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Answer all the questions.

1 (a) Define acceleration.

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

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

 (b) Explain why acceleration is a vector quantity.

  In your answer, you should use appropriate technical terms, spelled correctly.
 

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

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

 (c) Fig. 1.1 shows the graph of velocity v against time t for a moving object.

0
0

1 2 3 4 5 6 7
t / s

v

Fig. 1.1

  (i) Describe the motion of the object from

   1 t = 0 to t = 2 s

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

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

   2 t = 2 s to t = 7 s.

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

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

  (ii) Explain how Fig. 1.1 shows that the distance travelled by the object from t = 0 to t = 2 s is 
shorter than the distance travelled from t = 2 s to t = 7 s.

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

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

 ...................................................................................................................................... [1]
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 (d) The ventricle is one of two chambers in the heart that collects and expels blood. The left 
ventricle of the heart expels blood around the body. It accelerates blood from rest to a velocity 
of 0.26 m s–1. The distance travelled by the blood during this acceleration is 0.020 m.

  Assuming that the blood is accelerated uniformly, calculate the time taken for this acceleration.

 time =  ....................................................... s [2]

Question 2 begins on page 4
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2 (a) Aristotle and Galileo had different ideas about the way in which objects fall to the ground. 
Compare these ideas.

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

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

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

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

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

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

 (b) Fig. 2.1 shows the graph of velocity against time for a parachutist falling vertically through the 
air. The initial vertical velocity is zero.

0
0

10 20
t / s

v

Fig. 2.1

0
0

10 20
t / s

F

Fig. 2.2

  (i) State two factors that affect the magnitude of the drag force on the parachutist.

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

 ...................................................................................................................................... [1]
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  (ii) State and explain the magnitude of the acceleration of the parachutist at the start of the 
fall.

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

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

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

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

  (iii) On Fig. 2.2 sketch a graph to show the variation of the size of the resultant force F 
acting on the parachutist with time t. [2]

  (iv) The total mass of the parachutist is 80 kg. Calculate the drag force acting on the 
parachutist at an acceleration of 3.0 m s–2.

 drag force =  ...................................................... N [3]

Question 3 begins on page 6
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3 Fig. 3.1 shows a stunt rider on a powerful motorbike at X at the top of a ramp.

X

Y

25 m

9.5 m

ramp

ground

not to scale

cars

path of motorbike
after leaving ramp

Fig. 3.1

 The total mass of motorbike and rider is 190 kg. The height difference between the top and the 
bottom of the ramp is 25 m. The rider uses the engine to accelerate down the ramp. He leaves the 
end of the horizontal section of the ramp at Y with a speed of 30 m s–1.

 (a) Calculate the loss of gravitational potential energy Ep of the rider and motorbike from X to Y.

 Ep =  ....................................................... J [1]

 (b) Calculate the kinetic energy Ek of the rider and motorbike at Y.

 Ek =  ....................................................... J [1]

 (c) Explain why your answer to (b) is greater than your answer to (a).

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

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

 .............................................................................................................................................. [1]
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 (d) The total distance travelled by the motorbike from X to Y along the ramp is 120 m. Calculate 
the average accelerating force that the motorbike engine provides along the ramp.

 force =  ......................................................  N [2]

 (e) The end of the ramp at Y is at a height of 9.5 m above the ground. The motorbike travels 
through the air after leaving the ramp and flies over a number of cars lined up side by side. 
Assume air resistance has negligible effect on the motion of the rider and motorbike.

  (i) Show that the time taken for the motorbike to travel from Y to the ground is 1.4 s.

 [2]

  (ii) Each of the cars has a width of 1.8 m. Estimate the number of cars the motorbike can 
clear. 

 number =  .......................................................... [2]
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4 Fig. 4.1 shows a cyclist.

1.3 m

0.60 m

0.40 m

direction
of travel

720 N
180 N

YX

Fig. 4.1

 The bicycle tyres are in contact with the road at X and Y. The cyclist is travelling at constant 
velocity on a level road. The weight of the bicycle is 180 N and the weight of the cyclist is 720 N.

