
Physics228- First ExamSolutions
Prof. Coleman,Dr. Francis,Prof. Bronzan,

Prof. Glashausser,andProf. Madey

1. A ray of light goesfrom air into water. Which of the following
is true?

a) Its wavelength stays the same
b) Its frequencydecreases
c) Its speedstays the same
d) Its frequencyincreases
e) Its speed decreases

Solution:

2. A concave mirror has focal length f > 0. A real object is
placeda distance2f from the mirror. Then the imageis

a) Real; inverted; smaller
b) Virtual; upright; bigger
c) Real; inverted; same size as ob ject
d) Real; inverted; bigger
e) Virtual; upright; smaller

Solution:
The location of the imageis determinedfrom
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:

Thus di = f . The fact that di > 0 tells us the image is real.
m = � di =do = � f =f = � 1. The image is inverted and the
samesizeas the object.

3. A �sh is swimming 30 cm below the water surface,and an in-
sectis 
ying 12cm above the surface.If the index of refraction
of water is 4/3, how far from the water surfacewill the �sh see
the insect's image? (Assumethe line of sight makes a small
angleto the normal).

a) 9 cm
b) 16 cm
c) 31.5cm
d) 56 cm
e) 12 cm

Solution:
Usea coordinate systemwhosex-axis lies along the surfaceof
the water, and whosey-axis is vertical upwards. Let the insect
be at (0; h). Consider the ray from the insect that meetsthe
water surfaceat (d;0), with d � h. The anglethis ray makes
with the vertical is � i = d=h. For this small angle,Snell's law
states� i = n� r , wheren is the index of refraction of the water,
and � r is the angle the refracted ray in the water makeswith
the vertical. The �sh thinks the insect is at height H , where
� r = d=H. Thus

H =
d
� r

=
nd
� i

= nh = (4=3)(12 cm) = 16 cm:



4. A beamof red light of wave length 7000�A shineson a di�rac-
tion grating which has 5000 lines per cm. The central max-
imum occurs on a wide, distant wall at � = 0. How many
additional maxima canbeobservedon the wall for � positive?

a) none
b) one
c) two
d) three
e) four

Solution:

5. The thinnest �lm of oil (n=1.50) 
oating on water (n=1.33)
that would give maximum re
ection of red light (� 0=680 nm)
is

a) 256nm
b) 113 nm
c) 170nm
d) 128nm
e) 227nm

Solution:



6. A thin �lm of index n = 1.55 deposited on a glassslide (n =
1.50), asshown, is to be usedasan optical waveguide.To op-
erateproperly, total internal re
ection must occur at both the
�lm-air and the �lm-glass interfaces. What is the maximum
entrance angle � that light ray can have for this to work?

n = 1.00
n = 1.55

n = 1.50

q

a) 35� b) 47� c) 14.5� d) 75� e) 23�

Solution:

f
fq

fq'

The �gure above shows a little more detail than the �gure
attached to the problem. Using trigonometry, we know that
� is related to the angle of refraction as the light enters the
�lm � 0 = 90� � � , and that if total internal re
ection occursat
both surfaces,� must be greater than or equal to the critical
anglesat both surfaces.The �lm-air critical angleis

� f � a = sin� 1

 
1

nf il m

!

= 40:2�

and the �lm-glass critical angle is

� f � g = sin� 1

 
nglass

nf il m

!

= 75:4� :

The corresponding refraction anglesare then 49:8� and 14:6�

respectively. Sincethe critical anglefor the �lm-glass interface
is larger (and thus the refraction angleis smaller), we'll reach
internal re
ection at that interface �rst. Using Snell's law,

sin� = nf il m sin(90� � � f � g) ! � = 23�

7. A radio station operating at frequency99.5 MHz broadcasts
from two towers. What is the farthest distancethe towerscan
be apart to make surethere are no \dead zones",placeswhere
the radio signal is completely canceledout by destructive in-
terference?

a) 0 m b) 1.5 m c) 3.0 m d) 1500km
e) 0.17m

Solution:
Destructive interferenceoccurswhen the distancesof the ob-
server from the two towers di�er by (m + 1=2)� , where m =
0; 1; 2; � � �. There will be no placeswherethis happensas long
as the distancebetweenthe towers doesnot exceed�= 2. The
wavelength of the waves is c=f = (3:00 � 108 m=s)=(9:95 �
107 =s) = 3:02 m. Therefore distructive interferencewill not
occur as long as the towers are no more than 1.5 m apart.



