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Introduction

We use the words work, energy and power in our day-to-day life often.

However, their meaning differ from the meaning we get from scientific definitions.

Scalar product
o The scalar product or dot product of any two vectors A and B, denoted as A.B

(Read A dot B) is defined as , where g is the angle between the two vectors.

o A, B and cos 0 are scalars, the dot product of A and B is a scalar quantity. Both
vectors, A and B, have a direction but their scalar product does not have a direction.

o B is the product of the magnitude of A and the component of B along A.
Alternatively, it is the product of the magnitude of B and the component of A along B.

o B=B.A,i.e. Scalar product is commutative.
o (B+C)=A.B+A.C,i.e. Scalar product is distributive.
o Further, A A. (A B) = A (A.B) where A is a real number.

A= A+ Ayj+ A2 & B= B.i + Byj + B;Z then the scalar product
A.B= A.B,+ AB,+ A.B,
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Notions of Work and Kinetic Energy

o The work-energy theorem states that the change in kinetic energy of a particle is
equal to the work done on it by the net force.

o) Kf - Ki =W

o We know the equation in 3D : v> — u? = 2a.d (where u-initial velocity, v-final velocity,
a-acceleration, d-displacement)
now multiplying the equation by m/2 we have, % mv? — % mu® = ma.d = F.d (Since
ma = F)

Work

The work done by the force is defined to be the product of component of the force in the

direction of the displacement and the magnitude of this displacement. W = F.d
No work is done if:

o The displacement is zero

A ball rolling on a frictionless surface has no force
acting on it

o The force is zero.
o The force and displacement are mutually perpendicular.

Work done by a variable force
o The variable force is more commonly encountered than the constant force.

o If the displacement Dx is small, we can take the force F (x) as approximately
constant and the work done is then
DW =F (x) Dx

For total work, we add all work done along small displacements.

W = lim. .o 7 FGDAx
=
'
w o= f F(x)dx
=

F(>x)
Work

e B o x5 Xy

A>XxXx — o

F(x) Area — AA — F(OIOA x
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Example: A force F = 3x® start acting on a particle which is initially at rest. Find the work
done by the force during the displacement of the particle from x =0m to x = 2m.

Solution: We know that W = f:l_fF(x)dx,

W=Ww = [; 3x%.dx

Kinetic energy

o The kinetic energy of an object is a measure of the work an object can do by the
virtue of its motion.

o If an object of mass m has velocity v, its kinetic energy K is
o Kinetic energy is a scalar quantity.

The Work-Energy Theorem for a Variable Force

dK d /1 ” dK dv
g B Y (Y,
dt de \2 dt dt

2 Z X dK dx
e Since dv/dtis acceleration, m.a becomes force o~ Fv=F =

e dK=Fdx, integrating this equation we get K — K; =W

The force you apply to pull the
dumbbells is variable, not constant
always

Example: A body of mass 0.5 kg travels in a straight line with velocity v =a x> where a
=5m %2 s. What is the work done by the net force during its displacement from x = 0
tox=2m

Solution: We know that WD = Ks - Kj, now we can put value of x=0 in the equation v =a
x*to find initial velocity, vi=0, K;=0,

Similarly find vs by putting x=2, and K= %2 mv? .

Potential energy

o Potential energy is the ‘stored energy’ by virtue of the position or configuration of a
body.
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o Physically, the notion of potential energy is applicable only to the class of forces
where work done against the force gets ‘stored up’ as energy.

o Mathematically, the potential energy V(x) is defined, if the force F(x) can be written

av
F(X)= —E

o -
fxi F(X) — Vi = Vf
as
o This relation is valid only for Conservative Forces

Conservative & Non-Conservative Forces

o Conservative forces are those for which work done depends only on initial and final
points.
Example- Gravitational force, Electrostatic force.

o Non-Conservative forces are those where the work done or the kinetic energy did
depend on other factors such as the velocity or the particular path taken by the
object.

Example- Frictional force.

If the force present is conservative in
nature then the work done in both paths
will be same

If force is non-conservative in nature
then work done will be different for both
the paths

The Conservation of Mechanical Energy

o Mechanical Energy is the energy associated with the motion and position of an
object.

o The quantity K +V(x), is called the total mechanical energy of the system.
o For a conservative force, AK = AW = F(x) Ax

Also, - V(x) = F(x) Ax
o This employs A(K+V) =0 for a conservative force.

o Individually the kinetic energy K and the potential energy V(x) may vary from point to
point, but the sum is a constant.

o Conservative Force:

o Aforce F(x) is conservative if it can be derived from a scalar quantity V(x) by the
relation : F(x) = - dv/dx

o The work done by the conservative force depends only on the end points.
o A third definition states that the work done by this force in a closed path is zero.

o The total mechanical energy of a system is conserved if the forces, doing work on it,
are conservative.
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Pendulum

Highest Position
PE = Max = 2gH
KE=0

Lowest Position
PE=0= Reﬁ'encel za
KE = Max = (2gH)
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Potential energy of spring
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The spring force is an example of a variable force, which is conservative.

