
Name________________________________________ 
Physics 120 Quiz #6, February 21, 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 cart of mass 𝑚"#$% = 0.60𝑘𝑔 is attached to a hanging mass 𝑚, = 0.25𝑘𝑔 by a light rope passing over a 
massless pulley.  The hanging mass is released from rest, as shown below.  The horizontal surface is 
considered frictionless unless otherwise specified. 
 
 
 
 
 
  
 
a. What is the change in gravitational potential energy of the system of the two masses 𝑚"#$% and 𝑚, 

after the hanging mass 𝑚, falls a distance of ∆𝑦 = 1.2𝑚?   
 

∆𝑈3 = ∆𝑈34 + ∆𝑈36 = 7𝑚"#$%𝑔𝑦8,"#$% − 𝑚"#$%𝑔𝑦;,"#$%< + 7𝑚,𝑔𝑦8,, −𝑚,𝑔𝑦;,,< 
 
∆𝑈3 = 7𝑚,𝑔𝑦8,, −𝑚,𝑔𝑦;,,< = −𝑚,𝑔𝑦;,, = −0.25𝑘𝑔 × 9.8@

AB
× 1.2𝑚 = −2.94𝐽 

 
 
 
 
 
 
 
 
 
 
 
b. If the horizontal surface is frictionless, what is the change in kinetic energy of the cart and hanging 

mass system? 
 

∆𝐸AFA%G@ = ∆𝐾"#$% + ∆𝐾, + ∆𝑈3,"#$% + ∆𝑈3,, = ∆𝐾"#$% + ∆𝐾, + ∆𝑈3,, = 0 
 

→ ∆𝐾"#$% + ∆𝐾, = −∆𝑈3,, = 2.94𝐽 
 
 
 
 
 
 
 
 

𝑚"#$% 

𝑚, 



c. If the horizontal surface is frictionless, what is the speed of the hanging mass 𝑚, after it falls a 
distance of ∆𝑦 = 1.2𝑚?   

 
∆𝐾"#$% + ∆𝐾, = J4

6
𝑚"#$%𝑣8,"#$%6 − 4

6
𝑚"#$%𝑣;,"#$%6 L + J4

6
𝑚,𝑣8,,6 − 4

6
𝑚,𝑣;,,6 L = −∆𝑈3,, 

 
4
6
𝑚"#$%𝑣8,"#$%6 + 4

6
𝑚,𝑣8,,6 = 4

6
(𝑚"#$% +𝑚,)𝑣86 = −∆𝑈3,, 

 

→ 𝑣8 = O
−2 × ∆𝑈3,,
𝑚"#$% + 𝑚,

= O
−2 × (−2.94𝐽)
0.60𝑘𝑔 + 0.25𝑘𝑔

= 2.6@
A

 

 
 
 
d. Suppose that there is friction between the cart and the horizontal surface, with coefficient of friction 

𝜇Q = 0.3.  What is the speed of the hanging mass 𝑚, in this case, after it falls a distance of ∆𝑦 =
1.2𝑚 after being released from rest? 

 
∆𝐸AFA%G@ = ∆𝐾"#$% + ∆𝐾, + ∆𝑈3,, = 𝑊8$ = −𝜇Q𝐹U𝑥 
−𝜇Q𝑚"#$%𝑔𝑥 = −𝜇Q𝑚"#$%𝑔𝑦 =

4
6
𝑚"#$%𝑣86 +

4
6
𝑚,𝑣86 + −𝑚,𝑔𝑦 

 
4
6
(𝑚"#$% + 𝑚,)𝑣86 = 𝑚,𝑔𝑦 − 𝜇Q𝑚"#$%𝑔𝑦 = (𝑚, − 𝜇Q𝑚"#$%)𝑔𝑦 

 

𝑣8 = O
2(𝑚, − 𝜇Q𝑚"#$%)𝑔𝑦

𝑚"#$% +𝑚,
= O

2(0.25𝑘𝑔 − 0.3 × 0.6𝑘𝑔) × 9.8@AB × 1.2𝑚
0.25𝑘𝑔 + 0.6𝑘𝑔

= 1.4@
A

 

 
 
 
 
 
e. Consider the graph shown on right of the 

potential energy of a particle of mass 𝑚 
moving in one dimension as a function of 
distance.  If the particle is released from rest 
at a location 𝑟Xand moves between 𝑟X	and 
3𝑟X , the speed of the particle is most likely 
given by which of the following?     

 

1.  𝑣 = Z[\]
6@

. 

2. 𝑣 = Z^\]
@

. 

3. 𝑣 = Z_\]
@

. 

4. 𝑣 = Z\]
@

. 

5. 𝑣 = Z6\]
@

. 



Physics 120 Formula Sheet 
 
General Definitions of Motion    Geometry 
∆𝑟 = 〈∆𝑥, ∆𝑦, ∆𝑧〉 = 〈𝑥8 − 𝑥;, 𝑦8 − 𝑦, 𝑧8 − 𝑧;〉  𝐶 = 2𝜋𝑟		𝐴";$"gG = 𝜋𝑟6;		𝐴$G"% = 𝐿𝑊	 

