
THE REFLECTION OF LIGHT: MIRRORS

The ray model of light states that light may be represented by a straight line along the direction of motion, and ray optics is the study of light using the ray model. Light can be reflected from a surface such as a mirror. In this chapter, we’ll study reflection from plane mirrors and spherical mirrors. As light rays are reflected, they may form an image, which can be real or virtual, depending on the distance from the mirror to the object which is the source of the light rays. Ray diagrams can be drawn to show the bending of a light ray or to locate an image formed by a mirror. 

Important Terms
angle of incidence  
the angle between the normal line to a surface and the incident ray or wave

angle of reflection  
the angle between the normal line to a surface and the reflected ray or wave

converging mirror  
a mirror which converges light rays reflecting from it; also known as 
a concave mirror

diverging mirror  
a mirror which diverges light rays reflecting from it; also known as a 
convex mirror

focal length   
the distance between the center of a lens or mirror to the point at which the 
rays converge at the focal point

focal point   
the point at which light rays converge or appear to originate

image   
reproduction of an object using lenses or mirrors
magnification   
ratio of the size of an optical image to the size of the object

object (optics)  
the source of diverging light rays

plane mirror  
smooth, flat surface that reflects light regularly

principal axis   
the line connecting the center of curvature of a curved mirror with its 
geometrical vertex; the line perpendicular to the plane of a lens passing through 
its center

radius of curvature  

the radius of a spherical mirror which is equal to twice the focal length of the mirror
ray model of light   
light may be represented by a straight line along the direction of motion

ray optics   
study of light using the ray model

real image   
an image that can be projected onto a screen 

virtual image   
an image which cannot be projected onto a screen; point at which 
diverging light rays appear to originate

Equations and Symbols
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where 

θr = angle of reflection as measured from 
       the normal line

θi = angle of incidence as measured from 
       the normal line

f = focal length of a mirror

R = radius of curvature of a convex or 
      concave mirror

ho = height of the object

hi = height of the image produced by a 
       mirror

do = distance from the center of the 
        mirror to the object

di = distance from the center of the 
       mirror to the image
m = magnification

DISCUSSION OF SELECTED SECTIONS
25.3 The Formation of Images by a Plane Mirror
Any wave that bounces off of a barrier follows the law of reflection: the angle of incidence is equal to the angle of reflection as measured from a line normal (perpendicular) to the barrier (Figure A). In the case of light, the barrier is often a mirror. This is why if someone can see you in a mirror, you can see him in the mirror as well. 


[image: image2]
A plane mirror is simply a flat mirror. From your everyday experience you know that a plane mirror always produces an image which is the same size as the object (which could be you in the morning), left-right reversed, and the same distance behind the surface of the mirror as the object is in front of the mirror. We say that the image formed by a plane mirror is virtual, since we cannot place a screen behind the mirror and see the image projected on the screen. A virtual image is one that cannot be projected onto a screen. 

We can locate the image formed by a plane mirror by tracing two reflected rays and then extending them backward (Figure B). The point at which the two rays seem to meet is where the virtual image is formed.

25.4 - 25.6 Spherical Mirrors, The Formation of Images by Spherical Mirrors, and The Mirror Equation and the Magnification Equation

We will discuss two types of spherical (curved) mirrors: diverging (convex) and converging (concave), although the AP Physics B exam usually focuses on concave mirrors. 
A diverging mirror is sometimes referred to as a convex mirror. You may have seen this type of mirror in the corner of a convenience store. The mirror diverges the rays of light which strike it, allowing the clerk at the store to see practically the entire store in one mirror. Light rays coming into the mirror parallel to its principal axis will diverge, or spread apart:

Notice that the rays appear to originate from a point behind the mirror. This point is called the virtual focus, and the distance between the surface of the mirror at its center and the focal point is called the focal length f. 

