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-~ Science's Remarkable
 Theoryof How WeS

Experiments That Seem
to Show Our Visual

Impressions of the World

About Us Are Only a Series
of Little Electric

By Dr. W. H. Ballou.

LTHOUGH the sense of sight Is one
A that we take for granted, it 1is,
nevertheless, in essence one of the
great mysteries of life. What is it that
enables us by means of the small sphere
of the eyeball and the optic nerve leading
from it into the brain actually to see?
What is it that draws within our brains
plotures of all the movements and all the
colors of what s going on around us?
} This mystery, in the light of the newest

‘discoveries by science, appears to be on

‘the verge of being solved, if, indeed, it is
not already solved. Bclence now puts
forth the theory that the sense of sight is
an salectrical phenomenon; that the retinas

of our eyes upon which the rays of light

which carry ths pictures we see impinge
are in reality collectors of electrical im-
pulses, and that these impulses are carried
by the wires of the optic nerve into the
brain, and thereby a most cunningly ar
anged mechanism converted into the fig-
ures and colors which we call sight.

\ This theory has, curiously enough, been

built up from a mnumber of different
sources of Investigation working sepa-
rately and independently. The English
body of sclentists whose xperiments and
oconclusions are printed in the Philosophi-
cal Magazine and Journal of Sclence of
London, Edinburgh and Dublin, were car
ried to .their conclusions by a study of
what it is that produces ecolor wvision.
They found to their own satisfaction that
coloy is the result of electrical dis¢harges
in the molecular structure of the retina
set free by the !mpact of waves of light
of varying intemsities upom these struc-
tures.. These electrical impulses carried
on to the brain produce in the brain e¢ells
which receilve them the sensations which
we call red, blue, green, stc.

It has, of course, long been known that
color is the result of varying wave lengths
of the electro-magnetic disturbance called
light, Slow waves of & certain length pro-

duce what we call red. Extremely rapid

waves of short length produce what we
call violet. The new point is that these
waves, electrical in nature, produce their
effect upon our visual organs ealectrically.

H. Winfield Secor, member of the Amer-
fcan Institute of Electrical Engineers and
an internationally distinguished expert
upon such matters, points out in the cur
rent number of Science and Invention,
formerly the ¥ilectrical Experimenter,
some other surprising discoveries on the
subject. AR

In {ts simplest possible terms the mech-
anism by which we see consists of two
globes fitted with lenses through which
the light waves pass to strike upon a cur-
tain at the back of these bes which is
called the retina. The retina is an ex-
traordinarily complex structurs composed
of pigment cells, a laver of curiously
shaped microscopically small bodies called
from their shapes the rods and cones, lay-
ers of nerve cells and the filaments that
eonnect these rods and cones with the
cells.

Into the retina the optic merve psne-
trates to about an eighth of an inch, pre-
senting at this point a small rounded ele-
vation perforated in its wcentre for the
passage of the central artery of the retina.
There are, of course, other elements in
the retinal curtain, bont those mentioned
seem to be the only factors that are di-
rectly ooncerned with the reception of
optical impressions—that is, they are the
mechanism that is the first step toward
our seeing.

The layer of rods and cones is com-

of small cylinders extending throtgh
ts entire thickness, closely packed and
giving to the external surface the appear-
ance of mosalc; between these is a greater
or less number of flask-shaped bodies—
the cones. This layer is about 1/380 of an
inch in thickness at the middle of the
retina, 1/400 of an inch about midway be-
tween the centre and the edge, and near
the edge about 1/450 of an inch thick. The
rods have a diameter of 1/1300 of an inch.
They are clear, of rather a fattened lustre,
soft and pliable and somewhat brittle.

It is a curious that shortly after
death each of these rods shows under the
microscope to become divided by a del-
cate line into an outer and an inner seg-
ment. The cones are of the same consti-

tution as the rods and
: about half their.

Upon 8 ocurtain falls the image that
we see. 8 image we do not see uwpon
the eye {tself. It is carried baeck by the
‘;:ut-;s" gr tlh- o;l:lt!c mtx;v: into the centre

e brain where im actually
comes to our consclousness, pee
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In & way of speaking, the consclousness
sitting within the dark chamber of the
brain looks into this mysterious group of
brain cgells and sees reflected there what
has passed through the eye. We eonly
think that we see with the eyes—as
though they were windows in the head--
whigh, of course, everyons knows they
cannot be.

