Name Section
Physics 1210 Exam 3

14 April 2011
This test is closed-note and closed-book. No written, printed, or recorded material is permitted. Calculators are
permitted but computers are not. No collaboration, consultation, or communication with other people (other than the
administrator) is allowed by any means, including but not limited to verbal, written, or electronic methods. Sharing of
calculators is prohibited. If you have a question about the test, please raise your hand. For multiple choice, you may
choose two answers, and if one is correct, receive half credit, etc. For full credit on written problems, show the full
thought process from basic equations to final results.
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the tip of the blade while point B is halfway out from the axis of rotation. Which his true?
A. The angular speed of A is twice that of B, but they have the same linear speed. B
B. The angular speed of B is twice that of A, but they have the same linear speed. )
C. The linear speed of A is twice that of B, but they have the same angular speed.
D. The linear speed of B is twice that of A, but they have the same angular speed.
E. They both have the same angular and linear speeds.

1. (7 pts) A giant windmill with 4 blades of length L is turning in the wind. Point A is at A w \‘

2. (7 pts) You move to a planet where the radius is 3x that of Earth, the mass is 6x that of Earth, and
the length of its day is 5x that of earth. The gravitational acceleration, g,, on this planet compared to
Earth will be

A. 1/3g B. 2/3g C.56g D.53g E.2g F 18/58 G. 9g /'

3. (7 pts) Four children of mass M ride at radius R on a magical massless Merry-go-
Round that rotates in a horizontal plane at angular speed . Shown is a top-down view.
Two move out to radius 2R (they are still on the Merry-go-round) and two move in to
radius “2R. The new angular speed of the ride is
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4. (6 pts) Given the velocity-time graph below for an oscillating object, sketch the position-time and
the acceleration-time graph that corresponds.
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5. (7 pts) A very smooth solid steel ball is rolling down a very smooth steel slope without slipping.
Which one of the following statements is NOT true?

A. The frictional force could produce a torque for the rolling motion

B. The gravitational force could produce a torque for the rolling motion
C. The gravitational force does positive work

D. The frictional force does negative work

E. The total mechanical energy of the ball is conserved



6. (7 pts) A uniform rod with length L and mass M is rotating 7
around axis z as the figure shows. Circle the correct moment of 7
inertia of the rod for this rotational motion.

A.MR*  B.M(R+L/2)}) C.MR?+1/3ML? M, L
D. M(R+L/2)* +1/12ML? E. None of the above

7. (7 pts) A satellite is doing a uniform circular motion around a
planet. Which one of the following statements is correct?

A. The satellite’s rotational period depends on its mass

B. The satellite’s rotational radius depends on its mass

C. The satellite’s momentum is constant

D. The satellite’s angular momentum is constant

E. The satellite’s total mechanical energy is constant and positive

8. (7 pts) The right figure shows the simple harmonic motion of three different spring-driven oscillators
that all have the same mass. Which one of the following statements is correct?

A. Oscillator 1 has the smallest spring constant i
B. Oscillator 1 has the largest frequency

C. Oscillator 1 has the smallest period 0 {
D. Oscillator 3 has the smallest angular frequency

E. None of the above is correct
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9. (7 pts) A torsion spring is displaced an angle of 5° from
equilibrium and oscillates with a frequency of f. If instead it is displaced at an angle of 15° from
equilibrium and released, what will be its frequency of oscillation?

A.19f B. 173f C.f D.3f E.Oof

10. (9 pts) An ice skater begins to spin about a vertical axis on the point of one skate. Friction is
negligible. She begins with her arms and free leg extended away from her axis of rotation. As she
brings her arms and free leg closer to her axis of rotation,

a.What happens to her rotational speed w? (Select one.)

 increases. (v remains constant.  decreases.
b. What happens to her angular momentum L? (Select one.)

L increases. L remains constant. L decreases.
c. What happens to her rotational kinetic energy K.? (Select one.)

K. increases. K., remains constant. K. decreases.

11. (7 pts) A ball of mass M oscillates with period T when attached to a spring with spring constant kj.
If another ball having mass 4M is to oscillate with the same period T, what must be the spring constant
k, of the spring to which it is attached?

A. kz =4 k1 B kz =2 kl C kz = kl. D kz = k1/2 E kz = k1/4



12. (25 pts) You try to close a door by pushing with a force F at angle ¢ to the plane of the door
directly in the center of the door. The door has mass M, height H, and width W. Give an
expression for the time, t, required for the door to close if it is initially open at some angle 6. A
top view of the door is shown. Assume the door starts at rest.

q



13. (25 pts) A uniform rod with length L and mass M is pivoted at one end. A point object with
the same mass M is attached to the other end of the rod. Calculate the oscillation period of this
composite system for a small-amplitude oscillation.




14. (25 pts) Neptune’s moon Naiad orbits Neptune at an average distance of 48.2x10° km. Neptune’s
mass is 1.02x10%° kg, and Naiad’s mass is 1.4x10"” kg. How much additional kinetic energy would
Naiad need to obtain for it to escape from Neptune’s orbit?



