
EXAM 1
WAVES, OPTICS AND MODERN PHYSICS

15% of the final mark

Autumn 2020                                                     Name: ___________________________  

Each multiple-choice question is worth 3 marks. 

1. When a non-polarized beam of light propagating through air arrives on the surface of 
a lake (n = 1.33), the reflected ray is completely polarized. If the same non-polarized 
beam propagating through air arrives with the same angle of incidence on a glass 
surface (n =1.5), then the angle between the reflected ray and the refracted ray is… 

___ % a) greater than 90°. 
___ % b) 90°. 
___ % c) smaller than 90°. 

2. Two mass-spring systems A and B oscillate. The mechanical energy is the same for 
both systems. The two masses are identical, but the spring constant is larger for 
system A. Which system has the largest amplitude? 

___ % a) System A. 
___ % b) System B. 
___ % c) The amplitude is the same for both. 
___ % d) Impossible to tell. 

3. Two waves with the same frequency travel on two identical strings, but having different 
tensions. The power of the two waves is the same and the wave on string 1 goes 
faster than the wave on string 2. Which of the following statements are true? (Check 
all the answers that are true, there may be several.) 

 The wavelength of wave 1 is greater than the wavelength of wave 2. 
 The amplitude of wave 1 is greater than the amplitude of wave 2. 
 The maximum velocity of the particles of the medium is greater for wave 1 

than for wave 2. 
 None of these assertions is true. 
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4. A mass oscillates as shown on the diagram. Where is the magnitude of the net force 
on the mass the greatest? 

___ % a) At the highest point only. 
___ % b) Somewhere between the highest point and the 

equilibrium position. 
___ % c) At the equilibrium position. 
___ % d) Somewhere between the equilibrium position and the 

lowest point. 
___ % e) At the lowest point only. 
___ % f) At the highest point and at the lowest point. 

5. The graph shows the position as a function of time for an object undergoing a 
harmonic oscillation. 

Which of the following graphs correctly shows the velocity and the acceleration as a 
function of time? 

Velocity: _________________ Acceleration: ___________________ 

6. Light travelling in a medium with a refractive index of 2 enters a glass block with a 
non-constant refractive index. The glass refractive index is 1.5 to the left of the block 
and increases slowly towards the right of the 
block. Which of the following figures 
correctly shows the path of the ray of light?  

___ % a 
___ % b 
___ % c 
___ % d 
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7. A sound wave is sent in air with a speaker, as shown in the diagram. When the wave 
passes to the point identified by a point, how will the air 
molecule located there move? 

___ % a) It will oscillate vertically. 
___ % b) It will move steadily towards the right. 
___ % c) It will oscillate horizontally. 
___ % d) It will not move at all. 
___ % e) It will make a circular motion. 
___ % f) It will oscillate vertically while moving steadily to the right. 
___ % g) It will oscillate horizontally while moving steadily to the right. 
___ % h) It will make a circular motion while moving steadily to the right. 

8. The critical angle for total internal reflection of a piece of glass in air is 42°. How does 
the critical angle change if the piece of glass is placed in water (n = 1.33)? 

___ % a) The critical angle is now greater than 42°. 
___ % b) The critical angle remains at 42°. 
___ % c) The critical angle is now smaller than 42°. 
___ % d) There is no longer a critical angle. 

9. This graph shows the position as a function of 
time of a piece of rope at x = 1 m when a sine 
wave travels on that rope. The wave moves 
at 2 m/s towards the right on the rope. 
According to the data provided, the values in 
the equation x = A sin(kx – t + ) are 

A = _______  cm     k = _______  rad/cm 
 = _______ rad/s      = _______ rad 

10. Two strings have equal masses per unit length, but have different tensions. String A 
has a higher tension than string B. Waves of the same frequency travel on these 
strings. On which string is the wavelength the largest? 

___ % String A 
___ % String B 
___ % It is the same for both strings. 

Answers 1a   2b   3a   4f   5 velocity: I  acceleration : III 6c  7c   8a 
   9 A = 2 cm    rad/s  k/2 rad/m     10a 

Speaker
Molecule
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11.  (20 points) 

A mass is attached to a horizontal spring. At 
t = 0, the mass is 5 cm to the right of the 
equilibrium position and its speed is zero.  

a) What is the equation of motion    tAx sin ? 
b) What is the speed of the mass when it is 3 cm from the equilibrium position? 
c) What is the maximum acceleration of the mass? 
d) What is the position of mass when the potential energy is equal to the kinetic 

energy? 

Answers: 
 a) 15 sin(8 / 2)x cm s t     or   15 cos 8x cm s t 

 b) 0.32 m/s 
 c) 3.2 m/s² 
 d) 0.03536 m 

12. (15 points) 

A sine wave passes from an aluminum 
rope to a steel rope. Then, the amplitude of the wave transmitted on the steel rope is 
equal to half the amplitude of the incident wave on the aluminum rope. The tension 
of the rope is 100 N, and the linear mass of the aluminum rope is 90 g/m. 

What is the speed of the waves on the steel rope? 

Answer: 11.1 m/s 

Aluminum   Steel

320 N/m

5 kg
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13. (20 points) 

A train has a whistle with a 340 Hz frequency and the power of 120 W. The air 
temperature is 27 degrees Celsius. 

a) This train moves away from Maude at 50 km/h, and Maude runs towards the 
train at 10 km/h. What is the frequency heard by Maude?  

b) What is the intensity (in decibels) of the sound of the train whistle when Maude 
is 300 m away from the train? 

 Answers: a) 329.5 Hz     b) 80.26 dB 

14. (15 points) 

A wave spreads on a rope. The graph 
shows this wave at t = 0. The tension of the 
rope is 40 N, and the maximum speed of 
the rope during the oscillation is 30 m/s. 

What is the power of this wave? 

 Answer: 1131 W 


