PHYSICS 2B
CHAPTER 1 LIGHT OPTICS
Exercises
LAWS OF GEOMETRIC Optics
[image: image1.emf]1. A ray of light is incident on a flat surface of a block of crown glass that is surrounded by water. The angle of refraction is 19.6°. Find the angle of reflection.

2. The figure shows a refracted light beam in linseed oil making an angle of 20.0° with the normal line NN’. The index of refraction of linseed oil is 1.48. 

Determine the angles (a) ( and (b) (’.

3. A light ray initially in water enters a transparent substance at an angle of incidence of 37.0°, and the transmitted ray is refracted at an angle of 25.0°. Calculate the speed of light in the transparent substance.

4. A laser beam is incident at an angle of 30.0° from the vertical onto a solution of corn syrup in water. The beam is refracted to 19.24° from the vertical. 

(a) What is the index of refraction of the corn syrup solution? 

Assume that the light is red, with vacuum wavelength 632.8 nm. Find its 

(b) wavelength, 

(c) frequency, and 

(d) speed in the solution.

5. A ray of light strikes the midpoint of one face of an equiangular (60°–60°–60°) glass prism (n = 1.5) at an angle of incidence of 30°. 

(a) Trace the path of the light ray through the glass and find the angles of incidence and refraction at each surface. 

(b) If a small fraction of light is also reflected at each surface, what are the angles of reflection at the surfaces?

[image: image2.emf]6. When the light ray illustrated in the figure passes through the glass block of index of refraction n 5 1.50, it is shifted laterally by the distance d. 

(a) Find the value of d. 

(b) Find the time interval required for the light to pass through the glass block.

7. A 4.00-m-long pole stands vertically in a freshwater lake having a depth of 2.00 m. The Sun is 40.0° above the horizontal. Determine the length of the pole’s shadow on the bottom of the lake.

8. The index of refraction for red light in water is 1.331 and that for blue light is 1.340. If a ray of white light enters the water at an angle of incidence of 83.0°, what are the underwater angles of refraction for the 

(a) red and 

(b) blue components of the light?

9. A glass optical fiber (n = 1.50) is submerged in water (n = 1.33). What is the critical angle for light to stay inside the fiber?

10. A beam of light is incident from air on the surface of a liquid. If the angle of incidence is 30.0° and the angle of refraction is 22.0°, find the critical angle for total internal reflection for the liquid when surrounded by air.
11. Light in vacuum is incident on the surface of a glass slab. In the vacuum the beam makes an angle of 32.0o with the normal to the surface, while in the glass it makes an angle of 21.0o with the normal. What is the index of refraction of the glass?

12. In the figure, a ray of light is perpendicular to the face ab of a glass prism (n = 1.52). Find the largest value for the angle ( so that the ray is totally reflected at face ac if the prism is immersed (a) in air and (b) in water.

IMAGE FORMATION

1. Determine the minimum height of a vertical flat mirror in which a person 178 cm tall can see his or her full image.

2. An object is placed 50.0 cm from a concave spherical mirror with focal length of magnitude 20.0 cm. 

(a) Find the location of the image. 

(b) What is the magnification of the image? 

(c) Is the image real or virtual? 

(d) Is the image upright or inverted?

3. A concave spherical mirror has a radius of curvature of magnitude 20.0 cm. 

(a) Find the location of the image for object distances of 

(i) 40.0 cm, 

(ii) 20.0 cm, and

(iii) 10.0 cm.

For each case, state whether the image is 

(b) real or virtual and 

(c) upright or inverted. 

(d) Find the magnification in each case.

4. (a) A concave spherical mirror forms an inverted image 4.00 times larger than the object. Assuming the distance between object and image is 0.600 m, find the focal length of the mirror. (b) Suppose the mirror is convex. The distance between the image and the object is the same as in part (a), but the image is 0.500 the size of the object. Determine the focal length of the mirror.

5. An object 10.0 cm tall is placed at the zero mark of a meterstick. A spherical mirror located at some point on the meterstick creates an image of the object that is upright, 4.00 cm tall, and located at the 42.0-cm mark of the meterstick. 

(a) Is the mirror convex or concave?

(b) Where is the mirror? 

(c) What is the mirror’s focal length?

6. A convex spherical mirror has a focal length of magnitude 8.00 cm. 

(a) What is the location of an object for which the magnitude of the image distance is one third

the magnitude of the object distance? 

(b) Find the magnification of the image and 

(c) state whether it is upright or inverted.
7. A concave mirror has a radius of curvature of 24 cm. How far is an object from the mirror if the image formed is
(a) virtual and 3.0 times the size of the object,
(b) real and 3.0 times the size of the object, and
(c) real and 1/3 the size of the object?

8. A movie camera with a (single) lens of focal length 75 mm takes a picture of a person standing 27 m away. If the person is 180 cm tall, what is the height of the image on the film?

9. A lens is made of glass having an index of refraction of 1.5. One side of the lens is flat, and the other is convex with a radius of curvature of 20 cm.

(a) Find the focal length of the lens.

(b) If an object is placed 40cm in front of the lens, where will the image be located?

10. An object is located 20.0 cm to the left of a diverging lens having a focal length f = 232.0 cm. Determine 

(a) the location and 

(b) the magnification of the image.

(c) Construct a ray diagram for this arrangement.

11. The projection lens in a certain slide projector is a single thin lens. A slide 24.0 mm high is to be projected so that its image fills a screen 1.80 m high. The slide-to-screen distance is 3.00 m. (a) Determine the focal length of the projection lens. 

(b) How far from the slide should the lens of the projector be placed so as to form the image on the screen?
12. An eraser of height 1.0 cm is placed 10.0 cm in front of a two-lens system. Lens 1 (nearer the eraser) has focal length f1 = -15 cm, lens 2 has f2 = 12cm, and the lens separation is d = 12cm. For the image produced by lens 2,what are 

(a) the image distance i2 (including sign),

(b) the image height,

(c) the image type (real or virtual), and

(d) the image orientation (inverted relative to the eraser or not inverted)?

13. A coin is placed 20 cm in front of a two-lens system. Lens 1 (nearer the coin) has focal length f1 =  + 10 cm, lens 2 has f2 = +12.5 cm, and the lens separation is d = 30 cm. For the image produced by lens 2, what are

(a) the image distance,

(b) the overall lateral magnification,

(c) the image type (real or virtual), and

(d) the image orientation (inverted relative to the coin or not inverted)?

14. An object is placed 12.0 cm to the left of a diverging lens of focal length 26.00 cm. A converging lens of focal length 12.0 cm is placed a distance d to the right of the diverging lens. Find the distance d so that the final image is infinitely far away to the right.

15. An object is placed a distance p to the left of a diverging lens of focal length f1. A converging lens of focal length f2 is placed a distance d to the right of the diverging lens. Find the distance d so that the final image is infinitely far away to the right.
16. Two thin lenses of focal lengths f1 and f2 are in contact. Show that they are equivalent to a single thin lens for which the focal length is (f1.f2)/(f1 + f2).
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