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PHYSICS B
SECTION 11
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested time
is about 15 minutes for answering each of questions 1-4, and about 10 minutes for answering each of questions 5-7.
The parts within a question may not have equal weight. Show all your work in this booklet in the spaces provided
after each part, NOT in the lavender insert.

1. (15 points) _
An airplane accelerates uniformly from rest. A physicist passenger holds up a thin string of negligible mass to
which she has tied her ring, which has a mass m. She notices that as the plane accelerates down the runway,

the string makes an angle @ with the vertical as shown above.
(2) In the space below, draw a free-body diagram of the ring, showing and labeling all the forces present.
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The plane reaches a takeoff speed of 65 m/s after accelerating for a total of 30 s.

(b) Determine the minimum length of the runway needed.
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(c) Determine the angle 6 that the string makes with the vertical during the acceleration of the plane before it
leaves the ground.
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(d) What additional information would be needed in order to estimate the mechanical energy of the airplane at
the instant of takeoff? li)jlam your answer. _ ;
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PHYSICS B
SECTION I
Time—90 minutes
7 Questions

Directions: Answer all seven questions, which are weighted according to the points indicated. The suggested time
is about 15 minutes for answering each of questions 1-4, and about 10 minutes for answering each of questions 5-7.
The parts within a question may not have equal weight. Show all your work in this booklet in the spaces provided
after each part, NOT in the lavender insert.

1. (15 points) o _ '
An airplane accelerates uniformly from rest. A physicist passenger holds up a thin string of negligible mass to
which she has tied her ring, which has a mass m. She notices that as the plane accelerates down the runway,
the string makes an angle @ with the vertical as shown above.

(a) In the space below, draw a free-body diagram of the ring, showing and labeling all the forces present.
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The plane reaches a takeoff speed of 65 m/s after accelerating for a total of 30 s.
(b) Determine the minimum length of the runway needed.

'\!{: V: +ot Q= vt +_2Eat2

¢5= 0+ a (30) S. 04 Lx2lbx (30)"
(19 = QL 2

320 - Q1bxQqsD

S0 Qlbms?* 2

= 972 m

(c) Determine the angle @ that the string makes with the vertical during the acceleration of the plane before it
leaves the ground. r
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(d) What additional information would be needed in order to estimate the mechanical energy of the airplane at
the instant of takeoff? Explain your answer.
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