. Daﬁ;?é;n of Work. O Yllll TUI]B

« Mathematical Form of Work.
+ Cases of Work

« Unit of Work Online Lecture
@ @ publications.unique.edu.pk B mewm}
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 fnrce and the du&a:{t:e covered in
the direction of force. \ ( fJ

Explanation: ?‘ﬁ/p \T\Y\W \\\ /
Consider a
wood lying on a tab ﬂjﬂﬂ\p\ U\j\:

If we ex

block to n:we ;t through a
distance S in the direction of
force, then the work W done by
the force 1s:

Work = Magnitude of force x Distance

Or W=ExS wiv (5.1)
Cases of Work:
i From above expression it is clear that if

some force is acting on a body but there 1s 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, Lbe
man i$ doing no work.

. R Q-
ii. Similarly, if a fejpé'e\?em%g ‘\‘hﬁﬂ
is zero and the bud.y! R‘ v \With uniform

velocity, ‘H%ﬁ?
S0 W=0x8=0

_ —_{12




ili.  If a force is acting on a body making an
angle Bwith the direction of motion. I@ th \
case, work is done due tothe ¢ t bi'
force which is acting alk*k EE{I hﬁh of

motion (ﬁgxs.}\,r)g\}agyﬁﬂ orce F into its

components, the component F cos that
acts in the direction of motion. Therefore,
W= (Fcosf)S
Or W=ESBcogd ovi.iii: (5:2)

Special cases:
.. If @ is zero, cos 0°= 1, then W=FS (1)=FS
This is the case when force and distance covered are in the same direction.
ii. 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, Lu .

3.4). It suggests that if a perso 3 4 E\@

some distance, this wor % era,\ beeause the
force appliﬂwmﬁﬁa is upw*a:d which
s 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: 5
When a constant force F acts through a distance e nansraanen e, Q

5. the event can be plotted on a force-distance graph as Sh 24

shown in fig. 5.5. If the force and distance covered are < '-
= the same direction, the work done is FxS) /\@’;{ Xj
Clearly the shaded aremin \’Q\[a%: VRS
| Hience the area under i fﬁ ' rve can be 0, Distance ‘R
uken to represeﬁf e by that force. P S >
L nits of Wor Fig. 5.5

The SI unit of work is joule (J).

—{ 121 b — — —




One joule work is done when a force of one ne c@ﬁ%{)dy moves |
oo

through a distance of one metre in i
From Eq. (5.1) %@
1J=1Nx1 @%@
Or 1 J=Nm \]'] Q
Bigger wwm\ﬁsed like 1kI=10%] and 1MJ=108)
Q.3. Define and Explain concept of energy. 09105003
Ans: Energy: '

Our body cannot move unless we have energy from food. A car would not rus
without the energy it obtains from burning fuel. Machines in the factories cannot
without consuming energy supplied by electricity. Any change in motion requires energ
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: ‘
When someone does work, energy of the body has to be spent, 1Ct, energy i
transferred from one system to another. For example, w 0@@ Ing a sSwing,

chemical energy in your body is M@T@ ng*a?)pears as energy of the

motion of the swing. m
s ;g;e r quantity. Its ST unit is joule (J).
Forms of Energy:

Nature of quantity:

There are many forms of energy. Electrical energy, chemical energy. nuclea
energy, heat energy and light energy are some well-known forms which we shall s dy
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,
Q.4. Define K.E. State it units. Derive an expréssion for same.

(’

KINETIC ENERGY

* Definition of Kineti \3
+ Derivation of Kingti

nline Lecture
= [N h‘... @] . :
0 Wommm@umlammm@m1m]’ _
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Ans: Definition: : ©@@5},
The kinetic energy of a body is the @?ﬂ @0

a body possesses by virtue of 0 1[

Explanation: _ gﬁ@ 'u" elocity
"To w inetic energy a

=3

moving bod , an opposite force can be (ms)

applied on the body to stop its motion. Then the work 0 t

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 opposing force F is acting on the .
body through a distance S brings it to rest. Then,
Ex = work done = FxS§

v+0 v

&aimmNewtunsLawF maandS Vav Kt:ma—{T}t——zxt

Hence, Ex = ma * % =-Iz—ma X vt

Using velc:cﬂy-ﬂme graph, (Fig 5.7) the acceleration “a’ i

il

Hence. a = —, the slope 1s nﬂﬁtl‘ﬁe as e in opposite direction. (We
t

take its magnitude positi

Thus —}vt

2
Or Ev= %mvz ......... (5.3)
(Q.5. Define and Explain Potential Energy. Derive an Expression for gravitational
P.E. 09105005
Ans: Potential Energv:
Definition:

