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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

Uniformly accelerated motion: 

Useful formulae: !   
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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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Vibrations and waves: 

Acceleration in s.h.m.: a  =  –k x 

Period: !  

Velocity of a wave: !

k
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Mechanics: 

Momentum: p = m v 

Newton’s second law: !  

Kinetic energy: !  

Gravitational potential energy: !  

Mechanical work done: W = FΔd
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Fields due to point sources: 

Force between point charges: 

!  
Force between point masses: 

                                            !

2
0

21

4 r
QQ

F
πε

=

2
21

r
MMGF =

Circular motion: 

Centripetal acceleration:  !  

Period:  !  
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

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

Current electricity: 

Current: I = nAve  

Ohm’s law: !  
Resistors in series:    RTOTAL = R1 + R2 + … 

Resistors in parallel: !   

Power: !
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Capacitance: 

Charge on capacitor: !  

Parallel-plate capacitor: !
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Ray optics: 

Thin lenses: !  (real is positive) 

  !  (Cartesian)   

Magnification: ! (real is positive) 

  ! (Cartesian)  
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Electromagnetism: 

Electric field strength:  !  

Electric potential (uniform field): !  

Energy of a particle accelerated by an electric 
field: 

 !  

Force on a moving charge: !  

Force on current: !  

Electromagnetic induction: !

q
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Alternating current: 

Root mean square for sinusoidal alternating 

current and voltage: ! ; !2
0II rms =

2
0VVrms =

Physics of nuclei and atoms: 

Radioactivity: !  

Half-life                                      T1/2   = 0.693/λ 

Mass-energy relation: !  

Line spectra: !  

A Nλ=
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λ
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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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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

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 

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.  Light waves are transverse waves. Sound waves are longitudinal 
waves. 

(a)  Explain the difference between a transverse wave and a longitudinal 
wave.  [2] 
  In transverse waves, the oscillations are at right angles to the 
direction of wave travel   whilst in longitudinal waves, they are along 
the direction of wave travel.  2 marks 

(b)  A television is switched on inside a room. When the door is 
open, a person   outside the room (see diagram) can hear the 
television but cannot see it.    Explain. 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

     [3] 

 The wavelengths of the sound waves emitted are comparable to the 
 dimensions of the door and so spread out considerably and reach the 
person.   The wavelengths of light are just a ten thousandth of a mm 
and so are too  small to be diffracted by the open doorway.  Light from 
the TV will travel in  straight lines through the open doorway and will 
not reach the person.  
           3 marks 

(c)  At one point, the TV malfunctions and begins to emit a high-pitched 
sound of  frequency 15 kHz.  If sound travels a distance of 1200 km in 
one hour,  determine the wavelength of the sound produced.  
  [2] 
 c  =  1200 000 / 3600  =  333.3 m s−1      1 mark 

 c = f λ   1 mark 
 333.3  =  15 000 ×  λ    1 mark 
             
                 λ  =  0.022 m 

2. Copper is widely used to make electric wiring because of its good 
conductivity,  its high tensile strength and its high ductility. 

(a) What does it mean to say that copper is (i) strong and  (ii) ductile?
  [2] 
                   (i)   Copper withstands large stresses before breaking.   1 
mark 
  (ii)  Copper undergoes large strains before breaking  or 
copper is able to    deform considerably when stretched.   1 
mark 

(b) Sketch the stress-strain graph obtained when a sample of a ductile 
material is  stretched up to its breaking point.    
  [2] 

                                     stress 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

                                          strain 
                                                                        2 marks 

(c) A thick copper cable of diameter 40 mm is subjected to a tensile 
force of        5 kN.   The unstretched cable length is 25.0 m.  Given 
that copper has a Young modulus of 1.2 × 1011 Pa, calculate the 
extension of the cable.   [3] 

 Y = F/A  ×   ℓ/Δ ℓ         
 Δ ℓ   =  F/A  ×  ℓ /Y         1 mark 
             Δ ℓ   =  5000 /π × 0.022   ×  25.0/ 1.2 × 1011       2 marks 
 Δ ℓ   =  8.3 × 10−4 m 

3. An unstable isotope of neodymium,     decays into an isotope of 
cerium,  Ce by emitting an α particle. 

(a) Complete the following decay equation. 

      →      Ce    +    He     [1] 
 4, 2 for He   and 140, 58 for Ce    1 mark 

 (b) The α particle is emitted from a stationary  nucleus at a speed of        
 9.3 × 106ms–1.   

