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~ What is the definition of work, energy and power’
What is meant by gravitational potential energy,
elastic potential energy and kinetic energy?

hat is the Principle of Conservation of Energy?
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» Work, energy and power
» Potential energy and kinetic energy
¥ Principle of Conservation of Energy
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m%rk. Energy and Power

Work

What is the meaning of work? Compare and contrast your

meaning of work with the definition of work in science SCIENCE INFO
as follows:

Displacement &= the dstance ]

Iravvedad fad direcBon.
Work, W, is defined as the product of force, F, and IE in & specified dimec

displacement, 5, in the direction of the force, that is
W=Fs

The 5.1, unit for work is joule (J).

1 joule (J) of work is done when a force of 1 newton (N) is used to move an object
over a distance of 1 metre (m) in the direction of the force, thatis 1 J = 1 Nm.

Moment of t'urc.: and energy are two p:h}'sicul quantities 493 BRAIN
other than work which are measured in units of newlon metre TEASER
(Nm). Larger Iunil:s such as l:iln‘jnulc_(lc]'} ilnd megajoule (M]) "Ehn'pbn:r the 18 :
are also used in the measurement of work. ik = )
BiMmi=___  J

“ Examples of Calculation of Work in Daily Activities

Study Figure 7.1 and Photograph 7.1. The figure and photograph show several activities in
daly life.

(Comect way o Mt a heavy load)

Force against
gravitational
force, 20N
Waight of
load, 20N

Lifting an ciyject vestically through a height of 1 m
with a force of 20 N against the gravitational force.
Figure 7.1 Daily activity related to work
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Chapter 7: Energy and Power

Pushing a trolley over a distance
of smwith a force of 10N

Pulling a drawer over a distance of 30 cm 8
with a force of 2 M

Photograph 7.1 Daily activities related to work
The work done in Activities A, B and C are shown in Table 7.1.

Table 7.1 Work done in Activities A, B amd C

| Direction of Displacement in the Work done
Dally activity \ Force (N) l force direction af the foree (m) I
A 20 Vertical 1 W=Fs
=20Nx1m
=204
g | 10 Horizontal 5 W=Fs
=10N=®x5m
. =50J
o 2 Hatizental 0.3 W=Fs
=2Nx03m
=06.J

Calculating Work Done

Figure 7.2 shows a student weighing 400 N carrying a
load of 100 N while climbing a flight of stairs of a vertical
height of 3 m. Calculate the work done.

W= Fs n
= (400 + 100) N =3 m
=500 N x3m |

=1500]

im

Figure 7.2
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Example 2

Figure 7.3 shows Al lifting a box of mass 10 kg from the floor to the top of a cupboard. How
much work is done by Ali?
(Assume gravitational force acting on an object of mass 1 kg = 10 N)

Weight of box = 10x 10N Im
=100 N
W=Fs
= 100N x2m - I
=200 ] Figure 7.3

[ Example 5 @enan
| A labourer pulled a bucket of cement weighing 300 N from

| the ground to the first floor of a building using a pulley * Is work dorne
| system. The first floor is 10 m from the ground. What is the :‘_ﬂ'—":ﬂf_luﬂm:“
work done by the labourer? st
W=F;s
=300 N = 10 m
= 3000

Energy and Power

Energy is defined as the ability to do work. The S.1. unit for energy is joule (J). When a force of
1 N is used to move an object over a distance of 1 m in the direction of the force, 1 | of energy
is used.

Power, P, is defined as the rate of doing work, W, that is:

Work done, W

Rowes; s Time taken, f Figure 7.4

The S.1. unit for power is watl (W), When 1 joule (]} of work is done in 1 second (s), power of
1 watt (W) is used, that is 1 W= 1] s-1,

Lz @)
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Chapter 7: Energy and Power

' Examples of Calculation of Power in Daily Activities

Figure 7.5 shows several activities in daily life.

Ayl pulled a box up a smooth

A monkay weighing 50 N
chmbed a height of 3mup a
trea in 20 5.

ramp from A to B with a force of
30 M over a distance of 2 m {in
the direction of the force in 5 8

A 150 M weight & lifted 1o a
hesghtof Tmin05s

Figure 7.5 Daily activitics related to power

Work done and power needed in activities [3, E and F are shown in Table 7.2.

