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Physics of ear and hearing construction of the ear  

 

1- The outer ear: 

1. The auricle : It is the least important of the hearing system. It 

aids only slightly in funneling sound waves. 

 

2. The external auditory canal :It is 2.5 cm long and 0.5 cm 

diameter :closed at the end by the eardrum ; for this (length 

=    /4).It services to: 

a. Increase the ear sensitivity in the region of 3 to 4kHz  

b. Storage of ear wax. 

 

3. The eardrum (tympanic membrane): 

It is 0.1mm thick and 6.5mm   area.It couples the vibrations 

in the air to the ossicles .It does not vibrate symetrically like 

a drum head because of its off-center attachment to the 

hummer. 

The pressure at the eardrum is 2 atmospheric .The motion of 

the eardrum is very small 10 cm at 3khz and 10 cm at 

20hz. 

The eardrum stiffened at high frequencies and reduces its 

movements for protection. A sound pressure of >= 160dB 

can rupture the eardrum. 

 

 

 



 

 2 

 أ.م.د. رجاء سهيل جنم

كلية  –جامعة تكريت 

 طب االسنان

 

2- The middle ear: 

It is a small air-filled cavity separated from the outer ear by the 

eardrum and houses the ossicles ,which are full adult size bones 

before birth (the fetus can hear while it is still in the womb). 

 

The ossicles: 

a. The hammer (malleus). 

b. The anvil (incus). 

c. The stirrup (stapes). 

              They are connected to the walls of the inner ear by muscles that                          

act as a kind of automatic volume control. They play important role in: 

 

 Matching the impedance of the sound waves at the 

eardrum to the liquid-filled chambers of the inner ear. 

 

 Protection the ear from poassible damage by loud sound 

by rotating the stirup and puling it a way from the oval 

window by the muscles which stifens the eardrum as 

well. 

 Amplification of the pressure behind the oval window by 

40 to 90 times and the intensity of sound to the square of 
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this pressure because the oval window is 15 times 

smaller than the eardrum. 

 Transmission poorly vibrations in the skull and even the 

large vibrations from the vocal cords. 

 

 

 

3- The Eustachian canal 

It leads to the mouth and maintains the pressure in the middle ear 

to the atmospheric pressure / chewing , yawning or swallowing 

cause a momentary opening of this canal. 

 

4- The inner ear: 

 

It is hidden deep with in the temporal bone ,the hardest in the body 

.It consists of a small spiral shaped filled with fluid called thec 

cochlea .It is 2.3/4 turns over a length of 5 mm. It is communicated 

with the middle ear via the oval window. It is divided in to 3 

chambers: 

 

a. Vestibular canal: 

Leading from the oval window, filled with perilymph liquid. 
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b. Tympanic canal :  

it ends in the round window, filled with perilymph liquid. It 

joined up with the vestibular canal at the apex of cochlea through 

a small opening called halicotrima. 

 

c. Cochlear duct:It is separated from the vestibular canal by a 

thin membrane( Reissner’s membrance )and from the tympanic 

canal by the basiler membrane . 

 

It is filled with endolymph liquid which is separatedc per – minantly from 

the perilymph .The basiler membrane supports the orgen of corti which 

contains (the ends of   30.000 anditary neves and occupying in area of 3 

cm long by 0.3 mm wide. 

 

Inside the cochlea the original pressure wave in air has become a pressure 

wave in liquid where is viscosity plays the dominant role. This wave 

induces wave – like ripple in the basiler membrane that is stimulated 

depends on the frequency of the original sound wave .Organ of corti 

convert the mechanical energy into electrical energy and sends the 

information to the brain via the auditory nerves. 

 

The organ of corti is a gelatinous structure of  7500 interrelated part 

contains a mass of hairs fixed on both ends which stimulates the ends of 

the auditory nerves. 
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Hearing Test: 

     The test is normally done in a sound proof room for each ear separately 

through a comfortable headset through frequencies from 250 to 8000 Hz . 

      The hearing thresholds are plotted on a chart and can be compared to 

normal hearing thresholds. 
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Sound in medicine: 

Sound :It is the audible waves between 20 Hz and 20 kHz. 

Infrasound: refers to the sound frequency below the 

                     normal hearing range (<20 Hz). 

Ultrasound: It ranges above 20 kHz. 

General Properties of Sound 

1. A sound wave is a mechanical disturbance in a gas ,liquid or 

solid cause local pressure increase (i.e. compression )and 

pressure descrease (rarefaction). 

 

2. Sound wave spread outward as a  longitudinal wave i.e. the 

pressure changes occure in the same direction that the wave 

travels. 

3. Velocity of the sound is given by :v = f  

  f= frequency of vibration of the sound wave.  

  =wave length of the sound wave. 

 Speed in  gas  <   speed in liquid   <  speed in solid 

                      (348 m/sec)   (1480-1540) m/sec     (4080 m/sec) 

          air             water soft tissue          bone 

    4. The intensity   I (energy passed per unit area ) 
2m

watt
  

          I=    
Z

AwZfAv o

22

1
2

2

1
2

222 
   

    A= Maximum displacement amplitude of the atoms or molecules 

from the equilibriam position. 
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    Z= v : is the acoustic impedance. 

    = density of the medium. 

   v = Velocity of the sound 

   w = (2 f) :angular frequency  

   o = is the maximum change in pressure 

Special unit (bel or dB) compars two sound intensity. 

The intensity ratio is :log10 (I2 / I1) B or 10 log10 (I2 /I1)dB . 

