7 1. INTRODUCTION

Before gomg to the moUon of systcm’
of particles, you must know about a single
particle or a point object and its motion on
the application of a force. Translatory mo-
tion of point objects were dealt in the earli-

er chdpters An extended body can be con- -
sidered as the collection of point objects. In

order to understand the motion of an extend-

ed body, we mtroduce the idea of centre of>
mass. The result of application of force on &
- system’ of particles is identical with the re-

sult of force applied to a point mass at the

of

centre of mass of the system This shows that.

the motion of a comphcated system can be

reduced to one of the motlons of its centrc of

mass. The properties and motion of centre ©

-mass, the 1dea_ of moment of inertia and, its
: ca.lculation- are all involved in this chapter-



e CURRICGUEUMYOB

et Uil L e af o

o To create the concept of centre of ma
ments and IT. -
To develop the idea of moment of inertia and radius of gyration through
demonstration and discussion.

To create the concept of torque and angular momentum through exper-
iments and discussion.

To compare linear motion and angular motion by solving problems.

To develop the concept of parallel axis and perpendicular axis theorem
through derivation. : z;
To develop the concept and equation of the moment of inertia of circfﬁar
ring, disc, cylinder rolling without slipping by the application of paralgb-'
axis and perpendicular axis theorem. T+
e To identify the binary systems in nature through discussions.

ss through di ' cDeris.
g scussion, experis.

n

; 1.1What Kind of Motion Can a Rigid Body Have? —

A rigid body is a body having definite shape and the particles of the body
are situated in such a manner that there is no change for their separations
even under the action of a force. Complicated extended bodies can be sol¥ed by
treating them to be rigid bodies. :

Let us consider the motion of a rigid body, say, a stone or a train bogey.
When a force is applied, it moves from one point to another in such a way that all
the constituent particles suffer the same displacement (fig. 1). This type of motion
of a rigid body, in which all the particles of the body move with the same velocity -
either in a straight line or in a curved path is called pure translational moétion.
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~ Fig. 1 . v
Translational motion of a biqck
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During translational motion all the parti-
cles suffer the same displacement.

: Now we consider the motion of a ceiling fan
or a giant wheel. The body is turning about a fixed
axis. Here the rigid body is said to be rotating
about the Y-axis. During rotation the particles of |
the body, say, A and B at different distances from R S
the axis of rotation'trace a circular path with dif- .
ferent radii about the same axis yy'(fig. 2). Ev-
enthough their angular displacement remains the °
same, their linear velocities are not the same.
Their linear velocity always depends on the dis- |
tance from the axis of rotation. ' ‘
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Fig. 2
. v
A rigid body rotating about Y-axis



coin rolling down an inclined plane as in fig 3 g
the plane to bottom, it has tr.c.ms.lat_iq,n'al Mee the
during rolling each and every ;_)artlcle of the coin moves with diﬁ‘?o ion cgm |
ties as indicated by the arrows 1l the above figure. Here the motioy, Tent vg U
nation of translation and rotation. is g Oc;

Consider a

Fig. 4

Fig. 3
Rolling motion of a coin A spinning top
Another type of motion executed by a rigid body is precession. The best

. example for this type is the motion of a spinning top (fig. 4). Here the axis of
top moves in a cone around the vertical through its point of contact with th:

ground.

7.2 CenTRE OF Mass
“Centre of mass of a system of particles is a fixed point at which the entire
mass. of the system is assumed to be concentrated”
_ When an external force is acted on the system, this point like mass
‘would have the same type of translational motion as that of a single particle of
--same mass moves under the application of the same external force.

7.2.1Centre of Mass of a Two Particle System

Consider two particles P, and P, of masses m;, and m, in a reference

frame with origin O as shown in figure (5). Let n and r, be their position

vectors. Let C be the centre of mass of this system. Its position vector R 1S
ar :

m,P, -

given by

—>X

O

ith ... (3)

If m, = m,, then R=

" Let the position coordinates of
P, be (x,, ¥, Z)s '
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p, be (X Yar
X, +MyX
x:l""L—l—‘_’a—a‘ -------- (4)
m|+m2
my My
y—- ml +m2 ------------- (5)
_mzZ +MyZ;
TR (6)

z,) and that of C be (x, y, 2). Then.

If two equal masses are considered, then m, =.m, = m, and

x!+12 )
x=
: 2
+Yy
=
_zl+22
2=

------------------

solved pamples

——

1.

Sol.

" Mass of carbon atom, m,

. Now, x,

In a carbon monoxide molecule,
the distance between carbon and
oxygen atoms is 1.2 A’. If oxygen
atom is 1.3 times as massive as
carbon, find the location of the
centre of mass of the molecule
relative to the carbon atom.
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Given, r= 1.2 A° = 1.2 x 100%m

=m
. Mass of oxygen atom, m, = 1.3 m
Carbon atom is assumed to.be at
the origin. .

Let x be the distance of carbon
from the centre of mass ‘M’
=0and x, =r = 1.2A°

. centre of mass is given by,

Sol.

; mx0+1.3mx1.2x10™"
ie, x=

2.3m

x=0.678 x 10-°m = 0.678 A°
Find the centre of mass of three
particles at the vertices of an
equilateral triangle. The masses of
the particles are 100 g, 150 g; and
200 g respectively. Each side of the |
equilateral triangle is 0.5 m long.