A converging mirror is sometimes referred to as a concave mirror. If a spherically-shaped concave mirror is small compared to its radius of curvature R, then light rays coming in parallel to the principal axis of the mirror will converge to a focal point. 


For this kind of mirror, the focal length f and the radius of curvature R of the mirror are related by the equation f = ½ R. 

If you look into a converging mirror, you will at first see an image of yourself which is inverted (upside-down), but then as you move closer to the mirror your will see your image turn upright as you pass the focal point of the mirror. Satellite dishes act as converging mirrors for radio and TV waves, gathering them at a detector located at the focal point of the dish. Most research telescopes also use converging mirrors rather than lenses to initially focus incoming light and study images. 

The image formed by a converging mirror depends on the location of the object in relation to the focal length and its orientation, and can be real, which means it can be projected onto a screen, or virtual. The image can also be upright or inverted (upside-down), and smaller, larger, or the same size as the object. 

The object distance do is the distance from the center of the surface of the mirror to the object, and the image distance di is the distance from the center of the surface of the mirror to the image.

For the image formed, the ratio of the object height ho to the image height hi is equal to the ratio of the object distance to the image distance:
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and the magnification of the image is given by 
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Magnification tells us how many times larger or smaller an image is than the object.

The negative sign is inserted as a convention. The object height ho is always taken as positive, and the image height hi is positive if the image is upright and negative if inverted. The object and image distances are positive if the image and object are on the reflecting side of the mirror. If either the object or the image is behind the mirror, the corresponding object or image distance is negative. In the end, the magnification m is positive for an upright image and negative for an inverted image. 

The relationship between the object distance, image distance, and focal length is 
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where f = ½ R. 

Example 1

A converging (concave) mirror has a focal length of 20.0 cm. A 5.0-cm tall candle is placed at a distance of 50.0 cm in front of the mirror. 

(a) By drawing a ray diagram, find the location of the image formed by the converging mirror. State whether the image is real or virtual, upright or inverted, and larger, smaller, or the same size as the object (candle). 

(b) Using the mirror and magnification equations, verify your results from part (a). 

Solution

(a) To find the image formed by the mirror, we will draw two rays: (1) one ray from the flame which strikes the mirror parallel to the principal axis and reflecting through the focal point, and (2) another ray from the flame which goes through the focal point and reflects back parallel to the principal axis. The image is formed at the location of the intersection of these two rays:


Note that when the object is place at a distance greater than twice the focal length, the image is inverted and smaller than the object. If we place a screen at the location of the image, we would see that the image is real. For a concave mirror, if the image is formed on the same side of the mirror as the object the image is real. If the image is formed on the opposite side of the mirror as the object, it is virtual. Recall that a plane mirror will only produce an image on the opposite side to the object, and thus is always virtual. 

If we’ve drawn our diagram to scale we can simply measure the image distance from the center of the mirror. Let’s say our measurement is di = 32.5 cm, and the height of the image is 3.2 cm.
(b) Using the mirror and magnification equations, we can solve the image distance:
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Note that our measurement of the image distance is very close to the calculated value within reasonable experimental error. 

The magnification of the candle can be found by


[image: image7.wmf](

)

(

)

cm

cm

cm

cm

d

d

h

h

d

d

h

h

m

o

i

o

i

o

i

o

i

3

.

3

50

3

.

33

0

.

5

-

=

-

=

-

=

-

=

=


Again, the negative sign indicates the image is inverted.
Example 2
A converging (concave) mirror has a focal length of 20.0 cm. A 5.0-cm tall candle is placed at a distance of 10.0 cm in front of the mirror. 

(a) By drawing a ray diagram, find the location of the image formed by the converging mirror. State whether the image is real or virtual, upright or inverted, and larger, smaller, or the same size as the object (candle). 

(b) Using the mirror and magnification equations, verify your results from part (a). 

