. Define and explﬁé\\wmuw o RS

: et (\ﬂ :
N [WORK k-
& Definition of Work. YOII 3

& Mathematical Form of Work.
+ Cases of Work :

o Unit of Work ~ Online Lecture

Ans: Work :
Force and distance are two essential elements of work. When a constant force
acting on a body moves it through some distance, we say that the force has done work.
Definition:
Work is defined as the product of magnitude of force and the dnme covered in
the direction of force. : @
Explanation: /m /Y\(\ Y\mw

Consider a b Q

wood lying on a tab
I "we-ex on the
block to move it through a

distance S in the direction of
force, then the work W done by
the force is:

Work = Magnitude of force x Distance

Or : Waafomi. O (5.
Cases of Work:
i. From above expression it is clear that if

some force is acting on a body but there is no
displacement, ‘then no work is done. For
example, a man is pushing hard a wall but the
wall remains fixed in its place. In this case

man is doing no work.
ii. Similarly, if a fi %
i1s zero a iform

nd the bo
veloclty,
“F=0 W=0x8=0

$0
£120p=




| "zken to represent done by that force. | .- S >

L The SI unit of work is joule (J).

i, If a force is acting on a body making an
angle 6with the direction of motion. In, th

case, work is done due to_the co -‘g ;\
force which is acting alO mﬂ
motion (Fig 5.3)..R¢ i}( orce F into its
components, ve the component F cosfthat
acts in the direction of motion. Therefore,
W=(Fcosh)S
Or W=FScos0 ........ {3.2)
Special cases:
i. If @ iszero,cos 0°=1,then W=FS (1)=FS
This is the case when force and distance covered are in the same direction.
.  If 8 =90° then cos90° = 0 which means
the force has zero component in the
direction of motion. Thus, W=FS (0)=0 |
This is the case when force is
perpendicular to the displacement. Lo
5.4). It suggests that if a p '

some distance, this wor % ), se the
force applied_te, 8ad is upward which
is perpendicular fo the displacement.

Work done is a scaler quantity: :
The work done to push an object is the same whether the ‘object moves North to

South or East to west, provided the magnitude of force and the distance moved are not

-hanged. Work does not convey any directional information, so it is a scaler quantity.

Q.2.. How work done is found by constant force applied graphically? Explain.

09105002
Ans: Calculation of Work Done by Graph: p ,
When a constant force F acts through a distance SR G (O e Q

5. the event can be plotted on a force-distance graph as | | e
shown in fig. 5.5. If the force and distance covered are a @g@

= the same direction, the work done is FxS) @K@
Clearly the shaded aremin % g

Hence the area under a fﬁ : curve can be O

Distance R

Units of Works - Fig. 5.5
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‘ One joule work is done when a force of one ne torac v@ ‘ ( !‘ ody movesﬁ;
‘ through a distance of one metre dnit O 7
From Eq. (5.1) “ ’

1J=1Nx1 np%ﬁ@%& | ]
Or 1J=Nm @“ - . 1
Bigger Wsed like 1kJ=10%] and 1MJ=108J J'!:
Q.3. Define and Explain concept of energy. = 09105003;‘;
Ans: Energy: 1

Our body cannot meve unless we have energy from food. A car would not
without the energy it obtains from burning fuel. Machines in the factories cannot
without consuming energy supplied by electricity. Any change in motion requires energy.

When we say that a certain body has energy, we mean that it has ability of doing work.
Definition: ' ' : ‘

~ Energy can be defined as the ability of a body to'do work.
Explanation: e

- When someone does work, energy of the body has to be spent. act, energy is
transferred from one system to another. For example, whe 0@@ Ing a swing
O

chemical energy in your body is transferred ‘ton f] -n appears as energy of the
motion of the swing. , m“ u , '

Like wor | ler quantity. Its ST unit is joule ).
] verk is done on a body, the amount of energy spent is one joule.
Forms of Energy: ' ' i

There are many forms of energy. Electrical energy, chemical energy, nuclear

energy, heat energy and light energy are some well-known forms which we shall Stu-
later on. | |

Basic form of Energy: :
There are two basic forms of energy:
~ (i) Kinetic Energy
: (i) Potential Energy
The combination of these two types of energies is called mechanical energy.
Q4. Define K.E. State it units. Derive an expréssion for same.

(

KINETIC ENERGY

* Definition of Kineti - - -
* Derivation of Kingfi nline Lecture [ b,
":‘,A/ a0\ k Q g = -

M.ﬁ\.dnique.edu.pk () UGl.publications @) uniquenotesofﬁciai@@Uniquepublications_@ 0324-6666661-2-3

e ‘.1 N

L)
=¢1223




Ans: Definition

The kinetic energy of a body is the e&e @@@WC
a body possesses by virtue of jts motio . T
Explanation: il velo City
"To ﬁnd netlc energy a (m 5“1)
moving bod es, an opposite force can be
applied on the body to stop its motion. Then the work 0
done by the force will be equal to the kinetic energy : time (S) —
of the body i.e. Kinetic energy (Ex) = Work done (W) Fig. 5.7

Suppose a body of mass m is moving with velocity v. An opposmg force F is acting on the .
body through a distance S brings it to rest. Then,
Ex = work done = FxS | '

As from Newton’s Law F = ma and S = vay X time = (—V—Q)‘r=_ —% xt
Hence‘-Ek= ma X ol s ma X vt

