
MIE100S Dynamics – Spring 2014 

Midterm exam solutions 
 

Question #1 

Given: 𝑚 = 50 𝑘𝑔 𝑣 = 17 𝑚/𝑠 
𝑓𝑓 = 130 𝑁 𝜌 = 28 𝑚 𝜃 = 20𝑜 

 

a) 𝑎𝑛 = 𝑣2

𝜌
= 172

28
= 10.32 𝑚

𝑠2
 

 

b) ∑𝐹𝑛 = 𝑚𝑎𝑛  𝑁 −𝑚𝑔𝐶𝑜𝑠(20) = 𝑚𝑎𝑛 
𝑁 = 977 𝑁𝑒𝑤𝑡𝑜𝑛 𝑓𝑓 =  𝜇𝑘𝑁 = 130 𝑁𝑒𝑤𝑡𝑜𝑛 
 𝜇𝑘 = 0.133 

 
 
 
 
 
 

c) Projectile motion: 
 
 ∆𝑥 = 𝑣0 Cos(𝜃)∆𝑡  

𝑦 = 1
2
𝑎𝑡2 + 𝑉0𝑆𝑖𝑛(𝜃) + 𝑦0  

−40 =  −1
2
𝑔𝑡2 − 17𝑆𝑖𝑛(20)𝑡     𝑡 = 2.324 𝑆𝑒𝑐 

∆𝑥 = 𝑣0 Cos(𝜃)∆𝑡 = 37.123 𝑚  

 

 

 

 

 
 

 
 

 

 

 



Question #2 

 

Given 

𝑣𝐴 = 0.5 �m
s
� (to the right); 𝜇𝑘 = 0.27; 𝑚𝐴 = 44 [kg]; 𝑚𝐵 = 21 [kg] 

Velocities are assumed in direction of increasing length: 

- As l1 increases, A moves left 
- As l2 increases, B moves down 

Total length of rope: 

 𝐿𝑇 = 2𝑑1 + 3𝑙1 + 𝑑2 + 𝑙2 (1) 
 

Taking the time derivative on both sides gives: 

 0 = 3𝑣𝐴 + 𝑣𝐵 (2) 
 

since 𝐿𝑇 ,𝑑1, and 𝑑2 are constant, and 𝑙1̇ = 𝑣𝐴 and 𝑙2̇ = 𝑣𝐵. 

Hence 

 𝑣𝐵 = −3𝑣𝐴 (3) 
 

 

 



(a) Kinetic energy of crate B at instant shown: 
Velocity of B:  

.     𝑣𝐴 = −0.5 �m
s
�  

Since 𝑣𝐵 = −3𝑣𝐴:   𝑣𝐵 = 1.5 �m
s
� 

Kinetic energy:  

 𝑇𝑘,𝐵 =
1
2
𝑚𝐵𝑣𝐵2   

   
 𝑇𝑘,𝐵 =

1
2

21 ∙ 1.52

= 23.625 [J] 

 

 

𝑻𝒌,𝑩 = 𝟐𝟑.𝟔𝟐𝟓 [𝐉] 

 

 

(b) Acceleration of crate B at the instant shown 
 
Free body diagram for A and B: 

 
 

 
 
 �𝑭 = 𝑚𝒂  

 
A, x-
direction: 

∑𝐹𝑥 = −3𝑇 + 𝐹𝑓 = 𝑚𝐴𝑎𝐴              where 𝐹𝑓 = 𝑁𝜇𝑘, and 
𝑁 = 𝑚𝐴𝑔 
 

(4) 

B, y-
direction: 

∑𝐹𝑦 = − 𝑇 + 𝑚𝐵𝑔 = 𝑚𝐵𝑎𝐵  (5) 

 



Taking the time derivative on both sides of equation (3) gives 

 𝑎𝐵 = −3𝑎𝐴 (6) 
 

Combine equations (4), (5), and (6) 

 𝑔 −
𝑇
𝑚𝐵

= 3 �
3𝑇
𝑚𝐴

− 𝑔𝜇𝑘�  

   
Rearrange for 𝑇 

𝑇 =
𝑔(1 + 3𝜇𝑘)

1
𝑚𝐵

+ 9
𝑚𝐴

 
 

   
Hence 

𝑇 =
9.81(1 + 3 ∙ 0.27)

1
21 + 9

44
= 70.415 [N] (7) 

 

Substitute result of equation (7) into equation (5) 

 𝑎𝐵 =
𝑚𝐵𝑔 − 𝑇
𝑚𝐵

  

   
 𝑎𝐵 =

21 ∙ 9.81 − 70.451
21

= 6.455 �
m
s2
�  

 

𝒂𝑩 = 𝟔.𝟒𝟓𝟓 �𝐦
𝐬𝟐
� (downward) 

  



Question #3 

(a) Total elastic potential energy 

 2 1
2
𝑘(𝛥𝑥)2 =  2 1

2
(200)(1.5 − 0.3)2 = 288 J 

 

(b) Velocity before the collision 

 𝑣𝐵 = −2 𝑖 m/s       𝑣𝐴 = ? 

 2 1
2
𝑘(𝛥𝑥)2 = 1

2
𝑚𝑣𝐶2 + 𝑚𝑔ℎ𝐶   =>   𝑣𝐶 =  �2  𝑘(𝛥𝑥)2 −𝑚𝐴𝑔ℎ𝐶 

𝑚𝐴
 = 9.541 m/s 

 𝑣𝐴 = 9.541 m/s  

 ∑ 𝑚𝑖𝑣𝑖 = constant => 𝑚𝐴𝑣𝐴 + 𝑚𝐵𝑣𝐵 = (𝑚𝐴 + 𝑚𝐵)𝑣2
𝑖=1  

 𝑣 =  𝑚𝐴𝑣𝐴+𝑚𝐵𝑣𝐵
𝑚𝐴+𝑚𝐵

= 4(9.541)−5(2)
9

= 3.129 m/s 

 𝑣𝑎𝑓𝑡𝑒𝑟 𝑖𝑚𝑝𝑎𝑐𝑡 =  3.129 m/s 

 

(c) Heat generated 

 1
2

 (𝑚𝐴 + 𝑚𝐵 )𝑣2 + 𝐻𝑒𝑎𝑡 = 1
2
𝑚𝐴𝑣𝐴2 + 1

2
𝑚𝐵𝑣𝐵2 

 𝐻𝑒𝑎𝑡 =  1
2
𝑚𝐴𝑣𝐴2 + 1

2
𝑚𝐵𝑣𝐵2 −  1

2
 (𝑚𝐴 + 𝑚𝐵 )𝑣2  

 𝐻𝑒𝑎𝑡 = 1
2

 (4)(9.541)2 + 1
2

 (5)(2)2 − 1
2

 (4 + 5)3.1292 = 148.003 J 

 

 


