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. What s sound ?

= Static ( Lconstant) pressure of air




5}\ The sound is...

= The dynamic pressure fluctuation of air (water, etc.)




32-3}\ How are sounds generated ??

» Pressure irregularities of fast flowing air stream
» Density fluctuation of air, caused by vibrating surfaces
Acoustic Longitudinal Wave
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§}\ Sound pressure
V4

The notion of sound pressure:
dynamic force acting on a unity area

unit: Pascal = N/m?2

notation: p

Blaise Pascal, 1623 - 1662




‘%’}\ Vibrations of string

=  Transversal waves

Transverse Wave
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| waves, generated by a point source
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m}\( The 1st basic equation of sound field

/

f, f +df
> <
po dx \ p0+dp
xc; x0+'dx
F=ma Newton’s 2nd law
=i(m\/) In a more general form: the impulse
ot theorem
_ _ op AP
f |x0 B Xo +dx ( p|x0 B p x0+dx) - A[ | I: p| T dX:D ax —_ax
0 0 0 0
—(mv)=—(Vov)=—(Adxpv) = Adx—
ar ™) = 5y (Vi) =y (Adkon) = Ady ()
Momentum,
o(pv) op _ or equilibrium,
ot * ox or Euler equation
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m}\ The notion of flow rate
7/
p=tdm_1(AN)p_
Adt A dt
The amount of material flowing through
unity surface per unit time: flow rate dm
o ——=A(pv)
The amount of meterial flowing through the dt

surface A: flow rate x surface
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k The 2nd basic equation of sound field
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The net amount of material, i.e. the difference of material flowing in and out
per unit time:

0 d( pv
pA(pi)= Al - A, = Alow)|, | AL, + AL | = - a2 o
X0 X0 X0 X0 GX aX
a_m:i(Ad p):AdX_’O: 6('Ov)dx
ot o0 0X
a(pv) N Je, _ Contir_luity equation or
ax ot equation c_>f mass
conservation




é}\ On the way to the wave equation
/

a(,ov)+<9p_O 0(,0V)+6,0=
ot ox ox ot
P=ps+ P
p=pstp
V=V, +V
- =0 e, + =
Pt " ox OX P ox " ot
Relationship between density and pressure: 0 = p' Ps
K Py
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P Tox ot kp, ot
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Terminal point of the derivation:

5 0°v , 0°p _
S otox  ox?
2 2
o, OV py 0 |20=O
oxot kp, ot

0°p 1 62p:0 c= [KPs
ox°  |kp, Ot° Ps
Ps
D_10P_o | wave squation
0 c ot (d’Alambert, 1747)




%},\ Solution of the wave equation
7/

Any function, in which the
independent variables X (space) and

t (time) appear in the following p(x,t) =1 (t B
combination:



ék And what if we are in 3D space?

/

1 0°p(x,y,zt)

2 —
D*p(xy,2t) =23

The simplest solution is obtained in spherical
coordinate system, where there is just one spatial

variable r, which is the distance from the origin :

0%(rp) 1 0*(rp)

x> ¢ oat’

Solution:

p(r,t)=ConStf(t—Lj

r



gk The notion of sound pressure level (decibel)

Notion of sound pressure level:

2
L, =10* logy, (pzj = 20* logy, (pj [dB]
Po Po

Remarks:

« The SPL is a relative (referenced)
guantity + a logarithmic
transformation

« the SPL is essentially a power-type
guantity

e P, corresponds to the minimum
auduble sound

Alexander Graham Bell, 1847 - 1922



gk The notion of frequency

» Periodic effects: regular repetition of a process or
phenomenon

= Measure is the time of repetition, T
* Frequency: number of periodic phenomena per unit time, f

= Time and frequency are inverse quantitites: the longer the
time of period, the lower the frequency

= Unit of frequency: Hertz (Hz), 1/s
f==
=

» Relevant frequencies in acoustics:
20 Hz — 20 kHz

= Radio waves: kHz - MHz - GHz

Heinrich Rudolph Hertz, 1857-1894



:}. The notion of wavelength

C :340
f f

A=

» Reciprocal quantity of the frequency:
the higher the frequency, the lower the wavelength

= 20 Hz to 20 kHz corresponds to 17 mto 17 mm

= Wave phenomena take place if A Ud
» always and everywhere in our dally life!

