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HISTORY & THEORY,

it is perhaps besi, to discuss first in some
detail, the ﬁaﬁstfuati&n'@§ the eve and the processs
‘%g of yvislen, o as to clarify the various facts
that may be brought out in the work,

?&&~&@%V@§ seeing mey be divided for discusse
ion inté thres processesy

(1) The stimulus

{2) The recsptor orgens

(3) The tremsfevence of the sensation to the

brain.

The stimulus consists of radiation in the ether
which are tﬁwﬁgﬁi to be %faﬁ%@%f%& vibrationsg. Those
which affect the eye to give golor and form have
wave lengths roughly between 7000 Angstroms and
4000 Angstroms. They constitute the giéﬁbi@ specte
rus. When they fall upon the eye they are transg-
‘faégaﬁ %ﬁﬁ%ﬁgé‘%&% gyeball to the retina, and in
gome manner , unknown, excite ceritain elements of
the retine to give rise $o the sensation of vision
%éig% is transferred by the mechanism of the optie
nerve to the brain,

The history of the thres processes is long and
varied, From the times in early nistory, when the

sncients were trying to meke pp thelr minds, as to



whether the light emanaied from the eye itself snd
fell on the object, or whether the light smanated
fﬁ@m the object and f%i% an the aye, @% whathar the
light came from an external souree and along with

the twe aforementioned couditions gave rise to vige

ion = « = = on through the ages men have given their
lives te the s%&éy of this most initrigsats and iﬁéér@
esting g?ﬁbiéﬁh

The sye was ﬁiﬁﬁﬁﬁﬁﬁé and the wvarious parts
were studied to find what functions they perform.
ed in the et of ﬁ@@iﬁgq Newten discoversd that
white light could be broken up into it's respective
colored components, and that these components could
be added to each other again to give white light.
Then through the years, various ih@@%i@% of colour
?i@i@a arose. %@ﬁgy there avs ﬁaﬁéyaég of these in
existence, of which two or three are most univers
ga&%y accepted, and these will be discussed later,

We know that the %éi%ﬁiﬁﬁ gonglstes of

vibrations in the ether., Waves of different freque

ency give rige to different colour sensations.

Without these wave trains of light, sight is imposs-

ibla,
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The congtruction of the sye is also fairly
well known now, We sghall now digress from the biste
ory of the subject, to enter into the various
details of the constructien of the eye, and the
various roles that the diff srent paris play in
the act of %@@iﬁg,

The eye is globular in shape, with a central

m

opening in the front whieh is covared by a slightly
protuberant transparent medium, called the cornes
{ C in the accompanying diagram), Back of this is
the gﬁ?@%@iiiﬁ% lens L, & biconvex gelatinous laoke

ing substance which can be &i@%@*%%é oy pressure

end whose convexity may be altersd by th: supperiing
mascles HM. Betwsen the lens and the cornes is a
watery ilbeking liquid A, salled the aqueous mmour.

It constitutes by it's shape

& concavesconvex lens.
The remainder of the gleobe is Filled with the s0e

called %witrac ﬁﬁ\ﬁﬁéjﬁ ¥ & g%ilywéiiﬁ transpay &at
substance which plays some part in the refraction
of the rays of light.

lining more than half the back of the eye is

the retine or perceptive mewbrane, It is, on the
average, about 1/100th of an inch thick, and conse
ists of a nuuber of éﬁ@%iﬂﬁ% layers (see disgran

#2)s It iz thickest at the back of the eye. At N



(disgram #1), where the optic nerve enters it is

white in color, and a little towards the sentre
it is yellow. This ealled the macula litas, or
yellow spot, and is the seat of wost distinet visien.
In the centre of this spot iz a small depression
where certain of the layers of the retina are misse
ing snd where the nerve fibres are turned out of
their paths. This is the foves centralis, the point
of most acute vision,

The Petina is composed of nperve fibres, gangy
lion cells and nuclei, and certain distinet elements
whieh are called from their shapes, rods and cones,
They are thought to be the resl orguns of vision,

a supposition which is well born out by the fact
¥hat the ﬁﬁ@%‘ga whers the optic nerve enters is
free from rods and cones, and is found %o be blind.

The verious lavers of the retina as they oecce
ur starting at the back of the eye and working ime
wards towards the centre of the eyeball are (see
diagran *%2} s

{1) The laysr of rods and cones.The rods are
eylindrical in shape, from .063 to ,031 mm, in

length and ,0018 ma in diameter, made of a subsgte

ance of high index of refraction, They are arranged

close together, projecting radially from the retina.



