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work done on/by a gas, 

hydrostatic pressure, 

gravitational potential, 
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1 A car slides from rest (at point A) with a constant acceleration of 4.0 m s-2 along a rough slope 
before reaching the edge of a cliff (at point B) as shown in Fig 1.1. The slope is at an angle of 27° 
to the horizontal. The car slides 30 m along the slope before falling into the ocean (at point C) 
which is 40 m below the edge of the cliff. 

 

 
 

Fig. 1.1 
 
 

(a) Define velocity. 

                                                                                 [1] 

 
(b) Show that the speed of the car at point B is 15.5 m s-1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [1] 
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(c) Calculate the velocity of the car at point C. 
 
 
 
 
 
 
 
 
 

velocity = …………………………………. m s-1 [3] 
 

direction = ………………………………………... [1] 

 
(d) Calculate the time taken for the car to fall from point B to point C. 

 
 
 
 
 
 
 
 
 

time = …………………………………. s [2] 

 
(e) Sketch the vertical acceleration, ay, of the car against its horizontal displacement, dx, from 

point A to point C on Fig.1.2.  
 
Label the vertical axis with appropriate values taking the downward direction as positive.  
 

 
Fig. 1.2 

[2] 
 

[Total: 10] 
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2 An airplane is brought to rest on the deck of a stationary aircraft-carrier by an arrester wire system.  
 

A hook on the underside of the airplane engages with a wire that is part of the system used to 
decelerate the airplane as shown in Fig 2.1. A constant deceleration of the airplane is maintained 
by wire braking systems at A and B.  
 
 
 

 

 
 

Fig. 2.1  
 

(a) State Hooke’s Law.  

                                                                                 
                                                                              [1] 

 
(b) During manufacture, the arrester wire is tested by being extended by 0.15 m. At this extension, 

the tension in the wire is 2.90 × 105 N. Calculate the energy stored in the wire.  

 
 
 
 
 
 
 
 
 

 
Energy = …………………………………. J [2]  

hook 

arrester wire 
system 

side view 

top view 

arrester wire system 
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(c) Fig 2.2 below shows the variation with time of the velocity of an airplane of mass 2.8 × 104 kg 
landing on the stationary aircraft-carrier. 

 
 

Fig. 2.2 
 

Using Fig 2.2, calculate the tension T in the arrester wire at the position shown in Fig 2.1, when 
the angle between T and the horizontal axis is 12.5°. Assume that the tension in the arrestor 
wires provides the decelerating force. 

 
 
 
 
 
 
 

T = …………………………………. N [3] 
 

(d) While counterintuitive, the pilot will push the engines to full power as soon as the plane hits the 
aircraft carrier, to prepare to take off again in case the tailhook do not catch any of the arresting 
wires.  
 

Identify all the forces acting on the airplane as it is rolling on the aircraft carrier and label them 
clearly in Fig 2.3 below. Assume that the wheels of the airplane are free-rolling and not engine-
driven. 
 
 

 
Fig. 2.3 

 
[2] 

[Total: 8] 

velocity / 
m s-1 

time / s 
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3 Two balls X and Y are supported by long strings, as shown in Fig 3.1(a). Ball X has a mass of  
50 g and ball Y has mass m.    

                                 
 
                                            Fig. 3.1(a)                                       Fig. 3.1(b) 
 
 

The balls are then pulled apart and released. Just before the balls collide, balls X and Y have 
speed of 4.5 m s–1 and 2.8 m s–1 respectively.  
 
 
(a) Define linear momentum.  

                                                                                    
                                                                               [1] 

 
 
(b) When the collision is elastic, ball X rebounds at a speed of 1.8 m s–1.  

(i) Prove that the speed v of ball Y just after the collision is 5.5 m s–1 and state the direction of  
its motion. 

 
 
 
 
 
 
 
 
 

 
direction : …………………………………. [2] 

  (ii) Calculate the mass m of Y. 
 
 
 
 
 
 
 
 
 
 
 

m = …………………………………. g [2] 

X X Y Y 

4.5 m s-1 2.8 m s
-1
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(c) When the collision between X and Y is perfectly inelastic, calculate the speed of ball Y just 
after the collision. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

speed = …………………………………. m s–1 [2] 
 

 

[Total: 7] 
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4 (a) An object moves in a circular path at constant speed.  

Explain why the object is considered to have acceleration. 

                                                                                 
                                                                                 
                                                                              [2] 
 

(b) A ball bearing of mass m = 100 g is attached to the end of a massless rod of length  
R = 15 cm. The other end of the rod is attached to a smooth pin.  

The ball is raised to position P so that the rod makes an angle of 30° above the horizontal, as 
shown in Fig 4.1.  