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

Explanation:

In the previous section, we have seen that the work done on a boc is used to
ncrease its kinetic energy. Sometimes, the work done on @ body (0gs not mcrease its
cinetic energy, rather it is stored n th 1s-potenfial energy:

Forms of Potential Energy 6

There are ma mm energy. As mentioned above, the energy

~ossessed virtue of its position relative to the Earth is known as

grav matinna otential energy.

= — — 23—



The energy stored in a compressed or stretched sp '-u‘;l:' 1
energy and the potential energy in the ?_13 P Pateny e

energy, which is changed to elec ‘ ark
reaction. Q

Nuclear e D% en energy in the nuclei of atoms. When they are brok e,
energy iSM’lE form of heat and some other radiations. This is called
fission.

Derivation of expression:

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 [ e
is measured by work done on the block. Thus, potential :

energy E, is given by .i;..._-?;: e
Ep = Work done to put the block in
elevated position ' W Fig.5.8
‘The applied force necessary to lift the block wi @ is equal tc

weight w of the block and since w = mgdhm 3y of the block at heig
h becomes, Q&Q -

Ep =wh %“m
Or
o]

The most obvious example of gravitational potential energy is a waterfall (Fi g
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)

Q.6.  State the law of conservation of energy. Explain it vith @ help-of an example.
of a body falling from certain he htin terms ’ potential energy and kinetic
energy. ‘B 09105006

Ans: Conservation of enery

. s of energy and the transformation of one kind of energy
1as/led 1o a very important principle known as the principle of conservation of
energy. Formally, it is stated as:

124}-; ——




Statement:

Energy cannot be created or T\%@\%@mcﬂ from one form to
another, but the total amoyn %W
Explanation: %

Dun‘ﬁ@j: n-ansfer process, some energy seems to be| A [EEZEEZ
lost and not accounted for in calculation. This loss of energy is due
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.

v
LetabodynfmssmbeatmstatapointAabwethe < o

height h from the ground (Fig 5.10). Its total energy is P.E is (@@m 5.10
e e @@\@

and Ex=

Then the body is allu int B at a height *x’ from the ground. The body lose
potential eneﬁﬁ *kinetic energy as it gets speed while falling down. Assuming air
resistance negh

=mg(h —x)
The loss of putennal 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 hitting the grdund at point C, the whole of potential energy is changed into
kinetic energy. Thus,
EF =0 and Ek = mgh
Thus, total energy remains the same as mgh. On hitting the grouucl IS energy 1s

dissipated as heat and sound in the environment. @ @D
Q.7. Describe very briefly diﬂeu%wg\? 09105007
Ans: (i) Fossil Fuel Energ

Fossil ﬁ.l out from bumning of oil, coal and natural gas. These
materials are as fussﬂ fuels.

—— — 12 5 m— — — —_—



wxplanation:

the turbines to produce electrici
generation by fossil fue%};‘@ '

Steam line Turbine

Generator Transmission

| f]
oy

Watersupply e — fi e
G000\ DOElg-S11

(ii) Hydraulic A
H

Explanation:

eration is the electricity generated from the power of falling water.

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
Such a construction is known as dam.

The kinetic energy of running water rotates the turbine which in turn runs the
electric generator.

Transmission

the reservoir to a lower place.




- ) o
(iii) Solar Energy: ZIEEN (i:‘-{:;}'j(‘_ﬂg\l
Sun is the biggest source of energg a{wﬁ“@&ifn@ﬁﬁﬁﬁnﬁgm is referred
to as solar energy. () \ /75 \ ﬂx
Explanation: X§ (\S\B L
[hlr e in two ways

Solar e \IIJ@@[
either it can for heating system or can

be converted to electricity.

i. In one way, solar panels absorb heat of B
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 Fig. 5.13
lenses, reasonably high temperature can Solar panels mtﬂﬂ'ﬂd{"ﬂ{lﬂ roof

be achieved. . C@O
At this high temperature, water cam bo @ﬁg}:}% can run the turbine of an
u

clectric generator. In this way. ced

ii. In the second is directly
: Uansfnrrﬁﬁ ectricity 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 e
Solar calculators are also available which Fig. 5.14
work by using the electrical energy provided Solar cells panels
oy solar cells. Large solar panels are also used to power satellites. i }ﬁ‘ﬁ\.

