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5. Aracing car is moving along a straight horizontal track with constant acceleration. There
are three checkpoints, P, Q and R, on the track, where PQ =48 m and QR =200 m. The
car takes 3 s to travel from P to Q and 5 s to travel from Q to R. Find

(i) the acceleration of the car,

(if) the speed of the car as it passes P.

(1)
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4. The points P and Q are at the same height # metres above horizontal ground. A small
stone is dropped from rest from P. Half a second later a second small stone is thrown
vertically downwards from Q with speed 7.35ms™.  Given that the stones hit the
ground at the same time, find the value of 4.

(7)
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7. Atrain travels along a straight horizontal track between two stations A and B. The train

starts from rest at A and moves with constant acceleration until it reaches its maximum
speed of 108 km h=1. The train then travels at this speed before it moves with constant
deceleration coming to rest at B. The journey from A to B takes 8 minutes.

(@) Change 108 km h™t into m s2.
)

(b) Sketch a speed-time graph for the motion of the train between the two
stations A and B.

)

Given that the distance between the two stations is 12km and that the time spent
decelerating is three times the time spent accelerating,

(c) find the acceleration, in m s, of the train.

(6)
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4. A small stone is projected vertically upwards from the point O and moves freely under
gravity. The point A is 3.6 m vertically above O. When the stone first reaches A, the stone
is moving upwards with speed 11.2 m s, The stone is modelled as a particle.

(@) Find the maximum height above O reached by the stone.

(4)

(b) Find the total time between the instant when the stone was projected from O and the
instant when it returns to O.
()

(c) Sketch a velocity-time graph to represent the motion of the stone from the instant
when it passes through A moving upwards to the instant when it returns to O. Show,
on the axes, the coordinates of the points where your graph meets the axes.

(4)
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1. Atrain moves along a straight horizontal track between two stations R and S. Initially the

o . . | e
train is at rest at R. The train accelerates uniformly at Em s~2 from rest at R until it is

9
moving with speed 15ms™. For the next 200 seconds the train maintains a constant 2
o
speed of 15ms™t. The train then decelerates uniformly at im s~ until it comes to rest g
at S. o
o
Find :‘:E:‘:
-5
(a) the time taken by the train to travel from R to S, @
©) &
2
(b) the distance fromR to S, S
(4)
(c) the average speed of the train during the journey from R to S.
)
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5. Acyclist is travelling along a straight horizontal road. The cyclist starts from rest at point
A on the road and accelerates uniformly at 0.6 m s for 20 seconds. He then moves at
constant speed for 4T seconds, where T <20. He then decelerates uniformly at 0.3 m s
and after T seconds passes through point B on the road. The distance from A to B is 705 m.

(a) Sketch a speed-time graph for the motion of the cyclist between points A and B.
(2)

. % 3 %
(b) Find the value of T. o
LI
(7) e

The cyclist continues his journey, still decelerating uniformly at 0.3 m s2, until he comes
to rest at point C on the road. S
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(c) Find the total time taken by the cyclist to travel from A to C. ;:::::ifof
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2. Aball is thrown vertically upwards with speed 20 m s! from a point 4, which is 4 metres
above the ground. The ball moves freely under gravity until it hits the ground 5 s later.
(a) Find the value of 4.
3
A second ball is thrown vertically downwards with speed w m s™! from 4 and moves freely
under gravity until it hits the ground.
The first ball hits the ground with speed ' m s and the second ball hits the ground with
d2Vms
speed 7 V'ms™.
(b) Find the value of w.
)
. v
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6. A car starts from rest at a point A and moves along a straight horizontal road. The car
moves with constant acceleration 1.5 m s for the first 8 s. The car then moves with
constant acceleration 0.8 m s~ for the next 20 s. It then moves with constant speed for
T seconds before slowing down with constant deceleration 2.8 m s2 until it stops at a
point B.
(a) Find the speed of the car 28 s after leaving 4.
3)
(b) Sketch, in the space provided, a speed—time graph to illustrate the motion of the car
as it travels from 4 to B.
(2)
(c) Find the distance travelled by the car during the first 28 s of its journey from A.
“)
The distance from 4 to B is 2 km.
(d) Find the value of T.
“)
. v
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4. A small stone is released from rest from a point 4 which is at height 4 metres
above horizontal ground. Exactly one second later another small stone is projected
with speed 19.6 m s! vertically downwards from a point B, which is also at height
h metres above the horizontal ground. The motion of each stone is modelled as that of
a particle moving freely under gravity. The two stones hit the ground at the same time.
Find the value of /.
(7
_J
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5. A car travelling along a straight horizontal road takes 170s to travel between two sets of
traffic lights at 4 and B which are 2125m apart. The car starts from rest at 4 and moves
with constant acceleration until it reaches a speed of 17ms™'. The car then maintains this
speed before moving with constant deceleration, coming to rest at B. The magnitude of
the deceleration is twice the magnitude of the acceleration.

