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NAME: ___________________________________________ CLASS: ______ 
 

Answer ALL questions in the spaces provided on the exam paper. 

All working must be shown.  The use of a calculator is allowed. 

Where necessary take the acceleration due to gravity, g = 10 m/s2. 
 

Waves 
and 

Optics 

   
v  =  f  λ 

f  =  1 
       T 

magnification = image distance 
                            object distance 

m = height of image 
        height of object 

η     =     speed of light (air) 
              speed of light (medium) 

η    =     real depth 
              apparent depth 

Motion 

v = u + at v2 = u2 + 2as 

s = ut + ½ a t2 
s = (u+v)  t 

   2 

 
Average speed = Total Distance 

                            Total time 
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SECTION A                                                                                      This Section carries 40 marks. 

 

 
1.  A number of water wavefronts approach a barrier as shown in Figure 1.  

 

 

 

 

 

Figure 1 

 

a)  How many complete waves are shown? ________________    [1] 

b)  What type of waves are water waves? 

________________________________________________________________________________  [1] 

c)  Calculate the wavelength of the waves. 

________________________________________________________________________________  [1] 

d)  The waves have a frequency of 3 Hz. 

i)   What is meant by the term frequency? 

________________________________________________________________________________  [1] 

ii)  Calculate the velocity of the waves in cm/s. 

________________________________________________________________________________  [1] 

e)  Draw on Figure 1 the shape of the waves after they pass through the gap in the barrier. [2] 

f)   Underline the correct answer: 

 The effect shown in Figure 1 is known as (refraction, diffraction, reflection).   [1] 

 

 

 

           Figure 3 
B 

30 cm 

 

barrier 
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2.  A slinky spring is shaken as shown below in Figure 2. 

 

 

Figure 2 

 

a)  State how the end of the spring needs to be moved to produce the waveform shown. 

________________________________________________________________________________  [1] 

b)  Label clearly on Figure 2: 

i)  a compression with a letter ‘C’.  [1] 

ii)  a rarefaction with a letter ‘R’. [1] 

 

c)  Draw on Figure 2 one wavelength ‘’ for this type of wave.   [1] 

d)  How many complete waves are shown in Figure 2? 

________________________________________________________________________________  [1] 

e)  What is the type of wave shown in Figure 2 called? 

________________________________________________________________________________  [1] 

f)  State what is observed if the frequency of waves is doubled.   

________________________________________________________________________________  [1] 

g)  Name a type of wave which travels in the same way represented in Figure 2. 

________________________________________________________________________________  [1] 
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3.  Figure 3 shows a ray of light directed at a semi-circular glass block 

 

 

Figure 3 

a)  Name the line ‘X’. 

________________________________________________________________________________  [1] 

b)  State which letter represents the angle of incidence. 

________________________________________________________________________________  [1] 

c)  State which letter represents the angle of refraction. 

________________________________________________________________________________  [1] 

d) Why is it that the ray of light not refracted at point ‘Y? 

________________________________________________________________________________  [1] 

e)  Underline the correct answer:   

As the ray of light passes from the glass block to the air, it enters a (denser, less dense) medium.  

As a result its speed (decreases, increases, remains the same) and it is refracted (towards, away 

from) the normal.  [3] 

f) Which phenomenon occurs if angle ‘e’ is increased further? 

________________________________________________________________________________  [1] 
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4.  A sonar is used by boats to determine the depth of the sea. A pulse of sound is emitted and 

reflected back by the sea bed.  It travels across the water at a speed of 1500 m/s. 

 

 
 
                                                                 Figure 4 

a)  What is the reflected sound called?      

________________________________________________________________________________  [1] 

b) Given that the depth is 2200 m, calculate the time taken to receive the reflected sound. 

________________________________________________________________________________   

________________________________________________________________________________  [2] 

c)  The frequency of the pulse is 38 kHz.   

i)  Change this value to Hz. 

________________________________________________________________________________  [1] 

ii)  Explain why this sound would not be heard by the people on the boat. 

________________________________________________________________________________   

________________________________________________________________________________  [2] 

d)  Name one medical use for this type of sound wave. 

________________________________________________________________________________   

________________________________________________________________________________  [1] 

e)  Explain why this type of wave cannot be used by astronauts in space. 

________________________________________________________________________________   

________________________________________________________________________________  [1] 
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5.  A spacecraft on planet Mars sends a signal to Earth.  The signal is made up of radio waves 

travelling at 300 000 000 m/s.  The average distance between the two planets is 225 million km.  

 

 

a) Change the distance between the two planets into metres. 