Solution

If we place the candle at a distance less than the focal length, the reflected rays diverge, and the image is formed at the point from which the rays seem to originate. Drawing our two principal rays: 

Note that this time our second ray is drawn as if it originates at the center of curvature C, which is located at 2f.  A ray that passes through the center of curvature will reflect back on itself, and therefore if we extend it behind the mirror it continues in a straight line. We see that the image of the candle is upright, larger, and behind the mirror, and therefore is virtual. 
(b) Using the mirror and magnification equations, we can solve the image distance:
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The image distance is negative, indicating it is formed behind the mirror. Note that the image distance shown in the diagram is slightly less than 20 cm due to measurement error. The height of the image is 
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The positive sign indicates that the image is upright.

The image formed by a concave mirror when the object is placed inside the focal length is virtual upright and enlarged. Thus if you want to see an upright image of your face in a concave mirror, you must move the mirror to a distance less than one focal length from your face.
summary of the images formed by a concave mirror (and a convex lens) is listed in the table below.
	Object placed at:
	Image distance  di
	real or virtual
	upright or inverted
	larger or smaller

	do > 2f
	+
	real
	inverted
	smaller

	do = 2f
	+
	real
	inverted
	same size

	f < do < 2f
	+
	real
	inverted
	larger

	do = f
	No image
	No image
	No image
	No image

	do < f
	-
	virtual
	upright
	larger


Note that all real images are inverted. 

Practice

Verify the results in the table above by drawing the ray diagrams below.




CHAPTER 25 REVIEW QUESTIONS
For each of the multiple choice questions below, choose the best answer. 


[image: image10]
1. In the figure shown the angle of incidence is . Which angle(s) is/are the angle(s) of reflection?

(A) 1

(B) 3 and 4
(C) 3

(D) 4

(E) 1, 3, and 4.
2. A plane mirror will produce a virtual image 

(A) when the object distance is greater than the image distance.

(B) when the object distance is less than the image distance.

(C) when the object is on the principal axis of the mirror.

(D) when the rays converge at the focal point of the mirror

(E) at all distances from the mirror.

3. Which of the following mirrors diverge parallel light rays?

(A) plane

(B) convex

(C) concave

(D) inverted

(E) upright

4. A candle is placed on the principal axis of a concave mirror at a distance of 30 cm from the mirror. The focal length of the mirror is 10 cm. The image formed will be

(A) real, upright, and enlarged

(B) real, inverted, and enlarged

(C) real, inverted, and smaller 

(D) virtual, upright, and enlarged

(E) virtual, upright, and smaller

5. A candle is placed on the principal axis of a concave mirror at a distance of 10 cm from the mirror. The focal length of the mirror is 20 cm. The image formed will be

(A) real, upright, and enlarged

(B) real, inverted, and enlarged

(C) real, inverted, and smaller 

(D) virtual, upright, and enlarged

(E) virtual, upright, and smaller

6. A candle is placed on the principal axis of a concave mirror at a distance of 20 cm from the mirror. The image formed is magnified 3 times. The image distance is

(A) 7 cm

(B) 20 cm

(C) 60 cm

(D) 90 cm

(E) 120 cm

Free Response Question

Directions: Show all work in working the following question. The question is worth 15 points, and the suggested time for answering the question is about 15 minutes. The parts within a question may not have equal weight. 
1. (15 points)



The concave mirror shown above has a focal length of 30.0 centimeters. You are given a candle 5.0 centimeters high. You wish to produce an image on a screen which is 15.0 cm high.  

(a) State whether you would place the candle on the left side of the mirror shown above or the right side. Explain your choice.

(b) State whether you would place the screen on the left side of the mirror shown above or the right side in order to see the image formed by the mirror. Explain your choice.

(c) Choose an appropriate object distance, and calculate the corresponding distance from the mirror at which the screen should be placed in order to see the 15.0 cm image.
(d) Using an appropriate scale, draw a ray diagram on the figure above which verifies your calculation.
Normal
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