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PHYSICS 101 MIDTERM EXAM

October 23,2002 2 Hours |

Instructions: When you are told to begin, check that this examination booklet contains all the
numbered pages from 2 through 12. The exam contains 6 problems. Read each problem
carefully. Box your final answer. Do not panic or be discouraged if you cannot do every
problem; there are both easy and hard parts in this exam. If part of a problem depends on a
previous answer you have not obtained, pick a reasonable value and proceed. Keep moving
and finish as much as you can.
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1. Quickies

(a) A helicopter blade starts from rest and reaches an angular velocity w = 40 rad/s in
10 seconds. Assuming constant angular acceleration, how many revolutions does the blade make

in these 10 seconds? [3 points] ° o
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(b) A ball is thrown horizontally from the roof of a building 50 m tall and lands 45 m from the
base. What was the ball’s initial speed? [S points]
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(c) The cable supporting a 1500 kg elevator has a maximum strength of 21,750 N. What

maximum upward acceleration can it give the elevator without breaking? [3 points]
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(d) An 80 g arrow is fired from a bow whose string exerts an average force of 95 N on the
arrow over a distance of 80 cm. What is the speed of the arrow as it leaves the bow? [3

point] Wmh—wmaw\: W = Fs = A(KE) = —mv*
V=2 = F’ =05 — 44

(8,08 ka)
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(e) An inverted “V” is made of uniform boards and weights 356 N. Each side has the same
length and makes a 30° angle with vertical, as shown below. Find the magnitude of the static
frictional force that acts on the lower end of each leg of the “V”. [5 points]
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2. Mass m; sits on a frictionless ramp at an angle of 6= 30°. It is attached to mass m, via a rope
winding over a pulley. Mass m, is attached, via another rope, to mass m,, as shown. The ropes
and the pulley are massless, and the pulley is frictionless.
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(b) The masses are in equilibrium —when released, they do not move. Masses m, and m; are
each 5.0 kg. Find the tensions in the ropes, T}, T;, and the mass, m,. [4 points]
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3. A bullet of mass m=0.01 kg is fired at a wooden block of ﬂ N

mass M=1.00 kg as shown. The velocity of the bullet just before | after
before it strikes the block is v,=850 m/s. The bullet passes
through the block, and rises to a maximum height A=1200

m. Ignore air resistance. h
A

(a). What is the velocity, v,, of the bullet just after it exits l v

the block? [3 points] | i
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(b) What is v,, the velocity of the block, just after the bullet has left it? [4 points]
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(c) What is the kinetic energy that is lost in the collision)? [3 points]
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(d) The bullet passes through the block in 3 x 10° 3s. What is the average force (magmtude and
direction) that the block exerts on the bullet? “ pomts]
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of the block and the block spins with w-30 rad/s as it flies into the air. The block is L=30.0 cm
long. The exit velocity of the bullet v, is the same. Fora block I=( 1/12)ML2 What is v, in this

case? [4 points] |
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4. A boy of mass M is seated on top of a hemispherical mound of ice of radius R as shown

below. He starts to slide down the ice and eventually flies off the mound of ice. The ice is
frictionless.

(a) Draw a free body diagram for the boy when he is at point P. {2 points]
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(b) Atangle 6, what is the boy’s velocity? Express your answer in terms of R, g, and 6. [4
points]
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(c) What is 6, the angle at which the boy flies off the ice mound? [4 points]
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S. Two buckets full of nails are connected by a light cord which pass over a light, frictionless
pulley with a diameter of 50 mm. Initially, the two bodies are held at the same level. The
buckets including the nails, have mass m,=500g and m,=600g.
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(a) The buckets are released from rest and at the same henght at r=0. Calculate the tension of
the string and the accelerations of the buckets after they are released. [4 points]
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(b) Where is the center of mass at the instant the buckets are released? [3 points]
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(c) Where is the center of mass after they are released? Your answer should be written in terms
of time, ¢. What is the acceleration of the center of mass? [4 points]
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6. On a playground, there is a small carousel of radius 7=2.00 m and mass M= 300 kg. Its mass
is uniformly distributed in a disk shape. (There are handles which children can grab, but they
have negligible mass). For a solid disk, I=MR%/2.

(a) If the carousel rotates once every 3.0 sec, what is its angular velocity in radians? [2 points]
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(b) Mercedes, whose mass is m=15.0 Kg, has been standing at rest next to the carousel.
Suddenly, she grabs one of the handles and pulls herself up onto the carousel. She stays at
the edge of the carousel, at radius 2.0 m. What is the carousel’s angular velocity now? [4

points] :
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(c) What is the change in energy when Mercedes gets on the carousel? [4 points]
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(d) Mercedes lets go of the handle. What is the minimum coefficient of static friction between )
her shoes and the carousel such that she doesn’t slide off the carousel? [4 points]
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