
Optics
Image formation from Mirrors

Lana Sheridan

De Anza College

June 12, 2020



Last time

• dispersion

• total internal reflection

• ray diagrams and terminology



Overview

• image formation from mirrors



Ray Diagram for a Flat Mirror
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intersection at I. The diverging rays appear to the viewer to originate at the point 
I behind the mirror. Point I, which is a distance q behind the mirror, is called the 
image of the object at O. The distance q is called the image distance. Regardless 
of the system under study, images can always be located by extending diverging 
rays back to a point at which they intersect. Images are located either at a point 
from which rays of light actually diverge or at a point from which they appear to 
diverge.
 Images are classified as real or virtual. A real image is formed when all light rays 
pass through and diverge from the image point; a virtual image is formed when 
most if not all of the light rays do not pass through the image point but only appear 
to diverge from that point. The image formed by the mirror in Figure 36.1 is vir-
tual. No light rays from the object exist behind the mirror, at the location of the 
image, so the light rays in front of the mirror only seem to be diverging from I. 
The image of an object seen in a flat mirror is always virtual. Real images can be 
displayed on a screen (as at a movie theater), but virtual images cannot be displayed 
on a screen. We shall see an example of a real image in Section 36.2.
 We can use the simple geometry in Figure 36.2 to examine the properties of the 
images of extended objects formed by flat mirrors. Even though there are an infi-
nite number of choices of direction in which light rays could leave each point on 
the object (represented by a gray arrow), we need to choose only two rays to deter-
mine where an image is formed. One of those rays starts at P, follows a path perpen-
dicular to the mirror to Q , and reflects back on itself. The second ray follows the 
oblique path PR and reflects as shown in Figure 36.2 according to the law of reflec-
tion. An observer in front of the mirror would extend the two reflected rays back 
to the point at which they appear to have originated, which is point P 9 behind the 
mirror. A continuation of this process for points other than P on the object would 
result in a virtual image (represented by a pink arrow) of the entire object behind 
the mirror. Because triangles PQR and P 9QR are congruent, PQ 5 P 9Q , so |p | 5 |q |. 
Therefore, the image formed of an object placed in front of a flat mirror is as far 
behind the mirror as the object is in front of the mirror.
 The geometry in Figure 36.2 also reveals that the object height h equals the 
image height h9. Let us define lateral magnification M of an image as follows:

 M 5
image height
object height

5
h r
h

 (36.1)

This general definition of the lateral magnification for an image from any 
type of mirror is also valid for images formed by lenses, which we study in Sec-
tion 36.4. For a flat mirror, M 5 11 for any image because h 9 5 h. The posi-
tive value of the magnification signifies that the image is upright. (By upright 
we mean that if the object arrow points upward as in Figure 36.2, so does the 
image arrow.)
 A flat mirror produces an image that has an apparent left–right reversal. You 
can see this reversal by standing in front of a mirror and raising your right 
hand as shown in Figure 36.3. The image you see raises its left hand. Likewise, 
your hair appears to be parted on the side opposite your real part, and a mole 
on your right cheek appears to be on your left cheek.
 This reversal is not actually a left–right reversal. Imagine, for example, lying 
on your left side on the floor with your body parallel to the mirror surface. 
Now your head is on the left and your feet are on the right. If you shake your 
feet, the image does not shake its head! If you raise your right hand, however, 
the image again raises its left hand. Therefore, the mirror again appears to 
produce a left–right reversal but in the up–down direction!
 The reversal is actually a front–back reversal, caused by the light rays going 
forward toward the mirror and then reflecting back from it. An interesting 

The image point I is located 
behind the mirror a distance 
q from the mirror. The image 
is virtual.

Mirror

p q

O I

Figure 36.1  An image formed 
by reflection from a flat mirror.

Because the triangles PQR 
and P'QR are congruent, 
| p | ! | q | and h ! h".                     

Object

h h'

P P'Qp q

R

Imageu

u

Figure 36.2 A geometric con-
struction that is used to locate the 
image of an object placed in front 
of a flat mirror.

The thumb is on the left side of 
both real hands and on the left 
side of the image. That the thumb 
is not on the right side of the 
image indicates that there is no 
left-to-right reversal.

Figure 36.3  The image in the mir-
ror of a person’s right hand is reversed 
front to back, which makes the right 
hand appear to be a left hand. 
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Ray diagrams have the optical device sketched vertically in cross
section, the object on the left represented by an arrow pointing up.

