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Problem 1: Dynamics (15 points)

A block of mass 3M on a rough, horizontal surface is connected to a ball of mass M by a massless
cord passing over a massless, frictionless pulley. A force of magnitude F = 4Mg at an angle 6 to
the horizontal is applied to the block as shown. The coefficient of kinetic friction between the
block and the surface is ;& = 1/3. Assume sinf = 3/5 and cosfl = 4/5. Give all your answers in

terms of M and g.
a} Draw free-body diagrams for the block, ball and the pulley.
b) What is the acceleration 3 (magnitude AND direction) of the blocks?

c) What is the tension in the string?




Problem 2: Circular Motion (15 points)

A ball of mass M is attached to a vertical rod by two massless strings of length 5L. The ball
rotates about the rod in a horizontal circle. The time for one complete rotation is P. Give all

your answers in terms of M, g, L and P. Assume both strings are under tension.

a) Draw a free-body diagram showing all forces acting on the ball.
b) What is the speed of the ball?

c) What is the acceleration 3 of the ball when it is located as shown in the plane of the page.

d) What is the tension Ty in the upper string?

e} What is the tension T, in the lower string?
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Problem 3: Energy (15 points)

A block of mass M is connected to a block of mass M/2 by a massless string that passes over a
massless pulley. Ignore friction. The block M/2 is connected to a spring with spring constant k
which is anchored to the floor. The spring is initially unstretched. The block M is puiled down a
distance L stretching the spring the same amount. The block M is released from rest. Assume

sinf = 1/2 and cosf = v/3/2. Give all your answers in terms of M, L, g and k.

a) Draw a free-body diagram for each block showing all the forces acting.

b) What is the speed of each block when the masses move a distance L and the spring is again

unstretched?

c) How high up the plane measured from the unstretched position will the block move until
its velocity is zero? Assume that the tension in the string vanishes after the blocks have

moved a distance L.
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Problem 4: (15 Points)

Circle the correct answer for parts a, b, ¢, d and e.
3)

A rock attached to a string swings in a vertical circle. Which free body diagram
could correctly describe the force(s) on the rock when the string is in one possible

horizontal position?

~ 1

(a) (b} (c) (d) (e)

b)

A 1.5-kg object moving along the x axis has a velocity of +4.0 m/s atx = 0. If the
only force acting on this object is shown in the figure, what is the kinetic energy

of the object at x = +3.0 m?:
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Two clowns are launched from the same spring-foaded circus cannon with the
spring compressed the same distance each time. Clown A has a 40-kg mass;
clown B a 60-kg mass. The relation between their speeds at the instant of launch
is

U, ﬁEUB.
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The force a spring exerts on a bodyis a conservative force because

a.
b.

a spring always exerts a force opposite to the displacement of the body.
a spring always exerts a force parallel to the displacement of the body.

the work a spring does on a body is equal and opposite for compressions

and extensions of equal magnitude.
the net work a spring does on a body is zero when the body returns to its

initial position.



A pendulum bob has potential energy L, when held taut in a horizontal position.

The bob falls until it is 30° away from the horizontal position, when it has
potential energy U,. It continues to fall until the string is vertical, when it has

potential energy U, Compare its potential energies at O, A, and B.
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ad. u():ug=ua- Sin 30°=1/2
b, U, -U;=2U,
C. uA - uB = u[}_ uA. COS 300 =I§I 2
d. U;=U;=2U,.
e. Uy-U,=2(U,-Uy)