In an ideal spring, Fs = — kx, this force law for the spring is called Hooke’s law.
The constant k is called the spring constant. Its unitis N m™.

The spring is said to be stiff if k is large and soft if k is small.

F,=0
x=0
K =-kx,,
- kx?
W
F = kx,
W, = /\:’\‘51

o Spring force is position dependent as first stated by Hooke, (Fs = — kx)

o Work done by spring force only depends on the initial and final positions. Thus, the
spring force is a conservative force.

o We define the potential energy V(x) of the spring to be zero when block and spring
system is in the equilibrium position.
o For an extension (or compression) x, V(x) = kx*/2

If the block of mass m is extended to x, and released from rest, then its total
mechanical energy at any arbitrary point x (where x lies between — x,, and + xn,) will be

given by:
I N
Ekxm — Ekx + 5 mv
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Example: A car of mass M travelling with speed v, collides with a spring, having spring
constant k. The car comes to rest (momentarily) when spring is compressed to a
distance of X . Find Xn,

2 2
Solution: Workdoneoncar=K; — K; = 0— % - _mT"
. x x kx%
Work done by spring, W; = — f.r,-f kxdx = — fo’" kx dx = _Tm
2 2
Now work done by spring equals work done on car => — mzv = — k';m
m
Xm= [—7v
m k

Various forms of energy
Heat: The work done by friction is not ‘lost’, but is transferred as heat energy

Chemical Energy:

o Chemical energy arises from the fact that the molecules participating in the chemical
reaction have different binding energies.

o If the total energy of the reactants is more than the products of the reaction, heat is
released and the reaction is said to be an exothermic reaction.
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Example- When you freeze water you remove energy from water to lower its
temperature and its phase is changed to ice, so it is a exothermic process

o If the reverse is true, heat is absorbed and the reaction is endothermic.
Example- While melting the ice you provide energy to the ice to increase its
tempreature and change its phase to water, so it is a endothermic process.

We get energy from fire because of the
chemical reaction,combustion, occurs

Electrical Energy: The flow of electrical current causes bulbs to glow, fans to rotate and
bells to ring. Energy is associated with an electric current.

Bulbs Light up beacuse of the electrical energy flowing

Nuclear Energy:

o The energy released from the nuclear reactions, either fission or fusion, is called as
nuclear energy.

o Nuclear fusion and fission are manifestations of the equivalence of mass and
energy.

o In fusion light atom nuclei like Hydogen fuse to form a bigger nucleus whose mass is
less than the sum of the masses of the reactants.

o In fission, a heavy nucleus like uranium **Ug, , is split by a neutron into lighter
nuclei. Once again the final mass is less than the initial mass and the mass
difference translates into energy.

Nucicar Bomb releases & great amount of enersy
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The Equivalence of Mass and Energy

o Physicists believed that in every physical and chemical process, the mass of an
isolated system is conserved till Albert Einstein show the relation , E = m c?where c,
the speed of light in vacuum is approximately 3 x10° m s™.

o This equation showed that mass and energy are equivalent and are related by E =
m c?.

o If there is a difference between the sum of reactants and products that differene,
Dm, is called mass defect.

o In case of chemical reactions the mass defect is very small and can be neglected,
but in the case of nuclear reactions this becomes significant.

Principle of Conservation of Energy

o If the forces involved are non-conservative, part of the mechanical energy may get
transformed into other forms such as heat, light and sound.

o However, the total energy of an isolated system does not change.

o Since the universe as a whole may be viewed as an isolated system, the total
energy of the universe is constant.

The bulb
S which

receives
energy from
o the cell gives
out energy in
form of light
and heat

Chemical
reaction
occurs
inside cell
which
provides
electrical
energy to
the circuit

Power
o Power is defined as the time rate at which work is done or energy is transferred.
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o Average Power: Ratio of work done(W) in a total time interval of t.
Pa=WI/t

o Instantaneous Power: When the time interval ,t ,approaches zero the limiting value
of average power becomes instantenous power.

