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A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Fig. 4.1.

steel ball
_____Q/mass739
A
e i
1.6m
'h
steel
plate :

VAL LA

Fig. 4.1
The ball is dropped from rest and it bounces on the plate, reaching a height h.

(a) Calculate the speed of the ball as it reaches the plate.

SPEEA = vttt ms~'  [2]

(b) As the ball loses contact with the plate after bouncing, the kinetic energy of the ball is
90% of that just before bouncing. Calculate

(i) the height h to which the ball bounces,

| T m
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(ii) the speed of the ball as it leaves the plate after bouncing.

SPEEA = .ot ms™!

[4]
2)

Some gas is contained in a cylinder by means of a moveable piston, as illustrated in Fig. 5.1.

Y
gas
\x ? moveable
T /m piston
oinder” \\\\\\\\\\\\\\\\\\\\\\\\\\\\N

Fig. 5.1

State how, for this mass of gas, the following changes may be achieved.

(a) increase its gravitational potential energy

...................................................................................................................................... (1]
(b) decrease its internal energy

...................................................................................................................................... (1]
(c) increase its elastic potential energy

...................................................................................................................................... (1]
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A sphere has volume V and is made of metal of density .

(a) Write down an expression for the mass m of the sphere in terms of V and

(c) The sphere in (b) has mass 2.0x10~3kg. When the sphere is released, it eventually
falls in the liquid with a constant speed of 6.0cms™".

(i) For this sphere travelling at constant speed, calculate

1. its kinetic energy,

kinetic energy = ......ccccecverierininieccienne, J

2. its rate of loss of gravitational potential energy.

£\ (- IO Js7! [5]

(ii) Suggest why it is possible for the sphere to have constant kinetic energy whilst
losing potential energy at a steady rate.
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(a) Explain what is meant by the concept of work.

(b) Using your answer to (a), derive an expression for the increase in gravitational potential
energy AE, when an object of mass m is raised vertically through a distance Ah near
the Earth’s surface.

The acceleration of free fall near the Earth’s surface is g.

(2]
5)

(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.

-----------------------------------------------------------------------------------------------------------------------------------

(b) A car starts from rest and travels upwards along a straight road inclined at an angle of
5.0° to the horizontal, as illustrated in Fig. 2.1.

450m '
v car, \
' mass 800kg ;

Fig. 2.1
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The length of the road is 450 m and the car has mass 800kg. The speed of the car
increases at a constant rate and is 28 ms™' at the top of the slope.

(i) Determine, for this car travelling up the slope,

1. its acceleration,

acceleration = ..........cceeevvereerernnsnieeenans ms2 [2]

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

timetaken = .......oooiriiiiiiicrcrrrrr e s [2]

3. the gain in kinetic energy,

gaininkinetic energy = .....cccceuvereeerernrererirenrnennnenns J [2]
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



https://twitter.com/TOPhysicsTutor
http://facebook.com/TheOnlinePhysicsTutor
http://theonlinephysicstutor.com

theonlinephysicstutor.com

6)

A ball has mass m. It is dropped onto a horizontal plate as shown in Fig. 4.1.

plate

Fig. 4.1

Just as the ball makes contact with the plate, it has velocity v, momentum p and kinetic
energy E,.

(@) (i) Write down an expression for momentum pin terms of mand v.

3]
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(b) Just before impact with the plate, the ball of mass 35g has speed 4.5ms™". It bounces
from the plate so that its speed immediately after losing contact with the plate is
3.5ms~'. The ball is in contact with the plate for 0.14s.

Calculate, for the time that the ball is in contact with the plate,

(i) the average force, in addition to the weight of the ball, that the plate exerts on the
ball,

magnitude of force = ......cccooviiieiiiiiiiice N

direction of fOrCe = .oevoveeeeee e

(ii) the loss in kinetic energy of the ball.

0SS = o J [2]

(c) State and explain whether linear momentum is conserved during the bounce.

..........................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------
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A bullet of mass 2.0g is fired horizontally into a block of wood of mass 600g. The block is
suspended from strings so that it is free to move in a vertical plane.

The bullet buries itself in the block. The block and bullet rise together through a vertical
distance of 8.6 cm, as shown in Fig. 3.1.

wood
block

bullet

Fig. 3.1

(@) (i) Calculate the change in gravitational potential energy of the block and bullet.

Change = .....coeeevierieeecee e J [2]

(ii) Show that the initial speed of the block and the bullet, after they began to move off
together, was 1.3ms1,

(1]
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(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.

SPEEA = vt ms~' [2]

(c) (i) Calculate the kinetic energy of the bullet just before impact.

KinetiC energy = ....cccevveeeeeeiceicienieneeee s ee s J 2]

(ii) State and explain what can be deduced from your answers to (c)(i) and (a)(i) about
the type of collision between the bullet and the block.
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(a) Explain the concept of work.

