Geometric optics

Light in geometric optics is discussed in rays and represented by a straight line with an
arrow indicating the propagation direction.

Light propagates in straight lines in homogenous medium.
Light reflects on interface of two media, following the law of reflection:

Normal of
the interface

Incident light

& = angle of incidence with respect to the normal of the interface.
&r = angle of reflection with respect to the normal of the interface.



Planar mirror

The principle for one sees an image in a planar (flat) mirror is
The eyes see the reflected light from the object by the mirror.

The brain constructs the image by back tracing two light rays from the same object and use the
point these two light rays meet as the image of the object. The two light rays are: the ray that
emits from the object, reflects on the mirror and reaches the eye; the ray that emits to the
normal of the plane in which the mirror sits.

The result: the image is always on the other side of the mirror, virtual, right side up and with
equal distance (called the image distance d.) to the mirror as the distance of the object to the
mirror (called the object distance d,). The image has the same height as the object.

The word “virtual” means that this image is not “real”, but constructed by your brain instead.
Example 1: a penguin sees its toe in a mirror.
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Planar mirror

Example 2: what is the image when the mirror is not parallel to the penguin?
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Planar mirror

Example 3: what is the minimum length of this mirror for the penguin to see her full
height?
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Planar mirror

Example 4: the image distances of the first and second order images with respect to
their own mirror?
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Spherical mirror

Terminology
Concave mirror, the reflecting surface is interior of sphere.

Convex mirror: the reflecting surface is exterior of sphere.

The principal axis: line through the center of the sphere and the

midpoint of mirror.
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Spherical mirror

Terminology

Focal point (F) light rays parallel to the principal axis reflected by the
mirror and meet at or back trace to a point on the axis.

Focal length (f): the distance from the mirror midpoint to the focal
point.

Concave mirror Convex mirror

f:B f:_B
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Spherical mirror

The object (height to the principal axis, distance to the midpoint of the mirror)
and image (height, distance) relationship:
The 3-ray diagram, concave mirror:

Ray 1starts as an incident Ray 2starts as an Ray 3begins as an

ray that is parallel to the incident ray that passes incident ray that passes
principal axis. It reflects off through the focal point through the center of

the mirror and passes and then reflects paralle] curvature, strikes the
through the focal point to the principal axis. mirror perpendicularly,
after it reflects. and reflects back, moving

along the same line as the
incident ray.




Spherical mirror

d

The 3-ray diagram:

Magnification M 0

h _

Ray 3begins as an ho do
incident ray that
passes through the
center of curvature,
strikes the mirror
perpendicularly, ang
reflects back,
moving along the h

S

incident ray.

same line as the 0
In

Ray 2starts as an
incident ray that passes
through the focal point
and then reflects paralle
to the principal axis.

Ray 1starts as an incident
ray that is parallel to the
principal axis. It reflects off
the mirror and passes Image up-side-down,
through the focal point after smaller, real

it reflects.




Spherical mirror

The 3-ray diagram, concave mirror, second example

Ray 1starts parallel
to the principal axis,
reflects, and passes
through the focal
point. Note that we
extend the reflected
ray backward througl
the mirror surface as
a virtual ray (dashed
line).

Ray 2 must pass througll
the focal point before
reaching the mirror. We
draw it as passing
through the focal point
before intersecting the
penguin’s head. It then
strikes the mirror and
reflects parallel to the
principal axis.

Image upright, larger, virtual

Ray 3starts at C. It passes by the
penguin’s head and reflects back
through C.
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Spherical mirror

The 3-ray diagram, convex mirror:

Ray 1.Ray 1 is incident
parallel to the principal axi
If we extend the reflected
component of this ray
backward through the
mirror, the virtual ray will

\* x4
-

pass through the focal poirlnt.

Ray 2.Instead of passing
through the focal point,
the incident part of ray 2
Is directed toward it.
Before it can reach the
focal point behind the
mirror, it reflects parallel
to the principal axis. Its
virtual extension behind
the mirror is also parallel
to the axis.

Ray 3.The incident
component of Ray 3 is

directed toward the center o
curvature on the far side of
the mirror and reflects back

along the same line. The
virtual extension of the

reflected ray passes through

the center of curvature.
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Spherical mirror

The 3-ray diagram, convex mirror:

Image always upright, smaller, virtual
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Spherical mirror

The object (height to the principal axis, distance to the midpoint of the mirror)
and image (height, distance) relationship:
The mirror equation (for both concave and convex mirrors):
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Together with this: M 0 - — One can analytically solve

many problems.
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Spherical mirror

The object (height to the principal axis, distance to the midpoint of the mirror)
and image (height, distance) relationship:
The sign conventions:

Concave mirror Convex mirror
converges diverges
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