2
Using Ve1001ty -time graph, (F1g 5.7) the acceleratlon a ﬁ t@ m

Hence, a = —, the slope is neQatwe as in opposite direction. (We

take its magmtude positiv

Thus m( )vt

2
Or Ei= %mvz SRR (5.3)°
Q.5. Define and Explain Potential Eliergy. Derive an Expression for gravitaﬁonal
P.E. ‘ - _ : : 09105005
Ans: Potential Energy: :
Definition: '

Potential energy is defined as the energy that a body possesses by virtue of its
position or deformation.
Explanation:

In the prev10us section, we have seen that the work done on a b is used to

crease its
There are ma : ntial energy. As mentioned above, the energy
possessed M%y virtue of its position relative to the Earth is known as

sravitational potential energy.

cinetic energy, rather it is stored in th

Forms of Potential Energy

cém% ,



reaction.

Nuclear e en energy in the nuclei of atoms. When they are broker
energy 15@Me form of heat and some other radlatlons This is called nuclear

fission.

The energy stored in a compressed or stretched s tlc potent
energy and the potential energy in the i¢als o ‘ ed chemical potential
energy, which is changed to elecﬁii .“. 1 oil or gas through chemical

Derivation of expressuon

If the block shown in Fig. 5.8 is lifted to a height h above
the ground, then the block would have potential energy in
that raised position. Therefore, it has the ability to that
‘work whenever it is allowed to fall. The potential energy
is measured by work done on the block. Thus, potential
energy E,, is given by

_ E, = Work done to put the block in
elevated position :

weight w of the block and since w = mggthete]
h becomes, Q

N
Or Q
e WNMO ....... (5.4)
Example:

The most obvious example of gravitational potent1a1 energy is a waterfall (Fig. ;
5.9), water at the top of the fall has potential energy. When the water falls to the bottom, it
can be used to run turbines to produce electricity and thus can do work. (remains constant) "

Fig. 5.9

Q.6. State the law of conservation of energy. Exp@@n example __
8 ! t

of a body falling from certain hei htdn al energy and Kkinetic
energy. ; 09105006
= e mﬁ »
Ans: :

Conservation of e

0 a very important principle known as the principle of conservation of
energy. Formally, it is stated as:




NdHo®RY
Statement:

Energy cannot be created or des @W ormed from one form to
another, but the total amO@ '

Explanatlon

Duri rgy transfer process, some energy seems to be| A m
lost and not accounted for in calculation. This loss of energy is due A

to work done against friction of the moving parts in the process.
This energy appears as heat and is dissipated in the environment.
This energy does not remain available for doing some useful work -
and may be called waste energy. : B h

A process of energy conversion and conservation can be| X
described with the given example.

; \4
Let a body of mass m be at rest at a point A above the 5 <

he:ght h from the ground (Flg 5.10). Its total energy is P.E ‘va @@@ 5.10

@@
Then the body is allo 1nt B at a height ‘x’ from the ground. The body lose
potential en 1net1c energy as it gets speed while falling down. Assuming air
resistance neg 1g1ble '

e mg(h %)
The loss of potential energy will appear as the gain in kinetic energy, hence, at point B

Ex = mgx

Total energy at B Ex=mg(h — x) + mgx = mgh

Just before h1tt1ng the ground at point C, the whole of potential energy is changed into
kinetic energy Thus,
Ep =0 and Ek = mgh
Thus, total energy remains the same as mgh. On hitting the ground energy is

dissipated as heat and sound in the environment. @
Q.7. Describe very briefly dlffere% Z )
Ans: (i) Fossil Fuel Enelﬁ

FosmW out from burning of oil, coal and natural gas. These
materials are as fossil fuels.

09105007
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LXpianation: e m
The burning of these fuels gives out heat wh 'gerate steam that
. ‘ H4 Q) :
DAC J D

process going on in electrici

Steam line Turbine

Transmission
lines

Generator

ser

Water sUppIy Transformer

: ‘ aiBIEaRARN
(ii) Hydraulic Geperafion; )\~ - |
H \ge ération is the electricity generated from the power of falling water.

Explanation: .
| Water in a high lake or reservoir possesses gravitational potential energy stored in
_it. When water is allowed to fall from height, the potential energy is changed into kinetic
energy (Fig. 5.12). Tunnels are made for water to flow from the reservoir to a lower place.
Such a construction is known as dam. ; ; ‘

The kinetic energy of running water rotates the turbine which in turn runs the 3
electric generator, | : 3

Transmission




(iii) Solar Energy:

Sun is the biggest source of ene The W‘O@sunhght 1s ref
to as solar energy. @
Explanation: bﬁ@ |
Solar ¢ In two ways

either it can for heatmg system or can
be converted to electricity. -

erred

i. In one way, eolar panels absorb heat of
the Sun. They consist of large metal
plates which are painted black (Fig. 5.13).
Heat can be used for warming houses or
running water 'heating system. If solar
radiation is concentrated to a small

surface area by using large reflectors or B Fig. 5.13 =
lenses, reasonably high temperature can Solar panels installed e roof
be achieved. @

At this high temperature, water can boiDt a can run the turbine of an
electric generator. In thlS w3 uced.
ii. In the second is directly g o o
. transfo ectr1<:1ty through the use

of solar cells. Solar cells are also known

as photo voltaic cells. The voltage
produced by a single voltaic cell is very
low. In order to get sufficient high voltage
for practical use, a large number of such
cells are connected in series to form a
solar cell panel as shown in Fig. 5.14 o e
Solar calculators are also available which | - Fig. 5.14

work by using the electrical energy provided Solar cells panels

by solar cells. Large solar panels are also used to power satelhtes @m

Z\C

(iv) Nuclear Energy:
Nuclear energy IS t When an atomic nucleus breaks
Nuclear power stations malﬁzx els such as uranium and plutonium.

