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Topic 2

Kinematics

2.1 Equations of motion

Candidates should be able to:

1 define and use distance, displacement, speed, velocity and acceleration

2 use graphical methods to represent distance, displacement, speed, velocity and
acceleration

determine displacement from the area under a velocity—time graph
determine velocity using the gradient of a displacement-time graph

determine acceleration using the gradient of a velocity—time graph

o 00~ W

derive, from the definitions of velocity and acceleration, equations that represent
uniformly accelerated motion in a straight line

7 solve problems using equations that represent uniformly accelerated motion in a straight
line, including the motion of bodies falling in a uniform gravitational field without air
resistance

8 describe an experiment to determine the acceleration of free fall using a falling object

9 describe and explain motion due to a uniform velocity in one direction and a uniform
acceleration in a perpendicular direction
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Question 1

(a) The distance s moved by an object in time t may be given by the
expression

s=lar
2
where a is the acceleration of the object.
State two conditions for this expression to apply to the motion of the object. [2]

(b) A student takes a photograph of a steel ball of radius 5.0 cm as it falls
from rest. The image of the ball is blurred, as illustrated in Fig. 2.1.

The image is blurred because the ball is moving while the photograph is

being taken.
initial position /:\/\/\,\
of ball in photograph 80
cm
final position — 90
of ball in photograph L Cm
100
cm

g

Fig. 2.1

The scale shows the distance fallen from rest by the ball. At time ¢ = 0,
the top of the ball is level with the zero mark on the scale. Air resistance
is negligible.
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Calculate, to an appropriate number of significant figures, .

. . . waw»g CORNER
(i) the time the ball falls before the photograph is taken, [3]

(ii) the time interval during which the photograph is taken. [3]

(c) The student in (b) takes a second photograph starting at the same
position on the scale.

The ball has the same radius but is less dense, so that air resistance is
not negligible.

State and explain the changes that will occur in the photograph. [2]
[J10/P2/Q2]

Suggested Solution:

(@) 1. The object started from rest i.e. it's initial velocity is zero.
2. Equation is valid for uniformly accelerated motion.

®) () S=ut +%at2

79x1072 = (O)t+%(9.81)t2 = t=0.401s
(ii) Time taken by ball to travel 90 cm
S=ut+tar
2

90x1072 = (0)t +%(9.81)t2 = t=0.428
0O time travel =0.428 -0.401=0.027 s

(c) Air resistance would cause the acceleration or the velocity to be less than
before. This also reduces the distance/length of the image.

Question 2
A ball is thrown from a point P, which is at ground level, as illustrated in Fig. 2.1.

wall

path of ball \w

Fig. 2.1

The initial velocity of the ball is 12.4 ms™ at an angle of 36° to the horizontal.

The ball just passes over a wall of height h. The ball reaches the wall 0.17
s after it has been thrown.

(a) Assuming air resistance to be negligible, calculate
(i) the horizontal distance of point P from the wall, [2]
(ii) the height h of the wall. [3]
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(b) A second ball is thrown from point P with the same velocity as the ball
in (a). For this ball, air resistance is not negligible.

This ball hits the wall and rebounds.
On Fig. 2.1, sketch the path of this ball between point P and the point

where it first hits the ground. [2]
[N10/P2/Q2]
Suggested Solution:
(a) (i) Consider horizontal motion
distance, S, =Vyt
=(12.4c0s36°)(0.17)
=1.705=1.71m

(ii) Consider vertical motion
using S, =uyt +%a\,t2
h=(12.4sin36°)(0.17) +%(—9.81)(0.17)2
=1.097=1.10m
(b) wall

path of ball &

Question 3

(a) Distinguish between scalar quantities and vector quantities. [2]

(b) In the following list, underline all the scalar quantities.

acceleration  force  kinetic energy mass  power  weight [1]

(c) A stone is thrown with a horizontal velocity of 20 ms™' from the top of
a clifft 15m high. The path of the stone is shown in Fig. 1.1.

cliff

ground

Fig. 1.1
Air resistance is negligible.
For this stone,
(i) calculate the time to fall 15 m, [2]
(ii) calculate the magnitude of the resultant velocity after falling 15 m,[3]
(iii) describe the difference between the displacement of the stone and
the distance that it travels. [2]
[J11/P2/Q1]

LWM«MS' CORNER

(@

() The ball travel the
horizontal distance with
uniform velocity as no
force acts horizontally.

(i)  The ball may not be
at the highest point when
crossing over the wall so
it's final vertical velocity is
not zero.

Both the horizontal and
vertical distance travelled
by the projectile decreases
in air resistance.
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Suggested Solution: ,
: . . . I W CORNER
(a) Physical quantities which need magnitude only for specification are called

scalars while vectors are specified by magnitude as well as direction.

(b) kinetic energy mass power

(© (i) Initial (Ep + Eq)

(c) (i) Consider vertical motion only, =Final Ex
_ 1.2
S, sutrzat mgh+%mu2:%mv2
15 = (0)(1) +%(9.81)t2 2gh+u” _v?

2 2

15 v =+/2gh +u?
=29 ~ 1758 v =[2(9.81)(15) + (20)°

v=263ms"

15=4.9¢°

(ii) Final vertical velocity, v, =u, +a,t
=0+(9.81)(1.75)=17.2 ms™

Resultant velocity, v =vZ +V§ Ve
=(17.2)2 +(20)? =26.4 ms™ Vi

(iii) Displacement is the straight directed distance from the starting point to the
ending point while distance is the actual path travelled by the stone.

