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McGill University 

 
PHYS 131 

(Mechanics & Waves) 
 

FINAL EXAM 
 

December 19, 2011 
2:00 PM – 5:00 PM 

 
 
 
Examiner: K.J. Ragan       x6518 
Associate Examiner: J. Crawford     x7029 
 
____________________________________________________ 
 
Student name:       ID: 
____________________________________________________ 
 

The exam comprises two parts on seven pages (including this page): 8 short answer 
questions, and 7 problems. A one-page (both sides) formula sheet is allowed. No books 
(except dictionaries) are allowed.  Calculators are allowed.  
 
Answer all the short answer questions with a few words or a few short phrases.  For the 
problems, show all your work! 
 
The short answer problems are worth four points each, and the problems are worth 10 
points each. Show all work and put all answers in the answer booklets provided (nothing 
written on this exam paper will be graded), but return this exam paper with the booklet(s).  
 
Good luck !  
 
 
 

 
 
 

 



Short answer questions (answer all): you should not need to do any complicated 
calculations for these questions, and should answer in a few words, a few short phrases, 
or a simple sketch. In some cases you might find it useful to quote an appropriate formula. 
In all cases explain your reasoning!  

 
 
 
 

1) [4 pts] Explain how you could measure both your mass and the position of your body’s 
centre of mass if all you had as experimental equipment was two spring balances 
(calibrated, of course), and a light, rigid plank, set up as shown in the figure. 

                            
 

 
2) [4 pts] A weight lifter of mass m stands on a bathroom scale with his barbells (his weights) 

of mass M. Holding them initially at his shoulders, he does a series of ‘extensions’ (lifting 
them above his head and bringing them back to his shoulders). We can approximate the 
vertical motion of the weights as simple harmonic motion. 

  
a) Draw a graph of the reading of the scale as he does the extensions. Be as detailed 

as possible about the reading of the scale during the motion of the weights. 
 
b) He now musters enough force to launch the weights in the air above his head, and 

then catch them on the way down. Draw another graph of the scale reading during 
this motion, with as much detail as possible. 

 
 

3) [4 pts] Draw displacement graphs for the fundamental (frequency f) and the first two 
harmonic frequencies above the fundamental, for a closed tube (a tube closed at one 
end). How many nodes and anti-nodes does the highest of these three frequencies have 
in the tube?  

 
 

4) [4 pts] An air puck (like those used in your labs) is attached to a spring and undergoing 
simple harmonic motion on a horizontal frictionless surface. A coin is placed on top of the 
puck and oscillates with it. At what point(s) in the motion is the force of friction on the coin 
largest? At what point(s) is it the smallest? Explain your answers.  
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5) [4 pts] A store has a sign hanging inside the store, from a thin piece of wire. The wire 
vibrates at a fundamental frequency f which bothers the customers in the store. The store 
owner, having studied Physics 131, cuts the wire in half (in length) and hangs the sign 
from both halves of the wire. What is the new fundamental frequency of each wire 
(assume they’re the same)? Explain in detail your reasoning.  

 
 
6) [4 pts] This question has two parts – make sure to explain your reasoning fully for both! 
 

a) In a modified Atwood’s machine, a pulley is connected to a mass. The mass is 
released from rest and descends to the ground, causing the pulley to rotate. Which 
mass will descend faster: a mass attached to a pulley which is a solid cylinder of 
mass m and radius r, or a pulley which has the same mass and radius, but is 
composed of light spokes connected to a cylindrical shell (that is, all the mass is at 
the outside radius r)? Assume both pulleys are on frictionless bearings.  

 
b) Two solid cylinders, one of mass m and radius r, and the other of mass M >m and 

radius R>r, are rolled down a long inclined plane. Which arrives first?     
 
 
 

7) [4 pts] A cart is rolling in a straight line on a horizontal surface. A toy cannon on the cart 
fires a cannonball straight up. When the ball comes back down, will it land in front of the 
launching tube, behind the tube, or directly in the tube, in the following cases (explain 
your answers): 

 
a) If the cart is moving at constant velocity. 
 
b) If the cart is accelerating.    

 
 
8)  [4 pts] The figure below shows the trajectory (x vs y) of a particle moving on a horizontal 

plane (you are looking down at the motion). The particle moves at constant speed along 
the curve shown. At which of the points shown (A, B, or C) is the magnitude of the force 
on the particle the greatest? Explain your reasoning.  
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Long problems (show all your work!):  
 
                      

1) [10 pts] A wheel (a cylinder, with I=1/2 mr2) of mass m and radius r is rolling on a 
horizontal surface with a center-of-mass speed v and strikes a wall in an elastic collision. 
Just after the collision, it is moving backwards at v, but still rotating clockwise (as shown 
in the figure) – so it is skidding.  During this phase we can consider our regular treatment 
of (kinetic) friction to hold.  

 
a. Find the new speed v’ once regular rolling has been reestablished. 
  
b. Find the distance d the wheel skids before regular rolling is re-established. 

