
UNIVERSITY OF MALTA 
G.F. ABELA JUNIOR COLLEGE 

FIRST YEAR 

END-OF-YEAR TEST 

SUBJECT:   PHYSICS            DATE:      September 2015 

LEVEL:  INTERMEDIATE    TIME:     09.00h to 12.00h 

Directions to Candidates 

Show ALL working 
Write units where appropriate 

Answer ALL questions in Section A 
Answer the single question in Section B 
Answer any TWO questions from Section C 

You have been provided with two booklets.  Use one booklet for Section A, the other 
for Sections B and C. 



Data and Formulae Booklet 

The following equations may be useful in answering some of the questions in the examination. 

Uniformly accelerated motion: 

Useful formulae: !
  
  

!  
  

!  
  

!

atuv +=

2

2
1 atuts +=

as u  v 222 +=

tvus ⎟
⎠

⎞
⎜
⎝

⎛ +
=

2

Circular motion: 

Centripetal acceleration:  !  

Period:  !  
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Materials: 

Hooke's law: F  = 
kΔx 

Stress:  !    

Strain:  !  

Young's modulus: !  

Energy stored in a stretched wire:   
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Fields: 
Force between point masses: 

  

Gravitational field strength  
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Vibrations and waves: 

Acceleration in s.h.m.: a  =  –k x 

Period: !  

Velocity of a wave: !

k
T π2=

λfv =

Mechanics: 

Momentum: p = m v 

Newton’s second law: !  

Kinetic energy: 

!  

Gravitational potential energy: 

!  

Mechanical work done: W = FΔd

maF =

21
2KE mv=

( )PE mgh= Δ
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The following constants may be useful in answering some of the questions 
in the examination. 

Acceleration of free fall on and near the Earth’s surface    g = 9.81 m s−2 

Gravitational field strength on and near the Earth’s surface  g = 9.81 N kg−1 

Coulomb’s law constant           k = 1/(4πεo) = 8.99 × 109 N m2 C−2 

Charge of an electron       e = −1.60 × 10−19 C 

Mass of an electron        me = 9.11 × 10−31 kg 

Electronvolt         1 eV = 1.60 × 10−19 J 

Gravitational constant                       G = 6.67 × 10−11 N m2 kg−2 

Permittivity of free space       εo = 8.85 × 10−12 F m−1 

Planck constant           h = 6.63 × 10−34 J s 

Speed of light in a vacuum       c = 3.00 × 108 m s−1 

Unified atomic mass unit            u = 1.66 ×10−27 kg 

Physics of nuclei and atoms: 

Radioactivity: !  

Half-life                                      T1/2   = 0.693/λ 

Mass-energy relation: !  

Line spectra: 

!  
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Ray optics: 

Thin lenses: !  (real is 
positive) 

  !  (Cartesian)   

Magnification: ! (real is 
positive) 

  !
(Cartesian)  
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Mathematical Formulae: 

Surface area of a sphere:  !  

Volume of a sphere: !  

Surface area of a cylinder: 

!  

Volume of a cylinder: !
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 Section A 

Attempt ALL questions in this section. Please do not forget to write the question 
number in the margin. 

Each question carries 7 marks. This section carries 50% of the total marks of the test. 

1. The force due to air resistance Fair exerted on a skydiver due to her motion through 
the air is given by 

    !  

where ρ is the density of air, v is the speed of the skydiver and D is a constant called 
the drag factor. 

(a)   Determine the SI unit of D.   [2] 
(b)  The diagram shows two of the main forces acting on the skydiver during her 

descent. 

                                                                        Fair  

!  

                                                                                          weight 
      

(i) Newton’s third law concerns pairs of forces. State the third law. [1] 
(ii) Give one reason why the forces in the diagram are not a pair of Newton 3rd 

law forces. [1] 
(iii) The mass of the skydiver is 60 kg.  At a particular instant, !  is exactly 

equal to half her weight.  What is her acceleration at this moment?   [3] 

Fair  =  
1
2

  ρ D v2

Fair 
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2. The apparatus shown is set up to produce a clear display on the screen of Young’s 
fringes.  The fringes are, alternately, bright and dark. 

