
EXAM 2
WAVES, OPTICS AND MODERN PHYSICS

15% of the final mark

Autumn 2020                                                     Name: ___________________________  

Each multiple-choice question is worth 3 marks. 

1. A lens is made of a material with a refractive index of 1.2. The lens is converging when 
it is in air. If the lens is immersed in water, whose refractive index is 1.3, then… 

___ % the lens remains converging but its focal distance decreases. 
___ % the lens remains converging but its focal distance increases. 
___ % the lens remains converging and its focal distance does not change. 
___ % the lens becomes a diverging lens. 

2. In a Young interference experiment, green light passes through 2 slits and the 
interference pattern is observed on a screen. Among the following changes, which 
would decrease the distance between the bright fringes on the screen? 

1. Increase the distance between slits. 
2. Reduce the distance between slits. 
3. Replace green light with blue light (smaller wavelength). 
4. Replace green light with red light (larger wavelength). 

Answer(s): ______________________ 

3. Didier wears glasses because he does not see near objects clearly. If he changes his 
glasses for glasses with a higher power, what will happen? 

___ % The distance of his punctum proximum will increase. 
___ % The distance of his punctum proximum will remain the same. 
___ % The distance of his punctum proximum will decrease. 
___ % The distance of his punctum proximum will change, but it is impossible 

to known if this will increase or decrease the distance because we do 
not know the power of accommodation of the eye. 
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4. A standing wave forms in a medium made of two ropes end to end. If, at some instant, 
the wave has the shape shown on this figure, what can be inferred? 

___ % The rope on the right has a higher linear density than the rope on the left. 
___ % The rope on the right has a smaller tension than the rope on the left. 
___ % The frequency of the wave on the rope to the left is greater than the 

frequency of the wave on the rope to the right. 
___ % The speed of the wave on the rope to the left is smaller than the speed 

of the wave on the rope to the right. 

5. A converging lens forms the image of an object on a screen. The image is real and is 
twice as large as the object. If the positions of the screen and the object are switched 
while leaving the lens in the same place, how big will the image be on the screen? 

___ % Half the size of the object.  
___ % Same size of the object. 
___ % Twice the size of the object. 
___ % It’s a trap, the image won’t even be on the screen (blurry image). 

6. Young’s experiments with two slits is performed. What happens if a third slit (same 
width as the other 2) is added halfway between the other two? 

___ % The distance between the maxima increases, and the maxima are 
brighter. 

___ % The distance between the maxima decreases, and the maxima are 
brighter. 

___ % The distance between the maxima remains the same but the maxima are 
brighter. 

___ % The distance between the maxima increases and the maxima keep the 
same intensity. 

___ % The distance between the maxima decreases and the maxima keep the 
same intensity. 

___ % The distance between the maxima remains the same and the maxima 
keep the same intensity. 
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7. Light with wavelength  (in vacuum) arrives perpendicularly on a thin film having a 
refractive index n2 and a thickness e. The film is on top of a medium with a refraction 
index n3. Which of these film thicknesses would 
create destructive interference if n3>n2>n1? 

___ % e = ~0 
___ % e = ¼ / n1

___ % e = ½ / n1

___ % e = ¼ / n2

___ % e = ½ / n2

___ % e = ¼ / n3

___ % e = ½ / n3

8. Here are the patterns obtained on a screen using lasers of the same colour. 

These patterns were obtained by sending light through these slits.  

Associate the slits used with the pattern obtained. 

Top pattern: slits ________ (A, B or C) 

Middle pattern: slits ________ (A, B or C) 

Bottom pattern: slits ________ (A, B or C) 
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9. Green light passes through a slit having a width a, and the diffraction pattern is 
observed on a screen. The width of the central diffraction maximum obtained is noted 
l. Then, the width of the slot is reduced to a/2. 
After this change, what will the width of the 
central diffraction maximum be?  

___ % l / 2 
___ % 2 l
___ % l / 4 
___ % 4 l
___ % l

10. Here is a standing wave on a rope (the rope oscillates between the 2 full black curves). 

Complete the following sentences with greater than, smaller than or the same as. 

The oscillation frequency at position i is ____________ the oscillation frequency at 
position ii. 

The oscillation amplitude at position i is ____________ the oscillation amplitude at 
position ii. 

Answers:  1d     2: 1 and 3     3c     4a     5a     6a     7d     8: A,C,B     9b 
  10: the same as, smaller than 

screen 
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11. (20 points) 

A converging lens with a focal distance of 12 cm is 20 cm away from a diverging lens 
with a focal distance of 50 cm. A 2 cm high Smurf is placed 15 cm from the first lens. 

a) Where is the final image of the Smurf? 
b) What is the size of the final image?  Say if it’s erect or upside down. 
c) What is the absolute value of the curvature radius of the surfaces of the 

convergent lens if both sides of the lens are convex, have the same radius (in 
absolute value), and if the lens is made of a material with a refractive index of 
1.6? 

Answers:  a) The image is 200 cm to the right of the diverging lens. 
  b) The height of the image is 40 cm and it is upside down. 
  c) 14.4 cm 

12. (15 points)  

A soap bubble in air appears green ( = 540 nm) for an observer. If the refractive 
index of the bubble wall is 1.35, what is the minimum thickness that the bubble wall 
can have? 

 Answer: 100 nm 

Converging lens Diverging lens 
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13.  (20 points) 

Red light ( = 600 nm) passes through two slits 0.2 mm apart. The width of the slits is 
0.02 mm. The resulting interference pattern is observed on a screen 2.4 m from the 
slit. 

a) What is the distance between both 8th order interference maxima (the one on 
the left and the one on the right) on the screen? 

b) What is the width of the central diffraction maximum on the screen? 
c) What is the intensity of the 2nd order interference maximum compared to the 

intensity of central interference maximum (m = 0)? 

Answers:  a) 11.52 cm     b) 14.41 cm     c) 87.5% of the intensity 

14.  (15 points)

Edward has just made a guitar with Popsicle sticks and worn floss and now he wants 
to tune it. The rope he’s adjusting has a 60 cm length and a 0.9 g mass.   

a) What should be the tension of the rope to have a fundamental oscillation 
frequency of 512 Hz? 

b) What are the frequencies of the second and third harmonics? 
c) What is the wavelength of the wave corresponding to the second harmonic? 
d) If the rope oscillates at the 2nd harmonic, what is the oscillation amplitude of the 

rope 5 cm from the end of the rope if the amplitude is 1 mm in the centre of the 
antinodes?  

Answers:  a) 566.2 N     b) 1024 Hz and 1536 Hz     c) 60 cm     d) 0.5 mm 


