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Announcements

1. HW sets 12, 13, and 14 now available

2. Mid-term grades – will be calculated from your first exam 
only

3. Today’s lecture

Rotations continued

Torques continued

Rotational energy

Conservation of angular momentum
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Newton’s second law applied to rotational motion
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Kinetic energy associated with rotation:
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Example problem: 

A horizontal 800 N merry-go-round is a solid disc of radius 
1.50 m and is started from rest by a constant horizontal force 
of 50 N applied tangentially to the cylinder.   Find the kinetic
energy of solid cylinder after 3 s.

K = ½ I ω2                   τ =  Ι α                  ω = ωi + αt = αt
In this case I = ½ m R2          and              τ = FR
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Re-examination of  “Atwood’s” machine
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Peer instruction question

Three objects of uniform density – a solid sphere (a), a solid 
cylinder (b), and a hollow cylinder (c)  -- are placed at the top of 
an incline.   If they all are released from rest at the same elevation 
and roll without slipping, which object reaches the bottom first?

(a) solid sphere    (b)solid cylinder    (c)hollow cylinder
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Rolling without slipping
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Torque and angular momentum

Define angular momentum:

For an extended object:  L = Iω

dt
d

dt
dItotal

Lωτ ==

prL ×≡

Newton’s law for torque:

If τtotal = 0    then L = constant

In this case:   I1ω1 = I2ω2
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Review

Ia = 2/5 MR2

Ib = 1/2 MR2

Ic = MR2

Three objects of uniform density – a solid sphere (a), a solid 
cylinder (b), and a hollow cylinder (c)  -- are placed at the top of 
an incline.   If they all are released from rest at the same elevation 
and roll without slipping, which object reaches the bottom first?

(c)    (b
)     (

Krot = ½ I ω2 For fixed ω, (c) has the largest Krot

For fixed Krot, (a) has the largest ω

Ktot = KCM + Krot
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Newton’s law for torque:
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Bicycle or automobile wheel:
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Torque and angular momentum

Define angular momentum:

For composite object:  L = Iω

dt
d

dt
dItotal

Lωτ ==

prL ×≡

Newton’s law for torque:

If τtotal = 0    then L = constant

In the absence of a net torque on a system, 

angular momentum is conserved.
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A student sits on a rotatable stool 
holding a spinning bicycle wheel with 
angular momentum Li.  What happens 
when the wheel is inverted?

Peer instruction question

(a) The student will remain at rest.

(b) The student will rotate 
counterclockwise.

(c) The student will rotate clockwise.

counterclockwise
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More details:
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Other examples of conservation of angular momentum
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What about centripetal acceleration?

ω

ar = v2/R = ω2 R
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