QL.

2 (a) (i) Define displacement.
(ii) Use your definition to explain how it is possible for a car to travel a certain distance
and yet have zero displacement.
[3]
(b) A car starts from rest and travels upwards along a straight road incli @ngte of
5.0° to the horizontal, as illustrated in Fig.2.1.

450m

':
car, ‘ \
mass 800kg H

The length of the road is 450m a
increases at a constant rate and

car has mass B00kg. The speed of the car
~1 at the top of the slope.
(i) Determine, for this car up the slope,

1. its accel

i

®

aCCeleration = ......veeeieeiineeee e e e ms2 [2]




2. the time taken to travel the length of the slope,

time taken = 05 [2]
3. the gain in kinetic energy, éq

0

gain 16 BNBIGY = i isimvinmismmmsssin o reniss J [2]

o

Witational potential energy.

gain in potential Nergy = ........c.cccrrrieenrerisnnnnrsssansanss J [3]




(ii) Use your answers in (i) to determine the useful output power of the car.

POWEE = ..o ooimecrcniacenmranes W [3]

(iii) Suggest one reason why the actual power output of the car engi greater than

that calculated in (ii).

....................................................................................................................

Q2.

5 Two forces, each of magnitude F, form up ing on the edge of a disc of radius r, as
shown in Fig.5.1.

F
F
* Fig. 5.1
Do
(a) e dis e to complete n revolutions about an axis through its centre, normal to
the pla he disc. Write down an expression for

(i) the distance moved by a point on the circumference of the disc,
distance = ..
(i) the work done by one ofthe two forces.

WOrKk done = e

(2]




(b) Using your answer to (@), show that the work W done by a couple producing a torque 7
when it turns through n revolutions is given by

W = 2znT. [2]

<

(c) A car engine produces a torque of 470N m at 2400 revoluti’ inute. Calculate
the output power of the engine.

Lise
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A bullet of mass 2.0 g is fired horizontally into a block of wood of mass 600 g. The block is
suspended from strings so that it is free to move in a vertical plane. Erani
The bullet buries itself in the block. The block and bullet rise together through a vertical Us
distance of 8.6 cm, as shown in Fig. 3.1.

wood
block

bullet

s

—_—

Fig. 3.1

(a) (i) Calculate the changein gravitatt’ al &al energy of the block and bullet.

(1]



(b) Using the information in (a){ii} and the principle of conservation of momentum,
determine the speed of the bullet before the impact with the block.

(if) State and explain what can be deduced ffom your answers to (c)(i) and (a)(i) about
the type of collision between th nd the block.




4 (a) A stone of mass 569 is thrown horizontally from the top of a cliff with a speed of
18m s, as illustrated in Fig. 4.1.

18m s~

W //’

e

/ 16m

7

sea level

Fig. 4.1 e
The initial height of the stone above the level of the sea is 16m.a @«:e may be

neglected.

L/
(i) Calculate the change in gravitational potential energy@ stone as a result of

falling through 16 m. 0

etic energy of the stone as it reaches the sea.

(ii) ggamte.

[ aT=] [l =T =10 R, J [3]

Use




(b) Use your answer in (a)(ii) to show that the speed of the stone as it hits the water is
approximately 25ms-'.

(c) State the horizontal velocity of the stone as it hits the water.

horizontal velocity =............ T
(d) (i) ©Onthe grid of Fig. 4.2, draw a vector diagram t ent the horizontal velocity
and the resultant velocity of the stone as it hit er. [1]

Fig. 4.2




(i) Use your vector diagram to determine the angle with the horizontal at which the
stone hits the water.

Q5.

3 (a) The variation with extension x of the tension Fin a spring is shown in Fig.3.1.




Use Fig. 3.1 to calculate the energy stored in the spring for an extension of 4.0cm.
Explain your working.

ENEIOVS covamemsvorsmeman i e TE R BT J[3]

(b) The springin (a) is used to join together two frictionless trolleys ass M, and
M, respectively, as shown in Fig. 3.2.

