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Work, Energy and Power

Kinetic energy

It is the energy possessed by a body by the virtue of its motion.

KE ==mv’
2
KE = P_
2m

[ Kinetic energy is a scalar quantity

U

Sl unit of kinetic energy is joule ( J)

[ Kinetic energy can be either zero ( for an object at rest ) or positive ( for an
object in motion ). KE can never be negative.
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Potential energy

It is the energy possessed by a system by the virtue of its position or state or
configuration.

d Potential energy is a scalar quantity

Sl unit of potential energy is joule ( J)

Potential energy may be positive, negative or zero

iy Wy

Various expressions for potential energy arise due to various types of forces
associated with a phenomenon

U

Potential energy is associated with only that kind of force for which the work
done by the force is stored in the system in some form and again manifests itself
as kinetic energy once the constraints are removed
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Conservative forces
d  Work done by the force in a closed path is zero

d  Work done by the force is independent of the path followed and depends
only on initial and final positions

d  Force is derivable as a negative gradient of scalar potential energy

d  Examples : gravitational force, spring force, electrostatic force

Non-conservative forces

d  Work done by the force in a closed path is not zero

d  Work done by the force is depends on the path followed by the body
d  Force is not derivable as a negative gradient of scalar potential energy
d

Examples : frictional force, viscous force
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Potential energy ( examples )

Potential energy of a body raised from ground

Consider a body of mass m on the ground. Let the body be lifted, very slowly, to a
height h from the ground. Force required to lift the body ( i.e. to overcome the
gravitational force on the body ) is mg ( upwards ) therefore work done by the
applied force in lifting the body up is

W =mgxh xcos(0)
W =mgh x1
W =mgh ! TF

Work done by the external agent on the body is stored
in the form of potential energy in it. m-n:‘, —

PE., =mgh

The fact that work done is stored as energy can be verified by leaving the body from that
height. The body gains kinetic energy as it reaches the ground !
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Potential energy ( examples ) Total work done by external force in
Potential energy stored in a spring Causing a compression of X, is
oy de = J'kx dx
=X 0
nnmnmmmnmm, il X,
TR < Wi e
Consider a spring of spring constant k. °
From the initial relaxed state the spring is Bl
compressed through a distance x,. Work in W=k By
causing a small compression (dX) is - 0
dW = F xdXxxcos(0) W =k on _9}
dW = F dx | 2 2
: This work done is stored as PE in the
Force applied externally ( to overcome .
: . . spring
the restoring force by the spring ) is kx. 1
. 2
dW = kx dx PE_EkXo
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Work energy theorem

Work done by all the forces acting on a body is equal to the change in its kinetic
energy.

W

all

= AKE

Wext +VVINC +\N|c = AKE

W.. :Workdone by external force
W ¢ :Work done by internal non conservative force
W : Work done by internal conservative force

Work done by internal conservative forces is also equal to negative of change in
potential energy (— A PE ). Therefore

W, . +W —APE = AKE

W, +W . =AKE + APE
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Work energy theorem ( for constant force )

Consider a body of mass m having an initial velocity u. Under the action of a
constant force ( F ) let the body attain a final velocity v as it undergoes a
displacement S.

Using the equation of motion for a body 1 5 . . N
, —mv° s final kinetic energy
under constant acceleration we get 2

v> —Uu® = 2aS 1 5
Emu is initial kinetic energy

Multiplying both sides of the above

equation with m/2 we get
F S is work done by the force
m, m, m

—V° ——U° = —x2aS
2 2 2
therefore
1w —ime? = mas KE, — KE =W
2 2
lmv2 —lmu2 = FS W =AKE

2 2
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Work energy theorem ( for variable force )
Consider a body of mass m having an ﬁ: mvﬂ
initial velocity U. Under the action of a dt dt
force let the body attain a final velocity v. dKE
Consider change in kinetic energy of a dt = may
body as a function of time
dKE = F dx
dKE 471 To obtain total change in kinetic
= (—mvzj energy we integrate the above
dt dt\ 2 expression
Assuming mass to be constant we get _f[dKE _[F ;
= X
dKE B lmi(vz) i
dt 2 dt KE, -KE, =W
AKE_ 1, dy
dt 2 dt Ul = AINE
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Law of conservation of energy

If internal forces are conservative in nature and external forces do no work on the
system then total energy of the system remains constant.

From the work-energy theorem we get

Wext +VVINC +\N|c = AKE

When work done by the external forces is zero we get
W . +W,. =AKE

INC

When internal forces are conservative then work done by them is given by — APE
therefore

—APE =AKE
AKE+APE =0
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Law of conservation of energy - freely falling body

Consider a body of mass m dropped from a height H above the ground. ‘

As the body reaches the ground its kinetic energy increases and its h
potential energy decreases.

Consider three points A, B and C along its path of its descent, as shown

in the figure. B
H
At point A |
TE, =KE, + PE,
TE, =0+ PE, H-h
TE, = mgH i
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Law of conservation of energy - freely falling body A®
At point B At point C
h
TE, = KE; + PRy TE, = KE. + PE.
. 1 2 T 1 v
TE, =MV +mg(H —h)— i TE, =Emvc2 +0 v 3O
L : H
considering motion from A to B considering motion from A to C
v: —u’ = 2aS v> —u® = 2aS
B g i VC2 =20H — vi ;
Substituting this in eq (ii) Substituting this in eq (v)
_1 TE. =mgH | vij
TE, = Engh + mg(H —h) c g vii ca V

TE = maH : From egs (i), (iv) and (vii) it is verified that total
s = MYH — v energy of a freely falling body remains constant
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Law of conservation of energy — vertically projected body c®

Consider a body of mass m projected vertically up with an initial
velocity U.

As the body ascends its kinetic energy decreases and its potential
energy increases.

Consider three points A, B and C along the path of its ascent, as shown B@
in the figure. H

At point A
TE, =KE, + PE,

h

1
TE, =Emu2 +0

1
TE, = =mu®> — i
2
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Law of conservation of energy — vertically projected body c®
At point B At point C
TE, = KE; + PE; TE. = KE. + PE,
1 — _
TE, ==mv,+ mgh —| i TEc =0+ mgH v
2 o . 5@
considering motion from A to B considering motion from Ato C I
v: —u® = 2aS v: —u’ = 2aS
2
v,” —u’> = 2(-g)h 0-u’=2(-g)H
2 2 u’ : h
h=(u _VB) [T H=2— — VI
29 i g
Substituting this i
Substituting this in eq (ii) ubstituting this in eq (v)
1
1 (u®—-v.?) TE. = Z=mu? — vii
TE, ==mv,’ +m B c Ak V
B ) B g Zg 2 & |
From eqs (i), (iv) and (vii) it is verified that total
1 2 = . . .
TEB =—mu- — iv energy of a vertically projected body remains
2 constant
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