THE NEW PHYSIOLOGY OF VISION

Chapter IX. The Structure of the Fovea

Sir C. V. RAMAN

HE preceding chapter commenced with ar

account of the author’s studies of the pheno-
menon known as Haidinger's brushes seen when
the polaiwsed light of the sky is viewed by
an observer, Investigations of the same pheno-
menon under controlled conditions and especially
the studies in which monochromatie light weas
made use of showed clearly that these brushes
have a physiological origin and represent a
visual perception of the polarisation of light
which takes its place along with the perception
of form and the perceptiion of colour as one of
the special faculties associated with human
visicn. In the present chapter we shall concern
ourszlf with the nature of the physiological
mechanism which makes the perception of
polai:sation possible.

It is a remarkable circumstance that though
the Haidinger phenomenon has been known for
over a century, its importance in relation to
the physiology of vision remained unrecognised.
Largely, this was due to the general acceptance
cf an explanation of the phenomenon suggested
long ago by Helmholtz, viz., that it is an effect
arising from the dichroism of material contained
In the macular region of the retina. This
exp.anation, if corract, would make the brushes
a physical curiosity having no physiological
significance. It is therefore appropriate here
to point out that the explanation given by
Helmholtz is wholly untenable. This becomes
evident whzn we examine the assumptions on
which that explanation is based and also when
we compare its consequences with the actual
facts of the cacse.

As already stressed in the preceding chapter,
special techniques are necessary for the visual
perception of polatused light to manifest itself in
an impressive fashion. One of the essentials is
the use of a colour filter which cuts out all light
having a wavelength greater than 500 mu and
transmits freely the region of the spectrum
having shorer wave fengths. The luminosity of
the field as secn through such a filter combinced
with a polaroid should also be adequite, When
these requirements are saticfied, the field
exhibits a bright brush running patrallel to the
direction of vibration of the light and a dark
brush transverse to the direction of vibration.
Employing the proper technique, we observe that
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the brush running transverse to the direction of
vibration is completely dark,

If the facts of observation indicated above are
to be explained on the assumption that the
material of the retina in its foveal region has
a radially symmetric stracture which exhibits
dichroism, it would be necessary for the absorp-
tion of light by the material to be effective and
indeed total for' optical vibrations along direc-
tions transverse to the radii of the structure and
over the entire wavelength range between
400 mux and 500 mg.  Further, there should be
no absorption at all for directions parallel to
the radii of the structure, These assumptions
are lnadmissible for the following reasons. In
the first place, the retina being a thin membrane
and especially thin in the region of the foves,
the presence in it of sufficient absorbing materjal
completely to block out the entire spectrum
between 400 mp and 500 mu is scarcely possible.
Indeed, our eyes would then be unable ‘%o
perceive the blue light of the spectrum. Another
cogent objection is the known behaviour of
fibrous materials dyed with organic dye-stufl:.
In numerous cases where the dye-stuffs have
elongated molecules, the dyed fibres do indecd
display marked dichreism. But in all such cases,
the strong absorption is manifested for directions
of vibration parailel to the length of the fibres
and not for directions transverse to them.

That an explanation o©of the brushes as a
phenomenon of a purely physical origin 1s in-
admissible becomes even clearer when we recall
the observed featurcs which indicate its physio-
logical origin. The diminishing visibility of the
brushes when the illumination of the field fall.:
off and their disappecarance at low levels of
brightness puts the phenomenon in the samec
category as other aspects of our visual faculties,
Striking evidcnce for their physiological nature
is also forthcoming from the fact that an carlie:
exposure of the eye to polarised light has a
great cffect on their visibility., Indeed, such
exposure can even result in the brushes being
seen reversed when the polaroid is removed and
the light incident on the eyc is unpolarised.
To cxhibit this effect, the observer should hold
the colour {ilter and polaroid before his eyc
and view a field which is adeguately luminous
for a suflicient interval of time to allow the
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brushes seen at first completely to fade away.
He should then suddenly remove the polaroid,
but allow the colour filter to remain in place.
He will then sce the brushes once again bu:
turned through a right angle. In other words,
the fovea then perceives with enhanced brigh:-
ness that part of the incident unpolaricsed light
which was cut off by the polaroid when it was
in place before the observer's eye.