The image is also represented by an arrow, but it may be to the
left or right, pointing up or down depending on how the image is
formed.

We sketch rays with paths we know to find the image.



Images formed by Spherical Mirrors: Concave
Mirrors
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36.2 Images Formed by Spherical Mirrors
In the preceding section, we considered images formed by flat mirrors. Now we 
study images formed by curved mirrors. Although a variety of curvatures are pos-
sible, we will restrict our investigation to spherical mirrors. As its name implies, a 
spherical mirror has the shape of a section of a sphere.

Concave Mirrors
We first consider reflection of light from the inner, concave surface of a spherical 
mirror as shown in Figure 36.6. This type of reflecting surface is called a concave 
mirror. Figure 36.6a shows that the mirror has a radius of curvature R, and its 
center of curvature is point C. Point V is the center of the spherical section, and a 
line through C and V is called the principal axis of the mirror. Figure 36.6a shows a 
cross section of a spherical mirror, with its surface represented by the solid, curved 
dark blue line. (The lighter blue band represents the structural support for the 
mirrored surface, such as a curved piece of glass on which a silvered reflecting sur-
face is deposited.) This type of mirror focuses incoming parallel rays to a point as 
demonstrated by the yellow light rays in Figure 36.7.
 Now consider a point source of light placed at point O in Figure 36.6b, where 
O is any point on the principal axis to the left of C. Two diverging light rays that 
originate at O are shown. After reflecting from the mirror, these rays converge and 
cross at the image point I. They then continue to diverge from I as if an object were 
there. As a result, the image at point I is real.
 In this section, we shall consider only rays that diverge from the object and make 
a small angle with the principal axis. Such rays are called paraxial rays. All paraxial 
rays reflect through the image point as shown in Figure 36.6b. Rays that are far from 
the principal axis such as those shown in Figure 36.8 converge to other points on 
the principal axis, producing a blurred image. This effect, called spherical aberration, 
is present to some extent for any spherical mirror and is discussed in Section 36.5.
 If the object distance p and radius of curvature R are known, we can use Figure 
36.9 (page 1094) to calculate the image distance q. By convention, these distances 
are measured from point V. Figure 36.9 shows two rays leaving the tip of the object. 
The red ray passes through the center of curvature C of the mirror, hitting the 
mirror perpendicular to the mirror surface and reflecting back on itself. The blue 
ray strikes the mirror at its center (point V) and reflects as shown, obeying the law  
of reflection. The image of the tip of the arrow is located at the point where these 
two rays intersect. From the large, red right triangle in Figure 36.9, we see that 
tan u 5 h/p, and from the yellow right triangle, we see that tan u 5 2h9/q. The  

Mirror

C V

Center of
curvature R

Principal
axis

Mirror

I

C

O

a b

If the rays diverge from 
O at small angles, they 
all reflect through the 
same image point I.

Figure 36.6  (a) A concave mirror of radius R. The center of curvature C is located on the principal 
axis. (b) A point object placed at O in front of a concave spherical mirror of radius R, where O is any 
point on the principal axis farther than R from the mirror surface, forms a real image at I.

Figure 36.7  Reflection of paral-
lel rays from a concave mirror.
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The reflected rays intersect 
at different points on the 
principal axis.

Figure 36.8  A spherical concave 
mirror exhibits spherical aberra-
tion when light rays make large 
angles with the principal axis.

Concave mirrors can focus light.
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36.2 Images Formed by Spherical Mirrors
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Assumption: paraxial rays

In studying curved mirrors and thin lenses we assume that all rays
are paraxial rays.

Paraxial rays are rays close to the principle optical axis of our
optical device. (Rays that strike close to the middle.)

For a spherical lens, rays that strike further from the axis are not
focused to the same point (spherical aberration).



Mirror Focal Length

What is the focal length for a spherical mirror?



Spherical Concave Mirrors
The focal point is where the detectors are place on satellite dishes
and radio telescopes.

1Parkes telescope in Australia.



Spherical Concave Mirrors Focal Length

h = R sin θ = f tan(2θ)

For paraxial rays, sin θ ≈ θ, tan(2θ) ≈ 2θ, and so, for a spherical
concave mirror of radius R

f =
R

2



Mirror Equation and Thin Lens Equation

The same equation can help us to find the location and
magnification of the image that will be formed by curved mirrors
and thin lenses!

