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Introduction
Light travels in a straight line as long as the medium is optically isotropic.

(Isotropic means that there are no changes in the medium that would cause light
not to travel in a straight line.) One of the most common situations where light
deviates from a straight line is at the boundary of two different optically
isotropic media such as air and acrylic plastic. If the angle of incidence is not
normal (at right angles) to the boundary then the direction changes according to
Snell's law:

n1 sin θ1 = n2 sin θ2

the constants n1 and n2 are constants called indices of refraction that depend on
the two media. The angles θ1 and θ2 are the angles the light ray makes with the
normal to the boundary between the two media.

An important application of refraction is lenses. One usually starts studying
lenses by assuming that they are thin and spherical. The focal length of a thin
spherical lens is determined by the radii of curvature of its two surfaces
according to the lens-maker’s formula. Let r1and r2 be the radii of the spheres
defining the two surfaces of the lens. The focal length of the lens is
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The sign convention follows Tipler where r is positive if the incident ray hits the
convex side, negative if it hits the concave side. (This sign convention may be
different in other books.) The lens-maker’s formula follows directly from Snell’s
law where the angles of incidence on the spherical surfaces are small so that sin
θ ≈ θ.

Illuminated objects can be thought of as a collection of point light sources.
Therefore when we study how lenses make images, we usually consider only a
point source and assume that images of many point sources can be superimposed
to get the image of a complex object. Light rays fan out in all directions from a
point source and some of them hit the lens. If the source is very far from the
lens, the rays hitting the lens are almost parallel with each other and are bent by
the lens so that they all converge at the focal point a distance f from the lens. If
the source is not at infinity the image position is given by:
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where s is the source-lens distance and s′ is the lens-image distance. (This
equation is the same as for mirrors.)

The optical axis of the lens is the line joining the centres of the two spheres
forming the surfaces of the lens. If a point source is on a lens' optical axis, its
image is also on the optical axis. If the source is not on the optical axis, its image
will also be off the optical axis. The position of the image can be found by
tracing two of the rays coming from the source. Some rays, called the principal
rays, are easy to trace if we follow some simple rules:
1. Rays hitting the lens parallel to its optical axis are bent to cross the axis at

the focal point.
2. Rays going through the centre of the lens are not deflected.
3. Rays from the source passing through the focal point before hitting the

lens, emerge parallel to the optical axis after having passed through the
lens.
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