Thelr cuter kuobs end sbruptly. Inwardly they conte
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inne as fine Tibres which

pass into the next layer,
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he cones are ghortesr and thigker than the rodg
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axcopt at the maculal), and are composed of a similar
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168, At the masuls thevs are no reds at all

ﬁa

%’fé

E e

but the econes are longer and mer rods=like in
appesranece and Pevidently pariske of the nature of

, . 3
rods Bz well o8 conss to some extent®,”

£

{2,3:4,5,6) The next five layefs of the u%iaa
are composed of cells and nusleay layers and %@@%
likely continue the nerve processss through to tue
outer or

{71 £ibx

nerve branchss out into = larze network of nerye

& layer, from the spet ¥, the uptie

Fivres, which cover the whole front of the retina
except at the yellow spot, where they are éiver%ﬁé

from their paths, probably so that the light may

Peach the fovez with the least amount of itransnisse ; i

ooesses of

ion. They ars likely united with the pr

the gunglion Qﬁllﬁa%

%,

When light sirikes the retins it passes through 1)

all the leyers till it fulls on the layer of vods

1 %&?%@ﬁ%% Gol. +Vis, ,pe,12, fooinote 2. Y
2 Helmholtz ¥hys,Op. trans.3rd eds Vol.l pge26 R
fﬁaﬂa%@ 1. b
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and cones, where 1t is szbsorbed to a great degrses.
The stimulus whieh it arouses in the: is passed
out again through the nerve processes atiached to
%@fﬁg through all the layers and through the nerve

fibres xﬁt@ the optic nerve, whence it is trangs
fﬁff@& to the brain.

The %&i@@;@f@@@%% in seeing is the one about
which least is known, That is the part whieh desls
with the transference of the sbimuluys fron the
rebting 1o ihﬁ?iﬁ}i@%iﬁg By the wery fact that it deals

with brein, we can ssee that a study of the conds

itiens and methods of transfersnce would be diffw
iﬁ&%%g a8 it is almost impossible to itaoke ints
accouni all the many factors which go towards
meking up & sensation received by %the brain, And,
in Tact,; in gpite of the many brilliant men thsi
have studigd this portion of the work, the laws
which have been Tormulated are mostly smpirical,
gd mﬁrély show the relationship betwesn the ine
tensity of the §%imﬁiﬁg and the regulting sense

agtien in the brain

However, one faet seems to stand out with
remarkoble clerity in mest of the laws governing

the action of the senses; they all show a loge

arithmic Palsz aiﬁﬂgﬁiy between the intensity of the

stimulus and the vosulbing sensation, and indeed
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that is what we hall find in the wverious laws
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{ in the form of grephs) which are found to

¥rank Allen's findings in the entire Tield of
ocuteneous sengations,
To explain why black and whits snd certain
ombinations of coluurs were used in this work, and
alse why this types ef appa ratus was used, we shall

now insert o shert dissertation on colours, cone

gidered from the physiclogical standpoinit, and on

clagses » toned,; and w

The untoned celours are blaek, white and the

g
shades of grey betwoen Lhem,

Ei
p

he doned solours are all the other eolours
¢f the spesetrume

Therve are twe views held about black as a
rositive gelours

} The view held by most p physicistes, that

W omeny phy e
l@i@giﬁiﬁ irﬁ %fi&% %«i&f\“gk ?;‘ﬁ %fﬁly & 3}{3%% 35"%?@ Sﬁﬂﬁm

ation, and is as much & colour as yellow or red,



it ig true zﬁa% a ds %@@E black i% known than
that Wﬁiﬁm. is szsen by %y&% ﬁ&ﬁ%f&&l? g&aw@@ from
the light, which @@ﬂlﬁ tend %@ Show %ﬁa@ the seoe-
@m& view is wost iggeig %ﬁ& trus? ona. |

Ve fiﬁ@ agft&ﬁm of the toned aaigarﬁg that
?ﬂﬁﬁ Q“?ﬁ&1%%3 tog 3ﬁﬁwM in &‘ﬁﬁfQﬁi%@ ratio, give
the sengation ef wﬁit& %igéxg The colours m&giﬂg
gg %h%g@ %airg ar Eﬁ@%ﬁ as complemesutary #&1%&%3»

in ﬁéy%%iﬂ yhy%i@é@gi@ai experiuents, black
and white bear %o aa@ﬁegtﬁef the same %ﬁ%% %f
Eﬁl&@i@&%ﬁi§n§ﬁ do gomplementary colours. This

Cpoint isg illustrated very neatl v in the fellowing

e

work, where the sane type of curve results froem
using black and white as from blue snd yellow
which are compleumsntary toned colours.