1

f
=

1

p
+

1

q

We will now prove this for concave mirrors.



Concave Mirrors and the Mirror Equation

Simple geometry shows why the mirror equation is true for a
concave mirror.

1094 Chapter 36 Image Formation

negative sign is introduced because the image is inverted, so h9 is taken to be nega-
tive. Therefore, from Equation 36.1 and these results, we find that the magnifica-
tion of the image is

 M 5
h r
h

5 2
q
p

 (36.2)

Also notice from the green right triangle in Figure 36.9 and the smaller red right 
triangle that

tan a 5
2h r

R 2 q
 and tan a 5

h
p 2 R

from which it follows that

 
h r
h

5 2
R 2 q
p 2 R

 (36.3)

Comparing Equations 36.2 and 36.3 gives

R 2 q
p 2 R

5
q
p

Simple algebra reduces this expression to

 
1
p

1
1
q 5

2
R

 (36.4)

which is called the mirror equation. We present a modified version of this equation 
shortly.
 If the object is very far from the mirror—that is, if p is so much greater than R 
that p can be said to approach infinity—then 1/p < 0, and Equation 36.4 shows 
that q < R/2. That is, when the object is very far from the mirror, the image point 
is halfway between the center of curvature and the center point on the mirror as 
shown in Figure 36.10. The incoming rays from the object are essentially parallel in 
this figure because the source is assumed to be very far from the mirror. The image 
point in this special case is called the focal point F, and the image distance is called 
the focal length f, where

 f 5
R
2

 (36.5)

The focal point is a distance f  from the mirror, as noted in Figure 36.10. In Figure 
36.7, the beams are traveling parallel to the principal axis and the mirror reflects 
all beams to the focal point. 

 Mirror equation in terms of X
 radius of curvature

Focal length X

h

R

C

p

VI
h'

Principal
axis

O
u
u

a
a

q

The real image lies at the 
location at which the 
reflected rays cross.

Figure 36.9  The image formed by a spherical concave mirror when the object O lies outside the cen-
ter of curvature C. This geometric construction is used to derive Equation 36.4.

A satellite-dish antenna is a con-
cave reflector for television signals 
from a satellite in orbit around 
the Earth. Because the satellite is 
so far away, the signals are carried 
by microwaves that are paral-
lel when they arrive at the dish. 
These waves reflect from the dish 
and are focused on the receiver.
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Pitfall Prevention 36.1
Magnification Does Not Necessar-
ily Imply Enlargement For optical 
elements other than flat mirrors, 
the magnification defined in Equa-
tion 36.2 can result in a number 
with a magnitude larger or smaller 
than 1. Therefore, despite the cul-
tural usage of the word magnifica-
tion to mean enlargement, the image 
could be smaller than the object.

We will use this ray diagram.



Ray Diagrams for Spherical Mirrors

For a ray diagram: draw at least two rays that you know the path
of accurately.

For Spherical mirrors:

1 Draw a ray from the top of the object parallel to the principle
axis reflected through the focal point F .

2 Draw a ray from the top of the object through the focal point
and reflected parallel to the principal axis.

3 Draw a ray from the top of the object through the center of
curvature C and reflected back on itself.

Where the lines meet, an image is formed.



Examples of Ray Diagrams
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curvature lies between the object and a concave 
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negative sign is introduced because the image is inverted, so h9 is taken to be nega-
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R
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Pitfall Prevention 36.1
Magnification Does Not Necessar-
ily Imply Enlargement For optical 
elements other than flat mirrors, 
the magnification defined in Equa-
tion 36.2 can result in a number 
with a magnitude larger or smaller 
than 1. Therefore, despite the cul-
tural usage of the word magnifica-
tion to mean enlargement, the image 
could be smaller than the object.

The angles of incidence and reflection are the same magnitude, θ.

So, h ′

h = −q
p , and

M = −
q

p



Concave Mirrors and the Mirror Equation

Looking at the green triangle and the (small) red triangle with
angle α:

−h ′

R − q
=

h

p − R

which rearranges to
−h ′

h
= −

q − R

p − R

Using our magnification expression:

q

p
= −

q − R

p − R



Concave Mirrors and the Mirror Equation

q

p
= −

q − R

p − R

Cross-multiplying and rearranging gives

2

R
=

1

p
+

1

q

However, we already concluded that f = R/2, so

1

f
=

1

p
+

1

q

We have confirmed the mirror equation for spherical concave
mirrors, and the convex case also follows from simple geometry.



