2011 - 4374 SIN Exam

1) A large refrigerated cargo plane is
delivering crates of ice cubes to the arctic as
part of the conservative government’s
Economic Action Plan. The crates sit
unsecured in the middle of the flat floor.
Near the drop zone, the plane begins flying in
a uniform horizontal circle at 150 m/s. If the
radius of the circle is 500 m, and the plane’s
wings are tilted at an angle 6 from the
horizontal so that a force on the plane is
provided by the lift perpendicular to the wing
surface, what is the minimum coefficient of
static friction required to prevent the crates
from sliding?

00110 -

‘\\\ o
() 0.217 o/ @“/ﬁz/ -
(d) 0.323 —
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2) Radical Albertan separatists are driving a
tank at a constant speed of 10 m/s up a 45
degree mountain slope, in a vain attempt to
invade British Columbia. Pursued by the
Mounties, the tank fires a 10 kg watermelon,
with muzzle velocity 25 m/s, back along its
path. Ignore the distance from the muzzle to
the slope. If the gun barrel is pointed 20

degrees above the horizontal as shown, how
far is the melon from the tank when it finally
strikes the slope below? Answer in m.

(a) 84.6
(b) 101

3) Little Willie in a sprint race,
Started off at a super pace;
Ran out of steam, as others passed.

Yes you’ve guessed it - he finished last!
AA.
Willie, in a 100 m race, initially accelerates
uniformly from rest at 2.00 m/s? until
reaching his top speed of 12.0 m/s. He
maintains this speed, until he is 16.0 m from
the finish line, but then fades and decelerates
uniformly, crossing the line with a speed of
only 8.00 m/s. What was Willie’s total time
for the race? Answer in seconds.

(a) 10.8

(b) 112

(d) 12.0

(e) 12.5

4) Barak Obama proposes a TV discussion
with Sarah Palin. They design a special set,
where each sits in a plastic sphere (so that
their center of mass is at the center of the
sphere), suspended at a distance ¢ from the

ceiling. The separation at the ceiling keeps
both ropes vertical when the spheres contact.
Obama’s sphere (twice the mass of Palin’s,
who is a known lightweight) is pulled to the
left, and released from 0 = 60 deg to the
vertical as shown. What maximum angle from
the vertical does Palin’s sphere reach on her
first swing, if the collision is completely
clastic? Answer in degrees.

(2) 20.2
(b) 41.8




5) The light bulbs in the circuit pictured
below are identical. When the switch is

closed:
K’% A - 12V
o
12V (;@ B =+ 12V
(a) both lights go out.

(b) one of the lights goes out.
(c) the intensity of light bulb A increases.
(d) the intensity of light bulb B increases.

6) Peter Mackay, learning from Fox News
that the Russians are en-route to claim the
North Pole, commandeers a hot air balloon to
confront them. While cruising with the polar
airflow at an altitude of 1 km with a constant
velocity of 15 km/h, the temperature in the
balloon suddenly drops, reducing its buoyant
force by 10%. Fortunately, he has a jet
system that can create a thrust, so that, if
pointed directly down, it would exactly
compensate for the lost buoyancy. In order to
claim the Pole, Mackay needs to
travel an additional horizontal
distance of 2 km within 2 minutes,
and a quick calculation shows that
he won’t make it without
assistance. He sets the angle 0
equal to 30 degrees and turns on
the jet. What will his altitude be as & |
he passes over the Pole? Neglect 0
any air resistance.
(a) He would pass over the Pole too late.
(b) He will hit the ground too soon and be
caten by a polar bear.
{{e) 556 T
(@ 17T
(e) 293 m

1)

(a) 0.50 A
(b) 1.50 |
(e) 2.00 E
(d)2.25 2
A [ B Fm] C C

7) A bird watcher sets up an experiment with
two bird nests, mass M and m, which are
attached to a system of frictionless massless
pulleys via a single rope, and released as
shown. Before her second trial, a bird lays an
egg into one nest, doubling its mass from M
to 2ZM. If the sliding nest’s acceleration
decreases from g/2 to g/4 between the two
trials, what is the coefficient of kinetic
friction pk between the nest and the horizontal
plane? R

() 0.26
(e) 0.35
(d) 0.60
(e) 0.72

8) Michael Ignatieff and Jack Layton decide
to see if Jim Flaherty can calculate a decent
budget. First, they bring three blocks each of
mass 0.5 kg and connect them in line to one
another on a horizontal table using stiff
springs. The springs, with constants k=1000
N/m and 2k, are at their equilibrium lengths.
Next, blocks A and B are connected via a
massless string which is tightened to a force
of F=20 N. Finally the whole system is
tipped upright onto block C as shown in the
figure. They ask Flaherty what the total
change in the distance between blocks A and
C is in going from the original horizontal to
the final vertical configuration. What should
his answer be in cm?




