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Simple calculators are allowed.
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Problem 1

(a) What is true about the acceleration of a simple harmonic oscillation?
o

A) Thc_&&‘ﬁr{ntio’n is a maximum when the displacement is a maximum.
B) The a Ation is a maximum when the displacement is zero.

C) The acgeleration is a maximum when the speed is a maximum.

D) The Watiou is zero when the object is instantaneously at rest.
/) None of the above.
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(b) An object is attached to a vertical spring and bobs up and down between the two points A

take A, '«.ﬂ-;. ) =
-

and B. When the kinetic energy is a minimum, the object is located:

A) midway Detween A and B.
B) 1/2 ofthe distance from A to B. A

= T ¢ \/
C) 1/+/2-€imes the distance from A to B. s f‘\ '.:.—J
D) At either A or B. b ES
E) None of the above. <

?

(¢) A wave is traveling along a string. We can double the wave power by

A) incroa,s.'mﬁe amplitude of the wave by a factor of 4. “ A

B) increMe amplitude of the wave by a factor of 2. P = A’F &
{C)increasing the amplitude of the wave by a factor of V2. o

D) reducing /ﬁe amplitude of the wave by a factor of 2.
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E) None of/rfle above. e
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(d) Consider the wave on a vibrating guitar string and the sound wave the guitar produces in the

air. The string wave and the sound wave must have the same

A wavgerfgth.
B : )requency.

O
C) veloeity. (
D) ampftitude. <
E) ‘».\Ior_wtﬁan one of the above is true. N = /‘

(e) Observer A is a distance r away from a light bulb and observer B is 4r away from the same

bulb. If observer B sees a light intensity I, observer A will see a light intensity of:

B) 41. » G
@5161. o £ (. ®
D) 1/4. ‘/ 2 ’
E) 1/16. S :
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(f) A stopped pipe (with one-end open) is 1 m long and has a fundamental frequency 10 Hz.

What is the sound wave speed in it?:

A) 10 ms L, = |

B) 20 ms~!. T S
1
1

C) 30 ms~ aness E .
0 ms™ | s N = 4l
E) Not enough information to compute. = 4oy
V= 40 P = lone

(g) Which one of the following is true about the sound intensity level 3 and intensity I7?

A) Both 9[xh/em obey inverse-square distance laws. i \
) Both of t}dﬁ can be negative. T. =10 lea| T
\Q))Both of them can never be negative. ! (Y - 190
D) 3 obeys the inverse-square distance law but I does not. = lo E boy\ ©

E) I can ny(?’r be negative but 3 can be negative.

(h) A 1 m long pipe can produce sound of wavelengths 0.8 m, 4/3 m,'d m (no wavelengths longer

than these). This pipe is - - }T ,[; < /‘-b 7

A) both epdS open. S I
B) botlrends closed

(S))one end open. . Az )%3
) V

kf
/)
Ve cannot judge since the speed is unknown. o
E) None of the above. et Fﬁﬁ P’ ‘?,,

(i) Two pure tones are sounded together and a beat frequency fiea is heard. What happeus to

fhear if the frequency of one of the tones is increased?

A) It increfises. , g
B) It eases. R Gy %'\ "
C) It}ega.ins unchanged. V A

D) It y4nishes. \
ot enough information to judge. ! N |

(j) A simple harmonic oscillator has a maximum amplitude A and a maximum speed of v. When
o —

the displacement is A/2, the speed becomes?
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Problem 2
A transverse string wave is traveling along the x-axis (towards +v.e. x), with speed v, amplitude A
and wavelength A. At x =t = 0, the displacement is upward, i.e. y(xr =t =10) = A. Express your
answers in terms of v, A, \. (a) What are the wave number k and angular frequency w? (b) Write
down the wave function y(z,t). (¢) What is the maximum magnitudes of transverse velocity and
acceleration? (d) When |y| = A/3, what is the transverse acceleration magnitude? (e) What is
the conditions for z and ¢ at which y(z,t) = A? (f) If the wave reverses its propagation direction,
which of the above answers (a-e) remain(s) unchanged? (g) If the initial condition is changed to

y(x =t = 0) = 0 instead, which of the above answers (a-e) remain(s) unchanged?

Problem 3

A simple harmonic oscillator is characterized by mass m, spring constant k and amplitude A.
Suppose we have an initial displacement y(t = 0) = A. (a) Write down the expressions for the
kinetic energy Ex(t) and potential energy Epg(t). Plot them as a function of time. (b) At t = {o,
Exg(to) = Epg(to). Find the smallest tg. What is corresponding displacement magnitude? (c)

When y(t) = A/2, what is the ratio of Exp(t) to Epg(t)?

Problem 4

(a) Four identical sound sources are placed along the x-axis at x = 0, xo, 2xo, 3ro and each of
them produces unidirectional sound with amplitude A and wavelength A. What is the net wave
amplitude if the separation (i) xo = 2\, (ii) zo = A, (iii) zo = A/2, (iv) xo = \/47

(b) Now remove the sound source at x = 3xg. What is the net wave amplitude if (i) xo = 2A, (ii)

xo = A, (iii) 2o = A/2, (iv) To = A/4?

Problem 5

You are driving at velocity vye = v/5, where v is the sound speed. A police car is approaching yon
from behind and you hear a siren frequency fi. You are then relieved as the police car continues
past you, after which you hear another frequency fo = f,/2. Assuming that all velocities are
constant. (a) What is the speed of the police car v, (in terms of v)? (b) What is the siren

frequency fp, heard by the police (in terms of fi)?
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