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10.2  Physics of  the  Ear



10.2.1 Structure of the Ear

Structure of the Ear

The human ear can be divided into  three main regio ns

The o uter ear

The middle ear

The inner ear

T he Out er, Middle & Inner Ear

Sound is received by the outer ear, amplified by the middle ear and converted to electrical impulses by the

inner ear

T he Outer Ear

The purpo se o f the o uter ear is to  receive so und waves and relay them to  the eardrum

The main co mpo nents o f the o uter ear are:

The ear flap, o r pinna

The ear canal, o r external audito ry canal

The ear drum, o r tympanic membrane

St ruct ure of  t he Out er Ear
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The outer ear comprises the pinna, the auditory canal and the tympanic membrane

Pinna

The functio n o f the pinna is to  reflect  so und waves into  the ear canal

This co ncentrates the energy o nto  a smaller area which increases the intensity o f the waves

As a result, it enables very quiet so unds to  be detected

Audit ory canal

The functio n o f the audito ry canal is to  relay so und waves to  the ear drum and cause it to  vibrate

The effects o f reso nance o n so und in the audito ry canal are respo nsible fo r the range o f human

hearing which, o n average, is 20 to  20,000 Hz

Tympanic membrane

The functio n o f the tympanic membrane (ear drum) is to  transfer vibratio ns into  mechanical

o scillatio ns

It fo rms a bo undary between the o uter ear and the o ssicles o f the middle ear 

T he Middle Ear

The purpo se o f the middle ear is to  amplif y vibratio ns o n the eardrum and transmit them to  the

inner ear

The main co mpo nents o f the middle ear are:

The Eustachian tube

Three small bo nes called o ssicles

St ruct ure of  t he Middle Ear
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The middle ear comprises the Eustachian tube which connects to the throat, and the ossicles (malleus,

incus and stapes) which connect the ear drum to the oval window

Eust achian t ube

The functio n o f the Eustachian tube is to  equalise pressure differences between air in the middle

ear and o utside the ear

The Eustachian tube co nnects the cavity in the middle ear to  the naso pharynx, o r thro at

Ossicles

The functio n o f the o ssicles is to  transmit, and amplif y, vibratio ns o f the tympanic membrane to

the o val windo w in the inner ear

The o ssicles co mprise three small bo nes, which are named after their shapes:

The malleus (hammer)

The incus (anvil)

The stapes (stirrup)

The three bo nes act as a system o f levers which can achieve a multiplicatio n o f fo rce, o r

amplificatio n, o f vibratio ns by abo ut 1.5 times, o r 50%

The o ssicles tighten under quiet co nditio ns and lo o sen under lo ud co nditio ns

This lo o sening o f muscle is a pro tective measure which prevents hearing lo ss

T he Inner Ear

The purpo se o f the inner ear is to  co nvert vibratio ns to  electrical signals to  be pro cessed by the

brain
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The main co mpo nents o f the inner ear are:

The o val windo w

The ro und windo w

The co chlea

The semi-circular canals

St ruct ure of  t he Inner Ear

The inner ear comprises the oval window, round window, the cochlea and the semicircular canals

Oval window

The functio n o f the o val windo w is to  allo w vibratio ns to  enter the �uid o f the co chlea

The o val windo w is a thin membrane which co nnects the stapes bo ne in the middle ear to  the

apex (to p) o f the co chlea

The ampli�catio n o f so und o ccurs here as the o val windo w has a smaller area (abo ut 20 times

smaller) than the tympanic membrane

Round window

The functio n o f the ro und windo w is to  allo w the mo vement o f �uid in the co chlea by relieving the

pressure

The ro und windo w is a thin membrane belo w the o val windo w

As the stapes presses the o val windo w inwards, the pressure in the �uid causes the ro und

windo w to  be pushed o utwards

Cochlea

The functio n o f the co chlea is to  co nvert vibratio ns into  electrical signals to  be pro cessed by

the brain

The co chlea is a helical, spiral-shaped cavity �lled with �uid

One end co nnects to  the o val windo w and the lo wer end co nnects to  the ro und windo w

The co chlea co ntains the basilar membrane  which is lined with ro ws o f hair cells
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The disto rtio n o f the hair cells pro duces electrical impulses which travel alo ng the audito ry

nerve  to  the brain

Semi-circular canals

The functio n o f the semi-circular canals is to  maintain balance and detect changes in velo city

