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Topic 2 Kinematics

1.

MC@Q Section

The diagrams show a parachutist in
four positions after she jumps from

a high balloon.

At which position does she have
terminal velocity?

A not yet moving

B accelerating W

C not accelerating

D not moving %g

[N11/P1/Q1]

A student drops a table-tennis ball
in air.

What happens to the velocity and to
the acceleration of the ball during the
first few seconds after release?

velocity acceleration
A| decreases decreases
B| decreases increases
C| increases decreases
D increases increases
[J12/P1/Q4]

3.

speed

A cyclist travels along a hilly road
without using the pedals or brakes.
Air resistance and friction are negli-
gible. The speed/time graph of the
cyclist is shown.

At which point did he reach the
bottom of the first hill?

B

ThinkinéG
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MCQ Answers

1. C Whenthe para-
chute is opened, the air
resistance gradually be-
comes equal to the weight
of the body. The resultant
force is then zero and the
body falls with terminal

c velocity and zero accel-
eration .
A
D
time
[J12/P1/Q3]
A table-tennis ball is released from
the top of an evacuated tube.
g/ ball
_L—vacuum 2 C As the ball

Which graph shows how the speed of

the ball changes with time as it falls
to the bottom of the tube?

A
speed
0
0 time
B
speed
0
0 time

just starts falling, it accel-
erates due to the pull of
gravity so its velocity in-
creases but this increase
in velocity (i.e. accelera-
tion) decreases with time
due to increase in air resis-
tance.

3. B A cyclist mov-
ing down a hill accelerates
and his speed becomes
maximum at the bottom.
The point B represents
the maximum speed of
the cyclist during his
downward motion.

4. A Invacuum, the
only force acting on the
ball is the constant force
of gravity (i.e. weight). So,
it falls with a constant ac-
celeration due to gravity
(i.e. g=10 m/s?).
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C
speed
0
0 time
D
speed
0
0 time
[N12/P1/Q3]

5. The speed-time graph for a car is
shown.

25+
speed 20
m/s

15

10

0 T T T T ¥
0 10 20 30 40 &0

time/s

What is the acceleration of the car at
30 s?

A O B Mm/sz
30
25 9 25 9
—m/ —m/
C 3™ D 5™/
[N12/P1/@Q4]

6. The speed-time graph for a falling
skydiver is shown below. As he falls,
the skydiver spreads out his arms
and legs and then opens his para-
chute.

Which part of the graph shows the
skydiver falling with terminal
velocity?

McQ 2 <& page 2

Y 3
e
2 B
o
w

C
A
D
0 >
0 time
[J13/P1/Q3]

7. The diagram shows the speed-time
graph of the motion of a car for four
seconds.

10+

speed
m/s

0 T T T Y
0 1 2 3 4

time/s

What is the distance travelled by the
car in the four seconds?

A 15m B 25m
C 30m D 40 m
[J13/P1/Q4]

8. An object moves from P to @ in 10 s
with uniform acceleration.

velocity at P =5 m/s
velocity at Q =12 m/s

What is the acceleration?

A 0.5 m/s? B 0.7 m/s?

C 12m/s? D 1.7 m/s?
[N13/P1/Q2]

9. The graph shows how the height of
an object above the ground changes

with time.
4 =
s £
8 E 3
£09
Do
2
2
1
0

0 0.5 1.0 1.5 2.0 25

time/s
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MCQ Answers

5. A The gradient of
a v-t graph gives the ac-
celeration of a body. And
the gradient (slope) of the
graph at 30 second is
zero. Hence, the accelera-
tion is zero.

6. D The gradient
(slope) of a speed time
graph gives the accelera-
tion. As the horizontal part
D gives the zero accelera-
tion. So it represents the
skydiver falling with termi-
nal velocity.

7. B Distance

travelled
=area under the graph
(trapezium)

1
=—x10x(1+4
2>< x( )
=25m

10
=0.7m/s?

9. D Usingthe
straight section of the
distance-time graph,
the terminal (constant)
velocity = gradient of the

3-0
25-1.0
=1i=2 m/s

graph =
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10.

11.

12.

distance travelled/m

What is the terminal velocity?

A 10m/s B 13 m/s
C 1.6 m/s D 2.0m/s
[N13/P1/Q3]

An object falls from rest through the
air. Its velocity increases until it
reaches terminal velocity.

Which quantity increases until its
terminal velocity is reached?

A acceleration

B air resistance

C resultant force
D

weight
[J14/P1/Q4]

A car travels along a road at
50 km/h.
The driver applies the same braking
force at the same place on a day when
the surface is dry and then on a day
when the road is wet.
On the wet surface, how many of
these distances are greater than on
the dry surface?

braking distance

stopping distance

thinking distance

A0 B 1

C 2 D 3
[N14/P1/Q2]

A cyclist takes a ride lasting 25 s.

