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CHAPTER 6. WORK, ENERGY AND POWER

6.1 Energy conversion and conservation
68. 9702_s20_qp_21 Q: 2

(a) State Newton’'s second law of motion.

(b) A delivery company suggests using a remote-controlled aircraft to drop a parcel into the
garden of a customer. When the aircraft is vertically above point P on the ground, it releases
the parcel with a velocity that is horizontal and of magnitude 5.4ms~". The path of the parcel
is shown in Fig. 2.1.

54ms™!
—

parcel X 0
path of parcel
P Q ntal
f ! (g und
d :

Fig. 2.1 (not to scale

The parcel takes a time of 0.81s after its rele ch point Q on the horizontal ground.
Assume air resistance is negligible.

(i) On Fig. 2.1, draw an arrow from pgi show the direction of the acceleration of the
parcel when it is at that point. [1]
(ii) Determine the height h of t | above the ground when it is released.

¥,

*

(iii) Calculate the horizontal distance d between points P and Q.
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(c) Another parcel is accidentally released from rest by a different aircraft when it is hovering at a
great height above the ground. Air resistance is now significant.

117

(i) On Fig. 2.2, draw arrows to show the directions of the forces acting on the parcel as it
falls vertically downwards. Label each arrow with the name of the force.

velocity l @ parcel

Fig. 2.2
[2]

(ii) By considering the forces acting on the parcel, state and explai

iation, if any,
of the acceleration of the parcel as it moves downwards @f es constant
(terminal) speed.

[Total: 11]
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69. 9702_s17_qp_22 Q: 4

CHAPTER 6. WORK, ENERGY AND POWER

(a) State Newton’s first law of motion.

(b) An object A of mass 100g is moving in a straight line with a velocity of 0.60ms™" to the right.

An object B of mass 2009 is moving in the same straight line as object A with a velocity of
0.80ms™! to the left, as shown in Fig. 4.1.

A B

0.60ms™! 0.80ms™
1009 |— <«—  200g

Fig. 4.1
Objects A and B collide. Object A then moves with a velocity of 0.40ms™"

(i) Calculate the magnitude of the velocity of B after the collision.
magnitude o@ S et e ms~[2]

(i) The collision between A and

Explain how the collisiong ic and still obeys the law of conservation of energy.

[Total: 4]
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70. 9702 w17 qp 23 Q: 2

Aliquid of density pfills a container to a depth h, as shown in Fig.2.1.

b r

container
/

|~ liquid

base area A

Fig. 2.1 z

(a) Derive, from the definitions of pressure and density, the equation ¢

p=pgh *\

where pis the pressure exerted by the liquid on the base ntainer and g is the

acceleration of free fall.

Q"’&

The base of the container has area A.

(3]
s
(b) A small solid ith constant velocity through the liquid.
. *
(i) State
1. the names of the three forces acting on the sphere,
2. aword equation that relates the magnitudes of these forces.
(2]

?‘]'PapaCambridge
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(ii) State and explain the changes in energy that occur as the sphere falls.

CHAPTER 6. WORK, ENERGY AND POWER

(c) The liquid in the container is liquid L. Liquid M is now added to the container. The two liquids
do not mix. The total depth of the liquids is 0.17 m.

Fig. 2.2 shows how the pressure p inside the liquids varies with height x above the base of the

container.
9.25
p/10*Pa 0

9.20 iquid L

9.15

AN
M
9.10 L

0 0.05 0. 0.15 0.20
x/m
T
Use Fig. 2.2 10 @Q

(i) state the valu ic pressure,

atmaospheric pressure =

.................................................... Pa [1]
(ii) er of liquid M.
s 4
®
AeNSItY = .o, kgm=3 [2]

[Total: 10]
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71.9702_s15_qp_22 Q: 2

A stone is thrown vertically upwards. The variation with time t of the displacement s of the stone is
shown in Fig. 2.1.

A
S A N
/ N
4
/ N
A \\
i *”””””””””””””””””””””4?”””””
0
0 1.0 2.0 \ 3.0
t/S11]
(e
\
Fig. 2.1

(a) Use Fig. 2.1 to describe, without calculation, the spee tone from t=0to = 3.0s.

(b) Assume air resistance is negligib herefore the stone has constant acceleration.

era»

Calculate, for the ston

(i) the speed at

L 2

0'“

*
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(ii) the distance travelled from t=0to t=3.0s,

distance = ..., m [3]

(iii) the displacement from t=01to t=3.0s.

®
displacement = ............... &\ ............................... m

direction ...l
(2]
(¢) On Fig. 2.2, draw the variation with time ¢ of the ve of the stone from t=0to t=3.0s.
A
vims™
1.0 2.0 3.0
t/s1]
0? ;
&
A g
Fig. 2.2
3]
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6.2 Work and efficiency
72.9702_wlb _qp 23 Q: 4

A block is pulled on a horizontal surface by a force P as shown in Fig. 4.1.

| vertical
| P=35N
60°
block
| horizontal
weight=180N
Fig. 4.1 e
The weight of the block is 180N. The force Pis 35N at 60° to the vertical.