The sound pressure ratio :10log10 (p2  / p1)
2
 or 20log10 (p2 / p1)dB 

 

For hearing test:It is convenient to use : 

 The refrence sound intensity Io=10
-12

 w/m. 

 The refrence sound pressure Po= 2*10
-4

 dyn / cm
2
. 

                      e.g: The most intense sound , that the ear can tolerate 

without pain is about 120 dB, then calculate sound pressure and intensity 

ratios: 

120 dB =6*20log10 (p / po)=20 log10 (p / po)
6
. 

From comparing this value with sound pressure ratio, we obtain p/po =10
6
           

p2 /p1 

And :120 dB=12*10log10 (I/Io)=10log10 (I/Io)
12

 

From comparing this value with intensity ratio, we obtain: I/Io =10
12

 

Reflection & Transmission 

 

   *The ratio of the reflacted perssure amplitude ® to the incident pressure   

     amplitude (Ao) depends on the acoustic impedances media, Z1, & Z2 . 

The relationship is: 
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If Z1=Z2 there is not reflection and the transmission is complet. 

   *The ratio of the transmitive pressure amplitude to the incident pressure 

amplitude (Ao) is: 

 2
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Equations (1) &(2) are for sound waves striking perpendicular to the 

sarface. 

The low of reflection and refraction of sound wave are the same that the 

light. 

Example: Calculate the (1) pressure amplitude and (2) intensity of the 

reflected and transmittedsound wave from air (Z1 =430 kg/m
2
.sec) to 

muscle (Z2=1.64*10
6
kg/m

2
.sec) 

 

Absorption 

 

    When a sound wave passes through tissue ,there is some loss of energy 

.The absorption of energy causes a reduction in the amplitude of sound 

wave .The amplitude (A) at depth X cm in a medium is given by 

exponential equation: 

  A=Aoe
- X

 

              
 

= absorption coeffcient. 

 
             Ao= initial amplitude. 

Since I A
2 

 I=Ioe
-2 X
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Since the absorption coff. Is (2 ),the intensity decreases more rapidly 

than the amplitude with depth. 

.22 X
I

I
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The half – value thickness (HVT)=X1/2 : is the thickness needed to 

decrease I to Io/2 
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Medical Ultrasound Generation: 

 *Generated by Peizo-electric effect in which many crystals can be cut so 

that an oscillating voltage across the crystal will produce a similar 

vibration of the crystal and generate sound waves. 

* US. Generators are transducers which convert electrical energy to 

mechanical energy. 

* Pulses of US. are transmitted into thebody by placing the vibrating 

crystal in close contact with the skin by using a jelly paste or water to : 

1- Eliminate the air. 

2- Give good coupling at skin. 

3- Greatly increase the transmission of US. into the body and of the 

echoes to the detector (Transducer) 

4- Typical frequencies for medical work are (1 to 5MHz). 
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Light Amplification by Stimutated Emission of Radiation (Laser) 

    In (1917) ,Einstein postulated that: The incident photons of energies 

equal exactly to the energy that an excited atom must eject if it falls to its 

lower energy state. These incident photons stimulate the excited atom to 

fall to the lower state and the photon ejected by the atom is in phase with 

the incident photon that stimulate it to make the transition. 

 

The incident photon and the photon of the atom that it stimulated have the 

same frequency direction ,and phase i.e. they are coherent. 

 

Kinds of Laser: 

 1. Pulse Laser:i.e. 

(i) Ruby laser ( =694 nm). 

(ii) Semiconductor ( is dependent on the applied current). 

(iii) Glass laser. 

2. Continous wave laser (cw)e.g. ,gas filled tubes laser  

(i) Neon-helium laser ( =632.8 nm) 

(ii) Argon laser ( =488-514nm). 
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Ruby Laser: 

    In (1960) T.H. Maiman produced a laser beam from ruby 

crystal.

 

The rod is aluminum oxide crystal with some chromium atoms 

throughout it (AL2O3 : Cr2O3). 

The active material (Medium) in the ruby are the chromium ions Cr
+3

. 

The colour of the ruby crystal depends on the contents of Cr
+3

 on it. 

One end is covered completely with silver and the other end is coated 

partially with silver to allow light to escape. 

The bright flash eauses electrons in the chromium atoms of the rod to 

gain energy ,which is released inside the rod as red light.  

The red light is reflected back and forth between the mirrored surfaces at 

the ends of the rod. 

The light causes the chromium atoms to release more light. 

The intensity of the red light beam increase and leaves the end of the half 

– coated end of the rod as a laser beam. 

*A laser beam remains narrow over long distance and can be focased to 

aspot only a few microns in diameter. 

*When all of the energy of laser is concentrated in such small area , the 

power density energy (power per unit area) become very large. 
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Laser in Medicine: 

  In medicine laser are used primarily to deliver energy to tissue. 

 The laser wave length used should be strongly absorbed 

by tissue .The short wave (400-600nm) are always 

absorbed better than the long wave (700nm) 

 Laser energy directed to human tissue cause a rapid rise 

in temperature and can distroy the tissue .The amount of 

damage to living tissue depends on how long the tissue 

is at the increased temperature. 

 

1.It is used by surgeons for the painless removed of 

eye tumors. 

2.It is used as a (bloodless knife) in surgery. 

3.Repairing retinal tears or holes that develops prior 

to retinal detachment .(photo coagulation). 

4.Treatment of the diabetic retinagraphy i.e. the 

complications of diabetes that affect the retina, 

(photocoagulation). 

5.In medical research it is used for special three-

dimensional imaging called (holography). 