(i) What is the mass of the neodymium nuclide to the nearest atomic 
mass unit (u) ?        
  [1] 

 144 u   1 mark 

(ii) Estimate the recoil speed of the daughter nucleus.   
 [2] 
  By conservation of momentum principle:   

Nd144
60

Nd144
60

Nd144
60
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

  Momentum of daughter should be equal and opposite to 
momentum of  alpha particle. 
  Mass of Ce ≈ 140 u    Mass of alpha ≈  4 u           1 mark 
  (m v)daughter   =  (mv) alpha 

              140 × v daughter =  4 × 9.3 × 106        1 mark 
                          vdaughter  =  2.7 × 105 m s−1 

(iii) The kinetic energy of the recoiling cerium nucleus is 8.22 × 10−15 J.  
Show  that this is only about 3% of the kinetic energy of the emitted α 
particle.   
                                                                        
[3] 
  
              KE of alpha particle  =  ½ × 4  × 1.66 × 10−27 × (9.3 × 106)2   2 marks 
                                                   =  2.87 × 10−13 J 
                
  8.22 × 10−15 / 2.87 × 10−13  × 100%  =  2.86 %  ≈  3 %    1 mark 

4. A very deep well is dug in the shape of a cylinder.  In order to 
estimate how  deep the water level is below the well’s surface (h), a 
girl drops a stone and  hears it splash into the water about 1.5s later. 

  

(a) Using the information given, estimate the value of h.   [2] 
  s  =  ½ g t 2                             1 mark 
                     s  =  ½ × 9.81 × 1.5 2        1 mark 
              s  =  11 m 
(b) Sketch a graph to show how the velocity of the stone varies with time 
  after it has been dropped inside the well.   
  [2] 

                    
                      h                                         well 

                                         water 
                                              surface
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

  This should be a straight line through the origin.  (Air 
resistance on a stone is   negligible so acceleration may be assumed 
constant).     2 marks 

(c) Give one reason why this method of finding h can never be 100%  
  accurate.        
 [1] 
  Reaction time errors in timing the splash of the stone.  1 mark 

(d) Given that the stone had a mass of 50g, estimate the momentum 
  with which it hit the water surface.    
  [2] 
  v =  u  +  a t 
  v =  0  +  (9.81)(1.5) 
             v  =  14.7 m s−1                          1 mark 

  p =  m v 
             p  =  50 × 10−3  ×  14.7        1 mark 
             p  =  0.74 kg m s−1 

5. A converging lens is to be used as a magnifying glass in order to 
inspect an  old stamp in more detail.   The lens has a focal length of 10cm.   

(a) Draw a ray diagram to show how the lens may be used as a 
magnifying  
  glass.          
 [2] 

    

(b) The image of the stamp was formed 30cm away from the lens.  How 
far  
  was the actual stamp from the lens?    
  [3] 
  1/f  =  1/v  +   1/u                 1 mark 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

  1/10  =  1/−30   +   1/u        2 marks 

               u  =  7.5 cm 

(c) Determine the width of the image of the stamp, given that the actual 
stamp  was 2cm wide.       
  [2] 
    
   magnification  =  30/7.5 = 4       1 mark 

   Hence width of image = 4 × 2 cm  =  8 cm           1 mark 

6. The diagram shows Tarzan swinging from one side to another by 
means of a  rope.  In the diagram, he is shown at the respective ends of 
the swing. 

  

(a) How does the diagram show that Tarzan’s swing has experienced 
damping?           
 [1] 
  The amplitude of his swing is reduced implying that he lost 
energy during his  swing.      1 mark 

(b) If Tarzan has a mass of 88kg, determine the tension in the rope at the 
exact  moment he reaches the other side (the rope is making an angle of 30o 
with  the vertical.)   Hint:  It would be helpful to resolve Tarzan’s weight 
in two  components.        
 [3] 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

 
 

                                                            T          30o 

                                                                                                   1 mark 

                                                mg sin 30o                   30o       mg cos 30o 

             T  =  mg cos 30o                           1 mark 
             T  =  88 × 9.81 × cos 30o             1 mark 
             T  =  748 N 

(c) At which point of the swing does Tarzan have maximum kinetic 
energy? [1] 

  When he passes through the lowest point of his swing   OR   
When he passes  through the equilibrium (or rest) position.   1 mark 

(d) Sketch a graph of displacement against time assuming that Tarzan 
made one  and a half oscillations in all.  You may also assume that the 
motion was  simple  harmonic.   
                                                                                                                                                    
[2] 

  
  2 marks 

  NOTE:    1 mark only if graph does not show one and a half 
oscillations 
              1 mark only if the effects of damping are not shown  i.e. 
decreasing          amplitude must be shown. 

