while Lhe

ezt pors of e

%
the sxlrems snds of

&@ the dureiios mas

spectron iz auoreas

%
PR e
or gald

ane revslution.

S0 For e
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obtained lor sech

2itils pore Lhan 0o
sz ihe ﬁ%i@ﬁ%w

hod, the mumber of
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revolutions of the dise varies from sbout 500 to 800 for one
- revolution of the drum. Thus knowing ihe number of revelu-
tione and the Lime Laken, we may calsulste Lhe tiue for one
revolution of the disg and to obltaln the durstion of one
fissh, »s divide the zbove rssult by foupr, séacs Lhe disc
has Lo opanue sseclors.

Porsistency Curves:

io oblsain persistency curves for Lhe Lirse gensral Lypes

54 vision i. &., nopeal, sngmalous and %ﬁi@% Biing vision.
%i%%%@ﬁ.%iffagﬁﬁﬁ wave lensiihs vere sufiieient Lo dsternine
%&% curve et in the case of Lhe aulbor she discoversd ithat
‘he was snomelous inm his vision, additional readings were
 taken Tor intermedists weve lenzihs Lo ascertain definitely
the sunomsly. The eharsceter of Lhe curves wore deteruined

by the first set of resdings; but for the sake of smoothness,

which is the obvious churacteristic of the ppectemm, sdditi-
omal resdings wers tshken for all doubiful or apparenily mis~
placed points. Bs all conditions wsre constant, Lhere was

B 1imit %o the number of deberninstions zbich might be zade.

The persistency curves oblalned by plotiing wave
lenzthe =8 sbseclssal ant persistence of vislon ss ordinates,
show that Lhe duration of these light lwmpulses varies as

some inverse funclion of the luminonity of the color chasorved.

i1t i known

{Rivers) “"thst the point of fusion of
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interalilent etimull, so a3 to produce a continucus sensa-

Lion, depends, not on the physicsl intensities of the stin-

Bii, beb @ Lo physiclogical intensitics o3 doterminsd

L
o

sonditicn and nsbure of Lhe ﬁ%ﬁ%ﬁzgﬁﬁﬁ retina.”

It wes discovered by %ﬁﬁyyf “ and %ﬁﬁﬁ%@ﬁ%ﬁ%i?

in another manner by ! uration of the

sensation ol wndluinds ﬁﬁ&&ﬁ ei light,

griticnl frequency @* idisuer, ﬁ%@%ﬁﬁ% aniy on the

8t the

lusinesity of Lhe lishi and i no way on the wave le

é

?z?

ghers © is the

Forry-Porter lae, D = '
iog L + &, , :
5. wision, L %he lusninosity, and &k and &, tvo

persistenes
gonstanta.
Ve are jusiifiag, %%@@@zﬁy¢, in inturpreting an
slevalion of the sbnorsel curve above Lhe normsl %% 2 ¢a-
@ﬁ%&%% in the physiclegiecsl brightnsss securring in the
»%%ﬁ%% sponcing part ol Lhs gpeelrum; & depression below
%%@ norsal 23 ah lnerease o b ppighiness; o ﬁﬁiﬁ%ﬁ»

dence belween Lhes se indlesling ne chenpge whatever.

: : sodor
wno possesiee normel,vislon, ¢x-

difidenlly in ebtaining & norsal surve,

20 of

the mebi

& smooth curve Lhroughout the

o
G

“Proc. Rey. Sec.
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L&
whols visible speetruam, whiech is one charseleristlie of nor-
mal vislion. His norssl CREVE, when compared with other
nermal curves of observers possessing normal color vislon,
iz found to be synonymous with them. AL ne tims has he sx-
perienced any difflculty in distinguishing colors and his
golor vision iz found t¢ be entirely normal.

The suthor, whoe has nevercapsrienced any diflli-
eulty at any tims in distinguishing colors, wes not auare
that his color vislon was In any way abnorsmal. ‘It WA SX=-
pested that & smooth normal curve would be oblalned; sim-
ilar in shapscter o bthat oblained by @bﬁﬁr#&?a nogssesslng
norael oeler vision. Hech eurve plotted from each differ-
ent gat of recdings ﬁ@%vag e be irx@gﬁlﬁﬁ in smoovthness
betwgen wave lengths .ﬁ;/u/amé .88 M. Additional readings
in this irregnlar section were tuken for wave lengths ‘ﬁﬁng
.@%/V’&a@ 84 1o @e%&r&iﬁévﬁh@ gxtent of the ‘hump® in
the curve. In comparing this eurve with other curves of
anomalous vision, 1t was found that & similar 'hump' ex-
isted in the same region for almest oxsetlly Lthe same wave
lengths in every curve. |

The subject who was oolor blind wes givea tae
wol and card test and was_ found to be color blind in ped
and violet hﬁ% not in green. Thus he belongs (o class &

as sst forth in one of Allen's” paper

i

.