L/

spring ‘\
trolley A lley B
mass M, ass Vi
o o N
-

The trolleys rest on a h surface and are held apart so that the spring is
extended.
The trolleys are sed.

+9

10




(i) Explain why, as the extension of the spring is reduced, the momentum of trolley A
is equal in magnitude but opposite in direction to the momentum of trolley B.

(if) Atthe instant when the extension of the spring is zero, trolley A has speed V, and
trolley B has speed V..
Write down

1. an equation, based on momentum, to relate V, and \/.,,

2. an equation to relate the initial energy E
energies of the trolleys.

11




(iliy 1. Show that the kinetic energy E_ of an object of mass m is related to its

2

momentum p by the expression
Ei..= i
K 2m
Q [1]
L/
2. Trolley A has a larger mass than trolley B. \
Use your answer in (ii) part 1 to deduce which tr&,S or B, has the larger
kinetic energy at the instant when the extens pring is zero.
(a) Explain what is meant by
..................................................................................................................... [1]

(b) A caris

0:3 ‘

long a road that has a uniform downhill gradient, as shown in
25ms™’

7.57]

Fig. 2.1

12




The car has atotal mass of 850kg. The angle of the road to the horizontal is 7.5°.

Calculate the component of the weight of the car down the slope.

component of weight = ..., N [2]

(c) The car in (b) is travelling at a constant speed of 25ms~". The driver then applies the
brakes to stop the car. The constant force resisting the motion of the car is 4600 N.

(i) Showthat the deceleration of the car with the brakes applied is 4.1ms=,

(2]

(if) Calculate the distance the car trav rc@len the brakes are applied until the
car comes to rest.

distance = ... m [2]

13




{ili) Calculate

1. the loss of kinetic energy of the car,

loss of kinetic energy = ... J[2]

2. the work done by the resisting force of 4600 N.

work done = ..o,

(iv) The quantities in (iii) part 1 and in (iii) part 2 are not egu
quantities are not equal.

Q7.

14




3 A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0s to climb

the slope.
The variation with time t of the speed v of the cyclist is shown in Fig. 3.1.

8 T
vims™ ! NN 8
oAb
= |
' L=
I ~
4 1
o
0
0 2 4

Fig. 3.%
(a) Use Fig. 3.1to determine the total dis@woved up the slope.

1 [ £ [ [ o] =

15




(b) The bicycle and cyclist have a combined mass of 92kg.
The vertical height through which the cyclist moves is 1.3m.

() Forthe movement of the bicycle and cyclist between f=0 and t = 8.0s,

1. use Fig.3.1 to calculate the change in kinetic energy,

change = ................ : ; TOECERREE J [2]

2. calculate the change in gravitational potential enerQ\

0 Change = ... e J [2]

(ii) The cyclist pedals i ly so that the useful power delivered to the bicycle
is 75WV.

Calculate thedu:

done by the cyclist climbing up the slope.

WOrK dONE = i J [2]

16




(c) Some energyis used in overcoming frictional forces. For
Examing
(i) Use your answers in (b) to show that the total energy converted in overcoming Lse

frictional forces is approximately 670 J.

Q"

(if) Determine the average magnitude of the frictional forces.

L/

Qge force = i, N [1]

otal resistive force would not be constant.

17



3 (a) (i) Explainh what is meant by work done.

Fig. 3.1

Fi

L

The carriage and passengers have a total
speed of 9.5m s~ towards a slope in
to rest after travelling up the slope to'a verti

00 kg. The carriage is travelling at a
to the horizontal. The carriage comes
eight of 4.1 m.

(i) Calculate the kinetic energ;@ of the carriage and passengers as they travel

towards the slope. Q

*

"”

A kinetic energy = ... kJ [3]

(ii) Show that the gain in potential energy of the carriage and passengers is 24 kJ.

