




3. The magnification of the image formed by a refracting surface is given by

M = −n1q

n2p
.

A paperweight is made of a solid glass hemisphere with index of refraction 1.50. The
radius of the circular cross section is 4.00 cm. The hemisphere is placed on its flat
surface, with the center directly over a 2.50-mm-long line drawn on a sheet of paper.
What is the length of this line as seen by someone looking vertically down on the
hemisphere?
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 Thus, the virtual image of the dust speck is 

 
38.2 cm below the top surface  of the ice. 

P36.31 For a plane refracting (water) surface  R →∞( )  

   
  

n1

p
+

n2

q
=

n2 − n1

R
     becomes     

  
q =−

n2

n1

p  

 (a) When the pool is full, p = 2.00 m and 

  
q =−

1.00
1.333

⎛
⎝⎜

⎞
⎠⎟ 2.00 m( ) = −1.50 m   

  or the pool appears to be 1.50 m deep.  

 (b) If the pool is half filled, then p = 1.00 m and q = – 0.750 m. Thus, 
the bottom of the pool appears to be 0.750 m below the water 
surface or 1.75 m below ground level. 

P36.32 Since the center of curvature of the surface is on the side the light 
comes from, R < 0 giving R = –4.00 cm. For the line, p = 4.00 cm; then, 

   
  

n1

p
+

n2

q
=

n2 − n1

R
      

 becomes      

   
  

1.00
q

=
1.00 − 1.50
− 4.00 cm

−
1.50

4.00 cm
  

 or  q = –4.00 cm 

 Thus, the magnification 
  
M = ′h

h
=−

n1

n2

⎛
⎝⎜

⎞
⎠⎟

q
p

 gives  

   
  
′h = −

n1q
n2p

⎛
⎝⎜

⎞
⎠⎟

h = −
1.50 −4.00 cm( )
1.00 4.00 cm( ) 2.50 mm( ) = 3.75 mm  

P36.33 The water’s surface has no curvature. When   R →∞,  the equation 

  

n1

p
+

n2

q
=

n2 − n1

R
,  which describes image formation at a single 

refracting surface, becomes 
  
q = −p

n2

n1

⎛
⎝⎜

⎞
⎠⎟

.  We use this to locate the final 

images of the two surfaces of the glass plate. First, find the image the 
glass forms of the bottom of the plate. [From Table 35.1, for flint glass, 
n1 = 1.66.] 

   
  
qB1 = −

1.33
1.66

⎛
⎝⎜

⎞
⎠⎟ 8.00 cm( ) = −6.41 cm  
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