 
Fig. 4.1 

 

The ball is then released from rest and moves past position Q in the process. Assume it 
experiences an air resistance of constant magnitude 0.14 N throughout its motion.  

(i) Considering the motion of the ball bearing from P to Q,  

1. show that the loss in gravitational potential energy of the ball bearing is 0.15 J, 

 

 

 

 

 

 

 [1] 

 

30° 

30° 

ball bearing  

smooth pin  

15 cm  position P, rod is 30° 
above the horizontal  

position Q, rod is 30° 
below the horizontal  
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2. show that work done against air resistance is 0.022 J, 

 

 

 

 

 

 

 [1] 

 

3. hence calculate the velocity of the ball bearing at Q.          

 

 

 

 

 

 

 

velocity = …………………………………. m s–1 [2] 

   

(ii) Find the tension in the rod at Q. 

 

 

 

 

 

 

 

 

 

 

 

tension = …………………………………. N [3] 

[Total: 9] 
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5 (a) State Newton’s Law of Gravitation.  

                                                                                 
                                                                              [1] 
 

(b) An asteroid of mass 2.0 × 106 kg is a distance 8.0 × 1010 m away from the centre of a planet 
of mass of 1.4 x 1030 kg.  

(i) Calculate the gravitational force experience by the asteroid due to the planet.  
 

 
 
 
 
 
 
 
 

force = …………………………………. N [2] 

(ii)  Determine the change in potential energy of the asteroid when its distance from the centre 
of the planet is halved.  

 
 
 
 
 
 
 
 
 
 
 
 
 

change in potential energy = ……………….J [2] 
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(iii) Fig. 5.1 shows the variation with distance x of the gravitational force F as the asteroid 
moves towards the planet from infinity to point P.  

 

 

 

 

 

 

 

Fig. 5.1 
 

With reference to the concepts of work and energy changes, explain the significance of 
the shaded area on the graph.  

                                                                           

                                                                           

                                                                           [2] 
 

[Total: 7] 
 
 

 

 

  

F  
P 

x 

 

0 
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6  P, Q and R are 3 points in space as shown in Fig. 6.1. The points P and R are 1.0 m apart. A point 
source of sound at P emits 2.5 J of energy every second uniformly in all directions. At point Q, the 
intensity of the wave received from the source is 1.0 W m-2 and the amplitude of vibration of air 
molecules is 4.0 µm. 

    
 

 

                           Fig. 6.1 (not drawn to scale) 

 

(a) Show that the intensity of the wave received at R due to the source at P is 0.20 W m-2.  

 
  

 
 
 
 
 
 
 

intensity = …………………………………. W m-2 [1] 
 

(b) Calculate the amplitude of vibration of air molecules at R due to the source at P.    
  

 
 
 
 
 
 
 
 
 
 
 
 
 

amplitude = …………………………………. m [2] 

     
  

P 

R 

Q 

1.0 m 
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(c) Small identical detectors are placed at Q and R such that their surface areas are 
perpendicular to the direction of travel of the wave at both positions. The detector at Q 
has twice the surface area of that at R.  

 
Determine the ratio of  

power received by detector at R
power received by detector at Q

 

 
 
 
 
 
 
 
 
 
 
 
 

ratio = ………………………………….  [2] 
 
 

(d) State the assumption in the calculations done. 

                                                                        
                                                                          [1] 

 

 [Total: 6] 
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7 (a) By stating the definitions of frequency f and wavelength λ of a wave, deduce the speed of 
wave v = fλ. 

  Frequency:                                                                       
  Wavelength:                                                                     

 

 

 

 

[3] 

 (b) Stationary sound waves are investigated using the setup shown in Fig. 7.1. The sound 
produced by the loudspeaker has a frequency of 5.0 x 103 Hz. As a sound sensor connected 
to an oscilloscope is moved from positions A to B, loud sounds are heard at consecutive 
positions of P and Q.   

   

 
Fig. 7.1 

 
 

 Fig. 7.2 shows the positions of air molecules along part of the path AB at a particular instant 
in time. 

 
Fig. 7.2 (not to scale) 

 
  (i) On Fig. 7.2, indicate with a cross one possible position of P and another cross one 

possible position of Q. Label clearly the two positions P and Q.  [1] 
     
  

loudspeaker 

oscilloscope 

board 
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  (ii) The distance PQ is 3.2 cm. Calculate the speed of the sound produced by the 
loudspeaker. 

 
 
 
 
 
 
 
 
 

speed = …………………………………. m s-1 [1] 
 

 
  (iii) The time base of the oscilloscope is set at 0.050 ms div-1 and the Y-gain at  

0.10 V div-1. The maximum amplitude of the waveform is 0.30 V. 
 

 Draw on Fig. 7.3 the wave form displayed on the oscilloscope screen when the 
microphone is positioned at Q. 