(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 |
EK

0 % >-

0 ho B

Fig. 8.1
(i) Describe the motion of the ball.

-----------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------

(ii) On Fig. 8.1, draw a line to show the variation with h of the gravitational potential
energy E of the ball. At h = h,, the potential energy is zero. [3]
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Fig.5.1 shows the variation with force F of the extension x of a spring as the force is
increased to F, and then decreased to zero.

A
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0 1 L =
0 X X,

Fig.5.1

(a) State, with a reason, whether the spring is undergoing an elastic change.

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

..................................................................................................................................... [1]
(b) The extension of the spring is increased from x, to x,,.
Show that the work W done in extending the spring is given by
W= %k(x22 - x,2),
where k is the spring constant.
(3]
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(c) A trolley of mass 850 is held between two fixed points by means of identical springs,
as shown in Fig.5.2.

7*”“%@'—0 7
7777 777

When the trolley is in equilibrium, the springs are each extended by 4.5 cm. Each spring
has a spring constant 16 Ncm™'.

The trolley is moved a distance of 1.5 cm along the direction of the springs. This causes
the extension of one spring to be increased and the extension of the other spring to be
decreased. The trolley is then released. The trolley accelerates and reaches its
maximum speed at the equilibrium position.

Assuming that the springs obey Hooke’s law, use the expression in (b) to determine the
maximum speed of the trolley.

SPEEA = .uvieeiiiieiiee e ms~' [4]
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(a) Define what is meant by

(i) work done,

(b) A force Fis acting on a body that is moving with velocity v in the direction of the force.

Derive an expression relating the power P dissipated by the force to Fand v.

(2]
(c) A car of mass 1900 kg accelerates from rest to a speed of 27ms™ in 8.1s.

(i) Calculate the average rate at which kinetic energy is supplied to the car during the
acceleration.

rate = ..ooooeiiiiiiieeeaenn, W 2]
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(ii) The car engine provides power at a constant rate. Suggest and explain why the
acceleration of the car is not constant.

-----------------------------------------------------------------------------------------------------------------------------------
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(a) A stone of mass 56g is thrown horizontally from the top of a cliff with a speed of
18ms', asillustrated in Fig. 4.1.

18ms™!

7 /'
/ 16m

7

sea level

Fig. 4.1

The initial height of the stone above the level of the sea is 16 m. Air resistance may be
neglected.

(i) Calculate the change in gravitational potential energy of the stone as a result of
falling through 16 m.

ChaNGE =....ooiiiiieiiieeiee s J [2]

(ii) Calculate the total kinetic energy of the stone as it reaches the sea.

Kinetic energy = .....cccceveeeiiiiiieeeices e J [3]
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(b) Use your answer in (a)(ii) to show that the speed of the stone as it hits the water is
approximately 25ms™".

(1]
(c) State the horizontal velocity of the stone as it hits the water.
horizontal VelOCity =..........ccceceveeeeererererierenennes ms~! [1]

(d) (i) On the grid of Fig. 4.2, draw a vector diagram to represent the horizontal velocity
and the resultant velocity of the stone as it hits the water. [1]

Fig. 4.2

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

ANGIE = oo °[2]
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(@) (i) Define potential energy.

............................................................................................................................. [1]
(ii) Distinguish between gravitational potential energy and elastic potential energy.
gravitational potential @Nergy ..o s
elastic potential ENergy ...
............................................................................................................................. [2]

(b) A small sphere of mass 51g is suspended by a light inextensible string from a fixed
point P.
The centre of the sphere is 61 cm vertically below point P, as shown in Fig. 3.1.

=]

61cm 18°,
‘ sphere,

/ mass 51g

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

(i) the gain in gravitational potential energy of the sphere,
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A shopping trolley and its contents have a total mass of 42kg. The trolley is being pushed

along a horizontal surface at a speed of 1.2ms™'. When the trolley is released, it travels a
distance of 1.9m before coming to rest.

(a) Assuming that the total force opposing the motion of the trolley is constant,

(i) calculate the deceleration of the trolley,

deceleration = .........cceeeeeveveeeeeeeieeieeeneeanens ms= [2]

(ii) show that the total force opposing the motion of the trolley is 16N.

[1]

(b) Using the answer in (a)(ii), calculate the power required to overcome the total force
opposing the motion of the trolley at a speed of 1.2ms™".

POWET = ..evivieniieiriieeeeeeeeeeeeeeaeeseesaens W [2]
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Two forces, each of magnitude F, form a couple acting on the edge of a disc of radius r, as
shown in Fig.5.1.

Fig.5.1

(a) The disc is made to complete n revolutions about an axis through its centre, normal to
the plane of the disc. Write down an expression for

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

(V0] ¢ o (0] 0 1= T

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

W = 2nnT. 2]

(c) A car engine produces a torque of 470 Nm at 2400 revolutions per minute. Calculate
the output power of the engine.

POWET = ..oovvvverieeeerenrneersensannenes W [2]
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