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McGill University 

 
PHYS 101 

(Introduction to Mechanics for the Life Sciences) 
 

FINAL EXAM 
 

December 13, 2010 
9:00 AM – noon 

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

The exam comprises two parts on six pages (including this page): 8 short answer questions, 
and 5 problems. A 3-page formula sheet is attached to the back of the exam.  No books or 
notes of any kind are allowed, except for dictionaries.  Calculators are allowed.  
 
Answer all the short answer questions with a few words or a few short phrases.   
For the problems, your grade will be calculated with the best four problems. Show your 
work. 
 
The short answer problems are worth four points each, and the problems are worth 10 points 
each. Put all answers in the answer booklets provided, and return this exam paper with the 
booklet(s).  
 
Good luck !  
 

 
 



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

 
 
 

1) [4 pts]  You are standing on a spring balance (which indicates the normal force acting on 
you) in an elevator. Draw a set of axes (shown below) in your exam booklet, and add 
schematically what you expect to see for the reading of the balance as a function of time, 
as you start from the ground floor at rest at time to, accelerate upwards until time t1 (when 
you reach a constant upwards speed), then decelerate from time t2 until t3, when you 
reach the 5th floor. On the vertical scale, indicate where a value ‘mg’ is, where m is your 
mass. Explain your reasoning. 

                               
 
 

2) [4 pts] In the diagram below, a mystery lens has been hidden behind the rectangular 
screen. The object is the black arrow, and the light rays from the object are the dashed 
lines. Determine the type of lens, and the type of image formed. Explain your reasoning.  

 

             
 
 
 
 

3) [4 pts] A satellite TV dish has a concave shape, and is designed to capture signals from 
geostationary satellites (ie, it acts as a concave mirror). The receiver is placed in front of 
the dish. If the radius of curvature of the dish is R, what is the distance the receiver 
should be placed in front of it? Consider the geostationary satellite to be an infinite 
distance away, and explain your reasoning.  
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4) [4 pts] You’re visiting your old elementary school, where your teacher calls people in from 

recess (play time) by using a whistle while seated at her desk. The sound spreads out 
from the doorway to the field. She complains that students come in late, claiming they are 
in the corners of the school yard and don’t hear the whistle. With your knowledge of 
diffraction, you realize she must change her whistle pitch (frequency) for it to be more 
effective. Do you suggest that she increase the pitch, or lower the pitch? Explain your 
reasoning.  

                     
5) [4 pts] Standing idly waiting for your train to arrive, you see someone on a flatcar as 

shown in the diagram, throwing balls (towards your left) which then rebound off a wall on 
the car towards your right. The balls bounce straight back as shown in the figure. Assume 
the track to be frictionless. Will the flatcar move after the rebound, and if so, in what 
direction? Explain your reasoning.  
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6) [4 pts] At a fairground you see a new competition called a “wave race”: two identical 
ropes are attached to a wall, and each rope is held by a person. At a given signal, each 
person tries to send a wave along the rope towards the wall – the winner is the person 
whose wave arrives first. You notice most people try to shake the rope faster or harder to 
try to win – but you’ve just aced Physics 101 and know you can win this! What do you do 
to increase your wave speed and win? Explain your answer.  

Left 

 

Right 



 
7) [4 pts] A block is moving to the right at constant speed on a surface with friction. Which of 

the diagrams below is the best free-body diagram to represent this situation, and why?  

 
         A    B    C      D 
 
 

    

8) [4 pts] A child is playing with a toy cannon (that launches marbles) inside a train car. The 
train is moving at speed V, and the marbles are launched from the cannon at a fixed 
angle and a fixed speed v, where V > v. The cannon can be aimed towards the front of 
the train or towards the rear. Is the range of the cannon’s marbles towards the front 
greater than, equal to, or less than the range towards the rear? Answer this in two cases: 
(a) from a point of view of the child’s mother in the train car, and (b) from a point of view 
of someone standing outside the train along the track. In each case, explain your 
reasoning.  

 
 
 
 
 
 

Long problems (you will be marked on the best four out of five):  
 
 
                      

1) [10 pts] You are driving at night in conditions in which you know that your pupil diameters 
are 7.0 mm. You’re cautiously moving at 80 km/h, and a car speeds past you at 120 km/h 
and recedes into the distance. The taillights of the car are separated by 1.20 m, and emit 
red light (λ = 660 nm).  

 
a. How far from you is the car when its taillights appear to merge into a single spot 

because of the effects of diffraction?  
 
b. How long has this taken after the car has passed you?  
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2) [10 pts] You take your nephew to the fairground, where he wants to ride a carrousel (a 
merry-go-round with horses oscillating vertically). While musing on the possibilities of 
constructing a physics problem with the vertically-oscillating horses on the carrousel, you 
realize that there are two speakers on the carrousel, mounted on opposite ends of a 
diameter as shown below. Before the ride starts, you hear a pure 100 Hz tone from both 
speakers. When the ride starts, the carrousel (whose radius is 10.0 m) revolves once 
every 20.0 seconds.  

  
a. When the carrousel is moving, what is the speed of the speakers?  
 
b. What is the beat frequency you hear when the carrousel is in the position shown 

below?  
 
Take the speed of sound to be 343 m/s. 

                                
 

3)  [10 pts] The figure shows a 1.0 kg mass riding on top of a 5.0 kg mass which is attached 
to a spring. The 5.0 kg mass oscillates on a frictionless surface, and the spring constant 
is k = 50 N/m. There is friction between the upper block and the lower block, and the 
coefficient of static friction is 0.50.  

 
a. Draw the free-body diagram of the upper block as it moves with the lower block.  
 
b. Calculate the period and frequency of the oscillations of the system if the blocks 

move together.  
 
c. As the amplitude of the motion is increased, there is a maximum amplitude for 

which the upper block does not slip on the lower block. Explain why, and calculate 
this amplitude.  
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4)  [10 pts] A bowling ball on the way back to the ball rack encounters a vertical rise of 0.760 
m as shown in the figure. At the bottom of the rise, the translational speed of the ball is 
3.50 m/s.  The bowling ball’s mass is 2.00 kg.  

 
a. Calculate the total kinetic energy at the bottom.  
b. Calculate the translational speed of the ball at the top (remember the ball is rolling 

without slipping in the two cases). The moment of inertia of a solid sphere of mass 
m and radius r is I= (2/5)mr2.  

 

                          
Remember the ball is rolling without slipping in the two cases. The moment of inertia 
of a solid sphere of mass m and radius r is I= (2/5)mr2.  

                  
5)  [10 pts] You are playing tennis against your arch-nemesis. You want to do a “lob” shot, 

where you give the ball a high arc over his head towards the back of the court, when he’s 
at the net. You loft the ball at a speed of 15.0 m/s and an angle of 50o, when your 
opponent is 10.0 m away from you as shown. He will try to hit the ball when it is 2.10 m 
above the level you hit it from.  
 

a. How far from you will that position be? 
b. How long after your shot will the ball get there?  
c. If your opponent starts to run 0.3 seconds after your shot (you know he has a slow 

reaction time!), and can run at 4.3 m/s, is he able to get to the lob in time to return 
the shot?   

                                 
Happy holidays !  
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