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Dr. Amandeep Singh
Department of Mechanical Engineering
Indian Institute of Technology, Kanpur
Week 04
Lecturel6

Tutorial - 1 (Part 2 of 2)

Welcome to the second part of the Tutorial session of the content that was covered in
week 1. We had discussed about Units and Dimensions and Scales and Vectors in the
previous part of the tutorial. Here | will discuss about the Statics, Kinetics and
Kinematics and Laws of Motion. Some problem statements would be solved.
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Statics, Kinetics And Kinematics

Equilibrium of Forces
The sum of all forces acting on a body must be zero for the body to be in static
equilibrium. ‘

SsF=0
Equilibrium of Moments
The sum of all moments about any point must be zero for the body to be in static
equilibrium. =

SWW=0

Moment of a Force
The moment M of a force F about a point is the product of the force and the perpendicular

distancer from the pointto the line of action of the force. R

™ = i; T
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Just to recall the basic theory or in statics, Equilibrium of forces, sum of all the forces
acting on a body must be 0 for the body to be in a static equilibrium.



That means Y F=0. Equilibrium of movements, sum of all movements about any point
must be 0 for the body to be in static equilibrium. So that means > M=0, moment of a
force.

M=F.r

These are certain principles that we discussed in the week 1.
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Statics, Kinetics And Kinematics

Kinematics Formulas and Relationships

Velocity (v)
* Formula: v=dx/dt
Velocity is the rate of change of displacement with respect to time.

Acceleration (a)
* Formula: a=dv/glt
Accelerationis the rate of change of velocity with respect to time.

Simple relationships for the velocity which is change in the position of the object that is
displacement per unit change in time. This is velocity of rate of change of displacement
with respect to time. Similarly acceleration a = dv/dt that is change in velocity per unit
change in time, it is rate of change of velocity with respect to time then the equations of
motion that we discussed.
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Statics, Kinetics And Kinematics

Equations of Motion
1.First Equation of Motion

* Formula: v=u+at
Final veloaty (v) is the initial velocity (u) plus the product of acceleration (a) and time (t).

_—
2.Second Equation of Motion
* Formula: s-ut+lat2
Displacement (s) is the |n|t|alveIOC|ty(u) time (t) plus halfthe product_oficcelerﬂn (a)
and the square > of time (t).

3.Third Equation of Motion
* Formula: v?=u®+2as
The square ofthe final velouty (v) is equal to the square of the initial velocity (u) plus

First equation of motion that is v = u+at. Final velocity v is the sum of initial velocity and
the product of the acceleration and time.

Second equation of motion is s = ut+§at2.
Third equation of motion that is v? = u?+2as

These are general formula that you had been reading in your senior secondary education
as well and these would be applied in engineering mechanics further.
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Statics, Kinetics And Kinematics
Kinetics Formulas and Relationships

Newton's Second Law
. Formulazfzma
The force (F) acting on an object is equal to the mass (m) of the object multiplied
by its acceleration (a).
"

Work-Energy Principle
¢ Formula: W=AK
The work (W) done on an objectis equal to the change in its kinetic energy (AK).

Power
* Formula: P=dW/dt
——

Power (P) is the rate at which work (W) is done over time (t).

Then we had Newton's second law that is F=ma

Work-energy principle that is W=AK that is work done in an object is equal to change in
the kinetic energy. Then P = dW/dt. It is rate at which work is done over time.
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Statics, Kinetics And Kinematics
Numerical Questions

Problem Statement: A 10 kg block is in equilibrium on a frictionless surface with forces
F,=20 N and F,. Find the magnitude and direction of F,.

Solution: _
i@ -0 - FL =-290W
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Now, let us try to use these to solve some numerical questions. A 10 kg block is in
equilibrium on a frictionless surface with forces F1=20 N and F,. Find the magnitude and
direction of F2. The body stays in equilibrium.

That is the first principle of equilibrium that we saw. That means suppose this is the
body. Frictional surface is there. 10 kg block, F1 force is 20 Newton which will try to
push this in this direction. To keep it in equilibrium, we have to find what will be the
value of F..

SF=0
20 N+F2=0
F2=-20 N (opposite direction)

This is a simple application of the equilibrium of forces principle to find the force acting
in the opposite direction.
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Statics, Kinetics And Kinematics

Problem Statement: A car with a mass of 500 kg is moving with a velocity Bj_‘lo_m/s.
Calculate the kinetic energy of the car? -

Solution: W So e

L

So, there is a problem statement where it is mentioned a car with a mass of 500 kg is
moving with a velocity of 10 meters per second. Calculate the kinetic energy. We all
know this is a simple relation between kinetic energy and the mass and velocity. Mass
given is 500 kg and velocity given is 10 meters per second. Very slow moving car as now



that is given kinetic energy relationship we know is equal to half mv square which is
equal to half into mass into square of the velocity everything is given in Sl units meter
per second 10 square this is equal to 25000 joules. This is a very simple problem
statement.