Question 4
The variation with time f of the displacement s for a car is shown in Fig. 1.1.
600 - I 7 0 A O
500
s/m
N
400 f
300
N
200
100 /
0
0 20 40 60 80 100 t/s
Fig. 1.1
(a) Determine the magnitude of the average velocity between the times
5.0 s and 35.0 s. [2]
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(b) On Fig. 1.2, sketch the variation with time t of the velocity v for the car. .
L(MM CORNER
v/ms1
0
0 20 40 60 80 100 ¢/s
Fig. 1.2
[N11/P2/Q1]
Suggested Solution:
(a) Velocity = Gradient of s/m against t/s graph
v :M:18_0 ms_1
35.0-5.0
(b) 20
I \
v/ms1 \
10 \
[
\
\
I
O 1
0 20 40 60 80 100 ¢t/s
-10
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Question 12 W CORNER

A golfer strikes a ball so that it leaves horizontal ground with a velocity
of 6.0 ms™' at an angle @ to the horizontal, as illustrated in Fig. 1.1.

6.0ms™

Fig. 1.1 (not to scale)

The magnitude of the initial vertical component v, of the velocity is
48 ms.
Assume that air resistance is negligible.

(@) Show that the magnitude of the initial horizontal component vy of the
velocity is 3.6 m s, [1]

(b) The ball leaves the ground at time =0 and reaches its maximum
height at t = 0.49 s.

On Fig. 1.2, sketch separate lines to show the variation with time ¢,
until the ball returns to the ground, of

(i) the vertical component v, of the velocity (label this line Y),[2]

(ii) the horizontal component v, of the velocity (label this line X).

2]

5.0

4.0

velocity /ms™
3.0

2.0

1.0

- -t/s

Fig. 1.2
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(c) Calculate the maximum height reached by the ball. [2]

(d) For the movement of the ball from the ground to its maximum height,
determine the ratio

kinetic energy at maximum height
change in gravitational potential energy

[4]

(e) In practice, significant air resistance acts on the ball. Explain why
the actual time taken for the ball to reach maximum height is less
than the time calculated when air resistance is assumed to be negligible.

(1]
IN18/P2/Q1]

Suggested Solution:

(a) Using pythagoras theorem
v =vE +ve
(6.0)% =vZ +(4.8)°
vg =36-23
Vy =13 = vy=36ms”

(b) (i) & (ii)
5.0

4.0 X

velocity/ms™"

3.0 N

2.0 N

yd

1.0

yd

7

T
o
o
H
o
\l
|
T
o
™
H
T
o
<o
H
—

AN

p4

(c) Consider vertical motion
Using s, :u‘,t+%at2

s, = (4.8)(0.49) +%(—9.81)(0.49)2

=2.352-1.178 =117 m

t/'s

LWM CORNER

(@) Initially find an angle &

sin6?:ﬂ
6.0

= H=sin" [ﬂ]
6.0

= 6=53.1°
vy =vcosé
= Vyx =6.0c0s53.1°

=36ms™

(b) - Vertical component,

vy of velocity de-
creases uniformly due
to gravitational pull of
earth.

— Horizontal compo-
nent of velocity, vy
remains constant as no
force acts horizontally.

() Loss of Ex =Gainin Ep

%muf =mgh
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(@ __kinetic energy at maximum height  _ Imvg Lw/tw»g CORNER

change in gravitational potential energy - mgh

_ i (d) At maximum height,
2gh vertical velocity (v)

(3.6)2 becomes zero and
=0.56 horizontal velocity is

" 2(9.81(1.17)

(e) Air resistance always acts in opposite direction to velocity. This in-
creases the resultant opposing force and ball gain lesser maximum
height and at lesser time.

36ms™.

Question 13

(a) Define acceleration. (1]

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

position of ball steel ball of

when released \Q diameter 0.080m

0.280m
horizontal

position P beam of light of
of ball \ negligible width

\
\ ’

Fig. 2.1 (not to scale)

A horizontal beam of light of negligible width is a vertical distance
of 0.280 m below the bottom of the ball when it is released. The ball
falls through and breaks the beam of light.

(i) Explain why the force due to air resistance acting on the ball may
be neglected when calculating the time taken for the ball to reach
the beam of light. [1]

(ii) Calculate the time taken for the ball to fall from rest to position
P where the bottom of the ball touches the beam of light. [2]

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

(c) A different ball is released from the same position as the steel ball
in (b). This ball has the same diameter but a much lower density.
For this ball, the force due to air resistance cannot be neglected as

the ball falls.
State and explain the change, if any, to the time interval during which
the beam of light is broken by the ball. [2]

[N19/P2/Q2]
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Suggested Solution:
(@) Change of velocity per unit time.

(b) (i) Force due to air resistance is negligible in comparison to weight.
. 1 .5
s=ut+—at
(i) 5
0.280 = (0)(1) +%(9.81)(t2)
0.280 = 4.905¢2
t:‘/@ = 0.239s
4.905
(iii) Total distance moved =0.280 +0.080 =0.360
Using, s =ut +%an‘2
0.360 = (0)(t) +%(9.81)t2

3(0.360)
9.81
O Time interval = 0.271-0.239 = 0.032 s

t= = 0.271s

(c) Resultant force and thus acceleration of low-density ball is less. Hence
time interval is longer.

