PHY231 Lecture C - Midterm 3

The last 4 pages of this test have relevant formulas. Please do not talk
to anyone other than me during the test. The total points add up to 110,
which means it is possible to get 110/100 on this test.
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Problem 1: A block with mass M1=3kg travelling with an initial velocity of
12m/s in the x-direction collides perfectly elastically with a stationary
block of mass M2=4kg. The first block is seen to leave the collision at an
angle of 30 degrees below the x-direction. Find the final velocities by using

the following steps:
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la. Assume that the second block leaves the collision at an angle of phi
above the x-direction. Write down the equations representing the conservation
of the two components of momentum (with numbers) and the equation

representing conservation of KE. (10 points)
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1b. Manipulate the equations (by judiciously squaring and adding, etc) to
eliminate the angle phi, and thereby find the final speeds. (15 points)
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1c. Find the angle phi. (10 points)
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Problem 2: A sphere of mass M=20kg and radius R=0.2m is partly hollow.
Specifically, it has a spherical cavity at the center of radius 3R/4, so that

the thickness of the spherical shell is R/4. Initially it is held against a

spring of force constant k=3000N/m, compressed to 0.1m as shown. Assume
that when the sphere has been released by the spring, it is not rotating.

The sphere then skids on a horizontal surface until rolls without slipping.
Analyze the problem using these steps.
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2a. Find the moment of inertia of the hollow sphere by any method of
your choice.

(10 points)
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2b. Use the conservation of mechanical energy to find the CM velocity of
the sphere when it leaves the spring. Remember, it is NOT rotating at

this point. (10 points)
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2c¢. Friction will cause the sphere to skid until it starts rolling without
slipping. Use the Impulse-momentum theorem in both linear and
angular forms to find the CM velocity of the hollow sphere when it
starts rolling without slipping on the horizontal plane. You will need
moment of inertia of the hollow sphere to do this part. If you are not
sure you have done 2a correctly, use MR”2 for this. (20 points)
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Problem 3: A girl of mass 40kg stands as shown on a plank of length 6m,
and mass 40kg. The plank rests on the surface of a smooth and frozen lake.
A friend on the shore throws her a baseball (mass 0.5kg) at a velocity of
40m/s in the direction shown. The girl on the plank catches the ball. You
will find the subsequent motion of the plank by following these steps.
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3a: Treating the plank as a thin bar, and the girl as a mass point, find
the CM of the plank+girl, and its moment of inertia about an axis
perpendicular to the ground, and around its CM. (10 points)
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3b. Find the total initial [inear momentum (both components) and the
total initial angular momentum. In finding the angular momentum, treat
the CM of the girl + plank as the rotation axis. Remember this the CM

you found in 3a. (10 points)
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3c. Ignore the change in the position of the CM due to the addition of the
ball to the system, and ignore the mass of the baseball in what follows.
Use the conservation of linear and angular momentum to find the final
CM velocity of the plank + girl, and its angular velocity around the CM.

(15 points)
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