


Note: this exam included a 3-page formula sheet, which can be downloaded
separately.

1. 30 points, 5 points each part, no partial credit.

a) A projectile of mass m is launched over level ground with an initial speed
v at an angle θ to the horizontal. Neglecting air resistance,

i) What is the kinetic energy just after launch?

ii) What is its total energy at the top of its flight?

b) A uniform chain of total mass m and total length � is hanging from a
nail. If the acceleration of gravity is g, what is the tension in the chain
a distance d from the nail?

c) A book with mass m is lying on a table.

i) On the diagram below, indicate all the forces acting on the book.
Label each force.

ii) For each force above, list the corresponding force which is equal and
opposite by Newton’s third law.
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d) The diagram below shows two rods, one of length 4� and mass 4m the
other of length 2� and mass 2m, joined at right angles. Indicate with a
cross the position of the center of mass.
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2. (25 points)

A parabolic mirror is placed on a table such that, at a horizontal distance
R from the center of the mirror, the inside surface of the mirror is a vertical

distance y above the center, given by: y =
R2

4a

A stationary small object of mass m is released from a position R = R0. As-
suming the surface of the mirror is so smooth that there are no frictional
losses,

a) Derive an expression for the magnitude of the velocity of the object when
it is at position R.

b) During the motion of the object from R0 to R,

i) How much work does the normal force do on the object?

ii) What fraction of the work on the object is done by gravity?

Give your answers in term of only R, R0, a, m and g.
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3. (25 points). Two stationary masses M1 and M2 are placed on a horizontal
sheet of ice. A massless ideal spring of constant k is compressed by a
distance x and placed between the two masses, as shown. The spring is
not attached to the masses. After the spring is released, M2 slides with no
frictional losses toward a stationary child of mass M3. The child catches M2

and holds it stationary relative to herself. Derive an expression in terms of
only M1, M2, M3, k and x, for the magnitude of the velocity of the child as
she slides after catching M2.
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4. (20 points)

Over a short stretch of a roller-coaster the potential energy of a cart of
mass m is given by u(x) = a + bx2

i) At what value of x would the cart be in equilibrium?

ii) The cart is displaced slightly from equilibrium and let go from rest.
How long will it take for the cart to reach the point of equilibrium
(for the first time)? Assume no friction.
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