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NAME

INSTRUCTIONS. This examination consists of one problem with five parts, with each part
worth the same number of points. DO NOT attempt (e) unless you are confident you have com-
pleted the other four parts correctly, as it is more difficult. As is always the case on examinations,
it is important to give a brief indication of your reasoning. Answer in a way which shows that
you understand the subject. Your answer should be written on the examination. If you need more
room, use the back side of the page, but indicate on the front that there is material on the back.

a) A block of mass m is at rest on a
frictionless plane making an angle θ

with the horizontal, as shown in the
figure, held in place by a string with
tension fT . What are the forces act-
ing on the block and what is the to-
tal force? Your answer should in-
clude a diagram involving the block,
which is shown below. What is the
tension in the string fT in terms of
other things?
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b) The string is cut and the block slides down the frictionless plane, falls over the edge of the
table and hits the floor a distance D from the edge of the table (see the figure). Find expressions
for its speed v1 as it leaves the edge of the table and v2 just before it strikes the floor in terms of g

and quantities in the figure, using a conservation law or conservation laws. You should state what

is being conserved and how you are using the law; do not just write down a string of formulas. You
may assume that the block is very small; ignore any effects due to its rotation while falling.

c) Is momentum conserved while the block is sliding down the plane or falling towards the floor?
Remember that momentum is a vector, so you may wish to discuss components. You must give
reasons for your answers.

d) Suppose the time the block spends in the air after leaving the edge of the table and before it
hits the floor is τ (Greek tau). (i) Find D in the figure in terms of τ and v1. (ii) Find an expression
for τ in terms of v1. You may leave your answer in the form of an equation, which you don’t have
to solve as long as it and the reasoning leading up to it are clear.

e) Attempt this part only if you are confident you have answered the previous parts correctly.
Alas, the lab technician forgot to apply magic grease to make the plane frictionless, so the block

slides down it with a coefficient of kinetic friction µk > 0. Redo your calculations of v1 and v2 in
part (b), and then discuss how this new circumstance affects your answers to (c) and (d).