Y

A

B(0.25. 0.253)

200g

100g

h

(0.25.0) A(0.5.0)

F .
. 0) B B
! : \ ¥
With the x - and y - axes choéen
as showh in figure,‘ the
coordinates of points O, A and B




forming the equilateral triangle
are respectively (0,0), (0.5,0),
(0.25, 0.25,/3). Let the masses

100g, 150 g and 200 g be located
at O, A and B respectively. Then,
m, X, + MyX, +M,X;

x= m, + m, +m;, ‘
[100 (0)+150 (0.5) + 200 (0.25)] gm
- (100 + 150+ 200) g
L P30 1255
450 450 18
_ [100(0)+150(0) +200(0.25,/3)] gm
y= 450g
LR J
450 343

The centre of mass C is shown in
the figure. Note that it is not the
geometric centre of the triangle
OAB.

3. Find the centre of mass of a uni-
form L-shaped lamina (a thin flat
plate) with dimensions as shown
in figure. The ynass of the lamina
is 3 kg.

Sol.

L-shaped lamina consists of three
squares of lkg each, since the

lamina is uniform, By ¢

centre of mass of each Symmetry

at its geometric Centres y; h € lig,
¢

00,
dinates Cl(l,l), C (3 ] "
22 Yy ang
33
272/
Y
2m
F(0, 2) E(1, 2)
'C‘.
| ___ 4P, D) B
|
OCI : .Cz' JIm
< : v >X
0(0.0)4 AQ2.0)
f

Let us imagine the mass of each
square 1s concentrated at these
points. Thus the" coordinates of the
centre of mass (X, Y) are given by

M, X; + M, X, + m;x;

X =
m; +m, +m,
_ lxyz+lx;/2+lxy2 _ _s-m
1+1+1 6
| 1 3
v - lx//2+lx‘/2+lxé _ im
1+1+1 6

7.2.2 Centre of Mass of a Rigid Body

For a rigid body, its centre of mass is a fixed point with respect to the body
as a whole. Depending on the mass distribution and shape, the centre of mass

may be inside the body or outside.

. TABLE 1
© Centre of mass of some regular bodies
Sl. No. |Shape of the body Position of centre of mass :
1, Uniform rod Midpoint of the rod I
2 Circular ring Centre of the ring '- I A
3. Circular disc Centre of the disc —
4, Sphere Centre of the sphere ——
5. Solid cone - 3/4% height of the cone from the apeX

-
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3 MoTION oF CENTRE OF Mass

’ ( f_—raylinder Centre of axis of the cylinder '.

| e ;’ Mangular lamina Point of intersection of medians

'J g RectangUIal‘ lamina (square) Point of intersection of diagonals
— .

/ //9 __E_u_Ef.——— Point of intersection of diagonals.

Consider a system of n particles. Let m, m,, m,, ... m_ be the masses of

e Particlcs with position vectors r, r,, I, .....ccooen. r_ respectively. -
T :
The total mass of the system is given by M=m, +my+ .cocc AN ageernee (1)
n
Let R be the position vector of the centre of mass. Then
ﬁ—mli'-]'*’mzi:z"' ...... +mn_fn' - n
= M or MR = Z M oo (2)
The velocity of centre of mass is given by
dR dr, di, - di _ o
—_—= —+ ===tk yienize n. =m. v v v
M dt o M3 % + tm, = oF MV =m v, +mv, ¥ ... +M v,
je, MV = 3 MV, e (3)
i=1 o
The acceleration of the centre of mass is given by : .
dv dv dv dv
M —m,—L+m,— 2+ n
dt ' dt 2 dt ML or
MA=m,a,*t mya, ¥ ... +m g, = F+F+.o. +F,
MA =F, g oeeeeerees (4)
But F, = Foq + Fix = Fux E. = 0 by Newton’s third law
ie., MA=\F,, - (5)
as if-

centre of mass of a system of particles moves

that the
centrated at the centre of mass and all

the whole mass of\the system were con
the external forces were applied at this point.

7 4 LiNeAR MOMENTUM OF A SYSTEM OF PARTICLES

a system of n particles. Let m,;, m,,....... m_ be the masses of

Consider
th velocities V;, V,, «ooeeeeeees \A respectively.

the particles of the system moving wi
The velocity of the centre of mass is given by,

MV =m, v, + M7, + e + MV, ereeeee (1)
But the RHS of eqn (1) is the total momentum of the system
G A M, e + MG e (2)



- dP dv .
Dlﬂ'erenmtmg both sides with time, hrse M_d_t_ =MA ... 4)

o dP _ =
But MA= F_, - (4) becomes, re |
. A ' dis . -'b
if F, =0, then -E=0 or . P= a constant
ie., mv1+m,v2 ...... + m v _= a constant

Thus ‘if no external forces are actlng on a system of particles, then their total
linear momentum remains constant’. This is the law of conservation of linear mo-

mentum.

P . d,o . do -
Also since 520, SMV)=0 ie, M—V=0 .+ M#0,

/

d ’ dt dt

EV"O , V= a constant
Thus if no external force is actmg on a system of partlcles, then the
velocity of the centre of mass remains constant That is, the system .1s not

accelerating.



