Unit 12 AP Practice Problems -----Light and Optics

* = Problems we do together; all other are for homework.

Some review stuff….

1. What is the frequency of yellow light with a wavelength of 556 nm?  (5.4 E 14 Hz)
2. How far, in meters, does light travel in 1.0 s?  (3 E8 m)
3. The distance to the moon can be found with the help of mirrors left on the moon by astronauts.  A pulse of light is sent to the moon and returns to Earth in 2.562 s.  Using the defined velocity of light, calculate the distance to the moon.  (3.84 E8 m)
4. A truck driver is broadcasting at a frequency of 26.965 MHz with a CB radio.  Determine the wavelength of the electromagnetic wave being used.  (11.13 m)
Inverse Square Law

5. *A lamp is moved from 0.30 m to 0.90 m above the pages of a book.  Compare the illumination before and after the lamp is moved. (1/9th as much)
Reflection and Refraction

Indices of Refraction

	Medium
	n
	Medium
	n

	Vacuum
	1.00
	Crown glass
	1.52

	Air
	1.0003
	Quartz
	1.54

	Water
	1.33
	Flint Glass
	1.61

	Ethanol
	1.36
	Diamond
	2.42


6. *Light strikes a mirror with a 420 angle of incidence.  What is the angle of reflection?  (420)
7. *A ray of light passes from air into water at an angle of 30.0(.  Find the angle of refraction in the water. (22.090)
8. Light in air is incident upon a piece of crown glass at an angle of 45.0(.  What is the angle of refraction in the glass?  (27.730)
9. A ray of light is incident upon a diamond at 45.0(.  

a. What is the angle of refraction in the diamond? (16.990)
b. Compare your answer for a to your answer for the previous practice problem.  Does glass or diamond bend light more? (diamond, that’s one of the reasons they are so precious…they bend light soo much that it refracts it into the individual colors that make up the spectrum so they sparkle)
10. A ray of light in air has an angle of incidence of 330 on a block of a certain type of material and an angle of refraction of 270 in the material.  What is the index of refraction for this material?  (1.2)
11. A ray of light in water has an angle of incidence of 210 on a chunk of a particular type of glass and an angle of refraction of 130 in the glass.  What is the index of refraction for the chunk of glass? (2.12)
12. *The speed of light in plastic is 2.00 x 108 m/s.  What is the index of refraction for the plastic? (1.5)
13. Use the Indices of Refraction table to find the speed of light in the following mediums:  

a. Ethanol (2.21 E8 m/s)
b. Quartz (1.95 E8 m/s)
c. flint glass (1.86 E8 m/s)
14. A block of unknown material is submerged in water.  Light in the water is incident on the block at an angle of 31(.  The angle of refraction in the block is 27(.  

a. What is the index of refraction of the unknown material? (1.51)
b. What is the speed of light in the substance? (1.99 E8 m/s)
15. You notice that when a light ray enters an unknown liquid from water, it is bent toward the normal, but when it enters the same unknown liquid from crown glass, it is bent away from the normal.  What can you conclude about the index of refraction of the liquid? (it is between 133 and 1.52)
16. *Could an index of refraction ever be less than 1?  What would that imply about the velocity of light in that medium? (no; that would mean that light travels faster than 3 E8 m/s in it)
17. *What is the critical angle for light moving from water into air? (48.770)
18. What is the critical angle for light moving from flint glass into crown glass?  (70.750)
19. Is there a critical angle for light going from glass to water?  How about water to glass?  (yes; no, light must move from a high n to a low n in order for there to be a critical angle)
20. *If you were to use quartz and crown glass to make an optical fiber, which would you use for the coating layer?  Why?  (crown glass, it has a lower n therefore you will get a critical angle)
21. The critical angle for a certain type of glass in air is 410.  What is the critical angle if the glass is immersed in water?  (60.730)
Lenses and Mirrors