9) Cheech finds his favorite drinking glass
and decides to place a coin at the bottom of it.
He then places a flat mirror a distance h
above the base and asks Chong to predict the
position of the image of the coin. Chong
accepts the challenge but now fills the glass
to a height D with his favorite drink (index of
refraction 1.33) and challenges Cheech to
predict the distance from the base of the glass
to the image of the coin in the mirror.
Assuming the small-angle approximation,
what would Cheech’s

RN
correct answer be? A
K h
(d) h-D D
(e) 2h-D

10) Romeo tries to impress Juliet by showing
off what he created in shop class. He has
machined two large blocks, each of mass
1500 kg, with a precise angle as shown in the
diagram. He puts them on a very smooth
surface, and on top places a vertical 10 degree
symmetric wedge of mass 5 kg. He then asks
Juliet to apply a gentle force on the wedge, so
as to accelerate the two blocks sideways at
0.5 m/s?>. How much force (in Newtons) does
Juliet apply? Assume that there is no friction
anywhere.

(a)45.0

(b) 62.0 »ly

(c)75.2

10

11) The Toronto Maple Laughs, banished to
Alaska after another disappointing season, are
trying to play hockey on a huge plane of
glacial ice, tilted at an angle 6 to the
horizontal as shown. Due to static friction,
their puck is initially hanging at rest on the
tilted glacier, when a sudden blow from a
player’s stick projects it horizontally directly
across the slope with speed v=8 m/s. The
coefficient of kinetic friction between the
puck and the surface of the ice is wx=tan®.
Assuming the glacier is sufficiently long and
wide, what is the final steady state speed w of

the puck? Answer in m/s?
- AN
\% \
' 0
w®

(a) 0
(b) 2
6

(e) 8

12) BP executives are testing out a new mini
robotic submarine in anticipation of their next
off-shore oil platform blowout. They take a
massless tank of total volume V=0.01 m?,
place the submarine in it, and fill it with
water.  The flat-bottomed tank sits on a
frictionless table. Initially hovering at rest at
the center of the tank, the submarine (which is
programmed to be wary of the EPA) is
spooked by a passerby. It moves to the left
and comes to rest again exactly 1 m closer to
the left end of the tank. The volume of the
submarine is 0.01V, the density of water 1000
kg/m?, and the density of the submarine is
2000 kg/m’. What is the distance (in cm) that
the tank has moved along the table to the

right?
<4‘-—__. ‘

(20
(¢) 2
(d) 3
(e)4




DA large refrigerated cargo plane is delivering crates of ice cubes to the arctic as part of the
conservative government’s Economic Action Plan. The crates sit unsecured in the middle of the
flat floor. Near the drop zone, the plane begins flying in a uniform horizontal circle at 150 m/s.
If the radius of the circle is 500 m, and the plane’s wings are tilted at an angle 0 from the
horizontal so that a force on the plane is provided by the lift perpendicular to the wing surface,
what is the minimum coefficient of static friction required to prevent the crates from sliding?

(a) 0.000 \

(b) 0.110 | \

(¢)0.217 - i

(d)0.323 <«som (/ 2 v

(e) 0.434 &
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2)Radical Albertan separatists are driving a tank at a constant speed
of 10 m/s up a 45 degree mountain slope, in a vain attempt to
invade British Columbia. Pursued by the Mounties, the tank fires a
10 kg watermelon, with muzzle velocity 25 m/s, back along its
path. Ignore the distance from the muzzle to the slope. If the gun
barrel is pointed 20 degrees above the horizontal as shown, how far
is the melon from the tank when it finally strikes the slope below?
Answer in m.
(a) 84.6
(b) 101
(c) 152
(d) 217 — / Wg’ £ ere
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3)Willie in a sprint race, \'4:
Started off at a super pace; N
Ran out of steam, as others passed.

Yes you've guessed it - he finished last!
AA

Willie, in a 100 m race, initially accelerates uniformly from rest at 2.00 m/s® until reaching his
top speed of 12.0 m/s. He maintains this speed, until he is 16.0 m from the finish line, but then
fades and decelerates uniformly, crossing the line with a speed of only 8.00 m/s. What was
Willie's total time for the race? Answer in seconds. Is
(2) 10.8 7
(by11.2
(c)11.6
(d) 12.0
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4)Barak Obama proposes a TV discussion with Sarah Palin. They design a special set, where
each sits in a plastic sphere (so that their center of mass is at the center of the sphere), suspended
at a distance ¢ from the ceiling. The separation at the ceiling keeps both ropes vertical when the
spheres contact. Obama’s sphere (twice the mass of Palin’s, who is a known lightweight) is
pulled to the left, and released from 6 = 60 deg to the vertical as shown. What maximum angle
from the vertical does Palin’s sphere reach on her first swing, if the collision is completely
elastic? Answer in degrees.

(a) 20.2
(b)41.8
(c) 62.1
(d) 83.6
(e) Greater than 90 (she hits the ceiling)
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5)The light bulbs in the circuit pictured below are identical. When the switch is closed:

@ A :’&i 12V

o

(a) Both lights go out.

(b) One of the lights goes out.