The block moves a distance of 20m at constant velocity.
(a) Calculate

0\
(i) the vertical force that the surface applies to the block (n kction force),

°

(ii) the work done
\ 4
&
*$

*

WOIK dONE = ..oiviiiiciie e J[2]
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(b) (i) Explain why the block continues to move at constant velocity although work is done on
the block by force P.

T1'i]'PapaCambridge
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6.3 Potential energy and kinetic energy

73.9702 s20 qp 21 Q:3
(a) State two conditions for an object to be in equilibrium.

(b) A sphere of weight 2.4N is suspended by a wire from a fixed point P. A horizontal string is
used to hold the sphere in equilibrium with the wire at an angle of 53° to the horizontal, as
shown in Fig. 3.1.

string

S w
weight
24N

Fig. 3.1 (not
(i) Calculate:
1. the tension T in the wire Q@

Q% . N

2. the force y the string on the sphere.

L 2

0‘“

*

(ii) The wire has a circular cross-section of diameter 0.50 mm. Determine the stress oin the
wire.

?‘]'PapaCambridge
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(c) The string is disconnected from the sphere in (b). The sphere then swings from its initial rest
position A, as illustrated in Fig. 3.2.

Fig. 3.2 (not to scale)

The sphere reaches maximum speed when it is at the bottom of the swi sition B. The

distance between P and the centre of the sphere is 75cm.
Air resistance is negligible and energy losses at P are negligible‘

(i) Show that the vertical distance h between Aand B is 150*

(ii) Calculate the change in gravitation ial energy of the sphere as it moves from A
to B. 0

chang tional potential energy = ..o J [2]
(iii) Use yo )(ii) to determine the speed of the sphere at B.
W
&
g
*
SPEEA = oo ms~' [3]
[Total: 13]
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74.9702_s20_qp_22 Q: 3

(a) Explain what is meant by work done.

(b) A ball of mass 0.42kg 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 (terminal) velocity before hitting the ground. The ball hits the ground with a speed
of 23ms™".

(i) Calculate, for the ball falling from the top of the building to the ground:

1. the decrease in gravitational potential energy

decrease in gravitational potential energy =

2. theincrease in kinetic energy.

ase in kineticenergy = ... J [2]
(ii) Use your a
itfalls f
Y
*$

*

(i) to determine the average resistive force acting on the ball as
he building to the ground.

average resistive force = ..., N [2]

?‘]'PapaCambridge
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(c) 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 ¢ from
timet=0tot=T.

i
Fig. 3.1 e

(2]

[Total: 9]
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75.9702_w20_qp 21 Q:2

A small block is lifted vertically upwards by a toy aircraft, as illustrated in Fig. 2.1.

aircraft
string

velocityT block

Fig. 2.1

As the block is moving upwards, the string breaks at time { = 0. The block initially continues
moving upwards and then falls and hits the ground at time ¢t = 0.90s. The variation with time ¢ of
the velocity v of the block is shown in Fig. 2.2.

1.96+

vims™

—6.86+

Air resistance is negligible.

(a) State the feature of the grap that shows the block has a constant acceleration.

(b) UseFig.2.2tod
time t=0.

height of the block above the ground when the string breaks at

?‘]'PapaCambridge
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(c) The block has a weight of 0.86N.

Calculate the difference in gravitational potential energy of the block between time ¢t = 0 and
time £=0.90s.

difference in gravitational potential energy = ..., J [2]

(d) On Fig. 2.3, sketch a line to show the variation of the distance moved by the block with time ¢
from t = 0 to { = 0.20s. Numerical values of distance are not required.

A

distance
moved

\g

t/

Fig. 0
[2]

(e) A block of greater mass is now relea e same height with the same upward velocity.
Air resistance is still negligible.

State and explain the effect, | he increased mass on the speed with which the block
hits the ground.

[Total: 9]
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76.9702_ml19 gp 22 Q:2
(a) Define:

(i) displacement

....................................................................................................................................... 1]
(ii) acceleration.
....................................................................................................................................... 1]
(b) A man wearing a wingsuit glides through the air with a constant velocity of 47ms-" at an
angle of 24° to the horizontal. The path of the man is shown in Fig. 2.1. 0
47ms!

man in wingsuit
total mass 85kg

horizontal ------J-t----mmmmome e L

Fig. 2.1 (no (@

The total mass of the man and the win g. The man takes a time of 2.8 minutes to
glide from point A to point B.

(i) With reference to the motion an, state and explain whether he is in equilibrium.

(ii) Show tha difference in height h between points A and B is 3200m.

(1]
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(iii) For the movement of the man from A to B, determine:

1. the decrease in gravitational potential energy

decrease in gravitational potential €nergy = .....ococoeiiiiciiei e J[2]

2. the magnitude of the force on the man due to air resistance.

(iv) The pressure of the still air at A is 63kPa and a 92kPa. Assume the density of the
air is constant between A and B.

Determine the density of the air betwe@@

Q"’Qe

AeNSIY = .o, kgm=3[2]

[Total: 11]
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77.9702_ml19 gp 22 Q:3

Two balls, X and Y, move along a horizontal frictionless surface, as illustrated in Fig. 3.1.

