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McGill University 

 
PHYS 101 

(Introduction to Mechanics for the Life Sciences) 
 

FINAL EXAM 
 

December 18, 2009 
9:00 AM – noon 

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

The exam comprises two parts on five pages (including this page): 8 short answer questions, 
and 5 problems. A 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 !  
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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. In some cases you might find it useful to quote an appropriate formula.  

 
 

1) [4 pts]  A basketball is rolling without slipping across the floor. Beside it and parallel to it, 
a block of ice of the same mass as the basketball slides (assume that there is no friction 
between the ice and the floor) at the same speed. The two objects encounter a ramp 
sloping upwards. Which object will go further up the ramp, or will the two objects reach 
the same height? Explain (briefly!) your answer.  

 
 

2) [4 pts] The bob of a certain pendulum clock (the mass at the end of the rod – we assume 
the rod is massless) is made from a sphere filled with water. Your kid brother notices that 
there is a small leak in the sphere and the water is slowly leaking out. He wonders if this 
will make the clock run faster, slower, or if there will be no change. Explain what you 
would tell him, and why.  

 
 

3) [4 pts] Consider a body with exactly two forces F1 and F2 acting on it. It is in static 
equilibrium – that is, its center of mass is not accelerating, nor is it rotating. What can you 
say about the two forces? 

 
 

4) [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?  

 
 

5) [4 pts] In one of your labs you studied diffraction. You are comparing notes with a friend 
after the lab and you discover that you found a different fringe separation for the 
diffraction pattern than your friend did, even though you used the same, identical slit. 
Suddenly, you realize that you used a red laser (wavelength 650 nm), while your friend 
used a green laser (wavelength 532 nm). Whose fringe separation was greater, and why?  

 
 

6) [4 pts] An astronaut is in “weightless” conditions in a circular low-Earth orbit a few 
hundred kilometers above the Earth’s surface. Draw a free-body diagram of the 
astronaut, and label all the forces acting on her.  

 
 
 
 
 



 
 

7) [4 pts] In the following diagram, a person is either pushing or pulling an object at a 
constant velocity. The applied force is shown by the arrows. Assuming that there is 
friction in the system (at the interface between the object at the ground), which action 
(pushing or pulling) requires the smaller force? Explain briefly. 

        
pushing pulling 

 
 

8) [4 pts] A person is riding on a Ferris wheel. In one complete turn, is the work done on the 
person by the gravitational force positive, negative, or zero? Explain briefly your answer.  

                                               
 

 
 
 

 
 

 
 

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

1) [10 pts] On a long trip that you take to forget for a while about physics, you find yourself 
driving directly towards a canyon wall. You’ve previously noticed that your car horn has a 
frequency of 440 Hz. You glance at the speedometer and notice you’re moving at 30 
km/h.  

 
a. What is your horn’s frequency as heard by a person standing motionless at the 

base of the canyon? 
 
b. What will be the beat frequency that you (in the car) will hear between the car 

horn’s sound and the reflected sound from the wall?  
 
(Take the speed of sound in air to be 340 m/s. Be careful in part b) – there are two 
Doppler shifts).  
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2) [10 pts] In the accompanying photo, the images of Sir John A. MacDonald’s nose and the 
Library of Parliament are each twice the size that they appear on the ten-dollar bill, and 
are at a distance of 3.0 cm from the lens of the magnifying glass. 

  
a. Determine the focal length of the lens of the magnifying glass.  
b. Draw a ray diagram for the system. It does not need to be exactly to scale, but 

should show the essential features of the system.  
 
(Hint: the photo gives you information about the (virtual) image that your eye and the 
camera see – use this, together with the information given above, to solve the 
problem). 

 

 
 
 

3)  [10 pts] A physics professor, working on his summer research, is struggling to put a 
massive telescope structure in place while it is suspended from a crane (see diagram). 
The mass of the structure is 1000 kg, and the correct position for it is at a 15 degree 
angle from directly below the crane. The crane cannot be moved. 

 
a. Draw the free-body diagram on the structure, labeling all forces.  
b. What horizontal force does the professor need to apply to keep the structure 

directly over the mounting point?  
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c. Given a coefficient of static friction between the professor’s shoes and the ground 
of µs = 1.0, can the 90 kg professor do this? If not, how many 90-kg professors 
would it take (assume you can’t have fractional professors, so answer with an 
integer)? 
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4)  [10 pts] Equipment to be used in space or in airplanes is often subject to a “shake-test” to 

be sure it can withstand the vibrations of launch or flight. An object of mass 5.24 kg is 
strapped to a test platform that vibrates vertically at 120 Hz, giving rise to a maximum 
acceleration of 98 m/s2 (10 times the acceleration of gravity, g).   

 
a. Find the maximum displacement of the platform.  
b. Find the maximum speed of the object during the test.  
c. Find the maximum net force exerted on the object.  

 
                  
 

5) [10 pts] At the Vancouver Olympics in February, one of the most exciting events will be 
the skeleton bob, in which a half-crazed athlete lies – face down and head-first with their 
nose a few centimeters from the ice – on a sled and hurtles down an icy course.  

 
The course has a vertical drop of 152 m, and a length along the course of 1450 m. Ignore 
the (minimal) speed that the sled & rider have at the beginning of the run. 
  
For part a), ignore friction. 

a. Calculate the speed the sled & rider would have at the end of the run. 
 

   For parts b) through e), do not ignore friction. 
b. You’re now told that a typical final speed is 120 km/h. What is the average 

frictional force (assumed constant, and parallel to the track) during the run? 
c. What is the average acceleration during the run? 
d. What is the run-out distance – that is, the distance the sled & rider will go over flat, 

level ground at the end of the run, assuming that the frictional forces are the same 
as during the run? 

e. How long will the run take to the finish line (ignore the run-out)? 
 
 
 
 
 
Happy holidays !  