Question 14

(a) Fig. 2.1 shows the velocity—time graph for an object moving in a
straight line.

velocity

»
|

time

Fig. 2.1

(i) Determine an expression, in terms of u, v and ¢, for the area under
the graph. [1]

(ii) State the name of the quantity represented by the area under the
graph. [1]

(b) A ball is kicked with a velocity of 15 ms™ at an angle of 60° to
horizontal ground. The ball then strikes a vertical wall at the instant

when the path of the ball becomes horizontal, as shown in Fig. 2.2.

LWM CORNER
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path of - .
ball CORNER

/vertlcal
wall

velocity

horizontal
~ ground

Fig. 2.2 (not to scale)
Assume that air resistance is negligible.

(i) By considering the vertical motion of the ball, calculate the time

it takes to reach the wall. [3]
(ii) Explain why the horizontal component of the velocity of the ball
remains constant as it moves to the wall. [1]
(iii) Show that the ball strikes the wall with a horizontal velocity of
75ms™. (1]

(c) The mass of the ball in (b) is 0.40 kg. It is in contact with the wall
for a time of 0.12 s and rebounds horizontally with a speed of 4.3

ms'.
(i) Use the information from (b)(iii) to calculate the change in
momentum of the ball due to the collision. [2]
(ii) Calculate the magnitude of the average force exerted on the ball
by the wall. (1]
[J20/P2/Q2]
Suggested Solution:
(@) (i) Area under graph = Area of trapezium (a) (i) Area =ut +%(v —u)t
= Tw+v))

(ii) Displacement

) () v, =u, +at
0 =15sin60° +(-9.81)¢

_15sin60° _
t_—9.81 1.32s

(ii) No force is acting along horizontal direction.
(i) v, = uy

=15c0s60°=7.5 ms™

(¢) (i) Momentum before collision = (m)(u) = (0.40)(7.5) =3.0
Momentum after collision = (m)(-v) = (0.40)(-4.3) =-1.72
Change in momentum, Ap=-1.72-3.0

=-4.72kgms™
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(i) Average force, in—[t) W CORNER

_—472
0.12

=-39.3N

Question 15

(a) Complete Table 1.1 by putting a tick (¥') 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 variation with time f of the distance d moved by the train.

0.6
0.5 /
/
d/m
0.4 7
0.3
7
4
0.2
0.1 » a
,/L,,,,,,,,,,,, (e
0
0 1 2 3
. t/s
Fig. 1.1
(i) Describe qualitatively the motion of the train between time t=0
and time t=1.0s. [1]
(ii) Determine the speed of the train at time = 2.0 s. [2]

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

Fig. 1.2
The train completes exactly one lap of the loop.

State and explain the average velocity of the train over the one complete
lap. (1]
[N20/P2/Q1]
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Suggested Solution:
@ | quantity scalar vector
acceleration v
density v
temperature v
momentum v

(b) (i) As gradient of d/m against t/s graph at different times decreases,
so speed decreases.

(ii) Speed = Gradient of graph
_Ad
T At
_0.56-0.20
~ 3.0-15

=0.24ms™

Total displacement

c) Average velocity =
(€ g y Total time

Average velocity is zero due to zero displacement because train returns
to its starting position in a loop.

Question 16

A man standing on a wall throws a small ball vertically upwards with a
velocity of 5.6 ms™'. The ball leaves his hand when it is at a height of
3.1 m above the ground, as shown in Fig. 3.1.

ball

velocity 5.6ms™! T
I man

3.1m

Fig. 3.1 (not to scale)
Assume that air resistance is negligible.

(@) Show that the ball reaches a maximum height above the ground of
4.7 m. [2]

(b) The man does not catch the ball as it falls.
Calculate the time taken for the ball to fall from its maximum height

to the ground. [2]

LWM CORNER

(b) (i) Since final speed/
velocity is lesser than
initial velocity, so train
decelerates in first 1.0's.

(i) Graph of d/m
against t/s is a straight
line, so it has constant
gradient or speed at all
times. So instantaneous
speed at t=2.0 is 0.24
ms.
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(c) The ball leaves the man’s hand at time t=0 and hits the ground .
at time t=T. LWWMS CORNER

On Fig. 3.2, sketch a graph to show the variation of the velocity v
of the ball with time f from t=0 to t=T. Numerical values of v and
t are not required. Assume that v is positive in the upward direction.

A

Fig. 3.2
[3]
(d) State what is represented by the gradient of the graph in (¢). [1]
(e) The man now throws a second ball with the same velocity and from
the same height as the first ball. The mass of the second ball is
greater than that of the first ball. Assume that air resistance is still
negligible.
For the first and second balls, compare:

(i) the magnitudes of their accelerations [1]
(ii) the speeds with which they hit the ground. [1]
[J22/P2/Q3]
Suggested Solution:
() 2as =v? -2 OR Initial KE. = Final P.E.
2(-9.81)h = (0)* - (5.6)° X mv? = mgh
h=16m 2
2
h= V_
29
2
b= (5.6)° _
2(9.81)

Maximum height above ground, h=1.6 + 3.1 =4.7m
(b) s —ut+ar?
2

4.7 = (0)(1) +%(9.81)t2

t= 24.7) = 1=0.979=0.98s
9.81
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© 4 W CORNER

% (c) Final velocity on hitting
ground:

51 v2 =2gh
v =/2(9.81)(4.7)

v=96ms™

Numerical values are
N not needed as stated in
question.