(a) Sketch, in the space below, a speed-time graph for the motion of the car between 4
and B.
3

(b) Find the deceleration of the car.
(7
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1. A car is moving along a straight horizontal road with constant acceleration
ams?(a>0). Attimet =0 the car passes the point P moving with speed u m s
In the next 4 s, the car travels 76 m and then in the following 6 s it travels a further 219 m.
Find

(i) the value of u,

(ii) the value of a.

(7)
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3. Ablock A of mass 9 kg is released from rest from a point P which is a height h metres 5 g
above horizontal soft ground. The block falls and strikes another block B of mass 1.5 kg s
which is on the ground vertically below P. The speed of A immediately before it strikes :
B is 7 m s. The blocks are modelled as particles. S

%" X

(@) Find the value of h. -
(2) }’
Posovaviiofe

00
13l
K%

50001
N

5

Immediately after the impact the blocks move downwards together with the same speed
and both come to rest after sinking a vertical distance of 12 cm into the ground. Assuming
that the resistance offered by the ground has constant magnitude R newtons,

,
SIE
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(b) find the value of R. cme
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(@)

(b)

(©)

(d)

(€)

([ 1

Figure 2

Two cars, A and B, move on parallel straight horizontal tracks. Initially A and B are
both at rest with A at the point P and B at the point Q, as shown in Figure 2. At time
t = 0 seconds, A starts to move with constant acceleration a m s for 3.5 s, reaching a
speed of 14 m st Car A then moves with constant speed 14 m s,

Find the value of a.

()

Car B also starts to move at time t = 0 seconds, in the same direction as car A. Car B
moves with a constant acceleration of 3 m s2. At time t = T seconds, B overtakes A. At
this instant A is moving with constant speed.

On a diagram, sketch, on the same axes, a speed-time graph for the motion of A
for the interval 0 <t < T and a speed-time graph for the motion of B for the interval
0<t«T.

(©)
Find the value of T.

(8)
Find the distance of car B from the point Q when B overtakes A.

(1)

On a new diagram, sketch, on the same axes, an acceleration-time graph for the
motion of A for the interval 0 < t < T and an acceleration-time graph for the motion
of B for the interval 0 <t < T.

3)
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-

4. A small ball of mass 0.2 kg is moving vertically downwards when it hits a horizontal floor.
Immediately before hitting the floor the ball has speed 10ms™~!. Immediately after hitting
the floor the ball rebounds vertically with speed 7ms™'.

(a) Find the magnitude of the impulse exerted by the floor on the ball.
(2)

By modelling the motion of the ball as that of a particle moving freely under gravity,

(b) find the maximum height above the floor reached by the ball after it has rebounded
from the floor,

2

(c) find the time between the instant when the ball first hits the floor and the instant when
the ball is first I m above the floor and moving upwards.

(C))
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Question 4 continued

=
o
5
i
o

S

Fotoetete!

