Work, Energy and Power
	Topic
	Text book pages
	Syllabus ref
	Marks available
	Your score

	Key terms, equations and units
	
	
	5
	

	Energy 

	100
	3.3.1 c, d

	2
	

	Work done

	94-95
	3.3.1 a, b, e
	6
	

	Kinetic energy

	98
	3.3.2 a
	13
	

	Gravitational energy

	99
	3.3.2 b
	6
	

	Energy conversions

	101-103
	3.3.2 c
	9
	

	Power

	96-97
	3.3.3 a, b
	6
	

	Efficiency

	100
	3.3.3 c
	8
	

	Synoptic questions

	
	
	16
	

	
	
	TOTAL
	71

	




	By the end of this topic you should be able to…..

	Check 

	Describe different types and transfers of energy

	

	Calculate and define work done, including for forces at angles

	

	Derive the equation for kinetic energy and use this in calculations
	


	Derive the equation for gravitational potential energy and use this in calculations
	


	Complete calculations involving energy transfers between gravitational and kinetic energy

	

	Define and calculate power

	

	Calculate efficiency of energy transfers

	







Glossary of key terms- Match the term to the definition (2)
Principle of conservation of energy, Work done, Power
	

	Rate of work done or energy transferred per unit time

	

	Force x distance travelled in the direction of the force

	

	Energy is never destroyed only transferred






Equations given in exam- Complete the table with the definition of each variable symbol (3)
	Variable symbol
	Variable
	Unit symbol

	W

	
	

	F

	
	

	x

	
	

	P

	
	

	t

	
	

	v
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Synoptic questions
	
		 
	

	1.
	 

Fig. 20.1 shows an electric motor used to lift and lower a load.
[image: A picture containing text, diagram, screenshot, line

Description automatically generated]

Fig. 20.1






At time t = 0 the load is on the ground with displacement s = 0.
Fig. 20.2 shows the variation of the displacement s of the load with time t.
[image: A picture containing line, diagram, plot

Description automatically generated]
Fig. 20.2
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Description automatically generated]
Fig. 20.3
1.  
	On Fig. 20.3, sketch a graph to show the variation of the velocity v of the load with time t.
You do not need to insert a scale on the v axis.
	

[3]


1. Describe how the kinetic energy and the gravitational potential energy of the load varies from t = 0
to t = 2.0 s.
 

 
 

[2]
1. During the downward journey of the load, the string breaks at t = 4.0 s. It then falls vertically towards the ground. The mass of the load is 120 g.
Air resistance is negligible.
	 1
	Calculate the velocity V of the load just before it hits the ground.










 
	V =
	 
	ms−1 [2]



	 2
	The load hits the ground and comes to rest in a time interval of 25 ms.

Calculate the average force F exerted by the ground on the load. [2]









2.	A ball of mass 0.20 kg is thrown vertically downwards at a speed of 15 m s−1 towards the ground from a height of 2.8 m. The ball hits the ground and rebounds at a speed of 12 m s−1, as shown in Fig. 4.1. Assume air resistance has negligible effect on the motion of the ball.
 
i.	Calculate the speed of the ball just before it hits the ground.




 
speed = ........................................................... m s−1 [2]
ii.	Calculate the energy transferred to the ground during the impact.




 
energy transferred = ........................................................... J [3]
iii.	The time of impact of the ball with the ground is 0.065 s.

Calculate the magnitude of the average force exerted by the ground on the ball during the impact.




 
force = ........................................................... N [2]
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(ii) Calculate the component of the weight of the car acting down the slope.

component of weight = ...,
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(iii) Calculate the work done per second against the resistive force.

work done per secConNd = .......coovviiiiiiieiieeeeeee e
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(a) A carof mass m is at rest. A constant net force F acts on the car and it moves a distance x in
the direction of the force. The final velocity of the car is v.

(i Write down the equation
1 for the work done by the force F

2 relating force F and acceleration a.

1]
(i) Hence show that the kinetic energy of the car is given by the equation E, = Yemv?2,

131

(b) The braking distance of an empty van travelling at a steady speed on a level road is 50m.
The van is now fully loaded with goods and travels at the same speed on the same road.

Explain whether or not the braking distance would be the same. Assume that the driver
applies the same braking force.
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(c) Fig. 2.1 shows a crater on the surface of the Earth.

Fig. 2.1

The crater was formed by a meteor impact about 50,000 years ago. The meteor was estimated
to have a mass of 3.0 x 108kg with an initial kinetic energy of 8.4 x 1016J just before impact.

(i) State one major energy transformation that took place during the impact of the meteor
with the Earth.
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(i) Show that the initial impact speed of the meteor was about 2.0 x 104*ms™".