Upward motion:

+ve lesser velocity

Highest point: 0

(d) Acceleration of free fall (g).

(e) (i) Constant (same) as acceleration of free fall is independent of mass. Downward motion:
-ve greater velocity.
Straight line due to
constant value of
acceleration due to
gravity.

(ii) Same speed as they fall from same height.

Question 17
(@) In the following list, underline all quantities that are SI base quantities.
charge electric current  force time [1]
(b) Under certain conditions, the distance s moved in a straight line by
an object in time t is given by
:latz
2

where a is the acceleration of the object.

State two conditions under which the above expression applies to the

motion of the object. 2]
(c) The variation with time t of the velocity v of a car that is moving

in a straight line is shown in Fig. 1.1.

25

20

15
vims™!
10

5

0

-5 tls

-10

-15

Fig. 1.1
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(i) Compare, qualitatively, the acceleration of the car at time t=8.0
s and at time t=14.0 s in terms of:

* magnitude

e direction.
[2]
(ii) Determine the magnitude of the acceleration of the car at time
t=4.0s. [2]

(iii) The car is at point X at time f= 0.
Determine the magnitude of the displacement of the car from X

at time t=12.0 s. [2]
[N23/P2/Q1]
Suggested Solution:
(a) charge electric_current force time

(b) 1. Object starts from rest (u = 0).
2. Acceleration (a) of object remains constant.
(c) (i) Magnitude: Magnitude of acceleration at t=8.0 s is less
than at t=14.0 s.

Direction: Direction of acceleration at t= 8.0 s is opposite to
acceleration at 14.0 s.

(i) Acceleration, a =gradientof v/ms™ against t/s graph
a= w =25 ms_2
4.0-0

(iii) Distance from t=0 to t=4.0s
= area above graph with time axis = %(4)(—1 0)=-20m

Distance from t=4.0 to t=12.0s
= area under graph with time axis = %(1 2-4)(20)=80m

O Displacement =80 +(-20) =60 m

LWM CORNER

(b) s=ut+af
2
If u=0, then,

S zlal‘2
2



Topic 5

Work, Energy and Power

An understanding of the forms of energy and energy transfers from Cambridge IGCSE/O
Level Physics or equivalent is assumed.

5.1

Energy conservation

Candidates should be able to:

1

5.2

understand the concept of work, and recall and use work done = force x displacement
in the direction of the force

recall and apply the principle of conservation of energy

recall and understand that the efficiency of a system is the ratio of useful energy output
from the system to the total energy input

use the concept of efficiency to solve problems

define power as work done per unit time
, w
solve problems using P = s

derive P =Fv and use it to solve problems

Gravitational potential energy and kinetic energy

Candidates should be able to:

1

derive, using W= Fs, the formula AE, =mgAh for gravitational potential energy
changes in a uniform gravitational field

recall and use the formula AE, =mgAh for gravitational potential energy changes in a
uniform gravitational field

derive, using the equations of motion, the formula for kinetic energy Ex :%ITIV2

12
recall and use E, =5mv
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Question 1
(a) (i) Explain what is meant by work done. [1]
(ii) Define power. [1]

(b) Fig. 3.1 shows part of a fairground ride with a carriage on rails.

The carriage and passengers have a total mass of 600kg. The carriage
is travelling at a speed of 9.5m s~ towards a slope inclined at 30° to the
horizontal. The carriage comes to rest after travelling up the slope to a
vertical height of 4.1 m.

(i) Calculate the kinetic energy, in kd, of the carriage and passengers as

they travel towards the slope. [3]

(ii) Show that the gain in potential energy of the carriage and passengers

is 24 kJ. 2]

(iii) Calculate the work done against the resistive force as the carriage
moves up the slope. [1]

(iv) Use your answer in (iii) to calculate the resistive force acting against

the carriage as it moves up the slope. [2]
[J11/P2/Q3]

Suggested Solution:

(a) (i) Product of force and displacement travelled in the direction of force.
(ii) Work done per unit time is called power.

) () E =—mv?
2
= %(600)(9.5)2 =27.1x10° =27.1kJ

(i) E, =mgh

=(600)(9.81)(4.1)

=24.1x10° =24.1kJ
(ii) Initial £, = Gain in E, + Work done against friction

271=241+W = W=3.0kJ

(iv) W =(F)(S)
4.1
sin30

3.OX103:(F)[ j = F=366N
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(b)

(c)

Question 2

(a) Define
(i) force, [1]
(i) work done. (1]

A force F acts on a mass m along a straight line for a distance s. The
acceleration of the mass is a and the speed changes from an initial speed
u to a final speed v.