P = dw/dt
o We can write W = F.dr,
P=F.dr/dt

P = F.v, where v is instantaneous velocity.
o Power is a scalar quanitity
o Sl unit of power — Watt(W)
o 1hp=746W

Example: A pump on the ground floor of a building can pump up water to fill a tank of
volume 30 m?in 15 min. If the tank is 40 m above the ground, and the efficiency of the
pump is 30%, how much electric power is consumed by the pump?

Solution: P =W/t = mgh/t

mass of water to be moved = pV = 30000 kg

g=938

h=40m

t =15x60 =900 s

P =13066.67 W = 13.067 kW

Now n= P/PACTUAL => PactuaL = 13.067/0.3 = 43.6 kKW

Collosion

o A collision is an event in which two or more bodies exert forces on each other for a
relatively short time.

o In all collisions the total linear momentum is conserved.

o The total impulse on the first object is equal and opposite to that on the second, if
two bodies collide.

o Elastic collision is when the initial Kinetic energy is equal to the final kinetic energy.
o Inelastic collision is when some of the kinetic energy is lost after collision.
o Completely inelastic collision is when the bodies after collision move together .

Collision in 1-D

o If the initial velocities and final velocities of both the bodies are along the same
straight line, then it is called a one-dimensional collision, or head-on collision.
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Elastic collision:

ke V=0 o 2
® é
m m
Before Collision After Collision

( A ball of mass m; with initial velocity v; strikes a ball of mass m; initially at rest and
after collision ball 1 moves with velocity v’; and ball 2 moves with velocity v’,, in the
same direction)
o Momentum conservation: my vy + My Vo = myvy’ + mp Vo'
o KE conservation: m; vi> + my Vo2 = myv 12 + my v’
o Where m;,m; are the masses of the two blocks

v is initial velocity of block 1, v,=0 here

v’y is final velocity of block 1

o After solving these two equations we get,

, my — Ma
Vi~ o = o™ T
m; + my

y 2m1
Bor™= T o Ui
my + mo

Special cases in elastic collision :
o Case 1 - If the two masses are equal m;=my, then, vi’'=0&v,"=w
The first mass comes to rest and pushes off the second mass with its initial speed

on collision.

In clastic collision the white ball will stop after collison and the black ball will

move with the velocity of the white ball

o Case2-Ifmy>>mythen, vy’ »-v; &Vvy’'»0
The heavier mass is undisturbed while the lighter mass reverses its ve

'S
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Completely inelastic collision

ke V=0
® ©
SR m
M
Before Collision After Collision

( A ball of mass m; with initial velocity v; strikes a ball of mass m; initially at rest and the
two ball stick to each other after collision, in the same direction)

Momentum conservation: m;v; + myov, = (my + mz)vf
my
vr = my + mo o
KE conservation: my v + mpvi = (my + my)vf
o
o Where m;,m; are the masses of the two blocks
v is initial velocity of block 1, v,=0 here

v; Is final velocity of the two block moving together

Example: The bob A of a pendulum is released to hit vertically another bob B of the
same mass at rest on a table as shown in Figure. How high does the bob A rise after
the elastic collision?

Solution: Since this is a case of both objects with same mass, so the bob B will move
with the velocity of bob A. Now with energy conservation it will rise to a height of h only.

Collosions in 2-D

> _ oL,
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( A ball of mass m; with initial velocity v; strikes a ball of mass m; initially at rest after
collision, ball 1 moves with velocity v'1 and ball 2 moves with velocity v’2 with directions
as shown in figure)
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» Momentum conservation:
x-axis : myv; = myv,cosb; + myv,c0s6,
y-axis : 0 = myv{ sinf; — myv, sinb,

» Ifcollision is elastic, Kinetic Energy conservation:

1 2 1 12 1 12
Suvy = Smvy ¥ SM2 V3

o With the above equations we have to solve the problem

Example: Two balls initially travelling along the x-axis with opposite velocities collide
with each other obliquely, is it possible that they will move in the y-axis after collision?
Solution: Yes, it is possible, if the balls have same mass and travel with same speed.
Initially their total momentum in x-direction was zero as their velocities were opposite;
also in y-direction it is zero because they do not have velocity in that direction.

Now after collision if their velocities are still equal and in opposite direction, the total
momentum still remains zero.

Thank You

Wisdom Education Academy Mob: 8750387081
Notes provided by

Mohd Sharif

B.Tech. ( Mechanical Engineer)
Diploma (Mechanical Engineer)

J.E. in DSIIDC.

Trainer & Career Counsellor

( 10 year experience in Teaching Field)
(3+ Year experience in Industrial Field)

Wisdom Education Academy mob; 8750387081 wisdom education academy