The Carotenoid Pigments.—That the power
to recognise polarised light and to locate iig
plane of polarisation is exhibited by the fovesl]
region of the retina and that it is limited to the
blue-viclet sector of the spectrum indicates thut
the brushes arise as a consequence of some
special features in the distribution within the
fovea of the material which enables us o
percelve light in that part of the spectrum. We
have, therefore, firstly, to identify the nature
of that material and secondly, to find how it
1s ciztributed within the fovea,

One of the very striking features of the
visible spectrum is the rapidity of the transi-
tion from the blue into the green region. Thea
transition takes place within a range of some
Z0mu and is centred around the wavelengih
300 m«, We may infer from this that the
material which activates the perception of light
in the bluc-violet cector of the spectrum has
an abzorption which falls steeply from a large
value to nearly zero at 500 mu, The absorptive
power should also be large in the spectrzl region
between 400 my and 500ma and should drop
down to low values for wavelengths lers than
400 mu.  Two pigments which are known 1o
exhibit these features in absorption are .5'
carotene and dihydroxy-e-carotene. They are
plant pigments almost universally precent in the
green leaves of plants. They find their way
Into the human body as the result of the con-
sumption of various food products and are
bresent 2s colouring matters in the serum of
auman  blood.  j-carotene and dihydroxy-a-
carotene differ distinguishably in their spectro-
scopic  behaviour, The former is optically
inactive, being symmetric in its structure. The
latter substance—which we shall hereafter refer
to as xanthophyll-—exhibits optical activity es
iis structure is asymmetric. The two substances
also differ by reason of p-carotene being a
precursorr of wvitamin A, whereas xanthophyll
is not.

Both ﬁ-carotene and xanthophyll have bezan
reported as having been found in the human
retind. We shall not here pause to discuss which
of the two should be identified as the pigment
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precent in the retina enabling us to perceive
bright light in the blue-viclet range of the
spectrum. It is not necessary to discuss thkat
issue here, since they both have elongated
molecules and possess the optical behaviour
which could provide an explanation for the
perception of polarised light,

The Distribution of the Pigments in the
Fovea~—The fovea is a circular depression in
the retinal membrane having a diameter of
about one millimetre. Ifs structure exhibits
some very special anatomical features. It is
densely packed with a mosaic of the visual
receptors known as cones. In this region these
cones are much elongated and have g mtch
smaller cross-section than elsewhere, The
smaller thickness of the retina in the foveal
region 1is the result of ceveral nervous layers
present in other parts of the retina being either
atsent or greatly reduced in thickness in the
ioveal depression, In this region, also, the
nerve fibres connected with the cones are pushad
to one side and 1ruan an obkligque course, except
at the very centre of the foveal depression where
they form a criss-cross pattern. Thus, if we
exclude this central region, the fovea elsewhere
exhibits a radially symmstric structure by
reason of the disposition of the nerve fibres
leacing away from the mosaic of cones which
fills the pit in the retina.

The carotenoid pigments have highly elongatzd
molecules, p-carotene and =xanthophyll have
respectively the chemical formule C,H,, an
CioH5605. Arart from the two end groups which
are different in the two cases each molecule
in these compounds consists of a leng chain of
carbon atoms held together by an alternation
of double and single bonds of which there are
eleven pairs. It Is this structure that enables the
molecule to exhibit.an absorption stretching far
into the visible region of the spectrum--from
its violet end up to and inclusive of the blue
sector. The geometiry of the ctracture would
necezsarily lead to this absorption having selec-
tive directional properties, being confined to
directions of vibration parallel to the long chain
and absent for vibrations in directions trans-
verce to that chain.

