
Chapter 25

The Reflection of Light: Mirrors



Wave Fronts and Rays

Imagine you have thrown a rock into a lake. 
Once the rock hits the water, ripples in the 
surface of the lake spread uniformly from the 
rock. 

These spreading ripples are known as a wave 
and all points which have the same phase are 
known as a wave front. This is shown by the 
blue circles about the rock.

The black arrows are what is called rays. These 
rays are perpendicular to the wave fronts and 
indicate the direction the wave front travels.



Curved Waves vs. Plane Waves

Waves are created is such a way that they imitate the shape which created them. For 
instance, the waves on the left are created by a pulsating sphere and the waves are 
spherical in shape. The waves on the right are known as plane waves which indicates 
all the rays (which represent the waves fronts) are parallel to one another. 

The use of plane waves is very important to the understanding of optics.  



Reflection of Light

Normal to surface
Light reflects off a surface such that the 
angle between the incoming ray and the 
reflected ray have the same angle relative to 
the direction of the normal where the ray hits 
the surface. 
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Specular reflection occurs from 
a flat surface and is indicated by 
parallel rays being reflected in a 
parallel fashion Diffuse 
reflection occurs when parallel 
rays are not reflected in a 
parallel fashion and indicates a 
irregular surface.
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Plane Mirror

We all use plane mirrors in our everyday life 
(every bathroom contains a plane mirror). 

There is a one to one reproduction of the image 
from a plane mirror except the image is reversed 
left to right. 

In the picture on the left, the person holds up his 
right hand yet the image appears as if the left hand 
has been held up. 

Also, the image appears to be the same distance 
from the mirror as the actual person and there is no 
 size modification. 



Virtual Images

Original
object

Virtual
object

Plane Mirror

Eye

The image you see in the plane 
mirror is called a virtual image 
because the rays do not come 
from the image but are reflected 
by the mirror. 



Do You Really Need a Full Length 
Mirror in Your Bedroom?



Spherical Mirrors

Imagine you have a sphere from which you cut a square 
section. If you coated both sides of this square section 
with aluminum, you would produce a mirror. 

Depending which side of the mirror you looked at, you 
would have a convex or concave mirror. 

A concave mirror is one where the center of curvature of 
the spherical section is pointing toward you. This mirror 
reflects incident rays toward the center of the sphere.

A convex mirror is one where the center of curvature is 
on the other side of the mirror from you. This mirror 
spreads incident rays apart.

The direction the reflected ray is drawn is based upon the 
law of reflection.



Spherical Mirrors (2)

Point C is the center of the curvature for the 
spherical mirror. 

Notice, this is not the image point (the point 
where rays near the principle axis converge).



Spherical Mirrors (3)

The distance between C (center of curvature) 
and any point on this spherical mirror is R. 

Trigonometry and the Law of Reflection tells 
us all the angles labeled q are the same. 

Trigonometry also tells us that CF and AF are 
the same length. Law of sines states:

If the incident ray comes in close to the 
principle axis, FA is very nearly FB so we find 
that:
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Spherical Mirrors (4)

Rays not near the principle axis  are not 
reflected through the focal point of a 
spherical mirror. 

This effect is called spherical aberration and 
is a serious consideration for choosing 
spherical mirrors for an application.

Rays which are close to the  principle axis 
and do become reflected through the focal 
point are called paraxial rays. These rays do 
not necessarily need to be parallel to the 
principle axis, only near it.



Convex Mirror

The focal point  for rays near the 
principle axis for a convex mirror is the 
same as for a concave mirror for much 
the same reasons. This is once again 
given by:

(the negative sign is used to keep track 
of real and virtual images, we see this 
later)
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Using Ray Tracing to Determine the 
Image Created by a Spherical Mirror

You start by drawing three rays:

	 One ray is drawn from the tip of the object parallel to the principle axis

	 Another ray is drawn such that it passes through the focal point and is reflected by 
the mirror

	 The last ray is drawn such that it hits the mirror and is reflected through the center 
of curvature

	 Last, you need to determine where these three rays meet



Real Image

The upper picture shows you the result of 
the object being placed between the center 
of curvature and the focal point. 

Result: You create a real image which is 
inverted but enlarged.

The lower picture shows what happens if 
you place the object beyond the center of 
curvature (as measured from the mirror).

Result: The image is inverted again but this 
time the object appears smaller  than the 
original. This is also a real image.



Virtual Image

This time the object is placed between the 
mirror and the focal point. 

If one traces the rays using the same 
prescription as before one finds the three rays 
converge at a point behind the mirror. This 
indicates the image is a virtual image.

The image is also magnified and upright.



Convex Mirrors and Ray Tracing

This is done using the same method as we used for 
concave mirrors except the focal point f and the 
center of curvature c are on the back side of the 
mirror.

A convex mirror always produces a virtual image 
which is always smaller in size than the original and 
upright.



Mirror Equation

This equation describes the relation between:

do = the distance between the object and the mirror
di = the distance between the image and the mirror
f  = the focal length of the mirror

this is given by:

do is + for objects in front of the mirror and – for objects behind it
di is + for an image in front of the mirror and – for an image behind it

and finally
f is + for a concave mirror and – for a convex one
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Magnification from a Mirror

The magnification of a mirror is given as:

If the magnification is greater than 1, the image is magnified relative to 
the original object. If it is less than 1, the image is demagnified.

If the sign is positive, the image is upright and if negative, it is inverted.

There is no magnification for a plane mirror since the image height and 
the object height are equal. 
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this may also be cast in terms
 of the image and the object's 

distances from the mirror
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