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Physics 110 Quiz #5, February 16, 2022 

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 block of mass 𝑚1 = 2𝑘𝑔 is tied by a light rope to a sphere of mass 𝑚2 = 4𝑘𝑔.  The ramp is 

inclined at angle 𝜃 = 420measured with respect to the horizontal.  

 

1.   If the 4𝑘𝑔 sphere is released from rest and is allowed to fall through a distance 𝑑 = 0.25𝑚, 

what is the speed of the sphere if the ramp is considered frictionless? 

 

 ∆𝐸 = ∆𝐾1 + ∆𝑈𝑔1 + ∆𝐾2 + ∆𝑈𝑔2 = 0 
1

2
𝑚1𝑣1𝑓

2 + 𝑚1𝑔𝑦1𝑓 +
1

2
𝑚2𝑣2𝑓

2 − 𝑚2𝑔𝑦2𝑓 = 0 
1

2
(𝑚1 + 𝑚2)𝑣𝑓

2 = 𝑚2𝑔𝑑 − 𝑚1𝑔𝑑 sin 𝜃 

𝑣𝑓 = √
2(𝑚2 − 𝑚1 sin 𝜃)𝑔𝑑

𝑚1 + 𝑚2
 

𝑣𝑓 = √
2(4𝑘𝑔 − 2𝑘𝑔 sin 42) × 9.8𝑚

𝑠2 × 0.25𝑚

2𝑘𝑔 + 4𝑘𝑔
= 1.47

𝑚

𝑠
 

 

 

 

 

2.   Suppose instead that the 4𝑘𝑔 sphere were again released from rest and is allowed to fall 

through a distance 𝑑 = 0.25𝑚 but this time the ramp is not frictionless.  If the speed of the 

sphere is 𝑣 = 1.2𝑚

𝑠
, what is the coefficient of friction between the block and the ramp?  

 

∆𝐸 = ∆𝐾1 + ∆𝑈𝑔1 + ∆𝐾2 + ∆𝑈𝑔2 = 𝑊𝑓𝑟 
1

2
𝑚1𝑣1𝑓

2 + 𝑚1𝑔𝑦1𝑓 +
1

2
𝑚2𝑣2𝑓

2 − 𝑚2𝑔𝑦2𝑓 = −𝜇(𝑚1𝑔 cos 𝜃)𝑑 

𝜇 = −
1
2
(𝑚1 + 𝑚2)𝑣𝑓

2 − 𝑚2𝑔𝑑 + 𝑚1𝑔𝑑 sin 𝜃

𝑚1𝑔𝑑 cos 𝜃
 

𝜇 = −

1
2
(2𝑘𝑔 + 4𝑘𝑔)(1.2𝑚

𝑠 )
2

+ (2𝑘𝑔 sin 42 − 4𝑘𝑔) × 9.8𝑚
𝑠2 × 0.25𝑚

2𝑘𝑔 × 9.8𝑚
𝑠2 × 0.25𝑚 cos 42

 

𝜇 = 0.6 

 

 

 

 

 

𝜃 

0.25𝑚 
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3. What is the ratio of the change in gravitational potential energy of the sphere to the change in 

gravitational potential energy of the block? 

 

 ∆𝑈𝑔1 = 𝑚1𝑔(𝑦1𝑓 − 𝑦1𝑖) = 𝑚1𝑔𝑑 sin 𝜃 = 2𝑘𝑔 × 9.8𝑚

𝑠2 × 0.25𝑚 × sin 42 = 3.28𝐽 

 

∆𝑈𝑔2 = 𝑚2𝑔(𝑦2𝑓 − 𝑦2𝑖) = −𝑚2𝑔𝑑 = −4𝑘𝑔 × 9.8
𝑚

𝑠2 × 0.25𝑚 = −9.8𝐽 

 

 
∆𝑈𝑔2

∆𝑈𝑔1
=

−9.8𝐽

3.28𝐽
= −3 

 

 

 

 

 

 

 

A spring of stiffness 𝑘 is used in a separate experiment.  To determine the stiffness of the spring, 

the spring is initially suspended vertically, and various masses are hung and the corresponding 

stretch of the spring from equilibrium is measured.  A plot of the mass added to the spring versus 

the stretch of the spring is shown below.   