Table 7.2 Work done and power needed in Activities D, E and F

Daily activity D | E F
Force [N} 50 | 30 150
Displacement in the 3 > 3
direction of force (m)
. W= Fs W= Fs W= Fs
Work done =B50Nx3m =30N®x2m =1B0Nx1m
' =150J =60 J =150 J
Time taken (s) 20 5 05
W =W =W
e t e [ B ]
Power needed - 1804 _ 80 _150'J
T 20s - Bs “ D5s
=T5W =12'W = 300 W
@12 ) [L213



Calculating Work and Power Needed

100 g weight, thread and wooden block

Apparatus
Spnng balance, metre rule and stopwatch

Instructions
1. Set up the apparatus as shown in Figure 7.6

Wooden block

Thread  Spring balance

1im

Figure 7.6

. Pull the sprning balance until the wooden block
starts to move and record the force shown an
the spring balance.

. Pull the wooden block over a distance of 1.0 m
with the force as shown in Figure 7.6. Ask your
frend to measure the time taken to move the
wooden block by using a stopwatch.

. Record the time taken. Calculate and record the
wark done and power needed in a table.

. Set up the apparatus as shown in Figure 7.7,

. Lift the 100 g weight to a vertical height of
0.5 m from the floor by using the spring balance.

. Record the force shown on the spring balance.

. Ask your friend to measure the time taken to
move the weight by using the stopwatch.

. Record the time taken. Calculate and record the
waork done and power needed in a table.




Pulling a wooden block over a
distance of 1.0 m honzontally

Lifting a 100 g weight to a
heght of 0.5 m vertically

Questions To ﬂl'_ .
1. State the type of force to overcome when: E : i %

{a) pulling a wooden block on the surface of A unit usually mhwmm

the table olden days i horsepower (hp).
(b) hftung a 100 g weight vertically from the floor

. Which activity involves more work?

. State three factors that affect power.

. Which actwity is camed out with higher power?

. [a} Give one example of an activity or object in daily life that involves high power.
(b) Give one example of an activity or object in daily life that involves low power.

L. (a) State the definition of work,
(b) What is the 5.1 unit for work?

2. What is the meaning of energy?

3. (a) State the definition of power.
(b) What is the S.1. unit for power?

4. Figure | shows an electromagnetic crane lifting
a load weighing 2 500 N to a height of 4 m.
{a) Calculate the work done.
(b) How much energy is used by the crane to
lift the load?
(c) If the time taken by the crane to lift the
load is 1.2 minutes, calculate the power of

the mnc.*

i A
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Potential Energy and Kinetic Energy

Gravitational Potential Energy

.1|1 a E]i?:;driu:r :-Jhr'-ﬂ:lu; I’hnlltlagnl!d; ?"El_.l.; hm:l:'.n.'r Watch this video 1o B ~,

" pu e upwards an then released o At arK :l.n see piing operations F

pile. The force produced by the hammer in a vertical { . |

direction drives the pile into the ground. WA Y
— fp-a

(a) Hammer before being dropped (b} Hammer after bcing. d.mpp.rd

Photograph 7.2 Gravitatfonal pofential
enengy i wied i a piledriver

T
Why = work dona?

W type of force is
ocuced by the

A hammer lifted to a height, i from the
Earth's surface possesses gravitational potential
energy Gravitational potential energy is the
work done to lift an object to a height, &, from <

-~ . =
the Earth's surface. ,-/‘l‘l'hﬂm does tha anergy to
do the work come from?
[}

Gravitational potential energy = mgh

« m is the object mass in kg SCIENCE INFO

« g s the gravitational acceleration in m s-*
» I is the height in m Weight = mass, m » gravitational acoslaration, g ]

" whame g = estimated at 10m 5 (or 10N kg')

[L;m (72l
"'iufuﬂ .



“ Relationship between Work and Gravitational

Potential Energy

Figure 7.8 shows an object of mass, m, being lifted
vertically to a height, fi, from Earth’s surface.

Woark done = Force % displacement in direction of force
= Weight x height lifted
= [m % g) x h
= mygh
Since there is no other form of energy produced, all work
done on the object will be converted to gravitational
potential energy.

Gravitational potential energy = work done
= migh J

Example of numerical problem ¢

Chapter 7: Energy and Power

Photograph 7.3 shows a lift at KLCC mall. The lift can carry a

load of mass 1 500 kg to a height of 30 m.

(a) How much work is done by this lifi?

(b) What is the gravitational potential energy of this lift at a
height of 30 m?

(€} What is the relationship between work done by the lift and
gravitational potential energy of the lift?

(d) What is the power of the lift in kW if the time taken to lift
a load of mass 1 500 kg to a height of 30 m is (.5 minutes?

