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Exam 3 (April 22, 2003)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given.

Problem 1 ( 5 parts, no partial credit on each part, 4 pts for each part):

< (a) A disk is free to rotate about an axis. A force applied at a distance d from the axis
A () causes an angular acceleration . What angular acceleration is produced if the same force
is applied a distance 2d from the axis?
i a T:-IX T s foxed
i) a2 1= D\x\: ~ AF
iv) 4a 2 ifl 5. Bl
- T - (& S T (2x)
V) o/4 °l r’ ( aa

9\ @QB (b) The disk pictured below rotates clockwise as you are looking at it. Which vector would
best represent the angular velocity vector for this disk?
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A Q(l} (¢) The disk is slowing down. Which vector would best represent the angular acceleration
of the disk? . = _ (o N
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‘(s (d) Now, forget about the disk and just regard the vectors drawn in the sketch. Which
AL R g
vector is in the direction of Ax E?
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U\Q/lg (e¢) Which vector is in the direction of GxD?
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Problem 2 ( 20 pts): ‘g gg

Two small motor boats are traveling side-by-side as shown in the sketch below. They are
traveling at a slow to moderate rate of speed. The people steering the boats notice there is a

tendency for the two boats to move toward each other. They must continually correct for tot /100
this. Using text and equations and/or sketches, please explain the origin of the force that
causes the two boats to drift toward one another. C— G
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Upon graduation you get a job as an engineer with Jimmy Joe-Bob's Trucking Emporium:
Big Jimmy Joe-Bob likes the tires of his trucks to wear evenly. Because Jimmy knows you
were a physics star in college, he asks you to help him out. You know that for the tires to
wear evenly, the tires must all support the same amount of weight. For a given loaded truck
you determine that the two front wheels (together) support 7500 N and the two back wheels
(together) support 12500 N. (Assume the driver-side and passenger-side wheels each
support the same amount of weight.) The front axle and back axle are separated by 6
meters. (This truck has only two axles and four wheels.) What distance and in which
direction (toward the front or back of the truck) do you need to shift the center-of-gravity of
the truck in order for each wheel to support the same amount of weight?
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Problem 4 ( 20 pts):

A mass of 5 kg is tied attached to a massless string that is wound about a cylinder of mass 2
kg and radius 10 cm. The cylinder rotates without friction about an axle that is attached to
a support. The mass is allowed to fall. The string does not slip on the surface of the

cylinder.
u(ts : . .
(a) What is the acceleration of the falling mass? )
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(b) What is the magnitude of the angular acceleration of the cylinder assuming your I
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"\ (’rl 5 answer to (a)?
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(9 GT& (¢) What is the angular momentum of the system about the axis of the cylinder 2 seconds
after the mass begins to fall (assuming the mass starts with zero velocity and assuming .
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your answers to part (a) and (b) are correct?
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< (d) Now suppose the system is attached by a massless belt to another cylinder of mass 10 kg
('J { and radius 20 ¢m that can rotate without friction about an axle that is attached to a
support. The system is sketched below. In this conf‘guratlon, what is the acceleration

of the falling mass? ‘,\
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Problem 5 ( 20 pts):

A simple pendulum is made of a spherical solid glass marble 1 ¢m in radius hanging from a
length of fishing line. (Please neglect the obvious complication of attaching a spherical marble
fo fishing line.) The density of the glass in the marble is 2.5x10° kg/m’. For comparison, the
density of water is 1x10° kg/m’.

(a) The pendulum is made to swing in air with small oscillations and the period is measured
to be 2 seconds. What is the distance from the point of support of the fishing line to the
center of the marble, i.e., what is the length of the pendulum? (Please ignore air

resistance.)
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(b) The very same pendulum is now immersed in water. What is the new period of the
pendulum? (Assume the water is totally nonviscous, i.e., ignore water resistance even
though that is probably a poor assumption.)
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