Fig. 3.1 (not to scale)

Ball X has an initial velocity of 3.0ms™" in a direction along line AB. Ball Y has a mass of 2.5kg
and an initial velocity of 9.6 ms~" in a direction at an angle of 60° to line AB.

The two balls collide at point B. The balls stick together and then travel along the@@suﬁace

in a direction at right-angles to the line AB, as shown in Fig. 3.2.

‘0‘

W

(a) By considering the components of m in the direction from A to B, show that ball X
has a mass of 4.0kg.

(2]

?‘]'PapaCambridge
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CHAPTER 6. WORK, ENERGY AND POWER

(b) Calculate the common speed V of the two balls after the collision.

(c) Determine the difference between the initial kinetic energy of ball X and the initial kinetic
energy of ball Y.

difference in klnetc@ ...................................................... J 2]

[Total: 6]

Q”Q

&
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78.9702_s19_qp_22 Q: 3

135

(a) State what is meant by the centre of gravity of a body.

(b) A uniform square sign with sides of length 0.68m is fixed at its corner points A and B to a wall.
The sign is also supported by a wire CD, as shown in Fig. 3.1.

D wire
/1
54N
35° L
B (&
sign 0
wall E 0.68m
L J
w \

A _ ) 0(

i 0.68m ;

Fig. 3.1 (not s@

The sign has weight W and centre of gra oint E. The sign is held in a vertical plane
with side BC horizontal. The wire is at of 35° to side BC. The tension in the wire is
54 N.

The force exerted on the sign in the vertical direction.
(i) Calculate the v iQ‘\ nt of the tension in the wire.
*
&
A g

vertical component of tenSioN = ... N [1]

(ii) Explain why the force on the sign at B does not have a moment about point A.

?‘]’PapaCambridge
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(iii) By taking moments about point A, show that the weight W of the sign is 150N.

CHAPTER 6. WORK, ENERGY AND POWER

(2]

(iv) Calculate the total vertical force exerted by the wall on the sign at points A and B.

total vertical force = ........ooooiiiici e 0 N [1]

(c) The sign in (b) is held together by nuts and bolts. One of the nuts ally from rest
through a distance of 4.8m to the pavement below. The nut lands g ment with a
speed of 9.2ms™".

[Total: 10]
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79. 9702 s19_qp 23 Q: 2

137

(a) A resultant force F moves an object of mass m through distance s in a straight line. The
force gives the object an acceleration a so that its speed changes from initial speed w to final

speed v.

(i) State an expression for:

1. the work Wdone by the force, in terms of a, mand s

2. thedistance s, interms of a, v and v.

(ii) Use your answers in (i) to show that the kinetic energy of th j

cﬁoﬂ

1

Kinetic energy = 5 % MAass x (spee

o@*

Explain your working.

°

(b) A ball of mass 0.0

rgcted into the air from horizontal ground, as illustrated in

(2]

ground

Fig. 2.1.
0? path of 7
o ball -
g \//
A
ball, .
mass 0.040kg ,
X
Fig. 2.1

The ball is launched from a point X with a kinetic energy of 4.5J. At point Y, the ball has a

speed of 9.5ms~!. Air resistance is negligible.

?‘]’PapaCambridge
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(i) For the movement of the ball from X to Y, draw a solid line on Fig. 2.1 to show:
1. the distance moved (label this line D)

2. the displacement (label this line S).

2]

(ii) By consideration of energy transfer, determine the height h of point Y above the ground.

(iii) On Fig. 2.2, sketch the variation of the kinetic energy of r& ith its vertical height
above the ground for the movement of the ball from
Numerical values are not required.

A

et o
&
Qe

height

Fig. 2.2

[2]
[Total: 11]
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80.9702_wl19 qgp 21 Q: 4

The variation with extension x of the force F applied to a spring is shown in Fig.4.1.

4.0
L i
’,/

3.0 a4
FIN Z

2.0 a

/’J,
" i <
/’l
1
0 W
0 0.010 0.020 0.030 0.040 4

i (\ ’
Fig. 4.1 0

The spring has an unstretched length of 0.080m and is s ed vertically from a fixed point, as
shown in Fig.4.2.

0.080m .095m
0.120m

position X

0: * k hangs in position Y
{:‘ quiliprium block held before release
Fig. 4.2 Fig. 4.3 Fig. 4.4

A block is attached to the lower end of the spring. The block hangs in equilibrium at position X
when the length of the spring is 0.095m, as shown in Fig. 4.3.

The block is then pulled vertically downwards and held at position Y so that the length of the

spring is 0.120m, as shown in Fig. 4.4. The block is then released and moves vertically upwards
from position Y back towards position X.

?"t.’PapaCambridge
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(@) Use Fig. 4.1 to determine the spring constant of the spring.

spring constant = .........coocieciiiiiie e, Nm-1 [2]

(b) Use Fig. 4.1 to show that the decrease in elastic potential energy of the spring is 0.055J when
the block moves from position Y to position X.

, QCDQ

(c) The block has a mass of 0.122kg. Calculate the increase in g(&

the block for its movement from position Y to position X. :

| potential energy of

increase in gravitational potentig

(d) Use the decrease in elastic potenti
for the block, as it moves throug @ i

(i) its kinetic energy Q@

¢ KINETIC ENErgY = .o J 1]
e
(i) its Speed.
SPEEA = ..o ms~! [2]
[Total: 9]
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81.9702_ w19 qgp 22 Q:3

(a) State Newton’s third law of motion.

