
 

 

EXAM 3 

WAVES, OPTICS AND MODERN PHYSICS 
40% of the final mark 

 
Autumn 2018                                                     Name: ___________________________  
  
 
Each multiple-choice question is worth 2 marks. 
 
1. The graph shows the data obtained for 

the photoelectric effect of a metal. Which 
of the following actions will change the 
slope of the graph? 

 
1) Sending more photons on the metal. 
2) Changing the energy of the photons. 
3) Changing the speed of photons. 
4) Using a different metal. 
5) None of these actions. 

 
Answer(s): ______________________ 

 
 
2. An object placed in front of a convex mirror forms an image. What will happen if the 

absolute value of the radius of curvature of the mirror is increased? 
 

 The image will move closer to the mirror. 
 The image will move farther away from the mirror.  
 The image will remain at the same place. 
 The image will move closer to the mirror if the object is between the focus and 

the mirror and will move farther away from the mirror if the object is further 
away from the mirror than the focal length. 

 The image will move farther away from the mirror if the object is between the 
focus and the mirror and will move closer to the mirror if the object is further 
away from the mirror than the focal length. 

 
 
3. Which of the following phenomena cannot be observed with sound waves? 

 
 Interference 
 Refraction 
 Polarization 
 Diffraction 
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4. The diagram shows the path of light rays coming into the eye of a person looking at 
an object at a distance of 30 cm. What should this person do? 
 

 
 

 Nothing, there is no problem. 
 Wear converging lenses. 
 Wear diverging lenses. 

 
 
 
 
5. A mass oscillates vertically. What are the directions of the velocity, 

the acceleration and the net force when the mass reaches the 
lowest point? 
 

Velocity: _____________ 
Acceleration: _____________ 
Net force: _____________ 

 
(For each of these three questions, the possible answers 
are: upwards, downwards or zero.)  

 
 
 
 
 
6. Two beams of vertically polarized light with 

the same intensity pass through 
3 polarizers as shown on the diagram. In 
which case is the intensity of the transmitted 
light the greatest?  

 
 a 
 b 
 It is the same for both. 
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7. A simple pendulum is made of a ball full of water tied a long rope. There is a hole 
below the ball that allows the water to escape slowly. How will the period of the 
pendulum change as the water flow out? 

 
 It will increase 
 It will stay the same 
 It will decrease. 

 
 
8. One gram of pure radium is on Earth, and two grams of pure radium is on a spaceship 

going at 0.9c. For an observer on Earth, which sample of radium has the greatest 
activity? 

 
 The sample on Earth. 
 The sample on the ship. 
 The activity is the same. 
 It depends if the vessel is moving away from Earth or approaching Earth. 

 
 
 
9. In the situation shown in the diagram, Gwendolen holds a lamp that emits a flash of 

light every second. 

 
 
Who is observing the longest time between the flashes? ________________ 
 
Who is seeing the longest time between the flashes? __________________ 
 
(In both cases, the only possible answers are: Emilie, Francesco, or it’s the 
same time for both.) 
 
 

10. How will the speed of a sine wave on a rope change if the frequency of the wave is 
doubled? 
 

 It will quadruple. 
 It will double. 
 It will stay the same. 
 It will be halved. 
 It will be divided by four. 
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11. Knowing that red light must be used to move an electron confined in a box from the 
second level to the third energy level, what kind of light must be used to move the 
electron from the third to the fourth energy level? 

 
 Light with a smaller wavelength. 
 Light with a longer wavelength. 
 More intense light. 
 Less intense light. 
 The same light as the light used to move the electron from the second to the 

third level. 
 
 

 
12. This diagram shows the position of air molecules at some instant. The molecules are 

in a tube open at both ends, and there is a standing sound wave in the tube. The 
arrows indicate the places where the pressure is highest or lowest. 
 

 
 
What is the harmonic of this standing wave?  

Answer: __________________ 
 
 

 
13. Young’s experiment is performed with electrons. We want to decrease the distance 

between the maxima of the interference. Say if the 
following quantities must be increased or decreased 
to decrease the distance between the maxima of the 
interference. 
 
