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Introduction _

The three words work, energy and power are very familiar to us. In our daily life
we use the word work for physical or mental work. So, in general term, to do something
is work. For example, when a rickshawpuller pulls a rickshaw he does work, when a
porter carries luggage he works, when a horse pulls a carriage then it works etc. So it is
clear from it that in our daily life the word work is used in general form, not in any
particular form. In physics work has a particular meaning. In general, we use power and
energy for the same purpose. But actually these are not same. In this chapter we will give
real explanation of work, energy and power and relation among them will be discussed.

After studying this chapter students will be able to—
explain universal concept of work and energy
analyse vector relation of work with force and displacement
analyse work done by the constant and variable forces
compare work done against elastic force and gravitational force :
- derive mathematical equation of kinetic energy and will be able. to use this
equation for solving problems
Practical : Determination of potential energy of a spring
solve different problems using conservation principle of energy
analyse relation between power, force and velocity
explain conservative and non-conservative forces
calculate efficiency for a system

5°1 Universal concept of work and energy
5°1°1 Work | .
In general, to do something is called work. For example— to study, to work in

factories, cycling efc. But in the language of science work has different meaning.
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If there is displacement of a body due to application of force only then work is
done. For example, a book is allowed to fall from the table to' ground. A person reached
to the top of a hill step by step by carrying a load on his head. By these two examples,
we can explain work. In the first case, displacement has been done along the direction of
gravitational force and in the second case, displacement has been done against the
gravitational force. So, work has been done in both the cases. A person standing at a
fixed place carrying a load on his shoulder has become very tired, but no work is done in
this case as there is no displacement. From this discussion it is understood that if there
is displacement due to application of force only then work will be done. But if there
is no displacement even if force is applied, no work will be done.s

If there is displacement of s due to the application of force F, then work

W =Fs : (5.1)
Work is a scalar quantity. In vector form it can be wntl:en as,
WL 5 (5.2)

In our daily life we see many examples of work around us. Boys are playing
football and rickshawpuller is pulling rickshaw, vendors are selling different products,
the cultivator is ploughing in the field etc.

Let us look at the following examples :

(1) Milon is standing in the class with books.

(2) Rana is pushing a wall with both of his \\%i w
hands. & & :

-
S

(3) Rimi sent a toy from one end to the other
end of the room by pushing. Fig. 51

A
I

Since work will be done only when there will be a motion of a body due to
application of force, hence in the first and second cases no work has been done; but in
the third case work has been done.

Again if angle 6 is produced along the direction of s due to the apphcanon of force
F, then work can be expresed by the product of force and the component of
displacement. That means, work = force x component of displacement along the
direction of force : i A

or, W=Fs cos 0 : T (5}73)

So work can be defined in the following way S Riisihd

 Definition : If force is applied on a body and 1
body, then product.o ' the force and the c

direction of force is call: ed Wﬁxkg > and th
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(Gravitational unit of work : kg-metre
Demension of work : [W] = [F][s] =MLT2x L = ML2T-2

Perceptlonal work : Why work is a scalar quantlty even though force and dtsplacement
are vector quantity. : : A

—
Work is the dot product of force and displacement i.e., W = F .5 =Fs cos 6. Since
dot product is a scalar quantity so force and displacement being vector quantity, work
is a scalar quantity.

5°1°2 Read the following events and learn/know the causes for work done
and work not done

@ Earth is rotating round the sun, the direction of displacement of the earth at any
time is along the tangent of the arc [Fig. 52]. But the gravitational force by which the sun
attracts the earth always points towards the sun from the earth; that means, acts along
the radius of the arc towards the centre. So, the direction of the attractive force of the
Sun and the'displacement of the earth are mutually perpendicular to each other, hence
during rotation of the earth no work is done by the gravitational force of the sun.

e Walking along a plane road carrying a
bag in hand, the weight of the bag i.e., gravita=
tional force does not do any work: This is
because, that while walking along the road,
Direction of  displacement of the bag is along the horizontal
displacement line, ie., along the perpendicular direction

of the gravitational force. So, although there is
displacement of the bag but gravitational
force does not do any work. Hence in this
case gravitational force is workless. But while,

Direction of walking in uneven or undulated road work is
displacement
: Fig. 52

o If a stone is made to rotate by holdmg it by hand through a rope, then the stone
mov&s ina cxrcular path Here the tensmn of the r0pe is centnpetal force. So, durmg the

done by the gravitational force.
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5'1'3 Work done in some special cases
Work done by more than one force

If more than one force is applied on a body then total work done by those forces will
be the sum of work done by individual force. Wok done by the resultant force is also same.

Work done by the force

If a force is applied on a moving football along its direction of motion, then the
football moves towards the direction of the force. When a mango falls on the ground
from a tree, due to the action of gravitational force it falls directly downward. In both
the cases, work is positive or it is understood that work is done by the force. So, it can
be said that when the point of action of the applied force moves along the direction of
force or if there is a component of the displacement along the direction of the force, then
it is understood that work is done by the force. In this case work done by the force is
positive work. If work is done along the direction of force then potential energ
decreases. For work done by the force 0°<6 < 90°.

Work done against the force

A person has lifted a bag of rice on his head from the ground. Again, a book has
been lifted in the almirah from the floor or a table. In these two cases, work is done
against the gravitational force. So, if a body is moved against the point of action of the
applied force i.e., the point of action of the force moves against the direction of the
force, then it is understood that work is done against the force. In this case work done
against the force is negative work. If work is done against the'force then potential
energy increases. For work done agamst force 180° 62907

Zero work : Due to the application of force on a body if the dis

endlcu]ar direction of the orce then work done by that force'is erc

Perceptional work : The earth is rotating around the sun but why no work is done ?

The earth is rotatmg around the sun, but no work is done. This is because that at
each moment displacement of the earth takes places along the normal of the
gravitational force. That means, W = Fs cos 6 = Fs cos 90° = 0. Hence no work is done

Mathematical examples
1. A person of mass 150 kg came down along a stair of 4m long with a load of
50 kg. If the inclination of the stair is 60° with the wall and 60° with honzontal find

the work done by the person in both cases.
Here,

In the first case :
We know, Mass, m = 150 + 50
W =Fscos 0 GBIl o 2 200 kg -
i 9 Acceleration due to
= mg s cos gravity,
: Orresd A 2 =98 ms 2
s W =200x98x4x cos 60° ' Angle, 6 =60°

= 3920 ] , . Work done, W =2
In the second case : 24 PR et )
Again in case of 60° with the horizontal, 6 = 90° — 60° = 30°

work, W =Fs cos 30° =200 x 4 x 9'8 cos 30° = 6789'4 ]
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—_ A A A
2. The displacement of a particle is r = (3i — 2j + k) m when force T
(5? + 33'\ = 22) N is applied on it. What is the work done by the force?

We know, = o
s - Force; B = (51, +3] —2R)NH
N = —
= (51 +3] —2k). FEp B Pt
(3?-—2?+£) Displacement, S (31—2} +k)m
=(5x3—-3x2—2x1)] Work done, W = ?

=(15—6—2)]=7]
3. An object of mass 5 kg falls from a height of 5 m on a nail and the nail enters
10 cm inside the ground. Calculate the average resisting force of the ground.

[C. B. 2006]
We know, Here,
Potential energy of the falling body = Work mass, m = 5 kg
done against the resisting force|]  height, h =5 m
Now, work done against the resisting force, displacement, s =10 cm = 0 1m
W=Fxs resisting force, F = ?
~ W=Ex01 .. DL SN )
Total fall of the object=h +5s=5+01=51m
Potential energy of the object =mg (h +5)
=5x98x51
Now according to question,
Fx01=5%x98x51
F=w_z499N(Ans)
what conditions workiszero. |

ro, then work, W = F.s = Fx 0 = 0.

{B)} If angle between force and displacement is 90°, then work, W = Fs cos 90° =

Y€ If due to conservative force a body rotates in a circular path then work will be
Zero.

5°2 Force, displacement and work
. Suppose a marble of mass m is in motion with initial veloc1ty of vg. A force is
applied on this marble and the velocity is changed to v. So, kmetlc energy before
 applying force = '%"Wo’ and the kinetic energy after applying force = 3 1 mv2. Here, the

work done in tlus case wi]l be equal to the difference of the two kinetic energzes

(5.4)




- hence work, W = Fs cos 8 = Fs cos 90° = 0. AL
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From the equation of motion we know,
v2 = v} + 2as (5.5)

Here a = acceleration, s = displacement. Now by multiplying both sides of equation
(5.5) by %m we get,

%mv2= %mvé + %m(Zas)
or, %mv?= %mvg + mas (5.6)
or, %mv?= %—mvg + Fs (5.7)
[~ F =ma]
or, %mvz— %mvé =Fs g (5.8)
From equations (5.4) and (5.8) we get,
W =Fs 2 (5.9)

If component of displacement along the direction
of force is considered instead of considering applied
force along displacement, then according to fig. 5.3

W =Fs cos 6

If expressed in vector form, we get 0

w=F.5 . .o 1 (510)
So we can say that scalar product of force and' F
displacement is work done: Thatis, product of displac

ment and component of force along displacement i
Work done.

il

Y

o)

Fig.53

From general definition of work it is seen that even if force acts but displacement of
the point of action of force s = 0, then work done W = 0. Again, if displacement of the
point of action of the force is perpendicular i.e., 6 = 90°, then W =Fs cos 90° = 0.

That means, one or more forces can act on a body perpendicular to the direction of
motion. If point of action of these forces makes an angle of 90° with the direction of
displacement, then these forces do not perform any work. This type of force is called
workless force.

No work is done for a body revol,,, ing with uniform ggeeg In tl'us case apphed :
tension or force applied by hand on a body acts as centripetal force. At every sma]l

moment angle between the applied force ? and associated small dlSplacement ( da) 13
90°. As F is along the centre of the circle and ds is along the tangent of the cucle :

“an ‘1
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5°3 Work done by constant force and variable force

Generally there are two kinds of force, viz.—constant force and variable force.
Now we shall discuss constant force and variable force in detail.

5°3°1 Work done by a constant force

A body can be raised above or lowered down by small amount in the sphere of
gravitational force. Since the height is small, so we can consider gravitational force
constant, (.- F=mg, as the height is small, magnitude of g is considered constant, so F
is constant.)

That means, if the magnitude and direction of the force is not changed with respect
to time, then that force'is called constant force.

Let a force F be applied at point A of a body along AB and due to this the body
moving from point A to point B covers a distance s [Fig. 54(a)]. Then,

work done = magnitude of the force X magnitude of displacement along the point
of action of the force

or, W=Fxs et (51T

If due to the apphcatlon of force the dlsplacement of the body i.e., the point of
actions of the force is opposite to the direction of force i.e., AB = s [Fig. 54(b)], then

: s 2 C

T ——

A (a) B

C s @ F

B A : -
A F B
(b) . (©)
Fig. 54
work done = magrutude of the force x magnitude of displacement along the direction of
_ force,
ie., W=Fx(—s)=—Fxs (5.12)

- Negative sign is used to indicate that force and displacement are opposite to each

- other. If you push a snake with a stick and the snake rushes towards you, then work

done is negative and W = — Fs.

Now, cons1der that due to the action of force F on a body along direction AB, the
body reaches to point C covering a distance s making an angle 6 with the direction of the
applied force [Fig. 5'4(c)]. Then displacement of the body along the line of action of the

force = AB=s5s cos 6.

Here, BC 1 AB
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Work done, W = magnitude of force x magnitude of displacement along the

direction of force .
or, W = Fs cos @ (5.13)
= magnitude of force x component of dlsplacement along the line of action
of the force

or, W=Fs cos 6 = magnitude of displacement x component of force along the
direction of force.

In both cases the amount or volume of work is same.
By vector algebra work can be expressed as :
Work is measured by the scalar product of two vectors, force and displacement.

— —
Suppose, force F is a vector quantity and displacement s is also a vector quantity.
So, work = force . displacement

or, W = ?_’

= s F =Fscos 0, e (5.14)
[scos @ is the component of dlsplacernent along the direction of force F]

Here, 0 = angle between ? and 5
(a) Positive work : {If 6 = 0, i.e., when there is displacement al
forcgj then
W= ? : ?=FscosB=Fscos 0°
= 5 [~ cos 0° =1]

y Ty

Here work is positive. i other woi‘d? 'if 0 is an acute'
{posmveey If work is positive, then it means that ‘work is done
positive work kinetic energy increases, acceleration occurs.

(b) Zero work : If = 90°, ther!
W =F.scos @ =F.s cos 90°=0 [ cos 90° = 0]
That means, if 6 = 90° then work done will be zero

Work one by centri rc
the radius and towards the cenl:re and direction of d1splacment is along the tangent of
the circle. So, 8 = 90° and work is zero.

(c) Negative ﬂgtk«t*,[&&_; 180°, then work done will be negative P
ie, W= _F) s = Fs cos180°=—Fs A S e c03180°——1]

If work is negative, then it means that work is done agamst the force For
negative work kinetic energy decreases and retardation occurs. .~

! ythe force. In case of

[Perceptional work : Work dor body:in circular pathiisZero—expalin} | |
When a body is rotated along a cucular path then: at every moment angle between |
the centripetal force (F) and small displacement (s) is, 8 = 90°. So, W = ? ‘x? = Fs cos §

= (0. That means, as the component of displacement along the centri petal force is
. hence no work will be done. ¥= N:P a3y dyer tff:,:{
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5'3'2 Work done by a variable force

Definition : If magnitude and direction of a force or any one of them is
changed, then that force is called a variable force i.e., changeable force.Eor example‘
md;i e in'stretching or contracting a spring is called work done by a variable force.

