


Note: this exam included a 6-page formula sheet, which can be downloaded
separately.

1. a) (9 points, no partial credit)

cos 45◦ = sin45◦ = 1√
2

tan 45◦ = 1

If the coefficients of static and kinetic friction between the tires and the
road are µs and µk, the maximum acceleration that a car can have going
up a 45◦ slope is:

i)
g√
2

(1 − µk) ii)
g√
2

(1 − µs) iii)
g√
2

(1 + µk) iv)
g√
2

(1 + µs)

v)
g√
2

(µk − 1) vi)
g√
2

(µs − 1) vii) g(µk − 1) viii) g(µs − 1)

ix) g(1 − µs)(1 − µk) x) Can be any value provided the engine is strong enough

b) (8 points, no partial credit)

A uniform rod of length � is attached to a wall with a frictionless hinge.
The rod is released from rest when it is horizontal. The angular velocity
of the rod at the instant it hits the vertical wall is:
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c) (8 points, no partial credit)

At an instant when a figure skater is spinning with angular velocity ω
about a vertical axis, her moment of inertia, about the same axis is I1.
She then moves out her arms and increases her moment of inertia about
the same axis to a value I2. Her new angular velocity is:
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2. (25 points)

Two masses M1 and M2 (M2 > M1) are connected
by a massless string over a massive pulley as
shown above. The pulley consists of a uniform
cylinder of radius R and mass M3. It is sup-
ported by a frictionless axle. The string does
not slip on the pulley. On the pictures below,
draw free body diagrams for each object in the
system.

— Problem 2 is continued on next page —
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Problem 2, continued:

In the 4 boxes below, write down a complete set of independent equations,
which when solved would give the magnitude of the acceleration of the two
masses. Do not solve the equations. You must define all the symbols you
use on the free body diagrams above.

Note: Write no more than one independent equation per box.

3. (25 points). A conical pendulum consists of a small heavy sphere of mass
m attached to a string of length � and negligible mass. The string makes
an angle θ with the vertical and the sphere describes a circular path with
constant speed v, in the direction shown in B. P is the point of suspension.

Use a coordinate system with z vertically up and x to the right.

Looking from the side (A) Looking from above (B)

— Problem 3 is continued on next page —
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Problem 3, continued:

At an instant when the pendulum is in the x-z plane (see Figures), in terms
of only m, �, θ, v, and g:

a) i) What is the magnitude of the angular momentum Lz about the z-
axis?

ii) What is the magnitude of the net torque exerted on the pendulum
about this axis?

b) i) What is the magnitude of the angular momentum �LP of the sphere
with respect to the point P at the instant pictured?

ii) On the appropriate diagram above, with an arrow, indicate as well

as you can the direction of �LP .

iii) What net vector torque � is exerted about the point P?

4. (25 points). Three small spheres of mass M and 2M as shown are connected
by two massless rigid rods, each of length d. They are placed on a friction-
less horizontal table. At time t = 0, a horizontal force of magnitude F is
applied to the 2M mass on the left. It is applied in a direction perpendicular
to the rod as shown below. Initially all masses are stationary.

Top View

What is the magnitude of the instantaneous linear acceleration of each mass
immediately after the force is applied. Your answer must be in terms of
only F , M, and d.
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