There are three semi-circular canals, each co ntaining �uid which detects acceleratio n in the

three perpendicular planes

Exam T ip

Make sure yo u can label all the structures o f the ear and succinctly summarise their functio ns
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Transmission Processes of Sound

The transmissio n o f so und fro m the o uter ear to  the brain is sho wn belo w:

Transmission of  Sound in t he Ear

The process by which sound produces vibrations in the outer ear, middle ear and inner ear before reaching

the brain

Transmission of Sound in the Outer Ear

So und waves are re�ected into  the audito ry canal by the pinna

The intensity o f the so und increases as energy is co ncentrated o nto  a smaller area

The so und wave travels do wn the audito ry canal to wards the tympanic membrane (ear drum)

The pressure variatio ns created by the lo ngitudinal so und wave exert a fo rce o n the ear drum,

causing it to  vibrate

The vibratio n pattern o f the so und waves creates the same pattern o f vibratio n in the ear drum

Transmission of Sound in the Middle Ear

The vibratio n o f the ear drum is transferred to  the o ssicles

The malleus (hammer) transfers the vibratio n to  the incus (anvil) and stapes (stirrup)

The actio n o f the o ssicles ampli�es the vibratio ns and reduces any energy which is re�ected

back

The stapes bo ne transfers the vibratio ns to  the o val windo w

The o val windo w has an area which is o nly 1/15 o f that o f the eardrum, and a fo rce o f 1.5 times

greater, hence there is an increase in the pressure by abo ut 20 times

Transmission of Sound in the Inner Ear
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The o val windo w transfers the vibratio ns to  the �uid in the co chlea in the inner ear

As the pressure pushes the o val windo w inwards, the ro und windo w bulges o ut to

co mpensate fo r the pressure change

As vibratio ns are transmitted alo ng the co chlea, mo vement in the basilar membrane causes small

hairs to  bend backwards and fo rwards

Di�erent regio ns o f the basilar membrane have di�erent natural f requencies

This means di�erent frequencies o f so und reso nate in di�erent parts o f the co chlea

High frequencies are detected at the base

Lo wer frequencies are detected at the apex

The tiny hairs pro duce electrical impulses  which co rrespo nd to  the di�erent frequencies

These impulses travel alo ng neuro nes in the audito ry nerve  to  the brain, which is interpreted as

the sensatio n o f so und

An Uncoiled View of  t he Cochlea

This uncoiled view of the cochlea shows how the ear detects di�erent frequencies
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Worked example

The o val windo w has an area which is abo ut 15 times less than the area o f the ear drum.

The fo rce exerted o n the o val windo w is abo ut 1.5 times the fo rce exerted o n the ear drum.

Sho w that the pressure o n the o val windo w is o ver 20 times greater than the pressure o n the ear

drum.

Answer:

Step 1: List the kno wn quantities:

Area:  Aoval =
Aeardrum

15
Fo rce:  Foval = 1 .5 Feardrum

Step 2: Write do wn the relatio nship between f o rce, pressure and area:

pressure:  P =
F
A

Step 3: Determine the ratio  o f  pressure o n the o val windo w to  the ear drum:

Poval
Peardrum

=
Foval
Aoval

×
Aeardrum

Feardrum

Poval
Peardrum

=
1 .5 Feardrum
Aeardrum

15

×
Aeardrum

Feardrum
= 1 .5 × 15

Poval
Peardrum

= 22.5 ≈ 20
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10.2.2 The Decibel Scale

Relative Intensity Levels of Sound

When the so und waves enter the audito ry canal, a statio nary wave  is set up

This can be mo delled as a tube with an antino de fo rming at the o pen end and a no de fo rming

at the clo sed end

As a result, the audito ry canal acts as a clo sed tube reso nato r which enhances the sensitivity o f

so unds in speci�c ranges

In the case o f human hearing, this is what enables us to  hear so unds in the range o f 20 Hz  to

20,000 Hz

The highest sensitivity regio n is aro und 2 to  5 kHz , which co rrespo nds to  frequencies o f

speech

Resonance in t he Audit ory Canal

The auditory canal works as a closed tube resonator which is sensitive to speci�c ranges of frequencies

T he Decibel Scale

The ear’s ability to  detect small changes in so und intensity is referred to  as its sensitivity

This is measured in decibels (dB)

The sensitivity o f human hearing depends o n the f requency o f the so und

The graph o f so und intensity and frequency sho ws that the ear is mo st sensitive to  so unds with a

frequency o f abo ut 3000 Hz

T he Relat ionship bet ween Sound Int ensit y and Frequency
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The human ear is most sensitive to sounds with a frequency of around 3000 Hz 