*Allen. Phys. Review Vol. XV, 1502.
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The thres normsl curves for normsl vision, anom-

. alous vislen, and ped-vieclet color blind vislon are plot-
ted on the same graph in Fig. 2. 4 second set of curves

s yigion was obbtained, whieh it is

4 aznemslouw

for normal an
thought %o be more accurate Lhan Lhe first set obtained.

&yﬁﬁmﬁﬁﬁﬁﬁﬁﬁ of the two curves for normal vision in Fig. &
almost identical exzcept in tos wi

shows that the curves ars

violet reogion where the sscond curve is slightly elevated.
2 eomparison of the twe normal curves for anomalous vialon
was made and Lhe curves were found to be ezactly the same

sracter. Bstween the tims of taking the first set of

is ek
readings snd the second sel of readings the acetylene gene-

4 with o fresh supply of cerbide. Ths sec-

rator was charge

ond set of curves taken with the new gas proved to be the

same in cheracter and itherefors we ars justified in plotting

on the same graph in Fig. 4, bhe curve for red-violet coler

s8n, although this curve was taken only with ithe

first suprply of acelylece gas.
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rousss & senssbion in the scsrresponding ¢
and in adds

enkral or gans,

tion evokes simulbtanecusly two sets of effe-
rent impuiscl, one of sbich snbances And the GAher de-
presses the sensitiveness of the receptors of the whole

sensory system, Lhe degree of snhancement or depression

baing the %ﬁ%ﬁ%?é:@f %he sxcess ol one procuess over the
_other. On this view the sensilivily of Lhe receptors
and the stats of the sensery tonus ars normslly cen-
trolled by the effereat nervous system, which is further
eontrolled by the intensity of the stimmlus.

It has long been known Lhal Shers is = fluc-

tustdon in gengliivity of tbhe rooeplors of the nervous

systen. ss will resdily be sesn by the frscusnt refsr-

eneas Lo it in %@?ﬁ%@%ﬁ%&‘ﬁﬁﬁﬁﬁﬁk 85 an example, if one
iistens to the ticking of a watsh or the faint tens of a

telephone ai 2 little distence. it will be observed thet

ths sound will be heard for an instant and them will dis-
appear, and thess altevations will continue as long as
%ﬁﬁ»&ig@&@a; Thus we have the fEuctustion in sensitivity

of the suditory senss.
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In & Lyplesl lssrming %ﬁ?ﬁ%* Fig. &, vhere the

o

o
‘

ordinsteon represent sffliciency 1n card-aorting and sbeolissse

rapresent eausl perlods of time, it wlil be notiesd Lhatb

ey

the efficiency does nol increase comstanily with an in-

erease in periods of bime. 1t Zluctusbes, both decressing

snd ingreasing, with the rise of ths lesrning Iz

the leser part of Fig. 5, the learning surves is roedused

Lt shew the flusiustions in efficieney with respost to
the X-axis, & polnt asbove the line indiceting an imcrease
in %ffﬁﬁi%ﬁﬁg ang = point bsiow, & decresss. A part of
the leapning eurve perallel to the X-axis ie named a'ple-
toan' and imdleates 2 perisd of ns pr

ws are led
From the above exampls,to believe %ﬁ%% Lhare ia & flusiu-

&%i@ﬁ,iﬁ'@ﬁ@ sensitivity ol %ﬁ@,ﬁﬁﬁ%ﬁﬁﬁ sysben contrelling
the muscles and visusl rescptors. It was only regenbly
that the g%??@@%‘%%%i%ﬁ%&iﬁﬁ,ﬁi toe fluectusiions of Lhe
sensitivensss of Lhe nervous system coatpolling the sus-
elss wes elucidaled by Alien. In Lhe musels sxpsrisent

perfermed by Allen and O'Donoghus, a definits oscillatory

affeet was satsblished and absolube messtrenents obialned.

In this ressarch a wslznt, (¢ wmaieh was sblisched a pianc
wire shish passed over a pulley, st bac s stirrup %%%%@%@ﬁ
to the end of the wire,) was 1ifted just off ihe gﬁﬁﬁﬁﬁs
The stirrup was adjusted soross Lhe pemultimste phalanges

*Resrodused from Peychelogy of learning - Pyle.

&%ﬁﬁr, d8. Lzps. P %ﬁ%éﬁl» Voi. AVIII, iu87
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sry of the plzht the asre poved slightily

sway fros the Body, %8s srm however ressining in o vertlcal
position. Thus the welzhi was 1ifted for a delinits intbep=

val of time,{varying with the esxperimenter),. aiter shich

the stirrup wes rele w%%'i?ﬁ% the fingers. lmmediately

after Lhe scesssiion of woiuntery contraction of Lhe skel-
@%%ﬁ zesele Phers iz & latant %@?éﬁé of some szesonds and
this is followsl by an inveoluntery post-contraciion of
the skeletal musele and She arm, with She Fing