=it

2 of position of a body in a gravitation field also means work done by a

For small height, the change of force is exceedingly small. But gravitational force for
large height and depth from the surface of the earth continues to decrease. In that case
force cannot be con51dered to be constant. Force is a vector quantity; so it has both)

magnituderand diregtion Firstly, considering force to be variable, we will derive below
the equation for work done

A. When the magnitude of force is varying or changeable

Let a varying force F be acting on an object along x-axis. The object moves away
from x, to x; due to the action of the force on the object. The direction of Fis along x-axis,
so it is fixed but the magnitude of it is varying.

Now, we will find the work done by this varying force for the displacement

X, — X;) of the object.

In order to calculate the work done let the entire displacement (x, — x;) be divided
into a large equal number of small segments [Fig. 5°5(a)]. Since the intervals are very

small the force along each of them may be taken as constant. Let F;, F;, F; ......... E, be
the magnitudes of the forces over the intervals Ax;, Ax,, Ax; ......... Ax,. But since we
have considered that all the intervals are small, 50 Ax; = AX; = ..cevnveen. Ax, = Ax, but the

force acting on each interval is different. So the work done for the displacement between
x; to x; + Ax is given by,

AW, =F, Ax
F (x) F (x) F (x)
f—lAfe— % % %, 2 %,

@ (®) - ©
: Fig.55

5 Sumlarly from x; + Ax to x; + 2Ax the displacement is Ax, and the force is Fy,
- hence work done, AW, = F, Ax
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If total displacement (x, — x;) is divided into N number of similar small displace-
ment Ax, then total work done will be equal to the summation of those small elements of

displacement,
So, work done,
W =AW, + AW, + AW+ ......... + AW,
=FAx+ FAx + F3Ax + ......... + F,Ax
N
= EF& AXx

k=1

We have considered that for a particular interval the force is constant, which is not
exactly true. If we make the division further smaller and smaller so that Ax — 0, then the
assumption of constant force in each interval will be more accurate [Fig. 55(b)]- Hence

total work done is given by,
w = Lt §F,, Ax
AX—0 ¢ =1
The process of summation becomes equivalent to integration and the work done
can be expressed as,

N 2
Lt — F(x) dx
Axso ZFk 8% Ll (%)

x2
W =I F(x) dx (5.15)
5 |

= area of the graph within limits x; and x; [Fig. 5'5(c)]
If the angle between the force and the displacement is 6 [Fig. 5'6], then -

- - x3
szF.dx =I Fcos 8 dx, (5-16)

X1

_)
Here F cos 0 is the component of F along X-axis.

Fig. 56
B. When both magnitude and direction of the force are varying or changeable

- When the magnitude and. direction of the force acting on an object are varying,
the object can move in a line and the motion can be two or three dimensional. Inthls
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case, tangent drawn at a particular point of the line gives the direction of the object at
: . —
that point. Here displacement = 7.
In order to determine the work done for

this type of force, the entire path of motion
can be considered as the summation of

e 4
extremely small segment of displacementd 7 .

For each small segment of displacement
the force at the initial position and final
position can be considered to be constant.

Let the angle between a segment of
=
displacement d v and the force acting for

Fig. 57
that displacement is 6 [Fig. 57]. Now let the force be resolved into two components.

_.}
One is parallel to d r and the other one is perpendicular to d7 . Let the components be
F,=Fcos@and F,=Fsin8 respectively.

But work done by the force F, is zero [ ?dFr) = F cos 90°.dr = 0]. So the work
done by the force F for the displacement 7 is,

AW =F cos0dr=E.d7
So, the total work done for the displacement between the position 7 to position
ris,

W=I (E cos 8)dr =_[ Hagrbsiqeibs i)
10 0

5'4 Elastic force and gravitational force and work done
5°4°'1 Elastic force

When a spring is expanded by pulling, it appears that the spring pulls our hands in
opposite direction. This type of reaction force can be explained by Newton's third law of
motion. Clearly, the spring resists the attempt of straining the spring and when the
spring is released it regains its original length. Here, the force for which the spring regains
its original shape and size is the elastic force.

Definition : Within elastic limit if the size and shape of a body is changed and
the force due to which the body regains its original shape and size is called the

elastic force. _
If due to application of force a displacement x is produced in the spring then work
done by the spring, W =_%kx2. Here k is spring constant or force constant. Again work

done will be same if same amount of force is applied to contract the spring b
displacement x. That means, in both cases work will be same. 50§ ' [astic
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force is proportional to the square of displacement i.e., W o< x2 If disp

RIS

double against the elastic force, then work will b'e'-fou"r times:

5°4'2 Work done by gravitational force

If a body is brought from top to bottom or is taken from bottom to top, then
work is done by gravitational force. That means, whatever is done, either to raise
the body or bring it down, the body is always being attracted towards the centre of
the earth by a force. This attractive force of the earth is called gravitation.

If the radius of the earth is R and mass is M then work done to raise or lower a

body of mass m to a height & will be, W = GII:IZm X h, here Glbgm

c}one by gravitational force is proportional to the height or displac
eans, Vd h. Hence if displacement against grawmhf'j““";:fmfég_ s three

work done will also be three fimes.

5'4'3 Examples of work done by variable force
A. Work done in expanding a spring (F = x) or work against elastic force i.e.,
against force of spring, -

Let one end of a horizontal ideal spring
S be fastened with a wall and an object of
mass m be attached at the other end. The
body can move on the horizontal and
frictionless plane (Fig. 58(a)]-

)

Fig. 58(b)
Kccording to Hooke’s law,
proportmnal to the apphéa‘

Let x be the extension of length of the spring along the horizontal direction due to
the application of horizontal force F; [Fig. 5 B(b)] Due to this action, a restormg force
— kx will be developed. This is because, NES

Fs o< —X. ' ik ! LB BRIIRS 98]

or, F, =—kx
[Smce restonng force is agamst the dJsplaoement SO negatwe signis used]

In order to expand the Sprmg equal amount of extemal force is to be app_ i the
SPrlng Let the applied force be F. A ed

A rrgure m e — —

E=—F:i==(k ._.F e - | ;. " ‘_; I 7 r:.. 1oy
. (—kx) x PR SISO B eEss T 2hh 15,11%)

.....

I
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Tilexpanding the spring from position %, to position x,, the amount of work done is;

x X2
W= I ‘ ?(x) : dx_) = I F (x) dx [ angle between ?and d?is zero)
X1 x]

%2 Dist 1
= [ kutx =k[ " xdx =5k [22 =5k =
X1 *1

W= ka2 =5 kx;? (5.19)

Thiswork is positive, which remains stored as potential energy in the spring.
If the initial position of the spring, x; = 0 and final position, x, = x, then from
equation (5.19) we get,

W= 2 ke? W o)

That is, if displacement is x, stored potential energy is %kxz.

1
[N. B. If the spring is contracted by an amount x, then energy stored willbe W =3 kx2]

B. In case of contraction of the spring
In this case, if x; = 0 and x, = x, then work done in contraction of the spring,
w =%‘In::|:2 ife., if the spring is contracted by an amount of x, then energy stored or work

=%ch2. Spring constant of a spring is 2’5 Nm! means that to increase length of the spring
by 1 m, 25 N force is to be applied.

C. Negative work done by spring force

If the magnitude of initial displacement is smaller than the final displacement i.e.,
| x1|<|x2|, then the spring will do negative work on the body. Here, F = Fs = —kx and

if x; = 0 and x, = x, then work, W=—%kx2.

5°4'4 Force due to gravity

An attractive force acts between any two bodies in this universe. Generally
attraction between two bodies is called gravitation. But the attractive force between
the earth and a body above or near the surface of the earth is called force due to
géé“_ , gravity is the special case of gravitation, i.e., gravity means gravitation off

If a body is allowed to fall, the body falls straight downward due to gravity. The
body also attracts the earth with equal and opposite force. Now mass of the earth i
many times heavier than any body on the earth, hence any motion of the earth due to the

attractive force of the body can be ignored. So, the body falls towards the earth, the
earth does not move towards the body.

| _If‘-the earth is considered as a homogeneous sphere of radius R we can consider
that all its mass is concentrated at the centre of the earth. So, if the earth attracts a body
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on the surface of the earth of mass m towards its centre with a force F, then according to
Newton'’s law of gravitation,

GMm
F=Spe” (5.21)
This very force towards the centre of the earth is the force due to gravify. So, a
falling body actually approaches towards the centre of the earth due to grawl'y For this
reason the suspended needle or plummet of the mason always points towards the centre

" of the earth. To bring down a body through pulley, to raise a body upward by a crane

and to slip through the polished surface by children in children park— all these are work
done by gravity.

5'4'5 Examples of work done by gravitational force

" A. Work done in case of falling of a body

Suppose, a body of mass ‘M’ has been thrown from height ‘4" due to action of
gravity.
Work done = force x displacement
or, W=Fxh=mgh (5-22)
[~ F=mg]
or, W =mass X acceleration due to gravity x he1ght
If work is expressed in gravitational unit, W= mgh. That| cans V
done along the gravitational force is proportional to dJsplacem“Eﬁt@_', e
B. Work done in case of raising a body
If a body of ‘m’ is raised at height ‘i’ against the force of gravity, then
Work = mass X acceleration due to gravity x height
This work is, of course, negative.
e., W=—mgh (5.23)
That means, W « h i.e., work done against the gravitation is proportional to the
height or displacement of the body.

C. Work done in bringing down through an
inclined plane
Let a body of mass ‘m’ move from point A to

R

B through a polished inclined plane. If g is :h
acceleration due to gravity, then force of gravity Ko
will pull the body directly downward [Fig. 59]. ("¢

Suppose the angle between displacement and

the direction of the force of gravity is 6 and AB =s.
. Component of displacement along the
force of gravity mg =s cos © Fig. 59
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~ If there were no mclmatlon. the time at which the body moves from A to B, it
would have come down by AC = h distance.

h =s cos 0

(5.24)

~ Itisseen from work done by elastic force and force of gravity that,
0w work done by elastic force, W= =—ch2 ~ Work, W o< (displacement)?

On the other hand, work done by the force of gravity,
W=mgh . Work, We: d1sp1acement
So, it can be sald that .

ce from 3 another- body of mass m is located at point Q [Fxg 5'10]. In this
_'.',_ngrawtatlonal force actmg on the body of mass m is, F = G% the duechon is

“!:"‘15_.? O freare

: |« r . »
: n'J:-'i‘ §| emg 1 oo ety

TS0 T FILes ”(_.__.‘E)f_ . —e < ®

F 2ol Q

Fig. 510
\ massm&ommﬁmtytopomtRbydlsplaung

Qgﬁ&ﬂﬂ_ pwok aniiniyd At $nob ol ”'f

‘3%&1 IOT SO T Befil 1o i I
' % Bontloni Lo lan b1
! ﬂ-ﬁi‘ '”! BTG '.. 947k 1 .‘
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Now by displacing the body of mass m from R to exceedingly small distance dr,
work done by gravitational force to bring it to a point is, .
dW = Fdr cos 180° = — Fdr

If the initial position of the body is 7, and the final position of it is 7;, then to
determine total work the above equation is to be integrated within limitsr=r,tor =13
and we get

Wﬂb@

rb—- Fdr = —JJb CMu; dr

Ta

1%
= — GMm l:—;]
Ta
=— GMm('é':%;"

Positive work done by the gravitational force : According to the above equation if

Lioeil
the distance between the two bodies is decreased, i.e., 1, < r,, then = > So W is
a

positive. Hence work done by gravitational force is positive. While falling from top
distance decreases and work becomes positive.

Negative work done by the gravitational force : According to the above equation

- Ll s 2 : 1]
if r, > r,1.e., if distance between two particles increases then ?‘_b SFn in that case work
a

is negative. When a body is lifted upwardthen/distance increases;he
the gravitaﬁohal-force becomesrnegatlv'.g.

force? : 1 3t95 J GRS Y

Work done by grawtahonﬁl pro
hand work done by elastic force is prop

Mathematical examples

1. A horse can drag and remove a body with uniform velocity of 2 ms-1 by
applying force of 120 N at an angle of 30° with the ground. How much work will the
horse do in 5 minutes?

We know, Here,
W =Fscos@ F=120 N
=120x600><0'8_66’ : , | t=5min= 5><603
= 635 x 101] s=vt=2x s
- 5%60m =6 m
.e 30° TR =3 A ;;.__ : :

B3 "‘1 H
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2. A ladder of length of 7'46 m is attached to a building at an angle of ¢(e. A
person weighing 60 kg is ascending with a load of 15 kg to the roof through thy
ladder in 30 s. Calculate the applied power.

A Here,h =746 o
pelnox; TS0 _ TIL.COs 60
work done against gravitational m = (60 + 15) kg

force, B C g =98 ms2
W = weight, mg x vertical t =30s
displacement, h

- required work,
W = (60 + 15) kg X 98 ms—2 x 7'46 m cos 60°
= 75x98x373]
W 75x98x373]
. power, P = 30 s
=91385 W
3. A body in the horizontal plane is attached to a spring. The spring is

contracted 3 cm from equilibrium by a force of 2'4 N. What will be the work done by
the spring ?