[2]

(iii) The crater is about 200 m deep. Estimate the average force acting on the meteor during
the impact.
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The figure below shows a crane that is used to move heavy objects.

~
© O N

25m

total mass 1500 kg A N

The motor M in the crane lifts a total mass of 1500 kg through a height of 25 m at a

constant velocity of 1.6 m s,

Calculate

(i) the tension in the lifting cable

tension = ... N
[2]

(i) the time taken for the mass to be raised through the height of 256 m

(1
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(iii) the rate of gain of potential energy of the mass

rate of gain of potential energy = ..........cccceeueeueenne. Js™
[3]
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The figure below shows a simple pendulum with a metal ball attached to the end of a
string.

\
frmmmeeemmee e ——————————

[

When the ball is released from P, it describes a circular path. The ball has a maximum
speed v at the bottom of its swing. The vertical distance between P and bottom of the
swing is h. The mass of the ball is m.

(i)  Write the equations for the change in gravitational potential energy, E,,, of the ball
as it drops through the height h and for the kinetic energy, E, of the ball at the
bottom of its swing when travelling at speed v.

E =
(1]

(i)  Use the principle of conservation of energy to derive an equation for the speed v.
Assume that there are no energy losses due to air resistance.

[2]
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Fig. 6.1 shows a glider on a horizontal frictionless track.

frictionless track 0.25kg glider string pulley
] : ]
0.10kg
mass
0.60m
ground

Fig. 6.1

The mass of the glider is 0.25kg. One end of a string is fixed to the glider and the other end
to a 0.10kg mass. The 0.10kg mass is held stationary at a height of 0.60m from the ground.
The pulley is more than 0.60m away from the front of the glider. When the 0.10kg mass is
released, the glider has a constant acceleration of 2.8 ms= towards the pulley. The 0.10kg
mass instantaneously comes to rest when it hits the ground.

(i) Calculate the loss in potential energy of the 0.10kg mass as it falls through the distance
of 0.60m.

loss in potential energy = ........cccooiiiiiieeeeennn. J [1]
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(ii) The glider starts from rest. Show that the velocity of the glider after travelling a distance
of 0.60m is about 1.8ms™".

[2]

(iii) Calculate the kinetic energy of the glider at this velocity of 1.8ms~1.

Kinetic energy = ... J [2]
(iv) Explain why the answer to (b)(iii) is not the same as (b)(i).
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Some countries in the world have frequent thunderstorms. A group of scientists plan to
use the energy from the falling rain to generate electricity. A typical thunderstorm

deposits rain to a depth of 1.2 x 102 m over a surface area of 2.0 x 10’ m? during a
time of 900 s. The rain falls from an average height of 2.5 x 10® m. The density of

rainwater is 1.0 x 10° kg m™. About 30% of the gravitational potential energy of the
rain can be converted into electrical energy at the ground.

(i)  Show that the total mass of water deposited in 900 s is 2.4 x 108 kg.

(2]

(i)  Hence show that the average electrical power available from this thunderstorm is
about 2 GW.

(3]

(i) Suggest one problem with this scheme of energy production.

(11
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Explain why the efficiency of a mechanical device can never be 100%.
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Fossil fuels will eventually run out. This has led to scientists looking for alternative sources of
energy. Tidal stream systems use the kinetic energy of seawater to generate electrical energy
during the incoming and outgoing tides. Fig. 7.1 shows a twin-turbine system in which flowing

seawater turns the turbine blades.

Fig. 7.1

When operating, 9.7 x 10°kg of seawater travelling at a speed of 3.0ms™" passes through each
turbine every second. Each turbine generates 1.2 x 108W of electrical power.

(a) Define power.
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(b) The input power to each turbine is the kinetic energy of the seawater that flows through each
turbine in one second.

Show that the input power to each turbine is 4.4 x 106W.

[2]




image19.png
(c) Calculate the percentage efficiency of each turbine.

efficiency =
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(d) In one second, a cylinder of seawater of mass 9.7 x 10°kg passes through each turbine at a

speed of 3.0ms™~". Calculate the radius of each turbine. The density of seawater is 1030 kgm3.




image21.png

image22.png

image23.png

image1.emf

image2.png
State the principle of conservation of energy.

[Total 1 mark]
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Describe one example where elastic potential energy is stored.

[Total 1 mark]
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(a) Define work done by a force.

9.0 x 103N

Fig. 3.1
The angle between the slope and the horizontal is 7.0°. The weight of the car is 9.0 x 103N.
The car travels up the slope at a constant speed of 18 ms™". A resistive force of 300N acts on
the car down the slope.

(i) What is the net force acting on the car? Explain your answer.




