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Concave Mirrors

Purpose: 
To determine the focal length of a concave mirror. 

Materials:                                  
	Optical Bench (OS-8518) 

	Light source (object) (OS-8740)   

	Concave mirror (50mm)

	Half Screen

	4 cm piece of cut up measuring tape

	3x5 index card

	GLX

	Concave Mirror.glx file


[image: image1.emf]
Formulas:

1. 1 / f = 1 / do + 1 / di
2. Magnification = M = - di / do = - hi / ho
3. Center of curvature = C = 2f
Background:
For a mirror the focal length is found using the formula 1 / f  = 1 / do + 1 / di where f is the focal length, do is the distance between the object and the mirror, and di is the distance between the image and the mirror. All distance measurements are on the optical axis which is a line perpendicular to the mirror going through the center of the mirror. The magnification is the ratio of the image distance (di) to the object distance (do) or it could also be the ratio of the size of the image (hi) to the size of the object (ho). Two other locations useful for locating images are the location of the mirror and the center of curvature.
Light rays are reflected when they bounce off of a surface. The angle of the reflected ray is determined by the law of reflection which states that the angle of reflection is equal to the angle of incidence. When light rays reflect off of a curved concave surface they are directed toward the focal point. Images are formed where light rays cross or appear to cross. There are two types of images real and virtual. Real images are formed after the light rays have reflected off of the mirror and have passed through the focal point. They are inverted and can be projected on a screen. Virtual images are located behind the mirror and are viewed by looking into the mirror. The object appears to be a different size than it actually is. A virtual image for a concave mirror is erect, larger than object and is located where light rays only appear to cross behind the mirror.

For a concave mirror located at 0, there are six combinations or cases of object-lens-image orientations.

Case 1: do = ∞, di = f, hi < ho, real image
Case 2: do > C, f < di < C, hi < ho, real image
Case 3: do = C = 2f, di = C = 2f, hi  = ho, real image
Case 4: f < do < C, di > C, hi > ho, real image
Case 5: do = f, light rays coming out of the mirror are essentially parallel so no image is formed
Case 6: 0 < do < f, di < 0, hi > ho, virtual image
Procedure:
I. Find the focal length using an object at infinity.
a.)    Place the 50 mm concave mirror on the optical bench at the 100 cm mark. Place the half screen on the track at 90 cm mark. Plug the power supply into the light source and turn the selector wheel until the light pattern has 5 slits projecting parallel light rays. Hold the light source at about the 80 cm mark orienting the light rays so that the light pattern is perpendicular to the edge of the half screen. Move the screen and light source until the 5 light lines focus into the smallest single line. Measure the distance from the mirror to the half screen and record on the data table. This is the focal length of the mirror.

II. Find the focal length by plotting 1 / di vs.1 / do
a.)  On the optical bench, place the light source at the end of the bench so that the cross hair object is at the 0 cm mark. Position the concave mirror at the 15 cm mark. Place the half screen between the light source (the object) and the mirror. Move the half screen to a position where a clear image of the object is formed on the screen. Measure the image distance, the object distance, the image height and the object height. Record all measurements in the data table. Observe whether the image is inverted or erect. Place your finger on the round end of the arrow on the object and see where the shadow is on the image.
b.)  Repeat step a. moving the mirror in 5 cm increments from 15 cm up to 50 cm and move the screen until a clear image is formed on the screen. Record all measurements in the data table.
c.)  Move the mirror to the 10 cm position in front of the light source. Fold an index card in half twice to make a screen that light from the object won’t shine through. Use it to cover one half of the object light pattern. Adjust the mirror position to get a clear image. Measure the image distance and the object distance. Measure the object size and image size. Observe the orientation of the image. Record all measurements in the data table.
d.)  Remove the mirror and object light source from the track and place the mirror between 5 cm and 10 cm in front of the object. Unfold the index card and locate the image. Change the mirror location slightly and locate the image again. Record qualitatively the orientation, location, and size of the images.
e.)  With the mirror and light source still removed from the track place the mirror 5 cm in front of the object. Move the index card to determine if a clear image can be found.  Record your observations.
f.)  Pick up the mirror place it less than 5 cm in front your eye. Record qualitatively the orientation, location, and size of the image of your eye.
g.)  Calculate 1 / do and 1 / di for each trial and enter in the data table. 
h.) If you chose to use the GLX to graph the data points, then plug it in and turn on. Press Home and Select Data Files. Open the Concave Mirror file found in Flash memory. Press Home and Select Table. Enter the 1 / do values in the x axis column (1st) and the 1 / di values in the y axis (2nd) column. After entering the values in the table, Press Home and Select Graph. The should give a graph of a straight line with the y intercept equal to 1/f. Use the linear fit tool to find the y intercept. Record the value of the y intercept in the table.
i.) Calculate the focal length for each of the 9 trials and calculate the average focal length for all 9 trials.
j.)  Find the percent difference between the average focal length found in step h. and the focal length found from the y intercept of the graph.

k.)  Find the percent difference between the average focal length found in part II and the focal length found in part I.

l.)  For trials 1, 4, 8 only, use the image distance and object distance to determine the magnification.

m.)  For trials 1, 4, 8 only, use the image size and object size to determine the magnification.
n.)  Calculate the percent difference between the magnifications of the sets of data points listed in steps l. and m.
Data Table:
I. fI = _________ cm

II.
	Trial
	Object Distance cm
	Image Distance cm
	Object Size

cm
	Image Size

cm
	1/do
	1/di
	Focal Length cm
	Real or Virtual
	Erect or Inverted

	1
	15
	
	
	
	
	
	
	
	

	2
	20
	
	
	
	
	
	
	
	

	3
	25
	
	
	
	
	
	
	
	

	4
	30
	
	
	
	
	
	
	
	

	5
	35
	
	
	
	
	
	
	
	

	6
	40
	
	
	
	
	
	
	
	

	7
	45
	
	
	
	
	
	
	
	

	8
	50
	
	
	
	
	
	
	
	

	9
	10
	
	
	
	
	
	
	
	


y - intercept _____________     
fave =  ______________ cm
fy  =_____________cm             
percent difference between fave and fy ________

percent difference between fI and fave _____________

Distances ratio

Sizes ratio

Percent Difference
M1 ____________ 

M1 ____________

_______________
M4 ____________ 

M4 ____________

_______________
M8 ___________ 

M8 ___________

_______________

Observations from step d.

Observations from step e.

Observations from step f.

Questions:

1. Are the images formed in trials 1 – 9 erect or inverted?

2. Are the images formed in trials 1 – 9 real or virtual? How do you know?

3. Which position produced a virtual image? How could you tell?

4. Give an example from your data of each of the six cases of images formed by concave mirrors.
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