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The Nature of Sound
Sound pressure easier to measure

dB SPL = 
20log10P(measured)/P(reference)

P(ref) = 2x10-5 Pascals

For Intensity

dB = 10log10I(measured)/I(ref - 10-
12W/m2)

So 3dB increase in intensity is doubling
of sound energy.

The Nature of Sound

• Previous parameters
describe pure-tones

• Real sound is mixture of pure 
tones

• Breakdown into component
pure tones requires Fourier
Analysis

• Performed by cochlea!







Anatomy of the Ear

Sounds waves 
in air



Air

Eustachian tube
• Middle ear is sealed air filled 
cavity
• Ear drum compliance
• Gives ability to gather sound
• Selective valve that permits air to 
enter middle ear
• Connects back of nose to middle 
ear
• Equalises pressure outside and 
inside ear
• Permits normal hearing
• When pressure imbalance hearing 
decreases – reduced compliance
• Equalising pressure causes ‘pop’



Anatomically divided into 3 parts

– External: lateral to tympanic
membrane
– Middle

– Inner: cochlea, utricle, saccule
and semicircular
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Amplification mechanisms: intensity.                                            Attenuation mechanisms

1) 2) Bones of middle ear Tensor tympani and stapedium
muscles  are activated by V and 
VII motor nuclei to attenuate low
frequency intensities.







Sound Transmission

Vestibular 
duct

Cochlear
duct

Tympanic
duct

1. Sound waves in the air strike the 
tympanic membrane
2. Sound wave energy is transferred to 
bone of the middle ear which vibrate
3. The vibrations are transmitted via the 
oval window to the fluid within the 
vestibular duct and create a fluid wave 
within the cochlea
4. The fluid waves push on the flexible 
membrane of the cochlear duct
5. Sound waves are transmitted to the 
tympanic duct and dissipated  back into air 
by the movement of the round window. 
6. Deformation of the cochlear duct  
causes the tectorial membrane to move and 
activate the stereocilia of the hair cells.
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The Cochlea
The cochlea is the organ where sound waves are 
converted first into fluid waves, then into 
chemical signals and finally into action potentials

The movement of the tectorial membrane by 
sound waves moves the cilia on the hair cells and 
effects neurotransmitter release by the hair cells
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Outer hair cells

• Cylindrical shaped

• Have stereocilia at top

• Nucleus at the bottom

• When stereocilia are bent by sound 
waves an electromotive force occurs

• Cell changes shape – lengthens then 
shortens

• Pushes against the tectorial membrane

• Amplifies vibrations in the basilar 
membrane allowing us to hear very 
quiet sounds





Transduction in the Hair Cells
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Localisation of Sound
The localisation of a sound source is an 
integrative task that requires 
simultaneous input from both ears.

Since the output from the cochlear 
nuclei cross over from each side, the 
cortex receives auditory input from 
both ears.

Unless sound is coming directly from 
the front (or following an equal path) 
the sound will not reach both ears 
simultaneously nor at the same 
amplitude. 

The brain uses time, phase and 
amplitude differences between the 
input from each ear to compute the 
sound source.

Head or ear movement can refine the 
location and hence the cortex can 
derive a 3D representation of the sound 
source. 















Spring 2005

UCSD: Physics 8; 2005

12

�Localization of Sound�Localization of Sound
•• At low frequencies (< 1000 Hz), detect phase At low frequencies (< 1000 Hz), detect phase 

differencedifference
– wave crest hits one ear before the other
– “shadowing” not very effective because of diffraction

•• At high frequencies (> 4000 Hz), use relative intensity At high frequencies (> 4000 Hz), use relative intensity 
in both earsin both ears
– one ear is in sound shadow
– even with one ear, can tell front vs. back at high freq.
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Neurobiology of homologous brain systems: 
primate neuroanatomy and neurophysiology

(Rauschecker & Tian, PNAS, 2000)
State of the Art: Cognitive Neuroscience of Speech and Language









Sagittal section of the vocal tract 
(Techmer 1880).

Lungs

Trachea

Vocal Cords (within the Larynx)

Pharynx

Nasal Cavity



View of Speech Organs viewed 
from behind (coronal section)

nasal
cavity

nasal 
septum uvula

epiglottis

Bronchi



Larynx:  front view
Larynx:  oblique side view

“Adam’s 
apple”





Vocal cords (without 
overlaying muscles and 
tissue) seen from above.  The 
cords are attached to the 
inside of the thyroid cartilage 
at the front and to the 
moveable arytenoid cartilages 
at the back.  The cords may 
be brought toward the midline 
when the arytenoid cartilage 
“rock” inward (red arrows).

front

back



Coronal slice through the 
larynx; rear portion 
removed, leaving front 
portion.  (Viewed from 
behind.)

[Aside:  conus elasticus, 
mentioned in an earlier 
slide, is here.]



Movement of the vocal cords 
during one vibratory cycle 
(seen in coronal section).



Different phases of one vibratory cycle of the vocal cords.

Posterior

Anterior



The soft palate 
(velum) is a “veil” of 
tissue with several 
muscles attached to it 
so that it can be 
elevated and 
lowered.  It is thus a 
valve regulating the 
passage of air (and 
for speech, sound) 
into nasal cavity.

In neonates the velum and 
epiglottis overlap, as they 
do in the adults of many 
mammalian species.