 

4. What is the stiffness 𝑘 of the spring?   

 

 

𝐹𝑠 − 𝐹𝑤 = 𝑚𝑎𝑦 = 0 

𝑘𝑦 = 𝑚𝑔 → 𝑚 =
𝑘

𝑔
𝑦 

𝑘

𝑔
= 0.91

𝑘𝑔

𝑚
→ 𝑘 = 0.91

𝑘𝑔

𝑚
× 9.8

𝑚

𝑠2 = 8.9
𝑁

𝑚
 

 

 

 

5. Suppose that the spring is laid horizontal and the 2𝑘𝑔 mass is attached to the spring at its 

equilibrium length.  The surface is frictionless and the 2𝑘𝑔 mass is pulled out to a distance of 

0.75𝑚 from equilibrium and released from rest.  What is the speed of the mass when the 

spring returns to its equilibrium length? 

 

 ∆𝐸 = ∆𝐾 + ∆𝑈𝑠 → 0 = 1

2
𝑚𝑣𝑓

2 − 1

2
𝑘𝑥𝑖

2 → 𝑣𝑓 = √
𝑘

𝑚
𝑥𝑖 = √

8.9𝑁
𝑚

2𝑘𝑔
× 0.75𝑚 = 1.6𝑚

𝑠
 

 

 

 

 

 

 



Physics 120 Formula Sheet 
 

General Definitions of Motion    Geometry 

∆𝑟 = 〈∆𝑥, ∆𝑦, ∆𝑧〉 = 〈𝑥𝑓 − 𝑥𝑖 , 𝑦𝑓 − 𝑦, 𝑧𝑓 − 𝑧𝑖〉  𝐶 = 2𝜋𝑟  𝐴𝑐𝑖𝑟𝑐𝑙𝑒 = 𝜋𝑟2;   𝐴𝑟𝑒𝑐𝑡 = 𝐿𝑊  

𝑣 =
∆𝑟

∆𝑡
= 〈

∆𝑥

∆𝑡
,

∆𝑦

∆𝑡
,

∆𝑧

∆𝑡
〉     𝐴𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 = 1

2
𝑏ℎ;  𝐴𝑠𝑝ℎ𝑒𝑟𝑒 = 4𝜋𝑟2 

�⃗� =
∆�⃗⃗�

∆𝑡
= 〈

∆𝑣𝑥

∆𝑡
,

∆𝑣𝑦

∆𝑡
,

∆𝑣𝑧

∆𝑡
〉     𝑉𝑠𝑝ℎ𝑒𝑟𝑒 = 4

3
𝜋𝑟3;   𝑉𝑐𝑦𝑙 = 𝜋𝑟2ℎ;   𝑉𝑐𝑜𝑛𝑒 = 1

3
𝜋𝑟2ℎ 

𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 

𝑣 = 〈𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧〉 =
𝑑𝑟

𝑑𝑡
= 〈

𝑑𝑥

𝑑𝑡
,
𝑑𝑦

𝑑𝑡
,
𝑑𝑧

𝑑𝑡
〉 

�⃗� = 〈𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧〉 =
𝑑𝑣

𝑑𝑡
= 〈

𝑑𝑣𝑥

𝑑𝑡
,
𝑑𝑣𝑦

𝑑𝑡
,
𝑑𝑣𝑧

𝑑𝑡
〉 

 

Motion with constant acceleration 

𝑟𝑓 = 𝑟𝑖 + 𝑣𝑖𝑡 +
1

2
�⃗�𝑡2 → 〈𝑥𝑓 , 𝑦, 𝑧𝑓〉 = 〈𝑥𝑖 + 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2, 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +

1

2
𝑎𝑦𝑡2, 𝑧 + 𝑣𝑖𝑧𝑡 +

1

2
𝑎𝑧𝑡2〉 

𝑣𝑓 = 𝑣𝑖 + �⃗�𝑡 → 〈𝑣𝑓𝑥 , 𝑣𝑓𝑦 , 𝑣𝑓𝑧〉 = 〈𝑣𝑖𝑥 + 𝑎𝑥𝑡, 𝑣𝑖𝑦 + 𝑎𝑦𝑡, 𝑣𝑖𝑧 + 𝑎𝑧𝑡〉 

 

