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Chapter 2 

REFLECTION AND REFRACTION OF LIGHT 

Problems 

6. 

 

Strategy  The normal is perpendicular to the surface of the pond. Use the laws of reflection. 

  Solution   

  (a) The angle of incidence is  

  (b) The angle of reflection is           

  (c) 55° from the normal is equivalent to 35° above the horizontal. The sun is above the western horizon. So, the 
reflected rays are traveling at an angle 35° above the surface of the pond to the east. 

i 90 35 55 .q = °- ° = °

r i 55 .q q= = °
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8.
 

 

Strategy  Redraw the figure, including any necessary angles. Use the laws of reflection. 

  Solution  The final ray must be parallel to the base mirror, so  and the 
70.0° angle are equal (corresponding angles). A consequence of the laws of 
reflection is that the base angles in a reflection must be equal, so 

 Since the angles of a triangle add to 180°, we have 
 

Again, the base angles in a reflection must be equal, so      

 

11.  

 

Strategy  Use Snell’s law, Eq. (23-4). 
 
Solution  Find the angle the Sun’s rays in air make with the vertical. 

 

1q

2 1 70.0 .q q= = °

2 3 3 370.0 70.0 70.0 180 ,  so 40.0 .q q q q+ + ° = ° + + ° = ° = °

3 40.0 .q q= = °

1 1t
i i t t i t

i

1.333sin sin ,  so sin sin sin sin 42.0 63.1 .
1.000

nn n
n

q q q q- -æ ö æ ö= = = ° = °ç ÷ ç ÷
è øè ø
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 16. 

 

Strategy  Use Snell’s law. Let  
 
Solution  Find the angle of the transmitted ray. 

 

 

 

 

 

2 t .q q=

11 1 2
1 1 2 2 2 1 1 1 2

2 2 1

/ 0.67sin sin ,  so sin sin sin sin  and sin sin12.0 10 .
/ 0.80

n c v v cn n
n c v v c

q q q q q q q - é ù= = = = = ° = °ê úë û
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 25.
 

 

Strategy  Total internal reflection occurs when the angle of incidence is greater than or equal to the critical angle. Use 
Eqs. (23-5). 

  Solution   

  (a) Find the index of refraction of the glass. 

 

  (b) No; rays from the defect could reach all points above the glass since  

 

1 t t
c c i

i i

1.000sin ,  so sin  and 1.556 .
sin 40.00

n n n
n n

q q-= = = =
°

i c tfor 0 ,  0 90 .q q q£ £ £ £ °
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40.
 

 

Strategy  For a plane mirror, a point source and its image are at the same distance from the mirror (on opposite sides) 
and both lie on the same normal line. 
 
Solution  Since the rose is 0.250 m in front of the mirror, the image will be 0.250 m behind the mirror. If Nagar is 
looking straight into the mirror, the distance to the image will be the distance from Nagar to the mirror plus the 
distance from the mirror to the image. The distance from Nagar to the image is  

 42. 

 

Strategy  The angle of incidence is equal to the angle of reflection. Work backward from the angle of reflection from 
Mirror 3. 
 
Solution  Find the angle of incidence on Mirror 1. 

 and Mirror 2 is perpendicular to Mirror 3, so  Were Mirror 1 parallel 
to Mirror 2, the angles for Mirror 1 would be the same as those of Mirror 2, but Mirror 1 is from being 
parallel to Mirror 2, so  Thus, the angle of incidence on Mirror 1 is  

2.00 m 0.250 m 2.25 m .+ =

r3 i355q q= ° = r2 i290 55 35 .q q= °- ° = ° =
15°

r1 i135 15 20 .q q= °- ° = ° = 20 .°
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48. 

 

Strategy  The object distance is and the magnification is Use the magnification and mirror 
equations. The focal length is half of the radius of curvature. 
 
Solution  Use the magnification equation to find the image distance. 

 

Find the focal length. 

 

Compute the radius of curvature. 

 

 

 57.
 

 

(a)Strategy  Use the thin lens equation to find the object distance. Then, draw the ray diagram. 
 
Solution  Find the object distance. 

1.20 cmp = 3.00.m =

,  so .qm q mp
p

= - = -

1 1 1 11 1 1 1 1 11 (1.20 cm) 1 1.80 cm .
3.00

f p
p q p mp m

- - - -æ ö æ ö æ ö æ ö= + = + = - = - =ç ÷ ç ÷ ç ÷ ç ÷- è ø è øè ø è ø

1 ,  so 2 2(1.80 cm) 3.60 cm .
2

f R R f= = = =
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The diagram is shown. 

 

  (b) Strategy and Solution  Light rays actually pass through the image location, so the image is  

  (c) Strategy  Use the magnification equation. 
 
Solution  Compute the magnification of the image. 

 

68.
 

 

(a)Strategy and Solution  Light rays do not pass through the image location, since the image is on the same side of the 
lens as the object, so the image is virtual. The image is upright, as well. Therefore, the lens is a converging 
lens. 

  (b) Strategy  Since the image is virtual, the image position is negative. Use the magnification equation. 
 
Solution  Compute the magnification of the lens. 

 

 

 

1 1 1 (5.00 cm)(3.50 cm),  so 11.7 cm .
5.00 cm 3.50 cm

q fp
p q f q f
+ = = = =

- -

real .

5.00 cm 0.429
11.667 cm

qm
p

= - = - = -

52 cm 2.1
25 cm

qm
p

-
= - = - =
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  (c) Strategy  Use the thin lens equation. 
 
Solution  Find the focal length of the lens. 

 

 

1 11 1 1 1 1 1 1,  so 48 cm .
25 cm 52 cm

f
p q f p q

- -æ ö æ ö+ = = + = + =ç ÷ ç ÷-è øè ø





 
 
 
 
 
 
 
 
 
 

 
  



 

 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 
  



 






