We know, Here,
1] | F=24N
work, W =~2—kx =5 % 80 x (0'03) x=3cm=003m
=36x102] S &l
k—x _0.03-80Nm
W=2?

Work done on a particle moving along a curved path

- .Suppose. a particle is moving in a curved path due to the action of variable force
[Fig. 511]. Total work done on the particle is W.

Q . : 3 —
According to the figure if the small displacement is d s

p _, then for travelling total Path from P to Q total work done on
F the particle,

P QU i
w=[0F 43 =[3Fscos0.do ... L U(525)
Fig. 5:11

ds

In equation (5.25) none of the quantity F or 6 is constant.
55 Energy

When a body can work, it is considered that it has energy. Energy is measured by
the total amount of work that a body can do. That means, by work done we can
measure energy. When a body does work its energy decreases and the body on which
work is done its energy increases, Energy has no mass, weight and volume. The body
which has less capacity to do work has less energy. So, it can be said that work is the
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measure of energy. If it is said that a body has done W amount of work, then it is
understood that energy used by it is W. When a body does work against the force then it
loses energy. Again, if work is done on a body by the force, then it gains energy«
Definition : Energy of a body is thie capacity or ability > t is
measured by the amount of work the body can do. Like work energy is also a scalar

quanl'lty
Amount of work = work done = applied force x displacement of point of action of

the force.

Petrol vapour in a motor engine, water vapour pressure drives piston in a vapour
engine. So, vapour has energy. Again, electricity has energy. Trains, factories and
industries are run by electricity. The universe is moving because there is energy. Energy
can be transformed, but can never be created nor destroyed. So, in transformation
process total energy remains unchanged. We w1]1 learn in detail about it in conservation
principle of energy. Energy has different formsiviz

{i) Mechanical energy

{iiy Heatenergy

(iii) Lightenergy

(iv) Sound energy

(v) Magnetic energy

(¥i) Electrical energy

{vil) Chemical energy

(vm)& Nuclear energy

(m}a Solar energy

In th.l.S chapter we will discuss mechanical energy

56 Mechanica.lenergy : oini hormiotansTl o ¥ 19119
Ability to work done or energy that exists in a body wlth respect to its
envxronment or posnt:on for motmn that energy is called mecharucal energy.

Water ﬂows from lugher place to lower place Its energy at hig o=
potential energy. While flowing downward its potential energy ehang@m k‘% %
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By rotating turbines by this kinetic energy electricity is generated. That means,
mechanical energy has been transformed into electric energy.

{@)When electric energy passes through electric bulb, we get light. Here electric
energy has been transformed into light energy.

8) When current is passed through an electric iron, heat is produced We iron
clothes by this heat. Here electric energy has been converted to thermal energy.

@) If an insulated cast iron is wrapped by copper wire and current is allowed to
flow through it, then the iron plate becomes a magnet. Here electric energy is converted
into magnetic energy.

jWhen light is incident on metals like calcium, potassium, rubidium etc., then
electrons are emitted. Photo-electric cell is based on this principle. When light is incident
on this type of cell current is produced. Here, light energy is converted into electric
energy.

{6)When two palms are rubbed with each other then heat is generated. In this case,
mechanical energy is converted into heat energy.

{@When photographic film is exposed to light, then by chemical reaction photos
are produced. Here light energy is transformed into chemical energy.

In pharmaceutical industry bacteria and germs are destroyed by ultra- and
infra-sound waves and naphtha is dissolved in water. Besides, clothes are cleaned by
ultra-sound. Here sound energy is converted into mechanical energy.

§@}We know electric bells work by electricity. Telephone also works by electricity.
In both cases we hear sound. Here electric energy is transformed into sound energy.

en coal is burnt heat is produced. This happens due to chemical action. In
this case chemical energy is transformed into heat energy.

(@) In electric cell electricity is produced due to chemical reaction. Here chemical
energy is transformed into electric energy.

- When energy is transformed from one form to another form, no loss or gain of
energy occurs. That means, it is impossible to create or destroy energy. When one form of
energy disappears it reappears in another form. This is called conservation of energy.
There is a principle about it. It is called conservation principle of energy. It is also
called conservation law of energy.

panel in front o

2 r;_g u‘_.;;-sy
ic
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56’3 Dimension of energy
Dimension of energy and work is the same, [E] = [ML?T-?]¥

When a body is moving it gains kinetic
energy. For example, a body of mass m movmg
with velocity v acquires kinetic energy of 1 5 mv2.

Most common form of energy is the mechamcal Solar panel

§ énergy:. Energy that remains in a body due to
position or motion is called mechanical energy.
Mechanical energy is of two types, viz— (i)
Kinetic energy and (ii) Potential energy. We will Mobile phone
aiSCUSS these in this Ch&ptﬁf" Fig. 512

Do yourself : Push a book on your reading table towards a pen with strong force What
‘will you see ? You will see that the pen has become mobile. Why ? Explain. . ¢

In this case, capacity to do work i.e., kinetic energy was generated in the pen. So
the pen moved forward.

Perceptional work : Whether the power of a body movmg w1th umform _veloaty
depends on velocity or not ? sty

According to Newton’s first law to keep a body moving with uniform velocity the
force needed is zero. So, power of a body moving with uniform velocity is zero which
does not depend on velocity.

5'7 Kinetic energy

When a nail is struck by a hammer strongly on a wall the nail enters inside the wall
overcoming the resistance of the wall. The hammer can do this work because of its
motion i.e., due to the kinetic energy of the hammer the nail can overcome the resistance
of the wall. '

You have seen sailing boats in the river. Kinetic energy of the current in the river
drives away the boat. When wind flows strongly, then the boat can move fast if sail is.
hoisted. Using the kinetic energy of wind the boat can move fast by hoisting the sail.

While coming down on the plane from hill, current in the river flows strongly. Due
to strong kinetic energy of the current large pieces of stones are rolled by the river.

Again, competitors while making high jump and long jump do not jump from rest,
but they jump after running a certain distance from behind. As a result they can go a
long distance by jump.

From all the above events it is observed that while stopping a movmg body by
applying external force, the total amount of work done by the body before cm:m.ng to Test
is the measure of kinetic energy of the body.

Energy possessed by a body by virtue of its motion is called kinetic energy.
 Any moving body has kinetic energy.
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-Umt*oﬁclanehc energy and work is the same. That means, unit of kinetic

S e

Ed = [- mu?]?

= [MJ[LT-R
= IML2T=2p
Motion of a body can be translational and rotational or complex motion consisting
of translational-rotational. So, kinetic energy of a body can be either translational kinetic
energy or rotational kinetic energy or both. Motion of a freely falling body is a
translational kinetic energy. Kinetic'energy of a rotating fan'is rotational kinetic energy. In
: ionsof arwheel'or a football there are both translational and rotational kinetic

B A &

Examples :

(1) When a stone is kept touching a glass nothing happens, but when the stone is
thrown on the glass, it breaks. The stone gets this ability due to motion.

(2) When a hammer strikes a nail strongly on a wall, the nail penetrates the wall.
Due to the motion of the hammer it can do this work. That means, due to kinetic energy
of the hammer it can overcome the resistance of the wall.

(3) Currents in the river become very strong while coming down from a hill on the

plane. As the kinetic energy of the current is very strong so large pieces of stones are
d.nven or rolled through the currents.

Kmetxc energy of current of the river dnves away the boat Usmg kinetic energy of
wind a boat can move faster by sailing.

5°7°1 Derivation of equation for kinetic energy
In case of translational motion :

Amount of work done by a moving body before coming to rest is the measure
of kinetic energy. '

' | : ' Suppose, a body of mass ‘m’ is moving
F S F along AB with a velocity v. A constant force
m T e F is applied opposite to the motion along

T | BA. Due to this uniform retardation will be

. L— ' _J produced. Let the uniform retardation = a
R e e e and the body came to rest at point B after
covering a dlstance s from point A Here.

final veloaty v =0.
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Kinetic energy = work done before coming to rest
force x distance travelled before coming to rest
= Fxs
We know from Newton's second law of motion that,
Force = mass X acceleration or retardation
F =ma
According to description, 0=v?— 2as

2

v

Or. 2as =V20r, S= —
2a

Putting the values of F and s in the above equation, we get,

- —— U_z;____l__ R ——
Kinetic energy = ma X ‘Qd.""ﬁ-'z"m-a% . ﬁrrKsE.ums :
That means, kinetic energy (K. E.) = %mv2 = % X mass X (velocity)® ... (5.26)

Calculus method : Suppose due to the action of applied variable force F on a body
a displacement ds occurs along the direction of the force. So, work done by the applied
force is,

dW = Fds
dv
= mads [« F=maanda= E]

40
_mdt

ds

dv ds
ds =mgxﬁxds
dv ds
-max—xds=mvdv [.v—-d:|

ds dt
= dW = mudv (5.27)

Kinetic energy of the body is measured by the total work done by the applied force
when the velocity of the body increases from zero to v. So, by integrating the equation
(527) from unit 0 to v, we get, ;

v v 02' w
Kinetic energy, E, = W = !dW=m!vdU =m|—
s i 0
=%m (v2—0)

E= -l-mvz, here m = constant ... e sed . (5-28)
2

Kinetic energy =% x mass X (velocity)?
It is the equation of kinetic energy. '

P o . B -
TS W T };;u‘lﬂﬂ

BT =W

M1
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Relation between kinetic energy and momentum :
1 3 m2v2 1 (mv)?
2 m 20 m

Ei= % mo. =

P2
m

—

- momentum, P = mv]

N =

- [Kinetic energy = %

5'8 Work-energy theorem

Work done by the acting resultant force on a body is equal to the change of its,
kinetic energy. |

Derivation : Suppose a body of mass m is moving with initial velocity v,. If a force
of fixed magnitude is applied on the body along its direction of motion, then velocity of
the body will increase. As a result the body will acquire energy. Let the final velocity be v
after travelling a distance s. Then work done is, W =F xs.

acceleration produced by the force,

F '02—'002 - 2 2
A= s [0 ©v2 =042 + 2as]
B i 02 — pg?
or, F =ma =m 2s
F 45 —ra L
Dl -
Ug v
Fig. 514
- Uz—vﬂz 1 2 2
. workdone, W =FXxs=m| > X s =5m (v*— vg?)
1 1 '
o i)t 2
W—zmv —5 MW (5.29)

= Final kinetic energy —Initial kinetic energy
Work doen by the force = acquired energy = change of kinetic energy
Hence, increase of kinetic energy of an object is equal to the work done by the
applied force. It is the work-energy theorem. Equation (5.29) proves the theorem.

[N. B. The theorem is applicable for variable force.]
. Alternative m#ﬂmd : : :
Let a particle of mass m travel from point A t_o) point B through path AB. A very
* “small section of this path AB has been denoEd by ds [Fig. 515]. If the force Fis acting
during the displacement of the particle by d s , then work done,
dW=F.ds :
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So, work done for the entire path AB,

W = j AW = ]’?ds =j I ['.'—I?_=m_r;)]‘

A

B -
B v — Lo sbogt ot
iy or, W —m‘[ Tt ds =mI dv T
ds —
F A AB
B
- =
=m_[ do . © =m‘[ vdv
- A A
Fig. 515

If the velocity of the particle at points A and B are respectively vz and Vs, then

vp
W =mj vdv = %m [02]1":,?rl

Ya

1 1 1
=5m (V2 — va2) = mvb 5 mug?

That means, work done = change of kinetic energy of the particle.

This relation is the work-energy or work-kinetic energy theorem.

It is to be mentioned, whether the force is constant or variable work done is always
equal to the change of kinetic energy of the parhcle
Verify the work : Competitors do not make highj ]ump or long jump ) fro;
after runrung a certam dlstance from behmd As a result 10ng dlstan e can
jump. Explain. i

Solution of problems
1. Can the kinetic energy be negative ?

If the mass of a moving body is 7 and velocity v, then kinetic energy of the body -
%mvz. Mass of a body-can never be negative. Velocity ofa body can either be positive or

negative, but square of velocity is always positive. Hence kineti €l
Werbenggahv;g.

2. A light body and a heavy body have equal momentum. Which one has
higher kinetic energy ? ;

Let the mass of the heavy body be M and velocity be vl. whereas the ‘mass and
velocity of the light body respectively are and v,. If the momentum of the two bodies
is same, then

Mo, = mo; =P
2 mug?

__Kinetic energy of the lightbody _ P2 /2m SN
- Kinetic energy of the heavy body ~ 1 M 2 ~ P2/ 2M m
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Wnsigreater‘than m (M > m), then kinetic energy of the light body will be

| 3 A hght body and a heavy body have equal kinetic energies. Which one has
higher momentum ?

Suppose the mass of the heavy body is M and velocity is v; and the mass of the
light body is m and velocity v,. So, the momentum of the heavy body P;= Muv; and
momentum of the light body P, = mv,. But kinetic energies of the two bodies are same.

E lez = % mvzz

Ryer e ot
oM " 2m

,_" ;‘ma (M> m), then momentum of the heavier body will be larger;

‘Mathematical examples

1. A car of mass 2000 kg while descending with a velocity 16 ms~ along a road
inclined to 30° with the horizontal, the driver brought it to rest within 40 m by
applying brake. How much resisting force was applied on the car ?

