
1) Laura Secord was making solid spherical cannon balls of radius R for General Brock during 
the war of 1 8 12. She placed three of them on her smooth level floor. Each was in contact with 
both of the other two. and contact was maintained by a thin layer of chocolate syrup. She then 
placed a fourth ball into the "pocket" formed by the first three. with three more dabs of chocolate 
at the contact points. Calculate the minimum vertical clearance under the bottom shelf in her 
closet to allow her to slide the piIe alorig the floor and out of sight of the American invaders. 
(a) 3.19R 
(b) 3.33R 

~ c p z ' z ' i ?  
(d) 3.91R 
(e) None of the above. 
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2) A rigid metal pipe packed with recycled robocall records was sent to a remote prairie lucation, 
where it rvas mounted vertically. The tall pipe (h=5m) was illuminated by the sun and cast a 
shadow (L=3m) on the level ground. Suddenly, a gust of wind causes the pipe to pivot in the 
direction of the cast shadow with no skidding at the base. The length of the shadow increases up 
to sotnz point. and then starts to decrease. Calculate the maximum length of the shadow during 
the fall to the ground. Answer in m. 
(a) 3.54 
(b) 4.01 
(c) 4.68 
(d) 5.23 am-= 
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3) Dion Faneaf, captain of the Toronto Maple Laughs, has a new job wiLh Cirque du SoleiI. 
Wearing his blue and white clown suit, he rides on the level seat of a small open bucket at the 

rim of a 12m radius vertical ferris wheel, rotating steadily at 5 revolutions per minute. While 
passing through the position as shown, he throws a juggling ball which leaves the bucket with a 
relative velocity of v'. Calculate the magnitude of V' so that he can catch the ball just as it returns 

to his bucket at the top of the ride. Answers in nds. 
(a) 3.1 
(b) 6.3 
(c) 15.6 

(e) 24.2 
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4) Little Willie from his hand, 
Dropped two balls and watched them land. 
The lighter one then bounced quite high. 
He scratchrd his head and wondered why. 

A.A. 

38. 
Two very small balls are held as shown and then dropped vedically from a height I r .  with the 
heavier ball, mass M, directly below the lighter one. mass m. The balls remain in contact until 
the first collision with the ground. Assume that the balls may be treated as point masses, all 
collisions are elastic, and air resistance is negligible. Find the ratio hllhz, where 3al is the 
maximum height reached by the lighter ball and hz is that of the heavier ball after the collision. 
given that Mlm=7.0. 
(a) 7.0 
(b) 10.0 
(c) 14.0 Le+ a e  Gmman ~ + d  af Be 4-0 b4//r j ~ f  

+< h i  4 p o u n d  & V 
(e)  35.0 
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5) Whlle piloting his submarine through a botromlzss lake in northern Manitoba, Josiah 
Flintabbatey Flonatin passes through a hole lined with gold into a strange underground world. In 
order to illuminate his vuy age, he attaches a circuit rjggtd with four 1ightbuIbs to the front of his 
craft, pictured below. If the circuit uses identical bulbs connected to a 12 V battery as shown, list 
the bulbs in order of increasing brightness. 

(a) ( 1  &2)1 3,4 
(b) 1, (2&3 ), 4 

fimjz-g C 
(d) (1&4), (2&-7) 
(e) 1, 3 .3 -4  



6) Canada's new giant pandas. Er Shun and J i  Li, break out of their enclosure at the Calgar). Zoo, 
and wander into the Stampede parade. Standing 201x1 apart from each other, they spy a spiffy 
cowboy hat 7m above the ground, being worn by a Inan on stilts. El. Shun is 7m away from the 
man, and Ji Li is 13m away, when they start to throw rocks to dislodge the hat. Being pandas, 
they throw their rocks aiming smight for the hat, not accounting for the acceleration due to 
gravrty Ji Li throws her stone at twice the speed of Er Shun, whose stone strikes the ground 3 
seconds after it leaves his paw. By what vertical distance will the stones miss each other if 
thrown at the same instant? Answer in rn. 
(?mi 

(b) 2.42 
(c) 3.03 
(d) 3.61 
(e) 4.10 
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7) In order to supply the USA with whisky during prohibition, Joseph Seagram devised a way to 
drag crates of "moonshine" through tunnels across the border. At thc tunnel entrance in 
Waterloo, two crates, each of mass m, are connected by a non-stretched spring (with spring 
constant k )  and lie flat on the horizontal tunnel floor. If the coet'ficients of' static and kinetic 
friction between crate and floor have the same value p, with what minimum consfand force must 
Joseph pull on one of the crates, in order to move the second one? Answer in pmg. 