Fo r frequencies much greater, o r lo wer than 3000 Hz , the intensity o f so und must be several

o rders o f magnitude higher to  be detected

This large range o f intensities sho ws that the respo nse o f the ear is lo garithmic

The decibel (dB) scale  is also  lo garithmic 

Hence, the decibel scale is a useful way o f measuring the respo nse o f the human ear to

changes in so und intensity

T he Decibel Scale

The decibel scale is used to represent the large range of intensities that the ear can detect on a logarithmic

scale
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Worked example

Give two  reaso ns why lo garithmic scales are used to  measure the lo udness o f a so und.

Answer:

The ear can detect so unds o ver a very large range o f intensities, acro ss many o rders o f

magnitude

This means the ear’s perceptio n o f lo udness is lo garithmic

Therefo re, a lo garithmic scale is a useful way to  plo t o r analyse such a large range o f numbers

Fo r example, o n the graph abo ve:

The range o f frequency o f human hearing is ~20 to  20 000 Hz

So , frequency values are plo tted o n the axes in increments o f 10 (1, 10, 100, 1000, etc)

In this range o f frequencies, intensity values range fro m 10  to  10  W m

So , intensity value are plo tted o n the axes in increments o f 100 (10 , 10 , 10 , 10 , etc)

−12 2 −2

−12 −10 −8 −6
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Loudness & Decibels

Intensity o f a so und wave is de�ned as:

T he amo unt o f  so und energy that passes a po int per seco nd per unit  area

Intensity can be described by the equatio n:

I =
P
A

Where

I  = intensity o f so und wave (W m )

P  = po wer, o r energy transferred per seco nd (W)

A  = area thro ugh which so und waves pass (m )

Fo r a so und wave that spreads o ut unifo rmly in all directio ns, it can be assumed to  pro pagate as a

spherical shell

The surface area o f a sphere is 4πr2
The radius r  o f this sphere is equal to  the distance between the so urce o f the so und and the

receiver

This means the intensity o f the so und spreads o ut acco rding to  an inverse square law

I =
P

4πr2

Inverse Square Law of  Sound Int ensit y

When the source of the sound is twice as far away, it has spread over four times the area, hence the

intensity is four times smaller

The human ear can detect and respo nd to  a very large range o f intensities

The respo nse o f the ear to  changes in so und intensity, o r the perceived change in lo udness, is

directly pro po rtio nal to  the lo garithm o f the percentage change in intensity

−2

2
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perceived change in lo udness ∝ log
⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

I2
I1

Where

I1  = initial intensity o f so und wave (W m )

I2  = �nal intensity o f so und wave (W m )

This is kno wn as the lo garithmic respo nse o f so und intensity

This means when the intensity o f a so und do ubles, and do ubles again the lo udness increases

in �xed steps (fo r a given frequency)

Fo r example, an increase in so und intensity fro m 1 × 10  W m  to  2 × 10  W m  is perceived

to  be the same change in lo udness as 1 W m  to  2 W m

The thresho ld o f hearing I0  is de�ned as

T he lo west intensity that a no rmal human ear can detect at a f requency o f  1 kHz

This is equal to  abo ut 1 × 10  W m

The intensity level o f a so und can be de�ned as

intensity level = 10 lo g 
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

I
I0

Where:

Intensity level is measured in decibels (dB)

I  = intensity o f the so und wave (W m )

I0  = thresho ld o f hearing intensity = 1 × 10  W m

The thresho ld o f hearing is assigned a so und level o f 0 decibels, o r 0 dB

An intensity level o f 10 dB is 10 times lo uder than I0 , o r 1 × 10  W m

An intensity level o f 20 dB is 100 times lo uder than I0 , o r 1 × 10  W m

An intensity level o f 30 dB is 1000 times lo uder than I0 , o r 1 × 10  W m

−2

−2

−12 −2 −12 −2

−2 −2

−12 −2

−2

−12 −2

−11 −2

−10 −2

−9 −2
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Worked example

Perso n A hears a so und o f intensity level 95 dB. Perso n B hears the same so und at an intensity

level o f 82 dB whilst standing 20 m away fro m the so urce o f the so und.

Calculate ho w far away perso n A is fro m the so urce o f the so und.