(i) State the work W done by F. [1]
(ii) Use your answer in (i) and an equation of motion to show that kinetic
energy of a mass can be given by the expression
kinetic energy = 2 x mass x (speed)2. [3]
A resultant force of 3800 N causes a car of mass of 1500 kg to accelerate
from an initial speed of 15 ms™ to a final speed of 30 ms™'.
(i) Calculate the distance moved by the car during this acceleration.
2]
(i) The same force is used to change the speed of the car from 30 ms™
to 45 ms.
Explain why the distance moved is not the same as that calculated
in (i). (1]
[N11/P2/Q2]

Suggested Solution:

(a) ()
(i)

(b) (i)
(i) Since W = (F)(s) (M)

(c) ()

(i)

force: Rate of change of momentum is called force.

of force.

W =(F)(s)

By Newton's second law, F =ma
and displacement from third equation of motion is,
vZ -u?

2a

2as=v?-u® = s=

Now, eq. (1) is modified as

W = (ma)[vzz_auzJ =Mz -2y

As the object started from rest i.e. u =0 and this work done becomes the

kinetic energy of the mass, E, = %mvz.

2as =v? -u?

2(5)3 =vZ-u?
m
3800

2(——
1500

)s =(30)* -(15)°
s=133m

greater work done.

work done: Product of force and displacement travelled in the direction

The change in kinetic energy is greater because the same force has done

LW/MMS‘ CORNER

. _Ap
@ 0 F=2

(i) W =(F)s)

Other correct
answers would be

« W=(ma)(s)

2_,2
. W:m[v u ]
2a

(c) (i)

2as =v% —y?

2(5]3 =v? -2
m
2( 38°°j(s> = (45)? - (302

1500
§=222m
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Question 7 LWM CORNER

A ball of mass 0.030 kg moves along a curved track, as shown in Fig. 2.1.

ball
speed

mass 0.030k
g\o 1.3ms™!
A\

wall
0.31m

Fig. 2.1

The speed of the ball is 1.3 m s~ when it is at point A at a height of 0.31 m.

The ball moves down the track and collides with a vertical wall at point B. The
ball then rebounds back up the track. It may be assumed that frictional forces
are negligible.

(a) Calculate the change in gravitational potential energy of the ball in mov-
ing from point A to point B. [2]

(b) Show that the ball hits the wall at B with a speed of 2.8 m s™. [3]

(¢) The change in momentum of the ball due to the collision with the wall is
0.096 kg m s~'. The ball is in contact with the wall for a time of 20 ms.

Determine, for the ball colliding with the wall,

(i) the speed immediately after the collision, [2]
(ii) the magnitude of the average force on the ball. [2]
(d) State and explain whether the collision is elastic or inelastic. [1]

(e) In practice, frictional effects are significant so that the actual increase in
kinetic energy of the ball in moving from A to B is 76 mJ. The length of
the track between A and B is 0.60 m.

Use your answer in (a) to determine the average frictional force acting on
the ball as it moves from A to B. [2]

[N16/P2/Q2]

Suggested Solution:

(a) Change in G.P.E, AE, =mgAh o
(@) Negative sign shows that

=(0.030)(9.81)(0-0.31) = - 0.091J gravitational potential
energy decreases when
(b) Total energy at A =kinetic energy at B ball moves from A to B.

(Ep)a+(Ex)a = (Ex)s
mgh+1mu2 =Xmve
2 2
2gh+u? =v?
v =y2gh+u?
=/2(9.81)(0.31) + (1.3)2
=4/6.08+1.69 =2.79 ms™
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(c) (M Ap = mAv

Ap =m(v -u)
0.096 = 0.030[v —(-2.8)]
32=v+28 = v=040

O speed immediately after collision =0.40 ms™

(i) Force, FzﬁzL%i3
At 20x10
=48N

(d) Collision is inelastic because kinetic energy of the system (ball and wall)

is not conserved.

(e) P.E.at A=K.E. at B+work done against friction

0.091=76%x107 +(F xs)
0.60F =0.091-76x107°
F=0.025N

(a

()

Question 8

Explain what is meant by work done. [1]

(b) A ball of mass 0.42 kg is dropped from the top of a building. The

ball falls from rest through a vertical distance of 78 m to the ground.
Air resistance is significant so that the ball reaches constant (termi-
nal) velocity before hitting the ground. The ball hits the ground with
a speed of 23 ms™.

(i) Calculate, for the ball falling from the top of the building to the
ground:
1. the decrease in gravitational potential energy [2]
2. the increase in kinetic energy. 2]
(ii) Use your answers in (b)(i) to determine the average resistive force

acting on the ball as it falls from the top of the building to the
ground. [2]

The ball in (b) is dropped at time t=0 and hits the ground at time
t=T. The acceleration of free fall is g.

On Fig. 3.1, sketch a line to show the variation of the acceleration
a of the ball with time t from time t=0 to t=T.

A
g..

\j

Fig. 3.1 [2]
[J20/P2/Q3]

LWM CORNER

(d) Inelastic as relative speed
of approach of ball and
wall is greater than relative
speed of their separation.
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Suggested Solution: ,
. : . LWM«AAX CORNER
(@) Work done is the product of force and displacement travelled in the

direction of force.

(b) () 1. AE,=mghh

= (0.42)(9.81)(78) = 321 J
2. Increase in K.E, AE, =—-m(v? -u?)

