
Selected HW #4 Answers 

1. (𝐽𝐽 + 𝑚𝑚𝑅𝑅2)𝜔̇𝜔 + 𝑏𝑏𝑙𝑙2𝜔𝜔𝑐𝑐𝑐𝑐𝑐𝑐2(𝜃𝜃) = 𝐹𝐹𝐹𝐹 

𝜔𝜔𝐵𝐵𝐵𝐵 =
𝑏𝑏𝑙𝑙2

𝐽𝐽 + 𝑚𝑚𝑅𝑅2

2. 𝑚𝑚𝑣̇𝑣 + (2𝐷𝐷𝑣𝑣𝑜𝑜)𝑣𝑣 = 𝐹𝐹(𝑡𝑡) + 𝐷𝐷𝐷𝐷𝑜𝑜2 = 𝑢𝑢(𝑡𝑡) 
|𝑣𝑣|
|𝑢𝑢| = 𝐺𝐺(𝜔𝜔) = 1

�(𝑚𝑚𝑚𝑚)2+(2𝐷𝐷𝑣𝑣𝑜𝑜)2

∅(𝜔𝜔) = −𝑡𝑡𝑡𝑡𝑡𝑡−1 � 𝑚𝑚𝑚𝑚
2𝐷𝐷𝑣𝑣𝑜𝑜

� 

3. � 𝐽𝐽
𝑅𝑅2

+ 𝑚𝑚� 𝑥̈𝑥 + 𝑏𝑏
𝑅𝑅2
𝑥̇𝑥 = 𝐹𝐹 

𝜔𝜔𝐵𝐵𝐵𝐵 =
𝑏𝑏

𝐽𝐽 + 𝑚𝑚𝑅𝑅2

4 �𝐽𝐽2 + 𝐽𝐽1 �
𝑅𝑅2
𝑅𝑅1
�
2
� 𝜃̈𝜃2 + �𝑏𝑏2 + 𝑏𝑏1 �

𝑅𝑅2
𝑅𝑅1
�
2
� 𝜃̇𝜃2 = −𝑅𝑅2

𝑅𝑅1
𝜏𝜏 

Note the negative sign on the right had side is due to the sign convention 
assigned (however sign convention DOES NOT change the signs on the left hand 
side of the EOM) 

𝜃̇𝜃(𝑡𝑡) = 𝐴𝐴𝑒𝑒
−𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒
𝐽𝐽𝑒𝑒𝑒𝑒𝑒𝑒

𝑡𝑡
+ 𝜏𝜏𝑜𝑜 �

1
�(𝐽𝐽𝑒𝑒𝑒𝑒𝑒𝑒𝜔𝜔)2 + (𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒)2

� sin �𝜔𝜔𝜔𝜔 − 𝑡𝑡𝑡𝑡𝑡𝑡−1 �
𝐽𝐽𝑒𝑒𝑓𝑓𝑓𝑓𝜔𝜔
𝑏𝑏

�� 

𝜃𝜃(𝑡𝑡) = 𝐴𝐴�
−𝐽𝐽𝑒𝑒𝑒𝑒𝑒𝑒
𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒

� 𝑒𝑒
−𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒
𝐽𝐽𝑒𝑒𝑒𝑒𝑒𝑒

𝑡𝑡
− 𝜏𝜏𝑜𝑜 �

1
𝜔𝜔�(𝐽𝐽𝑒𝑒𝑒𝑒𝑒𝑒𝜔𝜔)2 + (𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒)2

� cos �𝜔𝜔𝜔𝜔 − 𝑡𝑡𝑡𝑡𝑡𝑡−1 �
𝐽𝐽𝑒𝑒𝑓𝑓𝑓𝑓𝜔𝜔
𝑏𝑏

�� 


