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Part I. Multiple Choice (3 pts each) 
  

Instructions: 
   

Please clearly circle one and only one answer for each of the following.    
Show all of your work.   Partial credit may be given if you include your work.    

 

Questions:  
  
1. Two containers hold equal masses of nitrogen gas at equal temperatures. You supply 10 
J of heat to container A while not allowing its volume to change, and you supply 10 J of 
heat to container B while not allowing its pressure to change.  Afterward, which is true? 
 

(a) TA < TB 

(b) TA = TB 

(c) TA > TB 

(d) Not enough information 
 
 
 
2.   A 40 kg, 5.0 m long beam is supported, but not attached to 
the two posts shown.  A 40 kg boy starts walking along the 
beam.  How close to the edge of the beam can he walk without 
it falling over? 
 
 (a) 1.0 m 
 (b) 0.50 m 
 (c) 1.5 m 
 (d) 2.5 m 
 
 
3.  A 200 g block is attached to a horizontal spring with spring constant 10.0 N/m.  At 
t=0.00s the block is 20.0 cm to the left of equilibrium position moving rightward with a 
speed of 100 cm/s.  What is the block’s Amplitude of oscillation? 
 
 (a) 14.1 cm 
 (b) 0.245 m 
 (c) 200 mm 
 (d) 6.00 x 10-2 m 
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4.  For the following velocity versus time graph,  
find the object’s position at 6.0 seconds.  Assume  
the initial start position of the object is 10 m.  
  
 (a) 70 m 
 (b) 60 m  
 (c) 50 m   
 (d) 40 m   
 
 
5. Bob throws a 500 g rock while moving his hand forward 2.0 m during the throw.  If Bob 
does 2.3 x 102 J of work on the rock, how fast is the rock traveling after the throw?      
 
 (a) 9.2 x 102 m/s  
 (b) 43 m/s 
 (c) 1.0 m/s 
 (d) 30 m/s 
  
 
 
6. A 620 g hawk has a 60 g stick in its mouth (680 g total) that is coasting in the air 
horizontal to the ground at 30 m/s.  If the hawk releases the 60 g stick, what is the hawk’s 
velocity just after the stick leaves the hawk’s mouth? 
 

(a) 33 m/s   
(b) 30 m/s   
(c) 3.4 x 102 m/s   
(d) 27 m/s 
 
 
 

7. You are extremely bored during summer break, so you decide to attach a graphing 
calculator to a rubber band and repeatedly bounce it up and down vertically. When the rubber 
band is at its minimum stretch away from your hand… 
 

(a) the calculator's velocity is downward but its acceleration is upward. 
(b) the calculator's velocity is zero but its acceleration is upward. 
(c) the calculator's velocity is upward but its acceleration is downward. 
(d) the calculator's velocity is zero but its acceleration is downward. 
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8. Which of the following vectors represents the superposition of 
vectors A1, A2 and A3. 
 
 

 
 
 
 

 
9. A 40 g ball is thrown from a 30-m tall building 
(point A) at an unknown angle above the 
horizontal. As shown, the ball attains a maximum 
height of 10 m above the top of the building before 
striking the ground at point B. If air resistance is 
negligible, what is the change in kinetic energy of 
the ball at B compared to that at the launch?  
 
 (a) 12 Nm 
 (b) 16 kg m2/s2 
 (c) -16 Nm 
 (d) -12 J 
 
 
10. A spool has a thin, negligible-mass cable attached to it, which is pulled with an 
acceleration of 1.5 m/s2.  The diameter of the spool is 6.0 cm and it rotates on a frictionless 
bearing from rest.  After 1.0 m of the cable has been unwound, what is the angular speed 
of the spool?   Assume the cable is pulled at an angle that allows for the maximum speed 
to be obtained. 
 

(a) 5.5 x 102 rad/s  
 (b) 28 rad/s  
 (c) 57 rad/s 
 (d) 5.0 rad/s 
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11.   Three balls of clay are traveling as shown and hit 
simultaneously and stick together.   What is the net 
momentum in the y direction after the collision? 
 

(a) -0.073 kg m/s 
(b) +0.022 kg m/s 
(c) 0.15 kg m/s 
(d) -0.022 Ns  

 
 

 
12. A space station orbits 300 km above the surface of the earth.  What is the gravitational 
force on a 2.0 kg sphere inside the space station? 
 