!  
   

(a)  The bright fringes result from constructive interference. Explain, in  
  terms of phase and path difference, why there are bright fringes.  [3] 

(b) The centres of two consecutive bright fringes are measured to be 2.4mm 
apart.  

  Calculate the wavelength of the light from the laser.  [2] 

(c) A student tried to replicate this experiment, using slits of width 8mm,  
but did not succeed in obtaining a pattern of fringes on the screen.  Give a 
reason for this failure.  [2] 

3. In a laboratory experiment two gliders A and B lie on a linear air track  
Glider A, of mass 0.200 kg, is accelerated from rest by a force of 3.00 N acting for 
0.150 s.  

!  

  (a) Show that the velocity of glider A after acceleration is 2.25 m s-1 to the  
                     right.     [3] 

  (b) Glider A then collides with a stationary glider B.  They stick together           
and move with a velocity of 1.20 m s-1 to the right.   Show that the mass of   
                     glider B is 0.175 kg.       [3] 
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  (c) Question (b) could not have been answered to give realistic results, if A 
and  
         B had been moving on a table top rather than an air track.  
                     Explain why. [1] 

4. A bobsleigh run in Norway has a curving track of overall length 1.4 km from start 
to finish. During a run, the bobsleigh starts from rest, and drops through a vertical 
height, h, of 120 m. 

 !  

(a) (i)  Assuming no resistive forces, show that the maximum possible speed, ! ,  
   of a bobsleigh at the finish line is given by  
                                                                  !                                                      [2] 

(ii)  Hence calculate the maximum possible speed of a bobsleigh at the  
 finishing line.   [1] 

(b) Due to resistive forces, the actual speed at the finishing line is 20% less than  
the maximum possible speed.  Determine the mean resistive force experienced by 
the bobsleigh during the 1.4 km run.   The mass of the bobsleigh and      riders = 
280 kg.  [4] 

v

v =   2 gh
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5. A laser beam is directed on to the end-face of a rod of clear plastic of refractive 
index 1.33, surrounded by air (refractive index 1.00). 

!  
(a) Calculate the angle α.  [2] 

(b) Explain how you can easily conclude that at P the ray will be refracted out into the 
air.  State the angle of refraction.  [2] 

(c) 

 !  

At another point Q, the ray strikes the plastic-air interface at an angle of 50o.  With 
the help of a suitable calculation, state what happens to the ray at Q.  [3] 
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6. A poorly-designed bridge has a natural period of oscillation of 0.81 s. 

!  

(a) What is the natural frequency of the bridge? [1] 

(b) The wind causes the bridge to oscillate such that a dog, standing in the middle of 
the bridge, oscillates up and down with simple harmonic motion.   

 (i) Define simple harmonic motion.  [2] 
(ii) At which point of its oscillation does the dog experience the greatest 

acceleration? [1] 
(iii) At which point of its oscillation does the dog experience the greatest 

velocity?   [1] 

(iv) Why might it be dangerous for the dog to stand on the bridge on a day when 
the wind forces it to vibrate with a frequency similar to that found in (a) 
above?  [2] 

7. A ball is thrown vertically upwards and passes a window ledge 0.3s after being 
released. It passes the window ledge on its way back down, 1.6 s later.  Ignore air 
resistance. 
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!  

(a) Determine the time of flight of the ball.  [1] 

(b) What is the final displacement of the ball if it was caught at exactly the same  
  point as it was released? [1] 

(c) Hence find the initial velocity of the ball when it was released.  [3] 

(d) Calculate the height of the window ledge above the point of release.  [2] 

8.    In Rutherford’s scattering experiment, alpha particles from a radioactive source are 
scattered as they approach the nucleus of a gold atom.  The diagram shows three 
alpha particles at their closest approach to a gold nucleus.  

