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Art-1. Linear Momentum

If m 1s the mass of a particle moving with velocity t then it linear mone

the product m ¥ and is generally denoted by

. — = .,:
v p mai

Let (x, y) be the position of the patticle at any time {

-y dv A dv A
UV = = 4 &
di dt

( 4 al\' A
P o=mv = p=|m !\] bfm } /
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components of momentum are m—— and m

- They are generally denole
dr dt
by p, and P,
(i_\‘ (I\' 1
p, =m— and p =pm-=
. dt ) di
Art-2. Conservation of Linear Momentum
We have P =mv (N
According to Newton's sccond law of motion, the rate of change of momentum i
.equal to the applied force F
) dp =
ie. L. 7
dt
If F =0 ie no force acts on the particle, the
dp ap =
=
dr
Ixitegrating w.rt. f, we get,
P = constant vector
or  m7v =constant vector [ of (1l
= the linear mom

entum of a particle

applied force. This is known as the principle

: ok i
remains constant in the abyence o ¢
of conservation of linear momentunt
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Art-3. Angular Momentum
We know that linear momentum is a vector guantity and so it can have a moment
about any point in the plane.
The moment of linear momentum about a puini in the plane is called the moment of
momentum or dngular momentuin,
If m is the mass and v is the velocity of the particle, the angular momentum J of the
linear momentum m v about z point O at a distance r 1n the plane of O 1s given by
J=muvur (1)

The direction of J is perpendicular to the plane.

Also we know that the moment of a vector about a point is equal to the algebraic
sum of the moments of its components about the same point.
the magnitude of the angular momentum of a particle about the ongin O 1s

»
‘.

given by
dx 7))
= _— Yy tTm— . X
J 7 dr dt
(/}’ (/I ) ( g, )
or ] =ml|x—-y— A
( a7 d J

where m is the mass of the particle.
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When the momentum vector 1s resolved along )

\l -~
nd pe vector drawn from
h{"d pempendicular 10 the radius vectol drawn ‘T i
the ongin, then 3

dr
». = momentum along radius vector =/ “F k
dr
[ velocity along radius vecto! =
\ L dt I mde
. b
. T . - | ¢
and ». = momentum perpendicular to radius vector i ¥
[
B do ,
=1y — 0] x I
dt i

[ velocity perp. to radius veetgy ri’fi

. _ (.
Now angular momentum along the radius vector about O = 0, as radjy, vegy
Ql

passes through O.

(
: . - . - d
the angular momentum perp. to radius vector (m/ " ) r=m2 0
di
) ({0
]l =mr — 0
dt A

The units of angular momentum are obtained by multiplying those of Jige,
momentum with units of distance.

Principal of Angular Momentum

Let P (x, ») be the position of the particle of mass m, which moves under the actjo;
of the force F with components X and Y, at time 7.

Therefore the equations of motion are

2 2
X =m-d—; andY=m—{£—2y—
dt dt
([ dy
Now =m xd—J -y ﬂ\
de ~ dr)
‘o ,
dl o xd y  dxdy dydx d*x
dt \ di? dt dr drodr ’ dr® )
_ (I'Zy d%x (12y d’x
m|x—=-—y—07-|=x|m —y|m—
dt dt dr? di
=xY-yX=N

where N Is the moment of force F about the origin.
This result is known as the Principle of Angular Momentum.

Since any point in the plane can be taken as origin.

Scanned with CamScanner




MOMENTUM AND IMPULSE 241

Principle of Angular Momentum is
The rate of change of angular momentum of a particle moving in a plane about a
fixed point is equal to the moment of the force about the point.
Principle of Conservation of Angular Momentum

dJ , -
We have o =x Y -y X =N = Moment of the force about the origin

When N = 0, then dTJ =0 = J=constant
at

We know that the moment of a force about origin O vanishes ir either the force 1s
zero or the line of action of the force passes through the origin.

Thus we arrive at Principle of conservation of Angular Momentum which may be
stated as :

If a particle is in motion in a plane and there is no force acting on the particle or
the line of action of the force passes through the origin, then the angular momentim
about the origin remains constant.
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