(a) 20 N   
(b) 9.0 N  
(c) 8.9 kN   
(d) 18 N  

 
 
 
13. You throw a ball straight-up from the ground to a second story window.  As the ball 
reaches the window, its velocity is zero.  If you throw the ball with half of the initial 
velocity, the time it takes to reach the window is…  
 

(a) the same. 
(b) twice as long. 
(c) four times as long. 
(d) The ball never makes it to the second story window. 

 
 
 
 
14.  The particle shown follows a… 
  

(a) Parabolic trajectory 
 (b) Straight-line trajectory  
 (c) Circular trajectory 
 (d) Not possible to tell 
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15. A particle has the potential energy shown.  What is the x-
component of the force on the particle at x=30 cm?  

 
(a) 17 N  
(b) -50 kg m/s2 
(c)  100 N   
(d)  -17 kg m/s 
  

 
 
16.   The fan blade shown is slowing down.   What are the signs of w and a? 
 
 (a) w is positive and a is negative. 
 (b) w is negative and a is positive. 
 (c) w is positive and a is positive. 
 (d) w is negative and a is negative. 
 
 
 
17.  With the spring weather we’ve had it is plausible that next week you will be able to 
sled riding down a snow-covered hill.  If you are traveling along a flat area, at 5.0 m/s on a 
sled (mtot = 75 kg).  You decide to let friction stop you, and it takes 15 seconds to 
uniformly come to rest.  What is the coefficient of friction between the sled and snow? 
 
 (a) 0.25 
 (b) 0.034 
 (c) 0.50 N 
 (d) 0.34    
 
 
18. A 4.0 x 10-3 kg m2 turntable (200 g, r=0.20 m) rotates on a frictionless bearing at 60 
rpm A 20 g block sits at the center of the turntable.  A compressed spring shoots the block 
radially outward along a frictionless groove in the surface of the turntable.  What is the 
turntable’s angular velocity when the block reaches the outer edge at a radius of 20 cm? 
 

(a) 72 rpm  
 (b) 60 rpm 
 (c) 55 rpm 
 (d) 50 rpm 
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19. A pendulum oscillates as shown, what is its length? 
 

(a) 1.0 m 
(b) 4.0 m 
(c) 6.2 m 
(d) 3.1 m 

 
 
20.  You (70 kg) are riding a 30 m diameter Ferris wheel at an amusement park, which 
spins with a constant angular velocity of 0.25 rad/s.  If the seats in the Ferris wheel remain 
upright during the ride, what is the magnitude of the normal force acting on you when you 
are at the top of the Ferris wheel? 
 
 (a) 5.5 x 102 N 

(b) 7.5 x 102 N 

 (c) 6.9 x 102 N 
 (d) 6.2 x 102 N 
 
 
 
21. A hoop and a solid disc of the same radius and mass roll from rest down an incline.  
Which reaches the bottom of the incline first? 
 

(a) The hoop 
(b) The solid disc 
(c) Both reach the bottom at the same time. 
(d) Need more information.  

 
 
 
22.  A 1.0 kg toy car traveling to the left at 1.0 m/s approaches a 2.0 kg toy car traveling to 
the right at 2.0 m/s.  Assuming they collide elastically, what is the speed of the 2.0 kg car 
post-collision? 
 

(a) 3.0 m/s 
(b) 1.3 m/s    
(c) 1.0 m/s 
(d) 0.0 m/s 
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23. A photographer in a helicopter ascending vertically at a constant rate of 12.5 m/s 
accidentally lets go of a camera dangling out the window when the helicopter is 60.0 m 
above the ground. Ignoring air resistance, what will the camera’s velocity be right before it 
hits the ground? 
 

(a) 34.5 m/s2  
(b) -36.5 m/s 
(c)  -31.9 m/s  
(d) 27.3 m/s   

 
 
24. A 0.13 kg aluminum spoon at 100ºC is placed in a Styrofoam cup containing 0.200 kg 
of water at 20ºC.  Assuming no heat is lost to the cup itself or environment, what is the 
final equilibrium temperature of the system? 
 

(a) 30 ºC 
(b) 40 ºC  
(c) 90 ºC 
(d) 100 ºC 

 
 
 
 
25. The pressure at the bottom of a dam is 4.0 atm.  What is the pressure at half that depth?    
 

(a) 1.5 atm  
(b) 2.0 atm 
(c) 2.5 atm 
(d) 3.0 atm 

 
 
26. A spring-loaded gun shoots a plastic ball with a speed v.   If you use the same spring-
loaded gun compressed the same distance to shot a ball that is twice as massive, the speed 
will now be... 
 