5\7@ (@®

(iv) Nuclear Energy:

Nuclear energy is re % t when an atomic nucleus breaks.
“uclear power stations m :g uels such as uranium and plutonium.
Etplanatmn

These é‘r[l\a@re[easa huge amount of energy as the nuclei of their atoms break
‘uring nuclear fission. The process is done in a nuclear reactor. Heat produced by the fuel




T
Y AN

nuclear power stations at Karachi and Chashmg, _
(v) Geothermal Energy: H"T\J@{ 0 \\:k‘ujfj._\
In some parts of "!&\ fi;\ig\—:\q : ’ﬁieupresent in the semi molten form deep
under the surfa \ﬁ atth. hey are heated by energy released due to decay of :
radinacﬁve@ﬁf\éﬁ _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.

R TR T TR

is used to make steam that runs the turbines of electric gener t{)r(i., : tan also runs
q r/t@;\ D L\_,_}\I"t":;

A '-,I w -
WY

B
Mechanism: \JW\H RIS
To 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 prodices 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

41287 -
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(vi) Wind Energy:

For thousands of year. people hmg
using windmills to draw watf:r fmm t ngg N

grind grains into flour, Th d
to run generators t eﬂe&\: nmty Wind
generator makg.e Wmd generators make
electricity in ﬂ:I/E same way as steam generators in
power stations. For large scale power generation, |8

a ‘wind farm’ with a hundred or more windmills is = T el
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 controlled way at low

tide to drive the turbines for producing electricity. At next l'ugh tide, the cL'm{,Eu(glltd again
and the incoming water also drives turbines.

(viii) Energy from Waves in Sen: \} Q-
The tides and wm iﬁk\_&&e a2 Balance float
surface of the seg_\ water waves.

Their energy t}_&}“ ed tn gencrate electricity.
The method to hamess wave energy is to use
large floats which move up and down with the
waves. One such “device invented by Prof.
Salter is known as Salter’s duck (Fig.5.18). It
consists of two parts. Fig. 5.18
(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:

It 1s that energy which is obtained from the biomass. B;gqm%c 3@@%1 organic
materials such s plants, waste foods, amma(lﬁ d i Wg\,fe\ﬁﬁe‘\d"cf .%&vﬁgé is that dirt which
s left over after staining dl x Wat tg&,rPL};anfi self be used as fuel or can be
converted into other typesrta m:,:t ombustion is a method in which biomass,
-ommonly know 15 bumt to boil water and produce steam. The steam can
oe sued to geﬁRjt\r ect ICity. In another process, the rotting of biomass in a closed tank
called a ‘digester’ produces methane rich biogas (Fig 5.19). In this process, micro-

— =4 1295
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organisms break down biomass material in the absence of 0 Wﬁ‘@g’}duccd in the
tank is piped out and can be u*secl fo heaynw f\ \lﬁ vaf g7 gas. Biofuel such as.
ethanol (alcohol) can al.?e \(j ]asstjﬂ 1s'd replacement of petrol. In this

case. bacteria convert it 1 i._) § 1

\{’Mﬂ‘ﬁn-ﬂenewahle sources nf energy

(Q.8. Differentiate _
19105008

examples. . \S\,
Ans: &Qgﬂi&ﬁcesz
The resources of energy which are replaced by new ones after their use are called

renewable energy sources. On the other hand, non-renewable sources are those which are
depleted with the continuous use. Onee they run out. They are not easily replaced by new
ones. Sources such as hydroelectricity, solar energy, wind energy, tidal energy, wave
energy and geothermal energy are renewable. These are replaced by new ones. For
examples, snow fall and rain fall are continuous processes. Therefore, water supply 1o e
reservoirs of dams for generation of hydroelectric power will never end up. Likewises
solar energy will remain available forever. Same is the case with wind and tidal energ

These are not going to run out in future.

Non- Renewable Sources: )
Non-renewable sources include fussil fuels @Eﬂ\%e remnants .
plants and animals bunu:l under Rﬁ M cars 1o change into fo "‘
fuels. These h.lels .1 l{;‘]ey are used up, it will take 23
millions of ycars t 11ar1y fuel for the nuclear energy are also limited..

