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53.9709 20 _qp_41 Q: 3

CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

A particle P is projected vertically upwards with speed Sms™! from a point A which is 2.8 m above
horizontal ground.

(a) Find the greatest height above the ground reached by P. [3]

(b) Find the length of time for which P is at a@f more than 3.6 m above the ground. [4]
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54. 9709 20 _qp_41 Q: 4

63

30°

TN

The diagram shows a ring of mass 0.1 kg threaded on a fixed horizontal rod. The rod is rough and the
coeflicient of friction between the ring and the rod is 0.8. A force of magnitude 7T'N acts on the ring

in a direction at 30° to the rod, downwards in the vertical plane containing the rod. Initially the ring
is at rest.

(a) Find the greatest value of T for which the ring remains at rest.
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(b) Find the acceleration of the ring when T = 3. [3]
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55.9709 s20 qp 41 Q: 6
A particle moves in a straight line AB. The velocity vms™' of the particle 7 s after leaving A is given
by v= k(t2 —10r +21), where k is a constant. The displacement of the particle from A, in the direction

towards B, is 2.85 m when ¢ = 3 and is 2.4 m when ¢ = 6.

(a) Find the value of k. Hence find an expression, in terms of ¢, for the displacement of the particle
from A. [7]
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A tram starts from rest and moves with uniform acceleration for 20 s. The tram then travels at a constant
speed, Vms™!, for 170 s before being brought to rest with a uniform deceleration of magnitude twice
that of the acceleration. The total distance travelled by the tram is 2.775 km.

(a) Sketch a velocity-time graph for the motion, stating the total time for which the tram is moving.

(2]

(b) Find V.
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57.9709_s20_qp_42 Q: 6

A particle P moves in a straight line. The velocity vms~! at time s is given by

v=2r+1 forO0<r<5,
v=36-1 for5<t<7,
v=2t-27 for7 <t < 13.5.

(a) Sketch the velocity-time graph for 0 <7 < 13.5. [3]

(b) Find the acceleration at the ins 6. [2]
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(e¢) Find the total distance travelled by P in the interval 0 < 7 < 13.5. [5]
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CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

A car starts from rest and moves in a straight line with constant acceleration @ ms~2 for a distance of
50 m. The car then travels with constant velocity for 500 m for a period of 25 s, before decelerating to
rest. The magnitude of this deceleration is 2ams™2.

(a) Sketch the velocity-time graph for the motion of the car. [1]

v(ms™)
A

(b) Find the value of a.

(¢) Find the total ti the car is in motion. [3]
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59. 9709 _s20_qp_43 Q: 6

A particle travels in a straight line PQ. The velocity of the particle ¢ s after leaving P is vms~!, where

v=45+4t - 0.5

(a) Find the velocity of the particle at the instant when its acceleration is zero. [3]
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The particle comes to instantaneous rest at Q.
(b) Find the distance PQ. [6]
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A particle P moves in a straight line. It starts from rest at a point O on the line and at time 7 s after
leaving Q it has acceleration a m s72, where a = 6t — 18.

Find the distance P moves before it comes to instantaneous rest. [6]
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61. 9709 W20 qp_41 Q: 7

Three points A, B and C lie on a line of greatest slope of a plane inclined at an angle of 30° to the
horizontal, with AB = 1 m and BC = 1 m, as shown in the diagram. A particle of mass 0.2kg is
released from rest at A and slides down the plane. The part of the plane from A to B is smooth. The
part of the plane from B to C is rough, with coefficient of friction u between the plane and the particle.

(a) Giventhatyu= %\/5 find the speed of the particle at C. [8]
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62. 9709 W20 qp_42 Q: 4

v(ms™h
A

20

» [
%0 T )

The diagram shows a velocity-time graph which models the motion of a car. The graph consists of

four straight line segments. The car accelerates at a constant rate of 2 m s72 from re speed of
20ms~! over a period of T's. It then decelerates at a constant rate for 5 seconds b elling at a
constant speed of Vms™! for 27.5s. The car then decelerates to rest at a c ver a period

of 5s.

(a) FindT.
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(b) Given that the distance travelled up to the point at which the car begins to move with constant
speed is one third of the total distance travelled, find V. [4]
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63. 9709 W20 qp 42 Q: 5
A particle is projected vertically upwards with speed 40 ms™! alongside a building of height 2 m.