(a) 0.5v 
(b) v 
(c) v 
(d) v/  

2

2
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27.  Three masses are connected by massless strings 
over massless-frictionless pulleys as shown.  What is 
the acceleration of the system, assuming there is no 
friction between the 2.0 kg block and the table?    
 

(a) 3.3 m/s2 
(b) 2.3 m/s2 
(c) 9.8 m/s2 
(d) 6.5 m/s2 

 
 
28. As this is Mount Union, you MUST have football knowledge.  If the area of the 
football field is 5.76 x 104 square feet, what is the SI equivalent area? 
 

(a) 17,557 m2 

(b) 5.35 x 107 m2 
(c) 5.35 x 103 m2 
(d) 1.76 x 104 m2 

 
 
 
29.  A 1.0 kg ball and a 2.0 kg ball are connected by a 1.0 m long rigid, mass-less rod and 
it is rotating counter-clockwise about its center of mass.  What is the total moment of 
inertia for the system? 
 
 (a) 0.25 kg m2  
 (b) 0.33 kg m2  
 (c) 0.66 kg m2 
 (d) 1.0 kg m2 

 
 
30. Four students run up the stairs in the time shown. 
 Who has the largest power output?    
 
 
 
 
 
  



Phy101 – Final – Spring 2022– Prof. Ekey 

v = (4.0î + 2.0 ĵ) m / s

v = (2.0î + 2.8 ĵ) m / s

v = (2.0î + 4.0 ĵ) m / s

v = 2.8 m / s2

31.  A physics student on the planet Exidor throws a 
ball, and it follows the parabolic trajectory shown. 
The velocity vector for t=1 second is also shown. 
From this information, what is the launch velocity? 
 

(a)   
(b)   
(c)  

 (d)  
 
 
 
32.   Which of the following statements is true? 
 

(a) When moving in uniform circular motion the momentum is not constant. 
 
(b)  If you double the radius of a sphere, the moment of inertia   
increases by a factor of 4. 

 
 (c) Static friction is always greater than kinetic friction. 
 

(d) The period of a pendulum does not depend on amplitude. 
 

 
 
 
 
 
33. A block floats on a cushion of air.  It is pushed to 
the right with a force that remains constant as the 
block moves from 0 to 1 and from 1 to 2 the size of the force steadily decreases until it 
reaches half of its initial value.   For the block which of the following is true? 
 
 (a) Slows down from 1 to 2  
 (b) Moves at a constant speed from 0 to 1 
 (c) Speeds up from 1 to 2 
 (d) From 0 to 1, speeds up at first and then has a constant speed  
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34. A gas at 27.0 °C and atmospheric pressure fills a cylinder. The gas is transferred to a 
new cylinder with three times the volume, after which the pressure is half the original 
pressure. What is the new temperature of the gas?  
 
 (a) 450 K 
 (b) 40.5 °C 
 (c) 200 K 
 (d) Need more information 
 
 
35. A horizontal mass-spring system with a mass of 1.00 kg has an equation of motion of   
x(t) = (3.14 m) sin (2.00 t).   What is the maximum kinetic energy of the mass? 
 
 (a) 6.28 J  
 (b) 19.7 J 
 (c) 3.14 J 
 (d) Need more information 
 
 
36. A block is sliding up then down a ramp and there is friction.  
When is the net force parallel to the ramp the greatest? 
 

(a) The net force is the same throughout the motion 
(b) When sliding down the ramp  
(c) When sliding up the ramp 
(d) At the turn-around point  

 
 
 
Part II.  Short answer problems (12 pts each)  
Instructions: 
  

Solve four of the following six problems.    If you try to solve all six problems, please 
clearly indicate which problems you wish to have graded.  If you do not indicate this, I 
will assume you want me to grade problems one, two, three and four.  
 

Please show all of your work, including equations without numbers. 
Please provide units with all answers. 
Partial credit may be given if you include your work.    
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Question 1.    Grade this problem?   Yes or No  (circle one) 
 

Two blocks with masses mA=5.0 kg and mB=10.0 kg are 
pushed on a frictionless surface from rest.   
 

(a) If the force of A on B is 20 N, what the acceleration of the system? 
 
   
 
 
 
 
(b) If the velocity of the block was 4.0 m/s, how far was it pushed? 
 
