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Chapter 5: S
. Section 1:
Properties and Detection of Sound
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» Sound waves move through
source produces regular va

~ air pressure. .

» High pres — compressions, Low pfes -1 ,

» The air particles collide, transmitting the pressure
variations away from the source of the sound.

» The wavelength .
distance  between successive
regions of high or low pressure

ecause the motion of the air
rticles is parallel to the
irection of motion of the wave,
sound is a longitudinal wave
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about 0.6 m/s for each 1°C |'ncr :
emperature.

he speed of sound is greater in SO|IdS and
uids than in gases.
» Sound cannot travel in a vacuum because

there are no particles to collide.

The frequency and wavelength of a wave are relatec
speed of the wave by the equation A = v/f
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» A common detector iIs a

converts sound waves into electrical energy

of the tympanic membrane.

- ¢
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cochlea detect certain frequencies i

he vibrating fluid.

hese hairs stimulate nerve cells

ich send impulses to the brain and

produce the sensation of sound.

» 20 Hz or above 8,000 Hz (By:
cannot hear sounds well and loss the ability to

understand speech).
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pressure wave. > e
‘The human ear is extremely sensitive to the intensi
of sound waves, which is the amplitude of the wave.
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of approximately 20 Pa or great

t is important to remember that ‘the ear detects

ressure variations at certain frequencies
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-10x higher pressure represents asan
‘Human preserve an increase of 10dB as he
e original level.
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permanent damage

The ear’s sensitivity depends on bot

l by
otton earplugs reduce the sound level onl

ecial ear inserts can provide a 25-dB reduction
» Specifically designed earmuffs and inserts can reduce the sounc

level by up to 45 dB.
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The Doppler Effect for a Moving Sovmd Sounce

Lo Prequency High Frequency

15

v = velocity of the sound we
v, = velocity of the detector
v, = velocity of the sound source
fa = frequency received by the dete
fs = waves frequency emitted by the source

S

is equation applies when the source is moving, when the observer
IS moving, and when both are moving
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egative direction and increased numera
etector, the detected frequency, (f;), increas

e source moves away from the detector or if the dete
the source

» (fy) decreases.
The velocity of sound is always positive!
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F
M perties and Detection

The Doppler Effect

» The Doppler effect occurs in all wave motion, both me
electromagnetic.

It has many applications:

» Radar detectors use the Doppler effect to measure the speed of baseballs
~ and automobiles.

b \Astronomers observe light from distant galaxies and use the Doppler
effect to measure their speeds and infer their distances.

» Physicians can detect the speed of the moving heart wall in a fetus by
means of the Doppler effect in ultrasound.

» Bats use the Doppler effect to detect and catch flying insects.

19

20

2/22/2020

10



)
» \Vocal cords :

» Brass instruments
» Reed instruments
Stringed Instruments

3 'Others

21

The frequency of vibration is
tension placed on the vocal cord

y The more tension on the vocal cords “the
vibrate, resulting in a higher pitch sound

» If the vocal cords are more relaxed they vibrate more
slowly and produced lower-pitched sound.

22
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the clarine e
saxophone, have a th
wooden strip (o5& b yd),
reed (w=d), that vibrates as
a result of air blown across

it.

23

In the violin, the friction of the
‘the strings to vibrate.

ften, the strings are attached to a sounding boa
ibrates with the strings.

» The vibrations of the sounding board cause the pressure
oscillations in the air that we hear as sound.

24
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~vibration by repeatedly applyih :
the same natural frequency.
The length of the air column determines the frequencies ¢
the vibrating air that will be set into resonance.

25

to air is called a closed-pipe‘ ®
!

gsonator.

)en pipe resonator- resonating tube

with both ends open

26
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-
When the wave hits the wat&:i .
reflected back up to the tuning fork.

f the reflected high-pressure wave reaches the
ning fork at the same moment that the fork
‘oduces another high-pressure wave, then
reinforce each other, produces a standing wave,
and resonance is achieved.

27
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two wave pulses i

» In the pressure graphs, the 10
~ atmospheric pressure, and at the
oscillates between its maximum and minim

29

n both cases, two antinodes (or two nodes) are separated
by one-half wavelength.
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A/4 =Ly, 32/4=L,,

Open-pipe resonator: {. _
The shortest pipe length that will reanat :
Il Additional resonance occur with the additio
2=Lq, A=Ly,34/2 =L3, 24 =Ly, etc

A . d
Measurements of the spacing between resonances can be used to find
the velocity of sound in air.
32
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the same length

» Therefore the frequency w b
pipe as for the closed pipe '
For both pipes, resonance lengths are
half-wavelength intervals

34
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R~ \

. i o o =
» Open-pipe resonators include flut

» Clarinets and the hanging

xylophones are examples of closed1p1pe :

The seashell also act as a closed-pipe resonator.

35

=L1, 31/2 =L2, 24 =L3, etc ‘
with an open pipe, the resonant $ % % Ms%

frequencies are whole-number

multiples of the lowest frequency.
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therefore, the higher the freqtfenc

This makes it possible to tune a stringed instrument b

the tension of its strings.
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resonate at any single frequend}'@;' :
~ Its purpose is to transfer the vibrations ¢
therefore it should vibrate well at all freg
instrument
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frequency, or Bbut e

. + "
they sound very different g .

The shape of the wave depends on the
these frequencies
» i‘n musical terms, the difference between the two waves is called
timbre (xi2), tone color, or tone quality.
40
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What is the -".' f soun
W
Is the temperature war

normal room temperature
xplain your answer.

y

41
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Substitute Lg = 0.653 m, LA
A =2(0.653 m — 0.210
! =0.886 m

43

=347 mrek

The speed is slightly greater than
t 20°C, indicating that the temperature is slig
1an normal room temperature.
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» Harmonics- multiples of the OWeES

Closed pipe- odd multiples : Open pipe- the next harmonic

A; = f5 third harmonic, A, = f, third harmonic,
A = f fifth harmonic, A; = f5 third harmonic,
‘ A, = f- seventh harmonic A, = f, forth harmonic.
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is called a sound spectrum
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B S
» For example, 1st note Z, oct

S
» The fundamental and its harrﬁ{am
first harmonic is one octave higher tha

second is two octaves higher, and so on.
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-
In other musical intervals, two &tc-

ajor third:

wo notes with frequencies related by the ratio 4:5.

A
» Atypical major third is made up of the notes C and E.

51

> Tw
Perfect Fifth:

» Two notes (C and G) have a ra

52
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55

difference between the f
waves,

fbeatzlfA_fBl

hen the difference is less than 7 Hz, the ear dete

this as a pulsation of loudness.
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2/22/2020

28



2/22/2020

57

_______

accommodate all frequ
~ » Good stereo system keeps‘?he \
between 20 and 20,000 Hz the same to v

Reducing the number of frequencies present helps reduc

g noise
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In an open-pipe resonator, if
the open end, high-pressure w

61

pressure waves will rebound.
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one-fourth of the wavele

C. same as the wavelength

. double of the wavelength
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