Phe Fiicker Phenoner It is well known

thet 1§ a succession of stimuli follow one snother
with sufficient repidit by the resulting %@ﬁ%&%i@ﬁ
appears to be & continuous one, and not intere
mittent as it am%aﬁlzg ig. When a short single
stimilug is given to the sye, the resulting sense
ation is nol an squally single short one, tut
a@ﬁ&iéﬁ of 9 g serisg of pulses of gaﬁaa%ia@ of dime’

inisking intensilty,vapidly %ﬁﬁ@%@éiﬁg ene an@therﬂal

ke ] . ) e 3 £
4+ Person's Col.Vis, Pz.8Y footnote 2, -
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When & seriss of shorit stimuli are given to the
aye in vapid succession, the sensation curve of
the succeeding stimuli are superiuposed on the
primery and tend te kesp 1t %%ﬁiilaﬁiﬁgv%%@&? a
mean value., 1f the &%@&11?@%@&% are above 2 cele
tain eriticsl value in frequenay, the semsation
is a continuous ene; if below the eritieal wvalue,
the sensstion of flicker is oblainsd.

The peripisry of the eye has an inhibitory
gffect on the meuity of feveal vision., The stronge
e¥ the stimulus which the periphery vrecelves the
grester the inhibition of foveal vision. This effect
may bé iliustrated as fellows? %%&kbﬁﬁyﬁ%gﬁ 2
opaque tube with one eye, ilesving the othsy @ya
open, and Tix both eyes on a bright surface. It
will be noticed that the spet ssen through the tube
is %ﬁ@ﬁ by igﬁﬁeﬁ than the pateh seen with the
ether eye. The tube in this case is mevely s deviee
for sllowing lizht to fall enly on and &?ﬁ%ﬂﬁ 2
small ares in the gentre of the retina at the
fovea, the grealter part of the gafi@h@@ymﬁﬁﬁek%iag
little or no &igﬁﬁg‘sa@ acuity of foveal vision
in this eve is then increassed. By varying the
dimensions of the tube, various arveas of different

sizes may be illuminated and the brighiness eof the
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APPARATUS &

i 2 gy

The originsl apparatus consisted of a number
of tubes 12 inches lang‘&ﬂﬁ varying in diameter
from 1 inch to 2 inches, They wers made of cellule
eid and covered with one layer of thin white tissue

paper, They were held in positien § on 2 support

& (figure #3), and were lighted by four 60 watt
Hazda frosted lamps D, in parallel on an A.C. 110
volt eirecuit. A, was a white s-reen placed asbout
2 fest from the end of the iube. Directly in front
of the end of the tube was an eplcotister srrange-
ment, congisting of a sectorsd disk attached te a
direet current wotor, the speed of which could be
adjusted by mesns of a hand brake B. The disk had
two open znd two closed sectors of 909 each, Thus
when the motor was rumning g@ é constant speed the
digk gave equal periods of lignit and darkness. The
motor had & counter atbechment on the shaft, with
a metal @@iﬁ%%% extending about 1% inches from it,
This pointer made contact with a metal spring every
50 revolutions of the counter. The pointer and gpring
"wgra put into =2 cireuit with ene arm of 2 chronoe
graph, and a clock which made a contact every +
second was put into & circuit with the otler arm of

the curonograph. When the eritical speed of revole
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ution was resached, a switch which put both 8i¥ce

uits into operation was depressed and g regorXd was

taken for a ?%ﬁiﬁﬁ of 4 or 5 ssconds. From thisg

record the duration of a %ingi@ impulse %o the eye
gould be easily calculated, We @i@t%@d the inverse

of this, that is the numbsr of impulses per second

whieh were glven $§ the eye 10 give a steady sensation,

The avrea of the eye whiech was illuminated could

be @%&@gi&%éﬁ gince A,B and C in the velationship

were known; where A is the aresa of the end of the

from the end of the itube

r‘&f@
09
&
&
£
Jode
Eet]
i
&
z«
i
&

tube, B is

%& the eye (i.e. the 1@%@%%.&? the tube) and € ég

the distance from the front of the eye to the

retina, and B is the area of the retina illunine-

ated, The sbove relationship holds sinee light |

is propegeted in straight lines (over tuese distances).
Turing the cours of the entive work that follows

the investigator was careful to see that the eye was

in a normal condition at the beginning of each reading.