(2]

18



(iff) Calculate the work done against the resistive force as the carriage moves up the

For

slope. Exaninat

WOTK dONe = e kJ [1]

(iv) Use your answer in (iii) to calculate the resistive force acting against the carriage
as it moves up the slope.

resistive force = .......... ‘\ ...................... N [2]

Q9.

2 (a) A ball is thrown vertically down to@@ground and rebounds as illustrated in

Fig. 2.1.

ball passing point A ::;0
A

ball at maximum
height after rebound

Fig. 2.1
As the ball passes A, it has a speed of 8.4ms~'. The height of A is 5.0m above the

ground. The ball hits the ground and rebounds to B. Assume that air resistance is
negligible.

19
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(I} Calculate the speed of the ball as it hits the ground.

(i} Showthat the time taken for the ball to reach the ground is 047 s.

b [1]

Q->

—Qa\fes the ground. The time
unds to a maximum height 5.

raph to show the variation with time
until the ball has rebounded from the

(b) The ball rebounds vertically with a speed of 4.2ms
the ball is in contact with the ground is 20ms. Th

The ball passes A at time t = 0. On Fig. 2.2
t of the velocity v of the ball. Continu
ground and reaches B.

vims™!

S trs

Fig. 2.2 [3]

20
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(c) The ball has a mass of 0.050kg. It moves from A and reaches B after rebounding.

(i) For this motion, calculate the change in

1. kinetic energy,

change in Kinetic @nergy = ..o J[2]

2. gravitational potential energy.

Q10.

21




3 (a) An object falls vertically from rest through air. State and explain the energy conversions
that occur as the object falls.

{b) A ball of mass 150 is thrown vertically upwards with an initial speed of 25m s,

<

O
kinetic energy = ...... ‘\ ........................... J [3]

(b) A ball of mass 150q is thrown vertically upwards wit | speed of 25m s,

(i) Calculate the initial kinetic energy of the bE
eainetic eNergy = s J [3]

ight of 21 m above the point of release.

(i) Calculate the initial kinetic energy of the ball.

For the his height, calculate

gy of the ball to air resistance,

ENergy loSs = .o J [3]

22




Q11.

4

2, the average force due to the air resistance.

FEICE S o v v i o i wain v s o N [2]

(a) Explain what is meant by the concept of work.

(b) Using your answer to (a), derive an expressio crease in gravitational potential
energy AE_ when an object of mass m is rai ertically through a distance Ah near

the Earth'’s surface.
The acceleration of free fall near the @suﬁace isg. 2]

-2

23
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(b) A table tennis ball falls vertically through air. Fig. 8.1 shows the variation of the kinetic
energy E, of the ball with distance h fallen. The ball reaches the ground after falling

through a distance h,.

energy |

o
T

(i) Describe the motion ofthe ball. 00

oo
®

(ii) On Fig. .84, draw a line to show the variation with h of the gravitational potential

energy £ ofthe ball. At h= h;, the potential energy is zero. [3]

Q13.
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1

(a) Define what is meant by

(i} work done,

(ii) power.

(b) A force Fis acting on a body that is moving with velocity v in the diEct' e force.

Derive an expression relating the power P dissipated by the faice.

°
QQ (2]

elerates from rest to a speed of 27ms~" in 8.1s.

(c) A carofmass1
(i) Calculate

‘$ce
PN

*

®

rate at which kinetic energy is supplied to the car during the

25




(i) The car engine provides power at a constant rate. Suggest and explain why the
acceleration of the car is not constant.

Q14.

3 (a) (i) Define potential energy.

(if) Distinguish between gravitational potential energy and

(b) A small sphere of mass 519 is @ded by a light inextensible string from a fixed

point P.
The centre of the sphere is 6/ rtically below point P, as shown in Fig. 3.1.
P
LS
18,
sphere,
. /”mass 51g
o
______ O
Fig. 3.1

The sphere is moved to one side, keeping the string taut, so that the string makes
an angle of 18° with the vertical. Calculate

26




(i) the gain in gravitational potential energy of the sphere,

gain = e
(if) the moment of the weight of the sphere about point P. éq

Q15.

