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Physics 120 Quiz #5, February 14, 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.  
 

_________________________________ 
 
Consider the system shown below.  A spring of stiffness 𝑘 = 1000%& is compressed by an amount |∆𝑥⃗| =
0.25𝑚  from equilibrium.  A mass 𝑚 = 10𝑘𝑔  is placed against the spring and the mass is released from 
rest.  All surfaces are frictionless except the region between points C and D.   
 
 
 
 
 
 
 
 
 
 
 
a. Considering the work done by the spring on the mass and if the mass leaves the spring when the spring 

is at its equilibrium position, what is its speed of the mass at the top of the hill, labeled as point A?   
 

𝑊1 = 2 𝐹⃗1 ∙ 𝑑𝑟 = 2〈−𝑘𝑥, 0,0〉 ∙ 〈𝑑𝑥, 0,0〉 = 2 −𝑘𝑥𝑑𝑥
;

<=
= −>

?
𝑘@𝑥A? − 𝑥B?C =

>
?
𝑘𝑥B? =

>
?
𝑘𝑥? 

𝑊1 =
>
?
𝑘𝑥? = ∆𝐾 = >

?
𝑚𝑣A? −

>
?
𝑚𝑣B? =

>
?
𝑚𝑣A? 

>
?
𝑘𝑥B? =

>
?
𝑚𝑣A? → 𝑣G = H𝑘

𝑚
𝑥 = H

1000IJ
10𝑘𝑔

(0.25𝑚) = 2.5J
1

 

 
 
 
 
 
 
 
 
b. How much work is done by gravity on the mass between points A and B if |∆𝑦⃗| = 1.25𝑚? 
 

𝑊N = 2 𝐹⃗N ∙ 𝑑𝑟 = 2〈0,−𝑚𝑔, 0〉 ∙ 〈𝑑𝑥, 𝑑𝑦, 0〉 = 2 −𝑚𝑔𝑑𝑦
;

O
= −𝑚𝑔@𝑦A − 𝑦BC = 𝑚𝑔𝑦 

𝑊N = 𝑚𝑔𝑦 = 10𝑘𝑔 × 9.8J
1S
× 1.25𝑚 = 122.5𝐽 
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c. What is the speed of the mass at point B? 
 

𝑊N = 𝑚𝑔𝑦 = ∆𝐾 = >
?
𝑚𝑣U? −

>
?
𝑚𝑣G? → 𝑣U = V𝑣G? + 2𝑔𝑦 

𝑣U = VX2.5J
1
Y
?
+ X2 × 9.8J

1S
× 1.25𝑚Y = 5.6J

1
 

 
 
 
 
 
 
 
 
 
 
 
d. The mass slides along the horizontal surface at the constant speed you found in point B.  The block at 

point C encounters a ramp inclined at an angle 𝜃 measured with respect to the horizontal.  There is 
friction between the block and the ramp (with coefficient of friction 𝜇) between points C and D.  Let 
the distance the block slides along the ramp be ∆𝑥]^ = 𝑥.  Starting with the definition of work, derive 
an expression for the distance the block slides along the ramp ∆𝑥]^ = 𝑥 starting at point C with speed 
𝑣U and coming to rest at point D.   

 
 

𝑊 = ∆𝐾 = >
?
𝑚𝑣]? −

>
?
𝑚𝑣^? = −>

?
𝑚𝑣^? = −>

?
𝑚𝑣U? 

𝑊 = 2 𝐹⃗_`a ∙ 𝑑𝑟 = 2〈−𝑚𝑔 sin𝜃 − 𝐹Ae , 𝐹I −𝑚𝑔 cos 𝜃 , 0〉 ∙ 〈𝑑𝑥, 0,0〉 = 2 @−𝑚𝑔 sin𝜃 − 𝐹AeC𝑑𝑥
=h

=i
 

𝑊 = −>
?
𝑚𝑣U? = @−𝑚𝑔 sin 𝜃 − 𝐹AeC(𝑥] − 𝑥^) = −(𝑚𝑔sin 𝜃 + 𝜇𝐹I)𝑥 = −(𝑚𝑔 sin𝜃 + 𝜇𝑚𝑔 cos 𝜃)𝑥 

𝑥 =
𝑣U?

2(𝑔 sin 𝜃 + 𝜇𝑔 cos 𝜃)
 

 
Where, 𝐹⃗_`a = 𝐹⃗I + 𝐹⃗j + 𝐹⃗Ae = 〈0, 𝐹I, 0〉 + 〈−𝑚𝑔sin 𝜃 ,−𝑚𝑔 cos 𝜃 , 0〉 + 〈−𝐹Ae, 0,0〉 
𝐹⃗_`a = 〈−𝑚𝑔sin 𝜃 − 𝐹Ae, 𝐹I −𝑚𝑔 cos 𝜃 , 0〉 and 𝑑𝑟 = 〈𝑑𝑥, 0,0〉 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Physics 120 Formula Sheet 
 
General Definitions of Motion    Geometry 
∆𝑟 = 〈∆𝑥, ∆𝑦, ∆𝑧〉 = 〈𝑥A − 𝑥B, 𝑦A − 𝑦, 𝑧A − 𝑧B〉  𝐶 = 2𝜋𝑟		𝐴pBepq` = 𝜋𝑟?;		𝐴e`pa = 𝐿𝑊	 

𝑣⃗ = ∆e⃗
∆a
= 〈∆=

∆a
, ∆O
∆a
, ∆t
∆a
〉     𝐴aeBu_Nq` = v

S𝑏ℎ;	 	𝐴1yz`e` = 4𝜋𝑟? 