(a)    Copy the diagram and complete the subsequent paths of the alpha particles after 
they have been scattered by the gold nucleus.  [3] 
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!  
(b) Why are the alpha particles scattered as they approach the gold nucleus? [2] 
(c)       Explain one important observation of this experiment which led  

Rutherford to conclude that the positively-charged nucleus of an atom 
occupied a very tiny space of the entire atomic volume.  [2] 

  
9. A small ball is tied to a string OA.  It is made to rotate in a vertical plane with O as 

its centre of rotation.  When the ball is at its lowest position, the string breaks.  The 
ball then moves with a velocity of 0.8 m s-1 at a height of 1.5m above the ground as 
shown. 

!  

                                    
                                                                                                    gold 
nucleus 

               alpha particle

            O

    A
0.8 m s-1

1.5m

(a)  Calculate the time taken 
by the ball to reach the 
ground.  [4] 

(b)  Determine the 
horizontal distance travelled 
by the ball during this time.
 [3] 
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10. A motor boat, crossing a river and travelling at 4 m s-1 due east, encounters a 
downstream current of velocity 3.0 m s-1 directed due north. 

(a) What is the resultant velocity of the motor boat?   [3] 

(b) If the river is 80 m wide, show that the boat takes 20s to travel from one bank of 
the river to the other?  [2]   

(c) Due to the water current, the boat reaches the opposite bank further downstream 
rather than directly opposite its point of departure.   How much further 
downstream does the boat reach the opposite bank?  [2] 

Section B.  

Attempt the question in this section.  PLEASE START A NEW BOOKLET and do not 
forget to write the question number in the margin. 
  
 This question carries 20 marks which is equivalent to 14% of the total mark of 
the test. 

11.    A metre ruler has a number of holes drilled in it and a student uses it as a pendulum 
by suspending it from a particular hole and setting it to swing.  He repeats this for 
many different points of suspension. Each time the student measures the height h 
between the point of suspension and the centre of gravity of the ruler and the 
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corresponding periodic time T for the swings of the oscillating ruler. The results are 
shown below. 

    

(a) Copy the table and complete the values for T2 h and h2.  The first set has been done 
for you.  (4) 

(b) Plot a graph T2 h against h2.   (6) 

(c) It can be shown that the two plotted variables are related according to the following 
equation: 

   T2 h  =     +    

h/m T/s T2h /s2 m h2/m2

0.480 1.614 1.25 0.23

0.430 1.577

0.380 1.539

0.330 1.517

0.280 1.500

g
k224π

g
h224π
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 Use the graph to determine a value for  

(i) g (the acceleration due to gravity in m s-2)  (5) 
  

(ii) k (a constant measured in metres)  (5)   

  

Section C 

Continue this section on the booklet used for Section B. You are to attempt TWO 
questions only from this section. Each question carries 25 marks. This section carries 
36% of the total mark of the exam. 
Please do not forget to write the question number in the margin. 
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12.  

 (a)   State Newton’s law of Universal gravitation.  [3] 

(b) The diagram shows a point X between the Sun and Pluto where the respective 
gravitational field strengths, due to the Sun and Pluto, are equal and opposite.  
The diagram also shows the respective masses of the Sun and Pluto. 

!  

 (i) What do you understand by the term gravitational field strength? [2] 

 (ii) Work out a value for the ratio ! . [4] 

(iii) Determine the value of r2 given that Pluto’s average distance from the Sun is 
5.915 x 109 km. [4] 

(iv) What is the mutual gravitational force acting on the Sun and Pluto? [3] 

(v) Show that Pluto’s average orbital speed is about 4.7 km s−1. [3] 

(vi) How many Earth years does Pluto take to orbit the Sun? [3] 

(vii) If, for some mysterious reason, the gravitational force between the Sun and 
Pluto were to cease to exist, what effect would this have on the motion of 
Pluto?  Explain.   [3] 

13. This question is about elasticity. 

(a) Define stress and strain.       [2,2] 
  
(b) State Hooke’s law.        [2] 
  
(c) The graph shows the stress-strain variation for a particular material. 