As & matter of fact, if we saw simply
with the eye we would see everything
upside down, because the images of things
about us are reflected in that way wupon
the retina, Between the reting and the
brain cells which receive the final elep-
trieal impulses carrying the image things
are righted again in g manner which is
not quite understood. As Secor points out
in his article:

“The light and shade wvalues of the
image c¢ast on the retina fall on a series
of what are now supposed to be minute
photo-electric c¢ells, covering the rear
inner-hemispherp of the eyeball, and there
are over 2,000,000 of these cells or rods
and cones, as the physiologist calls them.
Each one of these light-sensitive cells’ con-
nects to one of the more than 2,000,000
fibres constituting the optic nerve—the
great merve of sight, which passes wup
through the head to the rear of the brain

for region of sight. The hundreds of thou-
sands of optic|nerve fibres, each corre-
sponding apparently to a fine electric wire
in a telephone exchange, terminate at a
certain cell in the brain. Thus when we
see an image, a person’s face, for example,
there is simultaneously stimulated in the
brain a complete pattern of particular
cells, which probably reconstruct the
fmage perceived. And the result is that
we do not see the object we look at up-
side down, but »ight‘side up! L EN
“It is now thought that when the various

- points of light pass through the lens of

the eye on to the rod and cone layer of
the retina at the rear of the eys, ex-
tremely minute electric currents ars set
up .and pass along the respeetive nerve
fibres (remember, there are over 2,000,000
of them) to the cells of sight located in

—

How the Outlines of an Object Before the Eye Are "‘l'.eolt:gls.kﬁ:'

- the Eye Correspond, It Seems, to Sclenium or Photo-El

Currents »f Vu;h‘ Shnf.h to Pass Al the More Than 2,000,000 Fibres Composing the Optic Nerve—Like the
change—1to the Proper Sight Cells in ﬂ.:ﬂ.:.. Energizing Them and Causing Them *tg Sge.,” (Diagram printed by permiasion of “Science and ¥
i . N g “h Invention,” formerly _'?;ﬂwtﬂoll Bxperimenter.”) 1=

tho brain, and it is at this point where
we interpret the image or picture which
the eye beholds, and aot in the eye itself,
a8 is often popularly supposed.”

There is a curious metal in which, by
the action of light upon it, an identical
effect such as that being discussed is pos-
sible. This metal is called selgnium. Its

peculiarity is that the rays of light falling

upon it set up within it a mild slectrical
current, and this current varies in in-
tensity. according to the intensity of the
light that strikes it. It is possible to send
photographs over wires and through great
distances by means of selenium. This is
done by utilizing a great mumber of small
cells of the metal, each of which is con-
nected by a wire to the -sending cable.
The image of the picture to be sent is
reflected unpon this mass of cells, which
are arranged, ap tely, like the close-
packed rods and cones in the eye. Each
variation of light and shadow of the re-
flected image : electrical
These currents pass
over the ¢able to another
selenium cells, which in
correspondingly and by & cer
tain arrangement them print the exact
tones of darkness and light o which the
electrical impulses correspond.

(C) 1930, International Festure Service. Ing
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The Brain Centres of the Various !-'unetln:' These Have Been
Determined by the Fact That When the Brain Cells in These

Are Injured Paralysis of Speech, Sight and Other Senses F

(Diagram trom “Science and Invention.”)

Thus When Different Gradations of Light

The Blind
See with
Their Hands,
| The Nerves

of Touch Are *
Carrying
to the Brain
of This Child
an Image of
the Camael.

. The Same
Celis Which
Recoive the
Ocular
Impulses Will
Draw from
the Touch
Currents a
Picture,

In thii way a dupli-
cate Is made of the pie-
tures at the far end of
the wire.

The same principle
and the same metal are
used in a machine that
enables the blind to read

by means of the ears. A
receiver composed of the
selenium cells passes
over the letters of the
book. . The difterent elec-

trical impulses used
by the shadow the
shaps of the letters

Utliver¥ity 6f Washington, placed &
noid or electro-magnetic cylinder
man’s head and kept him in absolute
pess, | '_ {
\ When the electric current was turnedon .
he reported that he saw lights. \The form £
of the light varled with the intensity of
the current. : s :
From these experiments it has
reasoned that it may be possible to
blind men actuglly to see Iimages
their brains. If the electric car
produce various forms of light in the brat
it should theoretically be possible to
trol these forms so as to represent
objects. ’ b . R
That the blind possess the power of
forming images in thelr brains of objects
touched by their hlinds is well knowm, =
Here then wae have the visual ecells,
cut oftf from actual sight, respo 1
the vibrations of touch and forming im ;
ages in precisely the same manner as
thoygh the eyes were active. But it 5 a
fact that the images from touch are f
ferent from those from the eyes.
fessor C, F'. Fraser, LL. D, a distinguish
medical sclentist of Nova Scotis, wha fi
blind himself, detalls some interesting ex
periments upon this phase of the matte
The professor e with eig
blind" pupils and asked them .to tell
many sides of & cube they could see
their minds. Those who had lost
sight at sixteen and upward" visuslized
correctly, sebing three sides of a cubs

becams blind shortly after birth lac
that they saw six sides of the cube at once,
while three of thém saw but ope side. -
This shows that in educating & blind per
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