University Physics Midterm 3 Mon Nov 21, 2016

Your name: §Om ONS

Please show your work, write neatly, and put a box or circle around each of your answers.
There are 5 pages with 5 problems, all with multiple parts.
Assume Earth’s gravitational acceleration of g=9.8 m/s?.
Remenmber to include units where appropriate!
(Yes. there are 110 possible points. That’s intentional.)

1. Fluid Mechanics; Stress/Strain (20 total points)
Dr. Todd has a personal submarine that has a total volume of 10 m®. He gets in and
dives 1000 m into a pure freshwater lake.

(a} (10 points) What is the change in pressure on his submarine. in Pascals and in
atmospheres?

(b) (10 points) What is the bulk modulus of Dr. Todd’s submarine, in Pascals, if its
volume is reduced by 7.0x107* m® when it descends?
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2. Fluid Mechanics (15 total points)

Figure 2: A sphere, submerged and floating, for problem 2.

Dr. Todd connects a solid sphere of volume 1.5 m® to an anchor with a light cord and
throws it in a freshwater lake. The sphere is suspended in the water like the left image
of Figure 2. The tension in the cord is 4200 N.

(a) {5 points) Calculate the buoyant force exerted on the sphere by the water, in New-
tons.

(b) (5 points) What is the sphere’s mass, in kg?

(c) (5 points) The cord breaks, and the sphere bobs to the top of the water like the
right image of Figure 2. When the sphere comes to rest, what volume of the sphere
is above water, in m3?
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3. Angular Kinematics (25 total points)
Dr. Todd has a flywheel that is shaped like a uniform solid eylinder of radius r=20 cm
and mass m=3.0 kg that spins around the its central axis. It starts at rest, then staris
spinning up with constant angular acceleration.

(a) (5 points) What is the moment of inertia of Dr. Todd’s flywheel? Remember to
include the proper units. Second

(b) (10 points) If the flywheel takes 0.5 s to make its_therd" complete revolution, how
long did it take to make its first complete revolution (in seconds)?

{c) (5 points) What is the flywheel’s angular acceleration, in rad/s??

(d) (5 points} What is the net torque on the flywheel as it is is accelerating, in N-m?
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4. {25 points) Static Equilibrium with Torque \(09 3)(

M=3¥06
L=2.5m

Dr. Todd builds a small crane that suppmts a mass of 30 kg as shown above. The crane
boom is 2.5 m long, has a uniformly distributed mass of 8 kg, and is inclined to the
ground at a 45° angle. The crane is hinged to the ground at its base, and it is secured
to the ground hehind it with a rope that carries tension T'.

(a) (10 points) What is the tension T (in Newtons) so Dr. Todd’s crane is in static
equilibrium?

(b) (10 points} What is the magnitude of the force that the ground exerts on the crane
boom (in Newtons)?

(¢} (5 points) What is the ancrle of the force that the ground exerts on the crane boom,
in degrees from the + K é\m&%\m 7
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5. Combining Rotational and Linear Motion (25 total points)

Dr. Todd builds another one of his crazy demos, putting a block of m=3.0 kg on a
frictionless inclined plane of angle § = 27°. He attaches the block to a freely spinning
(frictionless) cylinder of mass M=1.0 kg and radius r=5 cm at the top of the ramp.
Dr. Todd holds everything at rest, then lets go. The block moves down the plane with
constant acceleration, and the cylinder turns with constant angular acceleration.

(a) (5 points) Write Newton'’s second law for each of the masses in terms of the provided
quantities (m, M, r, 6, g).

(b) (5 points) What is the tension T in the rope, in Newtons?
(c) (5 points) What is the acceleration of the block down the plane, in m/s??

(d) (10 points) After 3.4 s, how many revolutions has the cylinder turned from its
starting point?
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