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Physics 120 Quiz #7, March 6, 2020 
Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is worth 10 
points total. 
 

I affirm that I have carried out my academic endeavors with full academic honesty.  
 

_________________________________ 
 
A pair of long, thin, rods, each of length 𝐿 and mass 𝑀 are 
connected to a hoop of mass 𝑀 and radius #

$
 to form a 4-spoked 

wheel as shown on the right.   
 
 
 
 
a. Assuming moments of inertia are additive, what is the total 

moment of inertia of the 4-spoked wheel assembly for an axis of rotation through the center of the 
assembly perpendicular to the plane of the wheel?   
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b. Suppose that the 4-spoked wheel is mounted to a low-friction axle 

through its center and several turns of light rope are wrapped onto the 
wheel as shown on the right.  A mass 𝑀 is attached to the assembly 
and the system is released from rest.  What is the tension in the rope 
attached to the mass as the mass falls? 
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c. What is the magnitude of the angular acceleration of the assembly after the wheel has turned one full 
revolution?  
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d. What is the magnitude of the angular velocity of the assembly after the wheel has made one full 

revolution? 
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e. What is the angular momentum of the wheel assembly only, after the wheel has made one full 

revolution? 
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Physics 120 Formula Sheet 
 
General Definitions of Motion    Geometry 
∆𝑟 = 〈∆𝑥, ∆𝑦, ∆𝑧〉 = 〈𝑥c − 𝑥e, 𝑦c − 𝑦, 𝑧c − 𝑧e〉  𝐶 = 2𝜋𝑟		𝐴ue.u)9 = 𝜋𝑟$;		𝐴.9u& = 𝐿𝑊	 

�⃗� = ∆.⃗
∆&
= 〈∆x

∆&
, ∆d
∆&
, ∆y
∆&
〉     𝐴&.e(8W)9 = ^

Y𝑏ℎ;	 	𝐴|,+9.9 = 4𝜋𝑟$ 

�⃗� = ∆}~⃗
∆&
= 〈∆}�
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,
∆}�
∆&
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∆&
〉     𝑉|,+9.9 = �
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`;		𝑉ud) = 𝜋𝑟$ℎ;		𝑉u'89 = ^

�𝜋𝑟
$ℎ 

𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 

�⃗� = 〈𝑣x, 𝑣d, 𝑣y〉 =
𝑑𝑟
𝑑𝑡

= 〈
𝑑𝑥
𝑑𝑡
,
𝑑𝑦
𝑑𝑡
,
𝑑𝑧
𝑑𝑡
〉 

�⃗� = 〈𝑎x, 𝑎d, 𝑎y〉 =
𝑑�⃗�
𝑑𝑡

= 〈
𝑑𝑣x
𝑑𝑡

,
𝑑𝑣d
𝑑𝑡

,
𝑑𝑣y
𝑑𝑡
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Motion with constant acceleration 
𝑟c = 𝑟e + �⃗�e𝑡 +