7. The equation of state of an ideal gas may be written as 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

    p V  =  n R T 

  where p represents pressure, V is volume, n is the amount of 
gas (in moles)    and T is temperature.  R is a constant. 

(a) Express the units of pressure in terms of base units.   
 [1] 
  p = F/A   Base units of p:  kg m s−2 / m2  =  kg m−1 s−2   1 mark 

(b) Hence determine the base units for the constant R.   
 [3] 
  R  =  p V / n T 
  base units of R:   kg m−1 s−2  . m3 /  mol. K   =  kg m2 s−2  mol−1 
K−1         3 marks 

(c) The constant R is related to two other constants (NA and k) by the 
following  equation:              R   =  k  NA 

  Given that the base units of k  are kg m2 s−2 K−1  find the units 
for NA. [3] 
   R   =  k  NA 

   kg m2 s−2  mol−1 K−1         =  kg m2 s−2 K−1    ×  Units of NA 

                                         Units of NA =  mol−1              3 marks 

8.(a) State Newton’s first law of motion.      
 [1] 
 An object stays at rest or in uniform motion along a straight 
line unless  acted upon by an unbalanced (resultant) force. 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

(b)        The diagram shows the major forces acting on a car during its 
motion. 
             State what happens to the car in each of these three situations: 

(i)     thrust  >  net resistive force       [1] 
 car accelerates forward   1mark 
  
(ii)    thrust  =  net resistive force       [1]  
 car moves forward with constant velocity  1 mark 

(iii)   thrust  <  net resistive force       [1] 
        car moves forward but decelerates  1 mark 

(c)(i) The car accelerates from rest on a very long stretch of road. Explain 
why the  car will eventually reach a constant speed which it cannot 
exceed.   [2] 
  The air drag on the car increases with increasing velocity until 
it becomes  equal to the forward thrust acting on the car.  1 mark   When 
this happens,  the  resultant force on the car is zero and the car is 
unable to accelerate any  further. 1 mark 

(ii) Sketch a velocity-time graph for the car as it accelerates from rest 
and  reaches this final constant speed.     
 [1] 

!  1 mark 

9.  Light from a helium-neon laser is incident on two close, narrow slits.  
A pattern of bright and dark fringes is observed on a screen 3.50 m 
beyond the slits as shown below. 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

  

(a) State the prime roles of the slits in this experiment.    [2] 

 They act as two coherent sources of light.   1 mark 
 They diffract light so that the light from one slit interferes with the 
light from the  other slit.  1 mark 

(b) State why it might be possible that the fringes disappear altogether if 
the  

 width of the slits is made bigger.       
 [2] 

 The diffraction is so slight that the beams from the two slits do not 
overlap. 
 No interference takes place and so no fringes are seen.   2 marks 

(c) The distance between two adjacent bright fringes on the screen is 
 7.20 mm.  Calculate the separation of the two slits if the laser light  
 has a wavelength of  633 nm.      

 [3] 

  s  =  D λ / d  
      
                         d = D λ / s      2 marks 

            d  =  3.50 × 633 × 10−9 / 7.2 × 10−3    1 mark 

           d =  3 × 10−4 m 

10. In a downhill ski race, the total distance between the start and the 

finish is  1800m.  The total vertical drop is 550m.  The weight of a skier 

(including his  equipment) is 900N and the time of descent is 65 s. 

3.50 m

    screen 

  double slit 

helium-neon laser
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

(a)   Calculate the average speed of the skier for the race.  

 [1] 

 Av. speed = total distance/total time 

                               = 1800/65      1 mark 

                              = 27.7 m s−1 

(b)   Calculate his loss in gravitational potential energy.   

 [2] 

 PE lost  = m g h      1 mark 

                            =  900 × 550   1 mark 

                            =  495 000 J 

(c)  If the average resistive force acting against him during the descent is 

250N,  determine the kinetic energy with which he arrives at the finishing 

line,  assuming that he just slides down the slope without using his ski 

poles. [4] 

             Work done against resistive forces =  f d 
                                                                            =  250 × 1800 
                                                                             =  450 000J            3 
marks 

  KE gained = 495 000  −  450 000  = 45 000 J      1 mark 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

Section B.  

