Chapter 23



AP Physics

· Ch 23 - Mirrors and Lenses

· Homework:  CQ:  4, 5, 11, 12, 16  P:  3, 5, 6, 12, 15, 18, 21, 23, 26, 29, 31, 34, 37, 38, 43, 44, 47, 51, 57, 61

· Boldface indicates the problem must be solved outside of WebAssign.

· Reading:  www.opticsforkids.org

· Topics:

Flat Mirrors

· 
Concave Mirrors

· 
Convex Mirrors

· 
Ray Diagrams

· 
Aberrations

· 
Lenses

· 
Mirages

· Equations:

· 
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· Labs:

· Lenses

· Mirrors

· Apparent Depth

· Plus other Light Activities

· Activity - Curved Mirrors
· 1.  Use a compass to draw the reflector.  Note the center of the arc is indicated.

· 2.  On the concave side of the reflector, draw two sets (one on either side) of parallel rays which are parallel to the principal axis (the center line) at intervals of 1 cm.  When this is done, you will have four lines drawn.

· 3.  Draw a normal where each ray hits the reflector.

· 4.  Apply the law of reflection to form the reflected ray.

· 5.  Extend the reflected rays to where they meet.
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Center of arc

· WHAT IS THE POINT:

· 
Q:  What happens to rays that are incident upon a concave mirror and are parallel to the principal axis?

· 
A:
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· SIGN CONVENTION FOR CURVED MIRRORS
· A system is needed to describe what values will be positive and what values will be negative.  There are lots of systems, but I will choose the system below and would like you to follow this one as well.  The importance of any system is that you use it consistently.

· In this system, the focal length for all concave mirrors is positive, and the focal length for all convex mirrors is negative.  The key to using this system is where the origin is located.  When using the Si So =  f2 equation, then the origin is at the focal point.  The 1/f  =  1 / Do   +  1  /  Di  equation involves distances which are all measured from the mirror.  In either case, the measurements are made along the principal axis.

· For the ‘S’ system:

· 
1.  In the case of concave mirrors, any feature located in a direction from the 

· 
focal point away from the mirror has a positive distance, while any feature

· 
located in a direction that goes from the focal point toward the mirror has a 

· 
negative distance to it.

· 
2.  If the mirror is convex, the rule is just the opposite of the concave rule.

· For the ‘D’ system, all distances measured from the reflecting side are positive, and all of the distances measured from the non-reflecting side are negative.  This convention means that  Do  is always positive.

· The rules for sign convention for object and image height (ho  and  hi) are that ho  is always positive and if hi points in the same direction, it is negative; if it points in the opposite direction, hi  is positive.

· If the magnification is positive, the image is real and inverted; if the magnification is negative, then the image is virtual and erect.

· A set of examples is included on the back.


· Derivation of Curved Mirror Equation
· Magnification -  Defined to be the ratio of image size to object size.  In the accompanying diagram, the object size is ho and image size is hi.  Thus, magnification is:      M  =  hi / ho 
· There are other ways to express the magnification which lead to equations which relate object position, image position, and focal length:

· D AOF ~  D ECF
so that EC / AO  =  CF / OF  =  f / So =  hi / ho = M

· D GIF  ~  D BCF
so that GI / BC    =  IF / CF    =  Si / f  =  hi / ho = M

· Si / f  =  f / So 
so that  Si So =  f2  

· This is one form of the mirror equation.  (This is the form that Newton gave us)  Note that all the distances to the image and to the object are measured along the axis from the focal point.

· Now we can express the results (hence the curved mirror equation) in another way.  This time we will derive an equation relating  the distances from the vertex (point C) as measured along the axis.  First, we develop an expression for magnification.

· D AFB  ~  D EFG
so that   hi / ho = Di / Do  =  M

· hi  and  ho are measures of the altitudes of the respective triangles.

· Also,  Si =  Di - f   and    So =  Do - f

· Substituting into Si So =  f2   we get

· (Di -f)   (Do - f)  =   f2    so that    Di Do -   Di f  -  Do f  +   f2 =   f2 

· This equation simplifies to Di Do -   Di f  -  Do f   =  0

· Then, Di Do =   Di f  +  Do f   and    Di Do =  f(Di   -  Do)  

· Dividing both sides by f and Di Do , we get

·    1        Di + Do          Di            Do                 provided Di  and Do are not zero.

·    f     =    Di Do    =    Di Do  +    Di Do 

· Simplifying gives:        1           1           1         This is Gauss’ form of the equation.




____ =   ___   +  ____

· 
       f            Do                 Di 

· SUPPLEMENTARY PROBLEMS ON MIRRORS
· 1.  A concave spherical mirror forms a real image on the principal axis 18 cm from the mirror.  If the magnification is 2.0, what is the position of the object and the radius of curvature of the mirror?  Draw a ray diagram to illustrate your answer.

· 2.  A concave spherical mirror has a radius of curvature of 24 cm.  A small object is placed on the principal axis of the mirror.  The distance from the mirror to the object is 18 cm.  What is the position of the image and the magnification?  Draw a ray diagram to illustrate your answer.

· 3.  How far from a concave spherical mirror with a focal length of 10 cm must a small object be placed to form an inverted image with a magnification of 2.0?  Draw a ray diagram to illustrate your answer.

· 4.  An object 7.0 cm high is placed on the principal axis of a concave spherical mirror with a focal length of 12 cm.  If the object is 15 cm from the mirror, what is the position and size of the image?  Draw a ray diagram to illustrate your answer.

· 5.  A small object 1.0 cm high is placed on the principal axis 8.0 cm from a convex spherical mirror with a focal length of 12 cm.  What is the position and size of the image formed?  Draw a ray diagram to illustrate your answer.

