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1. 15 points)
An airplane accelerates niformly from rest. A physicist passenger holds up a thin string of negligible mass to
‘which she has tied her ring, which has  mass m. She nolices that as the plane acelerates down the runway.
the siring makes an angle 6 with the vertical as shown above.

(@) In the space below, draw a free-body diagram of the ring, showing and labeling all the forces present.

The plane reaches a takeof speed of 65 mis after accelerating for a total of 30's.
(b) Determine the minimum length of the runway needed.

(€) Determine the angle 6 that the string makes with the vertical during the acceleration of the plane before it
leaves the ground.

(d) What additional information would be needed in order 1o estimate the mechanical energy of the airplane at
the instant of takeofF? Explain your answer.
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2. (10 points)

A simple pendulum consists of a bob of mass 0.085 ke attached to a string of length 1.5 m. The pendulum is
raised (o point Q. which is 0.08 m above its lowest position, and released so that it oscillates with small
amplitude & between the points P and Q as shown below.

Note: Figure not drawn to scale.

() On the figures below, draw free-body diagrams showing and labeling the forces acting on the bob in each of
the situations described.

i. Whenitis at point P i When it i in mtion at ts lowest position

(b) Calculate the speed v of the bob at ts lowest position.
(©) Calculate the tension in the string when the bob is passing through its lowest posit
(d) Describe one modification that could be made to double the period of oscillation.
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2. (10 points)
A simple pendulum consists of a bob of mass 1.8 kg atached to a sring of length 2.3 m. The pendulum is held at
‘an angle of 30" from the vertical by a light horizontal sting attached to a wall. as shown above.

(2) On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position
shown above,

(b) Caleulate the tension in the horizontal string.

(€) The horizontal sring is now cut close to the bob, and the pendulum swings down. Calculate the speed of the
bob at s lowest position.
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