Explanatmnw
These\materials release huge amount of energy as the nuclei of their atoms break

Zuring nuclear fission. The process is done in a nuclear reactor. Heat produced by the fuel
4127




is used to make steam that runs the turbines of electric gerﬁm@@@n also runs
O

nuclear power stations at Karachi and Chz& m]
(v) Geothermal Energy: @ .

In some parts of %} are present in the semi molten form deep
under the surfa e \“They are heated by energy released due to decay of
radioactive . The temperature of these rocks is about 250°C. This energy is known

as geothermal energy which can be extracted to run electric generators. A typical
geothermal power plant is shown in Fig. 5.15.

=

MechanisW , _
To ake use of the heat of the rocks, two holes are drilled up to the rocks. Cold

water is pumped down through one of the holes. It is heated up by the hot rocks and starts
boiling. Steam is produced that comes out through the other hole. The steam runs the
generator which procuces electricity. Where there is water already present over the hot
rocks, it comes out of the surface of the Earth in the form of hot springs and geysers. Such

a geyser is shown in fig. 5.16. -

Fig. 5.16
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(vi) Wind Energy:

For thousands of year, people ha bee
using windmills to draw water from the we ﬁ
grind grains into flour. The.2 x

to run generators t & ¢\ elec ri01ty Wind
generator m 1C1ty. Wlnd generators make
electricity in the same way as steam generators in

power stations. For large scale power generation,
a ‘wind farm’ with a hundred or more windmills is
needed. A windmills farm is shown in Fig. 5.17. Fig. 5.17

(vii) Energy form Tides: _ _

The gravitational force for the moon gives rise to tides in the seas. The tide raises
the water level near the sea shore twice a day. The rise and fall of water can utilized to turn
on turbine for electricity generation. The water at high tides can be trapped at a suitable
location, a basin, by building a dam. The water is then released in a contfolled way at low
tide to drive the turbines for producing electricity. At next high tide, the dam is-{illed again

and the incoming water also drives turbines. @ @@
(viii) Energy from Waves in Sea: @ Z /

The tides and win ' DUCk ﬂoats
surface of the se water waves. | . |
Their energy sed to generate electricity. | :

|
The method to harness wave energy is to use |

large floats which move up and down with the l
waves. One such “device ;nvented by Prof. ‘ Wavbs
Salter is known as Salter’s duck (Fig.5.18). It |
consists of two parts. |

(i) Duck Float (ii) Balanced Float
The energy of the water waves causes duck float to move relative to the balance float. The

relative motion of the duck float is used to drive the electricity generator.

-

(ix) Biofuel Energy:

@mf organic
g¢ is that dirt which
itSelf be used as fuel or can be

It is that energy which is obtained from the biomass.
materials such s plants, waste foods, anlmaclj d
s left over after stalnmg
converted into other types

ombustion is a method in which biomass,
commonly know g burnt to boil water and produce steam. The steam can
oe sued to gengrate’e ectr101ty In another process the rotting of biomass in a closed tank
-Jled a ‘digester’ produces methane rich biogas (Fig 5.19). In this process, micro-

4129}



duced in the
gas. B10fuel such as

tank is piped out and can be used for heating 2

ethanol (alcohol) can alstg obtaj %
case, bacteria convert 1t 1 ¢ .-,

Ans:

depleted with the continuous use. Once. they run out. They are . not easily replaced by new
ones. Sources such as hydroelectricity, solar energy, wind energy, tidal energy, wa
energy and geothermal energy are renewable. These are replaced by new ones. r~
examples, snow fall and rain fall are continuous processes. Therefore, water supply to the
reservoirs of dams for generation of hydroelectric power will never end up. Likewise,
solar energy will remain available forever. Same is the case with wind and tidal energy
These are not going to run out in future.

Non- Renewable Sources:

Non-renewable sources include fossil fuels @me remnants of
plants and animals buried under @ %ears to change into fossit
fuels. These fuels are)i % they are used up, it will take furthes
millions of years to f ‘ ilarly, fuel for the nuclear energy are also llmlted ,

1Q energy is increasing day by day, there is need to develop other non-

traditional renewable energy sources.

41305=



Q.9. Define Advantages and Disadvantages of metho

, apory/
d of ene gwﬁ@on.
o 09105009
. 3 s

Ans: The Advantages and Disadvs o¢ etho nergy production:
(1) The production of @gg olé PeWEL IS-motre economical and pollution free.

(ii) The solar power, vﬁ dh) he
produ idn and are also economical as well. ; 5

(i1i) On the'other hand, power generation by fossil fuels and nuclear fuel adds to the
pollution of environment. Burning of fossil fuels produces smoke, carbon dioxide
gas and heat (Fig. 5.20). They enhance direct pollution to atmosphefg:.

(1v) Wind-mitls a\;e very noisy. Some people think that wind turbines spoil the beauty
of landscape. ' = ‘

(v) Nuclear power generators are also run by steam produced by nuclear heat energy.
Heat itself is a form of pollution. Moreover, there is always danger of leakage of
the radioactive radiation which is harmful to living bodies. People living around
nuclear plants are always at risk. The disposal of nuclear waste is energy ends up
as thermal energy that goes to the environment. Thus, thermal pollution is
increasing day by day causing global warming.

