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6.1 Centre of mass

The centre of mass of a system of n particles having masses mji, mp, ..., mp and position
> o -
vectors rq, ro, ..., rp respectively is defined as
> - - - - >
- Mqyry + Moly +..4+ Mury Mqyry + Moy +..4+ Mury
r = = , er
cm mqp + Mo +...+ My M
M =mg + my +...+ my = the total mass of the system.
- - - -
Mrem = mMqry + Mory +...+ My
Assuming that the mass remains constant, the time derivati the, above equation gives
—d - - - L 4
dr dr dr dr
M—CM = my =L & my,=—2 + .+ mp—0
dt dt dt dt
- - - - - -
Mvem = mivy + mavy +...+ Mpvy = p = P
_)
Here P, which is the vector sum of the ligea enta of the particles of the system, is

called the total linear momentum of the is the product of the total mass and

Differentiating the above equation we get
_)
Mchm _
dt
_)
= mlal + + ...+ mnan = Macm
- -
Here, K FnQare the forces acting on the particles of the system producing the
- - -
accelerati ar,..., an respectively and F is the resultant force.

dI_D) - —>
W = F = Macm
kinds of forces act on the S - F—}
rticle of a system: Fy | E} F, 1
(i) Internal forces between particles 2
of the system and
(ii) external forces.
- -
The external forces F; Fp are 5}1 C F_}
12

acting on particles 1 and 2 of a
system of particles as shown in the ]

N N Fig. (a) Fig. (b))
figure (a). Fio and Fp1 are the
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mutual forces of interaction between the particles 1 and 2. All these forces can be considered
to be acting on the centre of mass (C.M.)as shown in figure (b).

According to Newton’s third law of motion, the internal forces being equal and opposite

_)
cancel each other. Thus the system moves under the effect of the resultant extefnal§orce F

only as if the whole mass of the system were concentrated at its centre of m
omentum of

% les which was

er-dependence of

_)
This resultant external force F is equal to the rate of change of tot
the system. This is Newton’'s second law of motion for a syste
derived with the help of Newton’'s third law of motion. This is kngWwn
Newton’s laws of motion.

o

6.2 Law of conservation of linear momentum ¢

If the resultant external force on the system of particlesmi 0

- d; - - - - -
Macm = ar = F =0 S P o= pg ph = constant.
%
Also, agm = 0 = velocity of the centre ma ains constant.

“The total linear momentum of Sy of particles remains constant in the

absence of the resultant extethalNforce.” This statement is known as the law of
conservation of linear momentum

- -
In the absence of the resultan ernal force, the individual momenta, p;, p»2, etc. of
different particles of th can change, but their vector sum, i.e., the total linear
_)
momentum remains as acm = 0, the centre of mass of the system
continues to move iform velocity. This law of conservation of linear momentum is
universal. uUe for the systems made up of planets and the systems made up of

bomb lying at rest explodes without any external force and its fragments
are throwR\i air. Although the initial kinetic energy of the bomb was zero, its fragments
e kinetic energy. This mechanical energy is produced by conversion of chemical
bomb. However, the law of conservation of momentum still holds good as no
xternal force acted on the bomb when it exploded. Thus, although the individual
ents possess momentum in different directions, the vector sum of their momenta would
o as the initial momentum of the bomb was zero.

6.3 Centre of mass of a rigid (solid) body

e A system of particles in which the relative positions of particles remain invariant,
irrespective of how large a force is applied to it, is called a rigid body. All rigid bodies
are solid bodies, but all solid bodies may not be rigid bodies. Rigid body is an ideal
concept. In fact, no real body is rigid.

e The location of the centre of mass of a rigid body depends on
(i) the distribution of mass in the body and
(ii) the shape of the body.
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The centre of mass of a rigid body can be anywhere inside or outside the body. For

[ ]
the centre of mass of a disc of uniform mass distribution is at its geometric

example,
centre, within its matter, while for a ring it lies at its geometric centre which is outside
its matter.

e The centre of mass of symmetric bodies with uniform mass distribution e easily
obtained mathematically, whereas such mathematical derivation is difficult, 4l th ody is

not symmetric.

A solid object can be considered as made up of a large number of ass elements,

- - -
dmsi, dmy, ..., dmp having position vectors, rq, ro, ..., rp respectiyely. definition,
- - - - -
- dmyry + dmory +...+ dmpr, I rdm I rdm
frem = = = M g total mass of the body)
dmq + dmy +..+ dmp I dm M

In terms of components,

Xem = '[XMdm: Yem = '[)Ilv'dm Zc{%

If p(x,y,2) is the density of the m e body at point (X,y,z) where a small mass
dm having volume dV is located, th

dm = p(x,y,z)dV and the ector of centre of mass,
r p(X,y,z)dV
rCm the components of which are
p(x Y, Zi;z |
[ xpLx, )iy [yp(xy.2)av [ze(xy.z)av
Xem = Yem = and  zem =
dv I p(Xx,y,z)dVv ‘[ p(x,y,z)dV

= constant and
volume of the body which gives

is uniform through, p(x,y,z) =
j dv

Yem = %Iydv and zem = %Izdv where, dV = dxdydz

It
< 0o
I

All these integrals are taken over the entire body.






