PH1140 D09, Homework 6 [260 points]

Due April 24, 2009 in lecture. Please put your homework in the 1140D boxes outside OH 107 (note the
section numbers on the boxes).

1. [30] A train of 2D line waves of wavelength A = 0.59 cm travel in the +x direction, strike barrier at
x = 0 and pass through two small slits located at y = £8.5 cm. Consider the interference pattern
created by the waves at distances r > d.

a) [10] Determine the 7th angle at which the waves from the two slits combine constructively.

The first angle is 8 = 0, corresponding to n = 0. The 7th angle corresponds ton = 6:

ni
6 =sin™! (7) =0.2098 rad = 12.02°.
b) [10] Determine the 7th angle at which the waves from the two slits combine destructively.

The 7th angle corresponds ton = 6:

) A 1
0 = sin (E [n + E]) = 0.2256 rad = 12.92°.

c) [10] What is the path difference r;r and phase difference @ ;; at the location x = 3.8 m,y =
0.7m?

The path difference is ;¢ = |1, — 11| = |\/(x2 —x)2+ (v —y)2 =l — )2+ (1 — x)2| where

{x1,v1}and {x, ,y,} are the coordinates of the two slits, thus
raif = 0.03079m = 5.219 1.

The phase difference is then

Taif
Qaif =21 n =32.79rad = 1.38rad .

2. [30] An inbound traveling circular wave on a membrane has amplitude A = 0.2 cm and wavelength
A=149cmat r =19 cm.

a) [10] Calculate the average power density of the wave if the membrane tension is F = 3.5 N/m and
the membrane mass density is ¢ = 26 g/m?.

Since r > A we may use the approximate formula

w?A? b . _21r
P where w = U_T

Py = VoF = 4893 rad/s .

Dk

Then

Pog (r =19cm) =76.0 W/m.
b) [10] What is the average power density atr = 27 cm?
Since the power density varies inversely with 7,

19
Pryg (r = 27cm) = By (r = 19cm)ﬁ =535W/m.
c) [10] What is the average power density at r = 14 cm?

19
Py (r = 14cm) = Byq (r = 19cm) 2= 103W/m.



3D Sound Waves

3. [30] Work Y&F Exercise 16.1.

16.1.

IDENTIFY and SETUP:  Eq.(15.1) gives the wavelength in terms of the frequency. Use Bq.{16.5) to relate the
pressure and displacement amplitudes.
EXECUTE: (a) A=v/f =(344 m/s)/1000 Hz=0.344 m

(b) p,. =BkA and Bk is constant gives p, /A =p, /A,

A=Al Pme |=12x10° m LP_Z‘ =1.2x10% m
3.0x107 Pa -

maxl

(¢) p, =BkA=27BA/A

—2
PuA=27BA=constant so p_ A =p_.A4 and L, =4 Powt | = (0.344 m) w =69m
1.5x107 Pa

max2
F=v/A=(344 m{s)/6.9 m =50 Hz
EVALUATE: The pressure amplitude and displacement amplitude are directly proportional. For the same

displacement amplitude, the pressure amplitude decreases when the frequency decreases and the wavelength
increases.

4. [20] Work Y&F Exercise 16.5.

16.5.

IDENTIFY: v=fA. Apply Eq.(16.7) for the waves in the liguid and Eq (16 8) for the waves in the rnetal bar
1.50 m

d
SETUP: 1In part (b) the wave speedis v=—=—o-———
part (b) B Y = = 3 00%10™ s

EXECUTE' ..(a) Using Eq.(16.7), B=vp=()*p, so B=[(8 m)(400 Hz)]" (1300 kg/m*)=1.33x10 Pa.

'(b) Usmg Eq (16.8), ¥ =v*p = (L) p =[ (1.50 m)/(3.90%10™ s)jz(6400 kg/m*)=9.47x10" Pa.

EVALUATE In the liquid, v=3200 m/s and in the metal, v=3850 m/s. Both these speeds are much greater than
thf;_ speed of sound in air.

5. [30] Work Y&F Exercise 16.14.

16.14.

InpENTIFY:  The intensity [ is given in terms of the displacement amplitude by Eq.(16.12) and in terms of the
pressure amplitude by Eq.(16.14). @=27/. Intens1ty 1s energy per second per unit area,

SETUP: For part (a), /=107 W/m?. For part (b), 7 =3.2x10 W/m?;
EXECUTE: (a) [ =1pBa/ 4.

1 [21 e

e 1 [ 20x10" wim) 1 1><10'“ i Prax

o\ JpB 220000 Hz) Y /(1.20 kg/m’ (1 42x10° Pa) 2JpB’

Poe = \/21« [pB = \/2(1><10"‘2 _W/mz)J(I.zo kg/m’)(1.42x10° Pa) = 2.9><1_0_‘? Pa= 2.8,x10"° atm

e . . -3 R
(b) 4 is proportional to /7, so A= (1.1x107"" m), }% 6. 2><10'T m. me is also proportmnal to

’ 3‘2 -3 2 .
NI, s0 p. =(2.9%107° Pa) A&—-“Lt;_=l.6 Pa=1.6x10"" atm.
V 1x10™ Wim® S




(c) area = (5.00 mm)* =2.5x10"° m”. Part (a): (Ix10° 2 W/m )2. 5x107 m ) 2. 5x1077 s,

Part (b): (32><10‘3 Wim)2. 5x10‘5m) 8.0x10° s,

EVALUATE: For faint sounds the displacement and pressure variation amplitudes are very small. Intensmes for
audible sounds vary over a very wide range. :

6. [20] Work Y&F Exercise 16.25.