By normal is meant that condition that the eye is in

during the course of an orvdinsry day. Readings were

taken only between 104,13, and 3 P.M. They were taken
in s dark room, bui betwesn each reading the eyes Y

o Pe ey
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R = zrea of retinsl illuminsiion {square inches)

freguensy of flsekes
 leg R o Bk graph 3
- F.5682 5,12 3064 3&%
'§1 ??‘5 - 6,20 4o 54
F,1139 7405 Fe26
Toa91y 869 6,66
F.8208 - 10.81 6297

graph §

3. 5682 4o12 2.94
3.7075 4,26 5.13
2.1139 6,45 7420
Z.4913 690 8,16
2.8208 7. 84 8.45
T.1405 10,60 8.51
T.4232
T.6732

b
4

o
{e

%mi
g

&

w
©

10,00
11,32
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were rested for a perioed of from 3 o 5 minutes by
gitting in a well lighted vroom and looking around
at the walls and furniiure, meking surs that the
eyes were not in direect bright sunlight so ag to
begome atnormally light adapted - or dark agfapted
by staying in the dark voom between readings,
Tnese sets of veadings gave graphe nuwbered
1 to §, and show a linear relationship between
the logarithe of the area illuminasted and fregu-
eney of f%ié%@? { nunber of impulsés per sagond),
that is te say an exponentisl relationship betwesn
the mPes of the eye illuminated and the oritical
frequeney of flicker, If x dencte tie area of the
»y%%igﬁ illuminated and y denete the eritical fregue
ency of fligker, then the relationship given by

these graphs is

log x = ky {k a constant)
i.ee xw kY :
or 28 eV (o= eX)
@ ® @ @ 8 @ % & @ & 5.6 s w @ @ © & 9
The systenm of illunminating %&ﬁw%y%~%£ﬁ then
changed as follows, to ses whether thers would

be any effeet on the results
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log B Fo T
2,008 3470
Z.o71 3.77
2.146 4,82
2187 509
Zo243 4065
2,283 4,88
3,342 6,06
2.409 6,12
2,485 6.25
2,585 8.85
2,720 7450
3, 887 10,00

EXEY

By FaPe in this and the
Tollowing pages of data
is meant the nuvber of
impulses per sseond whien
the eye receives.

The graphs were ploited
by adding 10 %o ithe ehave
asteristic of the loge
arithme That is 3.309 was
plottsd as 7.809 ete,
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Instead of varying the diameter of the tube
{i.e. & in the eq'n on page 17}, the length of the
tute was varied (l.e. © in that equation), the dia-
‘meter being kept constant. 4 %+ inch diameter tube,

24 inches long, was usede This was marked off into

inehes for a distance of 20 iﬂﬂh&s, and the last 3

o

inenhes were marked off into § inches. Then a read-

ing was taken with the 24 ineh tube. During the

Eie N

rie

1
&
3

of rest vefore the next reading, oune inech was

o

eff the end. A reading was taken with the 23

Tedy

u

(2]

incao tube, ete.ete. This gave g?éﬁa&lly iméﬁﬁ&ﬁiﬁg
arsss of illuminstion., The re=ult: wers ylgﬁtgd as
vefore, giving graphs 6,7, end 8, The linss were
still straight, but this method was evidently not
as accurate as the last, since the p%iﬁi% aid not
lie so elosely on the Xime,
\ e,@ae’e?@aaeaa@aaa{baﬁ&
Since there was guite a lot of diffiecnlity in
fixiﬁg the small dismetsr tube to fit the eye so
%ﬁ&% ne lightbwr@g% in around the side, another
g%&ﬁg@ was made in the tube arrangement. A 3 ineh
tube of celluloid was made and ecovered with tissue
@%@@f az wiors, Une end of the tube was fashioned
to fit closely to the side of the head and round
the eye. The other snd was so constructed as %0
allﬁw flat eelluloid disks to e fitted acsross the

end, These disks were also coversd with tissue
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R T ares of rotinal illuminstien {square inches).

+Fo & nuwber of impulses per sescond.

graph 9 graph 10 graph 11

iigg -4 Fulls FoTFa ) Folo
4,134 789 6.15
2,503 4,16
s

4, 362 6038 4,00
3.210 4,39 2,24
3.515 4,44 7.54 314
3,709 3.60 5.82 3.70
3. 867 4,08 6o 45 3.70
2,001 4,88 5e 55 3.63
3.117 4,35 | 4,25 ©3.38
.31 4,69 4e 43 _ 3.77
F.469 4,70 5.33 3.57
3.603 5.66 5,00 4439
2.719 5. 71 5.21 4,28
2,912 6,00 6.66 421
T.071 éem 5.71 5.12
1,205 8.85 6.12 4,87
T.321 12,07 .95 6466
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log &

Z.134
4,503
4,862
3.210
3.515
3709
3. 267
2,001
F.117
F.311

g
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S
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graph 12

EQQ ER

4,88
4o 04
3022
2,00
2,38
2,94
314
3.22
3,50
3,14
2.94
4,00
3.94
5.26
4o 44
5.12
5.88

s

graph 13

EQ :{?,

6,30

4,10
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paper. Hach otne had & hele in the centre which was
left uncoversed. The holes varied from + ineh %o 2
arvangement was virtuslly

ismeters, as the light

end, and the retina
was illuminated by it over an &rea exaetly sgual
to the image of the hole at the end of the disk.