 

 
 

 
Fig. 7.3 

                                  [2] 
 

 [Total: 7]  
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8 (a)  A mass m hangs vertically from a fixed point by means of the spring, as shown in Fig. 8.1.  
 

  The mass is displaced vertically and then released.  
 

                                                         
   
  The acceleration a of the mass is given by the expression 

a
m

xk
= −

 
  where k is the spring constant for the spring and x is the vertical displacement of the mass 
  from its equilibrium position. 
 
  Explain how it can be deduced from the expression that the block moves with simple 
  harmonic motion.  

       
       
      |[2] 
 
  

m 

Fig. 8.1 
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 (b) A spring has an unstretched length of 12.0 cm. The force F required to extend the spring to a 
length L is measured. The variation with the length L of the force F is shown in Fig. 8.2 below.  

 

 
Fig. 8.2 

 
 

 One end of the spring is fixed, and an object M of weight 1.40 N is hung vertically from the 
other end. The object M is pulled down and then released. The object oscillates vertically.  
 
The variation with time t of the length L of the spring is shown in Fig. 8.3. 

 
                                                 

 
 

Fig. 8.3 
 
   
 

   
 

   
 
 
 

L / 10-2 m 

F / N 

L / 10-2 m 
 

t / s 
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(i) Calculate the  
1. maximum speed of M,  

 
 
 
 
 
 
 
 
 
 
 

 maximum speed = …………………………………. m s-1 [2] 

2. kinetic energy of M when the length of the spring is 32.0 cm, 

 
 
 
 
 
 
 
 
 
 
 

kinetic energy = …………………………………. J [2] 

3. the total energy of the spring-mass-Earth system. You may assume that gravitational 
potential energy of the system is zero when M reaches the lowest point in its 
oscillations.  

 
 
 
 
 
 
 
 
 
 
 
 

total energy = …………………………………. J [2] 
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(ii) The object M consists of 2 parts connected by a stiff wire of negligible mass and volume. 
The lower part of M is immersed in a liquid as shown in Fig. 8.4. 

 
Fig. 8.4 

 
The liquid has a density of 1000 kg m-3. The volume of the part of M that is immersed in 
the liquid is 20 cm3.  
1. Determine the new length of the spring. 

 
 
 
 
 
 
 
 
 
 
 

length = …………………………………. m  [3] 

 
2. The object M is pulled down by 4.0 cm and then released. The lower part of M remains 

immersed in the liquid at all times.  
 
State 2 differences that would be seen in the oscillations when compared with those in 
Fig. 8.3.  

     1.     
    
     2.   [2] 

[Total: 13]  
  

upper part of object M 

stiff connecting wire 

lower part of object M 

liquid 
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9 (a) State the principle of superposition. 

       
      |[1] 
 

 
 (b) State the 3 conditions required for 2 waves to form an interference pattern.  

  1.                                                                                
              2.                                                                                

  3.                                                                              [3] 
 
 

 
(c)   M1 and M2 are two microwave sources emitting microwaves of the same wavelength. They 

are placed in front of two slits S1 and S2 respectively, which are 10 cm apart, as shown in  
Fig. 9.1.  

   
   AB is a line parallel to the plane of S1 and S2, and 100 cm from it. P is a point on AB that is 

equidistant from S1 and S2. 
 
  A microwave detector moving along AB records the intensity at different locations on AB. 
 

  

Fig. 9.1 (not to scale) 

S1 

S2 

100 cm 

10 cm P 

Q 

microwave 
detector 

M1 

M2 

A 

B 
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   Fig. 9.2 shows the variation with distance x from P of the intensity I recorded by the microwave 
detector. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7.2 
 

    
    
 

 Fig. 9.2 
 
 

(i) Use Fig. 9.2 to explain how it can be deduced that the microwaves passing through S1 
and S2 

 
    1. are coherent waves, 

      |[1] 
 
 

   2. are antiphase to each other, 

      |[1] 
 
 

     3. do not have the same amplitude, 

      |[1] 
 

 
  

intensity I (arbitrary units) 

x / cm 
 

     −60              −40              −20                    0.0               20                 40                60    

1 

2 

3 

4 

P Q 

5 
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  (ii) Use Fig. 9.2 to calculate the wavelength λ of the microwave. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

λ = ………………………………….m [3] 
 

  (iii) Point Q is a point on AB. Its position is indicated on Fig. 9.1 and Fig. 9.2. Determine the 
phase difference between the waves from the double slit when the waves meet at point 
Q. 

 
 
 
 
 
 
 
 
 
 
 
 

 
phase difference =  ………………….  rad [2]    

 
  (iv) Suggest why the higher order maxima on Fig. 9.2 have lower intensities.                                                                                                 

      |[1] 
 

[Total: 13]  
 

 
 
 
 