(a) Given that the particle is above the level of the top of the building for 4 s, find A. [4]
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(b) One second after the first particle is projected, a second particle is projected vertically upwards

from the top of the building with speed 20 m s7h

Denoting the time after projection of the first particle by ¢ s, find the value of ¢ for which the two
particles are at the same height above the ground. [4]
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CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

A particle P moves in a straight line, starting from a point O with velocity 1.72ms™'. The acceleration
3
ams~? of the particle, ¢ s after leaving O, is given by a = 0.172.

(a) Find the value of r when the velocity of Pis 3m s, [4]
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(b) Find the displacement of P from O when ¢ = 2, giving your answer correct to 2 decimal places.

[3]
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65. 9709 W20 qp 43 Q: 1

A particle P is projected vertically upwards with speed vms~!' from a point on the ground. P reaches
its greatest height after 3 s.

(a) Find v. [1]

?‘]'PapaCambridge



T‘:_']’PapaCambridge

83

66. 9709 W20 _qp_43 Q: 5

A particle P moves in a straight line. Tt starts at a point O on the line and at time 7s after leaving O it
has velocity vim s_l, where v = 4% — 20¢ + 21.

(a) Find the values of ¢ for which P is at instantaneous rest. [2]
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(d) Find the distance travelled by P during the time when its velocity is negative. [4]
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67.9709 ml19 qp 42 Q:2
A particle is projected vertically upwards with speed 30 ms™! from a point on horizontal ground.

(i) Show that the maximum height above the ground reached by the particle is 45 m. [2]

[4]
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68.9709 ml19 qp 42 Q: 5

v(ms™)
A
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ving a fixed
pafticle from ¢ = 0

The velocity of a particle moving in a straight line is vms~! at time ¢ seco
point O. The diagram shows a velocity-time graph which models the motio
to t = 16. The graph consists of five straight line segments. The accelerati e particle from# =0
to t = 3 is 3ms~2. The velocity of the particle at f = 5 is 7ms ™! and i to instantaneous rest at

t = 8. The particle then comes to rest again at = 16. The mini ity of the particle is Vms™'.
10

(i) Find the distance travelled by the particle in the first 8 s n. [3]
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(ii) Given that when the particle comes to rest at t = 16 its displacement from O is 32 m, find the
value of V. [4]
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69. 9709 m19 qp 42 Q: 6

A particle moves in a straight line. It starts from rest at a fixed point O on the line. Its acceleration at

1
time ¢ s after leaving Q is am s72. where a = 0.4° — 4.8£2.

(i) Show that, in the subsequent motion, the acceleration of the particle when it comes to
instantaneous rest is 16 ms™2. [6]
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(ii) Find the displacement of the particle from O at ¢t = 5. [3]
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70. 9709 _s19_qp_41 Q: 2

A particle P is projected vertically upwards with speed 25 ms™! from a point 3 m above horizontal
ground.

(i) Find the time taken for P to reach its greatest height. [2]

(ii) Find the length of time for w% igher than 23 m above the ground. [3]
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71.9709_s19_qp_41 Q: 5

A particle P moves in a straight line from a fixed point O. The velocity vms~' of P at time /s is given
by
v=1"—8+12 for0<s<8.

(i) Find the minimum velocity of P. [3]
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A car moves in a straight line with initial speed #ms~' and constant acceleration ams~2. The car
takes 5 s to travel the first 80 m and it takes 8 s to travel the first 160 m. Find a and u. [6]
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73.9709_s19_qp_42 Q: 7

Particles P and Q leave a fixed point A at the same time and travel in the same straight line. The
velocity of P after ¢ seconds is 67(f — 3)ms~" and the velocity of Q after f seconds is (10 — 2r)ms".

(i) Sketch, on the same axes, velocity-time graphs for P and Q for 0 <¢ < 5. [3]
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74.9709 s19 _qp 43 Q: 1

A bus moves in a straight line between two bus stops. The bus starts from rest and accelerates at
2.1ms 2 for 5s. The bus then travels for 24 s at constant speed and finally slows down, with a constant
deceleration, stopping in a further 6s. Sketch a velocity-time graph for the motion and hence find the
distance between the two bus stops. [5]
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A particle P moves in a straight line. The acceleration ams~2 of P at time 7s is given by a = 6¢ — 12.
The displacement of P from a fixed point O on the line is s m. It is given that s =5 when 7 = 1 and
s=1whent=3.

(i) Show thats = -6 + pt+ g, where p and g are constants to be found. [4]
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(ii) Find the values of t when P is at instantaneous rest. [2]
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76. 9709 w19 qp 41 Q: 7

A particle moves in a straight line, starting from rest at a point O, and comes to instantaneous rest at
a point P. The velocity of the particle at time 7s after leaving O is vins~!, where

v=0.6¢2-0.12¢.