2

eas Zilowed Lo plis. The heliphl ressihw

takinz the asngle Irom Lhe verbisel. By zioiids

to 14fted, 3 noresl

curve was

obtained havine ssveral branches, {(see

After hali the readinzs had been taken to sbtain & normal

curve, an interruption ocourred, and the subject hed to

dimgontinue Lie ezperinent for & period of minutes du-
ring which he sat 2% 2 desk and rested his arm. ¥hen ithe
ezperiment was resused, it wes found that the romsindng
serics of resdings wers mueh higher bthan tacse in & pre-
viosue norael curve %aﬁ@ﬁ the same day, amd %%@%”@ & wvery
%ﬁfz nz dissontinuity fron thely predegossors. From
Coprevious invesiicsasbisns by Aliem af ?ig@%ﬁ guditory, pus~
tatory and tactile sensations. he found an “enhancement’”
sffest hao been chbesrved Lo foliow at an inlerval eid

sertain stisniastions and in order Lo delernine wheller &




e

similar sffect wes present in muscles, s serles of curves
was obtained. To ascertain that the rise in the second
part ol the curve described above wmas nol due te faully

curves was obtained and zll

readings, s series of normal
proved Lo be Lhe same in gharscter. Imsedialely alter

readings for o normel curve (B, Pig. &) serc taken, a sec-

ad surve {C, Plg. 0] wss obtalned and then s complsis rest
for v minutes was tshen before a Lhird cupve (4, Flg. &)
was oblalned. This gurve & wus elevaled sbove Lhe normal
in all its branches and every individual reading wss higher

than the corrscponding one in the normal curve. Thus the

cement® or "augmentation" sifect was ebtained.

& comparable menifestation of enhancement or sug

menbation had already besn cblained by Allsn and gﬁgl%ﬁ%%ﬁ%%
in the tsotile pense, and, since it followed s zind of in-
%i%i@i%@»%? fatigue effect, was termed by them "post-fatigue
enhancement.” Obviously. then, the next step was e
the enhancement in the muscle saperiment was preceded by
such & fabigue efiect. Sueh. w25 the %§F§%%@ Of tering the
secons curve just deseribed. It was found that the curve
ebiained Tell below the normal as s whole and thet every
individusl reading wae lower, &s is clesrly shown in Fig.6.
This was called an inhibition effect.

4 simllar phoncmsnon ip the augmentalion or en-

. . 1. LIV, 1954
Quar. Jo. Ezp. Physiol. Vol. XIV, 19%4.
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hanosmendt effeeil in muscles, occurs in aight according te

?&?ﬁ%ﬁﬁgg who pecords it in the following say: "The ionger

the 'fetigue,' the lower is Lhe capacity for diseriminating
the fileker, ané ithe more intense is the procsss of recovery.
§?§%? the recovery there is a#&?*ﬁaﬁgaﬁﬁaiig%; which is
grester Lhs longer the period of fstigue.” By lnseriing
inhibition for "fatigus® and sugmentation for "over-compen-
satica” iIn %ﬁi@; we have & statezent of the effect.
%h%ﬁﬁi&g&@ﬁ,aﬁaa«@%ﬁﬁgﬁzaéa the phenomenon in a gensral

way for Be says of imbibition ",,....that it seems to pre-

dispose the tissue to & grester funcilonal sebivily theresfisr,

' The eharsctoristic manifsststion of ihe phenomeson
vaguely ?%f&??%% t6 as “over-compensatien” ﬁﬁfﬁﬁﬁwﬁi%gési»
tion %o greater agziwiﬁy‘waﬁ obvicus in the muscle sxperi-
ments. Ismedistely after ibs cessatlion of volunlary con-
iraction &%%?% is a lateni periocd ol some &a@ﬁ&ﬁa and this
4z followsd by post-contraciion. B stimulation of a cer-
tain magnitude has first sn izsediste or primary iskibitios,
thon ?ﬁﬁ%ﬁaﬁﬁ@raa%iﬁnj'@%iaﬁ is succested by & secondary
iohibition period manifested at any rate J ninubes iater.
It is fellowed by an sugsentation peried whiech can be de-
tsetled 17 or 20 minutes later. Obviously, then, at some
point between the & and &0 %iﬁﬁ%@%-%@ should be abls o

find the nermal condition restored. 4 point arbitrarily

oo | | Celiin
Golor Vigion. J. B. Paraona. 1054, 2. 159,




25
the

taken at Lv mimutes for one investigator was tested and

mean resulis yilelded a feirly gosd normsl surve shoewing no

entation.

marked signs of either inhibition or au

It is clear, then, that starting at normsl we have

first primery inhibition, then 2 return to normsl, then @@giw"

eontraetion, then secondary imhibitlon and augmentation, and

then a return to the normel agein. Thals succession mey well
be termed the eseillatery offsct since it recalls the of-
clliations of a penduius

 in soming Lo resi, only it hes far
fewsr execursions. | |
The probles was sugsested Lo dstersine whether &

extent of the vseillebions. It then bscase of interest to

determine definitely the effsel upon %%%% ﬁ$&%%1 and sbnermal
vision.

Deseription of Apparatus for the Oscillatory Effcct.