Attempt the question in this section.  PLEASE START A NEW BOOKLET.  
  
 This question carries 20 marks which is equivalent to 14% of the 
total mark of the test. 

11. The density ρ of water may be found as follows: 
 A test-tube with a heavy base is made to float vertically in water.  

When a mass m is added to the test-tube, the tube sinks down by an 
amount h.

  
                       
 A student added a set of different masses, one at a time, to the test-

tube and, for each mass added, he measured h in cm.  The results are 
shown in the table below. 

h                                                               test-
tube 

                                                               mass, 
m

m /g 2 4 6 8 10 12
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

 The relation between m and h is given by the equation: 

    m  =    ¼ π d 2 ρ  h   

 where d is the diameter of the test-tube.  In this experiment, d was 
1.94 cm. 

  
(a) Show that the given equation is of the form y = m x.   [2] 
    m  =    ¼ π d 2 ρ  h   
                                                     m  =      ¼ π d 2 ρ     ×   h        2 marks 
                                                     y    =      m                     x 

(b) Hence plot a graph that will allow you to obtain a value for ρ. 
 [6] 

 A graph of m against h 
 Deduct 1 mark for lack of labelling of axes;   Deduct 1 mark for 
awkward  scale; 
 Deduct 1 mark if line of best fit is not taken;  Deduct ½ a mark for 
each point   that has been wrongly plotted 

(c) Determine the value of ρ in g cm−3.     
 [6] 

 The gradient obtained should be in the range 2.9 to 3.1 g cm−1   3 
marks 

 Thus 3.0 = ¼ π d 2 ρ            
                       3.0  =  ¼ π × 1.94 2 ρ    3 marks   
         ρ  =  1.0 g cm−3 

(d) How would the graph change if the test-tube were placed in cooking-
oil  

 rather than water?        [2] 
 Oil has a lower density so the gradient would have been less.  2 

marks 

(e) By looking at the equation, explain why it really is very important 
that the diameter of the test-tube be measured correctly.  
  [3] 

 The diameter is squared.  So the uncertainty in the measurement of d 
will be more pronounced.   3 marks 

h / cm 0.65 1.35 2.00 2.65 3.35 4.00
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

(f) State one precaution that needs to be taken during the experiment.
 [1] 

 Any one suitable precaution   1 mark 

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. 

12 (a) The diagram shows a small ball that is released from a makeshift 
slide on top of a table.  The ball is projected off the table with a 
horizontal velocity and lands at a point on the ground as shown. 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

 

                                                                                                               R 

(i) If the ball is released from a point 50cm above the top of the table, 
 determine the horizontal velocity with which it is projected off the 
table-top.   State any assumption you have made in your calculation.               
           
[2,1] 
 P.E. lost  =  K.E. gained 
 m g h  =  ½ m v2         1 mark 
                      g h  =  ½   v2 

       9.81 × 0.50  =  ½ v 2          1 mark 
 v  =  3.1 m s−1 

 Assumption:   the work done against friction was negligible.    1 
mark 

(ii) Find the time it takes the ball to reach the floor after it has left the 
table-top. 
 (The table-top is 1.40m above the floor.)    
 [2] 

 s  =  u t   +   ½ a t2 along vertical   1 mark 
             1.4  =   0   +   ½ × 9.81 × t 2   1 mark 

  t  =  0.53 s 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

(iii) Hence determine the horizontal displacement R of the ball when it 
touches  the floor.  
        [2] 
 s  =  u t   +   ½ a t2 along horizontal       1 mark 
             R  =  3.1 × 0.53       1 mark 
             R  =  1.66 m  

(iv) Determine the magnitude of the velocity with which the ball hits the 
floor.           [4] 
 To find final velocity along vertical: 
 v  =  u  +  a t 
 v  =  0  +   9.81  ×  0.53 
             v  =  5.2 m s−1                                           2 marks 

                                                                                  3.1 m s−1 

                                                                  θ 

                 5.2 m s−1                                                                         V 

 V 2   =  5.22  +  3.12 
             V  =  6.1 m s−1                               2 marks 

(v) Determine the angle at which the ball hits the floor.   [2] 

             tan θ  = 5.2 / 3.1       2 marks 
                 θ  =  59o 

(b) Describe an experiment you would perform to determine the size of 
the  acceleration due to gravity.  Your account should include: 

• a list of the apparatus used    
• a diagram of the set-up 
• the method used  
• the graph you would plot 
• how g would be determined from the graph 
• any precautions taken       

