1. Provide short answers to the following questions.

a) When a stationary hockey puck on frictionless ice is given a sharp kick of force Fy it is found that the
puck attains speed vi. Suppose the puck is traveling at speed ve and it is given the same kick
perpendicular to its velocity vo as shown in the figure. Describe the resulting motion and speed of the
puck. Explain your reasoning and provide a sketch of the resulting trajectory on the figure.
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b) A physics student is troubled by a paradox. When they start running they accelerate forward. However,
to accelerate forward requires a net force. They believe this implies the force of friction on them must be
greater than the frictional force they exert on the ground — in contradiction to Newton’s 3™ Law. What is

wrong with this reasoning?
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¢) Someone in a car rounding a corner feels a force pulling them outward. Similarly, when one speeds up
or slows down they feel forces pulling them backward and forward. What is the cause of these apparent
forces? Do such forces have a reaction force? Your explanation should make reference to Newton’s Laws,
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2. A person pushes two blocks, one stacked on the other and not slipping, along a rough horizontal surface
with increasing speed as shown in the figure. Assume the larger block is twice as massive as the smaller

block and that all surfaces have the same coefficients of friction with p; = pg = .

a) Draw a free-body diagram for each block and rank the magnitudes of all the horizontal forces in the

\,)
problem. Q-
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b) For each of the forces acting on block 2, identify the respective reaction force. For each reaction force
state in words the type of force a(:(ging, the body that exerts this force, and the body this force is exerted
upon. fredel
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c) If the two blocks are pushed with sufficient force block 1 will begin to slip off from block 2. Assume
block 2 has mass m and that the static and kinetic coefficients of friction are equal and given by p.
Determine the minimum magnitude of the force F that will cause block 1 to slip off block 2.
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3. A person throws rocks over a crevasse of width # = 20m as shown in the figure

a) What minimum speed must the person throw a reck so that it just clears the crevasse? At what angle
must such a rock be thrown?
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b) Suppose that the rocks are thrown with speed vo= 14m/s at an?gi'lgle 8 = 30° above the horizontal. In

such case the rocks do not make it to the other side. Determine the distance / below ground level that the
rocks strike the opposite cliff.
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¢) What are the components of the rock’s velocity when it strikes the side of the cliff in part (b)? Suppose
upon striking the cliff the rock bounces off horizontally with speed v’ = 0.5vq. If the rock is in contact
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with the ¢liff for 50ms determine the average acceleration of the rock while bouncing off the cliff.
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4, Consider the motion of a rotating car wheel shown in the figure. Assume that a point on the tire surface
is a distance of R = 25¢m from the wheel center and rotates at constant speed v = 15m/s.

a) Assume the car is stationary while the wheel is spinning (the car is on a lift). On the figure sketch the
instantaneous velocity and acceleration vectors corresponding to points 4, B, C, D. As a point on the
surface of the tire moves from positions B to 4 what is its average acceleration vector? Show how the

direction of this vector is obtained by considering the velocities at points B and 4. d
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b) Suppose the wﬁeel is spinning as in part (a) but now is in contact with the ground and rolls with no
slipping. Assuming the tire spins as shown above, which way does the car go? Explain why the speed of

the car is 15m/s.
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¢) Assuming the wheel is rolling as in part (b) determine the velocity vectors relative to the ground of a
point on the wheel’s surface when it is at positions 4, B, C, and D. Sketch these velocity vectors on the
figure and show how they are obtained from the car velocity and the vectors you sketched in patt (a). Is
any point on the wheel at instantaneously rest with respect to the ground? What is the acceleration vector

relative to the ground corresponding to point 5?7
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5, Consider three blocks situated as shown in the figure. Assume the cords and pulley are massless and
that »; = 3kg and m, = 2kg. All the surfaces in contact are identical and have static friction coefficient
ps = 0.3 and kinetic friction coefficient py =0.2.

a) Draw a free-body diagram for each block and determine the maximum value of 3 that will allow the
system to remain at rest.
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b) If m;3 = 4kg determine the acceleration of m7y and s, and the tension in each cord. e
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¢) For ;3 as in part (b) what force does the axle exert on the pulley?
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6. Consider a small cube of mass m placed inside an inverted cone of apex half-angle 0 = 37°.

a) Suppose the cube is released from rest and slides down the rough stationary cone wall. Determine the
acceleration of the cube. Assume the kinetic friction coefficient is p = 0.5.
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b) Now suppose the cone is fiictionless. With what rotational frequency must the cube spin around the
inside of the stationary cone so that it maintains the same distance ¢ = 20cm from the apex?
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¢) Suppose the cone is rough with static friction coefficient p = 0.5. The cdne {s now spun around its axis
at a sufficient rate so that the cube does not slip. For what range of rotational frequencies will this be

possible? —
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