(c) The intensity of light bulb A increases.
(d) The intensity of light bulb B increases.
(e¢) Nothing changes.
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6)Peter Mackay, learning from Fox News that the Russians are en-route to claim the North Pole,
commandeers a hot air balloon to confront them. While cruising with the polar airflow at an
altitude of 1 km with a constant velocity of 15 km/h, the temperature in the balloon suddenly
drops, reducing its buoyant force by 10%. Fortunately, he has a jet system that can create a
thrust, so that, if pointed directly down, it would exactly compensate for the lost buoyancy. In
order to claim the Pole, Mackay needs to travel an additional horizontal distance of 2 km within
2 minutes, and a quick calculation shows that he won’t make it without assistance. He sets the
angle 0 equal to 30 degrees and turns on the jet. What will his altitude be as he passes over the

Pole? Neglect any air resistance.
(a) He would pass over the Pole too late.
(b) He will hit the ground too soon and be eaten by a polar bear.
(c) 556 m 1/
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A bird watcher sets up an experiment with two bird nests, mass M and m, which are attached

to a system of frictionless massless pulleys via a single rope, and released as shown. Before her

second trial, a bird lays an egg into one nest, doubling its mass from M to 2M. If the sliding

nest’s acceleration decreases from g/2 to g/4 between the two trials, x&hat is the coefficient of

kmetxc friction i between the nest and the horizontal plane? ;} ? R
L‘v

(a) 0.1

(b) 0.26

(¢)0.35 i
(d) 0.60 - o
(e)0.72 ,
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8)Michael Ignatieft and Jack Layton decide to see if Jim Flaherty can calculate a decent budget.
First, they bring three blocks each of mass 0.5 kg and connect them in line to one another on a
horizontal table using stiff springs. The springs, with constants k=1000 N/m and 2k, are at their
equilibrium lengths. Next, blocks A and B are connected via a massless string which is tightened
to a force of F=20 N. Finally the whole system is tipped upright onto block C as shown in the
tigure. They ask Flaherty what the total change in the distance between blocks A and C is in
going from the original horizontal to the final vertical configuration. What should his answer be

incm?

(a) 0.50 A
(b) 1.50 g
(¢) 2.00
(d)2.25 B
(e)2.50 K ok g
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9)Cheech finds his favourite drinking glass and decides to place a coin at the bottom of it. He
then places a flat mirror a distance h above the base and asks Chong to predict the position of the
image of the coin. Chong accepts the challenge but now fills the glass to a height D with his
favourite drink (index of refraction 1.33) and challenges Cheech to predict the distance from the
base of the glass to the image of the coin in the mirror. Assuming the small-angle
approximation, what would Cheech’s correct answer be?

(a) h-D/2
(b) 2h-D/4 —
(c) h-D/4 m@ n o
(d) h-D 6 pes (®
(¢) 2h-D @ pe 3 o e
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10)Romeo tries to impress Juliet by showing off what he created in shop class. He has machined
two large blocks, each of mass 1500 kg, with a precise angle as shown in the diagram. He puts
them on a very smooth surface, and on top places a vertical 10 degree symmetric wedge of mass
5 kg. He then asks Juliet to apply a gentle force on the wedge, so as to accelerate the two blocks
sideways at 0.5 m/s*. How much force (in Newton’s) does Juliet apply? Assume that there is no

friction anywhere.
(a)45.0

(b) 62.0

(¢)75.2

(d) 82.5

(e) 111
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11)The Toronto Maple Laughs, banished to Alaska after another disappointing season, are
trying to play hockey on a huge plane of glacial ice, tilted at an angle to the horizontal as shown.
Due to static friction, their puck is initially hanging at rest on the tilted glacier, when a sudden
blow from a player’s stick projects it horizontally directly across the slope with speed v=8 m/s.
The coefficient of kinetic friction between the puck and the surface of the ice is W = tan O .
Assuming the glacier is sufficiently long and wide, what is the final steady state speed w of the

puck? Answer in m/s?
() 0 S— /
(b)2 )

/

(c)4 |
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11)The Toronto Maple Laughs, banished to Alaska after another disappointing season, are
trying to play hockey on a huge plane of glacial ice, tilted at an angle to the horizontal as shown.
Due to static friction, their puck is initially hanging at rest on the tilted glacier, when a sudden
blow from a player’s stick projects it horizontally directly across the slope with speed v=8 m/s.
The coefficient of kinetic friction between the puck and the surface of the ice is g = tan 6 .
Assuming the glacier is sufficiently long and wide, what is the final steady state speed w of the
puck? Answer in m/s?
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12)BP executives are testing out a new mini robotic submarine in anticipation of their next off-
shore oil platform blowout. They take a massless tank of total volume V=0.01 m’, place the
submarine in it, and fill it with water. The flat-bottomed tank sits on a frictionless table. Initially
hovering at rest at the center of the tank, the submarine (which is programmed to be wary of the
EPA) is spooked by a passerby. It moves to the left and comes to rest again exactly 1 m closer to
the left end of the tank. The volume of the submarine is 0.01V, the density of water 1000 kg/m°,
and the density of the submarine is 2000 kg/m’. What is the distance (in cm) that the tank has
moved along the table to the right?
(a) 0
(b1
(c)2
(d)3
(e)4
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