(b) Ablock X of mass m, slides in a straight line along a horizontal frictionless surface, as shown
in Fig. 3.1.

speed 5v speed v
mass m, \—l- mass m, —
X Y X Y

Fig. 3.1

(i) Calculate the ratio 0

tic energy of X and Y after collision

tic energy of X and Y before collision

&

*

?‘]'PapaCambridge
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(iii) State the value of the ratio in (ii) for a perfectly elastic collision.

(c) The variation with time ¢ of the momentum of block X in (b) is shown in Fig. 3.3.

A

momentum

QQ

o

0 10 20 30 40 50‘\
t/

Fig. 3.3 :

Block X makes contact with block Y at time {= %
(i) Describe, qualitatively, the magnitut(and ction of the resultant force, if any, acting

on block X in the time interval:

1. t=0tot=20ms

*e 3]
(i) on Fig. etch the variation of the momentum of block Y with time t from
3]

[Total: 14]
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82.9702_ml18 qp 22 Q:2

(a) Explain what is meant by

(i) work done,

(b) Aleisure-park ride consists of a carriage that moves along a railed track. Part of the track lies
in a vertical plane and follows an arc XY of a circle of radius 13 m, as shown in @1

carriage
mass 580Kg

Fig. 2.1 0

The mass of the carriage is 580kg. At [@ e carriage has velocity 22ms=" in a horizontal

direction. The velocity of the carri decreases to 12ms-! in a vertical direction at

point Y.
(i) For the carriage movi t
1. show tha ase in kinetic energy is 9.9 x 10%J,

(2]

2. calculate the gain in gravitational potential energy.

gain in gravitational potential energy = .......cccoeecieiieeie e J[2]

?‘]’PapaCambridge
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(i) Show that the length of the track from X to Y is 20m.

[1]

(iii) Use your answers in (b)(i) and (b)(ii) to calculate the average resistive force acting on
the carriage as it moves from X to Y.

resistive force = .........cceeineeee. N [2]

(iv) Describe the change in the direction of the linear momentu arriage as it moves
fromXtoY.

............................................................................ [1]

(v) Determine the magnitude of the chan @momentum when the carriage moves
from XtoY.

change in MoOmMeNtUM = ... Ns [3]

[Total: 13]
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83.9702_s18_qp_22 Q: 2

(a) State the principle of conservation of momentum.

(b) A stationary firework explodes into three different fragments that move in a horizontal plane,
as illustrated in Fig. 2.1.

7.0ms™

3.0M

- O _ _ _
A Y 79— B

6.0ms™1 8.0ms™ ‘\6

Fig. 2.1

The fragment of mass 3.0M has a velocity of 7.0ms™! pe
The fragment of mass 2.0M has a velocity of 6.0ms™"
The fragment of mass 1.5M has a velocity of 8.0m sz e gto line AB.

(i) Use the principle of conservation of mo:n@

tic energy of fragment of mass 2.0M
netic energy of fragment of mass 1.5M°

[Total: 7]
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84. 9702 s18 qp 23 Q:3
Aball is thrown vertically upwards towards a ceiling and then rebounds, as illustrated in Fig. 3.1.

ceiling

ball thrown speed 9.6ms™"
upwards

The ball is thrown with speed 9.6m s~ and takes a time of 0.37s to reach the ceiling. The ball is
then in contact with the ceiling for a further time of 0.085s until leaving it with a speed of 3.8ms".
The mass of the ball is 0.056kg. Assume that air resistance is negligible. 0

ball leaving

speed 3.8ms™ =
ceiling

Fig. 3.1

(@) Show that the ball reaches the ceiling with a speed of 6.0ms™1.

L/

N\
o

(b) Calculate the height of the ceiling above the point ich the ball was thrown.

(c) Calculate Q
(i) the incr
iti ,
L o Y

tional potential energy of the ball for its movement from its initial
®

increase in gravitational potential energy = ..., J[2]

?‘]’PapaCambridge
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(ii) the decrease in Kinetic energy of the ball while it is in contact with the ceiling.

decrease in KiNetic ENergy = .......oeveeeiicieie e J[2]

(d) State how Newton’s third law applies to the collision between the ball and the ceiling.

(e) Calculate the change in momentum of the ball during the collisiong

change in mor@  teteteeeeteteeeeeieaassanesensarmneeeaeeaaanns Ns [2]

(f) Determine the magnitude of the av, ce exerted by the ceiling on the ball during the
collision.

average forCe = ... N [2]

[Total: 13]
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85.9702_wl8 gp 21 Q:1

(a) Define
(i) displacement,

(b) A remote-controlled toy car moves up a ramp and travels across a gap to land on another

ramp, as illustrated in Fig. 1.1. 0

s~ at an angle # to the horizontal. The
leaves the ramp is 4.6ms~'. The car lands at
are at the same height and are distance d apart.

The car leaves ramp P with a velocity
horizontal component of the car’s vel
the top of ramp Q. The tops of bo
Air resistance is negligible.