Josess
s
e

b et
-
882

L
o
5

e

A

el e

4 =¥ L ke
el
55

oo
et

<
e

7

-
fots
PR

>
%
<5

L
&
<
o

o
iy .‘.:.

223


M
2.23


— June 2017 (IAL)

LeaveN
blank

5. Two trains, P and Q, move on horizontal parallel straight tracks. Initially both are at rest
in a station and level with each other. At time t =0, P starts off and moves with constant
acceleration for 10s up to a speed of 25ms™' and then moves at a constant speed of
25ms~!'. Attime t =20, where t is measured in seconds, train Q starts to move in the same
direction as P. Train Q accelerates with the same initial constant acceleration as P, up to
a speed of 40ms™! and then moves at a constant speed of 40ms™'. Train Q overtakes P at
time t = T, after both trains have reached their constant speeds.

(a) Sketch, on the same axes, the speed-time graphs of both trains for 0 <t < T.
3

(b) Find the value of t at the instant when both trains are moving at the same speed.

2

VIVSIHLNIZLEMIONOG

(c) Find the value of T.
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3. A cyclist starts from rest at the point O on a straight horizontal road. The cyclist moves
along the road with constant acceleration 2ms™ for 4 seconds and then continues to
move along the road at constant speed. At the instant when the cyclist stops accelerating,
a motorcyclist starts from rest at the point O and moves along the road with constant
acceleration 4 ms~2 in the same direction as the cyclist. The motorcyclist has been moving
for T seconds when she overtakes the cyclist.

(a) Sketch, on the same axes, a speed-time graph for the motion of the cyclist and a
speed-time graph for the motion of the motorcyclist, to the time when the motorcyclist
overtakes the cyclist.

C)

(b) Find, giving your answer to 1 decimal place, the value of T.
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6. Two cars A and B are moving in the same direction along a straight horizontal road.
Car A is moving with uniform acceleration 0.4ms=2 and car B is moving with uniform
acceleration 0.5ms=. At the instant when B is 200m behind A, the speed of A is 35ms™
and the speed of B is 44ms. Find the speed of B when it overtakes A.

(9)
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(

7.

A train moves on a straight horizontal track between two stations A and B. The train starts
from rest at A and moves with constant acceleration 1ms= until it reaches a speed of
V ms. The train maintains this speed of V ms™ for the next T seconds before slowing
down with constant deceleration 0.5ms, coming to rest at B. The journey from A to B
takes 180s and the distance between the stations is 4800 m.

(a) Sketch a speed-time graph for the motion of the train from A to B.

)
(b) Show that T =180 — 3V.

)
(c) Find the value of V.

()
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5. A small ball is projected vertically upwards from a point O with speed 14.7 ms™!. The
point O is 2.5m above the ground. The motion of the ball is modelled as that of a particle
moving freely under gravity.
Find
(a) the maximum height above the ground reached by the ball,
4
(b) the time taken for the ball to first reach a height of 1 m above the ground,
4
(c) the speed of the ball at the instant before it strikes the ground for the first time.
3
- J
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6. An athlete goes for a run along a straight horizontal road. Starting from rest, she
accelerates at 0.6 ms= up to a speed of Vms!. She then maintains this constant speed of
Vms™! before finally decelerating at 0.2 ms= back to rest. She covers a total distance
of 1500m in 270s.
(a) Sketch a speed-time graph to represent the athlete’s run.
(2)
sV
(b) Show that she accelerates for EY seconds.
(2)
(¢) Show that V2 —KkV + 450 = 0, where K is a constant to be found.
(6)
(d) Find the value of V, justifying your answer.
C))
- J
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3. Attimet = 0, a stone is thrown vertically upwards with speed 19.6ms™" from a point A
which is h metres above horizontal ground. At time t = 3's, another stone is released from
rest from a point B which is also h metres above the same horizontal ground. Both stones
hit the ground at time t = T seconds. The motion of each stone is modelled as that of a
particle moving freely under gravity.
Find
(1) the value of T,
(i1) the value of h.
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