This arrangenent was found to be highly satisfacte

ory, and was used for the r 2y of the work,
Un account of using this system, holes of very

grmll diameter could be accurate !y made in the

disks and therefore very suall areas of the sve

could be illuminated. The holes W%?ﬁ;ﬁﬁﬂ%ﬂ%@&l&
mpagured by memns of 2 sliding wicroscone and the
areas 0f the retine illuminated wers caleculated.
This brought these arcas down to less than foveal
gize and ensbled the investizetion to be completed.

The read . ngs taken with this aratus gave graphs

9 te 12. As cun be seen, it wes found that instead
of the relationship being thaet shown by a straight
line, 1t wan neceggary to have tlwee straight
lines to fit the voints with any degree of satige
faction. lany sets of readings were taken so that

it might be suve that there was no possibility of

error in this ney de vgl@ameﬁ%a Tre two end slopes



@GR APH No.l4
Showing graphically the agreement bvetween lhe
caleulated and setusl valuss of the aﬁ&&grsf

the foves and macula. The dotted lines give

et

caleulated values and the econtinucus give age

tual values(asz in-Helmholtz-Bhys.Op

MACOULA
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were cavrefully investizated to ses that the deve
iation from the middle siraizhit line wss waorranted,
gnd plse that the @%lﬁi%lwé»w best fitited %o stra=
ight lines instead of to some olier iype of curve.
The five curves while net exsotly so-=incident, were
nevertiheless, so cloge 10 being lthe save, thal it
was thought wise to taks the mean of the 5 sels

3

of veading: and plet = mean graph é%&gég A3 preat
gave was taken to see that the eye was as near 1o
being in the sane conditien for sach reading asnd for
each set of readings, s possible, it was felt that
this was peruiasible,

3, 2

At this point it suddenly oceourred to the ine

ﬁ“‘l’

vestigator that there might e some speecisl sige
nificance attached te the points where the slopes
changed since these points vemained the saume on the
va-Bous graphs, Vhen the avess eorresponding to
these peoints were caleulated they weve found %o
correspond within the 1indts of expevimenial error

with the areas of the foves and u&ﬁ&i% resne atiVS&y,l

Yhe reletionugsip between these caleulsted values
and the values ¢ vtained from the mu%@QQQ* is shown

very beautifully by means of diasgram #14.

1  C.Krsuse & Kollicker in Helmholiz Phys.Up.
trans, 3rd ed, Vol.I, pz.28.
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third branches of the curve regpectively., How since

gr the first, g@&@ﬁé and ths

the change occurs just at the points where the areas

crangs from foveal to maeulsr, snd from maculsar %0

poripharal in size, it i% obvious that the constand

of the law depends on whieh part of the retina is

doing the work of seeing, fhaet the thres processes

of sasing in the three different pavis of the retina

are separats will be brought out later duving the

digoussion of the theories of vision. Howgver, it

i clear that this methed illustrated vesry well

that there is some change in the manner ¢f seeing

as we use ong or mors of the three parts of the eye.
This concludes the general invesiipetion of

the phenomenen, snd attentiocn was now turned to A

investigating what effect, if any, was ceused by

Eid




The ratio at the head of eamech colurm gives the
number of lights on the tube to itle number on the
field, |

1:1 2:1 3:1
, graph 15 graph 16 graph 17
log R 7. F. F.F, Fols
1.598 4,54 5o 40 4,88
T.515 4534 6,00 4o b4
T.423 370 4,81 3o 44
T.312 3.77 3.4 3457
1.205% 2,93 3.50 3e 44
T.071 | 3,?}3  3.22 3.03
2,912 2.66 4,76 2,70
2.719 2,85 2,70 2,32
3.469 2,27 2,66 2429
3,117 | 2,43 2.94 2,27
3. 867 3.07 2,17 2.38
3,515 2.94 2,74 2.32
3.210 2,43 1.72 2.79
4,862 333 2,98 2,84
T,503 4,16 3,84 2,56
%134 5471 6,38 4o 54
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Ascompanying is = photograph and alsc a dige

gram of the new sst up of the apparatus. A carde

o

board screen was placed so that the light falling
on the tube could be sltered %i%ﬁ@m% altering the
illumination of the field. It had a hole gut into
the side so that the tube was held up by it. Cne

lamp was kept eonstantly on the fi=ld and then by

varying the nuiver of lauwps on ths tube, from §

for the first set of raadings te 1 on the fiftn
set, an attempi was made to see whether the ratie
had sny effect én the readings. Graphs 15 to 19
show %3& regults which were recorded. The V&r;@uﬁ.