(i) Show that the distance OP is 6.25 m. [5]
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On another occasion, the particle also moves in the same straight line. On this occasion, the
displacement of the particle at time s after leaving O is s m, where

s=ki* +er.
It is given that the particle passes point P with velocity 1.25ms™! at time 7 = 5.

(ii) Find the values of the constants k and c. [5]

L 2
(iii) Find cce

*

he particle at time 7 = 5. [2]
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77.9709 w19 gp 42 Q:1
A particle moves in a straight line. The displacement of the particle at time s is s m, where
s=1 -6 +4t.

Find the velocity of the particle at the instant when its acceleration is zero. [4]
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78.9709 w19 qp 42 Q: 2

» 7 (s)

30 35 50

The tractor then accelerates to a speed of 12ms~! over a period of 5s. The
rest over a period of 15 s.

[2]

[3]
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79.9709 w19 qp 42 Q: 5

Two particles A and B move in the same vertical line. Particle A is projected vertically upwards from
1

the ground with speed 20ms™". One second later particle B is dropped from rest from a height of
40 m.
(i) Find the height above the ground at which the two particles collide. [4]
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(ii) Find the difference in the speeds of the two particles at the instant when the collision occurs.

(3]
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A car travels along a straight road with constant acceleration. It passes through points P, O, R and

S. The times taken for the car to travel from P to Q, Q to R and R to S are each equal to 10s. The
distance QR is 1.5 times the distance PQ. At point Q the speed of the car is 20ms™".

(i) Show that the acceleration of the car is 0.8 ms™2. [3]
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(ii) Find the distance QS and hence find the average speed of the car between () and S. [3]

?‘j_']'PapaCambridge



107

T‘:_']’PapaCambridge

81.9709 w19 qp 43 Q: 6

Particle P travels in a straight line from A to B. The velocity of P at time ¢ s after leaving A is denoted
by vm g1 . Where

v =0.042 + ct* + kt.

P takes 5 s to travel from A to B and it reaches B with speed 10ms™!. The distance AB is 25 m.

(1) Find the values of the constants ¢ and k. [6]
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82.9709 ml18 qp 42 Q:5

A small rocket is fired vertically upwards, starting from rest at ground level, and moves with constant
acceleration. The rocket reaches a height of 200 m after 10s.

(i) Show that the speed of the rocket after 10s is 40ms~! and find the acceleration of the rocket
during the first 10s. [4]
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(iii) Find the total time from the instant the rocket is fired until it returns to the ground. [4]
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83.9709 ml8 qp 42 Q: 7

A particle P moves in a straight line. The velocity vms™! at time /s is given by

v=4+4+0.2¢t for0<r< 10,
v=—2+@ for 10 <t < 20.
2
(i) Find the acceleration of P during the first 10s. [1]

(iii) Sketch the velocity-time graph %Q

&
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(iv) Find the total distance travelled by P in the interval 0 < ¢ < 20. [5]
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A particle P is projected vertically upwards with speed 24 m s~! from a point 5 m above ground level.
Find the time from projection until P reaches the ground. [3]
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CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

85.9709_s18_qp_41 Q: 4

A particle P moves in a straight line starting from a point O. At time ts after leaving O, the

displacement s m from O is given by s = r° — 4#> + 4¢ and the velocity is vims™'.

(i) Find an expression for v in terms of 7. [2]

?‘]'PapaCambridge



T‘f]’PapaCambridge

(iii) Find the minimum velocity of P. [3]
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CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

86. 9709 s18 gp 41 Q:5
A sprinter runs a race of 200 m. His total time for running the race is 20s. He starts from rest and
accelerates uniformly for 6 s, reaching a speed of 12m s~!. He maintains this speed for the next 10s,

before decelerating uniformly to cross the finishing line with speed Vms™'.

(i) Find the distance travelled by the sprinter in the first 16 s of the race. Hence sketch a displacement-
time graph for the 20 s of the sprinter’s race. [6]

displacement (m)

o’a’

0 —» time (s)
0 20
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(ii) Find the value of V. [2]
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87. 9709 s18_qp_42 Q: 4

CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

A particle P moves in a straight line ABCD with constant acceleration. The distances AB and BC are

100 m and 148 m respectively. The particle takes 4 s to travel from A to B and also takes 4 s to travel
from B to C.

(i) Show that the acceleration of P is 3m s~ and find the speed of P at A. [6]
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88.9709_s18_qp_42 Q: 6

A particle P moves in a straight line passing through a point O. At time s, the acceleration, ams~2,

of P is given by a = 6 — 0.24¢. The particle comes to instantaneous rest at time ¢ = 20.