(0.42)(23%2 -0%) =111J

N= D=

(ii) Loss of E, =Gain in E, +work done against air resistance
321=111+(F)(78)
F =269
O average resistive force =2.69 N

\j

Question 9

(@) A spring is fixed at one end and is compressed by applying a force
to the other end. The variation of the force F acting on the spring
with its compression x is shown in Fig. 3.1.

A
Fof-——--------

x/m 0.045

Fig. 3.1

A compression of 0.045 m is produced when a force F, acts on the
spring. The spring has a spring constant of 800 Nm-"'.

(i) Determine F,. [2]

(ii) Use Fig. 3.1 to show that, for a compression of 0.045 m, the
elastic potential energy of the spring is 0.81 J. [2]
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(b) A child’s toy uses the spring in (a) to launch a ball of mass 0.020 .
kg vertically into the air. The ball is initially held against one end of LW”“”"X CORNER
the spring which has a compression of 0.045 m. The spring is then

released to launch the ball. The kinetic energy of the ball as it leaves
the toy is 0.72 J.

(i) The toy converts the elastic potential energy of the spring into
the kinetic energy of the ball. Use the information in (a)(ii) to
calculate the percentage efficiency of this conversion. [1]

(ii) Determine the initial momentum of the ball as it leaves the toy.
3]
(c) The ball in (b) leaves the toy at point A and moves vertically upwards
through the air. Point B is the position of the ball when it is at maximum
height h above point A, as illustrated in Fig. 3.2.
B

ball reaches maximum e
height at point B

h
ball at point A

kinetic energy 0.72J A
mass 0.020kg \O‘ -
Fig. 3.2 (not to scale)

The gravitational potential energy of the ball increases by 0.60 J as
it moves from A to B.

(i) Calculate h. [2]
(ii) Determine the average force due to air resistance acting on the
ball for its movement from A to B. [2]

(iii) When there is air resistance, the ball takes time T to move from
A to B.

State and explain whether the time taken for the ball to move
from A to its maximum height will be more than, less than or
equal to time T if there is no air resistance. [1]

[N20/P2/Q3]

Suggested Solution:

(a) (i) By Hooke's law
F =kx
F, =(800)(0.045) =36 N

(i) Elastic potential energy, Ep = Area under graph

(F)(x)

[= N =

5 (36)(0.045)=0.81J
Useful kinetic energy

- - x100
al elastic potential energy

(b) (i) Efficiency = Tol

_(0.72 — on co
n -(0_81)x100 =88.9%
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_p

(ii) Since momentumis, p=mv =

3

= p=2mEg

LW/M CORNER

— p=4/2(0.020)(0.72) = 0.1697 =0.17 N's

(c) () AEp =mg(Ah) (c) (i) Increase in
0.60 =(0.020)(9.81)(Ah) = h=3.06m gravitational potential
. o ) energy O Gain of
(ii) By principle of conservation of energy height
Loss of K.E = Gain in GPE + Work done against air resistance
AE, OAh
= 0.72=0.60+(F)(s)
= (F)(3.06)=0.72-0.60 F= w =0.0392N

(iii) The resultant force is less on ball without air resistance and so there
is less deceleration. Hence ball takes more time to move to its

maximum height.

Question 10

child,
weight 330N

surface of slide
4.0m

A child of weight 330 N is at point X at the top of a slide. The slide
is at the edge of a swimming pool, as shown in Fig. 3.1.

surface of water

water in

Fig. 3.1 (not to scale)

child at points X and Y.

The child moves from rest to the lowest point of the slide that is a vertical
distance of 4.0 m below X. The child continues moving towards point Y
which is at the end of the slide and a vertical distance of 1.1 m above
the lowest point. The kinetic energy of the child at Y is 540 J.

(a) Calculate the difference in the gravitational potential energy of the

swimming pool

2]
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(b) An average frictional force of 52 N acts on the child when moving .
waw»g CORNER

from X to Y.
By considering changes of energy, determine the distance moved by
the child from X to Y. 2]

(c) The child leaves the slide at point Y with a velocity that is at an
angle of 41° to the horizontal. The path of the child through the air

is shown in Fig. 3.2.
path of child

- SO surface of water

slide - N
N

water in

swimming pool

Fig. 3.2 (not to scale)

Point Z is the highest point on the path of the child through the air.
Assume that air resistance is negligible.

Calculate the speed of the child at:

(i) point Y [2]
(ii) point Z. [2]
[J21/P2/Q3]

Suggested Solution:

(@) AE, =mghy —mghy
=(330)(1.1) - (330)(4.0)
= -957
-ve sign shows the loss of GE,
O Difference in gravitational potential energy =957 J

(b) By principle of conservation of energy
PE at X =KE at Y +PE at Y + Work done against friction

— (330)(4.0) = 540 +(330)(1.1) + 52 x d

= 52d =957 -540
= 52d =417 N = d=%=8.02
O distance moved =8.02 m
child,
S u=0 Weight330N
surface of slide
hy=4.0 m

Y (Ey)y=540J
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(© () Speed, E, :%mvz

=2
2\ g
0= 1(330)
21 9.81
v =+/32.1
v=567ms”

(i) speed, v, =Horizontal component of velocity at Y
v, =vcos4i

v, =5.67cos41=4.28 ms™’

Question 11
(a) Define power. [1]

(b) A car of mass 1700 kg moves in a straight line along a slope that
is at an angle @ to the horizontal, as shown in Fig. 3.1.