Q.10. Define and Explain Power and its unit. : . 09105010
Ans: Definition: :

Power is defined as the time rate of doing work. W@ @@@
N

Mathematically,

: O
Power = 2K ' “@®
Time O
[f W is the work done in ti %
w o
p::z-Q{RU§g§i§§§r |

Power of any agency can also be defined as energy transferred per unit time.

41318




Units of Power:

. Since both work and time are scagr
also a scalar quantity. The SI unit of poy

One watt is the w

‘ l ’jﬁwfﬁi 0
Bigger Unit pdwer are:

1 kW=103W
IMW= 10°W . !
In British engineering system, the unit of power used is horse-power (hp). The horse

power is defined as
1 hp=746 W -

q'
T

of One Joule per second.

1)s~1

Explanation:

In many cases, the time to do work 1is
as important as the amount of work done.
Suppose you walk up to a height ‘h’ through
upstairs (Fig. 5.21). You do work, because you
are lifting your body up the stairs. If you ru
up, you can reach the same height i @
- time interval. )

The work % € 1n either
case, beca result is that you lifted
up the same weight w to the same height h.
But you know that if you run up the stairs, you
would be more tired than you walked up
slowly. In fact, there is a difference in the rate at Wthh work is done. We say that you
expend more energy when you go up the stairs rapidly than when you go slowly. :
' The concept of power can also be explamed with another example of an electric
motor or a water pump. A bigger motor draws more water during the same interval of time
as compared to a smaller one. It is said that the power of bigger motor is greater than that
of smaller one.
Q.11. Explain what is meant by efficiency of a machine? How is it calculated" Why
09105011

height (h)

Fig. 5.21

efficiency of a machine is less than 100%?

Ans: Definition: @ @
| The efficiency of a system i Q @

The ratio oy and the total input energy is called the

ggEeIsa e e
| Useful output
Or Efficiency (n) = seful output energy

Total input energy
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Yo age efficiency:
Efficiency is often multiplied by 1@9 to % ?ency Thus
u

% nergy % 100
Total input energy
It can also b 2

Useful power output 44, FeX5.6)

SHch Efﬁmency— Total power input

Efficiency is less than 100%: "

It is found that the energy output is always less than the energy input. During any
conversion of energy, some energy is wasted in the form of heat. NO device has yet been
invented that may convert all the input energy into required output. That is why a system
cannot have an efficiency of 100 %. As the energy loses are inevitable in the working of a
machine, hence, an ideal or perpetual machine cannot be constructed.

Efficiency:
* The efficiency of a working system tells us what part of the energy can be

converted into the required useful form of energy and what part wasted out of the

energy available.
y %}? put energy and the

energy converted into the requirgd o he output energy :
Q.12. What is meant by Perfiétus ergy Machine? Explain Briefly. 09105012
Ans It is a hypot ih¢ ‘that can do work indefinitely, without any external
source of eg@% &é z;Ge@e‘cual machine would have to generate more energy than it
consumes, effectively producing energy from nothing, which is impossible. In’ any real
mechanical system, some energy is always lost as heat due to friction between moving
parts and air resistance etc. Thus, making it impossible for a machine to keep moving

without an external source of energy. Infact, it is a consequence of the principle of
conservation of energy that I perpetual energy machine is not workable.

Examples

Example 5.1 09105013
A person does 200 J of work in pushing a carton through a dlstance of 5

metres. How much force is applied by him?

Solution:
Work done W =200 J

 Distance S = Sm

oy @g@i@@w@ o

e The available energy for converéjon

Puttmg the values w

—40N
5m

Hence, force applied by person is 40 N.
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Example 5.2 09105014

Find the work done by a 65 fo W@&asc (Fig. 5 6) for
= /I%\%\?\ : :

distance of 20 metres ‘ \&\l
!

Solution m
' Force F Q

Dis SedS =30
- Angle from the figure 6= 30° e e
Work W done = .
Using eq.,

MY 1Y RN O I AT R R T

~ W =FS cos 30°
‘W=65N x20m X 0.866
W =1125.8 Nm
W=112581]
Thus, the work done is 1125.8 J. :
Example 5.3 : S 09105015
A truck of mass 3000 kg is moving on a road with uni omvelocnty of

54 km h™'. Determine its kinetic energy. | @ @
Given data: Q @@@

Mass of the truck 3 “
. Velocity v = 54
~ To Find: o
: Kine ergy Ex="?
Solution:
Putting the values,

Ex= %m v % x3000kg * (15)> m*s

Ex = 337500 J =337.5k]
Thus, Ex is 337.6 kJ.

Example 5.4 09105016
i A ball of mass 180g was thrown vertically upward to a height of 12 m. Find
the potential energy gained by the ball. |
Given data:

o

- Mass of ball m = 180g = 0.18 kg @
L h=12m O . @@W .
To find: ' O m& : "
- PEgained E ﬂ“m - |
Solution: WW o

g= :
Fromeq. (5.4) Ep = mgh
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Putting the values

Ep=0.18 kg x10m52x12m_216] @W@

Hence, potential energy is 21.6 J. ‘@ '

Example 5.5 m . 09105017
A lﬂw th an acceleration of 4 ms™Z covers a distance of 50 m

in 4 second s the power generated by its engine?
Solution: | '
Mass of car m = 1000kg

Acceleration a=4ms™?