 
 
 
 
 
 
(c) As I was experimenting on this system for the final, I unfortunately spilled coffee on 
the frictionless surface. Sad really, I know. If it took 1.0 second to come to rest, what was 
the friction force (mag + dir) between the blocks and coffee infused surface? 
 
 
 
 
 
 
 
 
 
(d) Explain how momentum can be conserved in the situation described in (c) if the blocks 
come to rest.   No calculations are necessary, but words and theory are required to justify.  
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Question 2.     Grade this problem?  Yes or No  (circle one) 
    

Nitrogen gas (N2, 0.10 mol) is in a sealed piston, which can be 
compressed in the two methods shown.   
 

(a) What is the final temperature for either process? 

 

 

 

(b) What is the work done for the isothermal process? 

 

 

 

(c) What is the initial temperature for the adiabatic process? 

 

 

 

 

(d) Which process has more heat energy transferred to the gas?  Explain your answer using 
the first law of thermodynamics and other useful bits of knowledge of Thermodynamics.  
Words are necessary, no calculations are required. 
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Question 3.     Grade this problem?  Yes or No  (circle one) 
  

A 1500 kg car suddenly runs out of gas while approaching the  
valley shown.  The speed at the bottom of the hill is 18 m/s. 
Ignore friction. 
  

(a) At the bottom of the hill, draw to scale a force diagram showing all forces acting on the 
car including net force. These do not need to be exact, but a larger force should have a 
larger length.  Also explain the direction of the net force using your diagram. 
 
 
 
 
 
 
(b) If the car coasts into the station with a speed of 5.5 m/s, what is the vertical height from 
the bottom of the valley to the gas station?    
 
 
 
 
 
 
(c) The car unfortunately collides with a 50 kg gas pump, which flies off at a horizontal 
velocity of 10 m/s.   What is the velocity of the car after this collision? 
 
 

 

 
 
 
 
 

(d) The pump flies off the cliff that is behind the station, and lands in the valley below 4.0 
seconds later.  How high is the cliff behind the station?  
  

? m 
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Question 4.     Grade this problem? Yes or No (circle one) 
   

A 0.50 kg physics book is hanging from a spring attached to the ceiling. From equilibrium 
the book is pulled down 10 cm and released allowing it to oscillate completing 10 
oscillations is 5.0 seconds.   
 

(a) What is the spring constant? 
 
 
 
 
 
 
(b) At equilibrium, how far was spring stretched from its unstretched length? 
 
 
 
 
 
 
 
(c) What is the speed of the book when it is at a location that is half of its amplitude? 
 
 
 
 
 
 
 
 
 
(d) In an equation of motion describing the book’s oscillation, what would the phase factor 
be?   State the value and explain why that is the case. 
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Question 5.   Grade this problem? Yes or No (circle one) 
 

A 1.0 kg model rocket is launched into the air, and provides a constant thrust force.  When 
the rocket reaches 20 m above the ground it is traveling with a velocity of 10 m/s.   The 
rocket continues to provide thrust after this point. Ignore the loss of the fuel from the 
rocket, and assume it travels vertically. 
 

(a) What is the total work done of the rocket over the 20 m distance? 
 
 
 
 
 
 
(b) What is the force from the thrust of the rocket during the launch? 
 
 
 
 
 
 
 
(c) If we didn’t ignore the loss of the fuel and assumed that the thrust would remain 
constant during the launch, would the velocity of the rocket be bigger, smaller or the same 
when it reached 20m?   Words and reasoning are necessary in your answer.  Further 
calculations are not.   
 
  
 

 
 
 
 
(d). As the rocket falls back to earth, it impacts the ground 
and experiences the force shown.   What maximum force 
does the ground exert on the rocket if the impulse is 0.50 Ns? 

 
 
 

 
 

12.5 m 
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Question 6.     Grade this problem?  Yes or No  (circle one) 
   

The 10 kg solid disc shown has a radius of 10 cm. 
(a) What is the net Torque on the disc from the forces shown? 
 
 
 
 
 
 
 
(b) What is the angular acceleration of the disc? 
 
 
 
 
 
 
 
 
(c) As the forces are applied, the disc’s initial 1.0 rad/s angular velocity changes in 2.0 
seconds, through what angle did the disc turn through during this time?  
 
 
 
 
 
 
 
 
 
 
(d) After the forces are removed and the disc continues to spin does a point on the edge of 
the disc have a net force acting on it?  Explain with words and possibly equations. 
 
  

 
 
 


