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1981B2. A massless spring is between a 1-kilograass and a 3-kilogram mass as shown
above, but is not attached to either mass. Batbses are on a horizontal frictionless table. In
an experiment, the 1-kilogram mass is held in p&wthe spring is compressed by pushing on
the 3-kilogram mass. The 3-kilogram mass is tiedégased and moves off with a speed of 10
meters per second.
a. Determine the minimum work needed to compifesspring in this experiment.

The spring is compressed again exactly as abovehisutime both masses are released
simultaneously.
b. Determine the final velocity of each masatieé to the cable after the masses are released.
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1983B2. A block of mass M is resting on a horiabririctioniess table and is attached as shown
above to a relaxed spring of spring constant ksegond block of mass 2M and initial spegd v
collides with and sticks to the first block Develexpressions for the following quantities in
terms of M, k, and ¢

a. v, the speed of the blocks immediately aftgract

b. x, the maximum distance the spring is congweés

c. T, the period of the subsequent simple harcnmotion
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1984B2. Two objects of masses M1 kilogram and M= 4 kilograms are free to slide on a
horizontal frictionless surface. The objects celahd the magnitudes and directions of the
velocities of the two objects before and afterdblision are shown on the diagram above. (sin
37°=0.6, cos 37° = 0.8, tan 37° = 0.75)
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a. Calculate the x and y componentsa(pd g, respectively) of the momenta of the two objects
before and after the collision, and write your kssin the proper places in the following
table.

b. Show. using the data that you listed in Hi®d, that linear momentum is conserved in this

collision.

c. Calculate the kinetic energy of the two-obmstem before and after the collision.

d. Is kinetic energy conserved in the collision?
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1985B1. A 2-kilogram block initially hangs at redtthe end of two 1-meter strings of negligible

mass as shown on the left diagram above. A Okil68ram bullet, moving horizontally with a

speed of 1000 meters per second, strikes the blodlbbecomes embedded init. After the

collision, the bullet/ block combination swings wgnd, but does not rotate.

a. Calculate the speed v of the bullet/ bloaklsmation just after the collision.

b. Calculate the ratio of the initial kineticezgy of the bullet to the kinetic energy of the
bullet/ block combination immediately after thelsobn.

c. Calculate the maximum vertical height abdweeinitial rest position reached by the
bullet/block combination.
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1990B1. A bullet of mass m is moving horizontalligh speed ywhen it hits a block of mass
100m that is at rest on a horizontal frictionledsl¢, as shown above. The surface of the table is
a height h above the floor. After the impact thédiwand the block slide off the table and hit the
floor a distance x from the edge of the table. N@#eexpressions for the following quantities in
terms of m, h, y and appropriate constants:

a. the speed of the block as it leaves the table

b. the change in kinetic energy of the bulletekl system during impact

c. the distance x

Suppose that the bullet passes through the blat&ad of remaining in it.
d. State whether the time required for the blacieach the floor from the edge of the table
would now be greater, less, or the same. Jusbify gnswer.

e. State whether the distance x for the blockld/aow be greater, less, or the same. Justify
your answer.



1992B2. A 30-kilogram child moving at 4.0 metees pecond jumps onto a 50-kilogram sled
that is initially at rest on a long, frictionlesgrizontal sheet of ice.

a. Determine the speed of the child-sled systtten the child jumps onto the sled.

b. Determine the kinetic energy of the childdssgstem after the child jumps onto the sled.

After coasting at constant speed for a short time child jumps off the sled in such a way that

she is at rest with respect to the ice.

c. Determine the speed of the sled after thiel plwinps off it.

d. Determine the kinetic energy of the childdstgstem when the child is at rest on the ice.

e. Compare the kinetic energies that were détednin parts (b) and (d). If the energy is
greater in (d) thanitisin (b), where did therease come from? If the energy is less in (d)
than itis in (b), where did the energy go?



1996B1. (15 points) Two identical objects A andfBnass M move on a one-dimensional,

horizontal air track. Object B initially movestlwe right with speed,v Object A initially

moves to the right with speedg3%o that it collides with object B. Friction isgigible.

Express your answers to the following in terms o&il \s.

a. Determine the total momentum of the systeth®two objects.

b. A student predicts that the collision will tegally inelastic (the objects stick together on
collision). Assuming this is true, determine tledldwing for the two objects immediately
after the collision.

I. The speed
ii. The direction of motion (left or right)

When the experiment is performed, the studentrigrsed to observe that the objects separate
after the collision and that object B subsequemibywes to the right with a speed 2,5v
c. Determine the following for object A immedibt after the collision.
I. The speed
ii. The direction of motion (left or right)
d. Determine the kinetic energy dissipated enahtual experiment.
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2002B1. A model rocket of mass 0.250 kg is laudckertically with an engine that is ignited at
time t = 0, as shown above. The engine providamanlse of 20.0 Nes by firing for 2.0 s. Upon
reaching its maximum height, the rocket deploysm@phute, and then descends vertically to the
ground.

(@) On the figures below, draw and label a freeytaidgram for the rocket during each of
the following intervals.

i. While the engine ii. After the engine stops, iii. After the parachute is
is firing but before the parachute deployed
is deployed
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(b) Determine the magnitude of the average acd@eraf the rocket during the 2 s firing of
the engine.

(c) What maximum height will the rocket reach?

(d) At what time after t = 0 will the maximum hbigoe reached?