The distance of the screen: ____________ 
 
The distance between the slits: _____________ 
 
The speed of the electrons: _____________ 
 

(For each of these questions, the possible 
answers are: increase or decrease.) 
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14. How many α decays is there in the series of decays starting from uranium 235

92
U  and 

finishing at 207

82
Pb ? 

 
Answer: ____________ 

 
 

 
15. Here are 4 diffraction patterns obtained by passing the light from the same laser 

through 4 different slits. In all cases, the screen is the same distance from the slit. 
Classify these 4 patterns according to the width of the slit, going from the thinnest wide 
to the widest slit. 

 

 
 

Answer: __________________ 
 
 
 
 
 
Answers  1: 5   2b   3c   4b   5: zero, upwards, upwards   6a   7b   8a    

9: same time, Francesco   10c   11a   12: 6th harmonic 

13: decrease, increase, increase   14: 7   15: C,D,B,A 
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16. (15 points) 
 
The villain Florence decides to destroy Earth where is living the very charming Lori-Eve. 
When Florence is 1 light-year away from Earth (according to Lori-Eve), she launches a 
missile towards Earth. The speeds on the diagram are the speeds as measured by Lori-
Eve. 

 
a) How long will it take for the missile to reach Earth according to Lori-Eve?  
b) How long will it take for the missile to reach Earth according to Florence? 
c) What is the speed of the missile according to Florence? 
d) What is the proper time between the departure of the missile and the arrival of the 

missile? 
e) What is the kinetic energy of the 3000 kg missile according to Lori-Eve? 

 
 

Answers: a) 1.25 years   b) 0.8125 years   c) 0.3846c   d) 0.75 years   e) 1.8 x 1020 J 
 

 

 

 

 

17. (10 points) 

 
A sound wave has a frequency of 1000 Hz and an intensity of 70 dB. Air temperature is 
20 °C. 
 

a) What is the wavelength of this wave? 
b) What is the amplitude of the oscillation of the air molecules if the air density is 

1.3 kg/m³? 
c) What is the maximum speed of air molecules? 
d) With a receiver having an area of 100 cm², how long will take to receive 5 mJ? 

 
 
Answers:  a) 34.32 cm   b) 33.7 nm   c) 0.2117 mm/s   d) 50,000 s 
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18. (10 points) 
 

An object is in a glass ball (n = 1.5), 
10 cm from the surface. The light 
emitted by the object gets out of the ball 
and then passes through a lens. 
 

a) Where is the final image? 
b) What is the total magnification? 

 
 
 
Answers: a) 14.35 cm to the right of the lens     b) -0.5217 
 
 
 
 
 
 
 
 
 
19. (10 points) 

 

Radon 221

86
Rn  undergoes a β- decay with a 25.7 minutes half-life. 

 
a) Write the complete reaction of disintegration. 
b) What is the energy released by this reaction? 
c) What is the activity of 1 µg of radon 221 (in Curie)? 
d) How many minutes will it take to have only 70% of the initial number of radon 

atoms? 
 

 

Answers:   a) 221 221

86 87
Rn Fr e ν−→ + +    b) 1.194 MeV   c) 33.08 Ci   d) 13.22 min 
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20. (10 points) 
 

Young’s experiment is performed with orange light (λ = 600 nm). The light passes through 
two slits and is projected on a screen at 3 m from the slits. The width of the slits is 25 µm. 
Then, this is seen on the screen. 
 

 
 

a) What is the distance between the slits? 
b) How many interference maxima are found inside the central diffraction maximum? 
c) What is the intensity of the fourth interference maximum compared to the intensity 

of the central interference maximum? 
 

Answers: a) 0.18 mm     b) 15     c) 0.3185 

 

 

 

 

 

21. (15 points) 

 
An electron is undergoing a harmonic oscillation. The mechanical energy of the electron 
is 4.61 eV and the amplitude of oscillation is 1 nm. 
 

a) What is the frequency of the oscillation of the electron? 
b) According to classical mechanics, what is the speed of the electron when it is 

0.6 nm from the equilibrium position? 
c) According to quantum mechanics, on which energy level is this electron? (In other 

words, n = ?) 
d) What is the wavelength of the photon emitted if the electron goes down to the 

lowest energy level? (Starting from the level found in c) 
Electron mass = 9.11 X 10-31 kg 

 
 
Answers: a) 2.027 x 1014 Hz     b) 1.019 X 106 m/s     c) n = 5     d) 295.9 nm 
 


