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(wave function) f(x, t)
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f(x,t) = f(x F vt)
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T=50N
T 50
v = ”X = \/—0'2 = 250m/s

wanuie [v¥] = N- m/kg = kg - m?/s?> = (m/s)?
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f(x F vt) = Asin[k(x F vt)] = Asin[kx F wt]
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y = yosin(kx —wt) = y = —wyp cos(kx — wt)
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AE = AK + AU = §Amy‘2 + 5Amw2y2
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= ZAmw?y§ (cos®(kx — wt) + sin’(kx — wt)) = EAmwzyg
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frot(x, t) = f(x + vt) + fo(x — vt) (5)

fio(x, t) = Asin(kx £ wt)

— frot(x, t) = Alsin(kx + vt) + sin(kx — vt)]
= 2Asin(kx) cos(wt) (6)

N3 lE identity sin(A) + sin(B) = 2sin(#) cos(%)



(x,0) node anti-node
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(standing wave) WANTM fror(x, 0) = 2Asin(kx)
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1046
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8.5
17
34
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1108
2217
4434

D
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36
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293
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1174
2349
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D#/
Eflat

4.8
g5
19
38
77
155
311
622
1244
2489
4978

E

1318
2637
5274

Bis
10.9
218
43.6
87.3
174
349
698
1396
2793
5587

Fi#/ G
Gflat

58 6.1
115 123
23 245
46 48.9
92 979
184 195
369 391
738 783
1479 1567
2959 3135
5919 6271

G#/
Aflat

6.5
129
259
519
103
207
415
830
1161
3324
6644

A

6.9
13.8
27.5
55
110
220

880

1760
3520
7040

Asf
Bflat

3
14.6
29.1
58.2
116
233
466
932
1864
3729
7458

7.7
15.4
30.8
61.7
123
246
493
987 5
1975 6
3951 7
7902 8
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or OT pressure
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Material Density (kg/m®)* Material Density (kg/m®)*
Air (1 atm, 20°C) 1.20 Iron, steel 7.8 % 10°
Ethanol 0.81 x 10° Brass 8.6 % 10°
Benzene 0.90 % 10° Copper 89 = 10°
Iee 092 x 10° Silver 105 x 10°
Water 1.00 x 10° Lead 11.3 % 10°
Seawaler 1.03 x 107 Mercury 136 % 107
Blood 1.06 % 10° Gold 19.3 x 10°
Glycerine 1.26 % 10° Platinum 214 % 10°
Concrete 2 % 10° White dwarf star 10"
Aluminum 27 % 10° Neutron star 10"
Substance Bulk Modulus (MPa)
Water 2200
Air 0.142
Steel 1.6x10°
Solid Helium 50
Glass 3.5x10*to 5.5x10*
1.42 x 105

Vair =

190 =344m/s
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CLOSED PIPES OPEN PIPES
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Closed : Ap = WL (7
Opened : Ap = gL 3)
Harmonic frequencies : fn= )\L )

Harmonic order: n=1,2,3, ...
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P = §va2w2 = Ex/pBAzw2 [watt / m?]
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Frequency response of the human ear

THE HEARING RANGE OF DIFFERENT MAMMALS

020 1000 5,000 10,000 20,000 50,000 150,000 200,000
||||||||\|I["“|"""\'|‘|I||\\|1||l\|
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14 — 12,000 Hz
20 - 20,000 Hz
A\
48 — 75,000 Hz
1,000 - 70,000 Hz il
7,000 - 200,000 Hz
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Infrasound
(below 20Hz)

Audible frequencies
(20Hz - 20kHz)

Ultrasound
(over 20 kHz)

Infra-sound —> fear (movie)
Ultra-sound —> medical imaging (2D, 3D, 4D, HD)
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Po = 107 12W/m?

Calculate the displacement of air molecules for a sound having a
frequency of 1000 Hz at the threshold of hearing.

Fo =(1/2ov02A2 = 272'2}9 Vf2A2
4 2 1 T

= C>A=——
2rpvf? 7 f\2pv

1 = i
A =1.1x107""'m
10007 \ 2x1.29% 343
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> SLAUANNAUTYY (0TLua dB)

L(dB) = 10log 732
0

Source Intensity | Intensity level | x TOH
Threshold of hearing (TOH) 1012 0dB 1
Whisper 10-10 20dB 102
Pianissimo 108 40 dB 104
Normal conversation 10 60 dB 108
Fortissimo 102 100 dB 1010
Threshold of pain 10 130 dB 1013
Jet take-off 102 140 dB 10M
Instant perforation of eardrum 104 160 dB 1016

Table 1.1 from [Miiller, FMP, Springer 2015]




DECIBEL SCALE (dBA)
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Seismic waves radiate from the
focus of an earthquake

Fault scarp

Wave fronts
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BODY WAVES

TYPES OF SEISMIC WAVES

SURFACE WAVES
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