-ﬁm P ulugy is mueasmg day by day, there is need to develop other nof-
traditional renewable energy sources.




Q.9. Define Advantages and Disadvantages of method of ¢

09105009
Ans: The Advantages and Disadvant

(1) The production of T economical and pollution free.

(i1) The solar power, wind. wave power need more initial cost but they do not

produ N 100 and are also economical as well,

(i11) On ﬁ ther 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 atmosphere.

- e e .

(iv)Wind-mills are 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. b . 09105010
Ans: Definition:

Power is defined as the time rate of doing work. _ & Wb@m
ye

Mathematically,wnrk _ ; ) m@)&@@

Time

If W is the work done in R{IT]%

P= T Ss¢

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

e ] 3] e



Units of Power:

Since both work and time are scalar r%ﬁq@g}g(g@q {5 5) pﬂwcr 18
also a scalar quantity. The SI unit of g{ﬂ

One waltt is the W

W ‘GJne joule per second.
ot e
: QR
Bigger Umi power are:

1 kW =10°W

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
Explanation:

In many cases, the time to do work is
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 @

up, you can reach the same height i

time interval. Q Al
The work Ilj in either
case, beca esult is that you lifted

up the same weight w to the same height h. 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 which wnrk is done. We say that ynu
expend more energy when you go up the stairs rapidly than when you go slowly.

The concept of power can also be explained 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
efficiency of a machine is less than 100%? )m 09105011

Ans: Definition: 1 '\S\h \\l K Jj @U

The efficiency of a system i

Fig. 5.21

and the total input energy is called the
ng system.

R ¥ . Useful output energy
Ox Efficiency (n) = Total input energy




“oage efficiency:
Efficiency is often multiplied by 100 ency Thus,
Pen YL B ““E" x 100

Total input energy
It can also b

Useful power output % 100
Total power input

Wppe tage Efficiency= oi(5:6)

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 furm of energy and what part wasted out of the
energy available.
® The available energy for cunve%nn
energy converted into the required {t
Q.12. What is meant by f‘ petus Energy ¥
Ans It is a hypothetigal\ MagHine that can do wnrk mdeﬁmtely w1thout any external
source of Weml 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 mnwng
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 19105013
A person does 200 J of work in pushing a carton through a distance of 5

metres. How much force is applied by him?

Solution:

Work done W =200 J

Distance S = 5 6@)@ |
Y

Force F @N\
From eq. W =E WX}E
Putting the values, w %
M«w N

Sm
Hence, force applied by person is 40 N.

e 133)=
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Example 5.2 oo @ (WY oor0s014
Find the work done by a 65 N fo @L&ue (Fig. 5.6) for

distance of 20 metres.

Sﬂluuogﬂfmrﬁg “MQ

| Oy

Di =20m
Angle from the figure 8= 30°
Work W done =7

Using eq.,

W =FS cos 30°
W=65N x 20 m X 0.866
W=1125.8 Nm
W=11258J
Thus, the work done is 1125.8 J. _
Example 5.3 09105015
A truck of mass 3000 kg is moving on a road with uni m\relnut}' of

54 km h™', Determine its kinetic energ}' @ @
Given data: \@Kﬂ

Mass of the truck 5&% 0

Velocity v = 54 %ﬁ ﬁé

To Find:

Kine ergy Eg—
Solution:

Putting the values,

Ei= %m V=1 - *3000kg * (15 mis?
Eix = 337500 .I =337.5k]
Thus, Ex is 337.6 kJ.
Example 5.4 09105016
1 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:
Mass of ballm = 180g = 0.18 kg

. Height h= 12%; ,,3
To find: —
PEgained %K\T\j\}
Selution: \I\IXJ\- o i\
g =&B”\;Jn\}4

From eq. (5.4) Ep = mgh

e —————— 41




Putting the values

(_ m “dnor>
Ep=0.18kg x 10ms™ X 12m = 21.6] ’\B\E w = |
Hence, potential energy is 216 J. X\/\’S‘S @ j

Example 5.5 m lé 09105017
A 1000 an acceleration of 4 ms 2 covers a distance of 50 m

in 4 secon S the power generated by its engine"

Solution:

Mass of car m = 1000kg
Acceleration a=4 ms™?
Distance - S=350m
Time taken t=35s
" Power P=?
First, we shal determine the force applied by Newton’s second law.
F = ma = 1000 kg X 4ms—2= 4000N

From Eq. ‘Work, W=FS
Or W =4000 N x 50 m = 2.0 x 105] @{’g@
w Z\C
From Eq.- P= - g\"\g\
Putting the values of W an \45\\5
2% x 10* kW
40 kW
Thus, the power 1s 40 kW.
Example 5.6 09105018

A block weighing 120 N is dragged up a slope with a force of 100N to lift it up
a height of 10m. If the slope is 20 m long, calculate the efficiency of the system.

