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I. Lecture Multiple Choice [60 pts]. Choose only one answer for each question, circle your
answer in this booklet, and fill it out on your bubble sheet.

Use the following situation to answer the next four questions: 
A block of mass 6 kg is connected to an ideal spring of 
stiffness 𝑘 and allowed to oscillate on a frictionless 
horizontal surface. The displacement of the block from 
equilibrium is shown at right. 
1. [6 pts] Choose the correct function representing that

displacement. 

A. 𝑥(𝑡) = (4.0	m) cos(1.6	s!"	𝑡)

B. 𝑥(𝑡) = (4.0	m) cos(5.0	s!"	𝑡)

C. 𝑥(𝑡) = (4.0	m) sin(1.6	s!"	𝑡)

D. 𝑥(𝑡) = (3.0	m) sin(0.5	s!"	𝑡)

E. 𝑥(𝑡) = (4.0	m) sin(5.0	s!"	𝑡)

2. [4 pts] What is the value of the spring stiffness 𝑘?

A. 600	N/m

B. 120	N/m

C. 0.13	N/m

D. 15	N/m

E. 27	N/m

3. [4 pts] If the stiffness of the spring used is increased by a factor of 3 with the mass staying the
same, which one of the following changes happens?

A. The frequency decreases by a factor of 3.

B. The frequency increases by a factor of 3.

C. The period of oscillation decreases by a factor of √3

D. The period of oscillation increases by a factor of √3

E. More than one of the above happens.
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4. [6 pts] Suppose now the mass-spring system is allowed to oscillate on a rough horizontal surface.
The time-constant for that motion is found to be 𝜏 = 4.2	s. How long would it take the amplitude
of oscillation to drop to half its initial value?

A. 1.4 s

B. 2.1 s

C. 2.9 s

D. 3.7 s

E. 4.2 s

5. [5 pts] A uniform stick has a mass 𝑚# and length 𝐿#. Another uniform stick has a mass 2𝑚# and
length 𝐿#/3. Each stick is hung from one end and allowed to oscillate as a pendulum. Find the
ratio of period of oscillation of the second stick to that of the first.
The moment of inertia of a stick around one of its ends is 𝐼 = "

$
𝑚𝐿%.

A. 1/√3

B. √3

C. 3

D. >2/3

E. >3/2

6. [6 pts] If +x is to the right, which one of the following represents a wave traveling to the left?

A. 𝑦(𝑥, 𝑡) = 4.0	m cos(3	m!"𝑥 − 4	s!"𝑡)

B. 𝑦(𝑥, 𝑡) = 1.0	m sin(−2	m!"𝑥 + 4	s!"𝑡)

C. 𝑦(𝑥, 𝑡) = −2.0	m cos(3	m!"𝑥 − 4	s!"𝑡)

D. 𝑦(𝑥, 𝑡) = −5.0	m sin(2	m!"𝑥 − 4	s!"𝑡)

E. None of these.

7. [4 pts] Calculate the speed of the wave in choice (C) from the previous question.

A. 0.75	m/s

B. 1.3	m/s

C. 12	m/s

D. 0.083	m/s

E. 8.0	m/s
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8. [4 pts] The figure at right shows a history graph at 𝑥 = 0	cm  for
a pulse traveling at 1	cm/s to the left on a string. Which of the
following represents the snapshot graph of the string at 𝑡 = 0	s.

9. [5 pts] In 1972 a wind event pushed the temperature at the town of Loma, Montana from
−48°C	(−54°F) one morning to 10°C	(49°F) the next morning. Which is the greatest
temperature change with 24 hours ever measured on earth! What is the ratio of the speed of
sound in air during the second morning to that of the first?

A. 1.1

B. 2.2

C. 1.3

D. 0.89

E. The speed of sound in air was not affected by that change.

10. [5 pts] A spider spins a web with silk threads with a linear mass density of 9.0 × 10!&kg/m. A
passing insect brushes an end of a strand of the web of a length 0.15 m, and the spider senses the
vibration arriving at the other end of the strand 1.6 × 10!' seconds later. What is the tension in
the strand of the web?

A. 8.4 × 10!(N

B. 4.0 × 10!$N

C. 7.9 × 10!$N

D. 9.6 × 10!$N

E. 1.0 × 10!%N
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11. [6 pts] A student is running experiments to study the Doppler shift by using a sound source that
emits a fixed frequency 𝑓. During one experiment the student measures the speed of the wave
emitted by the source to be less than the speed of sound in the lab. Which of the following is
consistent with this observation?

A. The source is moving away from a stationary student.

B. The source is moving towards a stationary student.

C. The student is moving away from a stationary source.

D. The student is moving towards a stationary source.

E. More than one of the above is consistent with the observations.

12. [5 pts] The frequency of an electromagnetic wave is 4.2 × 10)Hz, what is its wavelength?

A. 0.71	m

B. 1.6	m

C. 8.6	m

D. 0.34	m

E. 2.2	m
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II. Lecture Free Response [20 pts]  Show your work for full credit.
A speaker produces a sound of frequency 3	kHz. While standing a distance of 2.0	m from it, you
receive an intensity of 3.8 × 10!)W/m%. Your eardrum has a radius of about 1.0 cm.

13. [5 pts] Calculate the total power produced by the speaker.

14. [4 pts] How much power does your eardrum receive?

15. [5 pts] What is the sound intensity level where you stand?

16. [6 pts] If you move to a distance of 4.0 m from the speaker, by how much would the intensity
level change, ∆𝛽, from where you originally stood?
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III. Tutorial Free-Response [20 pts]. Explain your reasoning where stated to get full credit.
17. [6 pts] Two pulses moving towards each other

are formed on a spring, as shown at right. In
the space provided below the figure draw the
shape of the spring after 4 seconds, assuming
that the two pulses are moving at 1 square per
second.

18. [4 pts] A student makes the following
statement: “I think if we make the second
pulse shorter in the horizontal direction, it
would move faster than pulse 1, since it would
not need to cover as much distance in the
same amount of time.” Do you agree or disagree? Explain briefly.

19. Two springs are connected joining at point J, as shown. A pulse is generated in one of the two
springs.

A. [3 pts] Is the speed of the pulse on the left spring greater than, less than or equal to the
speed of the pulse on the right spring? No explanation needed.

B. [3 pts] Is the linear mass density of the spring on the left greater than, less than or equal
to the linear mass density of the spring on the right? No explanation needed.

20. [4 pts] Was the pulse originally generated on the left end of the left spring or the right end of the
right spring? Explain briefly.

Pulse 1 Pulse 2 
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