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Lecture: 1

Introduction

Mechanics-Dynamics

Mechanics: The study of how rigid bodies react to forces

acting on them.
Dynamics: The study of motion.
Statics: The study of bodies in 1. Kinematics: Concerned with
equilibrium. the geometric aspect of
motion, s, v g, and t.
2. kinetics: Concerned with
how forces causing the
motion.

Newton’s First Law:
Fr=0
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* Scalar Quantity: A quantity that can be
specified by its magnitude and has no

direction. | E\mc-_.J didmnce g&ecé

* Vector Quantity: A quantity that has both
magnitude and direction.
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Mechanics: The study of how rigid bodies react to forces
acting on them.

k.

) o Dynamics: The study of motion.
Statics: The study of bodies in 1. Kinematics: Concerned with

equilibrium. the geometric aspect of
motion, s, v. a, and t.

2. kinetics: Concerned with

_—~"how forces ca using the

Mewton’s First Law:
Frn=0

/ motion.
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Velocity and Acceleration

Kinematics




Position Vector

The position of particle can be specified by a vector r whose
initial point is at the origin of some fixed coordinate system and
the terminal point is at the particle. This vector is called position

vector. If the particle is moving, the vector r changes with time,
i.e. it is a function of time.
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Position Vector

The position of particle can be specified by a vector r whose
initial point is at the origin of some fixed coordinate system and
the terminal point is at the particle. This vector is called position

vector. If the particle is moving, the vector r changes with time,
i.e. it is a function of time.
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Trajectory

The curve traced by moving particle is called the

trajectory or path of particle.

A
&

e o _ Al
e P 11‘\:\ : UE:)' ‘Q)




Different ways to change V-

e
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Car speeds up

S
Car slows up
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If a car goes from O to
100km/hr in only 3 seconds
then what is the acceleration.
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A particle is moving in such a way that its position at any time tis
specified by

r= +1r’)i+(cost+sin’t)j+ (e +logt)k

Find its velocity and acceleration.
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Question:

Find The Radial and Transverse component of velocity of a particle moving along the curve

avi+byi=1 atany time t if the polar angle is #=cr®
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Radial & Transverse Component of Velocity & Acceleration
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Radial & Transverse Component of Velocity & Acceleration
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Question:

A particle P moves in aplane 1n such away that at any time t. its distance from point O 1s
r = at + bt® and the line connecting O and P makes an angle 6 = ct’* with a fixed line OA.
Find the radial and transverse components of velocity and acceleration of particle at t = 1
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Question:

Find the Radial and Transverse component of acceleration of a particle moving along the circle
x2+ y2=a* with constant velocity ¢,
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Lecture: 5

ds is the distance on the curve at any tir"lr"jE

- the fixed point
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Question:

A particle is moving along the parabola x> = 4ay with constant speed. Determine tangential
and normal components of its acceleration when it reaches the point whose abscissa is V53a.
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Find the tangential and normal component of acceleration of a point describing ellipse

f_ + i =1 With uniform speed v when the particle 15 at (0. b).
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A particle 1s moving with uniform speed along the curve
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Lecture 6:
Rectilinear RMotion
Rectilinear motion means the motion of a particle along a straight line.
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Lecture 7:

Motion with Constant Acceleration
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This equation gives the distance travelled by the particle when initial and final
both velocities are given

V= ¢ wt Ty T
P
= U'b T _'I..QC
i B

by the particle in the last three seconds

Example. A particle moving in a straight line starts from rest and is accelerated uniformly to attain a
velocity of 60 miles per hour in 4 seconds. Find the acceleration of motion and the distance travelled
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45 miles per hour and an acceleration of 2 ft/sec? and the other with a velocity of 90 miles per hour and a
retardation( the rate of decrease of velocity) of 8 ft/sec?  Find the time after which the velocities of the particles

are the same and the distance of O from the point where they meet again.
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Vv :
elocity Dependent Acceleration
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Example: A particle moves in a straight line with an acceleration .h-‘j. If its initial velocity is u, find the velocity and the time

spent when the particle has travelled a distance x.

7{:-:.9 Y _— JQT.JQ

\'ﬂ\‘B\ Y.-..-ﬂ_u Fﬂﬂ‘ V-V
O = \‘~‘:
e 3
VR S







Ny F
PRl
\
'_,-l-'""b_ ‘F—kﬂdi_:;x_
2V \'}
Ty
= ”j_?;\ b
l't i '\\-—LUV\ LI
gz Yo mAE S
R ke
Pl

Motion w: h Variable Acceleration

v dn - V v
o AV T“- e ol

é;%L Qf/r_ﬁﬁxﬁ
Jn ~SQ®~£* t A = b7
d<




Exailc
/’ﬁ Find the distance travelled and the velocity attained by a particle moving in a straight line, at any
.'-"""'—-—.-——-_.

time t if it starts from rest at t=0 and is subject to an acceleration t2+sint+e'
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Discuss the motion of a particle moving in a straight line with an acceleration x’, where x is the distance

of the particle from a from point O on the line, if it starts at t=0, from a point x=¢ with velocity
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Lecture 10:

Veloclty Space Curve

(uestion: Show that the length of the subnormal at any point of the velodty space curve gives the cerresponding acceleration of the particle.
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Simple Harmonic Motion

Periodic motion is the mobion in which an object repeats its path in equal intervals of time. For example the maotion of the hands of 2 clock is penodic motion, kaves of a tree moving o and
fro due to wid breeze, these all are examples of periodic motion.

