8.01x Classical Mechanics, Fall 2016

Massachusetts Institute of Technology

Problem Set 1
1. Car and Bicycle Rider
A car is driving along a straight line with a speed v0 . At time t = 0 the car is at the
origin. At a later instant of time t = t1 the car starts to slow down until it stops at a
time t = t2 .
The acceleration of the car as a function of time is given by

0
0 < t < t1
ac =
−c(t − t1 ) t1 < t < t2
where c is a positive constant which has dimensions of acceleration per unit time.
(a) Find vc (t) and xc (t), the x-component of the velocity and the position of the car
as a function of time. Express your answer in terms of some or all of the following
variables: v0 , c, t, t1 and t2 .
(b) A bicycle rider is riding at a constant speed of vb and at t = 0 is 17 m behind
the car. The cyclist reaches the car when the car just comes to rest. The car is
moving with an acceleration

ac =

0
0 < t < t1
−c(t − t1 ) t1 < t < t2

where its initial component of the velocity is v0 = 12 m/s, t1 = 1 s and c = 6
m/s3 . The car comes to rest at t2 .
Find the speed of the bicycle to 2 significant figures.
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2. Elevator Trip

A person is standing on an elevator initially at rest at the first floor of a high building.
The elevator then begins to ascend to the sixth floor, which is a known distance h
above the starting point. The elevator undergoes an unknown constant acceleration
of magnitude a for a given time interval T . Then the elevator moves at a constant
velocity for a time interval 4T . Finally the elevator brakes with an acceleration of
magnitude a, (the same magnitude as the initial acceleration), for a time interval T
until stopping at the sixth floor.
(a) Make a sketch of the velocity v(t) of the elevator as it travels to the sixth floor.
Your sketch should be qualitatively correct: it should have the right shape, but
the vertical scale need not be accurate. Hint: thinking about the graphical representation of v(t) leads to a much easier solution for part B.
(b) Find the value of a, the magnitude of the acceleration, in terms of h and T .
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3. Rocket Launch

t=0

Stone is
released

g
h
j

Rocket is
launched

At the base of a vertical cliff, a model rocket, starting from rest, is launched upwards
at t = 0 with a time-varying acceleration given by

ay (t) = A − Bt
where A and B are positive constants. Also at t = 0, a small stone is released from rest
from the top of the cliff at a height h directly above the rocket. (This height h is higher
than the maximum height reached by the rocket.) The stone hits the rocket at the
instant when the rocket reaches its maximum height. The gravitational acceleration of
magnitude g is downward. You may neglect air resistance. Determine an expression
for the initial height h from which the stone was dropped in terms of the constants A,
B, and g.
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4. Throw and Catch
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A ball is thrown over the head of a person who is standing a horizontal distance d
from the point where the ball was thrown. The initial ball’s velocity is at an angle θ
with respect to the ground and has a magnitude v0 . As soon as the ball is thrown,
the person runs with a time-varying acceleration whose component along the x-axis is
given by Bt, where B is a positive constant. The person catches the ball at exactly
the same height it was thrown from. Assume that the air resistance is negligible and
that the gravitational acceleration is directed downward and has magnitude g. Find
the constant B.
Express your answer in terms of some or all of the given variables. Use θ, g, d, and v0
as needed.
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5. Vertical Collision
Mary wants to throw a can straight up into the air and then hit it with a second
can. She wants the collision to occur at height h = 5.0 m above the throw point. In
addition, she knows that she needs t1 = 4.0 s between successive throws. Assume that
she throws both cans with the same speed. Take g to be 9.81 m/s2 .
(a) How long it takes (in seconds) after the first can has been thrown into the air for
the two cans to collide? Answer to 4 significant figures.
(b) Find the initial speed of the cans (in meters/second) to 4 significant figures.
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