Answer:

Step 1: Co nvert the intensity levels in dB into  intensities

intensity level = 10 lo g 
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

I
I0

Intensity level o f perso n A = 10 lo g 

⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

IA
I0

 = 95 dB

log
⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

IA
I0

=
95
10 = 9 .5

Take lo gs o f bo th sides:

IA
I0
= 109 .5 ⇒ IA = I0 × 109 .5

Intensity level o f perso n B = 10 lo g 

⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

IB
I0

 = 82 dB

log
⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

IB
I0

=
82
10 = 8 .2

Take lo gs o f bo th sides:

IB
I0
= 108 .2 ⇒ IB = I0 × 108 .2

Step 2: Use the inverse square law o f  intensity to  �nd the ratio  o f  I  and I

Intensity o f a so und wave:

A B
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I =
P
A =

P
4πr2

Since the so urce o f the so und is the same, the value o f po wer P is the same, so  I ∝
1
r2

IA
IB
=

⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

rB
rA

2

Step 3: Rearrange and substitute values to  �nd r

rB
rA
=

IA
IB

rA =
rB
IA
IB

⇒ rA = rB
IB
IA

rA = 20 ×
108 .2

109 .5
= 4 .5 m

Hence, perso n A is standing 4.5 m fro m the so urce o f the so und

A
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Worked example

On the gro und near an airpo rt, the intensity level o f an aircraft taking o � is measured to  be 120 dB.

Determine the intensity level, in dB, due to  two  aircraft taking o � at the same time.

Thresho ld o f hearing, I0 = 1 .0 × 10−12 Wm−2

Answer:

Step 1: Co nvert the intensity level in dB into  intensity

intensity level (dB) = 10 lo g 
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

I
I0

Intensity level due to  each aircraft = 120 dB

10 log
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

I
I0

= 120 ⇒ log
⎛
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟

⎠

I
I0

= 12

Take lo gs o f bo th sides:

I
I0
= 1012 ⇒ I = 1012I0

No te: This is equivalent to  I = ( )1012 × ( )1 .0×10−12 = 1 .0 W m−2 , but it is simpler

to  keep in terms o f I0
Step 2: Add the intensities to gether to  o btain the to tal intensity

Intensity due to  bo th aircraft:

I = 1012I0 + 1012I0 = 2×1012I0
Step 3: Co nvert the intensity back into  dB using the intensity level equatio n

intensity level (dB) = 10 log
⎛
⎜
⎜
⎜
⎜

⎝

⎞
⎟
⎟
⎟
⎟

⎠

2×1012I0
I0

= 10 log ( )2×1012

intensity level due to  bo th aircraft = 123 dB

Exam T ip

Fo r two  o r mo re  so unds, intensity levels in decibels canno t be added to gether to  o btain a to tal

intensity level, as this is no t ho w lo garithmic scales wo rk. Remember to  co nvert the values in

decibels into  intensities in W m , then yo u can add them to gether and co nvert back into

decibels to  o btain the intensity level o f the co mbined so und waves.

−2
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10.2.3 Equal Loudness Curves

Equal Loudness Curves

The no rmal human ear can detect so unds o f frequencies fro m abo ut 20 Hz  to  20 000 Hz

Di�erent peo ple may perceive so und di�erently  due to  a range o f facto rs

Fo r example, hearing lo ss can o ccur due to  ageing o r expo sure to  excessive no ise

Equal lo udness curves can be pro duced to  gain an understanding o f an individual's hearing

abilities

All so unds o n a given curve are perceived as equally lo ud

An equal lo udness curve is a plo t o f intensity level, in dB, against f requency, in Hz

Bo th axes use a lo garithmic scale to  match the large range o f intensities and frequencies the

human ear can detect

Equal Loudness Curve f or a Normal Ear

Equal loudness curves for a normal ear show the sound intensity level required to produce the same

sensation of loudness at di�erent frequencies

The lo udness o f a so und, fo r a given perso n, can be measured by co mparing it with a standard

so urce o f so und at 1 kHz

The pro cess fo r generating an equal lo udness curve is as fo llo ws:

�. A ref erence signal is played thro ugh a pair o f earpho nes - this is a so und o f frequency 1 kHz  at

a �xed intensity level (vo lume)

�. A so und o f a di�erent f requency  is played thro ugh the earpho nes
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�. The intensity level (vo lume) o f the so und is adjusted  until bo th so unds seem to  have the

same lo udness - the intensity level o f this po int is reco rded

�. The pro cess is repeated at di�erent frequencies, then a curve can be plo tted o n a graph o f

intensity level against frequency - this is the equal lo udness curve

Worked example

On the axes belo w, sketch an equal lo udness curve sho wing the no rmal respo nse o f a healthy

ear.