 
________________________________________________________________________________  [1] 

b) Calculate the time it takes for the radio waves to travel this distance. 

 
________________________________________________________________________________   

________________________________________________________________________________  [1] 

c) Explain why visible light would take the same time to travel this distance. 

 
________________________________________________________________________________  [1] 

d) Radio waves and visible light make part of the electromagnetic spectrum.  Which of these two 

waves have: 

i)  the shortest wavelength? _____________________________________   [1] 

ii)  the highest frequency?    _____________________________________   [1] 

 

e)  Name any other electromagnetic wave and state a source and a use for the wave chosen. 

i)  electromagnetic wave:  

________________________________________________________________________________  [1] 

ii)  source:  

________________________________________________________________________________  [1] 

iii)  use:  

________________________________________________________________________________  [1] 

 

 

225 million km 
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SECTION B                                                                                   This Section carries 45 marks. 
 

6.  A ray of light is reflected by a mirror as shown in Figure 5. 

 
                                                                           Figure 5 

a) Label on figure 5, the incident and the reflected ray.  [2] 

b)  Using the protractor in Figure 5, he finds that the angle of incidence = 63°           

      Complete:    The angle of reflection = _______
° [1] 

c)  Andrea changes the angle of incidence several times and measures the angle of reflection 

     each time.  He tabulates his results as shown below.   

Angle of incidence i (°) 0 10 20 30 40 50 60 

Angle of reflection r (°) 0 10 20 30 40 50 60 

Plot a graph of angle of reflection (°) on the y-axis against angle of incidence (°) on the x-axis. [5] 

 

d)  Underline the correct answers. 

i) The image in a plane mirror is (real, virtual).  [1] 

ii)   The image in a plane mirror is (the same size as, larger than, smaller than) the object.  [1] 

iii)  The image in a plane mirror is (upside down, laterally inverted). [1] 

 

    

 

 

 

 

 

 

 
 

         
                                                             
                                                   Figure 6 
 

mirror 

   P    Q 

e) An observer stands in front of a mirror 

as shown in Figure 6.   

 

i)  Draw the missing rays.            [2] 

 

ii) Complete:  

The object is represented by letter ___ 

while the image is represented by letter 

____ .                        [2] 
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7.  A van is driven from Mosta to Naxxar.   Its motion is represented in the 

table below.  

 

Time (s) 0 30 60 90 120 150 180 210 240 270 300 330 360 

Speed (m/s) 0 10 12 15 15 15 22 18 16 14 6 3 0 

 

a) What is the initial speed of the van? 
     
________________________________________________________________________________  [1] 

b) How long does he take to arrive in Naxxar?  Give your answer in seconds. 

________________________________________________________________________________  [1] 

c) What is the maximum speed reached by the van? 

________________________________________________________________________________  [2] 

d)  During the first 90 seconds the speed of the van increases.  We say that the van is  

_________________________________. [1] 

e)  In the final part he applies the brakes.  We say the van is __________________________.  [1] 

f) How long does the van travel at constant speed? 

_______________________________________________________________________________  [1] 

g) Calculate the distance covered by the van while travelling at constant speed. 

________________________________________________________________________________   

________________________________________________________________________________  [2] 

h) Using the equation s = (u+v)  t  calculate the distance travelled in the first 30 seconds. 
                                             2 

________________________________________________________________________________   

________________________________________________________________________________  [3] 

i)  Given that the average speed of the van for the whole journey is 11 m/s, calculate the total 

distance travelled. 

________________________________________________________________________________   

________________________________________________________________________________  [3] 
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8.   a) i)  Svea observes a fish swimming in a pond.  Complete Figure 7 to show how the image 

of the fish forms. Mark clearly the position of the image of the fish with a letter ‘X’.        [3] 

 
ii)  The phenomenon making the fish appear at a different depth is called _________________. [1] 

iii) State whether each of the following increases, decreases or remains the same when light 

passes from water to air: 

 wavelength   _________________________________   

 frequency      _________________________________   [2] 

iv) The fish is at a depth of 40 cm but appears to be 30 cm below the surface of the water.  

Calculate the refractive index of water. 

________________________________________________________________________________  [2] 

b) Alex uses a lens to observe an insect.  The insect (object) is placed very close to the lens.  

i) Complete the missing rays to show how the image forms.   [4] 

 

 

 

 

ii) Underline:   

 The type of lens used is called a (convex, concave) lens.  [1] 

 The image formed is (real, virtual) and is (smaller, larger) than the object.  [2] 

fish 

air 

water 

Figure 7  