(i) Show that the carlQ@ with a vertical component of velocity of 3.0ms™".

*
&
A g
(1]
(ii) Determine the time taken for the car to travel between the ramps.
timetaken = ..., s [2]

CHAPTER 6. WORK, ENERGY AND POWER
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(iif) Calculate the horizontal distance d between the tops of the ramps.

(iv) Calculate the ratio

kinetic energy of the car at its maximum height
kinetic energy of the car as it leaves ramp P )

N
‘O‘

ratio = ..

(c) Ramp Q is removed. The car again leav m@ﬁ in (b) and now lands directly on the
ground. The car leaves ramp P at time {=10 and lands on the ground at time {=T.

f the vertical component v, of the car’s velocity

On Fig. 1.2, sketch the variation with
d t are not required.

from t=0to t= T. Numerical valu

Fig. 1.2
(2]

[Total: 11]

149
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86. 9702 _wl8 qgp 22 Q:1

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

6.0ms™1

Fig. 1.1 (not to scale)

The magnitude of the initial vertical component v,, of the velocity is 4.8m st
Assume that air resistance is negligible.

(@) Show that the magnitude of the initial horizontal component v, of the veloci %s—‘.

(1]

?’Q'PapaCambridge
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(b) The ball leaves the ground at time ¢t = 0 and reaches its maximum height at { = 0.49s.

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
Z
0
0110.1170.2710.3110.4110.5710.61-0.7-10.81L .
10 i /s
-2.0
-3.0
-4.0
|
-5.0 '
(c) Calculate the maximum heigh y the ball.
N 5
&
A 4
®
maximum height = ... m [2]

?‘]'PapaCambridge
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(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

(e)

[Total: 12]
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(a) State what is meant by kinetic energy.

(b) Acannon fires a shell vertically upwards. The shell leaves the cannon with a speed of 80ms™"
and a kinetic energy of 480J. The shell then rises to a maximum height of 210m. The effect
of air resistance is significant.

(i) Show that the mass of the shell is 0.15kg.

<

(ii) For the movement of the shell from the cannon to its maximu& alculate

1. the gain in gravitational potential energy, :(

(2]

2.
WOIK dONE = ..o J[1]
*
(i) “D in ge force due to the air resistance acting on the shell as it moves
from the c its maximum height.
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(iv) The shell leaves the cannon at time { = 0 and reaches maximum height at time t=T.

On Fig. 2.1, sketch the variation with time ¢ of the velocity v of the shell from time =0 to
time t= T. Numerical values of vand t are not required.

[}

0 —
0 T t

Fig. 2.1 0

(v) The force due to the air resistance is a vector quantity. ¢ b

Compare the force due to the air resistance acting on th | as it rises with the force
due to the air resistance as it falls.

2]

[Total: 12]

?‘j_']'PapaCambridge



L APPARACAMBLINGS e pvercs

88.9702_s17_qp_21 Q: 2

(a) State the two conditions for a system to be in equilibrium.

(b) A paraglider P of mass 95kg is pulled by a wire attached to a boat, as shown in Fig. 2.1.

parachute

horizontal

water

Fig. 2.1

The wire makes an angle of 25° with the horizont ersurface. P moves in a straight line
parallel to the surface of the water.

The variation with time ¢ of the velocity vof P is wn in Fig. 2.2.

10.0 T
| 4
Y,
/
O /
vims /
V.
0? P
s
X3 ’
®
4.0
2.0
0
0 2.0 4.0 6.0 8.0
t/'s

Fig. 2.2
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(i) Show that the acceleration of P is 1.4ms=2 at time t=5.0s.

[2]
(ii) Calculate the total distance moved by P from time t=01to t=7.0s.
AIStaNCe = ... m [2]
(iii) Calculate the change in kinetic energy of P from time t=010 t=7.0s. 0
change in kinetic energy = .............. . ST J[2]
(iv) The tension in the wire at time t=5.0s is 280N. o
Calculate, for the horizontal motion,
1. the vertical lift force F supporting Foo
B oo e N [3]
2,, the for air resistance acting on P in the horizontal direction.
9
®
B o e N [3]
[Total: 14]
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(a) Define velocity.

157

............................................................................................................................................... [1]
(b) A ball of mass 0.45kg leaves the edge of a table with a horizontal velocity v, as shown in
Fig. 2.1.
ball
—V
path of ball
1 1.25m
table —|
1.50m . 0
! horizontal Q
Fig. 2.1 * b

The height of the table is 1.25m. The ball travels a dis

hitting the floor.

(i) the horizontal velocity v as it leaves tr@

anci @n horizontally before
Air resistance is negligible.
Calculate, for the ball, 0

?‘j_']'PapaCambridge
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(ii) the velocity just as it hits the floor,

magnitude of VElOCItY = .........ooeiii e ms-
angle to the horizontal = ..........cooooeei @ °
0 (4]

(iii) the kinetic energy just as it hits the floor, q

O
o

kinetic en? ....................................................... JI2]

(iv) the loss in gravitational potential energy asit falls from the table to the floor.

o
Q@Q

loss in potential energy = ... J[2]

*
(c) E)&ﬂa"a‘my energy of the ball in (b)(iii) does not equal the loss of gravitational
potential ener (iv).