Solution

(a) W =Fs
= mgh
=15 kg = 10ms2tx30m
= 450 000 |

(b) Gravitational potential encrgy = mgh
= 1500 kg 10m s 30 m
= 450 000 |
(c) Work done by the lift = Gravitational potential energy of
W the lift
(d) Power, P = -

450 000 |

0.5 minutes

450 000 |
i s

15 000 W

=15 kW




Elastic Potential Energy

Photograph 7.4 shows the steps to refill a stapler with staples. There is a spring that is stretched
and then released. The force produced by the stretched spring moves the staples in the direction
of the force.

Photograph 7.4 Elastic potential energy used in a erpir.r

A spring that is compressed or stretched possesses elastic potential energy. Elastic potential
energy is the work done to compress or stretch an clastic material over a displacement of x from
the position of equilibrium.

Elastic potential energy = 1 ke

2

+ Fis the stretching or compression force in N
= x is the displacement from the equilibrium position in m

&5
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I'|1.1'|1|r-|' K F'uq'rg:r and Power

Relationship betwean Work and Elastic Potential Energy

Assume a spring is stretched x m with a

force of F N (Figure 7.9(a)). S0, the value | Elastic potential energy = work done

of force acting on the spring changes = arca under the graph
from 0 N to F N as shown in the graph 1

(Figure 7.9(b}). For siluations involving =— Fx

springs, work done is equivalent to the 4 J
area under the F-x graph.
Furce (N}

Chriginal %

lengah of ¥ bt s

spring

------- Extension of

Force, 0N IPERg XA
l Extenseom
Force = FN i Compresion (m)
(a) )

Figure 7.9 Relatiornship between work amd elastic potential energy

Example of numerical pmhluu O

The original length of spring 5 is 20 cm. When the final force iirn.r WN
exerted on spring 5 is 20 N, its new length becomes 12 em.
Calculate the elastic potential energy possessed by the
compressed spring 5. m cn S springs T
Solution 12¢m
Distance of compression, x = original length - new length E l
=Wem- 12cm
=8cm
= 0.08m Figure 7.10
Elastic potential energy = % Ex O a0 =
=L 20N x 008 m o el
. [=
8]

a3, e
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Kinetic Energy
Kinetic energy is the energy possessed by a moving object.

Kineﬂ:cnnﬂs%mp:

= m is mass in kg
« v is velocity in m 57!

Example of numerical problem O
E 1..1|11|1!r |
When a train of mass 500 000 kilogram moves with a velocity of 360 km h', how much kinetic
energy is possessed by the train?
Solution
Velocity of train = 360 km h-* Kinetic energy = % mvt
_ 360 km of train 1

1h =Txﬁﬂﬂﬂmkgx{lﬂﬂms"}*
260000 m - 000 000

3600 s e Y
100 m 5!

A ball bearing of mass 0.2 kg possesses kinetic energy of 3.6 . What is the velocity, v of the
ball bearing?

Solution

Kinetic energy = % v

Example 3

Calculate the kinetic energy of an electron of mass 9 % 10-* kg and velocity 4 = 106 m 57!,

Solution

Kinetic energy of electron = % m
= % ® (9 % 10-¥ kg x (4 x 10% m s-1)?
= 72 % 108 ]

g
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Let us carry out Activity 7.2 to discuss the meaning and examples of gravitational potential
energy. clastic potential energy and kinetic energy in daily life.

@D

To discuss the meaning and examples of gravitational potential energy,
elastic potential energy and kinetic energy in daily Iife

Instructions
1. Wark in groups,
2. Each group needs te search for information on the meaning and examples of
gravitational potential energy, elastic patential energy and kinetie energy in daily life.
3. Present the information in a mind map.

1. (a) What is the relationship between gravitational potential energy and work?
{b) What is the relationship between elastic potential energy and work?

2. Liza lifts a chair weighing 40 N to a height of 50 cm.
{a) How much work is done by Liza to lift the chair?
(b) What is the form of energy possessed by the chair?
() How much energy is possessed by the chair?

3. Force, F, is exerted on a plank to compress a spring
towards the wall as shown in Figure 1. Given that the Plank—pp
original length of the spring is 50 cm, final length is r_'.;
30 cm and final force exerted on the spring is 20 N. — e B
How much elastic potential energy is possessed by
the compressed spring?

4. (a) Why are heavy vehicles shown in Figure 2 usually :
of low velocity but possess high kinetic energy? Eimre 1
(b) State one example of a daily object that
possesses high kinetic energy in the
following conditions: ‘.
(1) Object of small mass but high velocity
(i) Object of large mass and high velocity




The roller coaster shown in Photograph 7.5 involves
transformation in the forms of energy. State the
transformation in the forms of energy.

Principle of Conservation of Energy

The Principle of Conservation of Energy states that
energy cannot be created or destroyed but can only
be converled from one form to another.

