HWO03, Phys2306, Spring 2006, sections 14288 14291 14295 14296 with solutions 1

Problems 16.2,7,10,21,24,26 from MasteringPhysics with
minor clarifications.

16.2 - Sound in Water

For sound waves in air with frequency 1000 Hz, a displace-
ment amplitude of 1.2 x 1078 m produces a pressure ampli-
tude of 3.0 x 1072 Pa above and below atmospheric pressure
pa = 1.013 x 10° Pa. Water at 20°C has a bulk modulus of
B = 2.2 x 10° Pa, and the speed of sound in water at this
temperature is v = 1480 m/s.

Part A

For 1000Hz sound waves in 20°C water, what displace-
ment amplitude is produced if the pressure amplitude is
Pmax = 3.0 x 1072 Pa?

For a sinusoidal wave the differential pressure ampli-
tude, pmax, is given by

Pmax = Bk A,

where B is the bulk modulus, k = 27” is the wave number,
and A is the displacement amplitude. Solving for A we get

A= Pmax _ Pmax _ pmax)\ _ pmax% _ Pmax U
Bk BQT’T 2n B 2r B 2rn f B

~ 3.0x107%Pa(14802)
2710002 (2.2 x 10° Pa)

~[3.21 x 107 °m

~ 3.21204 x 10~ ?m

16.7 - Speed of Sound in Water and
in Air

A submerged scuba diver hears the sound of a boat horn
directly above her on the surface of the lake. At the same
time, a friend on dry land /; = 22.0 m from the boat also
hears the horn. The horn is I3 = 2.00 m above the surface
of the water.

Part A

What is the distance from the horn to the diver, L? Both
air and water are at 20°C. (The numbers that you had
may differ.)

The horn sound must travel an unknow distance L to
get to the diver, 2 m of that distance is through air and the

rest through water. We can compute the time, ¢1, for the
sound to travel through the air along land giving

l

tl = _1 )

Vair
where [; = 22 m is the distance the sound travels, and v,;, =
344 m/s is the speed of sound in air. The time that the
sound spends traveling in the water to get to the diver t5 is

lg 11 l2 o ll - l2

lo =11 — = - )
Vair Vair Vair Vair

where [5 = 2.00 m is the distance from the horn to the water
toward the diver. The speed of sound in water is vy, = 1480
m/s. So from the horn to the diver, L, is

I — Iy 1480
— 2m4 — (22m — 2
Vs m+ 2 (32m = 2m)

~ 88.04651 m ~

L=1l+vgts =1lo+0vy

16.10 - Speed of Sound verses Tem-
perature

The speed of sound in air at a temperature of 7" was found
to be v.

Part A

What is the change in speed, Awv, for a change in air
temperature of AT?

In general the speed of sound in air is

v YyRT
_1/—M ,

where v, R, and M are constants. So

v VT.
So
, VT ;o VT + AT AT
v = v =—v=4/14+—w
VT VT T

16.21 - Loud Baby

A baby’s mouth is a distance of L; from her father’s ear and
a distance of Lo from her mother’s ear.
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Part A

What is the difference between the sound intensity levels
heard by the father and by the mother?

Br — By = 10dB log (I > —10dB lo <IM)
To T
- Iy Iy
=10dB [10g<10) —lo g(IO >}
IF IO) (IF)
=10dBlog ( —— | =10dB log | —
g(IO In & Ing
12
10dB log (-3) ) dB log <ﬁ>
Ly Ly

=|20dB log (—2)
Ly

Part B
Find the frequency of the first overtone, f5.
344
fo=2 —9f =" 764.4444 Hz ~[ 764 Hz
L 0.45m
Part C

Find the frequency of the second overtone, fs.

f3=3f1~3x382.222Hz ~ 1146.6666 Hz ~ | 1150 Hz

Part D

Find the frequency of the third overtone, fj.

16.24 - Open Pipe
The fundamental frequency of an open pipe is f; = 594 Hz.

Part A

What is the fundamental frequency, f;, if one end is
plugged?

The length of the pipe, L, and the speed of sound, v,
stay constant. For an open pipe length of the pipe, L, is
related to the wavelength A; like

The fundamental frequency if one end is plugged, f7, is

[z

v fi _ 594Hz

1 v _2 2
1(3%)

16.26 - Open Pipe

Consider a pipe L = 45.0 cm long if the pipe is open at both
ends. Use v =344 m/s.

Part A
Find the fundamental frequency, f;.
v 344 %

57 = 3% 045m ~ 382.222 Hz ~ | 382 Hz

fi=

fi=4f1~4x382.222Hz ~ 1528.889 Hz ~ | 1530 Hz

Part E

What is the number of the highest harmonic that may be
heard by a person who can hear frequencies from 20 Hz to
fmax = 20,000 Hz?

Let the highest audible frequency be,
be less than or equal to fiax.

fn which will

fmax 20,000 Hz

B~ ~ 52.326
f 382.222 Hz

fn:n.flgfmax = nS

So the largest n can be is . So

fn =052 f1 = 52x382.222 Hz ~ 19875.555 Hz ~ 19, 900 Hz

Part F

Now pipe is closed at one end. Find the fundamental
frequency, fi.

344
fi = & = o ~ 19L11111 Hz ~[101 Hy

Part G

Find the frequency of the first overtone, f3.

fs3=3f1~3x191.11111 Hz ~ 573.333 Hz ~ | 573 Hz
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Part H

Find the frequency of the second overtone, f5.

f5=5f1~5x191.11111 Hz ~ 955.5556 Hz ~ | 956 Hz

Part I

Find the frequency of the third overtone, f7.

fr=Tf ~7Tx191.11111 Hz ~ 1337.77778 Hz ~ [ 1340 Hz

Part J

What is the number of the highest harmonic that may be
heard by a person who can hear frequencies from 20 Hz to
Sfmax = 20,000 Hz?

Let the highest audible frequency be, f, which will
be less than or equal to fiax.

< fmax 20,000 Hz

- <o = < s ~ 104.
fa=nfi<f £ 191.11111Hz %

So the largest n can be is , since n is odd. So

fn =103 f1 = 103x191.11111 Hz ~ 19684.4444 Hz ~ 19, 700 Hz




