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The Physics of Sound

Sung Min Jin, MD

Department of Otolaryngology-Head and Neck Surgery, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

The laws of physics that govern actions of all moving bodies apply to sound. Because sound and all acoustic conditions consis-

tently behave as described by the law of physics, we are able to predict and analyze the nature of a sound and its interaction. A

fundamental understanding of the nature of the sound and terms used to describe it is essential to comprehend the language of

otolaryngologists, audiologists, music acousticians, and engineers. Moreover, studying the basic physics of the sound helps one

recognize complexities and potential pitfalls in measuring describing sound. We will talk about the structure of sound and its

components, and we will see the various qualities of sound that make it interesting and useful to understand.

KEY WORDS : Physics - Sound.

¥)(sound)= ShLke] 2ol e 7|3 gl7] ufe)
Sl Aol A8 Befsly Wi S| nE 48 9

glck uebd St dele] Alo] thste] Befaby

so] BT 4 9lu 159 45§ fsto] o35t
8 4 gln

R e b
!

e OHH
4> d
;O

2219 F|(Definition of Sound)
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A 18 (waveform)2 W=t 0|5 ZH2}F 9= (compression)
3} 38k (rarefaction)o]2} FHch(Fig, 1),

ojo} T2 g7t AEEE S A FRet 4E
whe} defR|A|utk $e)7t 282 A Hi 7] FollA 4
A Se w719 2%, 719, 5% 5ol uepe depxich
whebA] ot 7|l ti71e] 27t oF AdH 15% H FHok
W, 48]0 £%=331/45 m/sect0.6 m/sx AN 2E 2] FAlo]
tfl3ke] oF 34045 m/sec A= El= AL & 4= Sl

SIKSound Wave)

obx] Qgal upel Zro] A7} Sl Y uhE-g Suta)
k], 227} of 2RVl uhe} o7 uhge] moFo] 1
= o2} o]yt Sut= I wheusimple wave, sine wave)
¢} E3kcomplex wave)= Uro] & 4= Qlal, Befube &
714L- ZH= 2719k periodic wave)2} H]Z7 | 9Haperiodic wave)
2 B2 3} 2 qlt) theulls Sulo] 1Ak thadt FEl A 4

2] 9] 250 2 PHE0jA]= 31g0] sine wave EFS Holw,
B3tk 9|7t Aol 5 = = g EL] AvlEA
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359 84, & Fk(frequency), I (waveform), 2
Z(amplitude), $’Hphase) 5ol thafe] YolE= Ho| 714
2 Holct

1. FM4(Frequency)2t T|A|(pitch)

T 7oA RHEA o = whake]= gk ©9]o] aiY
o] A3} A7k Ulo]] Puh} BiEE= 712 el Aolc)h
BE dubl AR} 2 AR, T hertz(Hz) = cycle
per sec(cps)S 22th waba] 1 Hzeh 32 1Z2of HiEz oz
THE= g TlY] sido] 19 QL3S oulgith wjx]= of
W o] S E1 o8 w7jrtE BEEL Holo]
o mhebd Fakrt 245 vA)E Sl #Eg Fuk
of tigt =g dopi= WO 2 LERH (octave)7} YUTE”
0|42 2= Whase)Z sH= 21 HE g 7y Hrk & 4= 9l
Lo, Sotol|A 3t SERE 7} 2718 o) Fupsel T oulE 27}
o] A gt} = 500 Hz9) FulpE 2H= 20| 3 2ElH
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2. T7¥(Wavelength)2t F7l(period)
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Fig. 1. Propagation of sound waves (Based on Perkijs and Kent

1986).

Fig. 2. Sine wave : wavelength ().
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3. ME(Amplitude), 22 (sound pressure), Y=(intensity)
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Fig. 3. Sine wave : amplitude, © peak amplitude @ peak to peak
amplitude.
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I} v st 7ol whet 21 gho] gebd 4= Qlet, HWol 2= 7]
F2 A7 YA 7k @absolute sound threshold)?] 20 uPa]
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5. §1%(Phase)
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Sae| Mo (Sound Wave Interference)at
41K(Standing Wave)
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Fig. 4. Sine wave : phase difference (0).

Zlo]A] ¢z F2& it (node)et skaL, 7HE ZEo] =LA ©]
o X1 HE2-5 vl(antinode)2kl 819 (Fig. 5) ucjet vzt &
7H0 2 o] E3x] oF= EX S ot} o|afst HAjul 2
A 22 IAZE e, whel2 2 27hS vk uj o]59)
dolE AdsA -4 2 1Mol dofut A4dutE 3
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The Quarter-Wave Resonance Tube

(system’s resonance frequency)2tal SFck AFHe] A= (vocal
tract) e AR EE WE0]R Ag]o] FulLEs o EX =
ol tafiAfut 39S Ao, ol el 3
b AR O] oy WMol whet deA|A| FHok

Y= 0] Frge] thste] Lot 7] flsiAle FE- 3 nda 5
B ol Suke] IddAS ATEH A o
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A So] AR % u% a7t “‘3445& °P3Ur7} AR
Bz o)) Hgef ¢ %(compresswn) “gefo]al o]Ro] He
wo} FHS whet WPsto] Feifle FRUS)7HA] L1, o]
A=l FEEE A B9 S-S WEA] 3 (rare-

faction)2] AE| &2 Wali=g|, o]dj o] 3|uto] w7} ¢FZe]

Direction of red wave Direction of blue wave

Fig. 5. Standing waves : node and antinode.
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Fig. 6. Quarter wave resonance.
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Fig. 7. Quarter wave resonance tube & formants. Z.C. : zero cross-
ing.
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Fig. 7& HH, (A)+= o7} 00] E= Z.C.(zero crossing)
o] ¥ FEoA A5 HEoIR|AL ojuf ERl Fof oA
= oF 7 7} B el 7H BE SR vhEelAl=
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Zdo|7k 5] 149 wf 7H e SF7E FAE = 740]
th. Fig. 79| (B)ollA= FHO| Zo|7} upho] 3/4% uf &=
A SHH7E HEAA= A & 4= ok E3) Fig. 79 (C)Oﬂ
A= BHo] Zolzt ubte] 54 wf Al WA S} vhs
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A FuE Fot= AL, Fn=2n—1)(c/4L), [F : formant
frequency of open—closed tube, n : any positive integer, ¢ :
speed of sound, L : length of tube]2 3¥& & 4= i} w2}
A olFlA gFEo] uts]al -2 HellE S FES quarter-
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