Distance - 5=50m
Timetaken t=35s
"Power ~  P=1?

First, we shal detérinine the force applied by Newton’s second law.
F =ma= 1000 kg x 4ms~2%= 4000N
From Egq. Work, W = FS

Or W= 4000N><50m 2.0 x 105] @@ \f@

FromEq. @W
Putting the values of W ané %

10* kW
40 kW
Thus, the power is 40 kW.
Example 5.6 : : ‘ 09105018
A block weighing 120 N is dragged up a slope with a force of 100N to lift 1t up
a height of 10m. If the slope is 20 m long, calculate the efﬁclency of the system

Solution: .
- Weight of block ~ W=120N
Force applied F=100N
Distance - §$=20m
Height h=10m
% Efficiency =? |
B done - hft L block T . ———
: & =100 N X 20 m = 2000 J
Now, total in = work done on the block = 2000 J

Useful output energy = Gravitational potential energy gained = wh
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=120 N-x10m=
Useful output enexgy

s

Percentage efﬁmency =

==

Work done is maximum when the
angle between the force F and the

displacement d is: 09105019

(a) 0° (b) 30°
(c) 60° (d) 90°
2. A joule can also be written as:
09105020
(a) kems™? (b) kgms™!
(c) kgm?s™3  (d)kgm?s~?2

3. The SI unit of power

i

(a) Joule )ém
©)w fsecond
The power of a water pump is 2

kW. The amount of water it can
raise in one minute to a height of 5
meter is:
(a) 1000 litres  (b) 1200 litres

(c) 2000 litres  (d) 2400 litres

A bullet of mas 0.05 kg has a speed
of 300 ms~1, Its kinetic energy will
be: :
(a) 225017
(c) 1500

09105022

09105023
(b)4500 J
(d) 1125 J

1200 J

T

MO

| HenCe th@f@@@g efficiency of the system is 60%. -

Exercise

(A) Multiple Choice Questions (Exercise)
6.

: (d) solar energy

« v, -
{4H0%%

If a car doubles its speed, its Kkinetic
energy will be:
(a) the same

(b) doubled

(c) increased to three times

(d) increased to four times
The energy possesse
virtue

09105024

a body by

: 105025

pot t1al energy
(c) chemical energy

The magnitude of momentum of an
object is doubled, the kinetic energy
of the object will:

(a) double

(b) increase to four times
(c) reduce to one-half
(d) remain the same
Which of the following
renewable energy source? 09105027
(a) Hydroelectric energy

(b) Fossﬂ fuels

09105026

is not

AN
@

(a)

1, QWNWOUU

o 7 |




Work

. The unit of work or e
is equal to

5

09105028
(a) horsepower
(b) watt metre
(c) newton metre

(d) newton second

. A car, an elephant and a cricket ball
have same kinetic energies. Which of

these have greater speed?
09105029

(a) car

(B) Elephant

(c) Cricket ball

(d) all have same speed

. A heavy and a lightep

same momentu
. O
greater 18:

09105030
(a) lighter

(b) heavy ‘

(c) same kinetic energy

(d) either (a) or (b)

Potential Energy

AT

ith

. A ball weighing 50 N is lifted to a

height of 5 metre. The potential

energy stored in it is: 09105031
(a) 250 ] LIS X
(c)451] (d)551]

. A weight lifter of power 1960 watt

lifts a load of mass ‘M’ from
ground to a height of
‘M’ is:

(2) 100 k

(b) 200 kg

%

(@)

SLO based Additional MCQs

9 @ .
3 400 kg

e
Powerg

6. What is the power utilized when 100
J of work is done in 5 s: 09105033

()10 W (b)20 W
(c) 105 W (d) 500 W
7. The SI unit of power: 09105034
(a) Joule (b) watt
(c) newton (d) erg
8. One unit of horsepower is equivalent
to: 09105035
(a) 756 W (b) 716 W
(c) 736 W

(d) 746

S\
rvation of Energy

Law of Conser
@\‘ g' dy is thrown vertically

upward from the ground with a
velocity of 5 ms!. If friction is
‘neglected its Kkinetic energy just

before hitting the ground is:
' 09105036

(a)251] (b) 50J

(c)757 (d) 100 J
10. A ball is thrown downward with an

initial velocity, its: 09105037

(a) Ek increases& E; decreases

(b) Ex decreases & E,, increases

(c) Both Ex& Ej; increases

(d) Both Ex& Ep decreases
11. A box is taken-to

? f d b ¢ ko n
X (a) kinetic energy

(b) potential energy
(c) heat energy-
(d) sound energy

L=

floor of
me work. This
09105038
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12. The type of energy derived  from
heated ground 'wateé'

(d) nuclear energy _'

e

Renewable Source of Energy

13. Which one is remewable source of:
09105040

(a) Coal (b) Natural gas

15. A force is acting on body but causes
no displacement. The work done on

: e the body is: 09105042 _
(c) Sunlight .(d) Uranium (a) positive (b) negative
(c)zero (d) infinite
1. {e) () 55 (a) 4. ®) 43 (c)
y 8!
ol G0 bl b NG @Y. | @
n | ® | 12 ®) | ﬁﬁ({\ \\\bg)U W@ 5@
@@Wuestmns (Exercise) |
5.1 Wone on an object | body. Greater is the mass, more is K.E and ’-

that remains at rest when a force is

applied on it? 09105043
Ans: W=FS
As S = 0, for body at rest
So W=Fx0 |
wW=0

Hence, work done on object that remains
at rest when a force is applied is zero.