Mirrors




22. *An object is 30.0 cm from a concave mirror with a 20.0 cm radius of curvature.  Locate the image using the mirror equation and a ray diagram.  (+15 cm; real, inverted, smaller)
23. An object is 4.0 cm in front of a concave mirror having a 12.0-cm radius.  Locate the image using the mirror equation and a ray diagram.  (-12 cm; virtual, erect, ,larger)
24. *An object 2.0 cm high is 30.0 cm from a concave mirror.  The radius of curvature of the mirror is 20.0 cm. (a) What is the location of the image? (b) What is the size of the image? (c) Draw a ray diagram to see if it supports your answers.  (+15 cm, -1 cm)
25. An object 3.0 mm high is 10.0 cm in front of a concave mirror having a 6.0 cm focal point.  (a) Find the image and its height by means of a ray diagram and the mirror equation (b) Find the magnification of the mirror.  (+15 cm, -0.45 cm; -1.5)
26. *A concave mirror has a focal length of 9.0 cm.  A 15 mm high object is placed 6.0 cm from the mirror. (a) Find the image and its height using the mirror equation and a ray diagram. (b) What is the magnification of the mirror?  (-18 cm, 4.5 cm; +3)
27. A 4.0 cm high candle is placed 10.0 cm from a concave mirror having a focal length of 16.0 cm. (a) Where is the image located and what is its height?  (b) What is the magnification of the mirror?  (-26.67 cm, 10.67 cm, 2.67)
28. What should be the radius of curvature of a concave mirror that magnifies an object placed 25 cm from the mirror by a factor of +3.0? (75 cm; object must be in front of f in order to have a + magnification)
29. *An object is 20.0 cm in front of a convex mirror with a –15.0 cm focal length.  Find the location of the image using both a ray diagram and the mirror equation.  (-8.57 cm)
30. A convex mirror has a focal length of –12 cm.  A 6 cm tall light bulb is placed 60.0 cm in front of the mirror. (a) Locate the  image and its height using both a ray diagram and the mirror equation.  (b) What is the magnification of the mirror?  (-10 cm, +1 cm, +0.167)
31. In a department store, a mirror used to watch for shoplifters has a focal length of –40.0 cm.  A person stands 6.0 m from the mirror.  Locate the person’s image using the mirror equation and a ray diagram.  Is it erect or inverted?  Larger or smaller than the object?  (-37.5 cm, erect, smaller)
32. *A convex mirror is needed to produce an image located 24 cm behind the mirror that is ¾ the size of the object.  What is the focal length of the mirror?  (-96 cm)
Lenses

33. *Use a ray diagram and the mirror equation to find the image position and height of a 5 cm high object that is 30 cm to the left of a convex lens with a +10-cm focal length.  (+15 cm, -2.5 cm; real, inverted, smaller)
34. *An object 0.25 cm high is 8.5 cm to the left of a convex lens of 5.5 cm focal length.  Find the image location and height using both a ray diagram and the mirror equation.  (+15.58 cm, -0.46; real, inverted, larger) 

35. *An object is placed to the left of a 2.5 cm focal length convex lens so that its image is the same size as the object.  What are the image and object locations?  (they must be each on the center of curvatures ---it’s just logic)
36. A lens is needed to create an inverted image twice as large as the object when the object is 7.0 cm from the lens.  What focal length lens is needed?  (+4.67 cm)
37. A newspaper is held 6.0 cm from a convex lens of 20.0 cm focal length.  Find the distance and its height of the newsprint’s image using both a ray diagram and the mirror equation.  (-8.57 cm, 1.43x larger than the object)
38. A magnifying (convex) glass has a focal length of 12.0 cm.  A coin, 2.0 cm in diameter, is placed 3.4 cm from the lens. (a) Locate the image of the coin using both a ray diagram and the mirror equation. (b) What is the diameter of the image?  (-4.74 cm, 2.79 cm)
39. A stamp collector wants to magnify images by 4.0 when the object is 3.5 cm from a lens.  What focal length lens is needed?  (4.66 cm)
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