& /\
oy MedTech ﬁ

\ 0
ITKANPUR 55575

Statics, Kinetics And Kinematics

Problem Statement: A tennis ball is moving at a velocity of 40 Ln/s and it has a kinetic
energy of 80J. Calculate the mass of_the_te@is ball?

Solution:

Given that, velocity v = 40 m/s, and K.E. = 80J

Formula of kinetic energy,

K.E. ==mv2
2
80=%xmx40x40
m = 160/1600
=0.1kg Therefore, the mass of tennis ball is 0.1 kg
ONPTEL  pp———

I will give you another problem statement where you have a velocity of a tennis ball. It is
moving at 40 m/s and kinetic energy is given 80 joules. Calculate the mass.

Using the same relationship, you need to find the mass of the tennis ball. This problem
you solve by yourself.
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Statics, Kinetics And Kinematics

Problem Statement: A disc rotates with an angular acceleration of 2 rad/s2. If the
initial angular velocity is 3 rad/s, find the angular velocity after 4 seconds and the
angular HEFEJcemEIL during this time.

Solution: Loe = Bl (s > 2ed/sr ks e

B ton Wuﬁlm:‘ﬁo*wt
N - % & 2.4
— AN ned/s

. SR
Wongplor ofocmak B = ek A LLU\&
= ZH\M & ,‘\:_ oM

- 2% rod

Another problem statement is known the rotation now, the angular velocity. This rotates
with an angular acceleration of 2 radians/sec. If the initial angular velocity is 3
radians/second, find the angular velocity after 4 seconds and angular displacement during
this time.

wo=3 rad/s, a=2 rad/s?, t=4 s,
Angular velocity o= o+ at
=3+2x%x4
=11 rad/s
Angular displacement 0 = wot + % ot?
=3x4+ % x2x42
=12+16

=28 rad
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Statics, Kinetics And Kinematics

Problem Statement: A box is sliding down a frictionless incline of 30 degrees. If the
box starts from rest, find the velocity after 5 seconds.

Solution: . .
6 -~ ‘&0 //‘/(’(\; ;/
@ o o s U
e docho~ = O = % N ==
R ST (T, P A - S LL = 46 g
T\,l;ﬂ'd. ml@ U-"‘é b 2O
P b
3 . =\ =W oholkT
Tk o x&‘a& SR W, -
=0 4 4.90% =5
= 24528 wfe
= : .

There is another problem statement the box is sliding down a frictionalized incline of 30
degrees. If the box starts from rest find the velocity after 5 seconds. So, here incline angle
theta is equal to 30 degrees and the box starts from rest. So, here we know acceleration
because the angle given is 30 degrees. This is a plane surface at 30 degrees.

Incline angle 6 = 30°
Accelerationa=g sinif0if
=9.81 x sini/030°
=9.81x0.5
= 4,905 m/s?
Initial velocity u=0
Final velocity v=u + at
=0+4.905x5

=24.525 m/s



So, there are certain other problems that you can solve by yourself.

Laws of Motion, Inertia, Momentum
Formulae and Relationships
Newton's Laws of Motion
First Law (Law of Inertia): A body at rest or in uniform motion will remain so
unless acted upon by an external force.

* F=0-> v=constant
Second Law: The acceleration of an object is directly proportional to the net
force acting on it and inversely proportional to its mass.

* F=ma
Third Law: For every action, there is an equal and opposite reaction.

* Ep=hy
T T ——

Next topic is Laws of Motion, Inertia and Momentum. Certain relationships which were
discussed the first law of inertia that the body at rest or in uniform motion will remain, so
unless acted upon by an external force that is F = 0 — v = constant.

Second law that we have already taken in the previous slides as well. The acceleration of
an object is directly proportional to the net force acting on it and is inversely proportional
to its mass which is F=ma.

Third law of the motion given by Newton is of the equivalent opposite reaction. It is for
every action there is an equivalent opposite reaction that is F12 = -Fo1.
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Laws of Motion, Inertia, Momentum

Momentum and Impulse
Linear Momentum (p):

. B:m'w

* Units: kg:'m/s

Impulse (J):
. ! = ép = ’FA/t/

* | Impulse-momentum theorem: FAt = mAv
A e P I I el | — L)

Conservation of Momentum:

* Ina closed system with no external forces: ZpinmaFZpﬁna,

=

Then we talked about the linear momentum that is p = mv; the momentum units is
kg.m/s.

Mass into velocity impulse is J that is change in momentum which is J = Ap = FAt. So,
there is a theorem known as Impulse Momentum Theorem that is FAt=mAv.

Conservation of momentum that is initial momentum and final momentum is same in a
closed system with no external forces.
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L aws of Motion, Inertia, Momentum

Inertia
Moment of Inertia (1):

* Rotationalanalogof mass for linear motion.
* Forapointmass: | = m/r2
* Units: kg'm?

