
1  An aeroplane accelerates along a horizontal runway before take-off. 
The aeroplane accelerates for 35 s. The speed of the aeroplane when it takes off is 72 m / s.

Fig. 1.1 shows how the speed of the aeroplane varies between time t = 0 and t = 35 s.
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Fig. 1.1

(a) Define acceleration.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

(b) (i)  Calculate the average acceleration of the aeroplane between t = 0 and t = 35 s.

acceleration =  .........................................................  [1]

(ii) The combined mass of the aeroplane, its passengers and its fuel on take-off
is 1.1 × 105 kg.

Calculate the average resultant force on the aeroplane between t = 0 and t = 35 s.

force =  .........................................................  [2]
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(iii) The force provided by the engines of the aeroplane is constant.

Give one possible explanation for the change in acceleration of the aeroplane between
t = 0 and t = 35 s.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

(iv) On Fig. 1.2, sketch a graph to show how the acceleration of the aircraft varies between
t = 0 and t = 35 s.
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[3]
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2 A ball rolls down a ramp and onto a horizontal surface. The first section of the horizontal surface is 
smooth. The second section of the horizontal surface is rough. Fig. 1.1 shows a speed–time graph 
for the ball.
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Fig. 1.1

(a) State the time when the ball reaches the start of the rough section of the horizontal surface.

time = .....................................................  [1]

(b) Explain how Fig. 1.1 shows that there is no resultant force on the ball when it rolls along the
smooth section of the horizontal surface.

 ...................................................................................................................................................

 .............................................................................................................................................  [2]
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(c) Using Fig. 1.1, determine the acceleration of the ball as it rolls down the ramp.

acceleration = .....................................................  [3]

(d) The ball starts from rest at the top of the ramp.

Show that the length of the ramp is 9.6 m.

[2]
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3 Fig. 1.2 shows a vertical speed–time graph for a parachutist who jumps from a stationary
hot-air balloon.
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Fig. 1.2

The parachutist jumps from the balloon at time = 0 and reaches the ground at B. The point A 
indicates when the parachute opens.

(i) On Fig. 1.2, label a point on the graph where the acceleration is:
• zero with ‘1’
• negative with ‘2’
• decreasing with ‘3’. [3]

(ii) Explain, in terms of forces, the changes in motion which occur from when the parachutist
leaves the hot-air balloon until point A.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [4]

[Total: 11]
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4     A skydiver of mass 76 kg is falling vertically in still air. At time t = 0, the skydiver opens his 
parachute.

Fig. 1.1 is the speed–time graph for the skydiver from t = 0.
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Fig. 1.1

(a) Using Fig. 1.1, determine:

(i) the deceleration of the skydiver immediately after the parachute opens

deceleration =  .........................................................  [2]

(ii) the force due to air resistance acting on the skydiver immediately after the parachute
opens.

force =  .........................................................  [3]

(b) Explain, in terms of the forces acting on the skydiver, his motion between t = 0 and t = 6.0 s.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

(c) Explain why opening the parachute cannot reduce the speed of the skydiver to zero.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

[Total: 10]
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5  A ship sails in a straight line between two ports.

Fig. 1.1 shows the speed–time graph of the ship for the first 100 minutes of its journey between 
the two ports.
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Fig. 1.1

(a) Calculate the maximum acceleration during the first 100 minutes of the ship’s journey.

maximum acceleration =  .........................................................  [2]

(b) Calculate the total distance travelled by the ship between time = 42 min and time = 100 min.

distance travelled =  .........................................................  [3]
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