52 A slow- moving car may have
more Kinetic energy than a fast-moving

motorcycle. How is this possible?
09105044
Ans:

KE=

It mearﬁ@ﬂw] of body moving with

same velocity depends upon mass of the

: The K.E of moving body is g1v
by the expression a@@

4138p=

-vice-versa. :
Hence, K.E of car is greater as compared
to motor cycle due to larger mass of car.

53 A force Fi does 5 J of work in
10s. Another force F2 does 3 J of work in

Ss. Whlch force delivers greater power?
09105045

Ans: The power is calculated by
formula:

P
So, power

of goth

Hence force F,, will dehver greater power
as clear from the above relations.




54 A woman runs up a flight of
stairs. The gain in her gravitationgl
potential energy is 4500 J. If she ru
‘the same stairs with

speed, whaw -
energy?
Ans: The potential energy of an object is
given by expression:

P.E = mgh
This expression shows potential energy is

in potential

09105046

independent of speed of object, so if a |

women runs up the same stairs with double
velocity, then there will be no change in
gain her potential energy. .

5.5  Define work and its SI units.
Ans: See Q No. 1 09105047
51  How does a stretched bow store

energy and transfer it to the arrow?
09105053

Ans: A stretched bow stores potential

energy in the form of elastic potential
energy when the bowstring is pulled back.
When the string is released, this stored
potential energy is converted into kinetic
energy, transferring to the arrow and
propelling it forward. Some bows can store
enough energy to shoot an arrow as far as
I km away.
5.2 According to El

relativity, how are maq%
related? 09105054
Ans: Acco

g to Einstein's theory of

relativity matter and energy  are

5.3

T

=139

oz

What i nergy of a
m en - 1t is raised
Ot m ht h? 09105048
Ans: SeeQ No.5. - _
5.7 . Find an expression for the kinetic
energy of a moving body. 09105049
Ans: See QNo. 4.
5.8 Define efficiency of a working

system. Why a system cannot have
100% efficiency?
Ans: See QNo. I1.
5.9  What is power? Define the unit
used for it.

Ans: See Q No. 10.
5.10 Differentiate between renewable

"'! rces.
l 105052

09105050
09105051

and non-renewable ene 0y
\m =

interchangeable  under certain conditions.
The loss of some mass in nuclear reactions
can transform into energy and similarly
energy can be converted into material
particles. This leads to the conservation of
and rather than the

mass energy

conservation of each separately.

Sources of Energy

What are the Dbenefits of
geothermal energy" 09105055 '
Ans: One enefits of

1ts low cost for
significantly cheaper than
burning oil to power electric heaters. For
example, in Iceland, more than 85% of
people use geothermal energy to warm
their homes, and the cost of heating is only




- of the cost
Geothermal energy 1is also used

countries like Japan, Russia, Ital%i @g(
~ Zealand, and the USA. %

5.4 What w the 1986
Chernobjmw accident? 09105056

 Ans: The radioactive fallout from the 1986
Chernobyl nuclear accident in Russia
affected people, livestock, and crops.
Although only 31 people died from direct
exposure, about 600,000 people were
~ significantly exposed to the fallout.

5.5 What are the economic social
and environmental impacts of various

one-third of using oil-

~u s

logging by raising the water table. Solar
wind and tidal energy are pollution free
though they have high initial costs.
‘Nuclear energy is cheaper and can easily
meet growing energy demands.

5.6
~ Ans:
with its output equal to

energy sources? 09105057

efficiency of 100%.

(C) Constructed Response Questio m

5.1  Can the kinetic energy of a boév

ever be negative? 0910 5“(

Ans:

K.E can never be negative because
it is calculated by squaring velocity,
“resulting in a positive value.

52  Which one has the greater
kinetic energy; an object travelling with
a velocity v or an object twice as heavy

travelling with a velocity of %2 v?
09105060

Ans: Kinetic energy (KE) is given by:
KE = (1/2)mv?
For the first object:
KE;=(1/2) m,v/}

For the second object:

§§§§§§X§ﬂc

o ‘ @ 09105062
b]ect is at rest and has the
potential to do work but it is not currently

{dsgon

= (1/2) m,v;’ |
Both objects have the same kinetic energy.
5.3 A car is moving along a curved

energy change? ~ 09105061

Ans: The formula for K.E is:
KE-= —1- mv?
2

constant speed has no change in it speed.
So, it K.E will remain same.
5.4

ob] ect has f potential

having 1 J of potential energy can perform
1 J of work.

Answer: Fossi @?@penswe and

ause P "b#-a s human health.
yelec energy is the cheapest and

pollutlon free but it may cause water

What is an ideal machine? 09105058
An ideal machine is a machine
input and

road at constant speed. Does its kinetic

A car is moving on a curved road at

Comment on the statement. “An

doing any work. It means that an object

A
41

403




5.5 While driving on a motorway,
tyre of a vehicle sometimes bursts. What
may be its cause? 09105063
Ans: Tyre bursts on motes '
caused by overheating,
tyre wear, roa
and overloadifg ng
5.6 Whlle playing cricket on a street,
the ball smashes a window pane.
Describe the energy changes in this
event. 09105064
Ans: The kinetic energy of cricket ball is
transferred into sound energy, thermal
energy, potential energy and deformation
energy as it smashes the windowpanes.
5.7 A man rowing boat upstream is
at rest with respect to the shore. Is he
doing work? 09105065
Ans: w = Fscosb = F x 0cos@ = 0
When the man is at rest with
respect to the shore of upstream he is not)

doing any work because “ork 5

calculated by formula.