[Total: 13]
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159

(a) Define acceleration.

(b) A ball is kicked from horizontal ground towards the top of a vertical wall, as shown in Fig. 2.1.

path of ball

ball i = wall
28°

e horizontal
24m |

ground

Fig. 2.1 (not to scale) Q
The horizontal distance between the initial position of the ball and

the wall is 24 m.
The ball is kicked with an initial velocity v at an angle of 28° to th al. The ball hits the
top of the wall after a time of 1.5s. Air resistance may be (0]

assu negligible.
(i) Calculate the initial horizontal component vy, of the v @the ball.

VA= coreeennees st ennn et et ms~' [1]
(ii) Show that the initial vertical e @ 1ent v, of the velocity of the ball is 8.5ms™1.
D 4
* 9
» 2

(ili) Calculate the time taken for the ball to reach its maximum height above the ground.

T"i'.’PapaCambridge
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(iv) The ball is kicked at time t = 0. On Fig. 2.2, sketch the variation with time t of the vertical
component v, of the velocity of the ball until it hits the wall. It may be assumed that
velocity is positive when in the upwards direction.

10.0

vy /ms™!

5.0

-10.0

L/

Fig. 2.2 \
(2]
(c) (i) Use the information in (b) to determine the maxit of the ball above the ground.

max@@t e e m [2]
(ii) The maximum gravitational ial energy of the ball above the ground is 22 J. Calculate
the mass of the ball. Q

[Total: 13]
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(a) Define acceleration.

(b) A man travels on a toboggan down a slope covered with snow from point A to point B and
then to point C. The path is illustrated in Fig. 1.1.

toboggan, at rest

horizontal

horizontal

Fig. 1.1 (not

The slope AB makes an angle of 40° with
20° with the horizontal. Friction is not

ontal and the slope BC makes an angle of

The man and toboggan have a ¢

@ s constant acceleration between A and B. The man
36ms™ at B.

n from A to B.

ass of 95kg.

The man starts from re
takes 19s to reach

(i) Calculate th

S 4

o
@

*

acceleration = ........ccoooceeeeieeeeee e ms=2[2]

(ii) Show that the distance moved from A to B is 340m.

T"i'.’PapaCambridge
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(iii) For the man and toboggan moving from A to B, calculate

1. the change in kinetic energy,

change in kinetic energy = ..............

2. the change in potential energy.

change in potential energy = .......

(iv) Use your answers in (iii) to determine the avera Q\al force that acts on the

toboggan between A and B.

>
&

(v) A parachute o
of 3.0ms=2 fr

fcUlat
Qqc,‘ae

*

frictional force = ...............

0rictional force = ...

toboggan as it passes point B. There is a constant deceleration

O

L/

force that produces this deceleration between B and C.

[Total: 12]
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(a) Explain what is meant by gravitational potential energy and by kinetic energy.

gravitational potential BNEIgY: ...

(b) A motion sensor is used to measure the velocity of a ball falling vertically towards the ground,

as illustrated in Fig. 3.1.
ﬁ—motion sensor e
'y @
A ‘\

-«+——B
ground
Fig. 3 0
The ball passes through points A and B a he ball has a mass of 1.5kg.

°
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The variation with time t of the velocity v of the ball as it falls from A to B is shown in Fig. 3.2.

8.0

7.0 7

6.0 y.

h §

N

h N

v/ims™! v

4.0

3.0
0.40 0.60

0 ball at pbsition B
F‘g'(l

Use Fig. 3.2 to calculate, for the ball falli A to B,
(i) the displacement, 0

ball at pbsition A

\ 4
Y
A g
displacement = ..., m [3]
(ii) the acceleration,
ACCEIEIAtoN = ..veveieeecee e, ms=2 [2]

?‘]'PapaCambridge
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(iii) the change in kinetic energy.

change in Kinetic energy = .....ccoooeee i, J [3]

(¢) Show that the work done by the gravitational field on the ball in (b) as it moves from Ato B is
equal to the change in kinetic energy.

<

0\
0‘ 2]
[Total: 12]

C
Q°Q®

T1f]’Papa(.‘.ambridge



"
] o
-"P %p aCam brldge CHAPTER 6. WORK, ENERGY AND POWER

93.9702_wl6_qgp 22 Q:2

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

ball

mass 0.030kg speed
\O 1 .3m5—1
T A

wall
0.31m

w
N

e

Fig. 2.1

The speed of the ball is 1.3ms™! when it is at point A at a height of 0.31
The ball moves down the track and collides with a vertical wall at point Igb en rebounds

back up the track. It may be assumed that frictional forces are negligible.

(a) Calculate the change in gravitational potential energy of th &%ﬂoving from point A to
point B. b

change in gravitational %nergy e J[2]

(b) Show that the ball hits the w@ h a speed of 2.8ms™".

Q

&

*

3]
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(c) The change in momentum of the ball due to the collision with the wall is 0.096kgms™. The
ball is in contact with the wall for a time of 20ms.

Determine, for the ball colliding with the wall,

(i) the speed immediately after the collision,

(ii) the magnitude of the average force on the ball. 0

@ ....................................................................... [1]

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

Use your answer in rglne the average frictional force acting on the ball as it moves

from A to B.