(i) Find the value of f at which the particle is again at instantaneous rest. [5]
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(ii) Find the distance the particle travels between the times of instantaneous rest. 3]
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89. 9709 s18 qp_43 Q: 1

v(ms™)
A

16

0 > 1(S
0 40 600 )

The diagram shows the velocity-time graph for a train which travels from rest at one station to rest at
the next station. The graph consists of three straight line segments. The distance between the two
stations is 9040 m.

(i) Find the acceleration of the train during the first 40s.

P

(iii) Find the dista lled by the train while it is decelerating. [2]
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90. 9709 s18_qp_43 Q: 2
A small ball is projected vertically downwards with speed 5ms™! from a point A at a height of 7.2m
above horizontal ground. The ball hits the ground with speed V ms™! and rebounds vertically upwards

with speed %Vm s~!. The highest point the ball reaches after rebounding is B. Find V and hence find
the total time taken for the ball to reach the ground from A and rebound to B. [5]
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91.9709_s18_qp_43 Q: 7

A particle P moves in a straight line starting from a point Q. The velocity vms~! of P at time s is

given by
v=12t-47 for0<r<2,
v=16-4¢ for2<r<4.
(i) Find the maximum velocity of P during the first 2s. [3]

(ii) Determine, with justification, whe @s any instantaneous change in the acceleration of P
when 7 = 2. [2]

..................................... O oo
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(iii) Sketch the velocity-time graph for 0 < 7 < 4. [3]
v(ms™1)
A
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92. 9709 wi8 qp 41 Q: 7

A particle moves in a straight line starting from rest from a point O. The acceleration of the particle
at time 7 s after leaving O is am s2, where

a=54-1.62t.

(i) Find the positive value of # at which the velocity of the particle is zero, giving your answer as an
exact fraction. [4]

(ii) Find the velocity of the particle at ¢ = chtch the velocity-time graph for the first ten
seconds of the motion. [3]
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(iii) Find the total distance travelled during the first ten seconds of the motion. [5]

127
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93.9709 w18 qp 42 Q: 3

=)
R
o]

The velocity of a particle moving in a straight line is v s~ at time 7 secon. ram shows a
velocity-time graph which models the motion of the particle from ¢ = Qito graph consists
of four straight line segments. The particle reaches its maximum veloci att = 10.

(i) Find the acceleration of the particle during the first 2 secw [1]

(ii) Find the value of V. 0 [2]
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At t = 6, the particle is instantaneously at rest at the point A. At =T, the particle comes to rest at the
point B. At ¢ = 0O the particle starts from rest at a point one third of the way from A to B.

(ifi) Find the distance AB and hence find the value of 7. [4]
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94. 9709 w18 qp 42 Q: 5

A particle moves in a straight line starting from a point O with initial velocity 1 ms™'. The acceleration
of the particle at time s after leaving O is am s>, where

1
a=1.212-0.6t.

(i) Attime T s after leaving O the particle reaches its maximum velocity. Find the value of 7. [2]

aximum (you do not need to verify that

[6]

the acceleration is a maximum rather than ini

(ii) Find the velocity of the particle when its acce r@
i ).
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95.9709 w18 qp 43 Q: 4

A runner sets off from a point P at time ¢ = O, where 7 is in seconds. The runner starts from rest
and accelerates at 1.2ms 2 for 5s. For the next 12 s the runner moves at constant speed before
decelerating uniformly over a period of 3 s, coming to rest at (. A cyclist sets off from P at time
t = 10 and accelerates uniformly for 10s, before immediately decelerating uniformly to rest at Q at

time ¢+ = 30.
(i) Sketch the velocity-time graph for the runner and show that the distance PQ is 96 m. [4]
v(ms™
A
0\
T T » 1 (s)
0 10 0 30
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(ii) Find the magnitude of the acceleration of the cyclist. [3]
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96. 9709 w18 qp 43 Q: 7

A particle moves in a straight line. The particle is initially at rest at a point O on the line. Attime ts
after leaving O, the acceleration a m s> of the particle is given by a = 25— for 0 <t < 9.

(i) Find the maximum velocity of the particle in this time period. [4]

(ii) Find the total distance travelle aximum velocity is reached. [2]
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1
The acceleration of the particle for > 9 is given by a = -3¢ 2.
(iii) Find the velocity of the particle when ¢ = 25. [4]
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97.9709 ml17 qp 42 Q: 5

A particle P moves in a straight line starting from a point O and comes to rest 35s later. At time s
after leaving O, the velocity vim sl of Pis given by

v:%t2 0
v=2r+10 5<1<15,
v=a+b? 15 € 1< 35,

where a and b are constants such thata >0 and b < 0.