                                 
[12] 

Any valid method.  2 marks × 6  = 12 marks 

Page !  of !  19 28



For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

13 (a) With reference to the Rutherford’s Scattering Experiment, identify 
each of  the statements below as either TRUE or FALSE.   

 i. The nucleus is a positively-charged entity within the atom.  
    TRUE 

 ii. The nucleus has a small fraction of the atom’s entire mass. 
    FALSE 

 iii. The vast majority of the alpha particles were scattered by the 
gold   foil.  
   FALSE 

 iv. The atom is largely made up of empty space. 
     TRUE 

 v. The majority of alpha particles were scattered by angles 
greater than   90o.   
   FALSE 

 vi. The alpha particles were collimated into a fine beam before 
hitting   the gold foil.   
   TRUE 
           [6] 
   1 mark for each correct answer 

(b) The diagram shows three different alpha particles approaching a gold 
 nucleus.  Copy the diagram and continue the paths taken by the 
alpha  particles.
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

          [3] 
 Top arrow should show back-scattering      1 mark 
 Middle arrow should show slight scattering (downward)  1 mark 
 Bottom arrow should keep going straight (or very slight scattering).  1 
mark 

(c) State three different properties of alpha particles.   
 [3] 

• Positively-charged, 
•  very low penetrating power (stopped by a sheet of paper) 
•  highly ionizing  etc.    1 mark each 

 Any other valid property 

(d) A technician prepares in a lab a pure sample of a particular 
radioactive  isotope, X.  The isotope X has a half-life of 10 days.  It decays 
by alpha  emission to form Y, which is stable.   

(i) What do you understand by the statement a half-life of 10 days?               
[2] 

 In 10 days, half the atoms of a given sample of X would have decayed.   2 
marks 

(ii) Sketch a graph to show how the number of nuclides of X will vary 
with time. 
           [2] 
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For ALL questions deduct ½ mark if final answer is not correct 
(despite correct working) and another ½ mark for any 
incorrect/missing unit in the final answer. 

    
                                                   0                   10                  20                  
30                  40 
                                                                                                      Time in 
Days 

        2 marks + 2 marks 

(iii) On the same set of axes of (ii) above, sketch how the number of 
nuclides of Y  will vary with time.  Identify the two graphs clearly. 
   [2] 
  Above graph        
  
(iv) What time must elapse before the ratio of X nuclides to Y nuclides in 
the  sample becomes 1 : 7 ?       [3] 

 This means that 1/8th of the original amount of X nuclides remains.  1 
mark 

 So 3 half-lives would have elapsed   1 mark 

                10 days × 3 = 30 days  1 mark 

(v) At a particular moment, the activity of the sample is 500 kBq.  
Estimate the  number of nuclides of X present in the sample at this 
time.   [4] 

  λ  = 0.693/ T½      1 mark    
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  λ  =  0.693 / 10 × 24 × 3600   =  8 × 10−7  s−1    1 mark 
                              

    A = λ N   1 mark 

          500 000  =  8 × 10−7  ×  N     1 mark 

   N  =  6.25 × 1011 

14. The force of gravity is one of the four fundamental forces of nature. 

(a) State Newton’s law of gravitation.     
  
           [2] 

It says that the gravitational force between two masses is directly 
proportional to the product of the masses  - 1 mark – and inversely 
proportional to the distance between them squared.  1 mark 

(b) Is the gravitational force, a force of attraction, of repulsion or both?
 [1] 
 Attraction   1 mark 

(c) What gravitational force acts on a person of mass 70 kg here on 
earth? [1] 
  F = m g 
                             = 70 × 9.81 
     =  687 N               1 mark 

(d) What gravitational force acts on an astronaut of mass 70 kg at an 
altitude of  4000 km above the earth’s surface?    
  [4] 

    g R 2   =  g’ r 2      2 marks 

       9.81 × 6370 0002   =   g’  ×  (6370 000 +  4000 000) 2  1 
mark 
                                                 

                                                                                             g’  =  3.7 N kg−1 

                                          F’ =   m g’ 
                                              =  70 × 3.7  1 mark 
                                              =  259 N 
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(e) A satellite is orbiting the earth at a distance of 35 880 km above the 
earth’s  surface.  The satellite orbits over the earth’s equator in the 
same direction as  the earth’s spin.  Find  
(i) the linear velocity of the satellite in m s−1    
 [4] 

  v  = √ GM/r    2 marks 

  v  =  √ 6.67 × 10−11 × 5.98 × 1024 / (6370 000  +  35 880 000)   2 
marks 

  v  =   3073 m s−1 

(ii) the period of revolution of the satellite in hours. 
 Comment on the result.                         
[4,1] 