A cycﬁsﬂ goes downhill from the

top of a steep hill without pedaling and

takes it to the top of the next hill.
09105066

i. - Draw a diagram of what happened.
ii. Analyse this event in terms of
potential and kinetic energy.
Label your diagram using these
terms. -
Ans:

Q oy
Q K.E=Max
fiitial State (Top of First Hill)

- Potential Energy (PE) is maximum due to
the cyclist's height.

- Kinetic Energy (KE) is zero since the
cyclist is not moving.
Downhill Motion

- As the cyclist rolls
decreases.

- KE increases as the cyclist gains speed
Bottom of the Hill

- PE is minimum (near zero).

- KE is maximum due to the cyclist's
speed.

Upward Motion (N ext Hill)

- As the cycllst climbs the next hill, KE

deereases
m gains height.

Next Hill)

jﬁ%mammum agam

- KE is zero since the cyclist stops at the
top.

downhill, PE

In this process, the total
mechanical energy (PE + KE) remains
conserved, but the forms of energy are
converted from PE to KE and back to PE

" again.
5.9 1Is timber or wood renewable

source of heat energy? Comment.
09105067

Ans:  Wood is a renewable energy source
as trees can be replanted and regrown,
maintaining a sustainable.

(D) Comprehensive Questions

51 What is meant by Kinetic
energy? State its unit. Describe how it is

determined. 09105068 O
Ans: See Q No.4 o %ﬂ
5.2 State the law of %ﬁié};;
energy. Explai xﬁ elp of an
determined. 09105069 :
Ans: See Q No.6

4141

5.3 Differentiate

between. renewable
and non-ren e f energy.
ive m%ls’ each. 09105070
e,

Explain what is meant by
efficiency of a machine. How it is
calculated? Why there is a limit for the
efficiency of a machine? 09105071
Ans: See Q No.11




5.5
. the process in the following cases.

Describe the process of electrlclty generatlo 7ﬁW@

k diagram of
09105072

(i) Hydroelectric powe ener “
(ii) Fossil fuels
~Ans: (l) wer generatlons
- POWER STATION
POTENTIAL ENERGY

OF STORED WATER
(input)

KINETIC ENERGY
OF FLOWING WATER
HEAT ENERGY WORK DONE SOUND ENERGY
"“‘zggg‘,ft‘;‘““ In running the turbine gggfg

s v

ELECTRIC ENERGY
FROM ELECTRIC GENERATOR
(output)

/

(ii) Electricity from fossil fuels:

S\ O

(\ — \
. Heat Q ) m Zjec anical
:2:;"'“' energy i n . nergy Electricity
ay. ; & g from output

o in Stantit e turbinesis | ) froman
;ossn s aduehis ::sed - _/| used to run electric

E it seandl t“'g.a an electric generator

esrmorh Mroene generator |
Burning Changing P.E. Transferring Mechahical
Process into Mechanical Mechanical energy into
K.E. energy Electric energy

Several energy conversion processes are involved in producing electricity.
(E) Numerical Problems

5.1 A force of 20 N acting at angle of
60° to the horizontal is used to pull a
box through a distance of 3 m across a
floor. How much work is done?

© 09105073

Solution: v

Given Data:
Force F=20N @
Angle 8 =607 KXX
Distance @m

-Putting values, we have

As we know that
W = FS cos6

W 20><3><cos60°
W 20x3 x == 30]

%9\@0? done by a force is 30 J :
body moves a distance of 53

metres in a straight line under the
action of a force of 8 N. IF the work
doné is 20 joules, find the angle which

Resu




thé force makes with the direction of
‘motion of the body. 09105074

Solution:

Given data: “@@QJ@Q
DlstW “

Work ew=20]

Force F=20N_
- To find:

Angle 9-— !
As we know that
: W =FS cos0
Put the values, we have
20 =8 X 5 X cosb

2= 40c659
CosB = -

0= cos‘l(%)

8 = 60°
Result:

o Thus, the angle m@

direction of motion is 60°. 3
53 Aneng ’\J'\_!.\! kg of water
through a height of 80 m in 25 s. What is
the power of the engine? 09105075
Solution: )

Given data:
Mass m = 100 kg
Height h=80 m
Timet=25s
g=10ms™2

To find:
Power =?

We know that

= work
p=

time
mgh

p=—= e

; 100><98><80 O%@%@(
P=W§X ,

Result:

ﬂd of this time?

S

S

Solution:

Thus, power of engine is 3200 watts.

4143

A body 0 at rest. A
6@@ seconds. What

i energy of the body at the .
09105076

Solution:
Given data:
Mass m = 20 kg
Force F=40 N
Timet=35s
To Find:
. Kinetic energyEg =2
We know that
Ex = %mv2

First we find velocity by using
V=V, +at '

For VGIOClty ﬁrst calculate m

So,
As v,= 0 for body started from rest
v =0+H2)(5)
v.=10m/s

Vf—v +at

_ EK=%$<20><(IO)2
E, =1000J

Result:

Thus, kinetic énergy of body'at'the
end of time is 1000 Joule.
A ball of mass 160 g is thrown

vertically upw d T m reaches a
tential energy

eignt-o % _i.
@”“‘Y ball at thls height.

