Radiation

lonising

non-ionising L.
radiation

radiation

w w
IS audible US alpha beta
sound radiation  radiation
radiowaves Visible  Ultraviolet X-ray Gamma-
light light ray

Physics of sound
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What is the intensity of a 300 Hz sound that a person, who has
25 dB hearing loss at this frequency can hear? (The average
hearing threshold at this frequency is 3¢10-11 W/m?)

]
oy =101g -

0

J

25

" 310!

7=9.5%10"|Wm]

1,=1012W/m?

J
JdB ZIOIgJ—

0

|

» ’ Jan
P Wim) (@)

Q2100 10 1

4 S

g
2
g210°

§g
5§ &

=100 8
2

120

ERTIIR
ML CC LA E O

Curves of similar loudness levels

The role of elastic medium — speed of propagation

compressibility
relative volume decrease
over pressure

p: density of medium

Speed of propagation is higher in solids than in liquids.
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Speed of sound/US in various media

Dry Air
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soft tissues: 1540 m/s (!)
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[kg/m ] [1/GPa] [m/s] [kg/(m *5)]

air 1,3 7650 331 0,00043 -10°

water 20°C 998 0,45 1492 1,49-10°

aluminum 2700 0,009 6400 17,28 -10°

152-10°

quertz 2650 0,011 5736
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Problem:

acoustic impedance
(definition)

acoustic impedance
(useful form)

[kg/mzs]

A sound beam of 3 MHz frequency and 50 mW/cm? intensity

propagates in blood.

What is the pressure? What is the maximal displacement and
velocity of particles in this beam?

Solution:

Intensity:

Velocity:

Displacement:

Zi1o0a=1,66x100 kg/m? s

2
_ P
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p=+/21Z =40.74kPa

p 40,74-10°
Vs
7Z 1,66-10°

A 24,5

-V _
o 2-11-3-10°

=0,0245m/s=24,5mm/s

=13-10"°mm =1,3nm
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intensity = energy/current density
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Loss of energy during propagation (absorption)
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Loss of energy during propagation (absorption)

‘Jrel 1 -
J=Je"

84

64

44

T

0

‘D 1/p X
Atf=1MHz
D, ~1cm

D 1m

water

fx cm MHz

attenuation: 5 =10. IgJ—0 dB

a=10-u-x-lge dB

M 1s proportional to frequency in
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Specific attenuation:
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normal/perpendicular skew incidence

incidence
C4>C, surface
Jo Jr normal
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Jr
Jr Jr
P sinae ¢,
= + — =L
0 TR ET sing ¢,
reflection and transmission Snellius-Descartes
(penetration)
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Piezoelectric effect
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Pressure change

I

Mechanical deformation of crystal

I

Electric potential difference
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incident

J
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reflected transmitted
I = .] 1] + .I T

If R~1 ————=— Total reflection

Piezoelectric effect

(a) Center of charge of
positive and negative charges

coincides.

(b) and (c) As a result of
pressure , the charge centers
are separated, i.e. a potential
difference arises

22
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Oscillator circuit — LC circuit

Inverse piezoelectric effect

(=) | (+) ¢ Amplitude
+ f -+ _
I - ) g =% —: 0
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Periodic electric potential difference

l ) =

The crystal is deformed when voltage is applied 2 LC

l

L : self inductance [s- Q]

Mechanical vibration L~AN?
25 26
Source of electric signal: sine wave oscillator Source of electric signal: sine wave oscillator
Ap=1 e Ay
U A B amplifier with positive feedback AU,ﬁedback = 1 B A
A =— = amplification = ,,infinity* - U
fedback U, 1-A- B p Y
\ no input signal, output signal: sine voltage
™ dotted red arrow:
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sucn;r:;]iing BmoieT b c|rcung wave oscillator
input < A l =) i /,\\ /,\ n /,\\ n(dB)
P (+ 2% > A P | AVP % = output / \\V/" \\/ﬁ ‘\v//“‘ \\/f
: T‘ Miax fat black curve:
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1 > >
fa  transferband f(log)

2 LC
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Active cable

Grounded cable

UH transmitter

nA/4

4

Dampling
unit

UH receiver

A N
Piezoelectic Couplant layer
crystal Al4
A2

S
\ N 7

~

transducer: transmitter and receiver is the same unit

time sharing mode: pulses instead of continuous wave US

transducer

N

pulse duration: 1 ps

pulse repetition time: 1 ms

pulse repetition frequency:

1000/s =1 kHz

o —

-

speed of propagation of US
(in soft tissue: 1540 m/s)

frequency of US: 1-10 MHz
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Question of the week

Why is the speed of propagation of US higher in bones

than in soft tissues?
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Focusing of the beam

unfocused far field
transducer near field g
'
|
1
-—
focus zone
focused

transducer near field far field

acoustic lens

Focusing increases the divergence of the beam in the far field
regime and reduces the depth sharpness.
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