According to the problem, the component
of gravitational force mg along the plane = mg
sin 30°

The resisting force F acts against it.

The resultant of the two forces = F —mg
sin 30°
We know, kinetic energy = work

Now, according to work-energy theorem Here,
% m._vﬁ = (F—mg sin 30°) X s Mas_s .=_200E,) kg o .
' Initial velocity, vy = 16 ms
-1- x 2000 x (16)2 = (F —2000 % 98 % %J x 40 Distance, 5=40m
g =98 ms?
or, B =2000X00) 5000 x 98 x>

= 16200 N
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2. A bullet from a rifle can penetrate a piece of wood. If the velocity of the
bullet is increased three times, how many pieces of wood of that thickness canbe

penetrated?
Let the mass of the bullet = m
We know, Here,
Work done = Change in kinetic energy Thickness of 1 piece of wood = x
In first case Number of pieces of wood = n
L 1 I e 1 T - Thickness of n pieces of
2 2 wood = nx
In second case Initial velocity of the bullet = v;
manx = % mvy? — 0 Final velocity = vz =30,
= % m (3v7)% = % moq2
1
TR Xl
So, =
ma.nx 9 -
i muoq=
1
S )
i3 n=9
Alternative method :
In the first case, %??11’)2 = work = mgx (1)
In the second case, %m (3v)2 =mgxnx ... (ii)
Dividing equation (ii) by equation (i) we get,
1
a M 907 _ mgnx
%mv2 nigx
n=9

So, the number of pieces of wood is 9.

3. If the momentum of a truck weighing 2000 kg is 200 kg ms™, what is its
kinetic energy ?

We know, Here,
DLV (200)2 m =2000 kg
k =2m ™ 2x2000 P =200kg ms
=10] Ep =27

4. A body of mass of 2 kg is dropped from the roof of a building of height 30 m.
Calculate (i) initial potential energy of the body (ii) the velocity at which the body
touches the ground (iii) maximum kinetic energy of the body (iv) kinetic and
potential energy of the body at a height of 3m.

(i) initial potential energy of the body = mgh: =2x98x30 =58]
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(ii) let the body touch the ground with velocity v.
Now potential energy of the body when it is on the roof = kinetic energy of the

body when it touches the ground i.e., mgh = mvz

588 = 1x2xvz

or, v2 =588
v = V588 = 2425 ms!
(iii) maximum kinetic energy of the body = initial potential energy of the body
So, maximum kinetic energy of the body = 588 ]
(iv) potential energy of the body at a height of 3m =2x98x3 =588 ]
kinetic energy of the body at that position = decrease weighing of potential energy
= 588 — 58'8 = 5292 ]
5. A boy and a man are running simultaneously. The mass of the boy is half of

the mass of the man and kinetic energy of the man is half of that of the boy. If the
man increases his velocity by 1 ms-, then his kinetic energy becomes equal to that

of the boy. Calculate their initial velocity. [R. B. 2011, 2003; S. B. 2003]
We get from the e %uahon of kinetic energy,
kinetic energy of the boy, Here,
KE; =%mlvlz =) mass og i}ﬁe boy = m; x
and kinetic energy of the man, mMass of e Ian N
initial velocity of the boy,
KE, =%mzvz2 =l' 2myvy? v, =2 2 4
= My U2 -SRI (1) initial velocity of the man,
Accordmg to the question, kinetic energy of the vy =7
final velocity of the man,
=2 (lqnehc energy of the boy) o'= vy 1

mivy? =5 (2 m10:%)
1
. 2mqup? = 5"11012 (iii)
S | = W 101
-Again, if v," = v, + 1, then according to the question, s miv? =my (V2 + 1)2

by inserting the value of %mlvlz obtained from equation (iii), we get
2m;yv22 = my (vp + 1)2

or, 202=0,2+2v, + 1

or, U,2—2v,—1=0

2:!:\!4-!—4

o) \ls
== | |
As velocity is positive, o, v =1+V2 =241 ms™!

'{}2_ =

=1z 42
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From equation (iii) we get,

1
'2~mlv12 = 2 10,2

or, v12=4x (2'41)?
or, v;=1v232324
s U= 482ms™!
Ans. Initial velocity of the boy 482 ms~! and initial velocity of the man 2'41 ms~!
6. A bomb weighing 500 g was dropped from a height of 1 km. What will be its
kinetic energy just before touching the ground ? :
We know,
Eyi= %—mvz 1 e ()a itiere,
mass, m =500 g = 0°'5 kg

or, v2 =9y +2gs
—04+2%98x10°m displacement, h = 1 km = 10° m
Ej =

= 19600 m2s—2
1 v90=0
Ep = 5 X 0°5 x 19600 = 4900 ] ;

7. A bomb of mass 1 kg was dropped from a bomber at a height of 1 km. What
was its kinetic energy just before touching the ground ?

We know, if the velocity of the bomb just before
touching the ground is v, then

T %_ 2 Here, :
: mass, m=1kg
but, v2 =2 + 2gh - height, h=1km=10*m
or, 2 =0+2x98x10° kinetic energy, K=?
= 19600 m?s—2
K —lmvz—l x 1 x 19600
2 i) :
= 98007

5°9 Potential energy

Energy that a body acquires due ?tg;-ltSvBOBAtl.Qlls@_“. . energ
body due to the change of posntmn of the-pqr,h :
potential energy of the body:

Suppose a piece of brick is kept above the roof, or water i is pumped in a tank
placed on the roof. In both the cases, the brick and water have acqun‘ed some energy.
This type of energy is called potential energy. Potential energ y of a body depends on
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the mass of the body, height of it from the ground and acceleration due to gravity at the
place of observation. b
Examples :

(a) A spring is attached in a toy motor-car [Fig. 516]. When you wind this spring,
its size becomes smaller. We do work to change this size which remains stored as
potential energy. But as the wind is released, the spring regains its original shape.
Wheels of the toy are attached to the spring. So, the wheels start rotating i.e., due to
potential energy the spring works to make the toy move.

(b) In a wrist watch a wheel is attached along an elastic
spring [Fig. 5716]. While winding this spring, its size gets
shrinked or contracted. We do work to change the size of the
spring which remains stored as potential energy in the spring.
There is connection of the hand of the watch with the spring,
so the spring rewinds and rotates in opposite direction. As a
result the hand of the watch rotates. The potential energy of

Fig. 516 the spring transforms into kinetic energy.

Similarly, when a metal plate is pulled, or a rubber is expanded— in all cases due
to change of shape potential energy is stored.

(c) Potential energy remains stored due to change of position in water above the

ground, ice above the hill and cloud in the sky.
Potential energy is measured by the work that is done when the body returns
to its initial normal posit&m or configuration from the present position or configuration.

_Types of potential energy

ial energy, viz=-

59’1 Mathematical expression for potential energy
1. Gravitational potential energy ,
To raise a body above the ground against the gravitational force an external source;
or agent is needed to do work. This work remains stored in the body as potential energy:
lergy is called gravitational potential energy. In this case, surface of the qgrt_h 1s,
considered as the reference level. Let us now measure the potential energy. :
Calculus method : Let an object of mass m be raised above the surface of the earth
to a height dh against the force due to gravity. .
Work done due to this is,
; ¢t 7S
dw = _1? - d h

~ or, dW =Fdh

© (5.30)
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Here F = force applied by external source, and dh = vertical height. The angle
between F and dh is zero.

In order to raise a body above, a vertical force F_"‘"r... A
equal to the weight of the body is to be applied.

.. Applied force, F = Weight of the body

=mg h

So, total work done in raising the body to a
height h at position A [Fig. 5717] is the summation 30
of the small work done as in equation (5.30). 1‘"’

.. Gravitational potential energy = total work /77777777/777777777
done in raising the body to the height h above the 0 Surface of the earth
ground Fig. 517

h h
P.E. = I Fdh = I mgdh
0 0
For small height g is constant (assumed) and we can write,

h
PAES = n:gj dh = mg[h]:; =mg[h—0] =mgh
0

That means, gravitational potential energy.
P.E. = mgh (5.31)

i.e., Gravitational potential energy = mass X acceleration due to gravity X height
above the reference level.

[N. B. As the body descends h bcomes less and less, so also the gravitational potential?
energy. As on the surface of the earth, = 0, so the gravitational potential energy also becomes
zero.] :

Value of gravitational potential energy of a body depends on the position of the
body with respect to the reference plane. Potential energy of a place considering the
reference level as the sea level and potential energy of that place considering the
reference level as the hill-top, not be same but different. Actually absolute value of
potential energy of a place can never be determined, only change of potential energy of a
place with reference to a plane or standard plane can be determined.

e

Since the

2 -

ains potential energy.
outlet tubes are opened, water from the tank on the roof will come out with more velocity.

tank on the roof .sz._“in;k-\i.gher place, itg
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energy—is it possible to occur like this ?

;Inqmsxtwe work : A body has energy but has no momentum or has momentum but no

A body at a height has potential energy but no momentum. Again, if a body has
momentum, then it must have velocity. So, that body will have kinetic energy. So; if a’

@Qﬁyhas energy, it may not have momentum, but if it has momentum, then it must have

Mathematical examples

1. A body is allowed to fall freely from a height of 30 m. Where will its kinetic

energy be twice the potential energy ?

[R. B. 2010; J. B. 2006 ; B. B. 2003]

Suppose, kinetic energy at a heighth A Here,
from the ground and that at (30 —h) m ¢ : I
below from the top will be double the I Helsht. hgad
potential energy. S Initial velocity, v, =0
We know, 30 m Acceleration, g
Potential energy, E, = mgh l
Kinetic energy, Ex= %mv2 C 1};
According to the question, {
Ey = 2E, el o s 1 (1) B

Here, v2 = g2 + 2g (30 — h)
or, v2=0+2g (30 —h) =2g (30 —h)

Ex = mx 2g (30— k) = mg (30— h)

According to equation (i)
mg (30 — h) = 2mgh
2h=30—h or,h=10m

2. A 4 kg mass is allowed to fall freely from a height of 25 m at the gravitational
attraction. After 2 seconds what will be the kinetic energy and potential energy of

the mass ?
We know, 'y T Here,
after 2 sec, h =vgt+%gt2 19'6 m m =4 kg
=0+ 1 x98x4 Z5m J g =98 ms?
ST THET S WEE W e v o t=2s
=196 m h=(25-19.6) m
02 =vg? +2gh =0+2X98%196 sy
=0 =2x98x 196

- . after 2 sec kinetic energy

~ Potential energy, E, = m

1 mor = % x4x2x98x196 =76832]
g (25— 19'6) =4 x 98 x 54 =21168 ]
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3. By contracting the spring of a gun by a 4 cm bullet of mass 10 g is fired. When
the spring returns to its equilibrium position, then what is the velocity of the bullet
just released ? (spring constant is 200 Nm™1)

Here, kinetic energy of the contracted Given,
spring =% kx? k = spring constant = 200 Nm~!
kinetic energy of the bullet = 2 m2? cenbachonigReasty
2 x=4cm=4x102m
According to the question, %kx2 - % my2 mass of the bullet,
or, kx?=muv? m=10g=102kg
2 kx2
Or U2 di=l—
m
200 x (4 x 10-2)2
Siee 107 =
v = 5657 ms~!

4. Show that in case of a falling body gain of kinetic energy due to travelling a
fixed distance, the potential energy is lost by the same amount.

Suppose, kinetic energy =T
potential energy =V
total energy, E=T+V ... (1)

Further suppose, due to travelling a fixed distance gain of kinetic energy is AT
change of potential energy is AV

T+AT+V—-AV=E .. (i1)
by subtracting equation (i) from equation (u) we get
AT — AV =0
or, AT = AV

. increase of kinetic energy = decrease of potential energy

5. A body was dropped from a fixed height. If the kinetic energy was twice the
potential energy at a helght of 10 m, then from what height the body was dropped ?

[J. B. 2006 ]
P Suppose, the body of mass m was dropped from height
= il G P and at point R, kinetic energy = 2 X potential energy
W Potential energy at point R, E, = mgx
=mg x 10 =10 mg G)
h —eR Let the velocity of the body at pomt Rbe v
T We know,
10 V2 =U{]2+ Zgh’ s M E Y
or, v2 =2g(h —x) (S i =01
77777 . = 9g:(h=-10)! 916 FIASIHE AT roH

Q
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Kinetic energy at pointR, E; = % muv? =% m x 2g (h — 10)

=mg (h — 10)
According to the question,
mg (h —10) =2 x10mg =20 mg
h —10=20
or, h =20+ 10=30m
Ans. height is 30 m

(ii)

6. A stationary car of mass 50 kg acquires velocity of 15 ms~! after 2 s due to
the action of a fixed force. Calculate the applied force on it and what will be its

kinetic energy after4 s ?
We know,
F =ma

Again, v = vg + at

or, 15=0+ ax2

a= -1-2§ =75ms2
. F=ma=50x75=375N
Again, v; = vg + at
=0+75%x4=30ms!

Kinetic energy, I(— mvl =

Here,
m =50kg
v =15ms?!
Ug = 0
t =2s
acceleration, a = ?
force, F=7?
f] = 4s

after 4 s velocity, v =7
after 4 sec kinetic energy, K =

1 5% 50 x (30)2 = 22500

the two bodies has higher momentum ?

