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Angular Momentum

® Angular Momentum of a particle is defined as
L=rxP
#® The magnitude of L is
IL| = rPsin(¢)

and is equal to the area of the parallelogram enclosed by r and P.

® The direction of L is perpendicular to the plane of r and P.
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Free Particle

Angular momentum in both cases is muvbk and is a constant of motion.

Choice of orientation of coordinate system is not important.
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Free Particle

Angular momentum in the second case is 0! Choice of origin is of the

coordinate system is important!
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Circular Trajectory

e N r

(a) Angular momentum = murk and is constant of motion. (b) Angular

momentum = murk + muvzr and is not constant.(cylindrical coordinates)
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Torque

Let I be a force on a particle when it is at r. The torque
T=rXF

Just like angular momentum, the torque depends on the choice of the

origin.
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Newton’s Second L aw?

dL d
E — E(I‘XP)

= (%r) X P 4+rx (%P)
— r X F

= T




Rectilinear M otion

= P
Initial Position (0, b, 0) ~ -
Initial velocity ugl Ty r
Frictional force —umgi
L|7 L
\
L — LO — 7t
mbu(t) = mbug — umgbt
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Systems of Particles

Total angular momentum L

Then,

dL
dt dt




Systems of Particles

If> .1 X FP™ =0, then

% = ZrixFiem
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Rigid Bodies

®» Many particle systems

® Inter-particle distance is fixed.
r; — ;| = Cj

® Retains shape and size

® 6 degrees of freedom
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Fixed Axis Rotation

® All particles rotate about an axis fixed in space.
® All particles have same instantaneous angular speed w

® Choose z-axis along the axis of rotation, w = wk
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Fixed Axis Rotation

Hence,

7
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Moment of I nertia

® /. is called moment of inertia.
® purely geometrical quantity. Does not depend on motion.

® [or continuous bodies

L. — / (2% + %) dm
= /(w2 +y*)pdv
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Examples

m2 |12

m1l

Angular Momentum
L, =m(l?+13)wsin* 0
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Parallel Axis Theorem

Let / be MI of a body about an axis. The distance of CM from the axis be (.
If I, is MI of the body about an axis that is parallel to the original axis but

passing through CM of the body, then

I =1+ MI?
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Dynamics of Rotation

In case of fixed axis, L., = I,,w, hence

dlL,

dt
dw
- [—
dt
= Jo

T, =

The kinetic energy of such rotation is

K = %Zmzvf
1

—Jw?
2

Physics | — p. 17/



Physical Pendulum

CM




Physical Pendulum

]d_w = Ecme

10 = —mglsind ~ —mglf
=0 = Asin(Qt + ¢)
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Physical Pendulum
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