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Y = f(x + vt)

v = dx/dt . . . . . ...10.3

Yh t> =
2

(x - 3t)2 + 1
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6&l t =0

Yh 2)
6&I t = 2 s

=
n

t=o t=1s t=2s

Y Y Y

2 0.2 . . .

1 0.4 . . .

0.4 1 . . .

Y (4

2.0 3 m/s (n>

1.5 t = 0

1.0

0.5 Y (x7 0)

0 1 2 3 4 5  I3x (4
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Y Cm> Y (m)
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y = A sin (kx - cot-@) . . . . . . . 10.11

,y  = A cos (kx - ot) . . . . . . 10.12
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adi 10.8 &0dl9  10.2

Y = A sin (kx - mt - 9)

15cm  = 1 5  s i n  (-$)  GO  s i n  (-+) =  1

&&I 0 = -37: 12  -GO  90” ,

Y = A sin (kx -6X  + 7c/z)  = A cos (kx - ot)

1nd k = 27C/h  = 2n/40  cm =  0 . 1 5 7  cm-l

ha” Co  = 27cf  = 2n ( 8  s-l) =  5 0 . 3  rad/s

i&u Y = (15 cm) cos (0.157 x - 50.3 t)
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vy=  dy = dy  = - WA  cos (kx - at) . . . ...10.14

Xx = constant 3

Z$=dv, = dv = -WA  sin (kx - ot)
-2

. . . ...10.15
dt x = constant

Y = A sin (kx - ot)

h.6~ k = 2wh = Z’llf/v = 27C (5 Hz) 120 m/s = 1.57 m-l

66RS 0 = 2lr;f = 27c (5 Hz)= 31.4 rad/s
Y

ti,“, Y = (0.12 m) sin $1.57 x - 31.4 t)

(41) 66VlWiltlhf%Jfll5  10.16 66tK 10.17 O&

b$ll, = WA  = (31.4 rad/s)  (0.12 m) = 3.77  m/s

(Q”ax  = WA  = (31.4 rad/s)*  (0.12 m) = 118 m/s2
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. . . . . . 10.18

l/2
v = = ,“fl “*IL-1

F = mg = (zkg)  (9.8  m/P)

p = m/l = 0.3 kg/am

[, 1 l/2
v = 19.6 N/0.05  kg/m

= 19.6 N

= 0.05 kg/m

= 19.8 m/s
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Jlli  10.11 PYxltil~  10.4

t = s/v =
5 m =

19.8 m/s
0.253 s

. . . . . . 10.19
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. . . . . . 10.20
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o&i Ap = -7B’ . . . ...10.24

&a
UUflQ Ap = . . . ...10.25

Rl&9lM  =
dE
Ii- = -&(p  8 )wA*

= $ pwA2v . . . ...10.26
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(
80 N

> =6 x IO-* kg/m 40 m/s

&& P = +(s  x IO-* kg/m) (377  s-l)2  (6 x lo-*m)2  (40 m/s)

=  5 1 2 w
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CFy  G F (tan 8,  - tan 0,)
=- F [ (dy /ax), - (dy /ax)* 1 . . . . . . 10.27

= j.tAx (&y /&) . . . ...10.28

F [ @y /ax& - (8~ /ax>,  1

[ cay /ax>, - @Y  m4  1
A x

. . . ...10.29

k2 = (cl /FW

V = [FQL]~‘~
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(91) 66pIUFil x = 3 m 66a:  t = 0 ?I:?&

Y = 3sing(0-250(O))  =  0
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1 &y
66BZ -

v ar;
= -

(2io)*
(10007C)2  ( 3 )  s i n  K ( 4 x  - 1000t)

= - (4n)*  ( 3 )  s i n  LK  ( 4 x  - 1000t)
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(n>
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Y = Y1 + Yz
= A [ cos (kx - cot) + cos (kx + ot) ]
= [ 2A  cos ot ] cos kx . . . ...10.32
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f
= i

. . . ...10.36

. . . . . . 10.37

nh, = re; n = 1, 3, 5, . . . . . . . . . 10.39
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1, 3, 5, . . . . . . . . . 10.42
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Slw'luwu~la~Iu~aJfll~ v  =  T
[ I

112

;

66RZ  f” = & [f] ‘iI&

fl. 88.2N 1 l/2

(5 x 10-4 kg)/(s  x 10-l m) = 2g7 m * ‘-’

91. 297 m s-l
2 x 0.50 m

= 297  Hz

f1 St  OYertone = 2 x 297 Hz= 594 Hz

f =2 nd cwertone 3 x 297 Hz= 891 Hz
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v4G.l h, = g; n = 1, 2, 3, . . . . . . ...10.43

ua- f” = &.” . . . . . . 10.44

l/2
LLYlU~oJfllJ  12.4 v = Bun14  10.47 B&Y

f” = $, [ I;o
112 .  .  . . ..10.45

F u n d a m e n t a l

First overtone

Second overtone

Third overtone

PI-I  111



h, = + ; n = 1, 3, 5, . . .