The diagram shows how her distance
travelled from the starting position
varies with time.

LTI :
100"~ — !
50 L |
0 T ; ; T ;

0 5 10 15 20 25
time/s

What is her average speed for the
whole ride?

A 6.0m/s
C 10.0m/s

B 75m/s
D 11.0m/s

[J15/P1/Q3]

13.

14.

15.

McQ 2 <& page 3

A car begins to move. It speeds up
until it reaches a constant speed. It
continues to travel at this constant
speed for the rest of the journey.

What happens to the acceleration and

what happens to the velocity of the

car during the journey?

A Both the acceleration and the
velocity change.

B Only the acceleration changes.

C Only the velocity changes.

D Neither the acceleration nor the

velocity changes.
[J15/P1/Q4]

A metal ball of mass 0.30 kg and
weight 3.0 N is held so that it is below
the surface of oil.

It experiences an upwards force of

0.30 N.

upwards
force 0.30N
weight ¥ 3.0N

When the ball is released, what is
its initial acceleration?

A 1.0m/s?
B 9.0 m/s?
C 10 m/s?
D 11 m/s?

[J15/P1/Q5]

A student drops, from rest, a
table-tennis ball in air.

What happens to the velocity and to
the acceleration of the ball during the
first few seconds after release?

velocity acceleration
A | decreases decreases
B | decreases increases
C | increases decreases
D | increases increases
[J15/P1/Q6]

ThinkinéG
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MCQ Answers

10. B Weightremains
constant. Air resistance
increases, which reduces
the resultant force, which
inturn reduces the accel-
eration of the object .

11. C Braking dis-
tance and stopping dis-
tance are increased by
greater speed, icy or wet
road conditions. But the
thinking distance is inde-
pendent of the conditions of
the road.

12. A Average speed

_ lotal distance

total time
= @ =6.0 m/s.
25

13. A Thegraph
shows the motion of a car.

Vi(m/s)

tls
It shows that the speed
increases from zero to
maximum value and the
acceleration decreases
from the maximum value
to zero.

14. B Resultantforce
= mass x acceleration
3.0-0.30=0.30xa
2.7
a=——
0.30
=9.0 m/s?

15. C The velocity of
the ball increases with
time due to the pull of
gravity but this increase in
velocity (i.e. acceleration)
decreases with time due
to the increase in air re-
sistance, since air resis-
tance oc velocity.
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Topic2 Kinematics

THEORY Section

Question 1

A ball rolls down a slope, as shown in Fig. 1.1.
The metre rule shows the position of the ball at times =0, 1.0s, 2.0s and 3.0s.

t
ball !

metre rule

Fig. 1.1

[1]
(b) Calculate the average speed of the ball between ¢t = 1.0 s and 3.0 s. [2]

(¢) Two of the forces that act on the ball are air resistance and weight.

(a) Explain how Fig. 1.1 shows that the ball is accelerating.

State what, if anything, happens to these forces as the ball accelerates.
2]

(d) Explain why, if the slope is long enough, the ball eventually reaches a
constant speed. [1]

[J13/P2/Q1]

Solution

(a) A greater distance is covered by the ball in each second. Which means that
the velocity of the ball is increasing every second.

(b) Average speed total dls‘tance
total time
80
20
=40 cm/s or 0.40 m/s

(c) air resistance: It increases due to the increase in the speed of the ball.

weight: It remains constant.

(d) The backward and forward forces become equal. The resultant force becomes
zero, so the speed becomes constant.

COMMENT on ANSWER

“@

)

Alternative Answer;

The ball travels further
in each second.

As the ball acceler-
ates, its speed
increases. As a result
the air resistance
acting on the ball also
increasesand
becomes equal to the
forward force .

Theresultantforce
then becomes zero
and the ball then
reaches aconstant

speed. *
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Question 2

A children’s ride consists of a steel cable that runs between two posts of dif-
ferent heights, as shown in Fig. 9.1.

steel cable

post

Fig. 9.1
A girl starts and finishes the ride at rest. Her horizontal motion can be taken
as
* an initial uniform acceleration for 3.0 s, followed by
* a constant speed of 2.4 m/s for a further 5.0 s and

* a final uniform deceleration that lasts for 1.0 s.

(a) On Fig. 9.2, draw a speed-time graph of the horizontal motion.

speed
m/s
0
0
time/s [3]
(b) Explain what is meant by uniform acceleration. [21

(c) The final deceleration is larger in size than the initial acceleration.