Perceptional work : Kmetlc energy of a light body and a heavy body is same. Which of

Suppose, mass and velocity of the lighter body = m and v respecnvely and mass
and velocity of the heavier body = M and V respectivley.

According to question,

%mz:Z:%MV?
or, mv?=MV?2
2 M
Ok V2171

NEE o i
0L, 5 = NiM

momentum of the heavier body = MV

momentum the lighterbody ~— mv

S

Hence, momentum of the heavier body is larger than the momentum of the lighter

body
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2. Elastic potential energy

Within elastic limit, if a force is applied on a body it becomes strained work is
done to produce strain in a body. This work remains stored as potential energy. This
energy is called elastic potential energy. It will be easier to understand the potential
energy created in a spring from the following discussion.

Potential energy of a stretched spring :
Let one end of an ideal horizontal spring be
fixed at a wall and a body of mass m be
attached to the other end. The body can move
on a frictionless horizontal surface [Fig. 518].
We ignore the mass of the spring compared to
the mass of the body.

Now, the spring is stretched along its
length by a distance x. Due to elastic property
the spring will exert a force called restoring Fig 518
force which will try to oppose the deformation. This restoring force is proportional to the
displacement and acts opposite to the displacement i.e.,

Foec—k

or, F=—kx

where k is a constant of proportionality and is called force constant of the spring.

If the spring is strained along its length by pulling the body, then a restoring force
will be generated in the spring against the applied force due to elastic property. If the
length of the spring from left to right is increased by an amount x along the horizontal
due to the application of force, then a restoring force of — kx will be generated in the
spring. Now, in order to displace the body by a distance x work is to be done by
applying an equal and opposite force F = kx. Work done in this expansion by the
applied force will be the stored energy in the spring.

So, potential energy 5

r Fdx = rkx dx
0

0

X xz i
k_[ x dx =k[§]
0 0
U =%ka (5.32)

While compressing the spring by' x, stored potential energymllbe*e%kﬂ

s

U=W

Here k = spring constant =~% 3,

Perceptional work Whatdquu}tm rstar { at any o
h -, dyucJeityal ‘ N ‘ﬁ"‘ XE "?“.{

SPEIng Ot 15N SR AT i et ih T
Restoring force of 15 N of a spring means that if the spring is pulled by a force
15 N and is released then it returns to the previous state by the same force.

of

T Tt

T N e
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Solution of problems
1. Can potential energy be negative ?
Direction : : Potential e energy can be negative. For example, potential energy at any/
iboverearth's surface is positive. Potential energy inside a mine is negativé [Fig.
519(a)]. In this ﬁgure potential energy at point B on the earth’s surface is zero. At height
h,at point C potential energy is mgh,. While coming down from point C to B potential

C
Potential Energy = mgh,
h,
B ; 5
Earth’s surface [m] T
A Potential Energy =0
hy
]
““““ Potential Energy = — mgh, (o] —> h
Fig. 5719(a) . Fig. 519(b)

energy starts decreasing. Similarly going from point B to bottom point A potential
energy will decrease. Since potential energy at point B is zero, so potential energy at
point A will be negative. If A is at depth k, then potential energy at that point will be
—mgh,. If the body is to be taken again from point A to B, work is to be done against
the weight of the body or against force of gravity. Relation between height and potential
energy has been shown in fig. 519(b).

2. How does the potential energy of a body become zero ?

Direction : Work is to be done against a body to take it from the standard position
or shape to any other position or shape. This work remains stored in the body as
potential energy. While coming back to its original position the body can do work, so
potential energy of the body decreases and becomes zero when it reaches to its standard
position. At this stage the body does not do any work.

3. Why does gravitational potential energy depend only on k but not on the
path ?
Potential Direction : If a body is taken to
energy = mgh  height h vertically, its potential energy
"""" does not depend on the path. That means

2 not taken to height h vertically if the body

' is taken to that height through a different
h path it will have same kpotenhal energy-
For example, a body of mass m is taken

from point A to B through an inclined

v plane AB, potential energy of the body

- Potential will be mgh. If that body is taken
energy=0 - vertically from point C to B, potential

energy will be mgh [Fig. 520].
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Suppose the same body of mass m is taken from A to B through a smooth inclined
plane AB to a height . Component of the weight mg of the body along the inclined plane
is mg sin 0. In order to pull the body along this inclined plane work against this force is
to be done. Other component of the weight of the body is mg cos 6 which acts
perpendicular to displacement of the body; hence no work is done. Displacement of the
body along the inclined plane is AB. So,

Total work = force x displacement = mg sin 8 x AB = mg X AB sin 6 = mg x BC = mgh

According to definition, this work is the potential energy of the body. So, it is seen
that whatever way the body is taken to point B potential energy is same. At a particular
height gravitational potential energy is same.

Calculate : In order to raise a body of weight 50 N to a helght of 6ma ]J.ft was used. It
uses 70 J energy. Calculate the dissipated energy. i hioin i baioiy st abiae ey
Here, used energy = work = force X displacement
= weight x height = 50 x 6 =300 ]
Dissipated energy = supplied energy — used energy
=300]—70]=230] :

Work : Keep some glass marbles of equal mass on a horizontal table in the 'same row
touching each other. Rolling similar two marbles strike one end: of that o3 Wha w:]l
you see 2 Why two marbles from the other end will be in motxon at the same tiny
same velocity ? : to Diuisd n ool A0 S et Gnilinl e w'-

In this case both the momentum and mechanical energy follow: conservation
principle. As a result two marbles from the other end of the row become mobile at the

same time with same velocity.

Mathematical examples

1. An object of mass of 2 kg is 15 m above the ground When it is thrown it hits
the ground at a velocity of 10 ms-'. What frictional force will act on the object while

falling ?
Here, potential energy = Energy spent in friction + final kinetic energy

or, mgh = Fh + 5 mv? Here,

mgh = mgh +5 Ly [+ F=mg] e m = 2kg °

accelerauon due to

Fh =m h— m02—2><98x15——><2 102 :
, 8 | ( = gravrl-y 5= 98ms-2 =
iy 720 1002 190 0 o [Tt e o B
=14 Lo oo ; faaen 'velomty,'v ='-"10'n‘|s'5’5-"=1-'-u:;; 2

STh o 15 e el SR
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2. A person weighing 60 kg ascends a top of 180 m height in 20 minutes.
Calculate work and applied power.

According to question, work against the gravitational force,
force x displacement along the line of force

= weight x vertical displacement Here,m = 60kg
= mg Xh g =98ms?
. required work, W = 60 kg x 9'8 ms—2x 180 m h =180 m
= 10'584 x 104
, ; - _ W _10584x10*] | Here,
- A e T T T t =20 minutes =20 60s
=882 W

3. A body of mass of 5 kg falls on a pin from a height of 5 m and the pin enters
10 cm inside the ground. Calculate the average resistin%{force of the ground.

We know, ere,
potential energy of a falling body = work done mass of the body, m =5kg
against the opposing force height, h =5 m
= Fs=Fx01 displacement, s =10 cm
total fall of the body = h+s=5+01 =01m
=51m resisting force, F =7
potential energy of the body =mg (h + s)
=5x98x51
according to the question, Fx01=5%x98x51
F=2499 N

4, Water falling from a fountain from a height of 250 m on the ground and

move horizontally with a fixed velocity. Find the velocity of water flow considering
that there is no dissipation of energy.

Potential energy lost due to fall of water on the ground from height of 250 m is
transformed into kinetic energy.

Now, let the mass of water be m, velocity v and height k, then we can write,

mgh =%mv2
or,. 9 =\)2_gh
=V2x98x250 =70 ms

Thebry :Leta iweight of mass m be hung a  of _ .
: expanded by an amount x due to application of force F. This displacement of the spring
' is proportional to the applied force, ie., Fecx. .

or, F=Kx [here, K =spring constant] (1)
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Now, work done by external force to expand the spring
from position x; to x; is,
X3

W = F dx
X
X2 X2
= Kxdx = K I x dx
X1 X1
2
xz]t K
= K|5| =75 @2—x?
s
w =%K(x22—-x12) e T “uu (ij‘)

This work is positive work. This work remains in the spring as potential energy.
Let
x; =0 and x,=x, so

W = 2K (2 —0)

DR =%Kx2 (i)

If a spring of mass m expands by ! and in this position if the spring is pulled by an
amount x and released, then it executes simple harmonic motions. Its time period becomes,

T=2n i1’<1

Apparatus :

(1) An experimental spring

(2) Omne metre scale

(3) Some suitable weights

(4) A hook to hang the spring

(5) A stop watch

Procedure :

(1) The spring is to be hung as per figure.

(2) At one end of the spring if a weight is hung
than the spring will be slightly elongated. Now
measure the distance between the stationary position
and the changed position of the spring by a metre
scale. This gives the elongated length /.

(3) Then the weight is pulled downward by a
distance x and released. Again, the expansion of
length x is measured by the metre scale. :

Fig. 521
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(4) The spring will continue moving ups and down. Time is recorded by a stop
watch for 20 complete oscillation. Dividing this time by 20 time period T is to be

measured.

(6) By changing weights the processes (3) and (4) are repeated for a few times.
Data Table—1

(Table for the determination of T and x)

No. of Initial Increase | Extensionof | Time for20 | Time | Spring| Potential
observa- | length of | in length spring by oscillations | period | cons- energy
tions |thespring| after applying (sec) T (sec) | tant K 1
: W ==Kx?
L(m) hanging force for o2
the load | oscillation ()
[ (m) x(m) .

Calculations :

Time period, T = 2% ‘\/ ?(—l

| S
Potential energy, W = %—Kﬁ = ey Joule

Precautions and discussion : (1) The spring is to be hanged in such a way so that
it does not come out from the hook after hanging the load.

(2) Extension of the spring is to be increased slowly in steps.

(3) Care should be taken so that no hindrance occurs during expansion of the
spring due to hanging of weight at the end of the spring.

(4) Cathedometer should be used for measuring accurate length.

5°11 "Application of the principle of conservation of energy
When two palms are rubbed together, they become warm; here mechanical energy
is converted into heat energy. _ N i
: When a falling body strikes the ground and get stopped, then mechanical energy 1s;
converted into heat energy and some sound energy.
. Again, due to friction between different parts of a2 machine heat energy is created.

From the above events it is observed that energy is converted from one form to
om Einstein’s theory of relativity that mass 15
dy increases, its mass also increases. On the other
mass also decreases. When a box is pulled over

another form. Further, it is seen fr
converted into energy. If energy of a bo
- hand, if energy decreases in a body, its

* the floor heat is produced due to friction.



WORK, ENERGY AND POWER 357

It is seen from all the above cases (conservative or non-conservative) that energy is
converted from one form to another form, but is never exhausted or destroyed. This is
the principle of conservation of energy.

Law : “Energy can neither be created nor destroyed, but can only be converted
from one form to another.” Total energy of the universe is constant. In electric iron heat
is produced when electricity is passed though it. We iron our clothes with this heat. In
this case, electric energy is converted to heat energy and finally heat energy is converted
to mechanical energy. Here no energy is destroyed, only there is transformation.

You have heard about nuclear reactor. In nuclear reactor nuclear fission is created.

235
by bombarding a heavy nucleus (ng ) by a neutron. In this reaction enormous amount

of heat energy is produced. Electricity is produced by rotating turbines by using this heat
energy. In this case it is seen that nuclear energy is converted into heat energy and heat
energy is converted into electric energy. In this case also there is no loss or destruction of
energy. Only energy is transformed from one form to another form.

When energy is changed from one form to another form, then no increase or
decrease of energy occurs. That means, either creation or destruction of energy is
. impossible. When one form of energy is destroyed, it appears in another form. Itis called
| conservation principle of energy.

We can cite innumerable examples of conversion of mechanical energy— for
example, oscillation of simple pendulum and motion of a body in inclined surface. We
can come to a very important conclusion from these examples. We know, energy can
neither be created nor can be destroyed. So, kinetic energy of the bodies, in these
examples, are changed to potential energy only and vice versa; sum total of kinetic
energy and potential energy is constant ie., total mechanical energy is fixed. This is
called the principle of conservation of mechanical energy. But frictional force always
retards the motion of a body. So, a portion of total mechanical energy is spent or
dissipated to overcome this resistance and is converted into heat energy. -

In case of the above examples principle of ¢ chanical energy is
applicable. [fithere isiordissipated force ‘and if the coll is ly elastic, thern
fotal energy remains unchanged. Hencey

Sl

Sl o] : 1 1
Kinetic energy before collision = stored potential energy = 5m 1012 + 5 MUy

When the magnitude of a quantity remains unchanged for any process, then that
quantity is called conserved. So, total mechanical energy is conserved.

A. Conservation of energy of a body thrown at a maximum height

There appears kinetic energy in a body due to motion and potential energy due to
position. In a moving body both kinetic and potential energy can exist. For example, a
flying aeroplane or a stone thrown above have both kinetic energy and potential ené‘rgy.

PT

I o

Then total energy of the body means the 'sum
energy. So, total energy— . 2 % 3
Er=E+Ej i e <o (5.33)

il oy [itlal




358 PHYSICS—FIRST PAPER

Kinetic energy of a body can be transformed into potential energy or potential
energy can be transformed into kinetic energy. Many examples of this type can be cited.
Now we will apply principle of conservation of energy of maximum height on a body

- thrown above.