Z -

Rotational lnertla}

e T= Ig (Torque is equal to the moment of inertia times angular acceleration)

Ve o
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Inertia, Moment of inertia, rotational analog of mass of linear motion, we know | = mr?,
units are kg.m?, rotational inertia t = Ia, that is torque is equal to the moment of inertia
times the angular acceleration. Let us see a few numerical problems here.
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[ aws of Motion, Inertia, Momentum
Numerical Questions

Problem Statement: Find out how much net force will be needed to accelerate a
2500 kg truck at 5.50 m/s?.

Solution: aqx S-S wfs-
w2500 by
€: Wi O
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Find out how much net force will be needed to accelerate a 2500 kg truck at 5.5 meters
per second square.

Given,
Acceleration (a) = 5.50 m/s?
Mass of the Truck (m)= 2500 kg
Hence,
Force = Mass x Acceleration
F=2500x%5.5
F=13750 N

Net force will be needed to accelerate a 2500 kg truck at 5.50 m/s? is 13750 N.
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[ aws of Motion, Inertia, Momentum

Problem Statement: If a racing car driver is on the race track in order to overtake
acce/erates his racing car first at the rate of 8 m/s’? and then at the rate of 16 m/sz Find
the( ratlo of the forces exerted by the en engme for the acceleration change.

Solution: o ¥R Ty o=, ¥ mien O
A = Bwn/s
Qo = l\':.\'«ES*
SYASESR LU T
UN /O\» - g/ = \[2.
ot B L2
- : e
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Let me try to see another example where a racing car driver is on a race track in order to
overtake he accelerates his racing car first at the rate of 8 m/s? then at the rate of 16 m/s?.
Find the ratio of the forces exerted by the engine for the acceleration change. So, we need
to find the ratio of the forces which it has exerted. So, it is simple ratio to be taken.



Given,
al = 8 m/s?
a2 = 16 m/s?
We have to find the ratio of Fi/F2
Fi/F2 = mai/maz
Mass of the racing car is same in both the cases,
Fi/F2 = ai/az
Fi/F2 = 8/16

Fi/F2=1/2=1:2

Laws of Motion, Inertia, Momentum
Problem Statement: When a bullet of mass 20 gm _is shot from a gun that has an
initial velocity of 40 m/s the mass of the gun is ik_g. \(Vhat is the initial recoil velocity
of the gun? \ " K
Solution: Given,
Mass of Bullet (m1) = 20 gm or 0.02 kg
Mass of Gun (m2) = 5 kg
Initial velocity = 40 m/s
Let final velocityis v m/s. By Law of Conservation of Momentum:
0=0.02x40+5xv
5xv=-0.8
v=-08/5
- . v=-0.16 m/s

There is another example that is here. When a bullet of mass 20 gram is shot from a gun
that has an initial velocity of 40 m/s, the mass of the gun is 5 kg. What is the initial recoil
velocity of the gun?

So, it has been given the mass of the bullet as 20 grams. We have to convert this into kg.
And we have been given the mass of the gun that is 5 kg right and initial velocity is given
for the bullet is 40 m/s.



Recoil velocity of the gun we have to taken. So, we will use the Law of the Conservation
of Momentum and try to solve this problem. You can solve it by yourself and try to find
what is the initial recoil velocity of the gun. Try to solve it by yourself. Try to use the
Law of the Conservation of Momentum and get the solution.

You will get the solution in the lecture notes. There you will find it and this is for you as
an home assignment.
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[ aws of Motion, Inertia, Momentum

Ao
Probl%tatement: There areAc"“ars with masses 2 kg and 5 kg respectively that
@gtj@ﬁ A car having the mass 5 kg moves towards the east with a velocity of
5 m/s. Find the velocity of the car with mass 2 kg with respect to ground. -

Solution: Mg 2 Ldoge T

A= ¢S Sws

V- Ml = Dans
N A
= ¥ &S «sS
Qe = r\)’g{.yA
0 = 2%y + 2Shywis
O = \2.¥ |<

Another law of conservation of momentum problem here is there are cars with masses 2
kg and 5 kg respectively the toy cars that are at rest. A car having mass 5 kg moves
towards the east with a velocity of 5 meters per second find the velocity of the car with
mass 2 kg with respect to ground. So, we have m1 as 2 kg and m2 as 5 kg.

m1 = 2 kg
m2 =5 kg
vi="7?
v2=5ml/s

We know from the law of conservation of momentum that,

Pinitiai= 0, as the cars are at rest



Pfinal = p1 + P2
Pfinal = M1 V1 + M2 V2
=2kgxvi+5kgx5m/s
Pi = Py
0=2kg.vi+25kg. m/s
vi=12.5m/s

This tutorial session had very trivial problems. Trivial problems means the problems that
you have been studying in the first year engineering or maybe in your pre-engineering
senior secondary education.

In the forthcoming lectures, where we will talk about the tutorial sessions on the Stress-
Strain Diagram, about the different Mechanical Components, Crutches, Brakes, Belts,
etc., that will be having application of all these laws that we have studied here. So, | will
give you a sheet of the numerical problems and statements that you will also solve for
your home assignment. With this, I am ending this lecture.

Thank you.



