Rotational Motion of Rigid Bodies

¢ Rateof changdor rotatingvectorof fixedlength:

dA
E—(&)XA

Moment of Inertia (Mol)

e For adiscretesystem:

IEZmRiZ.

e For acontinuoussystem:

| =/ Rdm= | Rpd|.
body body

Useful definitions

¢ Radiusof gyrationk:

| = MK2|.

e Angolarmomentumalongtherotationaxis:

Ln = ZRi(mRioo) = lw|.




Two Theoremson Moments of Inertia

Parallel Axis Theorem

| = lcw +Md?|.

Perpendicular Axis Theorem

IZ: Ix+|y .




Example: Spoked Wheel

Angularequationof motionaboutCM:

ext :
TCM — ICM .

RecallMol of arod (now of lengtha),

n
lem = Ma2+§ma2.

Angularequationof motionthengives:

n_ .
Fa=(Ma*+ émaz)w.

Componenof linearequationof motionalongplane:

—F + (M 4+ nm)gsinB = (M + nm)ad.

EliminateF andsolve for acw:

3(M + nm)gsin®

amw =
6M 4+ 4nm




Or, conserationof kinetic plus(gravitational)poten-
tial enenpy:

%(M + nm)v2+ %ICM(& — (M + nm)gxsinB = const

(x distancdrom startingpoint).

Usev = x = aw anddifferentiatew.r.t. time:

~(6M -+ 4nm)ick = (M + nm)gsind.

hence

3(M + nm)gsin®

aw=X=
6M 4+ 4nm




Precession

¢ Ignorecontributiondueto slow precessiomf the
top aboutthe verticalaxis.

e Torqueis givenby
T=rxF,

wherer is vectorfrom pivotto top’s CM andF =
mg is top’s weight.

¢ In magnitude,
T = mgrsina,

wheretop’s axismakesanglea with vertical.

e Topprecessehroughinfinitesimalangledgpabout
verticalaxis,then

dL = Ldgsina.

o If p= Wy IS precessiomngularvelocity, then

%—L sina
at ~ p ‘

e Apply equationof motionin magnitude:

mgr sina = Lwy, Sina.

e Precessiomangularvelocityis

_ mgr




Commentan

~

1. Finalanswelindependenof a !

2. Steadyprecessions a specialmotion: top tends
to nodupanddown, or nutate duringprecession.



