Rotational Motion Examples

Example-Calculating Moments of Inertia
Moment of Inertia Of a Rigid Rod Rotating Around CM
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Examples
Parallel Axis Theorem

Proof

@ Let /gy be the moment of inertia around an axes going through
the CM.

@ Choose z axis to be along the this axes.

@ Choose a second axes that goes through the point (xo, yo).

@ The distance of point with coordinates (x;, y;, z;) from the second
axis is R% = (x; — X0)* + (Vi — Yo)?

@ The moment of inertial with respect to the second axis is

1= m [0 = %0 + (v~ yo)?] (125)

1
=D mi(xF+yP) > miE +y5) — 2> mi(xixo + Yive) (126)
i j j
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= oy + Md? (527)

where d? = x2 + yZand >, mix; =Y., miy;i =0 i
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Examples
Parallel Axis Theorem

Example

dm = Yax, Icy = FML2

Moment of inertia of a thin rod around one end:

I=loy + M L 2—l/\//L?Jrl/\/lL?—1ML~2
- oM 2) 12 47 T3
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Example: Thin Rod Rotating Around One End

ax
X L

@ The net torque on the rod around the fixed axes:

7= Fix(mg) = (Zmn)x (MPcm) x § = Tom x W
i

(125)
Hence the center of gravity for an object in uniform gravitational
field is its CM.
Mgl
° a=7 = ruz = 3

M earmen
e Ifthe rod |s initially at rest: a = alll = a5 = 3g < grommm (P pux
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@ acy = M . Which other force is acting on the rod? e
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Examples
Perpendicular Axis Theorem

Proof

@ Consider a very thin object in the xy plane.

@ For any point in the object z; ~ 0

o = mi(yf +27) = > miy?

@ Similarly I, = >, mi(x? + z%) ~ >, m;x?

@ Thenl; =5, mi(x2 +y?) =3, mx2+ >, my? = Iy + |,
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Examples
Perpendicular Axis Theorem

Example

@ The moment of inertia of a loop of mass M and radius R for
rotations around an axis that is perpendicular to its plane and
going through its CM: I, = >_, m;R? = MR?

@ Its moment of inertia around any axis that goes through its CM
and is in its plane:

e If x and y axes are the two axes in the plane of the loop, due to
symmetry I, = I,

e By perpendicular axis theorem: I, = I, + I, = 2l

e Hence I, = JMR?.

@ Moment of inertia for rotation around an axis that goes through the
edge and is in the plane of the loop:
I'=lcy + Md? = %M,‘?2 + MR? = %Mﬁ’z
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Examples
Heavy Pulley

@ Since the pulley has a mass, the
tensions at each end of the pulley will

be different.
iy T z
mim mo
m Wt Wt T ~T>
mo @ Let x axis be out of the screen
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Rotational Motion Examples

Heavy Pulley

Tip T2 z
mm mo
Wit wpt T T2
@ The net forces acting on mass my
and mo are:
™ Fir = (Ty — mg)z (126)
mp For = (T2 — mpg)2 (127)
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_________Foaiona Motion JCELEY
Heavy Pulley

= =

Tip T2 z
mm me
Wit wer T, ~T
my @ The torque acting on the pulley is
7=R(Ty — )X
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Examples
Heavy Pulley

@ Let 3 = a;Zand @ = aX. Then

Ti —mg=ma (126)
To — mpg = mpap (127)
R(Ty — T2) = Ia (128)

@ Unkowns: Ty, To, a1, ax, and a: 5
unknowns

@ The remaining two eqgns are:

m
a = —a (129)
M2 aR = —a (130)

1
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Examples
Heavy Pulley

@ The solutions of these equations are:
= e e
(126)
LI
2
my Ti= ;njlg(gwlv:r +2 TvZ;?Rg (128)
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