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Chapter 3

Kinematics

3.1 Equations of motion

24.9702_s20_qp_23 Q: 1

(a) State one similarity and one difference between distance and dispiacag

SIMILARIEY: o e ee e e S

AIffEreNCE: ...

(b) A student takes several measurements of the s quantity. This set of measurements has
high precision, but low accuracy.

Describe what is meant by: 0
(i) high precision QQ

[Total: 4]
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25.9702_w20_qp_ 22 Q:1

(a) Complete Table 1.1 by putting a tick (v') in the appropriate column to indicate whether the
listed quantities are scalars or vectors.

Table 1.1
quantity scalar vector
acceleration
density
temperature
momentum

(2]

(b) A toy train moves along a straight section of track. Fig. 1.1 shows the variationawith time t of
the distance d moved by the train.

06
05 / %‘\
d/m
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’I | |
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(ii) Determine the speed of the train at time ¢t = 2.0s.

(c) The straight section of track in (b) is part of the loop of track shown in Fig. 1.2.

track

Fig. 1.2

L/
The train completes exactly one lap of the loop. \

State and explain the average velocity of the train over theu@'nplete lap.

[Total: 6]
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26. 9702_s19_qp_21 Q: 1

(a) Define velocity.

............................................................................................................................................... [1]
(b) The speed v of a sound wave through a gas of pressure P and density p is given by the
equation
v=4 /%2
P

where k is a constant that has no units.

An experiment is performed to determine the value of k. The data from the experiment are
shown in Fig. 1.1.

quantity value uncertainty
v 3.3x10°ms™1
P 9.9 x 10*Pa
o 1.29kgm3
Fig. 1.1

(i) Use data from Fig. 1.1 to calculate k.

(ii) Use your answer j d data from Fig. 1.1 to determine the value of k, with its
absolute unc anappropriate number of significant figures.

*
&

*

K= e E e, [3]

[Total: 6]
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27.9702_ w19 _qp 22 Q:2

(a) Define acceleration.

(b) A steel ball of diameter 0.080m is released from rest and falls vertically in air, as illustrated in
Fig. 2.1.

position of ball steel ball of

when released \O diameter 0.080m

0.280m
horizontal

position P beam of light of 0
oibal | - / negligible width

TN
1
I

\

=, >
e e

L/

Fig. 2.1 (not to scale) '\

A horizontal beam of light of negligible width is a vertical di .280 m below the bottom
of the ball when it is released. The ball falls through and b beam of light.

(i) Explain why the force due to air resistance acti the ball may be neglected when
calculating the time taken for the ball to rea% of light.

..................................................... @ oo (RO | ||
(ii) Calculate the time taken for t all from rest to position P where the bottom of the
ball touches the beam of |j

timetaken = ..., s [2]
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(iii) Determine the time interval during which the beam of light is broken by the ball.

CHAPTER 3. KINEMATICS

timeinterval = ..., s [2]
(c) A different ball is released from the same position as the steel ball in (b). T Il has the
same diameter but a much lower density. For this ball, the force due to air re e cannot

be neglected as the ball falls.

State and explain the change, if any, to the time interval durin @gam of light is

broken by the ball.

S O S:::::::::::._

[Total: 8]
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28.9702_ml18 qp 22 Q:1

(a) Complete Fig. 1.1 to indicate whether each of the quantities is a vector or a scalar.

quantity vector or scalar

acceleration

speed

power

Fig.1.1
[2]

(b) Anballis projected with a horizontal velocity of 1.1 ms~" from point A at the edge of a table, as
shown in Fig.1.2.

table ball

The ball lands on horizontal ground at ich is a distance of 0.43m from the base of
the table. Air resistance is negligible

(i) Calculate the time taken f to faII from A to B.

Q

)(i) to determine the height of the table.

(ii) ,yfs;t‘ou
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(iii) The ball leaves the table at time ¢t=0.

For the motion of the ball between A and B, sketch graphs on Fig.1.3 to show the
variation with time ¢ of

1. the acceleration a of the ball,
2. the vertical component s, of the displacement of the ball from A.

Numerical values are not required.

A A

<

®
Fig.1.3 *\
[2]

(c) Aball of greater mass is projected from the table with Qvelocity as the ball in (b). Air
resistance is still negligible.