Solution:

Weight of block W=120N

Force applied F=100N

Distance : S =20m

Height =10m

% Efficiency =?
Work done to lift the hlock r&j&

100 N x 20 m=2000J

Now, total in = wurk done on the block = 2000 J

"seful output energy = Gravitational potential energy gained = wh

—_—



=120N x10m=1200]

Useful output en gy

Percentage efficiency = 5 ixl e :

el
I

U 60%

Hence, th € eﬁimency of the system is 60%.
l.xercise
(A) Multiple Choice Questions (Exercise)
1. Work done is maximum when the

6. If a car doubles its speed, its Kineti

angle between the force F and the energy will be: 09105024
displacement d is: 09105019 (a) the same
(a) 0° (b) 30° (b) doubled
(c) 60° (d) 90° (c) increased to three times
2. A joule can also be written as: (d) increased to four times
: ”‘“fm T The energy puﬁsessed a body by
(@) kgms™  (b) kgms~ wms
(¢) kgm?s™3 (ﬂ}kgm2 i
3. The SI unit of puwer K%( 3 poténtial energy
(a) Joule } (c) chemical energy .
(©) W Psecond _(d) solar energy
4. The power of a water pump is 2 : Th.e mtigmtude of mam-entflm of an
LU The asndubt of Walde -1t caf object is doubled, the kinetic energ
raise in one minute to a height of 5 of t:: ':;" EOLN: iy
meter is: 09105022 (;) ) g Sl
(a) 1000 litres ~ (b) 1200 litres () RIS Lo
(c) 2000 litres  (d) 2400 litres (3} s e
5. Abullet of mas 0.05 kg has a speed (d) {emaln ol . \
of 300:ms . Tts kinetic energy will 9. Which of the following is no
o i renewable energy source? 09105027
(2) 2250 ] (64500 ] (a) Hydroelectric energy
()15003  (d)1125J (5) Foeni frets
. \
[/
% m\ IAnswer Key
T ﬁmwﬁf_f\@a\ld\fd) 3. | @ | 4« | @ | 5 | @
@ | 7. | ®m | 8 | ® | 9% | m
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. The unit of work or e

Work

is equal to -
W
(a) horsepower
(b) watt metre
(¢) newton metre

(d) newton second

09105028

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

these have greater speed?
09105029

(a) car

(b) Elephant

(¢) Cricket ball

(d) all have same speed

same

momentum, T
greater is:
L

(a) lighter
(b) heavy
(c) same kinetic energy

(d) either (a) or (b)
Potential Energy

. A ball weighing 50 N is lifted to a

height of 5 metre. The potential

energy stored in itis: 09105031
(a) 250 ) (b) 25 ]
(c)45] (d)551]

. A weight lifter of power 1960 watt

lifts a load of mass ‘M’ from the (]

ground to a height of 2 @ K

‘M’ is:

(a) 100 kg (x| xjﬂ_,r\ ,k
(b) 200 é’% A

Mm

ﬂT400k

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

(a) 10 W (b) 20 W
(c) 105 W (d) 500 W
7. The SI unit of power: 09105034
(a) Joule (b) watt
(¢) newton (d) erg
8. One unit of horsepower is equivalent
to: 09105035
(a) 756 W (b) 716 W
(c) 736 W (d) 746

o body is thrown vertically
upward from the ground with a
velocity of 5 ms'. If friction is
neglected its kinetic energy just

before hitting the ground is:
09105036

(a)251] (b) 501

(€)75] (d) 100 ]

A ball is thrown downward with an
initial velocity, its: 09105037

(a) Ek increases& E; decreases

(b) Ex decreases & E; increases

(c) Both Ex& E; increases

(d) Both Ex& E, decreases

10.

