Physics Chapter 17
Reflection and Mirrors

17.1  Reflection from Plane Mirrors

Objects and Plane Mirror Images


-a plane mirror is a flat, smooth surface with regular reflection


-the image appears as far behind the mirror as the object is in front of it


-the image produced is erect (the same orientation as the object)


-the image appears to be the same size  (no magnification)


-since image is behind the mirror - called a virtual image

-a plane mirror seems to reverse left and right (front and back of an image is reversed)

17.2  Curved Mirrors

Concave Mirrors


-an example is the inside of a spoon


-principle axis - the straight line perpendicular to the surface of a mirror at its center point


-focal point - point where parallel rays of light intersect after reflecting from the mirror surface


-focal length - distance from mirror to focal point


-for a concave mirror the focal length is always positive

-radius of curvature - the distance from the mirror to the center of curvature


-general rule - focal length is 1/2 radius of curvature of the mirror

-generally all measurements are given in cm and 3 significant figures

Real versus Virtual Images


Real Image - image produced as rays actually converge and pass through the image



-can be seen on a piece of paper or projected



-are always inverted (upside down)

Virtual Image - the rays reflected never actually converge but appear to converge



-an example is a plane mirror where the image appears to be behind the mirror



-cannot be projected onto a screen or captured on a piece of paper



-are always erect
Real Images formed by a Concave Mirror


-the image is virtual if the object is closer to the mirror than the focal point


-the image is real if the object is farther away then the focal point


-if the object is at the focal point there is no image

Graphical Method of Finding the Image

Mirror Equation:  Concave Mirror

f   -   focal length   - for a concave mirror value is positive

do -  distance of object from the mirror  - must be positive


di -   distance the image appears from the surface of the mirror



if di is positive, image is in front of the mirror, real, and inverted



if di is negative image is behind the mirror, virtual, and erect
GENERAL MIRROR (AND LENSE) EQUATION:
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Mirrors and Magnification

ho  -  object height


hi  -   image height


m  -  amount of magnification            
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Signs and Use

-if di is negative then hi is negative and the image is real and inverted


-if di is positive then hi is positive and the image is virtual and erect

Sample Problems:

1.  A concave mirror has a radius of curvature of 20.0 cm.  An object 2.00 cm tall is placed 30.0 cm in front of the mirror.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I

2.  An object 1.40 cm tall is 10.0 cm in front of a concave spherical mirror having a 6.00 cm focal length.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I
3.  The image of a 3.50 cm tall object is 30.0 cm from a concave spherical mirror with a 20.0 cm radius.  Determine the position of the object.
f = ________  do = ________  di = ________  ho = ________  hi = ________  
4.  An object 1.20 cm tall is 4.00 cm from a concave spherical mirror having a radius of 12.0 cm.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I

5.  A concave mirror has a focal length of 9.00 cm.  A 1.50 cm tall object is placed 6.00 cm in front of the mirror.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I
6.  A 4.00 cm tall candle is placed 10.0 cm from a concave mirror having a focal length of 

16.0 cm.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I
7.   An inverted image 1/4 the size of the original image is desired using a concave spherical mirror of radius 30.0 cm.  Determine the position of the object for such a result.

f = ________  do = ________  di = ________  ho = ________  hi = ________  

8.  An erect image 3 times larger than the original is desired using a concave spherical mirror of radius 90.0 cm.  Determine the position of the object for such a result.

f = ________  do = ________  di = ________  ho = ________  hi = ________  

Image Defects in Concave Mirrors


-for spherical mirrors, parallel rays do not EXACTLY converge at the focal point 



(called spherical aberration)


-if mirror is slightly parabolic, the convergence of the light rays much more exact


-very precise optical mirrors, such as those used in telescopes, have mirrors which are



slightly parabolic


-examples include the Hubbell Space Telescope and car headlights

Convex Mirrors

-a spherical mirror that reflects light from the outer surface


-an illustration is the bottom of a spoon


-rays that are reflected always diverge


-image produced is always erect, virtual, and smaller


-the focal length is always negative

-the focal length is half the radius of curvature  (radius is a negative value)

-value negative since the center of the mirror is behind the surface


-may use the same equation as for concave mirror


-must be careful to use a negative sign for the focal length - this will need to be



inserted into the problem - will not be given to you in the problem.
Sample Problems

9.  A 3.50 cm object is 20.0 cm from a convex spherical mirror with a 15.0 cm focal length.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I
10.  A convex mirror has a focal length of 12.0 cm.  An object 6.00 cm tall is placed 60.0 cm in front of the mirror.  Completely describe the image and determine the magnification.

f = ________  do = ________  di = ________  ho = ________  hi = ________  m = ________

R or V

E or I
Review: Concave Mirrors




Convex Mirrors



focal length always positive



focal length always negative



image distance > focal length ( R and I

image always V and E



image distance = focal length ( no image

image always smaller


image distance < focal length ( V and E
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