Oscillating systems such as the oscillation of a simple
pendulum and the oscillation of a loaded spring always
experience transformation in the forms of energy between
gravitational potential energy or elastic potential energy
and kinetic energy. Do oscillating systems obey the
Principle of Conservation of Energy?

L

|—
KI'M

Photograph 7.5 Roller coaster

pSEIENEE INFO

Usaful energy is enargy in a

form that can be easily comeried
into other forms fo do work. For
excample, chemical enengy stoned in
fossil fusls & usehul energy because
the chemical eneqgy can be easily
comwverled to heal energy and ight
enengy through the combustion of
fossil fuss.
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Oscillating Systems Obey the Principle of Conservation of Energy

Study Figures 7.11 and 7.12. Let us observe the transformation in the forms of energy that
occurs in the oscillation of a simple pendulum and a loaded spring which are the examples of
the Principle of Conservation of Energy.

Al position X

@ Fromposiion X 1o Y
At position ¥

@ From postion Y 10 Z
At position Z

€ From positon Zto Y
A position Y

@ From position ¥ 1o X

Al position X

Gravitatlonal P.E. of bob increasing
K.E. of bob dacreasing

Gravitational P.E. = maximum
KE = PBro

Gravitational P.E. of bob decreasing
KE of bob increasing

Gravitational P.E. = minimum
KE = medmum

Gravitational P.E. of bob increasing
K.E. of bob dacreasing

Gravitational P.E. = maxdmum
KE =20

{hesght of bob increasing)
(speed of bob decreasing)

(bob at macarmum hesght)
(bob stationary, speed = zen)

(height of bob decreasing)
(speed of bob increasing)
{bob at minimurm hesght)

[{bob at masamum speed)

{hesght of o increasna)
(speed of bob decressing)

(bob at masdmum height]
(bob stationary, speed = 2eqc)

Figure 7.11 Oscillation of a simple peodubim



€ From posion X1o Y.

At position Y

@ From positon Y102
At position Z

© From positon Zto ¥
At position ¥

© From positon Y 10X

At position X

R

Equilibrium

inthe

Blastic P.E. decreasing
KE. increasing

Elastic P.E. = minimum
KE. = MExITILIm

Blastio P.E. increasing
K.E. decreasing

Blastic P.E. = mamum
KE. = 2800

pﬂu.il!inn

Py

(spring |s most streiched)
[spring is stationary, speed = zaro)

(spring is gradually becoming less stretched)
(zpeed of spring increasing)

(spring at equikbrium)
[speed of spang at maximum)

[spring is gradually becoming more compressad)
[speed of spang decreasing)

[spring Is most compressed)

[spring Is stationary, speed = zerc)

[spring is gradually bacoming less compressed)
(speed of spring Increasing)

(8pring al adquilbriim)

{speed of spring at maxmurm)

(spring hmﬂumﬁumm
[speed of spring decreasing)
{spring is mast streiched)

(spring is stationary, speed = zero)

Figure 7.12 Oscilletion of a leaded spring

E
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Transformation of Kinetic Energy and Potential Energy in a
Closed System

In a closed system, the transformation of energy between potential energy and kinetic energy
obeys the Principle of Conservation of Energy. Therefore, the total potential energy and kinetic
energy in a closed oscillation system is constant. An example of a closed oscillation system is
shown in Figure 7.13(a). Figure 7.13(b) shows the transformation of energy in a graph.

EI'I:I'E}' Total energy

[condant)

~ PE. = maxirmum
S KLE = rero Potential

energy,
PE.

1|
.

i Displacement

\

Equilibrium position Equilibﬂu:'n position
PE = minimum
K.E. = maximum
Figure 7.13(un) Oscillation of a pendulum Figure 7.13(b) Graph of the
in i closed system transformation in the forms of energy

SCIENCE INFO

Based on the Principia of Consenvation of Energy, energy can transfarm from one form to another. Yhean
anengy fransforms, a smal portion of the energy is converted info useful enengy. A large portion of the
energy is converted into wasted energy such as heat enengy caused by friction, A closed system s a
system in which theme is no extemal force such as fiction. Hence, heat energy is not produced in a closed
sysiem.

Let us carry out Activity 7.3 to discuss daily situations i.m*d?ins transformation of energy.

