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Centre of Mass

Centre of mass is the imaginary point at whichttital mass of the system is supposed to
be concentrated.

There need not be any mass at the centre of masdi@low sphere, ring etc

Internal forces, however strong they are, cannadyce acceleration in centre of mass.
When a force is applied along a line passing thinaihg centre of mass, the entire system
moves in linear motion.

If no external force acts on a system, the accideraof centre of massis zero, the
velocity and momentum of the centre of mass remaosstant, ‘though velocity and
momentum of individual particles vary.

The motion of the centre of mass can be studiathusewton's.laws of motion.

The algebraic sum of moments of masses of all #iécges about the centre of mass is
always zero.

Couple cannot change the position of centre of mass

An imaginary point at which the total weight.of tystem is supposed to be concentrated
Is known as centre of gravity.

For small objects c.m. and c.g. coincide but fogdéeor extended objects like hills,
buildings they do not coincide.

At the centre of the earth there'is no centre afity (--g=0)

The position of center of mass depends on the shiaghe body and distribution of mass.
The location of the centre of mass is independttiteoreference frame used to locate it.
The centre of mass of a system of particles depentison the masses of the particles
and their relative positions.

Centre of mass of a system is unaffected, witlcti@nge of the co-ordinate system.

m, X, + Mm,X, + ...+ m X,
m,+m,+ ...+ m,

If the system consists of n particles CM is givgnxy, =

My, + My, +..+my,
m,+m,+..+m,

If the system of particles lies along y-axis then, =

m,z, + m,z,+ ...+ m_ z,

If the system of particles lies along z-axis t =
y P g hen m, +m,+ ...+ m,

_mVi+tmy,+..
m+m,+....
www.sakshieducation.com

Velocity of centre of mass isV,,
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20. Acceleration of CM a_, = ma +ma,+....
m+m,+....

21. Two particles of masseas;, m, are separated by a distangdhen distance of centre of

mass is

®3

my
&
e

ra rz

r, =M and r,= M
m+m, m+m,

The centre of mass will be nearer to the paro€lemore mass. Ifn, = m, thenr; =,

22. Two spheres of same materralandr, are kept in contact, distance of C.M from the

UMD
1 2

3 3
centre of Ist sphere is equal t) :(%j(rﬁrz)and d, =t
r.1 r.2
[d, — distance of C.M from centre of second sphere]
23. In the above case, instead of spheres they andanirdiscs then

(v _r’(n+n)
d1_(r12+r22j(r1+r2) and d2 - (r12+r22)

24. When a portion of mis removed from a’body of mass then shift in the position of center of

distance betweencm of
thebody and removed part
mass of remaining part

}x massof removed part
mass(x) =

25. From a disc of radius R, a disc of radrus removed from one end then shift in centre of

r’(R-r)

mass is x=-—-—5-.
(R%=r7)

26. From a uniform solid sphere of radius R, a sphéreadiusr is removed from one end,

r*(R-r)

and then the shiftinCMis x=—2~.
(R-r?)

27. When a person walks on a boat in still water, @eofrmass of person, boat system is not

displaced.

a) If the man walks a distance L on the boat, the odisplaced in the opposite direction

relative to shore or water by a distamceK)/lJrLJ‘m :
b) Distance walked by the mass relative to shore dems (L - x).
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