verts to: 09105038
~"(a) kinetic energy
(b) potential energy
(¢) heat energy:
(d) sound energy

11. A box is taken to ;w@g floor of
hi
\( 12\\‘\‘:1@‘3 h}v’ 3;! ng—’s work. This
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12. The type of energy derived l'rqyl

heated ground wate& 6_@@
(a) tidal energy Y\
(b) gmww%ﬁ
(c) hy ectric energy

(d) nuclear energy

Renewable Source of Energy
13. Which one is renewable source of:

¢ cannot have an
09105041

15. A force is acting on body but causes

B eas oy no displacement. The work done on
(2) Coal (b) Natural gas the body is: 09105042
{c) Sun!ight {d) Uranium (E.} pﬂSItiVG {b) ﬂﬂgﬂti‘fﬁ
(c)zero (d) infinite
Answer Key
1. (©) 2, (© 3. [a) 4. | m) Aa S (©
v W
6t () e {b) 8 g\ﬁ% @Y. | @
1 | m | 12 [;ﬂ’q(ﬁ \\ég)\j‘" (d) 15 | (©

%ﬁﬁm done on an object

that remains at rest when a force is

applied on it? 09105043
Ans: =FS
As S =0, for body at rest
So W=Fx0
W=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: The K.E of moving hody is v
by the expression

It m of body moving with
same velumty depends upon mass of the

wMueshms (EIEﬂ;lSE)

body. Greater is the mass, more is K.E a:nd
-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
10s. Another force Fz does 3 J of work in

5s. Which force delivers greater power?
09105045

Ans: The power is calculated by

formula:

So, power of both fufcﬁﬁ
’\? % ‘—@sh‘%»ﬁ%att

Hence force F,, will deliver greater pow T
as clear from the above relations.
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54 A woman runs up a flight of
stairs. The gain in her gravitationgl

potential energy is 4500 J. If she t?i@yﬁli\

the same stairs with
potential

speed, what WW

energy? N_J\ 09105046
Ans: The potential energy of an object is

given by expression:

P.E = mgh
This expression shows potential energy Is
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: SeeQ No. |

03105047

Lnergy
5.1 How does a stretched bow store

energy and transfer it to the arrow?
19105053

Ans: A stretched bow stores potential
energy in the form of elastic potential
energy when the bowstring is pulled back.
When the siring 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
| km away.

5.2 According to Ei %
relativity, how are ma?%&

related? \]'Kf\, o “horosess

Ans: Accck{iiﬁg to Einstein's theory of
relativity —matter and

energy  are

J@\@‘fﬁ@ﬁ

o

'l\ﬁnergyv;f';
en it is raised
09105048

See Q No. 5 .
Find an expression for the Kinetic

5.7
energy of a moving body.
Ans: See QNo. 4.

5.8 Define efficiency of a working
system. Why a system cannot have
100% efficiency?
Ans: See QNo. 11.
59  What is power? Define the unit

09105049

09105050

used for it. 09105051
Ans: See Q No. 10.
5.10 Differentiate between renewable
and non-renewable ene rces.
105052

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

mass and energy rather than the
conservation of each separately.

Sources of Energy
53 What are the benefits of
geothermal energy? 09105085
Ans: One _ fl,i\beneﬁts of

o
its 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

— ] 3



one-third of the cost of using oil
Geothermal energy is also used in
countries like Japan, Russia, Ital (
Zealand, and the USA. k m
5.4 the 1986

: What g%
Chernﬂhymf\\m accident? 09105086
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.

55 What are the economic social
and environmental impacts of various

energy sources? 09105057

(C) Constructed Response Qu

5): /Can the kinetic energy of a buéy 1

Tt

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

5.2 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:
5 = (1/2)mv?

For the first object:

KE; = (1/2) m,v,’

For the second object:

—_—é-l 4@.———

pu]luuun free but it may cause water
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.

Efficiency

5.6  What is an ideal machine? 09105058
Ans: An ideal machine is a machine
with its output equal to input and
efficiency of 100%.

—

Both objects have the same kinetic energy.
53 A car is moving along a curved
road at constant speed. Does its Kinetic
energy change? 09105061

Ans: The formula for K.E is:

KE= lnr-.r'I
2

A car is moving on a curved road at.
constant speed has no change in it speed.
So, it K.E will remain same.