}.;'.- -‘b. d # t l':--1:‘,I r J
Activity@.{i. 2 *’“ v SN

i : To discuss daily situations invehing transformation of energy

% Instructions
. 1: 1. Work in groups.
£ 2. Each group needs to gather information on transformation of
energy in daily situations such as the osallation of a swang, an object falling from a
certain height, a roller coaster and toys with springs such as toy cars and pistols.
3. Label and state the form and transformation of energy at certain positions,
4. Present the outcome of your group discussion in class,




Example of numerical problem

in the toy pistol is 300 mm. If a force of 5 N is used to
compress the spring until its length becomes 50 mm,
calculate the maximum speed of the plastic ball of mass
50 g when it is fired from the pistol. State an assumption
that is made in solving this problem.

Solution

Based on the Principle of Conservation of Energy,

elastic potential energy stored in the spring = Kinetic energy
of the plastic ball.

Figure 7.14 shows a toy pistol. The length of the spring 150 mm;

23 mm

# Formative Practice 7

1. State the Principle of Conservation of Energy.

2. An oscillating loaded spring as shown in Figure 1 is a closed
oscillation system.
(a) State the position of the load where the elastic potential energy of
the system is maximum,
(b) State the position of the load where the elastic potential energy of
the system is minimum.

3. Figure 2 shows a metal sphere of mass 2 kg released from a height of
2.5 m from the surface of Earth.
(a) Calculate the gravitational potential energy possessed by the metal
sphere before being released.

(b) What is the maximum speed of the metal sphere after being released? :

R

Figure 2

a2
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s the ability to carry out mmm?umm“
|

‘Work. =SS -
I o | Gravitational ~ Elastic  Kinetic
is defined as iz related to potential  potential  energy
I I energy ‘energy ‘%mﬂ
Work = Force x displacement Work 1 S
WaeFs ; Power = ——— =mgh =2Fx
i i I | |
measured in 5.0, unit f 1
! | which
joule {J) measured in 5.1, unit |
I ' Can transform from
”"*“""I'“d“ﬁ' watt (W) one form to another
| |
Force of 1 N moving an 1 W defined as as stated in the
object over a distance of | : | '
1 m in the direction of Work of 1 J done Principle of Conservation of Energy
the force in1s

Self-reflection i
After studying this chapter, you are able to:

7.1 Work, Energy and Power
|| Define work and solve problems related to energy in the context of daily life.
| Relate power with work and solve problems in the context of daily life.

7.2 Potential Energy and Kinetic Energy
Explain with examples gravitational potential energy and solve problems in the context of
daily life.
| Calculate elastic potential energy in the context of daily life.
Explain with examples kinetic energy in the context of daily life.

7.3 Principle of Conservation of Energy
|| Explain with examples the Principle of Conservation of Energy.
| Solve qualitative and quantitative problems involving the transformation of kinetic energy
and potential encrgy in a closed system.

Lz
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:®: Summative Practice ﬁ

Answer the following questions:

1. There are many forms of energy. Match the following form of energy with its
correct definition.

Form of energy Definition

= Ability to do work

{a) Potential energy .

« Energy possessed by a moving object

(k) Kinetic energy .

Energy possessed by an object due to its
¥ pesition or condition

2. Underline the correct answers,

(a) The unit for energy is (] s/N m}.

(b) (Work/Power) is defined as the product of force and displacement in the direction of
the force.

{c) A (stationary/moving) object does not possess kinetic energy.

{d) The Principle of Conservation of Energy states that Mot
energy (can/cannot) transform its form.

(e} Weight is the product of mass and (force/acceleration)

of gravity.

3. Figure | shows a motor lifting a load of mass 5 kg to a height
of 2 m.
(a) Calculate the work done by the motor. ~
(b) How much energy is used by the motor to lift the load?

4. State the formula for the following energy:
{a) Gravitational potential energy
(b) Elastic potential energy
(c) Kinetic cnergy

5. Figure 2 shows a female archer pulling her bowstring
back 0.4 m with a maximum force of 200 N.
(a) How much work is done?
(b) Calculate the elastic potential energy possessed by
the stretched bowstring. &l

(c) Mot all the work done to pﬁ]l the bowstring back is
changed into elastic potential energy. Why?

R
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6. Figure 3 shows the oscillation of a simple pendulum in a
closed system. The mass of the pendulum bob is 40 g
(a) State the principle that needs to be obeyed by the

oscillation of a simple pendulum in a closed system.
(b) At which position does the pendulum possess

gravitational potential energy and kinetic energy of equal ."'*'-I .
value? Aas LN
(c) Calculate the difference in gravitational potential energy ~ * ™ r o

of the pendulum at positions X and Y.
Figure 3

7. Figure 4 shows a model of a simple roller coaster.

Figure 4

You are required to build a functional model of a roller coaster using the materials below.

gy A A

Rubber hose

-

Ball h;ann
’ Retort stands

Sketch your roller coaster model. Explain the special features of the model. &

&5
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