S 4

o
@

*

frictional force = ... N [2]

[Total: 12]
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The variation with time t of the velocity v of a ball is shown in Fig. 2.1.

v/ims-1

<

-15

Fig. 2.1 0

The ball moves in a straight line from a point P at ¢ = 0. ss of the ball is 400g.

(a) Use Fig. 2.1 to describe, without calculatio:th®| y of the ball from t=0to t= 16s.

?‘]'PapaCambridge
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(b) Use Fig. 2.1 to calculate, for the ball,

(i) the displacement from P at ¢ = 10s,

displacement = ... ..o m [2]

(ii) the acceleration at t=10s,

acceleration = ................ ‘\ .................. ms=2 [2]
(ili) the maximum kinetic energy. 0

(c¢) Use your answers in (b)(i) an% determine the time from t = 0 for the ball to return to P.

Q

e 1

169
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(a) An object is moved from point P to point R either by a direct path or by the path P to Q to R,
as shown in Fig. 3.1.

R

vertical

object

R 4

P Q » horizontal

Fig. 3.1
P and Q are on the same horizontal level. R is vertically above Q.

Explain whether the work done moving the object against the gravitational field is the same or
different along paths PR and PQR.

(b) A ball is thrown with an initial velocity V at an angle the horizontal, as shown in Fig. 3.2.
v -~ path of bal Cp
0
horizontal
(not to scale)
The variation with Q ight h of the ball is shown in Fig. 3.3.
12.0-
m_7 4 M
hivh eg [ aF L
8.0+ —A N
. /| ™
/! N,
V4 \
6.0 . 3
4.0 4
A N
2.0 :
/ \
0
0 1.00 2.00 t/s 3.00
Fig. 3.3

T"i'.’PapaCambridge
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(i) Use the time to reach maximum height to determine the vertical component V, of the
velocity of the ball for time t = 0.

(ii) The horizontal displacement of the ball at t = 3.00s is 25.5m.
On Fig. 3.4, draw the variation with ¢ of the horizontal displacement x of the ball.

30
x/m
20
f: 1
10
w
0 [
0 1.00 3.00

t/s

(iv) In practice, air resistance is not negligible. State and explain the effect of air resistance
on the time taken for the ball to reach maximum height.

T"i'.’PapaCambridge



"
] o
-"P%p aCambri dg e CHAPTER 6. WORK, ENERGY AND POWER

96. 9702 _wlb qgp 22 Q:2

Fig. 2.1 shows an object M on a slope.

Fig. 2.1

M moves up the slope, comes to rest at point Q and then moves back down the slope to point R.
M has a constant acceleration of 3.0ms==2 down the slope at all times.

Attime t=0, M is at point P and has a velocity of 3.6ms™' up the slope. 0

The total distance from P to Q and then to R is 6.0m.

(a) Calculate, for the motion of M from P to Q,

L/

N

(i) the time taken,

-
Q"’o
Q@

atRis 4.8ms™.

(ii) the distance travelled.

distance = ... m [1]

L 2
(b) sm&t th
®

?‘]'PapaCambridge
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(c) On Fig. 2.2, draw the variation with time t of the velocity v of M for the motion P to Q to R.

6.0

4.0

vims-1
2.0

t/sr

Fig. 2.2
Q@ -

Calculate the difference in the kinetic energy of M at P and at R. 0

\
o

(d) The mass of M is 45049.

difference i &nergy et e J[2]
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A steel ball falls from a platform on a tower to the ground below, as shown in Fig. 3.1.

platform ball
_______ -
I
|
|
path of
tower : ball 192m
I
|
* ' ground
Fig. 3.1

The ball falls from rest through a vertical distance of 192m. The mass of the ball is@
(a) Assume air resistance is negligible.

(i) Calculate

L/

N
0&

1. the time taken for the ball to fall to the ground,

2. the maximum kinetic eb

(iii) Show that the velocity of the ball on reaching the ground is approximately 60ms=.

(1]

?‘]’PapaCambridge
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(b) In practice, air resistance is not negligible. The variation of the air resistance R with the
velocity v of the ball is shown in Fig. 3.2.

4.0
y
,I

3.0

R/N /
'l
2 O '/I
,‘f
/,
/rl
10 —
O = ot
0 20 40 60 80

v/im ﬁ\
Fig. 3.2 (
(i) Use Fig. 3.2 to state and explain qualitatively the v che acceleration of the ball
with the distance fallen by the ball.

Q ............................................................................... (3]
(ii) The speed of the b ©0ms‘1. Calculate its acceleration at this speed.

ACCElEration = ...ocvvveeecrieiceee e s ms=2 [2]

(ili) Use information from (a)(iii) and Fig. 3.2 to state and explain whether the ball reaches
terminal velocity.
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6.4 Power
98. 9702 520 qp 22 Q: 1

(a) Define velocity.

(b) T_he dLag force Fp acting on a car moving with speed v along a straight horizontal road is
given by

Fp = v2Ak
where k is a constant and A is the cross-sectional area of the car.

Determine the SI base units of k.

SI base

(c) The value of k, in SI base units, for the ¢ar in s 0.24. The cross-sectional area A of the
caris 5.1m2.