The appapstus used for stimulsting the eye con-

 sisted of a two prism Browning Spectrometer and 2 B. C. are

light. The prisms in the spectrometer were sei st minimum

deviation and then the specliremelsr wes calibrated by means
of Fraurhofer lines af

Z & hydrogen Belssler %ube. & vali-

bration curve wes oblained by plotiing wave lengihs zs ope

dinates and the angle through whish the telescops moved as

absgissee. Thus the telsscope could be seb at any reguired

wave lensih, The sye gi@@%:@aﬁ fitted wiih &fgﬁi@;@ g%} L




4% peconds stimulabion of right eye with

sasurensnts wmede with 007 v on pight eye.
%w g* E"
D (see.) Time {after D (sss.]

stinulation)

«31586 normal reading #Ri0E8 norsal resding

91336 10 (see.) 01885
U3B0G 2.5 {(min.) L85
01880 8.0 | 01645
By 7.8 01640
.01888 0.9 01810

L01580 12.8 01880

91660 52.8
31890 25.0
01580 7.8
01878 300

x@ i%‘;%% iﬁﬁ *5

,ﬁﬁﬁé/u/

Tine {alfter

&%@@ﬁ&%&i@%é

4.6 (min.)
3.5
4.8
1.5
24.5

?;2 & %
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Right eye stimulated with wave length @68Z/wy

Measurements made on right eye with wave length g681/0&
: FIG, 7.
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azxactly Titted spsund the oye, thus preventing exiransous
Llight from entering the aye.

An electrice bulb ussd in a projection lantern
was [irst employed as the source of il;&minaﬁianﬁ tat thia
had bo be replaced by the are light in order to gilve a suf-
fieiently bright spectrusm.

To messure the ﬁamgiﬁiv sness of the retine, i%a
same apparalus was used as previcualy desceribsd in oblbain-

inz normal persistency curves.
dethod of Procedurs.

The sps mtr&mbﬁbr was set 8l the reauired wave
length for stipulation wﬁ;ah} in the gase of itlds ressareh,
was ﬁéﬁ?/#vﬁ & parrow besnd of color wss isclated éﬁ means
of shubtters atiached Lo bLhe sye plece. The avc light vas
ad justed and the obssrver then stlimulaled his eye by look-
ing Lbhrough bhe eye plece of the spactrometer. The tinme of
stimulation was either mﬁﬁsﬁr@ﬁ by means of gountlng the
bestbs of & melronoue or by anobher gerson obssrving the
time on a watch. In the case of the sublhoe, the time of
sﬁi&ml&téaﬂ,uaéﬁ was v peconds, i, ©, & and 4 minubes re-

gpaetively. DBefore stisulating the aye, a normal readin

was obbtalned on the Hilger spectrometsr which was set at
wayve lengbh mﬁﬁ?/u/ﬁ Immediately after stimulation, the

obagerver tock readings on the Hilge y&ﬁ%fﬂ&@ﬂ”ﬂ Lo measurs



i minube stimulation of right sye with .60

made with .6

B

p on right eye.
D. C. &. |

i

Time [after L lges.

Ry

stizulistion)

ﬁ@%&i B

g

2.6 {(min.}

Time (altsp
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Borsal res
10 {see.;

.8 {min.]
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the ponsitivensss of Lhe rebing. Yery 2.8 %&%ﬁ%@% for s

pericd ol o9 and in sune cassz & minutes after stisuleotion,

moE

roments were mads Lo ﬁé%%%%i%@ the %%ﬁ%i%é%i%g of the
reting.
By pletiing the duration B, of the 1light stizulus

wsed in messuring the sensitivity as ordinstes and Sime in-

Lizulation &% whieh the resdings were bLaken,

sbstisses 2 curve wes oblained. On any @ﬁ@%ﬁ@%iar ﬁa§g

6o sore Lthan Lwo cury

&8 wers cblalned, one in Lhe morming
and oms in the afterncon. Thus the bize interval between
suprves would be ab least thres hours. Freguently omly one

surve 2 day sas cbbsined.

Dissussion of Oscllistory Burves

gnd Thesretiesl Considerations.

In this research, Lhe wave length .667 4 was se-

‘s papers” it

lected for stimulation, since in one of Allen
was fﬁ%ﬁﬁ that greatest reflex offscts wers obtsined in une
eye when the other was stimulated with this particular wave
length. BStimulstion from this wave lengih of light lsaves

practisally no after lmages. If wmave len

ath D82 //b hao %’%WE ;

selscted it would be practicsily impossible Lo make msasure-

pent on %ﬁ@ Hilpger specirvometer on acoou

at of aller images.

