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Digital Media



Light, Reflection, Refraction, Lenses, the Eye, Cameras

Light is both a wave and a particle.

The spectrum of visible light is an extremely narrow band of the full spectrum of electro-
magnetic (EM) radiation.

Generation of light: EM waves (including visible light) can be generated when a
physical system (like an atom or a solid piece of metal) emits energy via a transition
from a high to a low energy state. The energy level structure of the system determines
the kinds of EM waves generated.

Light Propagation: In homogenous media (one type of media, such as air) light travels
in a straight line. When it reaches the interface between two homogenous media, it
generally abruptly changes direction, following certain rules, of refraction and
reflection.

Specular reflection: when light traveling through one homogenous media reaches
the smooth interface between this medium and a second medium, light always
bounces back to the initial medium. The incident and reflected rays stay in a plane
oriented perpendicular to the reflecting surface



Diffuse reflection: If the reflecting surface is rough rather than smooth, incident
parallel light will reflect in all directions. The multiple directions of reflection are due
to the multiple microscopic orientations found at different locations of the rough
surface

Most of the objects that we see are not light sources. We see these objects because
they reflect the light generated by light sources and the reflected light reaches our eyes.
If it were not for diffuse reflection, we would not see any light coming from an ordinary
object (and therefore would not be able to see it at all) unless we were located exactly in
the direction of the reflected rays as specified by the law of specular reflection.

Law of refraction (Snell’s Law): When light initially travelling through a medium (1)
reaches the smooth interface between this medium and a second medium (2),
SOMETIMES light passes to the second medium. It will change direction in this new
media. The change in the direction of travel of light as it passes from the first to the
second medium has its origin in the fact that light travels at different speeds in different
media.

Dispersion of light: Dispersion is a simple mechanism that allows the separation of
white or other composed light into its different component waves. The light refraction
phenomenon studied before is responsible for it. Light waves of different wavelengths
travel at different speeds in a medium; as a result, the index of refraction of the medium
for each wave is different and each wave will be deviated by a different amount.



A glass prism is frequently used to demonstrate this phenomenon.

Image Formation from Lenses: The most common type of lens is made of glass with a
circular shape and bounded by spherical surfaces in the front and the back as shown
below in cross section.
When a beam of parallel light passes through a lens, the beam can emerge from it as a
converging or diverging beam. If the beam converges, the lens is called converging. If
it diverges, it is called diverging. The discussion here is limited to converging lenses,
which are the most common.

The point at which a beam of parallel light is made to converge by a converging lens is
called the focal point of the lens and the distance from the center of the lens to the
focal point is called the focal distance (f) of the lens as shown below.

Image formation by a thin lens: Light emanating from a point in the object spreads in
all directions. This light reaches the whole exposed surface of the lens and after
emerging from the lens converges into a single point (the point of convergence can not
be the focal point of the lens unless the object was located at an infinite distance from
the lens). This point of convergence is the location of the image of the point of the
object.



Image formation by the human eye: The human eye is a natural optical device.

The lens and the cornea (in fact another lens) are the image forming elements of the
eye and form an inverted image of the object on the surface of the retina. Most of the
bending of the light entering the eye is done via refraction in the cornea. The lens is
used for fine adjustments to produce a focussed image on the surface of the retina. The
iris controls how much light enters the eye by making the entrance hole (the pupil)
larger or smaller. If the ambient light intensity is high, the iris decreases the size of the
pupil. If the light intensity is low, the iris increases the size of the pupil, for example.

Image formation by a camera: A camera forms a real image of an object in the same
way that the eye does. It can achieve this with a single converging lens called the
objective.

In order to be able to produce images in focus for objects that are at a range of
distances from the camera, the camera lens cannot be reshaped as the eye lens
because the camera lens is made of rigid glass. Instead, the lens is allowed to change
its distance from the image plane (the plane where the photographic film or imaging
chip is located). Moving the lens closer to the image plane allows focusing far objects.
Moving the lens farther away from the image plane allows focusing near objects.

Color Temperature: Color temperature is a temperature value assigned to a light
source. It allows a simple numerical specification of the color for many common light
sources. As the temperature of a perfect thermal radiator (or black body- examples,
the sun or an incandescent bulb) increases, it’s color changes as follows- at a “low”



temperature of 800 K (K stands for Kelvin) it glows dull red, at 2000 K it looks bright
orange, at 3000 K it looks unsaturated yellow, at 6000 K it looks white and at 10,000 K it
looks blue.
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