16.25. IDENTIFY and SETUP: An open end is a displacement antinode and a_c]ose.d end is a displacement nocie. Sketch
the standing wave pattern and use the sketch to relate the node-to-antinode distance to the length of the pipe. A
displacement noede is a pressure antinode and a displacement antinode is a pressure node.

EXECUTE: (a) The placement of the displacement nodes and antinodes along the pipe is as sketched in
Figure 16.25a. The open ends are displacement antinodes.
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anure 16.25a

Location of the displacement nodes (N) measured from the left end:
fundamental 0.60 m

1st overtone 0.30 m, 0.90 m

2nd overtone .20 m, 0.60 m, 1.00 m

Location of the pressure nodes (displacement antinodes (A)) mieasured from the left end:
fundamental 0, 1.20 m

1st overtone 0, 0.60 m, 1.20 m

2nd overtone 0, 0.40 m, 0.80 m, 1.20 m : :

(b) The open end is a displacement antinode and the closed endis a dlsplacement node The placement of the
displacement nodes and antinodes along the pipe is sketched in Figure 16.25b. :

o
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Figure 16.25b

Location of the displacement nodes (N) measured from the closed end:
fundamental 0

1st overtone (), 0.80 m

2nd overtone 0, 0.48 m, 0.96 m

Location of the pressure nodes (displacement antinodes (A)) measured from the closed end:

fundamental 1.20 m

1st overtone 0.40 m, 1.20 m

2nd overtone (0.24 m, 0.72 m, 1.20 m

EvALUATE: The node-to-node or antinode-te-antinode distance is A/2. For the higher overtones the frequency
is higher and the wavelength is smaller.



7. [20] Work Y&F Exercise 16.31.

it D~ el L S T AP

16.31. IDENT]FY and SET Up: Use the standing wave pattern to relate the wavelength of the standing wave to the length
of the air column and then use Eq.(15.1) to calculate f. There is a displacement antinode at the top (open) end of
the air column and a node at the bottom (closed) end, as shown in Figure 16.31

EXECUTE: " (a) . .
A
: T T Ald=L

- A=4L=4(0.140 m) = 0560m

A I
4 ' v _344mis
=614 Hz
l 1 : f= 1 0560 m 560
N
Figure 16.31
(b} Now the Icngth Lof the air column becomes (0,140 m) 0.070 m and A=4L=0. 280 m..
v 344 m/s i
=— : = 1230 HZ
f= 0.280m

EVALUATE Smaller L means smaller A which in turn corresponds to larger f

8. [30] Work Y&F Exercise 16.34.

16.34. IpENTIFY: Constructive interference occurs when the difference of the distances of each source from point P is
an integer number of wavelengths. The mterference is destructive when this difference of path lengths is a half
integer number of wavelengths.

SerUp: The wavelength is & = v/ [ =(344 m/s) / (206 Hz)=1.67 m. Since P is between the speakers, x must be

in the range 0 to L, where L =2.00 m is the distance between the speakers. -
EXECUTE: The difference in path length is A/=(L-x)-x=L-2x, or x=(L—Al)/2. For destructive
interference, Al =(n+(1/2))A, and for constructive interference, Al =ni.

(a) Destructive interference: n=0 gives A/ =0.835m and x=0.58 m. n=—1 gives Al ——0 835 m and x=1.42 m.
No other values of » place P between the speakers.

{b) Constructive interference: n=0 gives Al=0and x=1.00m. r=1 gives Al=1.67Tm and x=0.17m. n=-1
gives Al=—1.67 m and x=1.83 m. No other values of » place P between the speakers.

(¢) Treating the speakers as point sources is a poor approximation for these dimensions, and sound reaches these
points after reflecting from the walls, ceiling, and floor.

EVALUATE: Points of constructive interference are a distance A/2 apart, and the same is true for the points of
destructive interference.

9. [20] Work Y&F Exercise 16.38.
16.38. IDENTFY: f,., =|fi~f)| v=FA.
SETUP: v=344m/s, Let 4, =650cmand A,=6.52cm. 4, >4 so f > f,.

L 1) wh-A)_  (344m/s)0.02x10° m)
A A A4, (6.50%107 m)6.52x107 m)

EXECUTE: f,-f,= v[ =16 Hz. There are 16 beats per

second.
EVALUATE: We could have calculated f and f, and subtracted, but doing it this way we would have to be
careful to retain enough figures in intermediate calculations to avoid round-off EITors.



10. [30] Work Y&F Exercise 16.43.

16.43. IpENTIFY: Apply the Doppler shift equation f, = (V :VLJ S o
. S v+ o

SETUP: The positive direction is from listener to source. f, =392 Hz.

_— 344 m/s —15.0 /s
= 344 m/s

@) v, =0. v, =150 mfs. f, =[ )(392 Hz)=375 Hz

V+VS

](392 Hz)=371 Hz

 (b) v, =+35.0 /s, v, =+15.0 m/s. fL=[

vin ), ._‘[344 m/s +15.0 m/s
vty )70 {344 mis +35.0 mis
(©) fuu=f—-Ff,=4Hz

EVALUATE: The distance between whistle A and the listener is increasing, and for whistle A f, < f;. The

distance between whistle B and the listener is also increasing, and for whistle B f| < f;.