*8n Ref 3ﬁm Visual Semsaticns. Am. é@; of Physicl. Dopbica.
Voli. &. Ba's & ang 4 .
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mespuresents mads with 8874 on right sye.
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e
AL firet resdings were bawken every b nminutes aiter

stimulstion for 2 poriod of 30 ploutes. & fhectuaiion of

the sensiiivity of retine was obtelned as shown in Fig. 7,

the lower curve. The tize of stisulation Tirst used wes &v
seeonds. It 2111 be seen that the secillistions were nol

very great and il was thought that points indicaling Lhe

peak of the anplitude werc beln: misssd oo Lhel readings
were taken BYRPY LD %@%&%@ﬁ4ﬁf@ﬁ$‘%%i%@l&%iﬁﬁa In the up~
per eurve Fig. 7, it will be notiesd bLbat Lhere ars more
depides osgiliations ang %%@?@fé%@ since we have mure poluis,
%o ars betier azble %@ drar the fors of the %@ﬁ%&;%ﬁi@ﬁﬁn
§ﬁ~t&@ lower cuprve. & reading wes not Laken immedlstely
after stinulation and the dotbed 1line indliceies whaet is
Lhought o be the begloning of the ocselllasltory eurve. The
dotted line parslilisl %o the Xeuxis lundicetes ihe noraal
resving taken just Lelore the slisulation of the eye wes
begun. A point below the normsl dotted line indlcstes an

incresse in sensitiviiy of ithe retins or snhancement sud

a point above, a decrsase in sensitivity or inhibition.

in Fig. ¢, bhere are w0 oscillabery cuprves for
one minule stimglabion of %ﬁarﬁyat Xm@ﬁ@;ﬁiﬁzy alfter slis-
vickion the sensitivity is snbanced. & point is obisinec
2%t o consicerabie distsnce below e ﬁﬁ?%%&:ﬁ&%@@ﬁ iins

showing the degres of enhancement. BBLh upper and lower

eurves show well defined osecillatiens for & pericd of &0
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zinutes aftar stimuliation.
Fig. 7 is the oseillatory effset of a 2 minute

stimulstion. Azaisn in bolh curves, the readisg $sken lzme-

distely after stimsiation indicalbes snhancoment. Is the
Bpper gurve. the point st 5 ninules %f%%?lﬁﬁﬁﬁﬁiﬁiiﬁﬁ'i%ﬁi”
ﬁ%ﬁ%& enhancesent bul at & Line @ﬁ ?é%f&%ﬁ%&@@ Lhe curve in-
dizates inbibition. & higher innibition point appoars ab

18 nimsien. Another point of alzost sgusl inbibition zppesrs

&t 22.5 minutes. 1% will be soticed thsl the parie of the

curve below %he nernal indlesling enhencement gradusily in-

orepse in nmplitude ss we pass v Lhe right. The lowsr

surve io Lhe zeme Tig

sre nhows Lhs gans eharesteriziles.

! the inhibiticn deerssses. If

The enhancenent increases so
& smooth curve zere L9 be drawn Lotwesn Lhe Bighest sngd low-
et points of a1l %&%fﬁﬁﬁiiiﬁﬁi%ﬁgg & gecond curve would be
cbbained, which 1o the case of the upper gurve, Pig. &, the

part of it iz inhibition extenis for & peried of & ninutes.

It is thought Shat If the resdings were taken for an adgiti-

onal period and Lhe suoolh curve exlended, Lhed 11 wounls

pepresent = periodicily of which part would be ishipition

and snother part enhaneement. Thus we may say that we %ﬁ?@
& pericdicity within a peric@lcity. Agals in thes lower
curve, Pig. 9. we have 2 pericdlelty within & periodicity

exzactly siziler in charscier. Iz bolh of these curves we

have well defined pacililations.
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S
Ia Fig. 10, we have %wo ozcillatory curves for a
5 minute stisulstion of %he eys. By drawing a szocih curve
through the oselllstlons es deseribed above we are able 5o

abbaln three branches. Imsedistely upon stimulation we obe

neement with 2 sudoen

%&iﬁ'%%%r%&&?&%ﬁ%@i%%i%fyﬁiﬁ% ia snha
rise in the curve to inhibition. The curve lowsrs Lo inhi-
bition 2 57.5 minutes aftor stimulation szein rising 1o in-
hibition for %he last brasch. This 1llustrates Lie periode
ieity within 2 pepiocdielty very well. The lower curve lo
the seme figure doss ngt show as deeided @%@iﬁﬁﬁ%ﬁ%ﬁ@ a8
the woper curve. 411 the sscillations in this curve ezeept
the First pard of Lhe surve represent inhibition: 1. 6.,
varying degrasss of ishibition.

Tuo %%%ﬁii%%%@? surves fer & stimulstion of 4

¢ in Pig. il. Beth the upper and lower
i. Tbs

first puint, obbasined lpmedlsiely after stimuiation, shows

minutes a?@,?E%%%%

curves show osglllations above and beloy Lhe norss

- greater onhancement than eny of Lhe provicus curves. In

%

the lower ou

ve al bthe Lime 27.0 minules we have & decided
depression. At the time, 24 minutes after stimulstion, &

persen entersd the laborstory vhers these nes

Urensnis sere

made, walked meress Lhe room, back agelin and then lelt willh-

sut uttering = wmord. It is thought, however. that Lhers was

& cerbain elfect produced ywoen Lhe nmervous systeam which shows

in the oscillatory eurve. The dotted line indicstes what is
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thought would have beeh the fors of the esellilatlon had the
pergon not entered &hé ?mﬂm. Sgain in these Lwo cupves for
the 4 mimmte stimulstion we gel a periodicity within g peri-
odicity. |