5.4 Comment on the statement. “An

object has ﬁ @mf potential
019105062

ﬂh}ﬁtct is at rest and has the

““potential to do work but it is not currently

doing any work. It means that an object
having 1 J of potential energy can perform
1 J of work.




5.5 While driving on a motorway,
tyre of a vehicle sometimes bursts. What

may be its cause? 09105063

Ans: Tyre bursts on mot v‘
caused by overheatin

tyre wear, roa e speed,

and overlo
5.6  While 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 Ocos8 = 0

When the man is at rest with
respect to the shore of upsu'eam he i no@
doing any work be:caus:e
calculated by formu}a

w=FS

T
58 A cychist goes duwnhi]l from the
top of a steep hill without pedaling and

takes it to the top of the next hill.
09105066

Draw a diagram of what happened.
Analyse this event in ferms of
potential and kinetic energy.

Label your diagram using these
terms.

Ans:

i.
ii.

K E=Max
itial 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 downbhill,
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 (Next Hill)

- As the cyelist climbs lhe next hill, KE

decreases
m gains height.
of Next Hill)

S maximum again.
- K_E is zero since the cyclist stops at the

top.

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.

59 Is 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) Cumprehensive Questions

5.1 What is meant by Kinetic
energy? State its unit, Describe how it is

Differentiate b

and nnn—%
~:(‘El;ig;?S\Exprl*.mn what is meant by

efficiency of a machine. How it is
calculated? Why there is a limit for the
efficiency of a machine?  o91050m

renewable

f energy.
each. 9105070

determined. 19105068

Ans: See(QNo4d %ﬁ
5.2 State the Iaﬁ nf rf
energy. Explai elp of an
determined. 09105069

Ans: See Q No.6
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5.5  Describe the process of electricity generatinn b W@@@ﬁ;k diagram of
the process in the following cases. U@\\' CA: 09105072
(i) Hydroelectric power. ener % {%
(ii) Fessil f
Ans: er genera!iuns

e R POWER STATION

POTENTIAL ENERGY
OF STORED WATER
{ impran)

i

KINETIC ENERGY
OF FLOWING WATER

HEAT ENERGY | WORK DONE SOUND ENERGY
e In running the turbine {output)

\ ELECTRIC ENERGY /
FROM ELECTRIC GENERATOR

(ot}

(ii) Electricity from fossil fuels @@m
:.-humlcal : \qﬁl“.l Electricity
md in i : at output
fossil am s M turbines is from an
usadto used to run electric
WJ\ 3%?.; ;I;;liﬂ‘h‘lﬂ generator
Burni Ch P.E. Transferri M ical
B sWochamical  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 | As we know that
60° to the horizontal is used fto pull a W =FS cos@
box through a distance of 3 m across a | Putting values, we have
floor. How much work is done? W= 20x3xcos60°
09105073 > g
Solution: W=20x3 X 30]
Given Data: Result: (;' ©)
Force F=20N ﬂ Y\ & done by a force is 30 L.
Angle 8 =60 \g% " A body moves a distance of
N mﬁ metres in a straight line under the
\j\ﬁﬂo action of a force of 8 N. IF the work
To done is 20 joules, find the angle whi
ork'w =7 : '

- a2 —



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

?‘:;:::iu;;ta “@\_@K\”

Furce F=20N
To find:

Angle 6=17
As we know that

W =FS cosB
Put the values, we have

20 =8 X5 X cosB

20 = 40cosB

20
CosB — E
6=cos*(5)

8 = 60°
Result:

Thus, the angle mad
direction of motion is 60°.
53 An 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=80m

Timet=25s

g=10ms™?

To find:
Power =7

We know that
work

time
__mgh
PE5

=1{}0x 9.8x 80 %“@%%(

mwﬂ at this height.
09165077

Thus, power of engine 1s 3200 watts.

=$143}

at rest. A
secnnds What
nergy of the body at the

A hndy 0

of this time? 09105076

Solution:
Given data:

Mass m = 20 kg

Force F=40 N

Timet=5s
To Find:

Kinetic energyEg =7
We know that

Eg = %mvz

First we find velocity by using
v, =v,tat
For velocity first calculate W

So, v~y tat :

As v, = 0 for body started from rest
v, =0+H2)(5)
v,=10m/s
EK=-‘1,E><?.{}><(1{I)3
E,=1000J

Result: |

Thus, kinetic energy of body at the
end of time 1s 1000 Joule.
A ball of mass 160 g is thrown

verticallv upw gL reaches a
ential energy

Solution:
Given data:

Mass m = l{}llg,—— = 0.16kg

0oo




Acceleration due to gravity g = 10 m/s?

