Problem 1. (20 points) Fig. 1 shows two different ways of
combining a pair of identical springs, each with spring
constant k. We refer to the top setup as parallel, and the
bottom one as a series arrangement.

(a) For the parallel arrangement, analyze the forces acting on
the connector piece on the left, and use this analysis to
determine the equivalent spring constant of the parallel
setup.

(b) For the series arrangement, analyze the forces acting on
each spring and figure out the equivalent spring constant.
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Problem 2. (20 points) As shown in Fig. 2, a block is sitting on
a wedge inclined at an angle § with respect to horizontal.
Someone grabs the wedge and moves it horizontally with
acceleration g. The motion is in the direction shown by the
arrow in the Fig. 2. Find the maximum acceleration that can
be applied without causing the block to slide downhill
Assume the static friction coefficient between the wedge and
block is p,
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Problem 3. (20 points) In Fig. 3, find the upward acceleration of
m,. Ignore masses of the pulleys and strings.
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Problem 4. (20 points) A block of mass (1.00 kg) is sliding
down along two different slopes as shown Fig. 4 with zero
initial velocity.

(a) If the kinematic friction coefficient u, between the block
and each slope is 0.200, calculate the energy loss along the
two different passages.

(b) What will be the kinetic energy of the block when it
arrives at the end of each slope?
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Problem 5. (20 points) let's consider some ‘solution
trajectories’ on the phase space - a space spanned by the
coordinate variable g and corresponding velocity wv. For
example, a free particle moving in one-dimensional space
will trace out a different straight line, depending on its initial
state as shown by the dashed lines in Fig. 5-1. The arrows
indicate a direction in time.

(@) Now, describe (with equations) and trace out two solution
trajectories with arrows, passing through the points A and B,
when the particle is under the influence of Flz)=—mg
(gravitational force, m mass).

(b) Is it ever possible that these solution trajectories cross
each other? Explain your answer.

(c) Mark all "turning points” in the Fig. 5-2.
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Problem 1. (25 points) A rocket of a mass m is on a launch stage
made of a spring. The original length of the spring is %h. The

height of the launch stage, with a rocket at rest is h from the
ground. The launch stage is pushed down by a distance h/2, and
suddenly released. The free-fall acceleration is g.

(a) Find the spring constant of the launch stage.

(b) Find the maximum height of the rocket measured from the
ground.

<Fig. 1>




Problem 2-A. (25 points) Two blocks of a mass m are connected
by a massless string through a massless pulley. They are on a
horizontal plane and an inclined at angles 30° . They are released
at rest.

(a) If there is no friction on both the planes, find the acceleration
of the mass on a plane of an angle 30" .

(b) If there are the same fricion on both the planes, find the
maximum static friction coefficient such that two blocks can start to
move.

<Fig. 2-A>

Problem 2-B. (25 points) Two blocks of a mass m are connected
by a massless string through a massless pulley. They are on a
horizontal plane and an inclined at angles 30° . They are released
at rest.

(a) If there is no friction on both the planes, find the acceleration
of the mass on a plane of an angle 30" .

(b) If there is no friction on the horizontal plane, and a non-zero
friction on the plane of an angle 30°, find the maximum static
friction coefficient for the plane of an angle 30° such that two
blocks can start to move.

<Fig. 2-B>



Problem 4. (25 points) A truck is moving at a constant velocity .
When a box of a mass m is gently dropped on the truck, a driver
urges the engine to keep the wvelocity constant. The kinetic friction
coefficient between the truck and the box is 1/2. For a short
period of time, the box slips on the truck. And then, slipping
ceases such that the box moves along with the truck. For that
short initial period of time consider the next problems in view of
an observer at rest on the ground.

(a) Find the change of kinetic energy of the box

(b) Find the total energy supplied by the engine.
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Ch. 8 Systems of particles and
extended objects
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Spherical coordinates
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Cylindrical coordinates
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Ex. 8.5: CM for a half-sphere
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