WAVES AND’SOUN-’D_K:_
5. REASONING AND SOLUTION From Equation 16.1, we have A =v/f. But v=x/t, so we

find
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Chapter 16 Problems

8. REASONING AND SOLUTION The period of the waves is T = 7.0 s/3 = 2.3 s. The
| frequency is then f = 1/T = 0.43 Hz. The wavelength is A = 4.0 m. The speed is

v=Af= (4.0 m)(0.43 Hz) =

12. ,REAS(@JING AND SOLUTION The speed of the wave is

’ F
V= '—n-/—i:f,{ | (16.2)

Solving for the mass m of the string gives

FL 23 N)0.75
m=—r = ( 2( m)2=4.8x10‘4kg
7222~ (150 Hz)? (0.40 m)
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15. [SSM| [WWW] REASONING According to Equation 16.2, the linear density of the

-string is given by (m/L)=F/ v , Where the speed v of waves on the middle C string is
given by Equation 16.1, v=Af = 1/T. '

SOLUTION Combining Equations 16.2 and 16.1 and using the given data, we obtain

miL<F _FT? _(944N)(3.82x107 52
V2T (1.26 m)?

=[8.68x 107> kg/m

31. REASONING AND SOLUTION

A= v/f = (343 m/s)/(4185.6 Hz) = [ 8.19x 102 m N (16.1)




Chapter 16 Problems

49, fSSMJ [WwWWwW| REASONING AND SOLUTION Since the sound radiates uniformly in
all directions, at a distance » from the source, the energy of the sound wave is distributed

over the area of a sphere of radius r. Therefore, according to Equation 16.9 [I= P/(47zr )]
with 7 = 3.8 m, the power radiated from the source is

Pedn? = 4n(3.6 x102 Wim?)(3.8m)? =[65 W

62. REASONING AND SOLUTION
a. p = (10 dB) log (P o/Pp) = (10 dB)log [(250 W)/(45 W) =

b. , A will not be twice as loud as B since it requires an increase of 10 dB to double the
loudness.

63. [SSM] REASONING  According to Equation 16.10, the sound iﬁtensity level £ in
decibels (dB) is related to the sound intensity ] according to S =(10dB)log (I/I,), where
the quantity I, is the reference intensity. Since the sound is emitted uniformly in all
directions, the intensity, or power per unit area, is given by /= P/(4zzr2 ). Thus, the sound
intensity at position 1 can be written as [} = P/(47z712) , while the sound intensity at position

2 can be written as I, = P/(4m22). Therefore, the difference in the sound intensity level
Fo1 between the two positions is

B,y =B, - B, =(10 dB) log (j) (IOdB)log(;oJ (10dB)lo Ul;;:}(lédB) log t’,—j

0

- ’ 2
_ (10 dB) log | £/477) ’ tog| i
B, =(10dB)log P/(47" )] (10 dB)log[ . ) (10 d:B)log(r2 ] |

- ‘L | =(2de)log( ) (20dB)log[2r

J (20 dB)log (1/2) = Y

\"2 1




68. REASONING AND SOLUTION The intensity level at each point is given by
P

I=—p

41::2
Therefore,

We also know that r, —r; = 1.00 m. We can then solve the two equations simultaneously by
substituting, i.e., I, =1, J1.58 gives

_ rlJl.SS -1 = 1.00 m
so that

r, = (1.00 m)/[1.58 - 1] =

and

r,=1.00m+r, =[49m|

- S

70. REASONING In this situation, the observer is moving toward a stationary source of waves.
-+ The frequency f, det_ected by the moving observer is related to the frequency f; emitted by
the source by

Js =_J’,(1+V7°) (16.13)

_ where v, is the speed of the observer and v is the speed of the waves. The frequency f is

" related to the speéd v of the waves and their wavelength A by Equation 16.1, f, = v/A.
Substituting this value for f; into Equation 16.13 gives

A{3)

SOLUTION The frequency of the waves, as detected by the moving observer, is

(v, v (670m/s)(, 420ms '
21+ )= 1 =[o.
% (ﬂ.)( +v) (13.4m‘ )( +<s.70‘m/s) 0813 Fz

L4
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49. rSSM] |WWW| REASONING AND SOLUTION Since the sound radiates uniformly in
all directions, at a distance » from the source, the energy of the sound wave is distributed

over the area of a sphere of radius . Therefore, according to Equation 16.9 [I= Pl4m?)]
with » = 3.8 m, the power radiated from the source is

P=dnk? = 410(3 6 x102 Wm?)(3.8 m)? =[65W

62. REASONING AND SOLUTION
a. B = (10 dB) log (P o/Pp) = (10 dB)log [(250 W)/(45 W) =

b. » A will not be twice as loud as B since it requires an increase of 10 dB to double the
loudness.

63. @ REASONING  According to Equation 16.10, the sound iﬁtensity level B in
decibels (dB) is related to the sound intensity I according to S = (10 dB)log (I/1,), where
the quantity Iy is the reference intensity. Since the sound is emitted uniformly in all
directions, the intensity, or power per unit area, is given by /= P /(4m'2). Thus, the sound
intensity at position 1 can be written as J; = P/(4m12) , while the sound intensity at position

2 can be written as I, = P/(4m22). Therefore, the difference in the sound intensity level
Fa1 between the two positions is

1770

B = B - B, = (10 &B)log [U (lOdB)log[;oJ (10 4B)1o U ;;0]415@) log U_:)

_ Pl 7)< 0B t0g[ 1]
B,, =(10dB)log _P/(47rr12)]-(10 dB)log[rzzJ—(IO dB)log(rz J |
=(20dB)log|- ) (20dB)log(2

r

\"2 h

J (20 dB)log(1/2)=[ 6.0 dB

The negative sign indicates that the sound intensity level decreases.
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68.

REASONING AND SOLUTION The intensity level at each point is given by

I= P
41tr§

. 2
Lolh
1 h

Since the two intensity levels differ by 2.00 dB, the intensity ratio is

Therefore,

~

I

1 =10"2%=1.58
IZ

2
['—2) =158
n

We also know thatr, —r; = 1.00 m. We can then solve the two equations simultaneously by
substituting, i.e., 1, =T J1.58 gives

» rlJl.SS -1 = 1.00m
so that

r, = (1.00 m)/[1.58 - 1] =

and
r2=1.00m+r1=m

70.

—
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REASONING In this situation, the observer is moving toward a stationary source of waves.
The frequency f, det_ected by the moving observer is related to the frequency £, emitted by
the source by

o =_f,(1+v7°) (16.13)

where v, is the speed of the observer and v is the speed of the waves. The frequency f| is

B related to the speed v of the waves and their wavelength 4 by Equation 16.1, f, = v/A.

Substituting this value for f; into Equation 16.13 gives

SOLUTION The frequency of the waves, as detected by the moving observer, is

f;:(l)(l+v—°)= 6.70m/s\(,  420m/s) oo
A v 134m 6.70 m/s




