
Physics 4C Ch 35, 36 Practice

Name:

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants.

Answer as many questions as you can, in any order. Calculators are allowed. Books and
notes are not allowed. Use any blank space to answer questions, but please make sure it is
clear which question your answer refers to.

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β
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1. [10pts] The distance between an object and its upright image is 18.0 cm. If the
magnification is 0.500,

(a) what kind of mirror is being used to form the image? [1 pt]

(b) what is the focal length of the mirror? [9 pts]
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2. A material having an index of refraction n is surrounded by vacuum and is in the
shape of a quarter circle of radius R. A light ray parallel to the base of the material
is incident from the left at a distance L above the base and emerges from the material
at the angle θ.

 Problems 1087

(b) What must the incident angle u1 be to have total 
internal reflection at the surface between the medium 
with n 5 1.20 and the medium with n 5 1.00?

n = 1.60

n = 1.40

n = 1.20

n = 1.00
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Figure P35.75

 76. A. H. Pfund’s method for measuring the index of 
refraction of glass is illustrated in Figure P35.76. One 
face of a slab of thickness t is painted white, and a 
small hole scraped clear at point P serves as a source 
of diverging rays when the slab is illuminated from 
below. Ray PBB9 strikes the clear surface at the critical 
angle and is totally reflected, as are rays such as PCC 9. 
Rays such as PAA9 emerge from the clear surface. On 
the painted surface, there appears a dark circle of 
diameter d surrounded by an illuminated region, or 
halo. (a) Derive an equation for n in terms of the mea-
sured quantities d and t. (b) What is the diameter of 
the dark circle if n 5 1.52 for a slab 0.600 cm thick? 
(c) If white light is used, dispersion causes the critical 
angle to depend on color. Is the inner edge of the 
white halo tinged with red light or with violet light? 
Explain.
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 77. A light ray enters a rect-
angular block of plastic 
at an angle u1 5 45.0° 
and emerges at an angle 
u2 5 76.0° as shown in 
Figure P35.77. (a) Deter-
mine the index of 
refraction of the plastic. 
(b) If the light ray enters 
the plastic at a point L 5 50.0 cm from the bottom edge, 
what time interval is required for the light ray to travel 
through the plastic?

 78. Students allow a narrow beam of laser light to strike 
a water surface. They measure the angle of refraction 
for selected angles of incidence and record the data 
shown in the accompanying table. (a) Use the data to 
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Figure P35.77
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Earth’s equator so that the apparent path of the rising 
and setting Sun is perpendicular to the horizon.

 71. A material having an index of refraction n is sur-
rounded by vacuum and is in the shape of a quarter 
circle of radius R (Fig. P35.71). A light ray parallel to 
the base of the material is incident from the left at a 
distance L above the base and emerges from the mate-
rial at the angle u. Determine an expression for u in 
terms of n , R , and L.
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Figure P35.71

 72. A ray of light passes from air into water. For its devia-
tion angle d 5 uu1 2 u2u to be 10.0°, what must its angle 
of incidence be?

 73. As shown in Figure P35.73, a light ray is incident normal 
to one face of a 30°–60°–90° block of flint glass (a prism) 
that is immersed in water. (a) Determine the exit angle 
u3 of the ray. (b) A substance is dissolved in the water to 
increase the index of refraction n 2. At what value of n 2 
does total internal reflection cease at point P ?
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Figure P35.73

 74. A transparent cylinder of radius R 5 2.00 m has a mir-
rored surface on its right half as shown in Figure 
P35.74. A light ray traveling in air is incident on the left 
side of the cylinder. The incident light ray and exiting 
light ray are parallel, and d 5 2.00 m. Determine the 
index of refraction of the material.
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Figure P35.74

 75. Figure P35.75 shows the path of a light beam through 
several slabs with different indices of refraction. (a) If 
u1 5 30.0°, what is the angle u2 of the emerging beam? 
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(a) Show that sinα = L
R

.

(b) Show that γ = α− β.

(c) Show that

θ = sin−1

(
L

R2

(√
n2R2 − L2 −

√
R2 − L2

))
Hint: you might like to consider these two trig identities:

sin(α− β) = sinα cos β − cosα sin β, cos θ =
√

1− sin2 θ.
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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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