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1 A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0 s to climb 
the slope.
The variation with time t of the speed v of the cyclist is shown in Fig. 3.1.
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Fig. 3.1

(a) Use Fig. 3.1 to determine the total distance moved up the slope.

distance =  ............................................. m [3]
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(b) The bicycle and cyclist have a combined mass of 92 kg.
The vertical height through which the cyclist moves is 1.3 m.

(i) For the movement of the bicycle and cyclist between t = 0 and t = 8.0 s,

 1. use Fig. 3.1 to calculate the change in kinetic energy,

change =  .............................................. J [2]

 2. calculate the change in gravitational potential energy.

change =  .............................................. J [2]

(ii)  The cyclist pedals continuously so that the useful power delivered to the bicycle
is 75 W.
Calculate the useful work done by the cyclist climbing up the slope.

work done =  .............................................. J [2]
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(c) Some energy is used in overcoming frictional forces.

(i) Use your answers in (b) to show that the total energy converted in overcoming
frictional forces is approximately 670 J.

[1]

(ii) Determine the average magnitude of the frictional forces.

average force =  ..............................................N [1]

(d) Suggest why the magnitude of the total resistive force would not be constant.

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

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

 ......................................................................................................................................[2]
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2 An experiment is conducted on the surface of the planet Mars. 
A sphere of mass 0.78 kg is projected almost vertically upwards from the surface of the 
planet. The variation with time t of the vertical velocity v in the upward direction is shown in 
Fig. 2.1.
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Fig. 2.1

The sphere lands on a small hill at time t = 4.0 s.

(a) State the time t at which the sphere reaches its maximum height above the planet’s
surface.

t =  .............................................. s [1]

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

height =  ............................................. m [3]
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(c) Calculate, for the first 3.5 s of the motion of the sphere,

(i) the change in momentum of the sphere,

change in momentum =  ...........................................N s [2]

(ii) the force acting on the sphere.

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

(d) Using your answer in (c)(ii),

(i) state the weight of the sphere,

weight =  ..............................................N [1]

(ii) determine the acceleration of free fall on the surface of Mars.

acceleration =  ........................................m s–2 [2]
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3 A student investigates the speed of a trolley as it rolls down a slope, as illustrated in Fig. 2.1.

Fig. 2.1

The speed v of the trolley is measured using a speed sensor for different values of the time t
that the trolley has moved from rest down the slope.

Fig. 2.2 shows the variation with t of v.

Fig. 2.2
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(a) Use Fig. 2.2 to determine the acceleration of the trolley at the point on the graph where
t = 0.80 s.

acceleration = ………………………… m s–2 [4]

(b) (i) State whether the acceleration is increasing or decreasing for values of t greater
than 0.6 s. Justify your answer by reference to Fig. 2.2.

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

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

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

(ii) Suggest an explanation for this change in acceleration.

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

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

(c) Name the feature of Fig. 2.2 that indicates the presence of

(i) random error,

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

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

(ii) systematic error.

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

.............................................................................................................................. [1]
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4 A trolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in
Fig. 4.1.

Fig. 4.1

The variation with time t of the speed v of the trolley for the first 0.60 s of its motion is shown
in Fig. 4.2.

Fig. 4.2

(a) Use Fig. 4.2 to determine

(i) the initial acceleration of the trolley,

acceleration = ………………………. m s–2 [2]
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(ii) the distance moved during the first 0.60 s of its motion.

distance = ………….………………… m [3]

(b) (i) Use your answer to (a)(i) to determine the resultant force acting on the trolley at
time t = 0.

force = …………………………….. N [2]

(ii) Describe qualitatively the variation with time of the resultant force acting on the
trolley during the first 0.60 s of its motion.

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

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

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

.............................................................................................................................. [3]
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5 A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12 m s–1,
as illustrated in Fig. 3.1.

Fig. 3.1

At the time that the girl throws the ball, her hand is a height h above the horizontal ground at
the base of the cliff.
The variation with time t of the speed v of the ball is shown in Fig. 3.2.

Fig. 3.2
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Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

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

(b) Use Fig. 3.2 to determine the time at which the ball

(i) reaches maximum height,

time  =  ……………………………….  s

(ii) hits the ground at the base of the cliff.

time  =  ……………………………….  s
[2]

(c) Determine the maximum height above the base of the cliff to which the ball rises.

height  =  ……………………………  m  [3]

(d) The ball has mass 250 g. Calculate the magnitude of the change in momentum of the
ball between the time that it leaves the girl’s hand to time t = 4.0 s.

change  =  ……………………………  N s  [3]
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(e) (i) State the principle of conservation of momentum.

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

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

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

(ii) Comment on your answer to (d) by reference to this principle.

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

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

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

............................................................................................................................. [3]
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6 A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time t of
the velocity v of the ball as it approaches and rebounds from the surface.

Fig. 3.1

Use data from Fig. 3.1 to determine

(a) the distance travelled by the ball during the first 0.40 s,

distance = ……………………………………. m  [2] 
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(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the
surface,

change = ………………………………….. N s  [4]

(c) the average force acting on the ball during contact with the surface.

force = ……………………………………. N  [2]
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