 (a) State the magnitude of the resultant force acting on the cyclist. Explain your answer.

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

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

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

 (b) Define moment of a force.

  In your answer, you should use appropriate technical terms, spelled correctly.

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

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

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

 (c) Explain why the two vertical forces acting on the tyres at X and Y do not form a couple.

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

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

 .............................................................................................................................................. [1]
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 (d) Take moments about X to determine the size of the vertical force F acting on the tyre at Y.

 F =  ......................................................  N [3]

 (e) The cyclist leans further forward. How does this affect the force on the tyre at X? Explain your 
answer.

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

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

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

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

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

Question 5 begins on page 10
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5 (a) An airbag is an important safety feature in a car. During a collision, the driver’s airbag is 
triggered by an accelerometer. The airbag inflates in less than 40 ms. The airbag has holes 
and starts to deflate after about 0.3 s.

  (i) Suggest what might happen to the driver in a collision if the airbag did not have holes.

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

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

  (ii) Explain how an airbag reduces the impact force on the driver.

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

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

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

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

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

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

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

 (b) The table below shows how the braking distance x for a car depends on its initial speed u.

u / m s–1 5.0 10 20 40

x / m 2.0 8.0 32 128

  (i) State the relationship between x and u.

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

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

  (ii) The reaction time of a driver is 0.60 s. Calculate the stopping distance of the car when 
u is 30 m s–1.

 distance =  ...................................................... m [3]
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 (c) Many cars are fitted with GPS receivers. Fig. 5.1 illustrates the technique of trilateration which 
is used by a GPS receiver to determine the location of a car on the Earth’s surface.

Earth

satellite

location
of car

Fig. 5.1

  (i) Explain what the circle around each satellite in Fig. 5.1 represents.

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

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

  (ii) Explain how a GPS receiver determines the distance between the car and a satellite.

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

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

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

 ...................................................................................................................................... [2]
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6 (a) (i) Define the force constant of a spring.

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

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

  (ii) Fig. 6.1 shows a load supported by two identical springs arranged in parallel.

Fig. 6.1

   Explain why the force constant of the parallel arrangement of springs is twice the force 
constant of one spring.

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

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

 ...................................................................................................................................... [1]
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 (b) Fig. 6.2 shows a thin strip of aluminium which is secured by a clamp stand.

thick
card

to clamp stand

aluminium
strip

100 g hanger

Fig. 6.2

  The width of the strip has been measured to be 1.0 cm. A piece of thick card is taped to the 
lower end of the strip. A 100 g mass hanger is hooked through the card as shown in Fig. 6.2. 
A number of 100 g slotted masses and a micrometer are also available. 

  Describe how you would use the equipment to determine the breaking stress of aluminium.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [3]
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 (c) Fig. 6.3 shows the graph of stress against strain for a wire made from a ductile material.

0
0

0.20.1 0.40.3 0.5
strain / %

stress

A

Fig. 6.3

  (i) Describe the behaviour of the wire when the strain is less than 0.05%.

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

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

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

  (ii) The wire is used to support a heavy load. The strain in the wire is 0.3%. Describe what 
happens to the wire when the load is removed.

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

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

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

  (iii) A student suggests that the ratio of stress to strain at point A is equal to the Young 
modulus of the material. Explain whether or not this suggestion is correct.

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

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

 ...................................................................................................................................... [1]
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7 A crane is used to lift a shipping container. The container has a mass of 2.8 × 104 kg and is lifted 
by four identical steel cables attached to the container as shown in Fig. 7.1.

container

cables
cables

Fig. 7.1

 Each cable has length 32 m and cross-sectional area 4.5 × 10–4 m2. The container is lifted vertically 
at a constant velocity. The Young modulus of steel is 2.1 × 1011 Pa.

 (a) Calculate the extension in mm of each cable.

 extension =  ................................................... mm [4]

 (b) The container is suddenly accelerated upwards. Explain the effect, if any, on the extension of 
the cables.

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

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

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

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

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page. The question number(s) 
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