¥

*
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4 (a) Distinguish between gravitational potential energy and electric potential energy. For
Examiners
Lise

(b) A body of mass m moves vertically through a distance h near the Earth’s surface. Use
the defining equation for work done to derive an expression for the gravitational potential
energy change of the body.

<

[2]

L/

N

(¢} Water flows down a stream from a reservoir and then c water wheel to rotate, as
shown in Fig. 4.1.

reservoir il

120m

water wheel

0 Fig. 4.1

ugh a vertical height of 120m, gravitational potential energy is
rms of energy, including kinetic energy of the water. At the water
rgy of the water is only 10% of its gravitational potential energy at

As the wate
conhverted t
wheel, th

re

"”

®

28



(i) Showthat the speed of the water as it reaches the wheel is 15ms~".

(2]
(if} The rotating water wheel is used to produce 110kW of electrical Calculate
the mass of water flowing per second through the wheel, g that the &
production of electric energy from the kinetic energy of the % efficient.

L/

mass @r persecond = ... kgs™' [3]
Q16. Q0

3 (a) Defineth For

Examin
Lise

(1i) the Young modulus.

29



(b) A crane is used to lift heavy objects, as shown in Fig. 3.1.

r?

| 2
~motor
cable
object of
mass 1800kg
ground
) 7
Fig. 3.1
The motor in the crane lifts a total mass of 1800kg from ges round. The
cable supporting the mass is made of steel of Young mo x 10" Pa. The
cross-sectional area of the cable is 1.3 x 10-*m?. As the es the ground, the
strain in the cable is 0.0010. Assume the weight of th negligible.

(I} 1. Use the Young Modulus of the steel t at the tension in the cable is

£

3.1 x 10*N. E
(2]
2. Calculate of the mass as it is lifted from the ground.
HEREIBIIENS s ms~ [3]

30




(if) The motor now lifts the mass through a height of 15m at a constant speed.
Calculate

1. the tension in the lifting cable,

tension = .. N [1]

2. the gainin potential energy of the mass.

gain in potential energy = ............. Q\ ................. J [2]

&ut power to the motor

(ili) The motor of the crane is 30% efficient. Calculat
required to lift the mass at a constant speed of

°
Q”o
Q@ s -

Q17.

&

*
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3 (a) State what is meant by work done.

...................................................................................................................................... [1]
(b) A trolley of mass 4009 is moving at a constant velocity of 2.5ms™" to the right as shown
in Fig. 3.1.
25ms™!
trolley B
4009
Fig. 3.1
Show that the kinetic energy of the trolley is 1.3 J. qe
0\£ >
(2]

(c) The trolley in (b) moves to point P as @g 3.2.

)
trolley
4009 ...F_
A T
Q P Q
X
Fig. 3.2

f the trolley is 2.5ms-1.
s to the left on the trolley as it moves between points P and Q.
The variati with displacement x from P is shown in Fig. 3.3.

32
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201

T
FIN 10 ! I
P .
0 X
P Q
Fig. 3.3 0
The trolley comes to rest at point Q. q
L/ i >
(i) Calculate the distance PQ.

(i) OnFig. 3.4, sketch the varj
and Q.

¥

th x of velocity v for the trolley moving between P

Fig. 3.4

33
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Q18.

4 (a) Distinguish between gravitational potential energy and elastic potential energy.

{b) A ball of mass 659 is thrown vertically upwards from ground level with a speed of
16ms—'. Air resistance is negligible.

(i) Calculate, for the ball,

1. the initial kinetic energy,

kinetic energyd ................................ J [2]

2. the maximum height reached.

mum height =

% maximum height. For time % after the ball has been

potential energy of ball
kinetic energy of ball

(ii} The ball takes ti
thrown, ca

&

*

Fatio = e [3]

34




(ifi) State and explain the effect of air resistance on the time taken for the ball to reach
maximum height.

35




