Rotational Motion Torque

Rotational Kinetic Energy

@ Assume that a rigid body is rotating around a fixed axis with
angular velocity w.

@ mj located at a distance R; from the axis will have a speed wh;.

@ The kinetic energy of m; is K = S mj(Riw)? = m;R?.2.

@ Summing the kinetic energy of all the masses, the kinetic energy
of the rigid body is:

K= Z (m;R?)w 51/w2
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Rotational Motion Torque

Kinetic Energy of A Rotating Object That also Has
Translational Motion

@ Let 7y be the position of the CM.

@ Letr and ﬁ be the position of mass m; in the rigid body relative to
a fixed coordinate axis and relative to the CM respectively:
ri=Tfom + R;

@ V= Voy+ V,, where \7, is the velocity relative to the CM.

@ Total Kinetic Energy of the rigid body is:

1 4 1 = . - -
K= 5mi? =3 5mi(Vu+2Vom - Vi+ V7)
1 I

1 . L ,
= E(Zm,-)VéMJrEZm,-V,er Vem - Yy miV;
j j j

@ The first terms is the translational kinetic energy Depmmg%m
@ The second term is the rotational kinetic energy around the M.
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Rotational Motion Torque

Kinetic Energy of A Rotating Object That also Has
Translational Motion

@ Total Kinetic Energy of the rigid body is:

1 . 1 . . o
K= Z Em,-v,2 = Zﬁm,-(vé,\,, +2vey - Vi + V?)
]

]
1 1 L .
= E(Z mj)Véu + EZmiViz +Vou - > miV;
j j i

@ The first terms is the translational kinetic energy
@ The second term is the rotational kinetic energy around the CM.

@ The third term is zero since ) ; m,-\7; is the total momentum
relative the the CM which is zero.

o K=1IM2,+ }lw?

@ Note that this simple form is valid only if one considersra-sgigilion:
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Work Done On a Rotating Object

o W= fFl,jf F.dr

@ d/ = Rdd

@ F.dl'= FRddcos~, where v is the angle between F and d¢’
@ Fcos~ is the component of F along dr

@ d¢is perpendicular to R.

@ Hence Fcosvy = F|

0 0
W = F|RdO = / Td0
0; 0;

The power is:
_aw do

P= =7T— =TWw

T
dt dt D epartmfem igik
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Work Energy Principle For Rotations

dw db

tfdw d (1,5,
=, Eldt /t,-dt<l >dt

= %Iw? — %Iw,-2
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Rotational Motion Examples

Concept Questions

Object A sits at the outer edge (rim) of a merry-go-round, and object B
sits halfway between the rim and the axis of rotation. The
merry-go-round makes a complete revolution once every thirty
seconds. The magnitude of the angular velocity of Object B is

A half the angular speed of Object A .

B the same as the angular speed of Object A .
C twice the angular speed of Object A .

D impossible to determine
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Rotational Motion Examples

Concept Questions

Which has the smallest | about its center?
A Ring (mass m, radius R)
B Disc (mass m, radius R)
C Sphere (mass m, radius R)
D All have the same |.
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Rotational Motion Examples

Concept Questions

In this problem ignore any friction/drag. Suppose that you release
(from rest) an object from a very high building. Where does it fall?

A straight down

B a bit to the north
C abit to the south
D a bit to the east

E a bit to the west
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QUIZ 6

A mass my = 2 kg that has a velocity v; = (3 m/s)X + (4 m/s)y
collides with a mass m», = 3 kg that moves with a velocity
Vo = (2 m/s)y. The two masses stick together.

@ What is their common velocity after the collision?

©@ How much kinetic energy is converted into internal energy in this
collision?
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