I} Human cannonball (25 points)

The great circus performer, Stupendo
Foolini, is shot from a cannon at an angle
of 30° from the horizontal, with an initial
speed of vi = 20 m/s. At the highest point
ol his trajectory, Stupendo will grab a
ball of mass My, = 60 Kg from its perch
atop a tall pedestal, Still holding the ball
when he reaches the ground at the end of his flight, Stupendo lands on a platform attached to an
angled spring that perfectly cushions his fall. Stupendo has mass M, = 60 Kg, and as always you
may use cos(30°) = 0.9 and g = 10 m/s’,

a)  What is Stupendo’s kinetic energy right as he leaves the cannon?

b} How high, h, does Stupendo get above the ground ot his highest point?

¢) How fust is Stupendo moving immediately before he grabs the ball?

d) How fast is he moving immediately afier he grabs the ball? Please show your work,
¢) How much energy is stored in the spring ot the moment he comes to a stop?
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2) Buoy in a tank (30 points) l

5
i

At time ty, 500 Kg buoy floats in a tank of water 2 _

filled to a height of 3 m. There isa 7 m § L

{massless) rope connecting the buoy to the S %\ |I

bottom the tank, Later, waler 1s added to the tank l i Ly

~
s that at time ta the water level has risen to 10 a1 .
m. The dimensions of the buoy are Im % Ilm x t
2m, and the density of water is p = 1000 kg/m”, '
a) Draw and clearly label a free body diagram of the buoy at time 1. Include only non-zero forces.
b} What is the buoyant force on the buoy at time t,7?
e} What is the pressure 4.2 m above the bottom of the tank at time 1,7 State whether you are using

gauge or absolute pressure,

d) 1 a small hole breaks open 4.2 m above the bottom of the tank, how fast will water rush ou’?
e} Drow a free body diagram of the buoy at time 12, v
1) What is the tension in the rope ol time 1,7 /P
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3) Ralling without slipping (25 points)

A 2 Kg wheel with radius B = 0.5 m 15 relling
without slipping on a horizontal surface. A | Kg
hanging block is tied to a massless rope that loops
over a massless & frictionless pulley and is tied to
the wheel's axle. The moment of inertia of the
wheel is 1 =% M, R*. For this problem, use the
convention that clockwise rotations are pasitive.

a) Draw and clearly label two free body diagrams, one for the wheel and one for the block,

b) Write a formula for the torgue on the wheel due to the force of friction, Fy. Use the center of
the wheel as vour pivot point and take care with signs.

¢ Find the relationship between the acceleration of the wheel's center of mass and the
acecleration of the block, Be specific about the direction of each object’s aceeleration.
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43 Static equilibrivum (20 points)

A 6 Ky bar is suspended by two ropes as shown at the x|

right; rope one is at the far left of the beam and rope two L) 5 W, = é ]r_'g
ig ¥ 1. from the left side of the beam, whete L is the ":.f bay

length of the beam, A 3 Kg weight sits Y L from the | t_ sl

left side of the beam, The beam's mass is evenly ‘"'-_1' r:__ =

distributed, -‘i-;._‘i_

a) Draw a free body diagram for the beam, and draw a second diagram indicating the direction of
each force vector as well as where each force is acting on the beam.
b} What is the tension, Ta, in rope 27

¢) What is the tension, Ty, in rope 17 = 1
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