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quizz 6, ME 240 Dynamics, Fall 2017
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0.1 Problem 1

This diagrams shows the setup.
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state 1: v1 = 4 m/s

state 2: v2
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Work-energy is used. There are two states. First state is at the top and the second state is
when child reaches the bottom of the hill. Zero datum for gravity potential energy is taken
at the bottom of the hill.

We now apply work-energy

𝑇1 + 𝑉1 + 𝑈𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
12 + 𝑈𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙

12 = 𝑇2 + 𝑉2 (1)

Where 𝑈𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
12 is work due to internal non-conservative forces. In this case, this is the friction

only. And 𝑈𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙
12 is work due to external applied forces, which is zero in this case, as there

are no external applied forces. Hence

𝑈𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
12 = −�

𝐿

0
𝐹𝑑𝑥

Where 𝑑𝑥 is taken as shown in the diagram. But 𝐹 which is friction force is 𝐹 = 𝜇𝑁 = 𝜇𝑚𝑔 cos𝜃.
Therefore

𝑈𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
12 = −�

𝐿

0
𝜇𝑚𝑔 cos𝜃𝑑𝑥

= −𝜇𝑚𝑔 cos𝜃𝐿

But 𝐿 = ℎ
sin𝜃 therefore

𝑈𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
12 = −𝜇ℎ𝑚𝑔

cos𝜃
sin𝜃

Now, 𝑇1 =
1
2𝑚𝑣

2
1 and 𝑉1 = 𝑚𝑔ℎ and 𝑉2 = 0 since we assume datum at bottom and 𝑇2 =

1
2𝑚𝑣

2
2

where 𝑣2 is what we want to solve for. Putting all this in (1) gives
1
2
𝑚𝑣21 + 𝑚𝑔ℎ − 𝜇ℎ𝑚𝑔

cos𝜃
sin𝜃

=
1
2
𝑚𝑣22

𝑣22 =
2
𝑚 �

1
2
𝑚𝑣21 + 𝑚𝑔ℎ − 𝜇ℎ𝑚𝑔

cos𝜃
sin𝜃 �

𝑣2 = �
𝑣21 + 2𝑔ℎ − 2𝜇ℎ𝑔

cos𝜃
sin𝜃

(2)

We notice something important here. The velocity at the bottom do not depend on mass 𝑚.
This is the answer for problem 2. We now just plug-in the numerical values given to find 𝑣2

𝑣2 =
�
⃓
⃓
⎷
42 + 2 (9.81) (15) − 2 (0.05) (15) (9.81)

cos �30 � 𝜋
180

��

sin �30 � 𝜋
180

��

= 16. 876 m/s

0.2 Problem 2
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4

Velocity at the bottom do not change if the mass doubles. We see from (2) in problem 1
that 𝑣2 do not depend on mass.
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