· 6.  An object 1.0 cm high is place on the principal axis of a convex spherical mirror at a distance of 4.0 cm from the mirror.  If the radius of curvature of the mirror is 10 cm, what is the position and height of the image formed?  Draw a ray diagram to illustrate your answer.

· 7.  A convex spherical mirror has a radius of curvature of 10 cm.  An object  1.0 cm high is placed on the principal axis at a point 3.0 cm from the mirror.  What is the position and height of the image of the object?  Draw a ray diagram to illustrate your answer.

· Extra:  A flagpole at the edge of still pond rise 18 feet 4 inches above the surface of the pond.  An observer is standing 10 feet from the base of the flagpole and sees the pole’s image due to the reflection of light from the surface of the water.  If the eyes of the observer are 5.0 feet 8 inches above the surface of the water, how far away from the observer’s eyes does the image of the top of the flagpole appear to be?  Draw a ray diagram to illustrate your answer.

· Answers:

· 1.  do = 9 cm,  R = 12 cm
2.  di = 36 cm, M = 2.0
3.  do = 15 cm

· 4.  di = 60 cm, hi = 28 cm
5.  di = -4.8 cm, hi = -0.60 cm


· 6. di = -2.2 cm, hi = -0.55 cm 
7.  di = -1.9 cm, hi = -0.63 cm
Extra:  10 ft = 120 in

· Lab - Concave Mirrors
· For this lab, use your lab book to record your data.  The goal of this activity is to determine (for you to see) the properties of images formed by a concave mirror.  

· Look at yourself in a concave mirror. Is your image erect or inverted?  Is your image enlarged or diminished?  Does the size and orientation of your image change when you move the mirror towards and away from you?  As you can see, the answer depends upon the position of the object.

· In this activity you will need to use an optical bench to set up and measure distances.  If a regular bench is not available for your use, you can construct one out of a meter stick.  Be sure that the legs are flat.  It might be a good idea that once the bench is set, to tape it to the table so that it does not move.  

· FIND THE FOCAL LENGTH

· Using the sun or another distant object (it is probably best to use the windows on the B wing as an object), find the focal point and therefore the focal length of your mirror.  The location of the image (i.e. image distance) when the object is at a great comparative distance is approximately the focal point.  The distance from this point to the vertex of the mirror along the principal axis is the focal length of that mirror.

· 
Q:  Where do you expect the image to be when the object is at least several

· 
meters away from the mirror?

· 
A:

· Since the accuracy of your experiment depends heavily on an accurate measurement of the focal length for your mirror, use the following technique to check your focal length:

· Find the position where the image and object are the same distance from the mirror.  Use the set-up listed in the “how to do the lab” section.  This position (where the mirror is currently located is the center of the sphere of which the mirror’s surface is a part.  Therefore the position of the screen and object is one radius from the mirror.  Try to explain to yourself and your lab partner why the image and object are located at the same position in space when the object is placed at the center of the sphere of which the mirror is a part.  The focal length can now be found using the fact that the focal length is equal to half the radius of curvature of the mirror’s surface  (i.e.  C = 2 f)

· Once you are confident that you have measured the focal length of your mirror to the nearest millimeter, you should proceed with the rest of this activity.

· HOW TO DO THE LAB


· Your job is to systematically investigate the image formed by a concave mirror.  To do this construct two optical benches and mount the concave mirror at the end of one of the benches so that the silvered side points down the length of the meter stick.  Place the other optical bench at about a 15° angle to the first bench.  The vertex of the angle that is created should be where the mirror is located.  You may want to tape a strip of white paper to the table parallel to either optical bench.  Use this tape to record the positions of the object and image so you can refer back once you leave the lab.  Use the small light bulb as an object and put this on one of the benches.  Put an arrow pointing up on the light bulb and be sure this is facing the mirror.  Put a screen with its holder on the other bench.  Use the “screen test” to locate the position of the image.  Place your object and then move the screen back and forth to focus the image as sharply as possible.

· The systematic method for finding images is up to you.  One way is to place the object as far away from the mirror but still on the meter stick.  Locate the image and then move the object closer.  Continue on this method until you have enough data (remember that you need at least 7 data points for a graph).  Once the object is inside of the focal point you will have to use a method for finding virtual images (remember parallax and direct aim).

· 
Q:  As the object gets closer to the mirror, what happens to the image (not just

· 
its distance)?

· 
A:

· WHAT TO DO FOR THE LAB

· Verify Gauss’s version of the curved mirror equation.  To do this you will need to graph Di versus Do, straighten it, and evaluate the slope.    Then compare (percent difference) the calculated focal length from your graph to your standard value (found in the first part of the lab).  All of this work should be done in the lab book.   Also, do a conclusion analyzing the graphs.

· WHAT TO TURN IN

· Your lab book and this paper.

· Curved Mirror Sample Problems
· In each problem below, draw a scaled representation of a curved mirror and use the principal rays to locate the image for the situation described.  Also, calculate the required positions, image size, and the magnification of the system.  For a concave mirror, make calculations in both the “S” and “D” systems.  Refer to the sign convention notes for help.

· 
1.  A mirror with a focal length of 5.00 cm.  The object is an arrow with its tail on 

· 
the axis.  The size of the object is 0.50 cm.

· 
(As the focal length indicates, the mirror is concave)

· 

1.  Object at 5.00 cm from the focal point.

· 

2.  Object at 3.00 cm from the focal point.

· 

3.  Object at 14.00 cm from the mirror.

· 
2.  Now the mirror has a focal length -3.00 cm.  The object is now an arrow of

· 
length 0.75 cm with the tail of the arrow on the axis.

· 

1.  Object at 3.00 cm from the mirror.

· 

2.  Object at 11.00 cm from the focal point.

· 

3.  Object at 1.50 cm from the mirror.

