
EMA 202, Spring 2015 Name: ______________________________ 

Midterm #1, closed book/notes, 90 min.  

  

 

Instructions 

 

• Write your name on every sheet.  

• Show all of your work. 

• To maximize opportunities for partial credit, solve problems symbolically to the extent 

possible and substitute numerical values at the end. 

• Include free body diagrams for all equilibrium equations. 

 

• This is a closed book examination. 

• The only notes allowed are the equations provided with this exam. 

• Calculators are allowed. 

• The use of cell phones is prohibited. 

 

• The instructors and the University of Wisconsin expect the highest standards of honesty and 

integrity in the academic performance of its students.  It is important that the work submitted 

on this examination is yours and yours alone. 

• Receiving or giving aid in an examination or using notes on a closed note exam will be 

considered cheating and will result in a grade of F and the case being reported to the Dean of 

Students Office.  

 

 

Circle Your Discussion Section: 301  (Tu 1:20, Harsha) 

 302  (Tu 2:25, Harsha) 

 303  (W 3:30, David) 

 304  (Th 8:50, David) 

 305  (Th 12:05, David) 

 306  (Th 1:20, David) 

 

Grading: 

Q1 /10 

Q2 /30 

Q3 /30 

Q4 /30 

Total 
 

/100 
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Question 1 (10 points) 

 

1A (4 points) A child walks across a merry-go-round with constant speed u relative to the platform.  

The merry-go-round is rotating about its center at a constant angular velocity, ω, in the direction 

shown.  When the child is at the center of the platform, write an expression for the acceleration 

vector and note all of the terms that are equal to zero.  Additionally, draw the acceleration vector 

(with coordinate system) at the instant shown on the figure below.   

 

 
 

 

1B (6 points)   
 

A 500kg elevator starts from rest and travels upward with a 

constant acceleration of 2m/s2.  Determine the power output of 

motor M at t = 3 seconds.   
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Question 2 (30 points) 

 

At the bottom of a loop in the vertical plane, an 

airplane has a horizontal velocity of 315mph 

and is accelerating at a rate of 10 ft/s2.  The 

radius of curvature of the loop is 1 mile.  The 

plane is being tracked by radar at O.  What are 

the values for 𝑟,̇  𝑟̈, 𝜃̇, 𝑎𝑛𝑑 𝜃̈ at this instant? 
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r 

1 mile = 5280 feet 
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Question 3 (30 points) 

 

 

 

Each of the two blocks has mass m.  The 

coefficient of kinetic friction on all surfaces 

of contact is µ.  If a horizontal force P 

moves the bottom block, determine the 

acceleration of the bottom block in cases 

(a) and (b).   

 

Additionally, solve for the force P, in 

which case (a) and (b) have the same 

acceleration.   
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Question 4 (30 points) 

 

 

 

 

A 3-lb collar C may slide without friction along the 

vertical rod.  It is attached to 3 springs, each with spring 

constant k = 2 lb/in and an undeformed length of 6 inches.  

Given that the collar is released from rest, determine the 

speed of the collar after it has traveled 6 inches down.   
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Geometry: 

c

C

b

B

a

A

sinsinsin
  

cBABAC cos2222   

1sin    cos 22    

 

Particle Rectilinear Motion: 

dt

dv
a   

dt

ds
v    vdvads             

For the special case of constant acceleration (ac), and assuming initial conditions are 

specified at t = 0:   

tavtv co )(              2

2

1
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Particle Curvilinear Motion: 

 

Cartesian Results:  kjiv ˆˆˆ zyx 


        kjia ˆˆˆ zyx 

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Normal/Tangential Results: 

   tsuv ˆ

  

   nt
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v uua ˆˆ

2


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Polar Results: 

    u uv ˆˆ 

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Spherical Results: 
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General Time Derivatives of a Vector: 

 

 uωu ˆ)(ˆ  ut
  

 AωuA

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Principle of Work and Energy: U12 = T2 – T1 where U12 = r F
2  

1  


d   and T = 2

2

1
mv  

 

Conservation of Energy (assumes only conservative forces): T1 + V1 = T2 + V2 

(For rigid bodies, these results are unchanged except for the fact that T = 22

2
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V is potential energy and takes different forms depending on the source.  For terrestrial gravity,  

V = mgy, (mgyG for a rigid body) while for a linear elastic spring, V = 2

2

1
k  

 

Power: vFP

  

 

Efficiency: 
inputpower 

outputpower 
  

 

Linear Impulse and Momentum: 1221 ppI


   where  dt

2  

1  
21 FI


  and  vp


m  

(For rigid bodies, the linear impulse and momentum expressions are identical but with Gvv


 ) 

 

Coefficient of restitution: 
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Principle of Angular Impulse and Momentum: 1221 HHI OOM


     where  

dtOM 

2  

1  
21 MI
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  and  vH


mr   

 

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of 

fixed rotation.  If the center of gravity, HG = IG; if a fixed axis, HO = IO.)   
 

Relative General Plane Motion: 

 

 Translating Axes:  ABAABB //A rωvvvv


  

    ABABAABB /

2

//A rrαaaaa


  

 

 Rotating Axes:    ABxyABB //A rvvv


  

         
xyABABABxyABB ////A 2 vrraaa


  

 

Equations of Motion: xGx amF )(  ; yGy amF )(  

          or tGt amF )(   ; nGn amF )(  

 

   GG IM        or      OO IM    or       ... if you must ... 

   GyGxGP IamxamyM  )()(  

Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: mkdmrI 22    

    Parallel axis theorem: 
2mdII G   