Let a stone of mass m be thrown vertically above with a velocity v, [Fig. 522].
If the ground is considered as the reference level, then initial potenhal energy of the

Hr ? + Maximum Ep = mgH,E, =0

ht ?’$§ EK+EP=%mvz+mgh

"’u.
! Initial Ex =lmvo2
mey 7 2

Earth’s surface Ep =0

Fig. 522

_ that posmon = mgH

stone = 0 and initial kinetic energy =5 L mog2. As the

stone moves up its potential energy increases and
velocity continues to decrease i.e., kinetic energy
continues to decrease. So, during ascending kinetic
energy of the stone is converted into potential
energy. At height / if the velocity of the stone is v,
(v < vy), then kinetic energy of the stone at that

oint =1 mv? and potential energy = mgh. Hence,
P 2 P gy &

total energy of the stone —1mv7- + mgh. Wheni the
stone reaches to the h1ghest position its velecu'yg

‘becomes zero. lhen kmetlc energy becomes Zero and potenhaI ene:cgy is,
If the maximum helght of the stone is H, then potenhal energy of the stone at

position total kinetic energy of the stone is converted into,

After reaching the maximum height the stone again starts descending. Then
opposite phenomenon OCCurs; potennal energy of the stone then starts decreasing and its

kmehc energy starts mcreasmg

In this case it can be proved easily that if there is no dissipative force like frictional
force, then total energy of the stone in the initial state (which is totally kinetic energy) is
- equal to total energy in the highest position of the stone (which is totally potential

energy). That means, -21— muvy? = mg.

In previous positions also total energy remains unchanged. So,

%mvg =mgH = 2 5 mv? + mgh

Thls prmaple is also apphcable for a freely falling body. From the initial position
from where the body was thrown above with velocity o, when the body again comes
back to that uutxal posmon, the veloaty becomes vo 'Ilus time the total energy is kmetxc
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in other positions potential energy is converted into kinetic energy. Biit the Stm total'ofy

~ potential energy and kinetic energy remains constant.

Suppose, the mass of the bob of a simple pendulum W
is m and its equilibrium position is at 0. Let the bob reach Y 00
: the maximum point B in one direction by travelling a o7 | B
- distance A [Fig. 523]. At point B, since velocity v = 0, ’,” E‘f‘\“‘
its total energy is potential energy. If the force acting on o [
the simple pendulum is F, then F = — kx. So at point B, N
maximum potential energy,

A

A
E; = I~Fdx= Ikxdx
0

0 Fig. 523
We know,
k
—_=m2 - — (N2
e k = w*m
E, = 3 X M02A? Hupe 9fiSEg)

Since at point B kinetic energy of point B, E, =0, so at point B total energy of the
bob

E = %mmZAZ 609 (5.35)

Now, let us consider that the bob starting from the position B moves towards the
equilibrium position 0 and at one time reaches point C. The distance from the equilibrium
position to point C is x and the velocity of the bob is v, then kinetic energy at point C

Eic = % mu?2.
But, in case of simple harmonic motion velocity,
v=0VA2—x2; so, =
Ej. =%mm2 (A2 _xZ)' | | o | ; ."I-' 04 2 (5..36) .
At point C the bob will have some potential energy, whose amount is,

E, = _[kxdx
0
x| 1
=k|:i]o =§kx2

oot [ kmmef) e = ol e o (5437)

N =

SSS——

Vaa” el Tt e
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Total energy at point C,
Ek = Ekc + EPC

_1 N oy 202
—-zmmz (A2 x)+2mmx
= % Moz (A% —ix2 +x2)
Ey = %— mw2A? (5.38)

Comments : It is seen from the above equations that the total energy at point B
and C is same. That means; an oscillating simple pendulum follows the ‘principle of;
onservation of energy’.

e

Mathematical example

1. The mass of the bob of a simple pendulum is 0°2 kg and effective length is 1
m. If it is pulled to a distance of 0'4 m from the vertical line and is released, then
find the kinetic energy and velocity of the bob while crossing the equilibrium
position of motion. Analyse whether at points A and B conservation of energy is

applicable or not. :

Let the required velocity bev  ““““““Cf Here,

According to the conserva- mass of the bob, m =02 kg
tion principle of energy, the 0. maximum point, B =04 m
potential energy at the maximum equilibrium position, A =0
point of the bob B = kinetic energy OB? = ON; + BN2
at equilibrium position A. ) N 04m \B or, ON2 =0B2— BN2

T - ON =+OB?—BN2

Now, vertical displacement along OA is,
AN = 0OA — ON

= OA — VOB2 — NB?
=1—+(1)2— (0°4)?
= 0083 m
Now, potential energy at the maximum point = ngh
According to the question,
Kinetic energy, E;, = %—mvz = mgh
L =02x98x0083=0163]

k Again, %mv2 =mgh . v2=2gh

or, v =Y2gh =2x98x008 =1275ms"’ L .
 According to the principle of conservation of energy, potential energy at maximum
point (B) from the point of suspension = kinetic energy at equilibrium point (A).
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In the steady state kinetic energy = % mo? = %x 02 x (1275)>=0163]

Again, potential energy at the highest point = mgh =02 x 98 x 0083 = 0163 J
Total energy E at point A = potential energy + kinetic energy = 0 + 163 = 07163 J
total energy E’ at point B = potential energy + kinetic energy = 0163 + 0 = 0163 J
Since E = E’, hence at points A and B conservation principle of energy is applicable.

512 Power

When a change of motion of a body or a machine takes place due to the
application of force we consider that the body or the machine has power to do work.
Whether the displacement of the body is fast or slow due to the action of force cannot be
understood by the amount of work, it is understood by power. Amount of work done in
unit time is power.

Power is the time rate of domg work of a source and it is measured by work
done in unit time.

Expl anation : Suppose a person or a source does W amount of work in tu:ne t.

.. work done in unit time or power,

: (L)
If the rate of doing work is not uniform, then instantaneous power, 9 ROMAYARY

AW
LS

If a constant force F displaces a particle by dr in time dt then work done by th
constant force,

dW = F.d7 andworkdonemumthmeorpower— dt -f-‘) ?3

- Power is a scalar ‘quantity. Power d

but depends oné’the,;l_ e d '
more for doing work in short time. | niih o

For example, a machine does 2000 J of work in 4 hours, Another machme does

2400 J of work in 6 hours. Power of the first machine = 2000/4 = 500 Joule/hour. and
power of the second machine = 2400/6 = 400 Joule/hour. So, although work done by the
first machine is less than that of the second machine, but power of the first machine is
more. ‘

8 4 t‘;i?ﬁl}{s“} i1
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“Power of a machine is 50 Joule/sec”— means that it can do 50 Joule work in 1

sec.

it lar than watt is also used. Itis ca}led kllowatt (K. W 3

S1H =746 ]/s = 746 watt)
PRACTICAL UNIT OF ELECTRICITY
ctica qurut oof power for electricity is watt. Watt is also unit of power in

ﬂ%féﬁ”tt- ~1000/Wat® That means, kilowatt is thousand times larger than
watt. Recently thousand times larger than kilowatt i.e., 1 million times larger than watt
is used as unit of power. It is called megawatt.

- i megawatt (MW). = 1000 kilowatt (K:W)
= 10° watt = 10° Js5-?

“The power of a power station is 2 megawatt”. This means that energy
supplied by the power station can do 2 X 106 Joule or 2 mega-Joule work in 1 sec.
Dimension of power

We know,

Power P= Wi Force x displacement

1 ﬁn\e
ionalequatonof power [B] = [Force] [Frl.zgi?cement]

|
i
|
i

Suposeforce F 1S&Ctu'lg on a.lfbod)‘r for hme tIf dunng this time the body moves
along the direction of the applied force to a distance s, then work done by that force is,
| W=Fxs

(5.40)

If the dlsplacement of the body, mstead of bemg along the force, is along a
idm*ﬁon making an angle 6 with the applied force, then

P = Fv cos 6 (5.41)
This equation represents a scalar product of two vector quantities.
139 10 . According to vector notation, P = =F.7 (5.42)

Thls equation gives the relation between power, force and velocity.

vl
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Power in case of rotational motion
In case of rotational motion we know,
work, W = torque x angular displacement)
W _ Torque X angular displacement
t time
- { Power, P = Torque x angular velocity.

- .. Power, P=

Mathematical example

1. How much energy is to be used in order to lift a stone of mass of 300 kg on
top of the roof at a speed of 0'1 ms™ by a crane ? :

We know, Here,
P =Fv m = 300 kg
P =2940 x 01 F =300 kg X 98 ms2 = 2940 N
=294 W v=01ms"!
PE=2

5°13 Efficiency

When we get work from a machine or a body that work is smaller than the energy
supplied to that machine or body to do work. It is not only true for machine, but also
true in our practical life whereat a part of work is utilised than the supplied energy. Rest
of energy is lost. In case of engine this dissipation of energy is used as friction, to warm
up the engine etc. This dissipation cannot be stopped completely, but by applying
different technologies this dissipation can be reduced. In this case, equation of energy is
equal to

supplied energy = available effective energy + used energy by other means’

Definition : The efficiency of a machine is defined as the ratio of thefoutput
énergy to input or supplied energy: It is denoted by n (eta).

4 Efficiency, 1 = 2Pt energy

Efficiency can be expressed in percentage: The unit of efficiency is HF.
n of energy, then

Let E, be the energy supplied to a machine and E; be the dxss1i9at1
E — Ez Ez
= = = 1—-5*| x1 o i 5.43

No machine has 100% efficiency. For example, efficiency of a machine is 80%
means that by applying 100 units of energy we can utilise 80 units of energy and the rest
20 units will be lost. '

5°14 Conservative and non-conservative force
Forces are of two types; viz.—
(1) Conservative force and
(2) Non-conservative force;
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5°14°1 Conservative force

The system in which mechanical energy is conserved is called conservative
system and force acting in this type of system is called conservative force. In other
words, if the total work done by a force in a closed path is zero, then that force is,
called conservative force.’

Or, if a force acts on a body and that body is brought back to initial position,
again by moving in any path and if work done is zero then that force is called
conservative force.

Examples— Gravitational force; electric force, restoring force of an ideal spring etc.
acteristics of conservative force:

@3 This force depends only on position.
)» Work done by the conservative force can completely be regained.
{8 This force does not depend on the path along which the body moves from one
place to another place but depends only on the initial and the final positions

Al

of the body.
) In the action of conservative force mechanical conservation principle of energy
is followed.
(8) Total work in a complete cycle is zero. '

B Let an object of mass ‘m’ be raised from a point A to a
point B whose vertical height is h [Fig. 524]. The transfer of the
object along the paths 1, 2 and 3 is different but gravitational
force mg acting at any point in any path always acts
vertically downward. The displace-ment of the object along the

1 line of action of the gravita-tional force is h. So work done
n along each of the three paths is same and is given by

W =—mgh

Again, if the object is transferred from point A, following
path 1, to point B and again transferred from B to initial
position A, thus work done in the first case is,

[ W, =—mgh [ his in opposite direction of g]
and in the second case,
W, = mgh [ h is in the same direction of g]
- Total work d_._W =W;+W,=— h + mgh = 0.

Fig. 524

al force is conservative, so work done by this force is
: 8. According to the characteristics of conservative force, a definition of it can
be given. For example, a force is said to be conservative if the work done by the force
‘does not depend on the path along which the body moves, but depends only on the
initial and final position.

Perceptional work : Gravitational force is a conservative force—explain. A
Work done by gravitiational force depends on the initial and final position only.
but not on the path of motion. Work done by this force can be regained. If a body in the
gravitational field is brought to the initial position through any path, work done will be

~ zero. So, gravitational force is a conservative force.
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5°14'2 Non-conservative force
If a force acts on a body and the body is brought back to its initial position by
moving in any path and if work done is not zero, then that force is called non-

conservative force.

Examples— Frictional force, viscous force efc.

Or, a system in which there exists resisting force, then mechanical energy is
not conserved there, rather mechanical energy is dissipated, this type of system is
Ealled non-conservative system and this resisting force is called non-conservative

orce.

In other words, if total work done by an applied force in a closed path is nof
zero, then that force is called non-conservative force.

Characteristics of non-conservative force s

(@) This force does not depend on the position only.

(2) Work done by this force depends on the path in transferring a body from one
place to another place.

{(8) Work done by the non-conservative force cannot be regained completely.

{(4*)' Non-conservative force does not follow the principle of conservation of
mechanical energy.

(6) Total work in a complete cycle is not zero.

Let an object be pushed from point A to point B along the smooth horizontal floor
through path 1 [Fig. 525]. In this case, frictional force acts against the motion of the
object. So, in this transfer work is to be done against the frictional force; because
frictional force is always a force-resisting motion. Let a small segment of displacement of
motion be dx and this displacement be against the frictional force F, then work done,

dW = — Fdx (1)
Total work done in taking the object through path 1 from A to B is thrq'
summation of all the small work done dW, i.e.,

wl = _'[l Fdx.