�⃗� = ∆$⃗
∆%
= 〈∆j

∆%
, ∆F
∆%
, ∆k
∆%
〉     𝐴%$;#l3gG = m

B𝑏ℎ;	 	𝐴Ap,G$G = 4𝜋𝑟6 

�⃗� = ∆rs⃗
∆%
= 〈∆rt

∆%
,
∆ru
∆%
, ∆rv
∆%
〉     𝑉Ap,G$G = x

y𝜋𝑟
[;		𝑉"Fg = 𝜋𝑟6ℎ;		𝑉"XlG = m

y𝜋𝑟
6ℎ 

𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 

�⃗� = 〈𝑣j, 𝑣F, 𝑣k〉 =
𝑑𝑟
𝑑𝑡

= 〈
𝑑𝑥
𝑑𝑡
,
𝑑𝑦
𝑑𝑡
,
𝑑𝑧
𝑑𝑡
〉 

�⃗� = 〈𝑎j, 𝑎F, 𝑎k〉 =
𝑑�⃗�
𝑑𝑡

= 〈
𝑑𝑣j
𝑑𝑡

,
𝑑𝑣F
𝑑𝑡

,
𝑑𝑣k
𝑑𝑡
〉 

 
Motion with constant acceleration 
𝑟8 = 𝑟; + �⃗�;𝑡 +

4
6
�⃗�𝑡6 → 〈𝑥8, 𝑦, 𝑧8〉 = 〈𝑥; + 𝑣;j𝑡 +

4
6
𝑎j𝑡6, 𝑦; + 𝑣;F𝑡 +

4
6
𝑎F𝑡6, 𝑧 + 𝑣;k𝑡 +

4
6
𝑎k𝑡6〉 

�⃗�8 = �⃗�; + �⃗�𝑡 → 〈𝑣8j, 𝑣8F, 𝑣8k〉 = 〈𝑣;j + 𝑎j𝑡, 𝑣;F + 𝑎F𝑡, 𝑣;k + 𝑎k𝑡〉 
 
Forces/Momentum     Constants 
�⃗� = 𝑚�⃗�      𝑔 = 9.8}~B; 		𝐺 = 6.67 × 10�44�}B

��B 		 

�⃗�lG% =
�p⃗
�%
= 𝑚�⃗�     𝑣AX�l� = 343}~ ;		𝑣g;3,% = 𝑐 = 3 × 10� @

A
 

�⃗�8 − �⃗�; = ∫𝑑�⃗� = ∫ �⃗�lG%𝑑𝑡    𝑁� = 6.02 × 106[ 

𝐽 = � �⃗�lG%𝑑𝑡 

�⃗�lG% = �⃗�∥ + �⃗�� =
𝑑𝑝
𝑑𝑡
�̂� + 𝑝

𝑑�̂�
𝑑𝑡

= 𝑚�⃗�∥ +𝑚�⃗�� 

��⃗��� = 𝑚|�⃗��| = 𝑚
𝑣6

𝑟
 

�⃗�� = 𝐺
𝑀4𝑀6

𝑟466
�̂�46 → ��⃗��� = 𝐺

𝑀4𝑀6

𝑟466
 

�⃗�� = 𝑚�⃗�;			 �⃗� = 𝐺
𝑀"�

(𝑅"� + ℎ)
�̂� 

��⃗�8$� = 𝜇��⃗�U� 
�⃗�A = −𝑘∆𝑟 
 
Vectors 

𝐶 = �⃗� + 𝐵s⃗ → 〈𝐶j, 𝐶F, 𝐶k〉 = 〈𝐴j + 𝐵j, 𝐴F + 𝐵F, 𝐴k + 𝐵k〉 + 〈𝐶j, 𝐶F, 𝐶k〉;			 |𝐶|sssss⃗ = Z𝐶j6 + 𝐶F6 + 𝐶k6 

�⃗� ∙ 𝐵s⃗ = ��⃗���𝐵s⃗ � cos 𝜃 = 𝐴j𝐵j + 𝐴F𝐵F + 𝐴k𝐵k 
�⃗� × 𝐵s⃗ = ��⃗���𝐵s⃗ � sin 𝜃 = 〈𝑎F𝑏k − 𝑏F𝑎k, 𝑎k𝑏j − 𝑏k𝑎j, 𝑎j𝑏F − 𝑏j𝑎F〉 
 
 
 
 
 
 
 
 



Work and Energy 

𝑊� = �𝑑𝑊� = � �⃗� ∙ 𝑑𝑟 = ∆𝐾� =
4
6
𝑚𝑣86 −

4
6
𝑚𝑣;6 =

𝑝86

2𝑚
−
𝑝;6

2𝑚
 

𝑊� = �𝑑𝑊� = �𝜏 ∙ 𝑑𝜃 = ∆𝐾� =
4
6
𝐼𝜔86 −

4
6
𝐼𝜔;6 

𝑊lG% = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = ¥
0
𝑊𝑓𝑟

 

𝑊lG% = −§∆𝑈 = ∆𝐾� + ∆𝐾� 
𝑈3 = 𝑚𝑔𝑦 
𝑈A =

4
6
𝑘𝑥6 

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

𝑑𝜃
𝑑𝑡

→ 𝑣 = 𝑟𝜔; 		𝜔 =
𝑑𝜃
𝑑𝑡

 

𝑎 =
𝑑𝑣
𝑑𝑡

= 𝑟
𝑑𝜔
𝑑𝑡

= 𝑟𝛼; 			𝛼 =
𝑑𝜔
𝑑𝑡

=
𝑑6𝜃
𝑑𝑡6

 

𝜃8 = 𝜃; + 𝜔;𝑡 +
4
6
𝛼𝑡6 

𝜔8 = 𝜔; + 𝛼𝑡 
𝜔86 = 𝜔;6 + 2𝛼∆𝜃 
 
Rotational Forces/Momentum 

𝜏 = 𝑟 × �⃗� =
𝑑𝐿s⃗
𝑑𝑡 = 𝐼�⃗� 

𝜏 = 𝑟𝐹 sin 𝜃 = 𝑟�𝐹 = 𝑟𝐹� 
𝐿s⃗ = 𝐼𝜔ss⃗  

𝐼 = �𝑟6𝑑𝑚 

𝐿s⃗ 8 = 𝐿s⃗ ; + � 𝜏lG%𝑑𝑡 

 


