
EXAM 3
WAVES, OPTICS AND MODERN PHYSICS

40% of the final mark

Autumn 2019                                                     Name: ___________________________  

Each multiple-choice question is worth 2 marks. 

1. A lens is made of a material with a refraction index that is a little greater for red than 
for blue. For which of these colours is the lens’s focal distance the smallest? 

 Blue 
 Red 
 It is the same for both 

2. The diagram graphically represents the variation of the maximum kinetic energy of the 
electrons ejected in a photoelectric effect for 4 different metals. Which of these metals 
has the smallest work function? 

 Cesium 
 Potassium 
 Sodium 
 Lithium 
 The work function is the 

same for all these metals. 

3. What is the missing element produced by this plutonium fission? 

236 138 1
94 56 0? 3Pu Ba n  

Answer: ___________ 

4. Which of the following phenomena is related to light polarization? 

 The colours made by a thin layer of oil on water. 
 The separation of light into two beams in some crystals. 
 The aberration in spherical lenses. 
 Total internal reflection. 
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5. In a spaceship, Justine travels from Earth to the nearest star, located 4 light-years 
away, at 80% of the speed of light. In this case, the trip lasts 3 years for Justine. Which 
of the following statements is true about the time taken to make the trip according to 
other observers? 

 The duration of the trip is shorter for all observers who are moving relative to 
Justine. 

 The duration of the trip is longer for all observers who are moving relative to 
Justine. 

 The duration of the trip is shorter according to observers moving in one 
direction relative to Justine and is longer for observers moving in the other 
direction relative to Justine. 

 The duration of the trip is the same for all observers of the universe. 

6. When the masses shown on the diagram are hung on the springs, the stretching of 
the spring is the same for both springs. 
Then, we make these masses oscillate. 
Which of the two masses will oscillate with 
the greatest period?  

 The 2 kg mass. 
 The 4 kg mass. 
 The period will be the same for both. 
 It depends on the value of the 

amplitude given to each mass. 

7. Stationary waves of the same amplitude are created in strings of the same length, 
tension, and linear mass. In one case, the wave is at the fundamental mode (n =1) 
and in the other, at the second mode (n = 2). In which case is the maximum speed of 
the rope in the centre of the antinode the greatest? 

 With the wave in the fundamental mode. 
 It is the same for both. 
 With the wave in the second mode. 
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8. Two electrons are trapped in two boxes of the same width L. Box A is an infinite 
potential well, while box B is a finite potential well.  

If the energy of the electron at the first level is 1.5 eV in box A, then the energy of the 
electron at the first level in box B is… 

 greater than 1.5 eV. 
 also 1.5 eV. 
 smaller than 1.5 eV. 
 not known as it depends on the exact value of the width of the box. 

9. An observer at rest hears a sound at 300 Hz when the horn of a vehicle at rest is 
sounded. If the same vehicle now moves towards the observer (who is still at rest) 
while the horn is sounding, then the observer hears a sound with frequency… 

 greater than 300 Hz. 
 equal to 300 Hz. 
 smaller than 300 Hz. 
 Unknown because it depends on the air temperature. 

10. The image of an object is made with a mirror. Which of the following mirrors can form 
a virtual image larger than the object? 

1) A convex mirror 
2) A plane mirror 
3) A concave mirror 

Answer(s): _____________________ 
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11. The diagram shows waves of different wavelengths approaching slits of different 
widths. (The straight lines show the maximums of the wave. The distance between 
these lines is therefore equal to the wavelength.)  

In which case will the width of the central diffraction maximum be the greatest? 

 A 
 B 
 C 
 D 

12. Which of the following quantities decreases when light passes from air to water? 

1. The speed of the wave 
2. The frequency of the wave 
3. The wavelength of the wave 
4. The period of the wave 

Answer(s): ______________________ 

13. The nucleus 22688Ra  undergoes a gamma decay. What is the isotope obtained after the 
decay? 

Answer: ______________________ 
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14. Thaliane (at point P on the diagram) receives two sound waves coming from speakers, 
but she hears nothing. Which of the following can explain this? 