Anno tate the frequency axis with an appro priate scale.

Answer:

Step 1: Recall the f requency range o f  human hearing

Fo r a no rmal ear, the range o f human hearing is 20 to  20,000 Hz

Step 2: Recall ho w to  plo t a lo garithmic scale

On a lo garithmic scale, each large divisio n o n the scale represents an increase by the base o f

the lo g (usually 10) to  a po wer that increases linearly (i.e. 10 , 10 , 10 )

Then fo r each small divisio n, instead o f pro gressing linearly (e.g. 0, 1, 2, 3, 4...), a lo garithmic

scale pro gresses no nlinearly, but still in equal increments (e.g. 10, 20, 30, 40...)

Step 3: Label the f requency axis with a lo garithmic scale

There are 3 large divisio ns o n the axes pro vided, so  we sho uld plo t the frequencies between

100, 1000 and 10 000 Hz , as this range is where the ear is mo st sensitive

10, 100 and 1000 Hz  wo uld be to o  lo w o f a range

1000, 10 000 and 100 000 Hz  wo uld be to o  large  o f a range

Between the large divisio ns, there are 9 small divisio ns - there is no  'z ero ' o n a lo garithmic

scale, so  each small divisio n represents increments o f 100 and 1000 respectively

1 2 3
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The scale sho uld start at 100 Hz , then 1000 Hz  at the midpo int, and end at 10 000 Hz

Between 100 Hz  and 1000 Hz , each divisio n o n the scale represents 100 Hz

Between 1000 Hz  and 10 000 Hz , each divisio n o n the scale represents 1000 Hz

Therefo re, the lo catio ns o f 300 Hz  and 3000 Hz  are two  divisio ns fro m 100 Hz  and 1000 Hz

respectively

Step 4 : Draw a U-shaped curve with the lo west po int at 3000 Hz

The equal lo udness curve fo r a no rmal ear has a U-shape

The frequency a no rmal ear is mo st sensitive to  is abo ut 3000 Hz

Therefo re, this co rrespo nds to  the quietest so und o r lo west intensity level o n the decibel

scale

Page 19 of 26
For more help visit our website www.exampaperspractice.co.uk



(a)

(b)

Worked example

The diagram sho ws the equal lo udness curve o btained when a patient has a hearing test at a level

abo ve the thresho ld o f hearing.

Explain ho w the equal lo udness curve was o btained. 

On the diagram draw an equal lo udness curve which passes thro ugh 100 dB at a frequency

o f 1 kHz .

Answer:

(a) Hearing test to  generate the equal lo udness curve:

The patient listens to  a reference so und at 1 kHz  and intensity level 10 dB

Then they listen to  a so und at a di�erent frequency and lo udness

They switch between the so und at 1 kHz  and the so und at the new frequency and the

lo udness is adjusted until the same lo udness is perceived - the value o f lo udness is

reco rded

The pro cess is repeated fo r frequencies between 20 Hz  and 20 kHz

(b) Equal lo udness curve f o r 100 dB at 1000 Hz :

The general shape sho uld be �atter and must pass thro ugh po int 100 dB at 1000 Hz

Bo th curves are mo st sensitive at abo ut 3000 Hz , so  they bo th have a minimum intensity level

here
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Exam T ip

An understanding o f the unit 'pho n' is no t required in this speci�catio n but yo u may co me acro ss

it in yo ur revisio n o f equal lo udness curves, so  it is included here to  aid yo ur understanding

The lo udness o f a so und in pho ns is de�ned as the intensity level in decibels o f a so und at 1000

Hz  that has the same lo udness as the so und, i.e. a 40 dB so und at 1000 Hz  has a lo udness o f 40

pho ns. Fro m the same curve, a 100 dB so und at 10 000 Hz  also  has a lo udness o f 40 pho ns.

Page 21 of 26
For more help visit our website www.exampaperspractice.co.uk



Decibel Scales

So und-level meters are usually calibrated o n an adjusted decibel scale, o r the dBA scale

The dBA scale gives relative measurements which take into  acco unt the ear's respo nse to

di�erent frequencies

Fo r example, the human ear is particularly sensitive to  frequencies aro und 3 kHz  and less

sensitive to  frequencies  higher and lo wer than 3 kHz

This means that fo r the frequency respo nse calibrated o n the dBA scale:

So unds o f the same intensity level (in dB) have the same lo udness  o n the dBA scale - the dB

o utput is a �at  line

At 1 kHz , the dB respo nse and dBA respo nse are set to  be identical

At frequencies o ther than 1 kHz , the dBA respo nse is a curve which reaches a maximum value

aro und 3 kHz

T he dBA Scale

The red curve shows the dBA response which simulates the response of the ear at di�erent frequencies.

