1. Provide short answers to the following questions (a) through (f). To receive full credit you must fully
Justify your answers. Answers with little explanation will receive little credit.

a) Identical constant forces push two identical blocks continuously from a starting line to a finish line.
Assume block 4 is initially at rest and block B is initially moving to the right. Compare the impulse
delivered to the blocks, and the change in kinetic energy of each block. Justify your answers.
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b) Consider the solids shown in the figure. All have equal mass, height, and width. Rank the respective
moment of inertias about an axis through their center of mass perpendicular to the plane of the page.
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¢) The graph below shows the approximate variation of force versus time for a 58¢g tennis ball bouncing

elastically from a wall. If the ball strikes the wall perpendicularly with speed 32m/s determine the value of
Frax shown on the graph.
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d) A cannon is inside a railroad car as shown. The cannon fires balls of mass m at speed v, relative to its
muzzle toward the opposite wall. The balls come to rest upon hitting the wall and travel a distance L
relative to car. The total combined mass of the system is . Describe as completely as possible the
motion of the car when the first ball is fired. How far does the car move after & balls have been fired?

C«fo\&r\ O l'xf’ww o g:ly’hg’p t}@ (v W 't/e? :
recpd do Ve (e (,L m\@v\ Ll loall hot

l@p v L}i’ t{'{zA ff}ff?(_tﬁj\? f Q P{Q g,‘? }=‘\g,~() Aﬁ;p{ K{\”{) '}5&# ‘Y\C)("éé P

(fw an v"h)\! Ber N o N ( Vf V) B Voo ME/K e % Cor VY\[)’V’”) ) rfi{il S'{f’:‘ W

A= oLy = okl "V balh v bk B il Nl

¢) The graph below deplcts the force required to stretch a spring from its relaxed (x = 0) position. Does M
the spring obey Hooke’s Law? If so what is the spring constant? How may the graph be used to

determine the potential energy stored in the spring? What is the spring potential energy when it is
stretched 6cm from ifs relaxed length?
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f) Consider a track consisting of two separate segments one rough (R) and the other frictionless (S) as
shown. Suppose a ball with rotational inertia 7 = 0.4mi” starts from rest at point P and rolls down the
rough portion without slipping. How does the maximum height the ball attains on the other side compare
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2. A projectile of mass m = 50g traveling at vo = 20m/s hits a block of mass A/ = 450g. The block rests on
a frictionless horizontal surface and is attached to a spring of force constant £ = 2000N/m. The projectile
ricochets backward off the block with speed v’ = 0.6vy. The collision lasts for 4ms.

a) What impulse is delivered to the block and what is the average force for the collision?
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b) Is the collision elastic? Justify your answer. Draw energy bar charts corresponding to: 4 just before the
collision, B just after the collision, and C at the moment the spring is maximally compressed.
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¢) What is the maximum compression O'Fthe spring?
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d) Suppose the surface has a “small” coefficient of frictiok LIRH 0.1. Estimate the total distance the block
traverses from the moment it is struck to when it comes finally to rest. Why is this only an estimate?
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3. Consider an ice cube of mass m = 5g sliding on a frictionless vertical circular track of radius R = 50cm.
The cube has speed vy = 2m/s at the position 4 shown in the figure.

a) Draw free-body diagrams for the cube when it is in position 4 and bottom of the track at point B. What
are the radial and tangential components of the cube’s acceleration at point 4?

) W—((;
% = %L 0‘;, = Ve: - ?Wé\«

) e

o~
b) Determine the speed of the cube when it reaches point B at the bottom of the track and the normal force
the track exerts on the cube at points 4 and B in the figure.
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¢} Because the cube is given an initial velocity while in the horizontal position 4 it will rise above its
initial height on the other side. Determine the angle 0 at which the cube loses contact with the track on its
upward ascent, For what minimum value of vy will the cube remain in contact with the track?
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4, Consider the collision between three identical billiard balls shown in the figure. One ball is incident
with speed Vp upon two other stationary balls along the perpendicular bisector to the line joining their

centers,

a) Describe the motion of the center of mass before and after the collision. How does the collision appear

as viewed from an observer moving with a velocity equal to that of the center of mass?
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b) Consider the direction of the collision contact forces, Assume these forces act along the line connecting
the centers of the respective balls. On the diagram sketch the contact forces acting on each ball and from
this determine the direction of the impulse delivered to each ball. What directions do the two initially

stationary balls travel after the collision?
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¢) Assume the collision is elastic. Write down three relations reflecting the conservation laws that are
valid during the collision. (Caution: the result for relative velocity reversal is only valid for two-particle

one-dimensional collisions).
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d) Use your results to part (c) to determine the final velocities of the balls after collision. Express your

results in terms of V.
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