_
$
�⃗�𝑡$ → 〈𝑥c, 𝑦, 𝑧c〉 = 〈𝑥e + 𝑣ex𝑡 +

_
$
𝑎x𝑡$, 𝑦e + 𝑣ed𝑡 +

_
$
𝑎d𝑡$, 𝑧 + 𝑣ey𝑡 +

_
$
𝑎y𝑡$〉 

�⃗�c = �⃗�e + �⃗�𝑡 → 〈𝑣cx, 𝑣cd, 𝑣cy〉 = 〈𝑣ex + 𝑎x𝑡, 𝑣ed + 𝑎d𝑡, 𝑣ey + 𝑎y𝑡〉 
 
Forces/Momentum     Constants 
�⃗� = 𝑚�⃗�      𝑔 = 9.8��Y; 		𝐺 = 6.67 × 10�__��Y

��Y 		 

�⃗�89& =
/,⃗
/&
= 𝑚�⃗�     𝑣|'�8/ = 343�� ;		𝑣)eW+& = 𝑐 = 3 × 10U �

|
 

�⃗�c − �⃗�e = ∫𝑑�⃗� = ∫ �⃗�89&𝑑𝑡    𝑁� = 6.02 × 10$` 

𝐽 = � �⃗�89&𝑑𝑡 

�⃗�89& = �⃗�∥ + �⃗�� =
𝑑�⃗�
𝑑𝑡
�̂� + �⃗�

𝑑�̂�
𝑑𝑡

= 𝑚�⃗�∥ + 𝑚�⃗�� 

��⃗��� = 𝑚|�⃗��| = 𝑚
𝑣$
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𝑀_𝑀$

𝑟_$$
�̂�_$ → ��⃗��� = 𝐺
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𝑟_$$
 

�⃗�� = 𝑚�⃗�;			 �⃗� = 𝐺
𝑀u�

(𝑅u� + ℎ)
�̂� 

��⃗�c.� = 𝜇��⃗�¢� 
�⃗�| = −𝑘∆𝑟 
 
Vectors 

𝐶 = �⃗� + 𝐵~⃗ → 〈𝐶x, 𝐶d, 𝐶y〉 = 〈𝐴x + 𝐵x, 𝐴d + 𝐵d, 𝐴y + 𝐵y〉 + 〈𝐶x, 𝐶d, 𝐶y〉;			 |𝐶|~~~~~⃗ = ¥𝐶x$ + 𝐶d$ + 𝐶y$ 

�⃗� ∙ 𝐵~⃗ = ��⃗���𝐵~⃗ � cos 𝜃 = 𝐴x𝐵x + 𝐴d𝐵d + 𝐴y𝐵y 
�⃗� × 𝐵~⃗ = ��⃗���𝐵~⃗ � sin 𝜃 = 〈𝑎d𝑏y − 𝑏d𝑎y, 𝑎y𝑏x − 𝑏y𝑎x, 𝑎x𝑏d − 𝑏x𝑎d〉 
 
 
 
 
 
 
 
 



Work and Energy 

𝑊= = �𝑑𝑊= = � �⃗� ∙ 𝑑𝑟 = ∆𝐾= =
_
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_
$
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−
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𝑊« = �𝑑𝑊« = �𝜏 ∙ 𝑑𝜃 = ∆𝐾« =
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$
𝐼𝜔c$ −

_
$
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𝑊89& = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = ¯
0
𝑊𝑓𝑟

 

𝑊89& = −±∆𝑈 = ∆𝐾= + ∆𝐾« 
𝑈W = 𝑚𝑔𝑦 
𝑈| =

_
$
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Rotational Motion 
𝑠 = 𝑟𝜃 → 𝑑𝑠 = 𝑟𝑑𝜃 
𝑑𝑠
𝑑𝑡
= 𝑟

𝑑𝜃
𝑑𝑡

→ 𝑣 = 𝑟𝜔; 		𝜔 =
𝑑𝜃
𝑑𝑡

 

𝑎 =
𝑑𝑣
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= 𝑟
𝑑𝜔
𝑑𝑡

= 𝑟𝛼; 			𝛼 =
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=
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𝜃c = 𝜃e + 𝜔e𝑡 +
_
$
𝛼𝑡$ 

𝜔c = 𝜔e + 𝛼𝑡 
𝜔c$ = 𝜔e$ + 2𝛼∆𝜃 
 
Rotational Forces/Momentum 

𝜏 = 𝑟 × �⃗� =
𝑑𝐿~⃗
𝑑𝑡 = 𝐼�⃗� 

|𝜏| = 𝑟𝐹 sin 𝜃 = 𝑟�𝐹 = 𝑟𝐹� 
𝐿~⃗ = 𝐼𝜔~~⃗  

𝐼 = �𝑟$𝑑𝑚 

𝐿~⃗ c = 𝐿~⃗ e + � 𝜏89&𝑑𝑡 

 
 

 
Some moments of inertia from Halliday, Resnick, & Walker, 10th edition. 