  
 You may need to express your answers in terms of other parameters such as v, r, m, µk, 
etc. 
                  
                

2) [10 pts] A window washer is suspended on a platform as shown in the drawing. His mass 
is 80 kg, and the platform’s mass is initially 40 kg. The pulleys are massless and 
frictionless. He applies a force to the rope, as shown, such that the platform is in 
equilibrium.  

 
a. What is the force he applies to the rope?  
b. What is the normal force of the platform upwards on the man?  
c. What is the maximum mass of the platform that the man can support in this way? 

(Hint: for that maximum force, the normal force exerted by the platform on the man 
will be zero).  
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3) A rocket designed to place small payloads into orbit is carried to an altitude of 12000 m by 
an aircraft. The aircraft flies straight and level at 850 km/h and drops the rocket. The 
aircraft then maintains its speed and altitude. The rocket drops, and after a time t (which 
you will calculate) its rocket engine ignites. Once it ignites, the rocket accelerates at 3.00 
g at an angle of 30o above the horizontal under the combined effects of its engine and 
gravity. For safety, the rocket must be at least 1000. m ahead of the aircraft when it 
passes back through the aircraft’s altitude. You can ignore air resistance.  

 
a. Draw an x-vs-t graph of both rocket and aircraft, with as much detail as you can. 

Include an indication of when the rocket is dropped, when the engine ignites, and 
when the rocket climbs through the aircraft’s altitude. 

 
b. Draw a y-vs-t graph of both rocket and aircraft, with as much detail as you can. 

Include an indication of when the rocket is dropped, when the engine ignites, and 
when the rocket climbs through the aircraft’s altitude. 

 
c. Determine the minimum time that the rocket must fall in free-fall before the engine 

ignites.  
 

        
 

4) [10 pts] A wire is used to keep two uniform posts from falling, as in the figure. The wire is 
5.00 m long, and has a mass of 0.732 kg. The posts are identical and are uniform in cross 
section, with a mass of 25.0 kg each.  

 
a. Find the tension in the wire (assume the wire is horizontal).  
 
b. Find the fundamental frequency of waves on the wire, and the first two harmonics. 

                                        
                          

5)  [10 pts] A slightly-modified Newton’s cradle:  two balls are suspended from light strings 
as shown in the figure. The lighter ball (mass = 1.50 kg), on the left, is drawn up to a 
height of 0.300 m above the bottom of its swing and released. At the bottom it hits a more 
massive ball (mass = 3.50 kg) which is initially at rest. Assume the collision is elastic and 
the strings holding the balls are the same length. 

 
a. Find the velocities (speed and direction) of both balls just after the collision. 
 
b. Find how high each ball swings after the collision. 
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c. On their second collision (after each ball has swung up and back down), does the 
collision occur at the bottom of the swing? If not, to which side does it occur 
(towards the right [the more massive ball] or the left)? Explain your reasoning.  

                                   
 
 
 
 

6) [10 pts] An object of mass m1=4.00 kg is tied to an object of mass m2=3.00 kg with a 
string of length 0.500 m. The combination is then swung in a vertical circular path on a 
second string of length 4.00 m, as shown in the figure. The two strings are always 
collinear. At the top of its motion, m2 has a speed of 4.00 m/s. 

  
a. What is the tension in the short string (the 0.500 m string) at this moment?  
  
b. What is the tension in the long string (the 4.00 m string) at this moment? 

 
c. If you rotate the system faster and faster, which string (assume they have identical 

strengths) breaks first?  
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7) [10 pts] The figure shows a view from above of two identical springs, each of k=120 N/m, 
attached to two different masses. The two masses are drawn back from their equilibrium 
positions to different distances and released at the same time (they slide on a frictionless 
surface). How much time passes before the particles are side by side at x=0 (the 
equilibrium position), in each of the following two cases? In each case, also state if the 
two masses at that moment are moving in the same direction, or in different directions.  

 
a. Case 1: m1 = 3.0 kg, m2 = 3.0 kg 
  
b. Case 2: m1 = 3.0 kg, m2 = 27.0 kg  

 

                          
 
 
 
 
 
 
 
 
 
 
 
 
 

 
M (2.71828) r2 (1/y)-1  √(X2) (Force/acceleration)  and happy holidays! 
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