élk the osscillastory surves mentioned heave been ob-
fained by stlsulabing the #&gh% eye and teking messurezenis
on bhe same eye fuy anowmalous vision. Therefere it bucame
of inlerest %ﬁ deternine the effset produtsd on the right
eye when the left eye hed been sbimulsted for a certain in-
berval of %imﬁ* In Fig, 12 we have bwo Sﬁ@ﬁiﬁﬁrﬁaﬁ; the
apper ohe rﬁﬁrﬂaﬁﬁﬁi&@.thﬁ osgiliastory effeet @rﬁﬁ&@@ﬁ #ﬁ
the ?igﬁ% pye by a J minuie stimulation on the left eys and
the lower one by & stisulation of 4 minubtes. We finmd, by
somparing the upper ecwrve Fig. 15 with the curves Fig. 19,
that they appear opposilte in phase. Similarly by comparing
%ﬁ@_iﬁ%@# purvs with curves Fig. 11, they also apposp oppo-
pite in phese though not as well definsd as iﬁ the & minute
siioulation.

In Pig. 15 we have oscillabory curves oblained for
nermel visicn. The surves A, B and € are cblained for a &0
seaond stimulaebion on the pight eye. Curves 4 and € are
vory similer in charaster. OCurve B esgress gulte well with
A aud O except Yor an exbended loop pepresenting inhibltion
petwesn the B and 50 minube interval after stimulation.

Gupves D and B, Fig. 18 and & snd B, Pig. 14, represent
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sseilistions for a £ aimite stimulation. Vs have
finsd osgilletions from whish we apre able Lo show a peric-
disity within a pepledicily.

Gurve €, Plg. 14, shows the ssslilatory oflest

prodused in Lhe ) ghan Ythe sane eye hes been stine

o

sted with white 1ight for 15 seconds.

In surve D, there 1 an sseillatory efiect pro-
dused im the pight eye by a stimulation of & mimules in

the iaft. To have no olher curve fop normel vision of the

same Lime of stimulation with whieh to cuvmpare. 1% is

wght . hossver. thet s similer eharscteristic would be

displayed as in anonslous visioen, 1. o., it would appear
sppoaite in phase.

& vurve, (Fig. 15}, for nornsl visisn wa3 obe

tained, readings belng tuken continuocusly for & peried of

15 minutes on the pight eye. The right eye was First stin-
uwlated for 2 mimumbes. It will be seen that the eurve censisls
sf = large sumber of oselllstions. Is ell probebillity, some
of the zmaller oseillintions are dus Lo @3@%@3@@%@&@ srroer .

fe &

undoubledly the larger osecillatione ere Lrue cselilations,
The surve pradusily rises fron enhancsment Yo inhibitien,
whieh iz exsetly what iz Lo be eapseted sinee, flrst, w2 have

0%

5 shisulation., bthen messuraspents are sade under consis
stimulation, thouzh of less intensiiy Lhen the primary stis-

wlation. After the general form of the curve rises s ia-
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mibitien, 1t remaing on the inhibitory side of ithe noraal,
thers being certain eselllstions in the degress of inhibition.
Sufficient dats has beon oblalned for boih anone-
slous snd norsel vision %o definitely sebablish & visual os-
eillatery effect. ¥e may use the analegy of a pendulum

goping Lo reat o &

pleln the eseilletory effect a8 was
dons in the sase of the musele ezperiment. Shenever Lhe
servous system ia disturbed, it tends o restors ilsell,
b4t in doing se, dees not stop at the normel sondition bub

goes past it. Thus when Lhe oye has besn stimulated. the

reading taken imsmedisbely after represents sohansenent.
the inhibitery forces tend te restore the visual nervous
gystem to the normal sonditien, bub in deing so. the nermal
is reached and psgsed, sz indiealed by resdings teken whieh
represent jnbibition. Then the enbancing feress ave braought
inte play, sebing in the oppusibs dirsebion Lo the inbibi-
tory. Thus we have the surve, which represents Vhe sunsl-
tivity of the vetine, oseillsting walil the normal balancs
between tre inhibllory and enhaneing foress iz reastored.

The oseillabions in the vurve would booome continpally
smsiler unbil the normesl reading was constendt . 1. B+
thegretically. :

There iz a sertain elffeel producsd wpon the retlina

by the light with shich measurements sre meds. This light,
whish is probebly of ﬁ == intensity, will produce an oeci-

isteory effset itself. This however, would be small compered
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with the sselllatory effect produced by the primary stlmuius.