Cases for Spherical Mirrors

type of mirror object dist image

f > 0,
converging,
concave

p > 2f real inverted diminished

f < p < 2f real inverted enlarged

p < f virtual upright enlarged

f < 0,
diverging,
convex

any p virtual upright diminished



Image Cases for Concave Mirror
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Image Cases for Concave Mirror
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Image Case for Convex Mirror
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Mirror Question

Quick Quiz 36.31 Consider the image in the mirror in shown.
Based on the appearance of this image, which of the following
should you conclude?

(A) the mirror is concave and
the image is real

(B) the mirror is concave and
the image is virtual

(C) the mirror is convex and the
image is real

(D) the mirror is convex and the
image is virtual

1098 Chapter 36 Image Formation

 In a convex mirror, the image of an object is always virtual, upright, and reduced 
in size as shown in Figure 36.13c. In this case, as the object distance decreases, the 
virtual image increases in size and moves away from the focal point toward the mir-
ror as the object approaches the mirror. You should construct other diagrams to 
verify how image position varies with object position.

Q uick Quiz 36.2  You wish to start a fire by reflecting sunlight from a mirror onto 
some paper under a pile of wood. Which would be the best choice for the type 
of mirror? (a) flat (b) concave (c) convex

Q uick Quiz 36.3  Consider the image in the mirror in Figure 36.14. Based on the 
appearance of this image, would you conclude that (a) the mirror is concave 
and the image is real, (b) the mirror is concave and the image is virtual, (c) the  
mirror is convex and the image is real, or (d) the mirror is convex and the 
image is virtual?Figure 36.14  (Quick Quiz 36.3) 

What type of mirror is shown here?

N
AS

A

Example 36.3   The Image Formed by a Concave Mirror

A spherical mirror has a focal length of 110.0 cm.

(A)  Locate and describe the image for an object distance of 25.0 cm.

Conceptualize  Because the focal length of the mirror is positive, it is a concave mirror (see Table 36.1). We expect the 
possibilities of both real and virtual images.

Categorize Because the object distance in this part of the problem is larger than the focal length, we expect the image 
to be real. This situation is analogous to that in Figure 36.13a.

S O L U T I O N

Find the magnification of the image from Equation 36.2: M 5 2
q
p

5 2
16.7 cm
25.0 cm

5 20.667

Analyze  Find the image distance by using Equation 36.6:
1
q

5
1
f

2
1
p

1
q

5
1

10.0 cm
2

1
25.0 cm

q 5 16.7 cm

Finalize  The absolute value of M is less than unity, so the image is smaller than the object, and the negative sign for M 
tells us that the image is inverted. Because q is positive, the image is located on the front side of the mirror and is real. 
Look into the bowl of a shiny spoon or stand far away from a shaving mirror to see this image.

(B)  Locate and describe the image for an object distance of 10.0 cm.

Categorize  Because the object is at the focal point, we expect the image to be infinitely far away.

S O L U T I O N

Analyze  Find the image distance by using Equation 36.6:
1
q

5
1
f

2
1
p

1
q

5
1

10.0 cm
2

1
10.0 cm

q 5 `

1Serway & Jewett, page 1098.
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image is virtual?Figure 36.14  (Quick Quiz 36.3) 

What type of mirror is shown here?

N
AS

A

Example 36.3   The Image Formed by a Concave Mirror

A spherical mirror has a focal length of 110.0 cm.

(A)  Locate and describe the image for an object distance of 25.0 cm.

Conceptualize  Because the focal length of the mirror is positive, it is a concave mirror (see Table 36.1). We expect the 
possibilities of both real and virtual images.

Categorize Because the object distance in this part of the problem is larger than the focal length, we expect the image 
to be real. This situation is analogous to that in Figure 36.13a.

S O L U T I O N

Find the magnification of the image from Equation 36.2: M 5 2
q
p

5 2
16.7 cm
25.0 cm

5 20.667

Analyze  Find the image distance by using Equation 36.6:
1
q

5
1
f

2
1
p

1
q

5
1

10.0 cm
2

1
25.0 cm

q 5 16.7 cm

Finalize  The absolute value of M is less than unity, so the image is smaller than the object, and the negative sign for M 
tells us that the image is inverted. Because q is positive, the image is located on the front side of the mirror and is real. 
Look into the bowl of a shiny spoon or stand far away from a shaving mirror to see this image.