666%  f” = fi * v
4 6

n g Jf2= -
46 poyn =[ 1 1, 3, 5, . . .

. . . ...10.46

.*...10.47

Fundamental

First overtone

Second overtone

X =21/3
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h, = T ; n = 1, 2, 3, . . . . . . ...10.52

f” = $9

n l/2
=
- [26

Fo; n=
I

1, 2, 3, . . . . . . ...10.53
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da n = 1 16 T, = +x 2*x (loo;2  x 0.3 x 10-4 =
2 4.8 ibii.6

n = 2 16 T, 4 x 22x= (loo)* x 0.3 x 10-4 =
22

1 2 $)@yu

n = 3 16 T, 4 x 22x (100)2 x 0.3 x 10-4= =
32

0.53 ibii.6
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“I

-i-h/4-L
. ...-... .

Fundamenrai 1
T
w4i (41)

v = 2 (b - a) f . . . . . . 10.55
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” =  -1 1yRT 1’2
M

(1.4) (8.314 J/mol.K)  (273 K) “’v. = 29  x 10.~  kg/mol 1
= 331 m/s . . . ...10.56
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t l2 . . . ...10.57=
v” ‘+ 2 7 3

I I1+t . . . . . .=
546

66mMil~Wll~  10.61 66a: v. = 331 m/s%UiTUflls  10.60 Oh?

v = vo+ v,t
546

= v. + 0.6 t . . . ...10.59

3RT  1’2
V lms  = F-1 .

M
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MEDIUM v (m/s)

Gases

Air (dC) 331

Air (106C) 336

Hydrogen (0”  C) 1286

Oxygen (0”  C) 317

Helivm (0”  C) 972

Liqvids at 2d C

Water

M e t h y l  a l c o h o l  ’

Sea water

1493

1143
I

‘1533

Solids

Aluminum 5100

Copper 3560

Iron 5130

Lead 1322

Vulcanized rubber 5 4
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10.9 OWI

1
4.9 x lo-10 (N.  m-2)-1

2x 108N/m2

103 kg/m3

2 x 108  N/m2 z2
1 x 10~ kg/m3I

1,414 m/s  (= 1,500 m/s)

41.  66Mwil  y mlmwlnd 7 = 7 x lolo N/m2 66iX PO = 2.7 x lo3  kg/m”

865 Hz

20cm = 0.20 m

hf = 2 (b - a) f

331 + 0.6 t m/s

v - 331
0.6

2 (b - a) f - 331
0.6

2 (0.20 m) 865 Hz - 331 m/s
0.6

25-c
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. . . ...10.61

cos a + cos b = 2 cos (qcos  ($)

F@dw”a = 27C f,t ua: b  =  27I;  f2t ffpJn1-a  10.61037alU~U

y = 2 A,cos . . . ...10.62

PH 111 459



= fl - f2 . . . ...10.64

fb = I f, - f, I . . . . . . 10.65
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l&J

hmJfm: fb = I f, - fi I

dw4% fA : fA = f - fb

d&u fB : f, = f + fb

fA = 500 Hz - 5 Hz = 495 Hz

fB = 500 Hz + 5 Hz = 505 Hz

PH 111 461



&i i\\ :
s

0

!1’ / \
. x

0

us=0
“0

(u)
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= i+?

= Lpf . . . ...10.66

P = (Jr+?)  f . . . ...10.67

f, = ($VO) I.....  10.68
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pli 10.29 A

it = h- Ah = L-F = (f  - !i)
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P = (S)f . . . . ..10.72
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44 0
-JBWl 66WUfil v = 330 m/s

vsfllvl  = 12 6aJrn4AUl~

f = 120 Hz

h=laJfll~ f, = * f
+ s

“s = 12 m/s

v. = 12 m/s

Y
iixil F(v) = v + vsflrvl

V
f (91)

= v + Vsdd
V

f (f))

6667skl  n. &I fb = I f - F (u)  I

66vlUAl  : f'(n) =
330 m/s

. 120 Hz
330 m/s - 12 m/s

= 124.6 Hz

466 PH 151



P(u) = (330  m/s  +  12  m/s>  .  (124  6 Hz)
3 3 0  m/s

= 129 H z

fb = I 120 - 129 I = 9 H z

“s

V

f

%wmJfm  :

=

=

=

=

=

=

fl.

91.

fl.

91.

55  miles/h

24.6 m/s

75 miles/h

33.5 m/s

3 4 3  m/s

4 0 0  Hz

= . (; +-“p

= (Z)f 1
s
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I P2 . . . . . . 10.74= -
43”

= 0.88 W.m-2  E 1 W me2

1 W.  m-2  x 25 x lo2 m2 = 2,500 w
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I

120

9 5

90

70

65

50

40

20

10

0
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10.1

. 10.2

10.3
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mnJ 4:3
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