1. The path-length difference (r) between the speakers is an even number of 
wavelengths. 

2. The path-length difference (r) between the speakers is an odd number of 
wavelengths. 

3. The phase shift between the waves is an even number of . 
4. The phase shift between the waves is an odd number of . 
5. Thaliane must be deaf because it is impossible to have no sound when 2 

sound waves are superimposed. 

Answer(s): ___________________________ 

15. In the situation shown in the diagram, the arrow and cylinder have exactly the same 
length according to Victor. This means that, according to William… 

 the arrow is longer than the cylinder. 
 the arrow is shorter than the cylinder. 
 the arrow has the same length as the 

cylinder. 

Answers 

1b   2a   3 : Strontium 95   4b   5b   6c   7c   8c   9a   10 : 3 only  11b   12 : 1 and 3 
13 : Radium 226   14 :4   15a    
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16. (10 marks) 

A concave mirror with a 2 m radius of curvature is placed in a lake, 4 m below the 
surface. A bird is 3 m above the lake, directly above the mirror. So there will be a final 
image formed by a dioptre, a mirror and again the dioptre 
when the light comes out of the water. 

a) Where is the final image of the bird? Make a mark 
on the diagram to show where this image is. 

b) What is the final magnification? 

Answers: 

a) 2.148 m under the surface of the lake 
b) -0.143 

17. (10 marks) 

The diagram shows a sinusoidal sound wave travelling from a speaker to an ear (both 
at rest).  

The air temperature is 24 degrees Celsius and the air density is 1.3 kg/m³. 

a) What is the frequency of this wave? 
b) If the amplitude of motion of the air molecules is 1 µm, what is the intensity of 

this wavelength (in dB)? 
c) What will be the frequency heard if the observer is now approaching the 

speaker (still at rest) with a speed of 30 m/s? 

Answers: 

a) 1728 Hz        b) 104,2 dB        c) 1878 Hz 



Exam 3 – Waves, Optics and Modern Physics 

18.  (15 marks) 

The mass-spring system shown in the diagram is oscillating. The mechanical energy 
of this system is 50 J. At the start (t = 0), the mass is to the right of its equilibrium 
position and its speed is zero. 

a) What is the period of this motion? 
b) What is the amplitude of this motion? 
c) What is the maximum speed of the mass? 
d) What is the speed of the mass when it is 60 cm 

from the equilibrium position? 
e) When will the mass be at the equilibrium position for the first time? 

Answers: 

a) 1.405 s        b) 1 m        c) 4.472 m/s        d) 3.578 m/s        e) 0.3512 s 

19. (15 marks) 

A train with a length at rest of 300 m will pass through a tunnel with a length at rest 
of 1800 m. Justine is on the train, and Felix is at the entrance of the tunnel. The train 
heads towards the tunnel at 0.8 c. 

a) How long is the train according to Felix? 
b) How long is the tunnel according to Justine? 
c) How long does it take for the train to pass through the tunnel according to 

Justine (between the time when the front of the train enters the tunnel and the 
time when the train’s end exits the tunnel)? 

d) How long does it take for the train to pass through the tunnel according to Felix? 

Answers: 

a) 180 m        b) 1080 m        c) 5.75 µs        d) 8.25 µs 
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20. (10 marks) 

Electrons (m = 9.11 x 10-31 kg) are sent through a grating. The speed of the electrons 
is 1000 km/s, and there are 600 slits per mm on the 
grating. 

a) Calculate the distance between the central 
interference maximum and the interference 
maximum of order 1 on a screen located 5 m 
from the slits. 

b) What would be the energy of the photons if we 
replaced the electrons with photons while 
keeping the maximums at the same places? 

Answers: 

a) 2.182 mm        b) 1705 eV 

21. (10 points) 

The magnesium nucleus Mg28
12  undergoes a - decay with a 20.91 hours half-life. 

a) What particles do you get after this decay (all of them)? 
b) What is the energy released by this decay? 
c) What is the activity of a 5 µg sample of pure Mg28

12  (in Ci)? 
d) What will be the activity of this sample (in Ci) in 3 days? 

Answers: 

a)   28 28
12 13Mg Al e v        b) 1.832 MeV       c) 26.75 Ci       d) 2.46 Ci 
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