grapins are not the ssue o Thowgh

they have the sase
shape. 5till, no regular varistion was found, as
was hoped, in varying the ratio from 5:1 %o 1:1

on tube and field regpectively. The effect remains
the same whatever the ratio of illumination, thougn
it gets considerably weaker as the ratio approachesg
1. This was noticed by Blair in nis work, that is

ne greatest effect was found when the difference
of light on the tube and field was greategt,

As wgﬂ mentioned at the beginning of the thesis

the darkening effect is notised when the tube is
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@?igﬁ%@f than the fTield, since the pafiyha?y ig
receiving moere light than it would normally. When
the tube is opague %é light, %ﬁgﬁ iz darker than
the field a bright spot is seen, ?ﬁia ig dus to

the fact that the periphery is receiving lessg lizht
than ususl, and it's inhibitory effect on the eye
is smaller, If the tube could be illuminated se
that the periphery received exactly ac much light
ag did the foves and macula, then vision would be
nermal snd there wo:ld be ne difference whether

we locked through the tube or not., It ssems that
instead of there being two different phenomena, we
merely have two different phases of the same thing,
Sterting, with the periphery of the gye getting more
light than usual { by means 0f a well lighied tube)
a dark spot is seen. As the light on the tube is
gradually diminished the spoit becomes lighter and
lighter. When the two parts of the eys are getting
the same amount of light { the eye without the
tube) there is no spot seen at all. Further, as the
perizhery of the eye ?%é%i?%% less and less light,
the gentral portions of the eye receiving the same
amount aswhen normal,{ the epague tube) the spot

becomes brighter,
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With the apparatus thel was available for use
in E%ﬁﬁ%?iﬁg the relative im%ﬁnﬁiﬁy of light on the
tube and field, this generslization was all th t we
could derive on the effect of velative illumination,
With some ascurate system of measurement of the ille
umination, and a careful study of ihe subject, there may
be some regular deviation from the normal found. This,

however, will have to be left for futurs investigators.

48 we have mentionsd %&fﬁra,léi&ﬁk and white
‘bear the seme relationship to each other in some
respects as do the complementary %aﬁﬁé -
The %%X%.gtap in the investigation was to sse
whether or not the same effect could be obtained
with complementary colours, and if so to what
extent this held, and what effect different tairs
of complementary colours would have on the results,

Pure spectral gél@ayg would have been the ideal
thing te uss in this case, and in fact an attempt
was made to sst up a form of apparatus whereby the
light from a spectroscope of special design thal was

available could be used to give the effeet. It was




whie

Blue 1ight on the disk, =nd yellow 1light
on field and tube.

| graph 20 graph 21 graph 22
log A . F,¥, By Fa
1.598 6.52 4,88 5,26
T.5n5 5e26 4o 44 4,49
T.423 4,32 4,65 4,16
Tozan 4.87 354 3.84
T.209 | 410 3,67 13450
T.071 . 3481 3.57 3. 44
2,912 4,65 3.33 3.17
2,719 307 ‘ 3,03 2,94
2,603 4459 2,70 3403
2469 | 3.22 2,50 2456
Z.311 2,50 2,35 2435
2,117 2.81 2624 2.40
Z.001 2,50 1.94 2,17
3. 867 2.35 1.92 2,17
3.709 2.08 1.90 2,43
Fs515 2,15 2,00 2.38
3,210 2.50 1,84 2,85
4,862 2,50 1.90 2,63
4,503 2,25 1.72 2631
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found, howaver, that a number of well nigh insur-
mountable difficuliies aroese in manipulation, which

would have taken toe long te ovércome, and it was

dzeided to itry the effsect using coloured papsrs for

obtaining the eomplementary pairs of colours,
Coloured papers were sought which would glve
as elose as possible tfgm@mi%%aé lights which were
complementary in solour. This was schleved by means
of a steveoseope, whicl . enabled the bwo colouis
‘%é be overlapped on the retina, and which gave a
write colour, tingsd alternately @l%ﬁ.@ﬁ% or the
other eolour, The first pair of colours @bﬁ&in@é
was %igg;&ﬁé yellow. The tube and Tisld wers pove
ered with yellew paper and the disk of the epicoe
%i&%@?y%&ﬁ covered with blue which was fairly
dark, @h@m this was tried it wase found that at the
eri%iaai freguency the blue ﬁ&léﬂ? disappeared
giving place to & wost intense black, which was
however, slightly tinged =t times with purpls. A
set of digks to £it over the end of the tube was

prepared, with central nole sizes the same as those

§

used in the black and white part of the work. wﬂraa

gets of readings were taken whieh gave graphs £f20,
21 and 22, These graphs follow the sams form eXe

aetly as the ones previous, the Tirst one being not
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quite 23 good as the ﬁ%@@ﬁﬁ and third, since it
took a litile more menipulation te kesp the end
point in sigit with eolours than it did with
black and white,