Height h=20m

To find: (—\/7%(3:‘1
Potential energﬁﬁ&ﬁ\}\v

We know that

Put the va F::s. 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 014 kg ball is thrown
vertically upward with an initial
velocity of 35ms~', Find the maximum
height reached by the ball. 0910507
Solution:
Given data:

Mass m = 0.14 kg

Initial velocity v; = 35m/s MOQG
Acceleration du ﬁ é( s
~10m/s?

Final veloei um height v¢=
To Find:
Maximum height h =?
We know that
v, -v *=2gh
(0)°~(35)*=2x10xh
35%35=20h
1225
h= '—ED—- =61.25m
Result:
Thus. The maximum hej ght

reached by the ball is 61. 25m.
5.7  Agirl is swinging on a swin Pé
the lowest point of her swing,

m from the ground, an ﬁw

2|0

Nanort

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
hy = 1.2m

aud the height at the highest point as h, =
The W@@ﬁk@y (APE) is
A ﬁEp—mxgx(hz—hlj
where m is the mass of the girl (which we
don't need to know) and g is 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.
&Ep = KE

mX g X (h2 - h1l) = (1/2) x m x v2

Now, we can cancel out the mass (m)

and rearrange the equation to solve for

velocity (v):

2 X g X (h2 =
J\ﬁh—\} Wm/s X 0 8 m
.68 m®/s?

15.68 m?/s?

v = 396 m/s
So, the maximum velocity is

—12111)

point she is 2.0 w% ground.
What is h@[ﬁi&ﬂl um velocity and
where? 09105079

= 144y=—=

appmxlmately 3.96 m/s.




5.8 A person pushes a lawn mower

with a force of 50 N making an anigeof o)
45°, through a distance of 20m I ';
much work is done? G ﬁg\'\\jﬁ{}

Given data:
Force F=50N
Angle 8 = 45°
Distance S = 20m
To find:
Work done =7
Solution:
We know that
w=FScos0
putt the values

it m\\f@\ﬂ

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

09105081

Pushing a 5 kg box up a frictionless
inclined plane of 10 m long that
makes an angle of 30%with

.
1.

horizontal.

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

as
il.

p Ll

&fﬁj‘&

ushmg the

Sulutiun

WE (F)=mXgXx sin(6)

= 5 kg x 10 m/s* x sin(30°)

= 5kg x 10 m/s* x 0.5

=25N

Work done (W) = F X d

=25NxXx10m

= 250]

To calculate the work done lifting the box
vertically:

Force (F)=mXg

= 5 kg X 10 m/s?
=50N
Height (h) = d X 5111(3)

ﬂlﬂmxa}@ @C

Work done (W) =F x h

=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

the apphed force gngl the

@w ne

ain Z\a
d force (W applied)
&ﬁ“’“
= 80N x 15m
= 1200]




Work done against gravity

=mxgxh oravity g = 10m/s®
= 10kg X 98m/s* X 5m @
= 490] %
Efficiency (n) = m w
gravi@r)wm%y applied force) Solution:
= Waravity | Wapplicd We know that
= 490] /1200] _ work _ mgh
= 0.4083 or 40.83% time f
So, the efficiency of the system is . p = 40x10x10
approximately 40.83%. 8
5.11 A force of 600 N acts on a box to P =500 watts
push it Sm in 15 s. Calculate the power. | Result:
09105083 Thus, power is 500 watts.

Given Data:

Fc?rce; F=600 N_ L on a body. The force in then increas
Distance S = 5m to 2F t Véﬁ through
Timet=15s Sletoh cement graph
To fiud: @ he total work done. 09105085
Power P =? D @ :
Solution: 2F ,
We kno
work _ F.N
RS i
p_ 6003 | i
5 o - S S
Result: _ . Work done = area under force
Thus, power is 200 watts. displacement graph

5.12 A 40 kg boy runs up-stair 10 m

high in 8 5. What power he developed.
09105084

Given Data:
Mass m =40 kg

5.13 A force F acts through a distan

Work done=F =L+ 2F %2L
Work done = FL + 4 FL
Work done = 5 FL unit