State and explain the effect, if any, of the incre s on the time taken for the ball to fall
to the ground.

[Total: 8]
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29.9702_wl17 _qp 21 Q:2

The variation with time t of the velocity v of two cars P and Q is shown in Fig. 2.1.

30 car Q
v/ims™ Sum
EEN = car P
20 B
10
o <
0 2 4 6 8 10 12
t's
L/
Fig. 2.1

Car P passes car Q at time ¢=0.

The cars travel in the same direction along a straight road. 0‘

(@) The speed limit for cars on the road is 100kmh~". explain whether car Q exceeds
the speed limit.

(b) Calculate the accelerati

acceleration =
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(c) Determine the distance between the two cars at time ¢ = 12s.

distance = ..o m [3]
(d) From time t=12s, the velocity of each car remains constant at its value at t = 12s.

Determine the time t at which car Q passes car P.

[Total: 8]
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30. 9702_s16_qp_21 Q: 2

A ball is thrown from a point P with an initial velocity u of 12ms™ at 50° to the horizontal, as
illustrated in Fig. 2.1.

path of ball

u=12ms™"

horizontal

Fig. 2.1

The ball reaches maximum height at Q.

Air resistance is negligible. 0

(a) Calculate

(i) the horizontal component of u,

horizontal component = ....

(ii) the vertical component of wu.

vertical Lo s ms~' [1]

(b) Show that the maximum height re he ball is 4.3m.

Q@

2
¢ ? (2]
(c) Detgfrm"the of the displacement PQ.
*
displacement = ... m [4]
[Total: 8]
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31.9702_s15_qp_21 Q: 2

(a) Define speed and velocity and use these definiticns to explain why one of these quantities is
a scalar and the other is a vector.

(b) A ballis released from rest and falls vertically. The ball hits the ground and rebounds vertically,

as shown in Fig. 2.1.
initial position
ball/T P 0

L/

rebound \

ground

———e——————

Fig. 2.1
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The variation with time t of the velocity v of the ball is shown in Fig. 2.2.
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Fig. 2.2

Air resistance is negligible. o

(i) Without calculation, use Fig. 2.2 to d@e
ball fromt=0to t=2.1s.

> 4
,’...‘ ..............................................................................................................
g
....................................................................................................................................... [3]
(ii) Calculate the acceleration of the ball after it rebounds from the ground. Show your
working.
acceleration = .........cccoeeeeeeeeeeeee e, ms=2 [3]
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(iii) Calculate, for the ball, fromt=0to t=2.1s,

1. the distance moved,

distanCe = oo m [3]

2. the displacement from the initial position.

displacement = ........ccccceiiniienn, -
®
(iv) On Fig. 2.3, sketch the variation with f of the speed of the bi\

12.0 8

10.0

8.0

speed/ms—!

6.0

4.0

-8.0

-10.0

Fig. 2.3

(2]
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32.9702_s15_qp_23 Q: 1

(a) The distance between the Sun and the Earth is 1.5 x 107" m. State this distance in Gm.
distance = ... Gm [1]
(b) The distance from the centre of the Earth to a satellite above the equator is 42.3Mm. The

radius of the Earth is 6380 km.
A microwave signal is sent from a point on the Earth directly below the satellite.

Calculate the time taken for the microwave signal to travel to the satellite and back.

(¢) The speed v of a sound wave through a gas of density p and pres

v JEP
- P
where Cis a constant. C:
Show that C has no unit. z

Q“"‘Qﬁ

ar quantities in the list below.

*
&
A g
(d) Underline all t

(3]

acceleration energy momentum power weight [1]
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(e) A boat travels across a river in which the water is moving at a speed of 1.8ms™.
The velocity vectors for the boat and the river water are shown to scale in Fig. 1.1.

water velocity 1.8 ms-1

river

boat velocity 3.0ms-1

60°

river bank

Fig. 1.1 (shown to scale)
In still water the speed of the boat is 3.0ms™'. The boat is directed at an 0° to the
river bank. e
(2]

(i) OnFig. 1.1, draw a vector triangle or a scale diagram to sho'& ant velocity of the

boat. *
(i) Determine the magnitude of the resultant velocity o@ Y

@ tant VEIOGIY = ...oovoeeeee e e ms~! [2]
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