1

2

r
r
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!  
(i) If a sample of this material is 100 cm long, to what maximum extension can it be 

stretched for Hooke’s law to remain applicable? [2]    

  
(ii) When the stress on the wire is 100000kPa, the corresponding strain is 0.01.  If the 

sample is stretched to this point, determine how much elastic energy would  
be stored in it?  The sample is in the form of a wire of radius 2mm.   
        [4] 

  

(iii) With the help of the graph, work out an approximate value for the Young’s  
modulus of this material?       [3] 

  

(iv) At stresses around 300,000kPa, the material begins to show plastic behaviour.  
Name the point that marks the beginning of plastic behaviour and state one 
important difference between plastic behaviour and elastic behaviour.    [1,2] 

   

(v) Is this material brittle or ductile?      [1] 
   
            
(d) When a sample of rubber undergoes a loading-unloading cycle it is said to  
demonstrate elastic hysteresis.  

(i) State two notable differences in elastic behaviour between a rubber wire and a 
metallic wire like copper.      [1,1] 
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(ii) Sketch a stress-strain graph for a rubber sample and use it to explain the  meaning 
of elastic hysteresis.  The sketch should including both loading and  unloading 
sections.        [4] 

!  
  

14.  (a) Tin (Sn) is the element with the greatest number of stable isotopes. 

(i) What are isotopes? [2] 

(ii) How would you know that an isotope is stable or unstable?   [2] 

(b) To protect themselves in high radiation environments, workers are requested to 
wear dosimeter badges to measure the level of radiation to which they have been 
exposed. 

(i) In a room where radioactive sources are stored, explain why a worker is 
more bound to be exposed to gamma radiation rather than to alpha radiation. 
 [2] 

(ii) State two other precautions that should normally be taken by people 
working in such environments. [2] 

(c) The sodium isotope Na-24 is radioactive and has a decay constant of                
1.28 × 10−5 s−1. 

(i) If, at a particular moment, it is found to contain 6.00 × 1010 atoms, what 
would  its activity (in Bq) be? [3] 

(ii) How many undecayed Na-24 atoms would there be 30 hours later? [3] 
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(iii) Sketch a graph to show how the number of undecayed Na-24 atoms is 
bound  to vary with time from the initial number of 6.00 × 1010 atoms.     
[3] 

(d) A uranium nuclide, U-233 decays to a thorium nuclide Th-229 by emitting an  
alpha particle.  

(i) What is the nature of an alpha particle?        [2] 
(ii) Given that thorium has a proton number of 90, write down an equation to 

represent this decay.                            [2] 
(iii) Calculate the energy released in this decay given that the rest mass of the 

uranium nuclide is 233.03950 u, that of the thorium nuclide is 229.03163 u, 
 while that of a helium-4 nuclide is 4.002604 u.       [4]               

15 (a) 

(b) 

(c) 

[3] 
[1] 

[3] 

[2] 

[2] 

Explain why a body performing circular motion must necessarily be 
acted upon by a force, even if the speed remains unchanged.   Why is it 
said to be “centripetal”? 

In the ladies’ hammer throw, in the Olympic Games, the hammer is of 
mass 4.0kg and is affixed to a cable that is 1.2m long. 

!  

 (i)  At a moment when the hammer is being whirled around, almost 
horizontally, at a speed of 20 m s−1, determine the tension in the cable. 

(ii)  Suppose this tension extends the cable by 5 mm, determine the 
elastic potential energy stored in the cable. 

(iii)  What would be the initial path taken by the hammer if the cable 
were to break at some instance during rotation? 

The figure shows a parcel on the floor of a delivery van that is passing 
over a hump-backed bridge on a straight section of road. The radius of 
curvature of the path of the parcel is r and the van is travelling at a 
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