(i) Show that the values of @ and b are 49 and —0.04 respectively. [3]
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(ii) Sketch the velocity-time graph. [4]

v(ms1)
A
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98.9709_s17_qp_41 Q: 5

A particle P moves in a straight line ABCD with constant deceleration. The velocities of P at A, B
and C are 20ms™!, 12ms~! and 6 ms™! respectively.

(i) Find the ratio of distances AB : BC. [4]
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(ii) The particle comes to rest at D. Given that the distance AD is 80 m, find the distance BC. [3]
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99. 9709 _s17_qp_41 Q: 6

A particle P moves in a straight line passing through a point O. At time ¢ s, the velocity of P, vims™,

is given by v = gt + rt*, where g and r are constants. The particle has velocity 4ms~! when ¢ = 1 and
when 7 = 2.

(i) Show that, when ¢ = 0.5, the acceleration of P is 4 ms2. [4]

(ii) Find the values s at instantaneous rest. [2]
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(iif) The particle is at O when 7 = 3. Find the distance of P from O when ¢ = 0. [4]
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100. 9709_s17_qp_42 Q: 3

A particle A moves in a straight line with constant speed 10ms~!. Two seconds after A passes a point

O on the line, a particle B passes through O, moving along the line in the same direction as A. Particle
B has speed 16ms~! at O and has a constant deceleration of 2ms™2.

(i) Find expressions, in terms of #, for the displacement from O of each particle ¢ s after B passes
through O. [3]

(ii) Find the distance between the particles wh comes to instantaneous rest. [3]
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(iii) Find the minimum distance between the particles. [3]
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101. 9709_s17_qp_43 Q: 3

A train travels between two stations, A and B. The train starts from rest at A and accelerates at a
constant rate for T's until it reaches a speed of 25 ms™!. It then travels at this constant speed before
decelerating at a constant rate, coming to rest at B. The magnitude of the train’s deceleration is twice
the magnitude of its acceleration. The total time taken for the journey is 180s.

(i) Sketch the velocity-time graph for the train’s journey from A to B. [1]

v(ms 1
A

o » 1 (S) 0

(ii) Find an expression, in terms of T, for the length of time for which the trai elling with
constant speed. [2]

.......................................................................................................... Al
o8 T

(iiif) The distance from A to B is 3300 ow far the train travels while it is decelerating. [3]
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102. 9709 s17 qp 43 Q: 4

A particle P moves in a straight line starting from a point O. At time #s after leaving O, the velocity,
vms~!, of Pis given by v = (2t — 5)°.

(i) Find the values of ¢ when the acceleration of P is 54 ms™2. [3]
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103. 9709_s17_qp_43 Q: 5

A particle is projected vertically upwards from a point O with a speed of 12ms~!. Two seconds later
a second particle is projected vertically upwards from O with a speed of 20ms~!. At time 7 after the
second particle is projected, the two particles collide.

(i) Find ¢. [5]
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104. 9709 w17 qp 41 Q: 4

v(ms 1)
A
V | __
7] — —
: »
ol 15 35 6 ()
_15 L

The diagram shows the velocity-time graph of a particle which moves in a straight line. The graph
consists of 5 straight line segments. The particle starts from rest at a point A at time ¢ = initially
travels towards point B on the line.

(i) Show that the acceleration of the particle betweent =3.5 and r = 6 is —1 [1]

7.5ms 2. When ¢ = 10 the velocity
[2]

(ii) The acceleration of the particle between # = 6 an
of the particle is V ms~'. Find the value of

(iii) The particle c
betwe%? =

0'“

B at time T's. Given that the total distance travelled by the particle
00 m, find the value of T'. [4]
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105. 9709 _w17_qp_41 Q: 5

A particle starts from a point O and moves in a straight line. The velocity of the particle at time s
after leaving O is vim s, where

v=1.5+04¢ forO0< <5,

V= @—0.1! fort=5.
t
(i) Find the acceleration of the particle during the first 5 seconds of motion. [1]
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(iii) Find the total distance travelled by the particle in the first 10 seconds of motion. [5]
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106. 9709 w17 _qp_42 Q: 3

A car travels along a straight road with constant acceleration. It passes through points A, B and C.
The car passes point A with velocity 14 ms™!. The two sections AB and BC are of equal length. The
times taken to travel along AB and BC are 5 s and 3 s respectively.