(d) 2.5 

(4 3 



8) Two groups of miners, one Canadian and one American, are coasting to a gold field in the 
Yukon. Thcy are in small massless carts, on level, frictiontess tracks, side-by-side as shown. 
The Canadian cart (3 people of 100kg each) got a head start on the American cart 12 people of 
I00kg each), but the Americans got a faster launch of 1 O d s .  As the Americans catch up, a 
Canadian leaps from his cart into the American cart. To achieve this, he jumps with a forward 
velocity component (along the direction of the track) of 2 d s  relative to the Canadian cart. But 
this component is also Imls in the same direction relative to the American cart. What are the 
final velocities of the two carts right after the defector has come to rest in the American cart? 
Answer in mls. 
(a) 8.00 and 1 0.33 

fib) 9.00 and 10.33) 
(c) 8.00 and 11 .OO 
(d) 9.00 and 1 1.00 
(e) 10.33 and 11.00 



9) Cheech and Chong shine identical laser pointers through a triangular piece of glass with index 
of refraction n(g)- 1.5, 2m away. Chong then places two transparent blocks of different indices of 
refraction n(Ar)=l .4 and n(B1)= 1.7, so that the rays incident on them are perpendicular to the 

surfaces. He introduces the term "Optical Path Length  to Cheech as the geometrical length 
multiplied by the index of refraction in that medium. He asks Cheech to compare his Optical 
Path Length of ABCDE to Chong's Optical Path Length of PQRST. What is the difference in the 
two? Answer in cm. 
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10) Two Occupy Wall Street protesters are going for a joy-ride in a BMW stolen from a 
corporate executive. Traveling North on the highway at 40rn/s, they meet a police car traveling 
South at 2~lmls. The police car can both decelerate and accelerate at 5mls2, but has to slow to 
4 d s  heforz making a "cop-turn" which involves an instantaneous change in direction (hut not 
speed). How long, measured from the time they first met, will it take before the police car can 
catch up with the protesters and give them a thorough pepper spray-down? Answer in s. 
(a) 6.  lO 
(b) 7.00 
(c) 9.20 
(d) 18.1 



11) Hiking alone in the Canadian wilderness, Little Red Riding Hood fears that wolves will eat 
her basket of goodies. She rigs up a system of pulleys, ropes, and springs to hang her basket out 
of harm's way. The springs have spring constants k- 100 N/m and 3k=300 Nlm. She ties her 8kg 
basket to the bottom pulley, then lowers it slowly with both hands until it is supported in static 
equilibrium. Find the distance by which the lower pulley descends. Everything except her 
basket is massless: the ropes are unstretchable. Answer in m. 

((qTTi'Q 
(b) 0.146 



12) Hit by rising prices. Gary Bettman makes a fuel-free Zmlborii to save the NHL some money. 
The Zamboni is composed of a system of blocks as shown, initially at rest, such that the bottom 
of block 2 is held at a height h from the frictionless ice, which supports block 3. The coefficients 
of static and kinetic friction between blocks 1 and 3 are equal, ps=pk=p. After block 3 is released 
from its position, it starts sliding down along the right side of block 3.  Blocks 1 and 2 are 
connected by a massless rope, and block 2 is constrained to stay in (frictionless) contact with 
block 3.  What is the displacement o f  block 
block 2 hits the ice? 

( (a ,  hx ni I / ~ I I I  I +m?+tn3 tr 
(b) yxhx(n11+m~)lrn3 

(c) hxrnzl(ml+m3) 
(d) hxm2l(m1 p) 

3 from its initial position on the ice at the time when 