25m

\ car,

mass 1700 kg

slope

horizontal
Fig. 3.1 (not to scale)

The car moves at constant velocity for a distance of 25 m from point
A to point B.

Air resistance and friction provide a total resistive force of 440 N that
opposes the motion of the car.

For the movement of the car from A to B:
(i) state the change in the kinetic energy [1]
(ii) calculate the work done against the total resistive force.  [1]

(¢) The movement of the car in (b) from A to B causes its gravitational
potential energy to increase by 4.8 x 10 J.

Calculate:

(i) the increase in vertical height h of the car for its movement from
A to B [2]

(ii) angle 6. [1]

(d) The engine of the car in (b) produces an output power of 1.7 x 104
W to move the car along the slope.

Calculate the time taken for the car to move from A to B. [2]
[N21/P2/Q3]

LWM CORNER

(c) (ii) At the highest
point, vertical velocity is
zero and possess only
horizontal component
which remain constant
at all positions as no
force acts horizontally.
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Suggested Solution:
(@) Work done per unit time is power.

(b) (i) Change in kinetic energy =0 J
(i) Workdone, W =(f)(sxg)
= (440)(25) =1.1x10* J

() (@) AEp =mg(Ah)

LWM CORNER

W
(a) P—T

(b) (i) Since both mass
and velocity of car are
constants, so kinetic
energy is constant.

4.8x10* = (1700)(9.81)(Ah)
Ah=2.88m \

(ii) sin@d = 2.88
25

6 =sin"'(0.115) \
6=6.62° A

" horizontal
(d) Total work done

= work done against resistive forces + Gain in G.Ep

= (1.1x10%) + (4.8 x10*) =5.9x10* J

P = m
t
4
= 1.7x1o4=m t=3.47s
Question 12
(a) State what is meant by the centre of gravity of an object. [1]

(b) Two blocks are on a horizontal beam that is pivoted at its centre of
gravity, as shown in Fig. 2.1.

. 045m 0.95m
I s horizontal
beam ] inOt
ground 54N support string

Fig. 2.1 (not to scale)

A large block of weight 54 N is a distance of 0.45 m from the pivot.
A small block of weight 2.4 N is a distance of 0.95 m from the pivot
and a distance of 0.35 m from the right-hand end of the beam.

The right-hand end of the beam is connected to the ground by a string
that is at an angle of 30° to the horizontal. The beam is in equilibrium.
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(i) By taking moments about the pivot, calculate the tension T in .
the string. 3] LWWMS CORNER

(if) The string is cut so that the beam is no longer in equilibrium.

Calculate the magnitude of the resultant moment about the pivot
acting on the beam immediately after the string is cut. [1]

(¢) The beam in (b) rotates when the string is cut and the small block
of weight 2.4 N is projected through the air. Fig. 2.2 shows the last
part of the path of the block before it hits the ground at point Y.

path of X /
block

1.8m

horizontal ground

Fig. 2.2 (not to scale)

At point X on the path, the block has a speed of 3.4 ms™ and is
at a height of 1.8 m above the horizontal ground. Air resistance is
negligible.

(i) Calculate the decrease in the gravitational potential energy of the
block for its movement from X to Y. [2]

(ii) Use your answer to (c)(i) and conservation of energy to determine
the kinetic energy of the block at Y. [3]

(iii) State the variation, if any, in the direction of the acceleration of
the block as it moves from X to Y. [1]

(iv) The block passes point X at time #y and arrives at point Y at
time .
On Fig. 2.3, sketch a graph to show the variation of the magnitude
of the horizontal component of the velocity of the block with time
from f to &.
Numerical values are not required.

A !

horizontal :

component :

of velocity !

° i

x time Y
Fig. 2.3
(1]
[J23/P2/Q2]
Suggested Solution:

(@) The point where whole weight of an object appears to act.



AS Level Physics Topic 5 Work, Energy and Power <> Page 18

(b) (i) 0.45m 0.95m 0.35m .
; : <A CORNER

| Tcos30°
ivot 30°
Y P Y !
54N support 2.4N T Tsin30°

Resolve tension T into its components and apply principle of moment i.e.,

Sum of clockwise moments = sum of anticlockwise moments
(2.4)(0.95) +(T sin30°)(0.95 + 0.35) = (54)(0.45)
(2.28) + (T sin30°)(1.3) = 24.3
0.65T =22.02
T=34N
(i) Clockwise moment = (2.4)(0.95) = 2.28 Nm
Anticlockwise moment = (54)(0.45) =24.3 Nm
Resultant moment in anticlockwise direction
=24.3-2.28=22.0 Nm

(c) () Gravitational potential energy, AE, = mghy —mghy
=(2.4)(0) - (2.4)(1.8)
=-432J

—ve sign shows that gravitational potential energy decreases.

(i) Total energy at X =Kinetic energy at Y
Ec+E,=E atY

%va +E, =E,

l(ﬂj(:m)? +4.32=E,
219.81

E, =5.74
O Kinetic energy at Y =5.74 J

(iii) No change, as only force acting is the gravitational pull of Earth.