The blue dotted line shows the dB response which gives an equal response across all frequencies

At a frequency o f 1 kHz  (the ref erence f requency):

Bo th scales have the same intensity level

At frequencies abo ve 1 kHz :

There is an increase up to  a maximum o f 3 kHz  (the peak sensitivity o f  human hearing)

Then, there is a steady decrease to  simulate the ear’s decreased sensitivity to  higher

frequencies 

At frequencies belo w 1 kHz :

There is a steady decrease to  simulate the ear’s decreased sensitivity to  lo wer frequencies
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(a)

(b)

(c)

Worked example

A so und so urce o f co nstant o utput po wer is used to  generate a so und which is measured using a

so und meter. When set to  the dB scale, the so und meter displayed 80 dB as the reading when

the frequency o f the so und was 1 kHz .

State and explain:

the main di�erences between the dB and dBA scales.

what the reading wo uld be fo r a so und o f frequency 1 kHz  if the meter was changed to  the

dBA scale.

what wo uld happen to  the reading o n each scale if the frequency o f the so und was

changed to  1.5 kHz .

Answer:

(a)

The dB scale is no t frequency dependent, so  the o utput is the same at all frequencies 

The dBA scale is frequency dependent, so  thresho ld intensities are di�erent fo r di�erent

frequencies

Frequencies o n the dBA scale are adjusted to  match the respo nse o f the human ear

(b)

The reading o n the dBA scale wo uld be 80 dBA as 1 kHz  is the reference frequency (at the

thresho ld o f hearing)

(c)

The dB reading wo uld be 80 dB as the po wer is co nstant (and dB scale is no t frequency

dependent)

The dBA reading wo uld be mo re than 80 dB as the ear is mo re sensitive at 1.5 kHz  than at 1 kHz

(o r 1.5 kHz  has a lo wer thresho ld intensity)

Exam T ip

Make sure yo u can draw the graph o f intensity level in dBA against frequency - the key po ints to

remember are

The dB line is �at

The dBA curve has the inverse shape to  the equal lo udness curve

The dBA curve peaks at 3 kHz  (frequency o f maximum sensitivity)

Bo th scales sho uld have the same reading at 1 kHz  (the reference frequency)
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10.2.4 Defects of Hearing

Defects of Hearing

Deterio ratio n o f hearing can o ccur due to

Age

Expo sure to  excessive and pro lo nged no ise

Genetic facto rs and disease

Depending o n the type o f hearing lo ss, the respo nse is di�erent fo r di�erent frequencies o f

so und

Hearing lo ss due to  ageing:

Occurs at all frequencies

With the greatest lo sses at higher frequencies

Hearing lo ss due to  excessive no ise:

Occurs in the frequency range the perso n was expo sed to

With the greatest lo ss at 4 kHz

Hearing Loss & Frequency Variat ion

Depending on the type of hearing loss, di�erent responses to frequencies of sound are found to

deteriorate

The degree o f hearing lo ss can be tested by o btaining equal lo udness curves  and co mparing the

results with the curves fo r no rmal hearing

The same, but inverted, curve can be o btained using the dBA scale

Comparing Hearing Def ect s
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Curve A shows the response for a young person with no hearing loss. Curve B shows the response for an

older person with hearing loss due to ageing. Curve C shows the response for a young person with

hearing damage due to excessive noise

Worked example

A hearing test was used to  o btain thresho ld hearing audio grams fo r a gro up o f peo ple. The

diagram belo w sho ws the audio gram o btained fo r a perso n with no rmal hearing.
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On the graph, sketch curves to  sho w:

(a) a curve labelled X to  sho w a perso n su�ering fro m hearing lo ss due to  excessive no ise

(b) a curve labelled Y to  sho w a perso n su�ering fro m hearing lo ss due to  o ld age.

Answer:

(a) Hearing lo ss due to  excessive no ise

Curve X: hearing lo ss increases up to  4 kHz  then decreases after this frequency

(b) Hearing lo ss due to  ageing

Curve Y: lo ss increases as frequency increases
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