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Problem 1. (25 points) An object hanged on a rope L=0-30 m
does rotational motion. If the angle between rope and vertical axis
15. 37",

(3) Find the tangential velocity of the object.

{(b) How long does it take to complete one full rotation?




Problem 2-A. (25 points) A ngid body 15 made ot three dentical
thin rods, each wath length £=0.50 m fastened together in the
form of a letter H. The body is free to rofate about a2 honzontal
awis that runs along the length of one of the legs of the H. The
body is allowed to fall from rest from a position in which the
plane of the H is horzontal What is the angular speed of the
body when the plane of the H is vertical?

L

<Fig. 3-A>




Problem 2-B. (25 points) A uniform solid sphere of radius r is
placed on the inside of a hemispherical bowl of radius R The
sphere is released from rest at an angle g with respect fo the
vertical, as shown in Fig. 2-B. If the sphere rolls without slipping,
find the spesd of its center of mass as it rolls through the

bottommiost point of the bowl

<Fiq. 2-B>




Problem 3. (25 points) A pair of two identical planets having
mass m are circling around a star having mass Af with a constant
velocity v as shown in Fig. 3. The three-body system is co-linear.
(a) Find an expression for v in terms of given parameters (radius r,
gravitational constant G, M, and m). (b) What is the period of
rotation? (c) What will be the escape velocity for the pair?
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Problem 4. (25 points) A small solid cube is released from
rest while fully submerged in a liquid, and then its kinetic
energy K is measured when it has moved 4.0 an in the
liquid. Then, A is plotted with respect to the liguid
density gy, (Fig. 4 gives the results after many liquids are
used).

{a) What are the density p., and the volume of the
cube?

{b) When the cube finds its static equilibrium position on
the surface, what fraction (%) of the cube will be
submerged in the liquid if p,; =30 g ari? [Assume that
the cube translates only vertically without any rotation.]

1.60

K ()




20114 2XtA| A

Problem 1. (15 points) The two communication satellites (mass m
and 2m) have circular orbits of the radii B and 31X, respectively,
about the Earth (mass A). Gravitational constant is . Ignore the
interaction between the two satellites.

(a) Find the ratio, (kinetic energy of mass 2m)/(kinetic energy of
mass m).

(b) Plot the mechanical energy curves of the two satellites in one
graph as a function of the parameter K.
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<Fig. 1>



Problem 2-A. (30 points) A uniform ladder (length Z and mass M)
leans against a frictionless wall at an angle of 60° on a frictionless
floor. A massless rope (length d) horizontally connects the ladder to
the wall.

(a) Draw all the forces acting on the ladder.

(b) Write down equations for the system based on Newton's 2nd
law.

(c) Find the tension on the rope.

(d) Find the force of the ground on the ladder.

<Fig. 2-A>

Problem 2-B. (30 points) A uniform bar (length Z and mass 1)
hangs horizontally by two ropes (the rope A at the end and the

rope B at -iiL apart position). At the other end of the bar, a box

of mass m hangs by a massless rope C.

(a) Draw all the forces acting on the bar.

(b) Find the tension on the rope (-

(c) Write down equations for the system based on Newton's 2nd
law.

(d) Find the tensions on the two ropes 4 and B.




Problem 3. (30 points) In two rotation systems (4 and B), two
balls (each with mass ) are attached to a massless rod whose
length is 24 and 44 in 4 and B, respectively. The two balls can
freely rotate about the axis through its center in a plane. The
rotation axis in 4 is parallel to that in B. Initially balls in 4 rotate
with an angular speed w and do not touch balls in B when the
system B does not rotate. At one moment, a ball in 4 made an
elastic collision with a ball in B, as shown in Fig. 3. Right after the
collision, the system 4 and B have the angular speeds w, and
wa, respectively.

(a) Find the ratio (moment of inertia of B)/moment of inertia of
A).

(o) Write down the relation between kinetic energies before and
after the collision.

(c) Write down the relation between angular momenta before and
after the collision.

(d) Calculate the angular speeds w, and w, in terms of w.
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<Fig. 3-3>




Problem 4. (25 points) A person of mass m gets on the rear part
of a long uniform boat (mass A7 length L) which was located at a
dock, and then walks to the front part of the boat. The person
walks at a speed v with respect to the dock before getting on the

boat, and afterwards, walks at the speed % with respect to the

boat. The boat can slide through the water without significant
resistance.

(@) Find the velocity of the boat right after the person stepped on
to the boat.

(b) Find the distance between the dock and the center of mass of
the system consisted of the boat and person right after the person
getting on the boat.

(c) Find the distance between the dock and the person when he
arrives at the front part of the boat.
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