Hsadinge wore made every o.0 minules 89 buat Lhe eifegt must

segescarily be small. In Fig. 10, an sfiect of the light of

/? s inbensity sust be produced since the @g%i@%ﬁﬁ% gontin-

walily stisuleted for a pericd @f 18 minuten, In all the

sther sseillstopy eurves the sye is rested bebwson sach reading.
%@%ﬁg haz shbudied Yhu %@ﬁ@%aiﬁiag sf Yhe eye for ‘

1ight of various wave lengihs by smploying threshold values.

in his %%%%gg ne statss: "The thresheld for 2 gpestral ro-

i one sollimaior

gion was measursd by o photometrle wedge

of the double apparstus used for csloer diserimination mess-

urements. The imeresss in the thresheld a8 & vesullt of ex-

o8
the desreass in sensitivity. 4s there was always & varlable

sure o & brizht light was considered %o Be 2 mensure of

time-interval between the end of the exposurs to thebkight
1ight and the measurenent of ihe threshold, a geoond %%@i@@

of messurenents wire made, in whleh he movesants of the

S phobometris wedge wers recorded on a smoked drum along with

& time-mavker and a signal. The %%%ﬁ%i pas opsrabed &l the

end of the pre-exposure, and agaln whepever the light of the

speetroscope was scen o just vanish frem the cenire of the

ce, due Lo the sxposure Lo Lhe bright light. HNead-

ings wers contlmued until the sensitivity hed practicelly

peturned to its restiag value. By this method Lhe retovery

‘ousp. Jo. Exp. Physiep. Vol. XVIIIZ, 1927,



28
deswn and some ides of the initlial effest

gurve could be

Eome of the regords supsest that Lhe reocovery

i@ T T "
the visual eseillatery effest. Roaf, however, seoms not %o

sie recovery™ is evidently en eszsmple of

have altached any perticular significance %o the phenomencil,

dep the title of recurreni
vigien, that the sensabional se 4o o single shopt-
zie, equally shorb-lived light

e of & very feeble stivulus

rospon

iived stisulus is not e ai

sensation. Bmeept in the sas
it is a%series of pulses of sEBsati

ding one another? .

pful elesiric

the oshjeels nay Be sean,

ax
net onee enly, but twe, three, Jour times in papld succonsion,
glthoush the spark is singls. Thus we observe that & stine

thuical responsc.

ulug gives rise to & rhy
further stabes, thabt smalogy with ather

ohysiclogical gr@%@@%@% would lead uws Yo bthe sonelusion

that the positive sfter-inmages resulte froep & persistence

of these progesses which have been sel in actlon by the

‘Qoler Vision - J. H. Pavsous
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e altepnating witl
, , Gy %%&%ﬁg
With prolonged,stimull, the cenditien of albered sensibility.

of the affected g@gﬁ 6f the retins

persist mateorially

The sbove is just anet
%@%&3&@%&@@ sffgni.

- pseillatery effect. The Tingers of one hand were lumersec
in & bearer of het waler, kept &l & constent Lempersture.
The waber was vucomferiably wars

injury tom the skin., It was found that thers were intervels

in wpieh the féﬁ%ﬁﬁ% felt sitepnately hol gBd cold. The

bt net hot emcugh o cause

 were treated ln o simliler manner.

intervels of slternately celd

nd wers sensations. This is

sxample of the cselllatory effecl in the cutaneous

Depression snd onhancemes
haps boep obbteined by

oither inveBlligators. Ye considar W




&7

rislent information has been gelned to belleve that &

oy exnleis 1o SVEYY sunBe GPah.

gimilar phenous
In sertain inguetrial factorlies, wmployecs abe
given pericds of rest lo the morning end albernoss,; e

pioyers hoving found Lhal mors sabisfagbory work 28

sgcomplished. This ls svidentiy »n & piieation of ithe
chably

: bhe eaployers are p

T % 5

pssilistory effest sliho

not awspe 5° the phenemsnon snd its selentifie expleanstion.

Dissussion of Persistency Curves

1 Thesreticsl Jonsiderations

From the results obiained fer the thrse gensrsl lypes of

vision i.0. BoPmel, cnosslous snd solor Blind vision we

on Lo poocunt

ape sbie to formulate a theory of selor visl
oy ail three types. This theery is a modification of e
Foung-Heluholis theury.

From the faet that any eolor sensation could be

prodused By & nizture, in suilable presortions, of idght

¢ three glven weve leongbha, Thomas Foung was ot o 2

sose thst thers sxisted three primery celor sensations,

st HBelmholis hes suppossd Lhat the resson fop Shis is

$hat the eys is Purnished o s of nerves; ong

get which, when ozelted,.zives the peusation of red, ansthey

of greesn, and the third of vislet. Vhen sere Lhan one ssl

af perves i spelited, then & mized

%
S

wsation 18 produceq,

the shavester of whieh desends on the degree Lo which sash




o

Been ezslilbed.

st of nerves has

sesopding %o the Young-Helmnholtz thaory, it is

suppoued Bhal cach ssb of nerves, they ved, say. bransmits

the sensation of red %o the brain, vhatever the zmanner inm which

they may heve besn stimulated. Thus the rod nerves are
affested not enly by ped 1ight bt %%%@g to & smaeller cxtent
%g 1ight of olher wave lengihe, the lopression producedenn
iight.

plindness, ib wes assumsd that

the Brain is,phowever elways thel of red

Ye¢ gzplein coley

one or more of these sels of nerves 1s sissing dependlag

upon the nusber of sensations in shieh the person iz salop

Biind. Thus a ped blind persen ig ons in whish the red

norves are dnsensitive. Hense sush a person was assumed

psuess only the vielel and green ssusatlons.