09105077

Given data:

Mass m = 100 g = 0.16kg




Acceleration due to gravity g = 10 m/s?
Heighth=20m
To find:

We know that
E e
~ Put the valdes, we have
Ep =0.16 X 10 x 20 = 32]
Result:
Thus, potential energy gained by
the ball at the given height is 32 J.
56 A 0.14 kg ball is
vertically upward with an
velocity of 35ms~1, Find the maximum
height reached by the ball. 9105078
Solution: '
Given data: |
Mass m = 0.14 kg
Initial velocity v; =
Acceleration du@

=10mfs" “
Final velowﬁwmfm height v¢=0
To Find:

Maximum height h =?
We know that
vy i2#2 gh
(0)*~(35)*=-2x10xh
35%35=20h
1225

= e 1. 25m
20

thrown

Result: ,
Thus. The  maximum height

reached by the ball is 61.25m. -

5.7 Agirl is swinging on a swing. At

the lowest point of her swi g, s

m from the ground, an%%

point she is 2.0 0] ground.
Mm velocity and

What is
where? 09105079

 Potential energg@m%oﬂé |

initial

A}

Solution:
To find the maximum velocity, we need to
calculate the change in potential energy -

(PE) and then convert it to kinetic energy

(KE). |

Let's denote the height at the lowest point

as

and the height at the highest point as h, =
2m.

@5@@@ (APE) is

AEp =m x g x (h, — h,)
where m is the mass of the girl (which we
don't need to - know) and g 1S the
acceleration due to gravity (approximately
9.8 m/s?).
Since we want to find the maximum
velocity, we'll assume that all the potential
‘energy at the highest point is converted to
kinetic energy at the lowest point.
AEp = Kg |
m X g X (h2 —h1) = (1/2) X m x v?
Now, we can cancel out the mass (m)
and rearrange the equation to solve for
velocity (v):

V2=2ng(:@®m :
v = @1 m — 1.2 m)

8m/s? x 0.8 m
ey

8 m?/s?
v = V15.68 m?/s?
Vv = 3.96m/s
So, the maximum velocity is

approximately 3.96 m/s.

41445




5.8
with a force of 50 N making an anlgeof
45°, through a distance o
much work is done? Q

A person pushes a lawn mower

Given data:

Force F =50 N
Angle 6 = 45°
Distance S = 20m
To find:
Work done =?
Solution:
We know that
w =FS cos 0

sl

putt the values “

un=5gg§ﬁgﬂgﬁ@hﬂo ‘
w=170

Result: Thus, work done by person is 707
Joule.
5.9 Calculate the work done in:

- 09105081

i. Pushmg a 5 kg box up a frictionless
inclined plane of 10 m long that
makes an of 30°with
horizontal.

. Lifting the box vertically up from the
ground to the top of the “inclined

- /Nf‘ﬂ\@

angle

\0(0
30° \l,

T

@d& pushing the

Solution:

lined plane:

d
i X’G)&@rce (F) = m X g X sin(8)

= 5 kg X 10 m/s? X sin(30°)
= 5kg X 10 m/s* X 0.5
= 25'N

- Work done (W) = F x d

=25Nx10m

= 250]

To calculate the work done lifting the box
vertically: |

Force (F) =mX g

= 5kg X 10 m/s?

=50N .

Height (h) = d X sm(e)

= 10 m X sin 7&
jap

Work done (W) =F xh

=50NX5m

= 250]

Interestingly, the work done in both cases
is the same, 250 J.

5.10 A box of mass 10 kg is pushed up
along a ramp 15 m long with force of 80
N. IF the box rises up a height of 5 m,

~ what is the efficiency of the system?

09105082
Solution:

To calculate the efficiency of the -
system, we need to find the work done by

‘mne

the apphed force and the
e
& ied force (W applied)

80N X 15m
1200]

4145%



Work done against gravity

X pXh
= 10kp ¥ 98m/s* ¥ S5m
= 490] Sl S
Efficiency (n) = Wark\d st
gravity) e%y applied force)
b Wravity / Wapplied :
= 490 /1200]
= 0.4083 or 40.83%
So, the efficiency of the system is
approximétely 40.83%. |
5.11 A force of 600 N acts on a box to

push it Sm in 15 s. Calculate the power.
09105083

Given Data: .
Force F=600N
Distance S = 5Sm
Timet=15s

To find: -

We kno o
__work Rt
e
p_ 600x5
R
P = 200 watt

Result: ;
~ Thus, power is 200 watts.
5.12 A 40 kg boy runs up-stair 10 m

high in 8 s. What power he developed.
| 09105084

‘Given Data:

s

Rid

y—

Mass m = 40 kg :

| Solution:

 5.13 A force F acts through a distane

| to 2F_that furthe) Wes
S @m@@m&mem graph an

| “ Q te-the total work done. 09105085

- PowerP=? Q @ = . 1
Solution: < @UOKX“ o , ; ;

@@Vity g= 10m/-s2

et=28s

To Find: |
~ Power P=?

We know that

: " 40x10x10
Sy
P =500 watts
Result: :

Thus, power is 500 watts.

L on a body. The force in then increas :
through 2!

Solhtion:
Work done = area under force
displacement graph

Work done =F xL + 2F x2L

Work done = FL + 4 FL
Work done = 5 FL unit