(i) Write down an expression for the distance AB in terms of the acceleration of the car. Write down

a similar expression for the distance AC. Hence show that the acceleration of the car is 4 ms™2.
[4]
(ii) Find the speed it passes point C. [2]
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107. 9709 w17 qp 42 Q: 4
A particle P is projected vertically upwards from horizontal ground with speed 12ms™.

(i) Find the time taken for P to return to the ground. [2]

The time in seconds after P is projected is denoted by r. When ¢ = 1, a second particle @ojected
vertically upwards with speed 10ms~! from a point which is 5 m above the groun s P and
QO move in different vertical lines.

(ii) Find the set of values of 7 for which the two particles are moving in& rection. [4]

..................................................................................................... i
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108. 9709 w17 _qp_42 Q: 7

A particle starts from rest and moves in a straight line. The velocity of the particle at time ¢ s after the
start is v ms_l, where

v=-0.017 +0.22¢* - 0.4¢.
(i) Find the two positive values of ¢ for which the particle is instantaneously at rest. [2]
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(iii) Find the distance travelled by the particle while its velocity is positive. [4]
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109. 9709 w17 _qp_43 Q: 5

A particle starts from a fixed origin with velocity 0.4ms™! and moves in a straight line. The
acceleration am s~ of the particle 7 s after it leaves the origin is given by a = k(3t2 — 12t + 2), where
k is a constant. When ¢ = 1, the velocity of Pis 0.1 ms~'.

(i) Show that the value of kis 0.1. [5]
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(ii) Find an expression for the displacement of the particle from the origin in terms of z. [2]
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110. 9709_w17_qp_43 Q: 6

v(msh
A
Vi o o -
7 N
// | N\
Q. E \\\
I |
1 N
// m
< : »1(s)
0 12 6 10 12 T
-6 ' |
P
The diagram shows the velocity-time graphs for two particles, P and @, which are mo the same
straight line. The graph for P consists of four straight line segments. The gra onsists of
three straight line segments. Both particles start from the same initial positi ine. Q starts
2 seconds after P and both particles come to rest at time # = T. The greates 1 QisVms.

(i) Find the displacement of P from O at ¢ = 10.
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(iii) Given that the total distance covered by P during the T seconds of its motion is 49.5 m, find the
value of T. [3]

s 1.75ms™2, find the value of V and
hey both come torestatt=7T. [3]

hence find the distance between the two pa

(iv) Given also that the acceleration of  from ¢ = @
) 1l
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111. 9709 m16 qp 42 Q: 7

A particle P moves in a straight line. The velocity vms~! at time 7s is given by

v =>51(t-2) forO<r<4,

v=k for4 <t <14,
Vv=68-2t for 14 < 1 < 20,
where k is a constant.
(i) Find k. [1]
(ii) Sketch the velocity-time graph for 0 < ¢ < 20. [3]
(iii) Find the set of values of ¢ for which the acceleration of P is positive. [2]
(iv) Find the total distance travelled by P in the interval 0 < r < 20. [5]
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112. 9709 _s16_qp_41 Q: 1

A lift moves upwards from rest and accelerates at 0.9 ms™> for 3s. The lift then travels for 6 s at
constant speed and finally slows down, with a constant deceleration, stopping in a further 4 s.

(i) Sketch a velocity-time graph for the motion. [3]

(ii) Find the total distance travelled by the lift. [2]
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113. 9709 _s16 _qp 41 Q: 6

A particle P moves in a straight line. It starts at a point O on the line and at time ¢s after leaving O it
has a velocity vms ™!, where v = 617 — 307 + 24.

(i) Find the set of values of # for which the acceleration of the particle is negative. [2]
(ii) Find the distance between the two positions at which P is at instantaneous rest. [4]
(iii) Find the two positive values of ¢ at which P passes through O. [3]
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114. 9709 _s16_qp_42 Q: 2

A particle P moves in a straight line, starting from a point O. At time ¢ s after leaving O, the velocity
of P,vms ™, is given by v = 442 _ 8+ 3.

(1) Find the two values of ¢ at which P is at instantaneous rest. [2]

(ii) Find the distance travelled by P between these two times. [3]
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CHAPTER 2. KINEMATICS OF MOTION IN A STRAIGHT LINE

115. 9709_s16_qp_42 Q: 4

v(ms™)
A

8.2

V _____ ——=

0 6 n e

A sprinter runs a race of 400 m. His total time for running the race is 52s. The diagram shows the
velocity-time graph for the motion of the sprinter. He starts from rest and accelerates uniformly to a
speed of 8.2ms ™! in 65. The sprinter maintains a speed of 8.2ms"! for 36 s, and he then decelerates

uniformly to a speed of V ms™' at the end of the race.

