Hearing

Hearing is a vibratory sense.  That is the auditory receptors in your ears are sensitive to vibrations in the air around you.

· Waves are similar to a rock dropped in a pond = ripples out from the source.  The same thing happens with sounds.

· Sound travels through the air at 750 miles per hour

· Light = 186,000 miles per second

Physical aspects of the waves:

· Frequency: number of times a sound source vibrates each second

= Pitch - how high or low a tone sounds

· measured in Hertz humans hear between 20-20,000 Hz

· Dog 50,000 = silent whistle

· Amplitude: amount of sound present, or the strength

= Loudness - decibels

· anything over 120 are painful, and cause permanent damage

· constant exposure to sounds over 85 can cause a gradual loss of hearing.  A one time assault over 140 can do permanent damage

Soft whisper = 20
Quiet office = 40

Conversation (at 1 meter) = 60
Average automobile = 70

Heavy auto traffic = 100

Loudest human shout on record = 111

Jet motor (at 22 meters) = 120

Loud thunder = 123

Loudest rock band on record = 160 (The Who)

Spacecraft launch = 180

Parts of the Ear:
Outer Ear – or also called the external ear is visible portion of the ear, which serves as a protective organ of the eardrum.  It collects and guides sound waves into the middle ear

Auditory Canal – the ear canal is about 2cm in length.  It amplifies the sound waves and channelizes them into the middle ear.  Sweat glands are present in this canal, which secrete earwax 

Middle Ear – located between the outer ear and the inner ear, perceives sound waves from the outer ear in the form of pressure waves.  The middle ear is air-filled cavity and consists of the following parts: 

Eardrum – also called tympanic membrane – thin membrane that acts as a partition between outer ear and the middle ear.  It vibrates as soon as it receives sound waves, and transforms the sound energy into mechanical energy

Hammer – also called malleus – it is a tiny bone, located next to the eardrum.  Since it lies adjacent to the eardrum, the vibrations from the eardrum cause the hammer to vibrate. 

Anvil – also called the incus, another tiny bone next to the hammer; it vibrates in response to the vibration of the hammer.

Stirrup – also called the stapes; similar to hammer and anvil, stirrup is a tiny bone in the middle ear, eventually it also vibrates and passes the compressional waves to the inner ear

Inner Ear (Labyrinth) – innermost portion of the ear.  It is filled with a water-like substance and comprises both hearing and balancing organs.  The inner ear comprises the following parts: 
Cochlea – a spiral tube is a rolled structure that can stretch to about 3cm.  The membrane lining of the cochlea consists of numerous nerve cells.  These hairlike nerve cells respond differently to various frequencies of vibrations, which ultimately lead to generation of electrical impulses.

Semicircular canals – these are fluid-filled loops, attached to the cochlea and help in maintaining balance

Auditory Nerve – the electrical impulses, generated by the nerve cells, are then passed to the brain
Basilar Membrane- is the surface, or lining, of the cochlea. When the basilar membrane begins to move as a result of incoming vibrations, then the cilia begins to move.

Cilia - hair cells on the membrane that when moving cause neural impulses to travel up the auditory nerve to the brain
Hearing Disabilities

1. Conduction deafness = caused by damage to the eardrum or bones in the middle ear (bones in the middle ear fuse together, preventing accurate reproduction of vibrations)

· hearing aids can help

2. Nerve deafness = caused by damage to the structures of the inner ear (auditory nerves, or hair cells are damaged by loud noises) concerts 
· no easy fix

· cochlear implant

Theories on Hearing 

Place Theory - what we hear depends on the place the vibration strikes the basilar membrane- higher frequencies at the beginning and low frequencies towards the end
Frequency-Matching Theory (also called the Volley Principle) what we hear depends on the rate the impulse travels up the auditory nerve- higher frequencies faster rate