Phers are seven possible types of eoler blindaess

ne to She Young-Helmholtz theory. A person may be

golopy Bling in awy ane of the thres sensatioms, red, green
o vigist, or & combination of sny twe or soler blind in
211 three sensations to which the appeliation of toteld

selsy blindness has been applied. B5ix oud of Lhe seven

ppeeible csses have beon fo the enly case wet having

peon found is thet for visled blindnesa.

sergons with normal coler vision and of ﬁ%ﬁ,ﬁﬁéﬁlg

difrerent azes bave the same persisiensy ocurve undes

similap circusnstances. The persistoncy curves ol the

i ; |
Allen. Phys. Beview &



sharacteristic elevations

golor Bling aivays have the

sither one or tws in number, which soulr in general in
these portions of 4he curve corresponding to the red,

gposn and vielet regloms of the speelbrul.

in opder %o explain color blinduess o4 =&

modifisd fora of the Im

swBoinholbs theory, we avrs net

sssuming that onz or more of Lhe prismsry sensabicns oF

eta of nepwes is missing . but that the inhibitory

sotione for Lhe sensabtien in whieh the perscn is soior

- Biind

the person is subesensitive ian the particular sensation

oy sensation

in whioh he ig color blind. This ne

by the fwo slevations in the red and

vislet regions fop the redeviclet solor blimd persen in
Fig. 4. How in %this gsve, inhibition iz developsd Lo s
groater degrec by haneement for these sengations,
ibitich
1 sye. It will be

and enbhancement

" while for the gresn sensation , imh

are equaelly developed as ln ihe norm

he eslor blind person dose nob

soinelide with the curve for Bow

vision in Lhe green

veglon., This is dus 1o laek of eaperionce in taking vesdings

for the curve. Uith resdings token for & period of turse

wocks or more, it g found Lhe

t there is & loweping of the

s value. Thus the readings for theceurves

slous vislon were taken for & suffieclent

poriod of time to determine this minismus value while for

ihe solor Dlind person they were nol. In srder o observe



mors %ﬁ%i@? the ceparturss from the curve for norssl vision,

$he curves are g@@%@@% st the bettem of Fipse & & 4.

An arbitrary value of 100 is ziven Lo the curve for nowv

and the other Lwo curves plotted correspondingly.

viginn

or anomelous vision or as this phenomencn of

solor vision is %%ﬁ@il? @ﬁf&?ﬁ&Q b,

we see from the ﬁ%ﬁ?@%gﬁ%&% there sre %ﬁ§ %%%?@%@3@%% in

the red and green rezions. The %?%ﬁg@,g&?% st the curve

soineidss with the eurve for normal vislon. The vislet

region of curves for beth snomalous end mermal vision
cdincide exespbionslly well. There is however a slight

%i%%%%i%ﬁf%ﬁﬁﬁﬁﬁﬁyﬁﬁﬁ spaen and visleh 3.8. in the blus.

nd green sensstions and mermal in the violet.
s irdchremetism is rether misleading as

one would natérsily think that the vision v

in all thrsee sonsetions whepgss 1% s sbnormel in the two,
1 4n the third, vielet.

In sceordance with sup theory explaining

i preen sensabions enly

the types

af seloy @iﬁ%ﬁﬁ%ﬁ@g we are sise able o ¢xplein ancmalons

yvision sabtisfactorily . In the red snd green sensations



E
the enhaneing scbions are developed 1o a greater degree
%

 &he inhibitory and thersfore in these two sonsaticns

the ﬁ%@%ﬁﬁ posnegsin
the

In,viclet senestion we have & nermal stete sxistis degs

souelly developed inbibitory snd snbhansing %%%3@%&3
ted by Lhe resulis

This theory ls further suppo:
the oseillatery effeet. By compari

obtained from
time

surves in Fige. 9 & 10 we %%ﬁ%%?%A%Q&%~$§% the sane
imulation with the same wave length of light 867 M

%%@ f@&%ﬁ@g taken lmmodintely after stimulatisn %@%@% fay

é@@% vision bLhen f@% normal

yision. Thus we have & grester %%ﬁ%@%@%ﬁ%g in the red and

gresn sensstlons for anomelous then for normal color vision.
Ve may now btera color blind vislon as subesensitlve

vigion and snomalous as super-sensitive vision in ithe

particular sensations whers elevations end dopressions occur
respoetively.

Sinee there have besn over sighty theories of

golor vision formulated, 1% pisplifies mablers Yo have one

bheory whieh setisfectorily sxplains ithe three general types

of vigion. Wa ume however, bthat ws have the

sompletbe trubh, bubt by belng sble to ezplain the Lbree general
types of vielon on the modified Yorm of %the Young-Heluholts
i & declded atep Lowards it.