(iv)
A (c) (iv) Horizontal
component of velocity
. remain constant as no
horizontal force acts horizontally.
component
of velocity

_<'~0~

time
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Question 13 LWWMS CORNER

A vertical rod is fixed to the horizontal surface of a table, as shown in
Fig. 3.1.

rod

surface of sorin
table » pring

N
N~
I~

L

aAnan

Fig. 3.1 (not to scale)

A spring of mass 7.5 g is able to slide along the full length of the rod.

The spring is first pushed against the surface of the table so that it has
an initial compression of 2.1 cm. The spring is then suddenly released
so that it leaves the surface of the table with a kinetic energy of 0.048
J and then moves up the rod.

Assume that the spring obeys Hooke’s law and that the initial elastic

potential energy of the compressed spring is equal to the kinetic energy

of the spring as it leaves the surface of the table. Air resistance is

negligible.

(a) By using the initial elastic potential energy of the compressed spring,
calculate its spring constant. [2]

(b) Calculate the speed of the spring as it leaves the surface of the table.
[2]

(c) The spring rises to its maximum height up the rod from the surface
of the table. This causes the gravitational potential energy of the
spring to increase by 0.039 J.

(i) Calculate, for this movement of the spring, the increase in height

of the spring after leaving the surface of the table. [2]
(ii) Calculate the average frictional force exerted by the rod on the
spring as it rises. [2]

(d) The rod is replaced by another rod that exerts negligible frictional force
on the moving spring. The initial compression x of the spring is now

varied in order to vary the maximum increase in height Ah of the

spring after leaving the surface of the table. Assume that the spring
obeys Hooke’s law for all compressions.
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On Fig. 3.2, sketch a graph to show the variation with x of Ah. W
f . CORNER
Numerical values are not required.

A

Ah

Fig. 3.2
(2]
[N23/P2/Q3]

Suggested Solution:

(@) Initial Elastic potential energy of spring,
E. =0.048J

= %kez =0.048

_ 2(0.048)

62

:M:mmzms Nm™

(2.1x1072)?
O spring constant =218 Nm™

= k

1
b) E, =—mv?
(b) K 2V

= 0.048 = %(7.5 x1073)v2

V= /M =3.58=36ms"’
7.5x107%

(©) () AE, =mg(Ah)
0.039 = (7.5x1073)(9.81)Ah

h= 0.039 =0.530m

(7.5x107°)(9.81) ) o
(c) (i) Use principle of
(i) Initial K.E = work against friction + gain in G.P.E conservation of energy.
0.048 = (F)(0.530) + 0.039
_ 0.048-0.039

0.530
O average frictional force =0.0170 N

=0.0170N
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(d) A

Ah

Question 14

A pinball machine uses a spring to launch a small metal ball of mass
4.5 x 102 kg up a ramp. The spring is compressed by 8.0 x 102 m and
held in equilibrium, as shown in Fig. 4.1.

original length

\ . ) ramp

fixed end
ball, mass 4.5 x 10~2kg

horizontal
Fig. 4.1
The ramp is at an angle of 15° to the horizontal.
(@) The spring obeys Hooke’s law and has a spring constant of
29 Nm.
Calculate the elastic potential energy in the compressed spring.
[2]
(b) The spring is released and expands quickly back to its original length.
(i) Calculate the increase in gravitational potential energy of the ball
when the spring returns to its original length. [3]

(ii) The ball leaves the spring when the spring reaches its original
length. Assume that all the elastic potential energy of the spring
is transferred to the ball.

Calculate the speed of the ball as it leaves the spring. [3]
(c) The ball comes to rest on a horizontal trapdoor of negligible mass
at a distance d from its pivot.

A force F acts vertically downwards at a distance of 2.0 cm from
the pivot, as shown in Fig. 4.2.

LWM«MS' CORNER

(d) By principle of
conservation of energy.

mgAh = %kx2

= Ah= [Lj X2
2mg

= AhOx?

So, trend should be
increasing gradient in
graph.
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1 2.0cm d ! .
: : : watw»g CORNER
| | C5>/ba||
Fl1  pivot trapdoor
Fig. 4.2
(i) The trapdoor is in equilibrium when Fis 1.7 N.
Calculate d. [2]
(ii) Force F is decreased from 1.7 N.
State the direction of the resultant moment about the pivot on
the trapdoor. [1]
[J24/P2/Q4]
Suggested Solution:
1,2
@ E,=_ke
2

- 1 x -2\2
= (29)(8.0x107%)

=0.0928 J=9.28 %1072 J \ 80x102m }
\ . 8.0x10 %sin15°
(b) (i) Increase in gravitational potential energy, L spring 8.0x10’2cos‘1\5°
AE, =mg(Ah) \ |
=(4.5x1072)(9.81)(8.0x 1072 sin15°)
3 ball, mass 4.5 x 10~2kg
=9.14x10™" J

horizontal
(ii) Loss of elastic P.E. = gain in G.P.E. +gain in K.E.

= 9.28x1072=9.14x107° +%(4.5><1O'2)v2

> JA5x10%)2 =9.28x102 -9.14x10°

v=1.93ms™

. :\/2(9.28><10‘2 -9.14x107%)
45x107?

(c) (i) Clockwise moment = anticlockwise moment
(F)(2.0x107%) = (mg)(d)
(1.7)(2.0x1072) = (4.5x1072)(9.81)(d)
(1.7)(2.0x1072)
(4.5x1072)(9.81)
d=7.70x10%m
(ii) Clockwise moment