𝑎⃗ = ∆}~⃗
∆a
= 〈∆}�

∆a
,
∆}�
∆a
, ∆}�
∆a
〉     𝑉1yz`e` = �

�𝜋𝑟
�;		𝑉pOq = 𝜋𝑟?ℎ;		𝑉p�_` = v

�𝜋𝑟
?ℎ 

𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 

𝑣⃗ = 〈𝑣=, 𝑣O, 𝑣t〉 =
𝑑𝑟
𝑑𝑡

= 〈
𝑑𝑥
𝑑𝑡
,
𝑑𝑦
𝑑𝑡
,
𝑑𝑧
𝑑𝑡
〉 

𝑎⃗ = 〈𝑎=, 𝑎O, 𝑎t〉 =
𝑑𝑣⃗
𝑑𝑡

= 〈
𝑑𝑣=
𝑑𝑡

,
𝑑𝑣O
𝑑𝑡

,
𝑑𝑣t
𝑑𝑡
〉 

 
Motion with constant acceleration 
𝑟A = 𝑟B + 𝑣⃗B𝑡 +

>
?
𝑎⃗𝑡? → 〈𝑥A, 𝑦, 𝑧A〉 = 〈𝑥B + 𝑣B=𝑡 +

>
?
𝑎=𝑡?, 𝑦B + 𝑣BO𝑡 +

>
?
𝑎O𝑡?, 𝑧 + 𝑣Bt𝑡 +

>
?
𝑎t𝑡?〉 

𝑣⃗A = 𝑣⃗B + 𝑎⃗𝑡 → 〈𝑣A=, 𝑣AO, 𝑣At〉 = 〈𝑣B= + 𝑎=𝑡, 𝑣BO + 𝑎O𝑡, 𝑣Bt + 𝑎t𝑡〉 
 
Forces/Momentum     Constants 
𝑝⃗ = 𝑚𝑣⃗      𝑔 = 9.8&�S; 		𝐺 = 6.67 × 10<>>%&S

��S 		 

𝐹⃗_`a =
�y⃗
�a
= 𝑚𝑎⃗     𝑣1��_� = 343&� ;		𝑣qBNza = 𝑐 = 3 × 10� J

1
 

𝑝⃗A − 𝑝⃗B = ∫𝑑𝑝⃗ = ∫ 𝐹⃗_`a𝑑𝑡    𝑁G = 6.02 × 10?� 

𝐹⃗_`a = 𝐹⃗∥ + 𝐹⃗� =
𝑑𝑝
𝑑𝑡
𝑝̂ + 𝑝

𝑑𝑝̂
𝑑𝑡

= 𝑚𝑎⃗∥ +𝑚𝑎⃗� 

�𝐹⃗�� = 𝑚|𝑎⃗�| = 𝑚
𝑣?

𝑟
 

𝐹⃗� = 𝐺
𝑀>𝑀?

𝑟>??
𝑟̂>? → �𝐹⃗�� = 𝐺

𝑀>𝑀?

𝑟>??
 

𝐹⃗� = 𝑚𝑔⃗;			 𝑔⃗ = 𝐺
𝑀p�

(𝑅p� + ℎ)
𝑟̂ 

�𝐹⃗Ae� = 𝜇�𝐹⃗I� 
𝐹⃗1 = −𝑘∆𝑟 
 
Vectors 

𝐶 = 𝐴⃗ + 𝐵~⃗ → 〈𝐶=, 𝐶O, 𝐶t〉 = 〈𝐴= + 𝐵=, 𝐴O + 𝐵O, 𝐴t + 𝐵t〉 + 〈𝐶=, 𝐶O, 𝐶t〉;			 �𝐶� = V𝐶=? + 𝐶O? + 𝐶t? 

𝐴⃗ ∙ 𝐵~⃗ = �𝐴⃗��𝐵~⃗ � cos 𝜃 = 𝐴=𝐵= + 𝐴O𝐵O + 𝐴t𝐵t 
𝐴⃗ × 𝐵~⃗ = �𝐴⃗��𝐵~⃗ � sin 𝜃 = 〈𝑎O𝑏t − 𝑏O𝑎t, 𝑎t𝑏= − 𝑏t𝑎=, 𝑎=𝑏O − 𝑏=𝑎O〉 
 
 
 
 
 
 
 
 
Work and Energy 



𝑊� = 2𝑑𝑊� = 2 𝐹⃗ ∙ 𝑑𝑟 = ∆𝐾� =
>
?
𝑚𝑣A? −

>
?
𝑚𝑣B? =

𝑝A?

2𝑚
−
𝑝B?

2𝑚
 

𝑊� = 2𝑑𝑊� = 2𝜏 ∙ 𝑑𝜃 = ∆𝐾� =
>
?
𝐼𝜔A? −

>
?
𝐼𝜔B? 

𝑊_`a = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = ¦
0

−𝑊𝑓𝑟
 

𝑊_`a = −¨∆𝑈 = ∆𝐾� + ∆𝐾� 
𝑈N = 𝑚𝑔𝑦 
𝑈1 =

>
?
𝑘𝑥? 

 
 
 
Center-of-Mass 
 
Collisions 
 
Rotational Motion 
 
 