Hext o red green combination was obialined
which was not as near 1o a G@Qﬁiéﬁ@ﬁa&fv pair ae
the blue and yellow. & ﬁaﬁgamimg‘@ffaﬁt was obtaine |
ed with tois but not definite enough te take readings.

The reverss aystem of colouring of the blue and
yellow was then tried. That is the disk was sovered
with yellow paper and the field and tube with blue
paper . There %%% a glight darkening, bul under ne
conditions could & real black be obtainade The intene
sities of tube and £ ield were varisd in the atienpt
but still no real dark spot was obtained. We readings
were tﬁ@rgfar@ taken.

A speed was found, higher than the ecritical
frequency at which the yellow color of the disk dfs-
sppeared entirely, and the blue fiesld was seen withe
out any trace of flicker, An atiesipd was wade 1o
find the sams effeet with the colors ag originally
plaged, %1@% on digk and vellow on tube and field.

It was unsuccegsful, Mo attespt can be made teo

explain this phenomenon,
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P O OLOUR W?%Zﬁge

On gaga 3 ef this %h%éig* it was mentioned
that due to the fact that a greal many men had
worked im the fleld of eolour wvision, and because
the act ﬁf seeing was a physiclegical one, and
neceseitated the use of the brain, & greal number
of different tieoriss of colour vision had arisen.

Twe theories in particonlary stand out in the

higtepy of the subject, and they form the basgis

of most of ihe ether theoriss that have heen ore
iginated sinee, s¢ that we sinll briefly outline

tie visws that they give.

YOUNG=FE

ALl sensations of colour can be produced by
three colour stimuli in certain definite propofe
tions. Thomss Younsz in 1801, fir J% advanaed the wview
that 10 esch of these stimuli there sorresponded
sensation, Sines it could net for an
considered thst each polnt of the r&timgl
g@%p@ﬁégyg te all the different wave

f light which might fell upen i%t, Young

.

his opinion, if sach point was cap-




thras different eal&m? S0 G

:-«3

aﬁl@ of ﬂ@ma%zvﬁza

ations, this would be sufficient to give the sense

ation in 1 weain of any of the diffevent colours

ineluding white. Then light ef §ﬁy ﬁalﬁuf fallg
upon the retina, all the senssilons are affected,
but the colour which we actually 3@@ depends on the
excess of the excitation of one eor two of the nerve
fiwes over the other one or twe. Toung consider-
ed that the si”%l% st @@ﬁ@@@%z@n of the mechanism
wag that there wers three kinds of nesrve fibres
one most esasily excited by the red, the second by
the vellow znd the third by the blue. Th@g@ é&iﬁ&?ﬁ
had th@éﬁ'wa?@ lengthe in the ratio 8317:6, However,

seme subsequent work of Wellaston's, caused hin to

ghenge his selection of the colours to red,gresn and

violet, and subsequent research proved he was right.
When yvellow light { which liss vewieen red and

green in the speetrum), falls upon ithe rebina, both

the red and green nerve fibres are soually stimlated,

%hgiﬁ the violet is stimmlated to & wery much lesser
degree, This gives to the brain the sensation of

yellowy and gimilarly Tor the other celours,

When any of red,gresn or vieolet light was
incident on the eye, that neyve fibre, was 0f course

excited te a mueh grester degree than the others




and gave the sensation of thst eolour, Young's

ory was not ”‘i"“ﬂ?? a
well used 1t to explain some of their work, and

the three groat nemes behind the theory were

bvesn known as the Yo u%gwi;l;ﬁalig theorys The

theory is really indopendent ef *%@:ﬁ%%i@ﬁiﬁm
and nhas been staled by laxwell &%,;ﬁllgwg‘g%

# ws are capable of feeling three differeni eols

our sensations. Light of different kinds excites tue

these sensations in different proporitlons, and

it is by the differsnt combinations of these pris

colour are produced,

Young's theory bhad the great fault that it
gould not explain the cause of successive inducts

ion, and this led Hercing to put forth hig theorye

Heving suppossd that there are three hypolhe
%biﬁﬁl visual substances in the retina. A reds
green %a@@%&nﬁﬁg'& yellowsblus substance, and a