  T  =  2 π r  /  v     2 marks 

  T  =  2 π × (6370 000  +  35 880 000) / 3073        1 mark 

  T  =  86 399 s 

  T  = 86 399 / 3600      1 mark 
                               = 24 h 

 This is the same as the period of spin of the earth, so the satellite 
will stay    ‘stationary’ above the equator.    1 mark 

(Radius of earth = 6370 km;  mass of earth = 5.98 × 1024 kg) 

(f) It can be shown that for a planet orbiting the sun 
                                                         T 2    ∝   r 3 

                where T is the period of orbit of the planet around the sun and r is 
the mean  orbital radius.    

 If Saturn is about 9.5 times more distant from the sun than our earth, 
how  many earth years does Saturn take to make one complete orbit 
around the  sun.         
 [4] 
    r 3  :  1 2  =  (9.5 r) 3 : T 2     3 marks 

                                                                                 r  3    =  857.375 r 3  /  T 2 
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    T 2    =  857.375  1 mark  

    T  = 29 y 
(g) State two reasons why the gravitational field strength on the surface 
of  Saturn is very different from that on earth.    [2] 
 Saturn has a different mass        1 mark 
 Saturn has a different radius      1 mark 

(h) Sketch how the gravitational field strength varies with distance from 
the  surface of Saturn.        [2] 

 Inverse-square variation    2 marks 

15 (a) What do you understand by the term simple harmonic motion? 
 [2] 
 An oscillatory kind of motion in which the acceleration of the 
oscillating body  is directly proportional to its displacement from the 
equilibrium position and  always acts towards the equilibrium position.   2 
marks 

(b) Sketch three different corresponding graphs to show how the  
(i)  displacement         
 [2] 
(ii)  velocity and          [2] 
(iii)  acceleration of a body performing s.h.m. each varies with time.  
 [2] 

             Assume that the oscillations are not damped. 
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        2 marks + 2 marks + 2 marks 

(c) A pendulum is drawn to one side and released so that it oscillates 
with a  period of 1.2 s.    
(i) With what frequency does this pendulum oscillate?   
 [1] 
  f  =  1/T   
             f  =  1/1.2     1 mark 
                         f  = 0.83 s 

(ii) At what time after its release, will it reach its highest velocity for the 
 first time?         [2] 

 Highest velocity is reached when it passes through its equilibrium 
position.  It  will pass through this point at T/ 4.   
 1.2/4  =  0.3 s                 2 marks 

(iii) At what time after its release, will it be momentarily at rest for the 
first  
 time?          [2] 
  
 1.2/2 = 0.6 s     2 marks 

(d) The diagram shows a set-up commonly known as Melde’s apparatus. 

                                                                L 
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 A string is attached to a vibrator at one end and runs over a pulley at 
the  other.  A load M keeps the string stretched.   The frequency of the 
vibrator  may be altered.  It is found that when the frequency of the 
vibrator is set to  520Hz, the string oscillates in its first harmonic. 

(i) Draw a diagram to show the string would appear when oscillating in 
its first  harmonic.        
 [2] 

 !      2 marks 
(ii) If the wavelength corresponding to the first harmonic is 1.20 m, what 
is the 
 length L of the string?       
 [2] 

 L  =  λ / 2   
 L  =  1.20 / 2 
 L  =  0.60 m          2 marks 

(iii) At what frequency will the vibrator have to be set for the string to 
vibrate in  its third harmonic?       
 [2] 
 520Hz × 3 = 1560 Hz      2 marks 

(iv) Determine the third harmonic wavelength for this string.  
 [2] 
 Third harmonic wavelength is one third the length of the first 
harmonic 
 1/3 × 1.20m  =  0.40m        2 marks 

(v) The harmonics are actually stationary waves on the string.  State two  
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 ways in which stationary waves differ from progressive waves 
 [4]           

• Energy is not propagated since the wave itself does not move 
forward. 

• Different points vibrate with different amplitudes (in 
progressive waves different points may have the same 
amplitude if the wave is not damped). 

• Within a loop, all points vibrate in phase.  Neighbouring 
points in a progressive wave vibrate out of phase – they must 
be exactly whole wavelengths apart to be in phase. 

 ANY TWO score 2 marks + 2 marks
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