8. An polarizedbeamof light is incident on a group of two polar-
izing sheetsthat are lined up sothat the polarizing axis of the
�rst sheetis rotated by 30� with respect to the polarization of
the incident light, and the polarizing axis of the secondsheet
is rotated by 30� with respect to the polarizing axis of the �rst
sheet. What fraction of the incident intensity is transmitted?

a) 1=4
b) 2=3
c) 3=4
d) 9=16
e) 27=64

Solution:

9. Light of wavelength 520 nm passes
through a double slit, yielding the
interference pattern of intensity I
versus de
ection angle � shown.
What is the separation,d, between
the slits?

a) 2:0 � 10� 2 mm
b) 1:1 � 10� 2 mm
c) 6:7 � 10� 3 mm
d) 4:5 � 10� 3 mm
e) 5:0 � 10� 2 mm
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Solution:



10. An unpolarizedbeamof light is incident in air onto the surface
of a 
at glassslab (n = 1.5). The re
ected light is completely
plane polarized. What is the angle of refraction (� t ) for the
light transmitted into the glass?

a) 28:1�

b) 21:7�

c) 45�

d) 33:7�

e) 90� qt

q1

Solution:

11. X-rays of wavelength 0.2 �A are di�racted o� a crystal with a
cubicunit cell sidelength a = 1 �A. Oneof the X-ray di�raction
spots occurswhen the beam makesan angleof 10 degreesto
the planes. Which of the planesshown in the �gure produces
this re
ection?
(I) (II) (III) (IV)d = a=

p
3 d = a=

p
2 d = a d = a=

p
5

a) (I) b) (I I) c) (I I I) d) (IV)
e) noneof the above

Solution:



12. The Rutgersradio telescope (on the roof of the physicsbuild-
ing) is a dish 2.3 meters in diameter. If the light falling on
it has a wavelength of 21 cm, what is the smallest angle the
dish can seeon the sky? (Hint: treat the dish like a circular
aperture.)

a) 0:11�

b) 5:2�

c) 6:4�

d) 9:1�

e) cannot solve the prob-
lem with the informa-
tion given

D

Solution:

13. A person1.62 m tall wants to be able to seeher full image
in a 
at mirror. What is the maximum height above the 
o or
the bottom of the mirror be, assumingher eyes are 15.0 cm
below the top of her head?

a) 0.150m b) 0.735 m c) 0.810m
d) 1.62m e) 0 m

Solution:

h

H q

q
i

r

Sincethe angleof incidenceequalsthe angleof re
ection, the
person's feet will be visible when the bottom of the mirror
is half the distancebetweenher eyesand the 
o or. (Seethe
extraordinarily well-rendered�gure above.) If her height is H
meters and her eyes are h meters from the top of her head,
this meansthat

d =
H � h

2
= 0:735m:



14. Parallel light from a distant object (s � 1 ) strikes a large
concave mirror (radius R1 = 5:00 m), re
ects o� a smaller
mirror of unknown radius, and focuseson the vertex of the
larger mirror. The centers of the mirrors are 2 metersapart.
What is the radius of curvature of the smaller mirror, and is
it concave or convex?

a) R2 = +4:00 m,
mirror is concave

b) R2 = � 2:00 m,
mirror is convex

c) R2 = � 4:00 m,
mirror is convex

d) R 2 = � 1:33 m,
mirror is convex

e) R2 = � 0:66 m,
mirror is convex 2 m

2

R   = 5 m1

R   = ?

Solution:
Keeping with the notation of the �gure, the object for mirror
1 will be at in�nit y: s1 = 1 . Recalling that the focal length
is f 1 = R1=2, we seethat the image distance is at the focal
length: s0

1 = R1=2 = 2:5 meters. This is behind the second
mirror, so instead of a real image serving as the object for
the secondmirror, it will be a virtual object. This meansthat
s2 = 2� s0

1 = � 0:5 m, and the imagedistancewill be 2 meters,
since it falls at the center of the �rst mirror. Using the thin
lensequation again, we seethat

2
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=
1
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+
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2
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1
0:5 m

+
1

2 m

so that R2 = � 4=3 meters,or � 1:33 m. (Note that we could
reject the concave option outright, sincethe light would never
focus. To seethat, �nish drawing the ray diagram.)

15. A lensmadeof glassof refractive index 1.6 is 
at on oneside,
and convex, with curvature 40 cm on the other side. What is
the focal length of this lens?

a) 67 cm b) 25 cm c) 33 cm
d) -67 cm e) -25 cm

Solution:


