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A basketball collides with a small sphere thrown into the air by a physics crazy reveler high on ketamine.
Just before impact, the 99.9 gram sphere is moving upwards with speed 13.0 m/s. The 0.600 kg basketball
is travelling at 2.00 m/s to the right. Assume gravitational forces are negligible compared to collision forces
during the collision. Assume the collision time is very short. Assume the collision is perfectly inelastic.

1a) During the collision, which object experiences a larger magnitude acceleration?

sphere basketball Same Impossible to determine without more info

1b) During the collision, which object experiences a larger magnitude change in momentum?

sphere basketball Same Impossible to determine without more info

1c) During the collision, which object experiences a larger magnitude force?

sphere basketball Same Impossible to determine without more info

1c) Assume the two objects collide at the origin. Which best the direction of motion after the collision?

None of the other answers accurately

i j Into 1%t quadrant Into 3™ quadrant . .
H ] g a describes the motion
Impossible to determine if one of the
-1 —j Into 2" quadrant Into 4™ quadrant . )
! J a g other answers describes the motion
A rod of length L has non-uniform mass density A = cx? where c is an unknown positive constant. y

The rod has moment of inertia I when rotated about the y-axis.
2a) Which best describes the center of mass position of the rod? :

At the exact Closer to left Closer to right Impossible to determine
middle of rod end of rod end of rod without more info

***2b) Determine the constant ¢ in terms of I & L.

2b




A thin square plate of side s has a circular hole cut from it as shown.

Assume the radius of the circular hole is exactly i

Mass per unit area of the plate is o (uniform density).

The origin of a standard xy-coordinate system is at the midpoint of the left side of the plate.

**3a) Determine mass of the plate (after the hole has been cut).
Answer as a 3 sig fig number times os2.

**3b) Determine horizontal center of mass position (after the hole has been cut).
Answer as a 3 sig fig number times s.

3a

3b




A uniform rod of length L connects to the ceiling at one end using a frictionless pivot of negligible size.
A string with negligible mass connects to the rod distance gL from the pivot.

This string tension has magnitude T.
An angle is given in the figure (approximately to scale).

***4a) Determine the mass of the rod.

Answer as a number with 3 sig figs times g.

***4b) Determine magnitude of the reaction force at the pivot.
Answer as a number with 3 sig figs times T.

da

4b




A disk of mass 2.00 kg and radius 375 mm rotates about its center as shown.
Initially the disk’s rotation rate is 0.925 %.

It slows (at constant rate) to a stop in 0.100 revolutions.
5a) Determine the initial angular velocity of the disk in RPM.

**5h) Determine the angular acceleration in r:—zd.
5c) How long does it take for the disk to stop spinning?

**5d) Determine the initial total acceleration (magnitude) of point P (on the edge of the disk).

5e) Determine the initial kinetic energy of the disk.
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A block of mass m slides to the right with constant speed across a surface with negligible friction.

The block collides elastically a second block of unknown mass which is initially at rest.

After the collision, the unknown mass travels to the right with speed v while the block of mass m
moves to the left with speed 4v.

***xx*6a) Determine the unknown mass. Answer as a number with 3 sig figs times m.

*6b) Determine the initial speed of mass m. Answer as a number with 3 sig figs times v.

Before

=0

After

= O

6a

6b




A metal disk of mass m and radius R is designed to roll without slipping down an
inclined track of length x and angle 8 as shown in the figures at right (not to scale).

Notice there are two additional disks welded to the main disk with smaller radii r = g

serving as axles for main disk as it rolls down the track. Figure not to scale.
Assume the two additional axle disks have negligible mass compared to m.
The disk is released from rest and allowed to roll down the track. Side View Rear View

7a) True or false: It is appropriate to use constant acceleration kinematics

equations for the disk as it rolls down the track.
Impossible to determine

TRUE FALSE . )
without more info

7c
7b) Which of the following equations best describes the relationship between

angular speed & translational speed? Circle the best answer.

None of the other

1 2 3
—Rw v=—Rw V=Rw v=—-Rw v=3Rw )
3 3 2 answers 1s correct

****7¢) Determine angular acceleration (magnitude) at the instant the disk is
released from rest. 7d
***7d) Determine the translational speed of the disk as it reaches the bottom
of the track (after the disk’s center of mass has traveled distance x).




**Extra Credit: Time consuming for 2 points. No scores over 100% allowed.
Reconsider the thin square plate of side s has a circular hole cut from it.

Assume the radius of the circular hole is exactly Z.
Mass per unit area of the plate is o (uniform density).
The origin of a standard xy-coordinate system is at the midpoint of the left side of the plate.

Determine moment of inertia of the plate about the y-axis (after the hole has been cut).
Answer using a simplified expression in term of given variables time a 3 sig fig number in the
numerator.
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