6
Celectromagnetic [J10° x Csound

f [110° x f  ng

microwave

wavelengths are commeasurable
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How do we hear? The human ear

malleus, incus, stapes = hammer, anvil and stirrup

vemicircular canal

Temporal bone ncus Cochlear nerves
Malleus

Cochlea

Tympanic
membrane

Pinna (auricle) Auditorytube

Earcanal  Stapes (in oval window)

Middle ear cavity
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k The Corti-organ

/

A csiga egyik menetének metszete. Kdzel anatdmiai hiiségli Abra. A csarnoki és a dobfiri csatorna esak

részben latszik, a csatornarendszer természetesen korben zart. Az idegek bal felé tavoznak a csigabol, és
ott talathatok az idegvezetékek elsd sejtmagjai.

et N N oL

-

T .
v g
=TI

: )

,S;_"l-"-'lr‘
- Ta

Vi
] I\ \er
Corti-szerv ///////// / ’,’\\:\n '..{.

Eléadas cime © Eléadd Neve, Hiradastechnikai Tanszék Budapesti M  lszaki és Gazdasiagtudoméanyi Egyetem




BME

k Demonstration of operation of the human ear

scala vestibuli

Reissner's membrane

scala media stria vascularis

tectorial membrane

inner hair '
cell nerves

tunnel outer hair basilar
fibers cell nerves membrane

cochlear
nerve fibres scala tympani

= https://www.youtube.com/watch?v=46aNGGNPmM7s
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”}k Inner ear Infections

/

\

A visit to the doctor's may be a good idea anywéy, ‘

https://www.youtube.com/watch?annotatio
n id=annotation 671624879&feature=iv&s
rc vid=WOQgI5IAR bO&v=ZJFc9gdB75w
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51\ What do we hear? The limits of human hearing

Pain threshold 1
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S }\ Hearing area, more precisely
V4
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AA: hearing threshold 120 f
BB: pain threshold
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3}\_ The Fletcher-Munson curves of equal loudness
7/
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Equal-loudness contours (red) (from ISO 226:2003 revision)
Original ISO standard shown (blue) for 40-phons
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Common Outdoor Noises Sound Level

(Decibels)

Jet Flyover (1,000 feet)

Gas lawn mower (3 feet)

Gas lawn mower (100 feet)

Diesel truck (50 feet)

Urban daytime

Heavy traffic (300 feet) — === G0

. Typical urban daytime 50
Urban nighttime 40
30
Rural nighttime
20
10

© Eléad6 Neve

Typical sound pressure levels

Common Indoor Noises

Threshold of pain

Rock band (at 15 feet)

Food blender (at 3 feet)

Garbage disposal (at 3 Ieet)’J-l'%a

Vacuum cleaner (at 10 feet)" F

Normal speech (at 3 feet)

b

Dishwasher (next room)

Bedroom (at night)

Whisper %

Threshold of hearing

BME Hal6zati Rendszerek és Szolgaltatasok Tanszék



%},\ Relationships of impact and sensation

Psychic response W= f (q)) Physical impact

= \Weber-Fechner law: e Stevens law:

W =log(®) W= "

100 - Pain Pressure

R Sound

Light
104 /

1 1 1 1 1 1 1
SO S 10 102 10° 10*  10° 1% 107
S-S, (relative units)
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i k Comparison of laws of sensational response
/
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2} Operations with decibel

= What is possible to sum up directly?
* decibels:? NO!!!
* only power quantities , i.e. the square of sound pressures!

= Ways of dB calculation:
» Step by step, by means of a calculator
« graphically
* by means of tables
* by computer



:}.. Summation of SPLs

"correction” curve of dB summation
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To be added to the higher level

0,0
0 1 2 3 4 5 6 7 8 9 10 11 12

Difference of levels to be added, dB
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gk Other uses of dB: amplification  and reduction

Up— Amp=10 |—— U,,=10xU,,

out

A= ZOXIoglo% =20x%log,;,10=20dB

In

U, = 10x2xU,,

U, — Amp =10 » Amp=2 —>

A= ZOXIoglo% =20xlog,, (10x2) =20+6=26 dB

n

© Eléad6 Neve
BME Hal6zati Rendszerek és Szolgaltatasok Tanszék

Eléadas cime