Forces/Momentum     Constants 

𝑝 = 𝑚𝑣      𝑔 = 9.8𝑚

𝑠2;   𝐺 = 6.67 × 10−11𝑁𝑚2

𝑘𝑔2    

�⃗�𝑛𝑒𝑡 =
𝑑𝑝

𝑑𝑡
= 𝑚�⃗�     𝑣𝑠𝑜𝑢𝑛𝑑 = 343𝑚

𝑠
;   𝑣𝑙𝑖𝑔ℎ𝑡 = 𝑐 = 3 × 108 𝑚

𝑠
 

𝑝𝑓 − 𝑝𝑖 = ∫ 𝑑𝑝 = ∫ �⃗�𝑛𝑒𝑡𝑑𝑡    𝑁𝐴 = 6.02 × 1023 

𝐽 = ∫ �⃗�𝑛𝑒𝑡𝑑𝑡 

�⃗�𝑛𝑒𝑡 = �⃗�∥ + �⃗�⊥ =
𝑑𝑝

𝑑𝑡
�̂� + 𝑝

𝑑�̂�

𝑑𝑡
= 𝑚�⃗�∥ + 𝑚�⃗�⊥ 

|�⃗�⊥| = 𝑚|�⃗�⊥| = 𝑚
𝑣2

𝑟
 

�⃗�𝐺 = 𝐺
𝑀1𝑀2

𝑟12
2 �̂�12 → |�⃗�𝐺| = 𝐺

𝑀1𝑀2

𝑟12
2  

�⃗�𝐺 = 𝑚𝑔;   𝑔 = 𝐺
𝑀𝑐𝑏

(𝑅𝑐𝑏 + ℎ)
�̂� 

|�⃗�𝑓𝑟| = 𝜇|�⃗�𝑁| 

�⃗�𝑠 = −𝑘∆𝑟 

 

Vectors 

𝐶 = 𝐴 + �⃗⃗� → 〈𝐶𝑥 , 𝐶𝑦 , 𝐶𝑧〉 = 〈𝐴𝑥 + 𝐵𝑥 , 𝐴𝑦 + 𝐵𝑦 , 𝐴𝑧 + 𝐵𝑧〉 + 〈𝐶𝑥 , 𝐶𝑦 , 𝐶𝑧〉;   |𝐶|⃗⃗ ⃗⃗⃗⃗ = √𝐶𝑥
2 + 𝐶𝑦

2 + 𝐶𝑧
2 

𝐴 ∙ �⃗⃗� = |𝐴||�⃗⃗�| cos 𝜃 = 𝐴𝑥𝐵𝑥 + 𝐴𝑦𝐵𝑦 + 𝐴𝑧𝐵𝑧 

𝐴 × �⃗⃗� = |𝐴||�⃗⃗�| sin 𝜃 = 〈𝑎𝑦𝑏𝑧 − 𝑏𝑦𝑎𝑧, 𝑎𝑧𝑏𝑥 − 𝑏𝑧𝑎𝑥 , 𝑎𝑥𝑏𝑦 − 𝑏𝑥𝑎𝑦〉 

 

 

 

 

 

 

 

 



Work and Energy 

𝑊𝑇 = ∫ 𝑑𝑊𝑇 = ∫ �⃗� ∙ 𝑑𝑟 = ∆𝐾𝑇 =
1

2
𝑚𝑣𝑓

2 −
1

2
𝑚𝑣𝑖

2 =
𝑝𝑓

2

2𝑚
−

𝑝𝑖
2

2𝑚
 

𝑊𝑅 = ∫ 𝑑𝑊𝑅 = ∫ 𝜏 ∙ 𝑑𝜃 = ∆𝐾𝑅 =
1

2
𝐼𝜔𝑓

2 −
1

2
𝐼𝜔𝑖

2 =
𝐿𝑓

2

2𝐼
−

𝐿𝑖
2

2𝐼
 

𝑊𝑛𝑒𝑡 = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = {
0

𝑊𝑓𝑟
 

𝑊𝑛𝑒𝑡 = − ∑ ∆𝑈 = ∆𝐾𝑇 + ∆𝐾𝑅 

∆𝐸𝑠𝑦𝑠 = ∆𝐾 + ∆𝑈𝑔 + ∆𝑈𝑠 = {
0

𝑊𝑓𝑟
 

𝑈𝑔 = 𝑚𝑔𝑦 

𝑈𝑠 =
1

2
𝑘𝑥2 

 
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
=

𝑑2𝜃

𝑑𝑡2  

𝜃𝑓 = 𝜃𝑖 + 𝜔𝑖𝑡 +
1

2
𝛼𝑡2  

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 

𝜔𝑓
2 = 𝜔𝑖

2 + 2𝛼∆𝜃 

 
Rotational Forces/Momentum 

𝜏 = 𝑟 × �⃗� =
𝑑�⃗⃗�

𝑑𝑡
= 𝐼�⃗� 

|𝜏| = 𝑟𝐹 sin 𝜃 = 𝑟⊥𝐹 = 𝑟𝐹⊥ 

�⃗⃗� = 𝐼�⃗⃗⃗� 

𝐼 = ∫ 𝑟2𝑑𝑚 

�⃗⃗�𝑓 = �⃗⃗�𝑖 + ∫ 𝜏𝑛𝑒𝑡𝑑𝑡 

 

 

 

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