Highly elongated molecules such as those of
j-carotene and xanthophyll finding themselves
in an environment of nerve fibres disposed with
radial symmetry in the regions of the foveal
depression around its centre may be expected
to align thems:zlives parallel to the nerve fibres
and hence also to exhibit a radial symmetlry in
their disposition. Jointly as a result of such
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disposition and the optical characters indicated
above, it would follow that the ahsorption of
the light by the molecules would be effective
for directions parallel to the radii and would
be absent for vibration directions transverse to
the radii. If the energy of the light corpuscles
thus taken up is passed on to the cones nearest
to.them, the result would be the perception of
light for vibration directions parallel to the radii
and the ahsence of such perception for vibration
directions transverse to the radii. In other
words, in the fleld of view corresponding te
the foveal region of the retina, we would observe
a bright brush running parallel to the direction
cf vibration in the polarised light and a dark
brush running transverse to the direction of
vibration. This is actually what is observed.
We may remark that the explanation set
forth above would cover the details of the
picture actually perceived by the observer. It
may be mentioned that a colour filter well
suited for such observations is a solution of
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cuprammonium of which the strensth is so
adjusted that it cuts off the green, vellow and
red of the spectrum completely without any
sensible absorption in the blue and the vieslet.
A glass tube three centimetres in diameter and
one centimetre long fitted with flat end plates
and filled with the solution makes a very eoffi-
cient filter. With the cell and a polaroid held
up against the bright sky, the configuration of

the brushes can be very conveniently studed.

It 1s readily wverified that the dumbell-shaped
brushes are confined to g region in the field of
view corresponding to the part of the fovea
where the nerve fibres as shown in the ana-
tomical drawings run obliquely. The region
corresponding to the very centre of the fovea
where the dark bright bruzhes ¢ross is, of course,
never quite dark. Its appearance alters with
the orientation of the observing polarocid {fo a
certain extent. This indicates that the molecuies
of the pigment in this region have preferred
orientations,

MEASUREMENT OF THE VERTICAL DISTRIBUTION OF ATMOSPHERIC OZONE
BY A CHEMICAL OZONESONDE

C. R. SREEDHARAN AND A. MANI
Meteorological Office, Poona

ECENT studies have shown a close relation-

ship to exist between atmospheric ozone and
the behaviour of the middle stratosphere, espe-
cially at temperate arid high latitudes, at times

of great dynamic activity, Synoptic observations
of the vertical distribution of atmospheric ozone

are therefore of great value for the investigations
of the general circulation of the stratosphere.

It is also of considerable interest to atmospheric,

physicists working in such fields as radiation,
ozone photo-chemistry and climatology. The
Umkehr method extensively used in the past for
studies of the vertical distribution of atmospheric
ozone is indirect, time-consumihg and does not
provide a detailed and continuous profilc.
Ozonesondes recently developed for the direct
measurement of the vertical distribution of ozone
in the atmosphere use optical,! electrochemical’
or chemiluminescent? techniques. The present
note bricfly describes an ozonesonde developed
in the Instrument Division of the Meteorological
Office, Poona. Results of preliminary soundings

at Poona are also presented.
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The ozone sensor is a Brewer bubbler typec
electrochemical cell containing 2ml. of 2%
potassium iodide solution., The cathode is a
fine platinum gauze about 5sq. cm. in area and
the anode a piece of silver wire. Ambient air
is pumped through the solution at a steady rate
by a miniature, constant-volume reciprocating
piston pump operated by a miniature 3 V d.c
motor that runs at about 5,000 rpm. A steady
polarising potential of 0-42 volis derived from
a mercury cell is applied between the platinum
cathode and the silver ancde in the bubbler.
Ozone present in the air sample reacts with the
potassium iodide solution as tollows:

L

Oy + 2KI 4+ H,0 = O, + I, + 2 KQH.

The polariging potential produces a thin layer
of H, at the cathode. Every {ree iodine molecule
liberated by the ozone reacis with the H,
causing & depolarisation current of two electrons
to flow in the external circuit. For amounts ¢f
ozone found in the atmosphere currents up to