The car is travelling with a const
engine is 4.8 x 10*W. Assume tl
the drag force F, is doing wi

along a straight road and the output power of the
utput power of the engine is equal to the rate at which
t the car.

Determine the spe

[Total: 6]
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A cylindrical disc of mass 0.24 kg has a circular cross-sectional area A, as shown in Fig. 3.1.

cross-sectional force X
area A 89N
constant
30° speed 0.60ms™!
diSC, | diSC —
mass 0.24 kg ground
Fig. 3.1 Fig. 3.2

The disc is on horizontal ground, as shown in Fig. 3.2. A force X of magnitude 8.9N acts on the
disc in a direction of 30° to the horizontal. The disc moves at a constant speed of 0.60ms~" along
the ground.

(a) Determine the rate of doing work on the disc by the force X. 0

rate of doing work = ..... Q( ............................. W 2]

(b) The force X and the weight of the disc exert a combi re on the ground of 3500 Pa.

Calculate the cross-sectional area A of the disc.®

One such pair of forces is the weight of

[Total: 7]
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(a) State what is meant by work done.

(b) Alift (elevator) of weight 13.0kN is connected by a cable to a motor, as shown in Fig. 2.1.

i | motor

cable

lift (elevator)
_— weight 13.0kN

L/

Fig. 2.1 \

The lift is pulled up a vertical shaft by the cable. A con i al force of 2.0kN acts on
the lift when it is moving. The variation with time ¢ of the speed v of the lift is shown in Fig. 2.2.

4

3.0 ;

v/ms™1

2.0

I N

—

——
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(i) Use Fig. 2.2 to determine:

1. the acceleration of the lift between time t=0 and t = 3.0s

acceleration = ..o ms=2 [2]

2. the work done by the motor to raise the lift between time t=3.0s and t=6.0s.

work done = Q‘ ........................... J [2]
(i) The motor has an efficiency of 67%. The tensiondi able is 1.6 x 10*N at time

t=2.5s.

Determine the input power to the motor c@

Q"’&

L 2

Y
Mg
®
(ili) State and explain whether the increase in gravitational potential energy of the lift from
time t=0to t = 7.0s is less than, the same as, or greater than the work done by the
motor. A calculation is not required.

INPUE POWET = oo e e W [3]
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(@) (i) Define power.

...................................................................................................................................... [1]
(ii) State what is meant by gravitational potential energy.
...................................................................................................................................... [1]
(b) An aircraft of mass 1200kg climbs upwards with a constant velocity of 45ms=1, as shown in
Fig. 3.1.
velocity thrust force e
45ms 20x 103N __.---<

/ / \path of aircraft

= !aircraﬂ

mass 1200kg

air. The rate of increase in height of the air

(i) Calculate the power produced by the thrust force.

?‘]'PapaCambridge
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(i) Determine, for a time interval of 3.0 minutes,

1. the work done by the thrust force to move the aircraft,

WOrK dONe = ..o, J[2]

2. the increase in gravitational potential energy of the aircraft,

increase in gravitational potential energy = *\ ....................... J[2]
3. the work done against air resistance. 0

°

WOFKIEONE = . e J[1]

(iii) Use your answer in (b)(ii) part 3 to m@\e the force due to air resistance acting on the

*
&

*

(iv) With reference to the motion of the aircraft, state and explain whether the aircraft is in
equilibrium.

[Total: 12]
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(a) Define velocity.

............................................................................................................................................... [1]
(b) A car travels in a straight line up a slope, as shown in Fig. 3.1
A
9 0MS
carmass  — e
850kg

slope

Fig. 3.1

The car has mass 850kg and travels with a constant speed of 9.0 @car’s engine

exerts a force on the car of 2.0kN up the slope. .
Aresistive force Fp,, due to friction and air resistance, opposes ﬁ\ n of the car.

The variation of F, with the speed v of the car is shown s

0.70

Fry /KN

14 15 16
v/ms™

Fig. 3.2
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(i) State and explain whether the car is in equilibrium as it moves up the slope.

(ii) Consider the forces that act along the slope. Use data from Fig. 3.2 to determine the
component of the weight of the car that acts down the slope.

component of weight = ............................ o A N [2]
(iii) Show that the power output of the car is 1.8 x 10*W. & b

2

round. The output power of the car is maintained
sistive force F acting on the car is given in Fig. 3.2.

(iv) The car now travels along hori
at 1.8 x 10*W. The variatio

Calculate the acc f the car when its speed is 15ms™".

*
&

*

acceleration = ...........ocooooieeee e, ms—2[3]

[Total: 10]
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(a) Define power.

(b) Fig. 3.1 shows a car travelling at a speed of 22ms~ on a horizontal road.

speed 22ms-1

1200N

_ resistive force
horizontal road

Fig. 3.1
The car has a mass of 1500kg. A resistive force of 1200 N acts on the car. 0

Calculate

(i) the force F required from the car to produce an accelerati@ 2,

\

0 F oo o N [3]
(ii) the power required to p Q acceleration.

¥,

*

(c) The resistive force on the car is proportional to v2, where vis the speed of the car.
Suggest why the car has a maximum speed.
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