Now, if the object is again taken from F
B to A along the path 2, the frictional force
in this case also will act against the
motion. So in this case also work
W, =— .[2 Fdx. A B

In both cases since work is done
against frictional force, both work will be
negative and their summation will not be F
zero. That is, total work done, Fig. 525

W = W, + Wy=—[[Fdx — [ Fdx # 0
So, work done by frictional force is not recoverable. Hence, frictional force is

non-conservative force. :

According to the characteristics of conservative and non-conservative forces it can
be shown that, :

to raise a body to a height h against the gravitational force F the amount of work done
= — Fh. Now, if it is released from that height to ground, then work done will be + Fh.

‘dx
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So, in raising a body to a height I and again in bringing it back to the ground work
done will be (— Fh + Fh = 0) zero. Hence, gravitational force is conservative. Similarly,
electric force, magnetic force etc are conservative forces.

On the other hand, in case of friction, frictional force resists the motion of a
moving body. So work done by it on the body becomes negative. So, frictional force is a
non-conservative force.

Perceptional work : Why: frictional force isiota conservative force ?— Explain-#:

In this case, starting from a point and travelling through any path if it returns to
the initial position then work done will not be zero. Work done by frictional force does
not depend on the initial and final paths, but depends on the path of motion. Work
done by frictional force cannot be regained. So, frictional force is non-conservative force.

Mathematical examples

1. A load of mass 270 kg is pulled up by a crane with a velocity of 0'1 ms~1.
What is the power of the crane?

We know, Here,
P =¥=F%S=va I\\’dass,.m=270kg A5
elocity, v = 0.1 ms
= mgu [ F=mg] Acceleration, ¢ = 9'8 ms—2
P =270x98x01W Power, P = ?
=2646 W

2. A lift of mass of 900 kg ascends with a mass of 350 kg in 100 s from the
ground to 18th floor to a height of 75 m. Find the work done and power applied.

We know, Here,
Work done, W = mgh total mass, m = 900 + 350 = 1250 kg
W =1250 x 98 x 75 height, h = 75m
=9187 x 10°] times, t = 100s
Again, g = 98ms?2
Power, P = u/ W S
t PR =1 7
9187 x 10°
P BT geaal
= 9187 x 10° W = 9'187 kW

| 3. A motor of power 3430W pumps water to a height of 7'20 m from a well. If
the efficiency of the motor is 90% how much water it can pump in 1 minute ?
B sy [B. B. 2006]
Let the required mass = m kg
 Effective efficiency of the
motor =1 xP

' =‘,% x 3430 W = 3087 W
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Work done per minute
W=mgh=(mx98)x720]
Effective power, P = % LS fo" Udidy,
As per condition, T 9680x 720 _ 3087
3087 x 60
m="ggx72 = 2625 kg

367

Here,
Power, P = 3430 W
90

Efficiency, 1 = 90% = 100

Acceleration, g = 9'8 ms2
Height, h =720 m

Time, f=1min =60 s
Mass of water, m = ?

4. An engine pumps 1000 kg of water per minute from a well of depth 10 m. If
40% efficiency of the engine is lost, find the horse-power of the engine. '

We know, effective power of the engine,

7 216160

st 47,00
P’ x 100

S0

Here 40% power is lost, so effective
power = (100 — 40) % = 60%

P mgh x 100 1000 x 98 X 10 x 100

60xt 60 x 60
= 27222 x 103 watt
27222 x 103 .
S TR T HPS =365 Hik:
P =365 HP:

Here,
m = 1000 kg
h =10m
g =98ms?
t =1min=60s
0 =5

5. Depth and diameter of a well full of water are 10 m and 4 m respectively. A
pump can make the well empty in 20 minutes. Calculate the horse power of the

pump.

We know,
W mgh Vpgh nrilpgh
BTt = Gt entiay SR
_314x(2)2x10x103x98%5
£ 1200 .
512867
746

= 512867 W = H.P.

= 687 H.P.

=20min=20%x60s

= 1200 s .

0+10
= 2

=5m

6. The rope of a pulley can lift a bucket filled with water from a well at uniform
speed of 0'70 ms-1. If the rope applies power of 20 kW, then what will be the

tension on the rope ?

We know,
P =Fov
or, F = E
v
_20x103

0°70
= 2857 x 13 N

Here,
v =070ms1 :
P =20kW=20x103 W
tension, F=?
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7. Depth and diameter of a well filled with water are respectively 10 m and
1’5 m. A pump can make the well empty in 20 minutes. Calculate the horse-power of
the pump. If another pump of power 0'4 H.P. is connected, then how much time will

be saved ? [J. B. 2015]
We know, Here,
p W Exh depth of the well, = 10 m
t t diameter of the well, d =15 m
- E;E;’E [ - m=vp=mnrp] radius of the well, 7 =075 m
> time, t =25 min = 25 x 60
P31 = 1500 s
t
_314x (075)2x 10 x 103 x 98 x5 average height, h = 0 ; 10 =5m
2 1500 Tl
. 576975 POWELNE =it
= 576975 W = 746 H:P:
=07/3 H P

~. total power, P +P; =0773 + 04 = 1'173 H.P.
If time taken to empty the well by the two pumps combined is ¢, then
P+P; = 'g
W nrilpgh
Py 1573
_ 314x(075)2x10x103x98x5
B 1173
= 9890345 s = 1648 min.
>. Time saved = (25 — 16'48) min = 8'52 min = 8 min 31 sec

or, =

work, W=TF .5 1)
work, W = Fs cos 6 (2)

work done in stretching a spring, W =5 Kx? (€)

" springconstant, K= il oo yollg 510 sqoredT D (4)
potential energy, Ep¥mgh (5)
kineti.c_eflergyr, Ex =-,L}-1rrw2 3 (6)

w "'rip‘ewmfif”r-..i%=,ﬂfh=Fv S v (7)
elastic potential energy, E,=1Ks2 .. Boixos . (e

mechanical energy, E = E, + g e A ©)
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effective energy

efficiency, n =

work, W = 1 mu2 — % mug?

2
W = AK

Higher efficiency mathematical example

total supplied energy

power, P = F.v =Fosin®

effective power, P’ = n x actual power (P) ..

(10)

(11)
(12)

(13)
(14)

1. A driver was driving a truck of 1000 kg weight through an inclined road of
30° angle. The speed of the truck was 20 ms-.. All on a sudden by seeing a boy 50 m

distance in front the truck was stopped.

(a) How much above the ground the truck is ?

(b) Will the conservation principle be applicable in this case ?— Explain. [Say,

frictional force = 11150 N]
(a) Suppose the truck was stopped
at point D travelling 50 m from point B.

So, vertical distance between B and D is
AD =h

At point B the truck is 25 m above
the ground.

(b) Total energy at

point B = kinetic energy + potential energy

=% mug? + mgh

=%>< 1000 x (25)2 + 1000 x 9'8 x 25

= 500 x (25)2 + 25000 X 9'8
= 312500 + 1245000 = 557500.]1. -

Here,

m—lOOOkg

g2 gl IR I
S=50m  jes o ,

 Final veloatj 9=

Initial velocity, %= 20' ms?

X 'Fnchonal force 11150 N

yit 52 01 9y il

Veloaty at point D = 0, kinetic energy = 0, potenl:lal energy =0 b :.1__;_, 1 o
Transformation of energy due to friction . .. i3imes (s)
-necessaryenergytostopthetmckatpomtD { v Brarong o "-"-'-:'_w.,-r:-
= Frictional force x displacement = Fy X5 = 11150 X 50 557500] il ’:Lf

. Total energy of the truck at point D. = 557500 +0.+0 = - 557500] ;};,{;

o Total energy at pomtB total energy at pomtD Fraem00 28 3 o 8t _i‘-:.»;, 10l

So, the truck follows the conservation principle. e . ” lf r:m} uﬁ?j
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2. A boy of mass of 30 kg ascends in a ladder AB as shown in the figure and
descends along the inclined plane CD. Frictional force of the plane is 50 N. In the

figure AB=4m, BC=1mand CD =5m [Ch. B. 2015]
(a) Calculate the work done by gravitational B C

force in order to reach the boy from A to point C.
(b) Whether the acceleration due to gravity of h h

the boy while descending along the path CD is 60°

greater or smaller than acceleration due to gravity ? A D

Analyse mathematically.
(a) If h is the height of plane BC with respect to AD, then =llios sin 60°

AB
h=ABsi1160°=4x%:3'46m
work done in going from B to point C, W=mgxBC=mx0xBC=0
work done against gravitational force to reach from A to point C,
W =E,=30x98x346 =10184]
(b) If there would have no friction along the path CD, then the acceleration of the
boy along the plane CD downward would have been, g’ = g sin 0; here 6 is the inclination of

the plane CD with the ground.
T AN 36
Again, sin@=FF="75"= 06928

or, 0 =sin! (0'6928) = 43'85°
g =98 xsin4385° =679 ms2  [law : acceleration due to gravity along
any inclined plane is g’ = g X sin 6]

.. g < g So if there would have no friction then acceleration along CD downward
would have been 679 ms2, and if there is friction acceleration will be further less.
Hence, acceleration of the boy descending along the path CD is smaller than acceleration
due to gravity.

3. One end of a spring is hung from point O as shown in the figure. A ball of
mass of 02 kg is thrown with velocity 49 ms-, it strikes the other end of the spring
at 20 m above and contracts the spring by 3 cm, the spring also applies restoring
force on the ball. _ [R. B. 2015]

(a) Calculate the velocity of the ball just before
touching the ground. :

(b) Is it possible to determine the work done by the -
spring force from the stimulus ? Explain with mathema-
tical reasoning. R = i

(a) Magnitude of velocity of the ball just before
touching the ground will be equal to the initial velocity, but
the direction will be reverse i.e., magnitude of velocity will be
49 ms1. This is because, that after throwing and return to
the ground of the ball both gravitational force and spring
force acting on it is conserved and if it returns to the origi
position by completeing one complete cycle, then work done, . | T
by the conservative force is zero. . :

(o)

* contraction

- Normal state of spring

: =49 ms”
'm=02kg
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(b) Work done by the spring force is zero. This is because that velocity of the ball
while touching the spring and the velocity just after release from the spring will have
same velocity. Work done by spring force during contraction of the spring will be
negative work and work done during expansion will have equal positive value; as a
result total work done will be zero. .

work done by the spring force = kinetic energy of the ball at the instant of striking

=L1mu2 =1%x 02 %2000 =2009]
2 2
So, work done by the spring force of the stimulus can be determined.

4. Height of the top of the Petronus twin tower is 375 m. Kashem ascends on
the top with a body of mass of 10 kg and time taken for this is 40 minutes. He
dropped the body from the top. It reached the ground without any resistance. Monir
said, ‘I can do this work.” Mass of Kashem and mass of Monir are respectively 60 kg

and 45 kg. [S. B. 2015]
(a) At what height from the ground potential energy A
will be double than the kinetic energy ? peepememzeme - C
(b) Will Monir be able to do the work at the same T
time ? Give your opinion with mathematical analysis. (375 — b)m
(a) Suppose at the height of h from the ground 5375 l
potential energy is double than kineticenergy. L ¥ ____. B
Potential energy at a height h from the ground,
E, =mgh (1) h
Since the height of the tower is 375 m, hence height of o T *

the point B from the top = (375 —h) m. _
kinetic energy, Ej =%mv2 = %m [vo? + 2¢(375 — h)]
= % m [2g(375 — h)] |
=mg (375 —h) ... (if)
According to question, E, = 2E; ;
or, mgh=2xmg (375 —h)
or, h=2(375—h)
or, h=750—2h
or, 3h =750
h =250 m _
(b) According to the stimulus, height of the tower, h =375m _
In case of Kashem, mass m = (10 + 60) kg =70kg
time, t =40 min = 40 x 60 sec = 2400 sec
W _mgh 70x98x375 _ 107°2 watt

T POWEL, L =5 = v e 00

Again, in case of Monir, mass m’ = (10 + 55) kg = 65 kg
time, t= 40 min = 2400 sec

, W' m'eh 65x98Xx375
power, P = 5 == smisemg _
If Monir applies power of 995 watt, he can do the work. ks o o S

=995 watt -1
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5. If a body of mass 300 g is placeﬂ horizontally at an angle of 30°, and if 588 ]

kinetic energy is applied it can reach without friction from A to point E. Just a
moment later the body started falling from the point E along above plane to A.
According to the figure AB = BC = CD = DE.

mechanical energy while falling through that plane—
evaluate its justification by mathematical analysis at
points D and C.

kinetic energy, Ex =588 ]

(a) Calculate the length of the inclined plane AE.
(b) The body obeys the conservation principle of

—x — ™

(@) mass, m =300 g = 03 kg; mid angle, 6 = 30°;

If the height of the inclined plane is k, then

W=mgh=Ep
03x98xh =588
or, h=2m

Again, according to the figure, sin 30° = &

L 2%
QL 8o S AE
AE = 4m

(b) From (a), h = 2m, AE = 4m. Again, since AB = BC = CD = DE hence AC = EC

=2m, AD=3mand ED =1m

. h / E
We get, sin A=—-— 4
& AE D/ |;
Potential energy at point D, E, = mgx DK ... (1) W
kinetic energy at point D, e Gh
E; = % muv? = % m [vg? + 2g (EF)] ﬁ
=2m2g(EM=DK)] * 0=0 .. (i) A H E K M

total energy at point D = E, + E;
= mgDK + mgEM — mgDK
= mgEM

Potential energy at point C, E,=mg E'C ... (i)

kinetic energy at pointC, E; = % mu? = % m (2g E'G)

=%mx2g (EM — E'C)

=mg EM — mgE'C (iv)
-+ total energy at point C, = E, + Ex = mgE'C + mgEM — mgE'C = mgEM
Itis seen that at points D and C total energies are same.
S0, at points D and C of the inclined plane conservation principle of mechanical

energy is obeyed.
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6. Shafiq is moving in a car of mass 1500 kg in a hilly road which is inclined at
an angle of 30° with the horizontal. The velocity of the car is 25 ms.. Seeing a car
ahead the car stopped by travelling 50 m distance.

