Question 1 (10 points)

Identical disks are released from rest from two identical inclines, as illustrated in the figure. In the
first slide there is no friction while there is friction between the slide and the disk in the second case
causing the disk B to roll down smoothly. Circle the correct answer to the questions below.
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(a) (2.5 pts) The angular velocity of disk A is
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(b) (2.5 pts) At any moment, the total kinetic energy of disk A is
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that of disk B.

(¢) (2.5 pts) The velocity of the center of mass, at the bottom of the incline, of disk A4 is

(i) equal to
ii) larger than

(iii) smaller than

that of disk B.

(d) (2.5 pts) The acceleration down the incline of disk A is

(i) equal to

ii) larger than

(iii) smaller than

that of disk B.



Problem 1 (20 points)

A thin rod of length 1.2m and mass 3.8 kg is suspended from one end as indicated in the figure. The
rod is pulled to the side so that its center of mass is H = 20 cm higher and then allowed to swing as
a pendulum. At its lowest point the rod hits the ball of putty of mass 100 g and becomes attached to

1t.
(a) (4 pts) What is the rotational inertia of the rod about the

rotational axis at one end of the rod?
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(b) (6 pts) Calculate the rod’s kinetic energy just before it hits the putty. l
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{¢) (10 pts) What is the magnitude and direction of the angular velocity of the rod-putty system

just after the collision takes place.
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Question 2 (10 points)

A satellite of mass m orbits a planet of mass M at a distance d from the planet’s center. The satellite
mass is much smaller than the mass of the planet. :
Circle the correct answer to the questions below.
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(a) (4 pts) The total mechanical energy of the system is - Q o 6 M o
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(i) twice the potential energy of the system.
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(iv) impossible to determine.

(b) (3 pts) If the distance between the two objects is tripled, the force between them is
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(iv) the same as

the original force.

(c) (3 pts) If the satellite is taken to a different distance of 4d, the period of this new orbit is
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Problem 2 (20 points)

A massless bar is employed to support a block of mass m = 300kg aided by a wire with the tension
of 7' = 5000 N. The block hangs at the distance that is 2/3 of the length of the bar, from the hinge.

(a) (6 pts) Draw a free-body diagram for the bar. Shaw all
the forces, important angles, and a pivot point.
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(b) (6 pts) Calculate the value of 8.
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(c) (4 pts) Calculate the magnitude of the horizontal force on the bar from the hinge.
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(d) (4 pts) Calculate the magnitude of the vertical force on the bar from the hinge.
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Question 3 (10 points)

The figure below shows an open tank filled with water and five points centered at the respective
surfaces. Points A and C are on vertical surfaces and points B and D are on horizontal surfaces, as

indicated.
Circle the correct answer to the questions below.

(a) (2.5 pts) Which indicated point has the T
largest pressure due to water?
14dm A : B

@O A ol Yo _

() B. ? - ’\),\._o@*\' 3H _f : C

(i) C. 2m ' : e
D Sres e )

»pr\gea* . D

(b) (2.5 pts) Which indicated point has the least pressure due to water?
(ii) B.
(iii) C.
(iv) D.

(c) (2.5 pts) Whould the answers change if the container would be closed at the top?

(i) Yes.

(iii) Not enough information to tell.

(d) (2.5 pts) What would the values of the pressufe be at the chosen points if the container is filled
with sea water that has larger density than water?
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Problem 3 (20 points)

A hypothetical planet has a mass of M = 3.0 x 10?® kg, a radius of R = 4.0 x 10° m and no atmoshere.
A 18.0kg probe is to be launched vertically from its surface.

(a) (6 pts) Calculate the probe’s escape speed from the surface of the planet.

Lyt - GMY% o U‘uﬁ/é_ﬁ” _ 3¢ ™
2 r ~ =

(b) (6 pts) If the probe is launched with an initial kinetic energy of 6.0 x 107 J, calculate the probe’s
kinetic energy when it is 6.0 X 10 m from the center of the planet.
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(c) (8 pts) Suppose now that the planet has a satellite with mass ms = 1.6 x 10" kg, which is orbiting

palnet at a distance d, = 2.0 X 107 m from the center of the planet.
Calculate the potential energy of the probe-planet-satellite system when the probe is at d = 6.0x 10®m

from the center of the planet and just below the satellite.
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