(i) Calculate the distance covered by the sprinter in the first 42 s of the rac [2]
(ii) Show that V = 7.84. [3]
(iii) Calculate the deceleration of the sprinter in the last 10 s of the ra&\ [2]

A\,
o’a’
Q"’Q
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116. 9709_s16_qp_43 Q: 2

Alan starts walking from a point O, at a constant speed of 4ms™', along a horizontal path. Ben
walks along the same path, also starting from Q. Ben starts from rest 5 s after Alan and accelerates at
1.2ms2 for 5s. Ben then continues to walk at a constant speed until he is at the same point, P, as
Alan.

(i) Find how far Ben has travelled when he has been walking for 5 s and find his speed at this instant.
[2]

(ii) Find the distance OP. [3]
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117.9709_s16_qp_43 Q: 7

A particle P moves in a straight line. At time s, the displacement of P from O is sm and the
acceleration of P is ams™2, where a = 61 —2. Whent=1,s =7 and whent = 3, s = 20,

(i) Find the set of values of # for which the particle is decelerating. [2]
(ii) Find s in terms of «. [5]
(iii) Find the time when the velocity of the particle is 10 ms . [3]
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118. 9709 w16 _qp 41 Q:1

| Jav!

Q

Two particles P and Q, of masses 0.6 kg and 0.4 kg respectively, are connected by a light inextensible
string. The string passes over a small smooth light pulley fixed at the edge of a smooth horizontal
table. Initially P is held at rest on the table and Q hangs vertically (see diagram). P is then released.
Find the tension in the string and the acceleration of Q. [4]
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119. 9709 w16 qp 41 Q: 3

A particle P is projected vertically upwards from a point O. When the particle is at a height of 0.5 m,
its speed is 6 ms™!. Find

(i) the greatest height reached by the particle above O, [3]

(ii) the time after projection at which the particle returns to O. [3]

T1f]’Papa(.‘.ambridge



T‘f]’PapaCambridge

167

120. 9709 w16 qp 41 Q: 7

A racing car is moving in a straight line. The acceleration ams™2 at time 7 s after the car starts from
rest is given by

a=15t-37 for0<r<5,

625
a=—-—— forS5<t<k,
2
where k is a constant.
(i) Find the maximum acceleration of the car in the first five seconds of its motion. [3]
(ii) Find the distance of the car from its starting point when 7 = 5. [3]
(ifi) The car comes to rest when ¢ = k. Find the value of k. [5]
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121. 9709 w16 _qp 42 Q: 2

A particle moves in a straight line. Tts displacement ¢ s after leaving a fixed point O on the line is s m,
3
where s = 21% — %ﬂ.

(i) Find the time at which the acceleration of the particle is zero. [4]

(ii) Find the displacement and velocity of the particle at this instant. [2]
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122. 9709 w16 _qp 42 Q: 7
A car starts from rest and moves in a straight line from point A with constant acceleration 3 ms™~> for
10s. The car then travels at constant speed for 30 s before decelerating uniformly, coming to rest at
point B. The distance AB is 1.5 km.
(i) Find the total distance travelled in the first 40 s of motion. [3]
When the car has been moving for 20 s, a motorcycle starts from rest and accelerates uniformly in a
straight line from point A to a speed V ms~!. Tt then maintains this speed for 30 s before decelerating

uniformly to rest at point B. The motorcycle comes to rest at the same time as the car.

(ii) Given that the magnitude of the acceleration @ m s~2 of the motorcycle is three times the magnitude
of its deceleration, find the value of a. [6]

(iii) Sketch the displacement-time graph for the motion of the car. [3]
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123. 9709 w16 qp 43 Q: 4

A ball A is released from rest at the top of a tall tower. One second later, another ball B is projected
vertically upwards from ground level near the bottom of the tower with a speed of 20ms~!. The two
balls are at the same height 1.5 s after ball B is projected.

(i) Show that the height of the tower is 50 m. [3]
(ii) Find the length of time for which ball B has been in motion when ball A reaches the ground.

Hence find the total distance travelled by ball B up to the instant when ball A reaches the ground.
[51
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124. 9709 _w16_qp 43 Q: 5

A particle P starts from a fixed point O and moves in a straight line. At time 7 s after leaving O, the
velocity v ms~! of Pis given by v = 61 — 0.3#%. The particle comes to instantaneous rest at point X.