(a) What is the frictional force acting on the car ?

(b) Analyse whether in this case the car obeys
the conservation principle of energy or not.

(a) Given, mass of the car, m = 1500 kg

displacement, s =50 m
final velocity, v =0
initial velocity, 79 =25 ms™
Let the resisting force be Fy
Work done by the net force = change of kinetic energy of the body

or, force x displacement = initial kinetic energy —final kinetic energy

or, (Fy—mg sin 30°) x 50 = %mvgz —-%mv2 =%mvgz [=vi=00]

or, [Fk — 1500 x 9'8 x %) x 50 = £ 1500 X (25)2

1500 x (25)2 1500 x 9'8
S Bk =550 o L
Fr = 16725 N
(b) Again, suppose the car after travelling 50 m from point B stopped at point C.
According to the figure vertical distance between points Band Cis AC=h

oy AZCE M
sin 30° = &5
or, h=50><%=25m _
total energy of the car at point B = kinetic energy + potential energy

1
= 2Tnvwz + mgh

= 1x 1500 x (25)% + 1500 x 9°8 x 25 = 836250 |

velocity of the car at point C =0
kinetic energy = 0 :
height of the car from the ground, h =0
potential energy = 0 '
transformation of energy due to frictional force = necessary energy to stop the car
= frictional force x displacement g
=Fyxs = (16725 x 50) ' '
Total energy at point C = potential energy + kinetic energy + transformation
' | | . .+ energy due to friction
=0+0+ 836250 =836250] : ' e
So, total energy at point B and C is same. So, the car obeys conservation principle
of energy at points B and C. Lt 5 R old alsluniad) (s
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7. Mr. Sohel bought a pump of 1'2 kW power to raise water from the
underground reserve tank to the roof of the building. On the surface of the pump
efficiency is written as 90%. The tank is cylindrical and its diameter is 2 m and
height is 4 m. Height of the roof from the tank is 28 m.

(a) What is the maximum work the pump can do in a day ?

(b) Whether the purchase of the pump was correct or not ? — analyse mathe-
matically.

(a) Here, _
electric power expended by the pump, P =12 kW
efficiency, n = 90% = 09
So, effective power P’ = efficiency X actual power
P’=09x12kW =108 kW
1 day = 24 x 60 x 60 = 86400 sec
The pump can do maximum work in a day,
W =Pxt=108KkW x 86400 sec
=108 x 10> W x 86000 sec
= 933 x 106 _
(b) diameter of the cylindrical shape underground tank, d = 2 m, height, h =4 m

internal volume, V =41m'2h E ;i— X 314 x (2)2x 4 = 1256 m3

If the tank is completely filled with water, then the mass of water,
m =Vp = 1256 x 1000 = 12560 kg

Average height of raised water, h = (28_ + ;—J m =30 m

applied power per hour by the pump, P = Vt_\’ = E;gﬂ
_ 12560 x 9'8 x 30
% 3600
= 10258 W
= 1'0258 kW

So, necessary power of the.pﬁmp is 10258 kW which is less than the power of the

- pump purchased by Mr. Sohel. The pump can raise the total amount of water from the

tank in less than 1 hour; so it was right to buy the pump.
8. A person of mass of 80 kg ascended on the roof of a building carrying 20 kg

"'mass on his hand along a ladder of length of 40 m. The ladder was attached to the
building making an angle 40° with the horizontal.
" (a) Calculate the work done by the person.
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(b) If the ladder is made 60 m, then at what angle it should be placed so that
same amount of work will be done and in that case whether any benefit will be

found or not.—Give opinion mathematically. . [R. B. 2017]
Here,
total mass, m = (80 + 20) kg
=100 kg

length of the ladder, [ = 40 m
angle with the horizontal, 8 = 40°
height of the roof = h

work done, W=72

. h=1xsin 6 = 40 sin 40° = 2571 m
and work done, W =mgh
=100 x 98 x 2571
= 2519585 . ;52
(b) Here,
total mass, m = 100 kg
length of the ladder, = 60 m
h |Feos® ' height of the roof, # =2571 m

[=60m

Since, in both cases height of the roof is same, so same amount of work will be
done. :
Suppose the ladder is placed at an angle of 8 with the horizontal.
height of the roof, h =1 sin 6 = 60 x sin 6
2571 = 60 X sin 6

' o AL -
or, sin==p5== 04285 PR
. 0. =sin! (04285) =2537°% y - i1 1o oubar 2 o'

Here, same amount of work w111 be done 1f the laddems placed“ai: an angle of
25'37° with the horizontal. According to the figure as the value of 6 decreases, the value
of F sin 6 will be less and difficulty will be less to rise above. ;. & | RSN

Since the value 6 has been reduced than the prevmus value, so here les.g; effect will
be needed for the person to rise above e . 2

_ 9. Depth of a well fllled with water,,ls 2Q m and 1ts dxamete: is 2,m. A 1; imp
HP is attached in order to make the. well empty After removmg Flalf ot,n{aie&
the well the pump was damaged To remove the rest amqupt of w?ter ano erqf,dmp
of same power is added: W avilia '

(a) Calculate the work ‘done. by the First p'ump AW 2 ltow svitsgaid
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(b) Wheter same time will be needed to remove water by the first and second

pump or not.—Show by mathematical analysis. [Ch. B. 2017]
(a) In the first case, volume of water removed, | Here,
h w2l 31416 x (1)2 % 20 depth of the well, I = 202m
) 2 radius of the well, r = 5m
= 31416 m3 i

Mass of the removed water,
m = Vp = 31416 x 1000 = 3'1416 x 10% kg

Average displacement of water, k; = i— = % =5m
Work done by the first pump,
W =mgh
=31416 x 103x 98 x 5
=154 x10°]

(b) Power of both the pump, P =5 HP =5 x 746 = 3730 watt
mass of water in both cases, m = 371416 x 10% kg

In the first case, average displacement, h; = Z= g -°om
In the second case, average displacement, h; = i—l = 2542—0 =15
If time taken to remove water by the first and the second pumps are respectively,
t; and tp, then
B . ViR moh  31:4160¢102x918' x5 .
in the first case, P = h cabiEmpe: = 3730 = 412’70 sec
. W, | mgh, 31416x103x98x15 _ .
in the second case, P = B hEmpras 3730 = 1238711 sec

Mathematically, it is seen that t; < f,. So time taken by the first and the second
pumps will not be same. It will take more time by the second pump to remove water.

Summary
Work : Product of the force and the component of dlsplacement along the direction
of the force is called work.

' Unit of work : Unit of work is Newton-metre or ]oule to do work. Itis measured by
the amount of work a body can do.

Energy : Capacity or ability to do work is called energy.

Elastic force : Within elastic limit, due to the application of external force if a body
is changed in size and shape and after removal of the force if the body regams its
origina ‘shape, Ehen that force is ca]led elastic force.

ﬁm r‘Piisxhve work : Work done by a force is called positive work. .
Negatlve work Work done agamst a force is called negatwe work

L
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Workless force : Force acting perpendicular to the displacement of a body does
not do any work during displacement. This type of force is called workless force.

Force due to gravity : The attractive force between the earth and a body above or
near the surface of the earth is called force due to gravity.

Kinetic energy : Energy possessed by an object by virtue of its motion is called
kinetic energy.

Potential energy : Energy that is acquired due to the position of a body or, energy
acquired by the body due to the change of position of the particles within the body is
called potential energy of the body.

Power : Power is the time rate of doing work. It is measured by the work done in
unit time.

Unit of power : Unit of power is Joules/sec (Js%).

1 watt : Power of doing work in one second is called 1 watt.

1 horse-power : Power of doing 746 Joules of work in 1 second is called 1 horse-
power.

Conservative force : A force is said to be conservative if the work done by the
force does not depend on the path along which the body moves, but depends only on
the initial and final positions.

Non-conservative force : A force is said to be non-conservative if the work done
by the force depends on the path along which the body moves.

Efficiency : Ratio of work done by a machine to the amount of energy supphed to
the machine is called efficiency.

Conservation principle of mechanical energy : Energy can neither be created nor
destroyed but can only be converted from one form to another. Kinetic energy of a body
is transformed into potential energy and potential energy is transformed into kinetic
energy only. Total energy of the body remains always constant. This is called the
conservation principle of mechanical energy.

Summﬂ fof the relevant topics for the answer of mult

1. It is difficult to ascend stairs because here work is done agamst the grawtahonal o

force. Gravitational unit of work is kg-metre.

2.  If the momentum of a moving body is P and kinetic energy is K then relatibn 5

-
PP

between then : K = om0 ; Work done by a body rotating in cu'cular path is el

zero. If a body is raised upward, power of the machine, P = F x 0= mgv
Maximum value of potential energy is at infinity and its maximum value is zero.

3.  Electric energy is transformed into: hght energy by an electnc bulb Oppomte work
of gravitational force, We< h.: g
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If both mass and velocity of a body is made double, then kinetic energy increases 4
times. Work done by centripetal force is zero.

If a spring is contracted, then potential energy is stored in it. Work done against
elastic force, W o< x2,

pos1t1ve work kinetic energy increases and acceleration is produced.
In case of conservative force—

(1) total work done in a complete cycle is zero.

(2) amount of work does not depend on the path of motion.

(3) conservation of energy is obeyed.

(4) work can be regained.

Examples —electric force, gravitational force, restoring force of a spring.
In case of non-conservative force—

(1) total work in a complete cycle is not zero,

(2) amount of work depends on the path of motion,

(3) conservation of energy is not obeyed

(4) work cannot be recovered completely.

Examples—frictional force, viscous force.

A body is thrown upward from the ground KE. KEf .
‘and after ascending the height & it returns to T 5 :
the ground. In the adjoining figure (a) it is VAL

shown. In fig. (b) maximum and minimum h s — 1
kinetic energies are shown. (a) (b)

A body at rest starts moving as a constant force acts P

on it. If friction is not considered, then adjoining :
figure shows the power of the body. Work done by s

centripetal force is zero.

If the magnitude of momentum becomes equal to the value of kinetic energy then
velocity of the body is 2 ms-1.

_In ascending through a stair work done is negative and in descending work done is

posxtwe Dimension of energy is [ML?T2].
ke angle between force and displacement is 0, then work becomes maximum and for

90° it is minimum.
Dimensional equation of power is [ML2T-3]. Potential energy of a gas of mass

. inside a cube of he:lght h is zero.

The ratio of linear momenta of two bodies A and B havmg masses 9 g and 4 g

respechvely and equal kinetic energies is 3: 2.
If the momentum of a body is mcreased by 100%, its kmehc energy is mcreased by

- 300%.

17 v:l'he;ratlo of e&ectwe energy and supplied energy of a machme is called efficiency.

18,

times, then momentum increases 2 times: In positive

Ifkmetm energy is increased 4
2 and acceleration is produced.

work, kinetic energy increases
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If angle between force and displacement is 6, then condition for negative work is
180° > 8 = 90°.

Work done by a force or condition of positive work is, 0° <8 < 90°. Gravitational
unit of work is kg-metre.

Value of work will be minimum or zero if angle between froce and displacement is
90°.

Due to change of shape of a body potential energy is acquired—when a bow is
pulled by placing an arrow, a metal plate is curved.

Examples of work done by variable forces— (i) work done in gravitational field,

(ii) work done by electric force.

Conditions of zero work— (i) cos 6 = 0, (ii) if no displacement occurs even due to

application of force on a body.

Potential energy of a body depends on mass and height. Force constant or spring

Ei b {
constant, K = = Dimension, MT-2

Keeping on head a heavy body is shifted from one place to another place on a road
along horizontal direction— (1) work is done against a frictional force (2) work
done is zero by a normal reaction. :

If distance between two particles is increased (i) work done by gravitational force
is zero, (ii) work done by external force is positive, (iii) work done by gravitational
force depends on initial and final values, not on the angle between them. Relatior

: . : . (Y
between potential (V) and intensity (E) is, E = ——~.

Equation for expressing work and potential energy in case of contraction and
expansion of a spring is, W = %sz. That means, work done by elastic force is

proportional to the square of displacement.

If a bomb thrown from an aeroplane is burst in air then total momentum will
decrease. Gravitational potential energy is proportional to displacement.

2 & D

- =

(i) According to the figure, momentum of the portion CD will
be four times the momentum of the portion AB.

(ii) if velocity of the portion CD is double, then kinetic energy
will be four times of portion AB. :

[
S -t

H

(A) Multiple choice questions

EXERCISE §

1.

If applied force and displacement 2. How will be the work done if the

are oppositely directed, then what angle between applied force and
will be the work done ? displacement is zero ?

(a) positive _ (a) positive

(b) negative ' (b) negative

(c) zero (c) zero

(d) maximum : (d) minimum