Explain how the data shows this. [1]
(d) Calculate the horizontal distance travelled by the girl in the first 8.0 s.
[3]

(e) (i) The girl has a mass of 30 kg and falls a vertical distance of 1.6 m
during the ride.
The gravitational field strength g is 10 N/kg.
Calculate the decrease in gravitational potential energy of the girl. [2]

(ii) The gain in kinetic energy of the girl is less than the decrease in her
potential energy.
Suggest one reason for this. [1]

(f) A group of pupils make measurements to show that the girl’s speed is
constant during the middle section of the ride.
Suggest what measurements are made and how they show that the speed
is constant. [3]

[J14/P2/Q9]
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Solution
(a)
speed 3
m/s
2 i
,/
1 Wi
» \
0
0 2 4 6 8 10

time/s
(b) Uniform acceleration refers to a constant increase in velocity per unit time.

(¢) Accelerating upto 2.4 m/s took three seconds whereas decelerating from
2.4 m/s to 0 m/s took just one second.

(d) Distance travelled = aea of trapezium

=%><2.4><(5+8)=15.6 m.

(e) (i) Decrease in potential energy = mgh
=30x10x1.6=480J

(ii) Some energy may have been lost as thermal energy due to work done
against air resistance.

(f) The middle section of the ride is marked, on the ground, at equal distances
of 1 meter each. Using a stopwatch, time is recorded as the girl passes each
of these marks. A distance-time graph is then plotted. A constant slope of the
distance-time graph would indicate that the speed of the girl is constant
during the middle section of the ride.

Question 3

A bungee jumper falls from a bridge above a river, as shown in Fig. 11.1.

position A position B position C position D
at the top cord starts at the lowest

to stretch point
f 7T

A

Fig. 11.1 (not to scale)

The man starts from position A in Fig. 11.1. The elastic cord starts to stretch
at position C and he stops for the first time at position D. He continues to rise
and fall.
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Fig. 11.2 shows how the velocity of the man varies with time .
20

velocity 15

m/s

10

0 1 2 3 4 5 6
t's

Fig. 11.2
(a) (i) State what is meant by velocity. [2]

(ii) State the difference between a positive velocity and a negative velocity.
[1]
(iii)In the first 1.4 s the acceleration is uniform.

1. Using values from Fig. 11.2, determine the acceleration of the man

in the first 1.4 s. [3]
2. Comment on your value of acceleration. [1]
(iv)1. State the value of ¢t when the man is at position D. [1]

2. Explain, in terms of the forces acting, why the man is accelerating
upwards at D. [3]

(b) Fig. 11.3 shows the values for the gravitational potential energy of the
man, the kinetic energy of the man and the elastic potential energy in the
cord at A, C and D.

You may ignore the effect of air resistance in this question.

gravitational kinetic elastic
potential energy/J | energy/J | potential energy/J
position A 20000 0 0
position C 15 000 0
position D 0 0
Fig.11.3

(i) Complete Fig. 11.3 to show the kinetic energy of the man at C and the
elastic potential energy in the cord at D. [2]
(ii) The man has a mass of 50 kg.
The gravitational field strength g is 10 N/ kg.
Using values from Fig. 11.3, calculate the vertical distance between A
and C. [2]

[J15/P2/Q11]
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Solution COMMENT on ANSWER

(a) (i) The rate of change of displacement is called velocity. %@ () The velocity is

(ii) The only difference between a positive velocity and a negative velocity is also defined as:

of their opposite direction.

— distancetravelled
per second in a given

(iii) 1. Acceleration, a = v-e direction,
t — displacement/time
_ 14-0 ~10 m/s? — changein _
1.4-0 displacementperunit

2. This value is the same as the acceleration due to gravity.

@{v) 1. t=4.0 s.

2. At position D, a downward force of gravity (weight) and an upward
elastic force in the cord (tension) act on the man. But as this upward
tension in the cord is greater than the downward force of gravity on

time,

(iii) Altematively:
Acceleration in first 1.4

second = gradient of
graph in first 1.4

the man, the resultant force is in the upward direction, so he accel- seconds.
erates upwards.
,_14-0
(b) () 14-0
gravitational kinetic elastic —10mis? *®
potential energy/J | energy/J | potential energy/J
position A 20000 0 0
position C 15000 5000 0
position D 0 0 20000

(ii) P.E.=mgh
5000=50x10xA
h=10m

Question 4

Fig. 1.1 shows the speed-time graph for a car travelling along a horizontal road.

30
speed
m/s
25
20
0 2 4 6 8 10
time/s
Fig. 1.1
(a) On Fig. 1.1, mark and label a point where the car has a non-uniform
deceleration. [1]
(b) Calculate the deceleration of the car at £ =3.0s. [2]

(c¢) Explain, in terms of the horizontal forces that act on the car, why its speed
is constant at £ =1.0 s. [2]

[J16/P2/Q1]
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