
EXAM 1
WAVES, OPTICS AND MODERN PHYSICS

15% of the final mark

Autumn 2019                                                     Name: ___________________________  

Each multiple-choice question is worth 3 marks. 

1. Two mass-spring systems A and B are oscillating with the same amplitude. The 
oscillating masses are identical for both systems, but the spring constant is greater for 
system A. Which mass has the highest maximum speed? 

 The mass in system A 
 The mass in system B 
 The speed is the same for both masses. 

2. Here are the images of four sinusoidal waves at t = 0. Which of these waves has a 
phase constant of 3/2? 

 A 
 C 

 B 
 D 

3. A 10 dB sound has an intensity in W/m² which is ________times greater than a 0 dB 
sound. 

Sound A has an intensity 40 dB greater than sound B. This means that in W/m² the 
intensity of sound A is ________ times greater than sound B. 
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4. The diagram shows a ray of light passing from medium A to medium B and another 
ray of light passing from medium A to medium C. In both cases, the light arrives with 
the same angle of incidence. Classify the medium according to their refraction indices 
by starting from the largest index and going to the smallest index. 

    Answer: _____________________________________ 

5. In the two mass-spring systems shown on the diagram, the springs are identical. 
There is no friction between the ground and the masses. If the two systems are 
oscillating with the same 
amplitude, which system has 
the highest mechanical 
energy?  

 The 5 kg mass 
 The 10 kg mass 
 The mechanical energy is the same for both systems. 

6. For each point (L to R) of the next diagram, draw an arrow showing the speed of the 
rope at that instant. If the speed is zero in one place, write 0. 
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7. A wave travels on string A and another wave travels on string B. The two strings are 
identical and have the same tension. The following graphs show the time position of 
a piece of the string on each string as the waves pass. 

Wave in string A 

Wave on string B 

Which wave has the highest speed? 

 The wave on string A. 
 The wave on string B. 
 The speed is the same for both waves. 

8. A car driven by Alexandra is heading towards Laury. The car goes at constant speed 
up to point B. At point 
B, Alexandra starts to 
brake and stops just 
before crushing Laury. 

Draw the graph of the 
frequency heard by Laury as a function of time. (tB is the time when the car is at point 
B and tL is the time when the car stops. f0 is the frequency that Laury would hear if the 
car was at rest.) 
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9. The next diagram shows a wave passing from one medium to another. Answer the 
following questions with A, B or the same. 

In which medium does the wave have the highest speed? ___________ 

In which medium does the wave have the highest frequency? ___________ 

10. Two beams of vertically polarized 
light with the same intensity pass 
through 3 polarizers. In which case is 
the intensity of the light transmitted 
the greatest? 

 a 
 b 
 The intensity is the same in 

both cases. 

Answers: 1a     2d     3: 10 and 10,000     4: ACB     5c     7c      9: B, the same     10c 

6                  8 

(In reality, the 
decline is not 
linear, but it 
doesn’t matter 
here.) 
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11.  (20 points) 

A pendulum is released with an initial angle of 10 degrees and a speed of 1 m/s as 
shown in the diagram.  

a) What is the period of the pendulum? 
b) What is the amplitude (in degrees) of this pendulum? 
c) What is the speed of the pendulum when the angle with 

the vertical is 5°? 
d) What is the phase constant of this motion (with the 

positive direction shown on the diagram)? 

Answers a) 3.476 s     b) 14.55°   
        c) 1.293 m/s         d) 2.384 rad 

12. (15 points)

A light wave with an intensity of 5 W/m² and a 
wavelength of 500 nm passes from air to 
diamond (n = 2.4). 

a) What is the speed of the wave inside the 
diamond? 

b) What is the wavelength of the light inside 
the diamond? 

c) What is the intensity of transmitted light 
when the light enters the diamond? 

d) What is the value of the angle  in the 
diagram? 

Answers a) 1.25 x 108 m/s     b) 208.3 nm     c) 4.152 W/m²     d) 51.6° 
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13. (20 points) 

When a siren moves at 40 m/s towards a stationary observer, the observer hears a 
sound at 272 Hz. When the same siren moves at 20 m/s away from the stationary 
observer, the observer hears a sound at 224 Hz. 

a) What is the frequency of the sound generated by the siren? 
b) What is the air temperature (in °C)? 
c) An observer at rest 1 km away from the siren notes that the sound has an 

intensity of 50 dB. What is the power of the siren? (Assuming the source is 
isotropic and assuming that air does not absorb the sound.) 

d) 10 of these sirens are now producing a sound at the same time. What is the 
intensity (in dB) for an observer 200 m from the sirens? 

Answers a) 238 Hz     b) -18.32 °C     c) 1.257 W     d) 73.98 dB 

14. (15 points)

A sine wave travels along a rope having an impedance of 0.3 kg/s. The wavelength 
is 40 cm, the amplitude is 2 cm and the maximum speed of the rope is 20 m/s. 

a) What is the frequency of the wave? 
b) What is the speed of the wave? 
c) What is the tension of the rope? 
d) What is the power of the wave? 

Answers a) 159.15 Hz     b) 63.66 m/s     c) 19.10 N     d) 60 W 