The particle performs the same s2t of movement again and again in a periodic motion. One such set of movement 1= called an Qscillaion. An example of oscilltory motion &8 Simple
Harmonic Motion,

The motion of a particl moving slone a straight line with an acceleration whose direction i3 always fowards a fived point on the Ene and whose magnitude is proportionsl to the distanee
from the fixed point is ealled simple harmmonic motion.

Now, consider there iz a spring that s fixed at one end. When there is no force applied to it it & at s equilibrium positon. Now.

1f we pull it outwards, there i3 a foree exerted by the string that & divected towands the equilibrium position.
1f we push the spring inwards, there is a foree exerted by the sting towards the equiibrium position.

1 we pull it owrwards, there 15 5 Torce exerted by the siring that i3 directed rowands the equilibriim posidon.
1f we push the spring inwards, there iz a force exeried by the suing wwards the equiibrium posttion.
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Lecture 12:

Mature of Simple Harmonic Motion 1=°
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Lecture: 13




-
A paricle describing simple harmonic motion has velocities * fi/'sec and 4 ft./sec when its distances from the centre are 12 fi. and 13 ft. respectively
Find the time period of motion
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Examnple
A point describes simple harmonic motion & sich a way that its velocity and acceleration at a point P are u and Jresepectively and the
corresponding quandities al another point Q are v and g. Find the distance PQ
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Example S % 2
If a poiat P moves with a velocity v given by N = A\ (&% v Jbroc)
show that ' executes a simpbe harmonic motion. Find the centre, the amplimde and the tme-penod of the motion.
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Lecture 14:

Methods of Dynamies

A dynamical system 1s called two dimensional if the orbit of each particle of the system is parallel to a plane.
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Lecture 15:




Two-Dimensional Cartesian Form
X = RGPS a\l

F= Xisx 4




Exammpile:

A particlks moves in such a way that its posiion vector at time t is
r=(acosmt)i+(bsinmnt )

where o , & n are constants and a > b > 0. Show that the path of the particle is an ¢lipse of semi-major and minor axes a. b respectively, and
that the ficld of force is directed towards the centre of the ellipse. Find also the maximum speed.
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IfF < 0 the force is said to be aftractive towards O, IfF > 0 the force & said 1o be repulsive from O.

Lecture 16:

Two-Dimensional Polar Form of the Equation of Motion







Example: <o A - - . .
A particle 6f miass m moves on y-plane wider the f F:'__ L where ris its distance from he origin O. If it starts on the positive x
axis at a distance a from O with speed v: in 2 direction making an o with the  positive  x-direclion , prove (hal at time ¢
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Lecture 17:

Work, Power and Encergy I
p =




Theorem (Priniciple of Energy)
The total work done on a particle in moving it along a curve C from P to P: is equal to

the increas 7:- T in the kinetic energy, where T, T are respectively the kinetic
energies of the particle at times ti, t: cormresponding to the postions P:, P:
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Lecture 18:

Conservative Force and Principle of Conservation of Energy
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The work done on th particle in mowving it from position P1 to P2 under a conservative field of
force, is the difference betwean the potential eanargies of the particle at P1 and P2
respectively.
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Lecture 19:

Earth Gravitational Field
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Y 3
G

A particel of mass m falls freely in a vertical plane under gravitational field from a height h
with speed vo. Find the speed with which it strikes the ground.




[N J— PR

Principle of Angular Momentum

Lec_ture_ 20

R

The moment of linear momentum of an object is called angular momentum. Angular momentum is

represented by L.
Momentum is the motion contained in a body. Quantity of motion possessed by a body depends upon both of i
mass and velocity. So the product of mass and velocity is the measure of the momentum.

I'he angular momentum of an object about an axis of rotation is measured by the product of the
linear momentum of the object and the perpendicular distance between the object and the axis of

rotation.

=i

-l

Suppose an object of mass m is revolving around a circle of radius r with speed v about an axis passing

through center O as shown in the figure.

The linear momentum of the object. p = mv.

The angular momentinn of an object, L. = linear momentum x perpendicular distance from the axis of rotatior

L=pr

L=mvwvr

Since v = w r. where w is the angular velocity of the object. the angular momentum can be written as

L=m(wr)r

L=mr w

The equations above are the expressions for the angular momentum of the body. It is a vector quantity.

Theorein:

Nhe rate of change of angulor momentumn of o particle alyowut o point O is egual o the torgque of the oces

acting on the particle.
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Lecture 21:

Theorem
The total work done by the forces on a system of particles in moving from the configuration at time t1 to the
configuration at time t2 is qual to the increase in kinetic energy.
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Motion of the Centre of Mass of a System of Particles

Let O be the origin and 7.7, .», the position vectors ol a system S of » particles of masses

my,m,,.m, respectively attime f  Then the centre of mass G of the system S is the point whose

pisition vector is
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Lecture 22:

A ring of mass m slides on a smooth vertical rod and is attached 1o a light string which passes over
small pully distant a from the rod, and has mass M = m fastened to its other end. Show that if the ring 1

dropped from the the point in the rod in the same horizontal plane as the pulley, it will descend a
distance 2 "‘-V’_"'liﬂ

b=

W —

r

before coming to the rest.
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