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Sound Waves
Sound is a form of ﬂg%}/resulting from oscillations in
pressure (or density) of the medium in which the sound is travelling.
‘I’qul\d , wave, since the particles vibrate
the motion of the wave, creating areas of

lternating high and low pressure. The areas of high pressure are
called Cou\'p(esﬁ'onsand the low pressure areas arefaretac hons
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We are aple to hear SOME sound, depending on its V% Mf '\C}'
and Vo W<€ (The volume is proportional to theﬁw\i‘)ll Fude

of the wave.)

Frequencies that are in the range of human hearing (20 Hz to
20 000 Hz) are said to be sy dlilbl€ . Frequencies above
this range are calledultra<oaic __ and frequencies below
are saidtobe [Nt-afoni’C

The Speed of Sound

Since sound waves propagate based on the density of the
particles in their medium, it would make sense that the speed of
the wave depends on the characteristics of the medium. For
that reason, the speed of sound changes based on the medium
through which it is travelling. L-—\

Eg. material speed (m/s)
-air (0 °C) 332
-water 1500
-steel 5000

There is also a temperature dependance in most media.

This dependency can be determined experimentally.
(Measure the speed of sound at different temperatures and graph it.)
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Examples:

Be“frﬂ\n’\f 'H\e Wavelfmaﬂ'\ in
aiv at 20°C of a LND He cound.

;!5 f‘f’?‘CH V=3324 289
= 0 z :332.\.031 20
/\1? -=337.+||.(( )

Sound Intensity

When sound is emitted, its energy spreads out in all directions. As it
gets further form the source, the energy becomes more spread out.
This is why the sound is not as loud. Sound intensity a measure of
the amount of sound energy per second per square meter at a given
point.

sound intensity --> J/s/m?
=W/m?

Sound intensity js different from loudness (or volume) because

loudness is €u9)€¢T1 V€. Asound can be very intense,
but impossible to hear.
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Sound Intensity Scale

Sound intensities vary quite a bit. For example, the sound
intensity of a person whispering 2 m away is about 10™° W/m?.
A slightly louder sound, say a normal conversation between 2
people, is f§ sp0times more intense (w’_"W/mz). A loud rock
concert can reach up to 1 W/m? (10 billion times_more intense
than the whisper.)

When numbers rise so rapidly, a linear scale does not work
very well. We use a | 0G0 ry" gvm'c scale. In this case, we
use the concept that a change in 1 hel or 1 B represents a

change in intensity of )} l) times. Note that1 B =10 dB.
We often call this the decibel sys,tem. -

ch,example, an increase in 50 dB (or 5 B) represents a sound that is
JD® times more intense. (02 829x).

Try these: 1) A sound has an intensity of 60 dB. What is its intensity
in dB if it is 1000 times less intense?

2) How many times more intense is a 75 dB sound than a 15 dB
sound?

3) What dB increase represents a sound that is 5000

times more intense. [000.33 P

a® _ ~
/D 4!3- In'\'enﬂ",'y c‘\m\5¢ [0”09‘3‘02'38
107 7° = Soop ~ ypdR

4) How much less intense is a 43 dB sound than a 88 dB sound?

HB=CH-4 wh o b

=4S l\"" :l
Lntens l: 30’1 000 x
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dB Supplementary Questions

1. Determine the change in dB if a sound is 340 000 times

less intense.

2. How much more intense is a 67 dB sound than a 0 dB ‘7
sound?

3. You are at a rock concert, and find yourself too close to

the speaker. The sound intensity where you are is 120 dB.

You move 10 times further away from the speaker. What is

the new dB level where you are now standing? (Thisis a

tricky question. Refer to the diagram on page 4 for a hint.)
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The Doppler Effect

When a stationary object emits sound, the wave spreads
out evenly in all directions.

(The circles in the diagram below represent a wave front:
the location of a common point in a wave, say its crest,

ata glven ti § ;

Now lets consider a moving source...

Source N Souice
recdug Q\PPFOOC\/\\V\‘CJ
V= Soune]

Notice that the wavelengths appear to be smaller in the
direction that the source is moving and larger in the
direction that the source is moving away from.

Approaching... l is getting smaller, so f is getting ,g ¥

Receding... _L is getting larger, so f is getting 9\4 "f(
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Doppler Effect Equation A
Let's Say ke 2 g

t=T

Io"\ that . ™"e, +He ) Jn'} moves. .
=T

/Vdrwnl’)/ the wave -{%«'}ran /‘

But the o& ot ™Moves before -H.g

"“’“ wave |$ emithed

- Aaz /L d and A=) ayT
'* SUsT
but J=y
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E yample
A citen hag o -rw,umcy ot 200 H=.
What g:«,umey i Reacd by child on

Hre Side of the road i{ +he sicen i¢
areru:hms at 70;»? (Assume an air

-}em‘nm"'me ot 206) L 'S"' 'SD JL—
= 1200 H= ("’vb
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After you have done the hit-list questions in the textbook, try this one...

As an ambulance drives by you, its frequency T - Z OOC
appeared to change by 10%. <

a) Did the frequency go up or down?

b) Determine the speed of the ambulance.

Human Hearing

Outer Ear: Sound Collection

Sound waves are funneled into the ear by the ) , Where it
is amplified. It then travels down the ear canal’before striking
the , Which is a thin tissue than is stretched

tight over the end of the ear canal.

Middle Ear: Transfer Station

The vibration of the eardrum is
transferred to 3 tiny bones (the
hanmer, anvyl | and .{l
where it is ampllfled slightly. ThIS \
vibration causes the €2¢ h [€a to
vibrate.

Inner Ear: Sorting Station

The cochlea is a fluid-filled sac containing thousands of tiny hair-
like structures called 14 . When the cochlea vibrates, the
motion of the fluid causes the cilia to vibrate. However, each cilia
has its own resonance frequency. If the frequency of vibration of
the cochlea (which is the same as the incoming sound) is the
same as the resonance frequency of a particular cilia, then that
cilia will vibrate. Each cilia is attached to a nerve ending. When a
cilia vibrates, it sends a signal through this nerve to the

aeide where it is received by the brain and interpreted.
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