(B)  Locate and describe the image for an object distance of 10.0 cm.

Categorize  Because the object is at the focal point, we expect the image to be infinitely far away.

S O L U T I O N

Analyze  Find the image distance by using Equation 36.6:
1
q

5
1
f

2
1
p

1
q

5
1

10.0 cm
2

1
10.0 cm

q 5 `

1Serway & Jewett, page 1098.



Sign Conventions for Mirrors!

1

f
=

1

p
+

1

q

Variable is Positive is Negative

p object in front of mirror —

q image in front of mirror image behind mirror
(real) (virtual)

h ′ and M image upright image inverted

f and R concave mirror convex mirror



Example 36.4: Convex Mirror Image

An automobile rearview mirror shows an image of a truck located
10.0 m from the mirror. The focal length of the mirror is −0.60 m.

Find the position of the image of the truck and the magnification
of the image.

1100 Chapter 36 Image Formation

Conceptualize  This situation is depicted in 
Figure 36.13c.

Categorize  Because the mirror is convex, 
we expect it to form an upright, reduced, 
virtual image for any object position.

S O L U T I O N

.
 B

o 
Za

un
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/C
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bi

s

Figure 36.15  (Example 36.4) An 
approaching truck is seen in a convex 
mirror on the right side of an auto-
mobile. Notice that the image of the 
truck is in focus, but the frame of the 
mirror is not, which demonstrates 
that the image is not at the same loca-
tion as the mirror surface.

Analyze  Find the image distance by using Equation 36.6:
1
q

5
1
f

2
1
p

1
q

5
1

20.60 m
2

1
10.0 m

q 5 20.57 m

(B)  Find the magnification of the image.

S O L U T I O N

Analyze  Use Equation 36.2: M 5 2
q
p

5 2a20.57 m
10.0 m

b 5 10.057

Finalize  The negative value of q in part (A) indicates that the image is virtual, or behind the mirror, as shown in 
Figure 36.13c. The magnification in part (B) indicates that the image is much smaller than the truck and is upright 
because M is positive. The image is reduced in size, so the truck appears to be farther away than it actually is. Because 
of the image’s small size, these mirrors carry the inscription, “Objects in this mirror are closer than they appear.” Look 
into your rearview mirror or the back side of a shiny spoon to see an image of this type.

36.3 Images Formed by Refraction
In this section, we describe how images are formed when light rays follow the wave 
under refraction model at the boundary between two transparent materials. Con-
sider two transparent media having indices of refraction n1 and n2, where the 
boundary between the two media is a spherical surface of radius R (Fig. 36.16). 
We assume the object at O is in the medium for which the index of refraction is n1. 
Let’s consider the paraxial rays leaving O. As we shall see, all such rays are refracted 
at the spherical surface and focus at a single point I, the image point.
 Figure 36.17 shows a single ray leaving point O and refracting to point I. Snell’s 
law of refraction applied to this ray gives

n1 sin u1 5 n2 sin u2

Because u1 and u2 are assumed to be small, we can use the small-angle approxima-
tion sin u < u (with angles in radians) and write Snell’s law as

n1u1 5 n2u2

We know that an exterior angle of any triangle equals the sum of the two opposite 
interior angles, so applying this rule to triangles OPC and PIC in Figure 36.17 gives

u1 5 a 1 b

b 5 u2 1 g

n1 ! n2

O I

n2n1 R

p q

Rays making small angles with the 
principal axis diverge from a point 
object at O and are refracted 
through the image point I.

Figure 36.16  An image formed 
by refraction at a spherical surface.

 

▸ 36.4 c o n t i n u e d



Example 36.4: Convex Mirror Image

An automobile rearview mirror shows an image of a truck located
10.0 m from the mirror. The focal length of the mirror is −0.60 m.

Find the position of the image of the truck. (where does it appear
to be?)

q = −0.57 m

Find the magnification of the image.

M = −
q

p
= +0.057
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Find the magnification of the image.

M = −
q
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Example 36.4: Convex Mirror Image

An automobile rearview mirror shows an image of a truck located
10.0 m from the mirror. The focal length of the mirror is −0.60 m.

Find the position of the image of the truck. (where does it appear
to be?)

q = −0.57 m

Find the magnification of the image.

M = −
q

p
= +0.057



Summary

• image formation from mirrors

Homework Serway & Jewett:

• Carefully read all of Chapter 36. (over the next few days)