(i) Find the distance OX. [4]
A second particle Q starts from rest from O, at the same instant as P, and also travels in a straight
line. The acceleration ams™> of Q is given by a = k — 12t, where k is a constant. The displacement

of @ from O is 400 m when ¢ = 10.

(ii) Find the value of k. [4]
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125. 9709 s15 qp 41 Q: 6

Two particles A and B start to move at the same instant from a point O. The particles move in the
same direction along the same straight line. The acceleration of A at time 7 s after starting to move is
ams™?, where a = 0.05 — 0.00021.

(i) Find A’s velocity when t = 200 and when ¢ = 500. [4]

B moves with constant acceleration for the first 200 s and has the same velocity as A when ¢ = 200. B
moves with constant retardation from # = 200 to r = 500 and has the same velocity as A when ¢ = 500.

(ii) Find the distance between A and B when ¢ = 500. [6]
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126. 9709 _s15_qp_42 Q: 4

A particle P moves in a straight line. At time ¢ seconds after starting from rest at the point O on the
line, the acceleration of P is ams™2, where a = 0.075(2 — 1.5¢ + 5.

(i) Find an expression for the displacement of P from O in terms of ¢. [4]

(ii) Hence find the time taken for P to return to the point O. [3]
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127. 9709 _s15 qp 42 Q: 5

A particle P starts from rest at a point O on a horizontal straight line. P moves along the line with
constant acceleration and reaches a point A on the line with a speed of 30ms™". At the instant that
P leaves O, a particle Q is projected vertically upwards from the point A with a speed of 20ms™".
Subsequently P and Q collide at A. Find

(i) the acceleration of P, [4]
(ii) the distance OA. [2]
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128. 9709 _s15_qp_43 Q: 7

A particle P moves on a straight line. Tt starts at a point O on the line and returns to O 100s later.
The velocity of Pis vms~' at time ¢ s after leaving O, where

v = 0.0001#% — 0.015#% + 0.5¢.

(i) Show that P is instantaneously at rest when ¢t = 0, = 50 and ¢ = 100. [2]
(ii) Find the values of v at the times for which the acceleration of P is zero, and sketch the velocity-
time graph for P’s motion for O < 7 < 100. [7]

(iii) Find the greatest distance of P from O for 0 < ¢ < 100. [4]
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129. 9709 w15 qp 41 Q: 6

A particle P moves in a straight line, starting from a point O. The velocity of P, measured in ms™',

at time t s after leaving O is given by

v = 0.61— 0.03¢.

(i) Verify that, when ¢ = 5, the particle is 6.25 m from Q. Find the acceleration of the particle at this
time. [4]

(if) Find the values of ¢ at which the particle is travelling at half of its maximum velocity. [6]
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130. 9709 w15 _qp_ 41 Q: 7
A cyclist starts from rest at point A and moves in a straight line with acceleration 0.5ms™ for a
distance of 36 m. The cyclist then travels at constant speed for 25s before slowing down, with
constant deceleration, to come to rest at point B. The distance AB is 210m.

(i) Find the total time that the cyclist takes to travel from A to B. [5]

24 s after the cyclist leaves point A, a car starts from rest from point A, with constant acceleration
4ms~2, towards B. It is given that the car overtakes the cyclist while the cyclist is moving with
constant speed.

(ii) Find the time that it takes from when the cyclist starts until the car overtakes her. [5]
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131. 9709 w15 _qp 42 Q:2

A particle is released from rest at a point H m above horizontal ground and falls vertically. The
particle passes through a point 35 m above the ground with a speed of (V — 10)ms™! and reaches the
ground with a speed of Vms™'. Find

(i) the value of V, [3]
(ii) the value of H. [2]
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132. 9709 wl5 qp 42 Q: 3

A particle P moves along a straight line for 100s. Tt starts at a point O and at time 7 seconds after
leaving O the velocity of P is vms™', where

v = 0.000047} — 0.0067 + 0.288t.

(i) Find the values of t at which the acceleration of P is zero. [3]

(ii) Find the displacement of P from O when ¢ = 100. [3]
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133. 9709 _w15_qp_43 Q: 6

A particle P starts from rest at a point O of a straight line and moves along the line. The displacement
of the particle at time ¢ s after leaving @ is x m, where

x = 0.087> — 0.00027°.

(i) Find the value of t when P returns to O and find the speed of P as it passes through O on its
return. [4]

(ii) For the motion of P until the instant it returns to O, find
(a) the total distance travelled, [3]

(b) the average speed. [2]
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