University of California at Berkeley
Department of Physics
Physics 8A, Fall 2009

Midterm 1
Oct 8, 2009

You will be given 100 minutes to work this exam. No books are allowed, but you may use a handwritten
formulae sheet no larger than one side of an 8 /2” by 117 sheet of paper. No electronics of any type (cell
phones, calculators, etc) are allowed. Your description of the physics involved in a problem is worth
significantly more than any numerical answer. Show all work, and take particular care to explain what you are
doing. Please use the symbols described in the problems, tell us why you’re writing any new equations, and
label any drawings that you make. Write your answers directly on the exam, and if you have to use the back of a
page or the blank sheet from the back of the exam make sure to put a note on the front. Do not use a blue book
or any extra scratch paper.
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) e
.) (25 points) Fast Break.
Stanford has the basketball and they’re up by a point,
but in the final second of the game a Cal player dives
for the ball and manages to hurl it upwards from a
height of only 1 m above the ground at a steep angle of |
60° from the horizontal with an initial speed of v,= 12
m/s. The basketball is 0.5 kg, and the basket is located
15 m away from the Cal player as shown in the

diagram. You may use sin(60°) = cos(30°) = 0.9.

a) What is the magnitude of the horizontal component of the ball’s initial velocity?

b) How much time does it take the ball to reach the basket?

¢) What is the kinetic energy of the ball at its highest point?

d) How high is the ball above the ground at its highest point?

e) What is the direction and magnitude of the ball’s acceleration right before it lands in the basket?
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2) (25 points) Sandbox on an incline.

A block with mass M, = 6 kg is initially at rest on a rough
horizontal surface with a static coefficient of friction of u, = 1/4
and a kinetic coefficient of friction of x; = 1/5. The block is
connected with a rope to an open box that is very slowly being
filled with sand on a frictionless 30° incline. The rope and pulley 5 M
are ideal. i by
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a) Draw a free body diagram to indicate all forces acting on the
block M, before it starts to move.

b) Draw a free body diagram for the box of sand.

¢) What is the total mass M; of the box of sand right when the box starts to slip down the surface?
d) How much work does friction do on the block as the block slides 0.5 m?

¢) How much work does gravity do on the box of sand as the box slides 2.0 m along the slope?
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3) (25 points)  Spring gun and frictionless track.

A spring with spring constant k; = 92 N/m is compressed by
Ay; =1 m and then released, which shoots a 1/2 kg ball
straight upward and into a frictionless track that forms a half-
circle with » = 4 m as shown in the diagram. The ball comes
down on the other side of the ramp and compresses a second
spring by Ay, =2 m, slowing it to a stop at its initial height
above the ground. The top of the track is 6 m above the initial
height of the ball.

6 m

a) How much potential energy is stored in spring 1 before the

ball is shot upwards?

b) When the ball is at the top of the curved track, what is the direction and magnitude of its acceleration?

¢) What is the direction and magnitude of the fiormal force acting on the ball at the top of the track?

d) What is the spring constant k; of the second spring?

¢) How much work is done on the ball by the track from the time it is shot upwards by the spring until it reaches the top

of the track? ‘
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4) (25 points) Raising the bar

A construction worker is raising a 4 kg bar by pulling upward on a massless rope that passes
around an ideal pulley mounted to the bar; the rope is tied to the beam he’s standing on. The
bar rises at a constant speed of 0.5 m/s as it moves a distance of Ax = 2 m.

a) Draw and clearly label a free body diagram of the bar.

b) What is the tension in the rope?

¢) How much work was done by the construction worker on the rope?

d) Now, without stopping the bar, the worker pulls with twice as much force as he was
pulling before, and the bar rises another 2 m. What is the direction and magnitude of the
bar’s acceleration?

e) What is the final kinetic energy of the bar?
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