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0.1 Problem 1

Applying work energy for rigid bodies

𝑇1 + 𝑉1 +�
𝜃2

0
𝑀𝑑𝜃 = 𝑇2 + 𝑉2

But 𝑉1 = 𝑉2, and let 𝐹 = 𝜇𝑘𝑃, where 𝑃 is the force pushing down and 𝐹 is the friction force,
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then
1
2
𝐼𝑐𝑔𝜔2
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0
𝑀𝑑𝜃 = 0

1
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�𝑚𝑟2�𝜔2

1 +�
𝜃2

0
−𝐹𝑟𝑑𝜃 = 0

1
2
�𝑚𝑟2�𝜔2

1 + 𝑃𝜇𝑘𝑟𝜃2 = 0

But 𝜃2 = 6𝜋 since 3 revolutions, then
1
2
�𝑚𝑟2�𝜔2

1 − 𝑃𝜇𝑘𝑟 (6𝜋) = 0

Solving for 𝑃

𝑃 =
1
2
�𝑚𝑟2�𝜔2

1

𝜇𝑘𝑟 (6𝜋)

=
1
2
�(1.1) (0.3)2� (13.3)2

(0.3) (0.3) (6𝜋)
= 5.161 N

0.2 Problem 2
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When the disk is pulled, it gains potential energy 𝑉1 = 1
2𝑘𝑥

2 where 𝑥 is amount of spring
extension from equilibrium, which is 1.7 meter in this example. When released, all this
energy will be converted to kinetic energy when the disk reaches its original equilibrium
position. The final kinetic energy is 𝑇2 =

1
2𝑚𝑣

2
𝑔 +

1
2 𝐼𝑐𝑔𝜔

2. But since the disk rolls without slip,
then 𝑣𝑐𝑔 = 𝑟𝜔 and

𝑇2 =
1
2
𝑚𝑣2𝑔 +

1
2
𝐼𝑐𝑔

𝑣2𝑐𝑔
𝑟2

But 𝐼𝑐𝑔 =
1
2𝑚𝑟

2 and the above becomes

𝑇2 =
1
2
𝑚𝑣2𝑔 +

1
4
𝑚𝑟2

𝑣2𝑐𝑔
𝑟2

=
1
2
𝑚𝑣2𝑔 +

1
4
𝑚𝑣2𝑐𝑔

=
3
4
𝑚𝑣2𝑐𝑔

Hence equating the initial potential energy to the final kinetic energy we obtain
1
2
𝑘𝑥2 =

3
4
𝑚𝑣2𝑔

Solving for 𝑣𝑔 gives

𝑣2𝑐𝑔 =
1
2𝑘𝑥

2

3
4𝑚

=
2
3
𝑘𝑥2

𝑚

=
2
3
(20) (1.7)2

14
= 2.7524

Therefore

𝑣𝑐𝑔 = √2.7524
= 1.659 m/s
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