The Human Eye and
10 the Colourful World

Introduction

All the sense organs, the human eye is the most significant one as it enables us to see the beautiful,
colourful world around us. The human eye is like a camera. Its lens system forms an inverted and
real image on the retina.

10.1 The Human Eye: The structure of the human eye consists of various parts that help in focusing
light and creating visual images
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i. Cornea: It is thin membrane, transparent bulge and most of the refraction for the light rays
entering the eye occurs at the outer surface of the cornea.

ii. Eyeball: It isapproximately spherical in shape with a diameter of about 2.3 cm.
ii. Pupil: The pupil regulates and controls the amount of light entering the eye.

iil. Iris: The colored part of the eye that surrounds the pupil and controls the size of the pupil, thus
regulating the amount of light entering the eye.

iv. Lens: The transparent, flexible, and convex structure that focuses light onto the retina.

v. Retina: The retina is a delicate membrane having enormous number of light-sensitive cells.
The retina converts light into electrical signals that are sent to the brain via the optic nerve.

vi. Optic Nerve: Transmits electrical signals from the retina to the brain.

vii. Ciliary Muscles: Adjust the curvature of the lens to focus on near or far objects.
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10.2 Power of Accommodation: Its curvature can be modified to some extent by the ciliary muscles.
The change in the curvature of the eye lens can thus change its focal length.

i) When the muscles are relaxed, the lens becomes thin. Thus, its focal length increases. This
enables us to see distant objects clearly.

i) When the muscles are contract, the lens becomes thicker. Thus, its focal length decreases. This
enables us to see nearby objects clearly.

Accommodation: The ability of the eye lens to adjust its focal length is called accommodation.

10.3 Least distance of distinct vision: The minimum distance, at which objects can be seen most
distinctly without strain, is called the least distance of distinct vision. It is also called the near point
of the eye.

For a young adult with normal vision, the near point is about 25 cm.

Far point: The farthest point upto which the eye can see objects clearly is called the far point of
the eye.

For a young adult with normal vision, the far point between 25 cm and infinity.

10.4 Defects of vision and their correction: There are mainly three common refractive defects of
vision. These are (a) myopia or nearsightedness, (b) Hypermetropia or farsightedness, and (c)
Presbyopia.

(a) Myopia or Nearsightedness:
i) A person with myopia can see nearby objects clearly but cannot see distant objects distinctly.

i) Aperson with this defect has the far point nearer than infinity. Such a person may see clearly
upto a distance of a few metres.

iii) Ina myopic eye, the image of a distant object is formed in front of the retina and not at the
retina itself.

iv) This defect may arise due to i) excessive curvature of the eye lens or ii) elongation of the eyeball.
V) This defect can be corrected by using a concave lens of suitable power.

vi) Aconcave lens of suitable power will bring the image back on to the retina and thus the defect

is corrected.
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(b) Hypermetropia or farsightedness:

i) A person with hypermetropia can see distant objects clearly but cannot see nearby objects
distinctly.
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i) The near point, for the person, is farther away from the normal near point (25 cm). Such a
person has to keep a reading material much beyond 25 cm from the eye for comfortable reading.

iii) This is because the light rays from a closeby object are focussed at a point behind the retina.

iv) This defect arises either because i) the focal length of the eye lens is too long or ii) the eyeball
has become too small.

V) This defect can be corrected by using a convex lens of suitable power.

vi) Aconvex lens of suitable power will bring the image back on to the retina and thus the defect

is corrected.
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(c) Presbyopia: The power of accommodation of the eye usually decreases with ageing. They
find it difficult to see nearby objects comfortably and distinctly without corrective eye-glasses.
This defect is called Presbyopia.

Such people often require bi-focal lenses. The upper portion consists of a concave lens and the
lower part is aconvex lens.

10.5 Refraction of light through a prism:
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PE - Incident ray Zi - Angle of incidence
EF - Refracted ray £r — Angle of refraction
FS - Emergent ray Ze — Angle of emergence
ZA - Angle of the prism ZD - Angle of deviation

Refraction of light through a triangular glass prism
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Difference in refraction of light by a glass slab and a glass prism:
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Spectrum: Band of colored components of a light beam is known as spectrum.

10.6 Dispersion of light: The splitting of light into its component colours is called dispersion.
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Dispersion of white light by the glass prism

Formation of Rainbow:

Arainbow is a natural spectrum appearing in the sky after a rain shower. It is caused by dispersion
of sunlight by tiny water droplets, present in the atmosphere. A rainbow is always formed in a
direction opposite to that of the Sun. The water droplets act like small prisms. They refract and
disperse the incident sunlight, then reflect it internally, and finally refract it again when it comes
out of the raindrop. Due to the dispersion of light and internal reflection, different colours reach
the observer's eye.

Raindrop

Sunlight

Rainbow formation

10.7 Atmospheric refraction:

The air just above the fire becomes hotter than the air further up. The hotter air is lighter (less
dense) than the cooler air above it, and has a refractive index slightly less than that of the cooler
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air. Since the physical conditions of the refracting medium (air) are not stationary, the apparent
position of the object, as seen through the hot air, fluctuates. This wavering is thus an effect of
atmospheric refraction on a small scale in our local environment. The twinkling of stars isa similar
phenomenon on a much large scale.

10.8 Twinkling of stars:

The twinkling of a star is due to atmospheric refraction of starlight. The starlight, on entering
the earth's atmosphere, undergoes refraction continuously before it reaches the earth. The
atmospheric refraction occurs in a medium of gradually changing refractive index.

Since the atmosphere bends starlight towards the normal, the apparent position of the star is
slightly different from its actual position. The star appears slightly higher (above) than its actual
position when viewed near the horizon. The star sometimes appears brighter, and at some other
time, fainter, which is the twinkling effect.

10.9 Scattering of light:

i) The blue colour of the sky, colour of water in deep sea, the reddening of the sun at sunrise and
the sunset are some of the wonderful phenomena.

ii) The scattering of light by colloidal particles. The path of a beam of light passing through a true
solution is not visible. However, its path becomes visible through a colloidal solution where the
size of the particles is relatively larger.

10.10 Tyndall effect:

i) The earth’'s atmosphere is a heterogeneous mixture of minute particles. These particles include
smoke, tiny water droplets, suspended particles of dust and molecules of air.

i) When a beam of light strikes such fine particles, the path of the beam becomes visible.
iii) The light reaches us, after being reflected diffusely by these particles.
iv) The phenomenon of scattering of light by the colloidal particles is Tyndall effect.
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