5

paly being a

g

uié”gwﬁglﬁﬁ substance {the thi
lgter addition %o his %@@afyia He esonsidered that

red,vellow and white were inhsrently lwright, and

1. Houston,Vis.& Cel.Vis, pg.185
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that green, blue and black were irthsren tig*éar%g
fe supposed that these subsiancss were mabiect to
anabolic changes é'a%@i@iia@ié&} and katabolie
ehenges { dissimilation)e. When the ?@ﬁmgraaﬁ gube
stance undergoes sn anabolic change we see green,
and when it undergoes a katsbolle change we see
rede Similarly with yellow and blue and black and
white » an anabolic change giving the iﬁﬁﬁ?&ﬂily
dark eolor, a katabolle change giving the irhere
ently bright one.

Hering's black is &ﬁ% the erdinary blackne ss

due to the absence af light, but s deeper black »

2 positive sensation -« which ocours only as the

mltameous or successive contrast.
we look at & bright white object, tie
biack after imsge whish we see after slosing the
eyes ig what Hering ealls ¥black®.

There ave two mein osbjections to Hering's
theorys Fivret he asks us to suppose t@ﬁ'mm@%a
¥o substance like his red-green or ysklow-blus
has ever been found in the anatonical invest-
igation of the reiina. Secondly he has %o intre
sduce a brighiness and darkness o get truse
solour metcnes, ss he gannot sccount for une

gaturated colours..
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g&agawﬂai§bgziﬁ theory and Hering's theory by

5

hie introduction éx reflex aotion in the nerve
fibres, these same nerve Tibres at the same time
givirg 5 better m&mh&ﬁégﬁ than Herving's inage
inary visuel substances, Tor we know that thesse
nerve Fibres do exist, Us believes the ehanges
wﬁiﬁﬁ.ﬁ%@iﬁg supposes sre anabelic or kaltabolie
photoshemical changes te be photedlectric changes

in the nerve Tibres.

Y. Kﬁ&@% put forth the "duplicity %Q@%fy
it is ¢ 511@ﬁ$ in which he maintains that light
adepted vision (pb wtoptie) and dark adapted vision
{sootoptie) are due to the cones and rods respece

tively, and to thesg only,

Hirgsbadd=-Franklin, ddr idge«Green and others
have forfmulated other theories which are modifs

ications of Young-Helwholtz and Bering.

Bureh,louston and others have attempted to
explain colour vigien on the ides that there ig in

the retina & system of natursl vesonators, either



ene or thres (Houstem and Burch respectively), and

that thess suffer forced %i%?%ﬁi@ﬁ_ﬁﬁéﬁf “he actlen

The black mpot which is seen seems to be a

blakker coler than the ordinary everyday black and

1t ef sivupltaneous conirast epe
S hanoed by the flickey nhenonenons Lwmerson ﬁﬁﬁ.y&?ﬁiﬂ&

conglider Lthe rode to be the ovgans chisfly

w

Retarc
carned in the reflex sotions producing ;nkﬁﬁsﬁﬁﬁﬁ%
of visione Hering's ides of inhsrent brighiuess

3

e difficulty that was

5

~and davknesg ney explasin t

ot

gncountered in getiting the black spot with the
yellowon the disk and the blue on the field and
tubs,

k?sgfi@@ theory puts forth the idea that there
ig sows %&fﬁwf@ﬁeﬁ in the meehanism of the maolar

5

arenge @m‘@@m&wﬁ%%&f%&@?ﬁﬁﬁ%

distinguished anatomieally, the

shape, the maculasnd pervivhery by

gas of these parbse @ﬁ&% is, however,

ferentisting funecitionally beitween

1. The whaﬁﬁm@trxgaﬁatah,?i@lé =11 Aaygﬂaeeyravsl %&3
192
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4the thres paris of the eye, a3 well as determine
ing the arcas that these poritlonsoccupy in the
retina. The brezsk poinis ave ve 'y clearly defined
and we feel that the methed is very conclusive
in bringing ocut the results, and e ther more
Cthen fairly sceuvate, desling with th & eye
and i@fg shangeable condition from day to day.

In the writer's epinion, it would be instrue-
tive znd interesting for this investigation te
‘be sarried out some tims in the fulurs, uwsing
pure spssiral colours instead of colouved papers,
ag aﬁ%ﬁizaﬁ“ﬁffﬁé% iz @ mass effeet, since the
elsetric Tilewent is giving off light of zall
wavelengths Junbled together, and a cleaver
elsaner result might be obtained with spectral

color s, purse, rather then spproximetiely so.





