
Updated: 2005

Course: sph 3U1

Unit: sound

Lesson 8: Title: The Ear and Hearing

Apparatus needed: frequency generator, amplifier, speakers, Time Life book on Hearing, oscilloscope & microphone, sound meter ( better yet ... get WinOsc and a computer with a sound card.

Bellwork: copy and label diagram of ear (p 321).  Describe how the ear works using the names of the parts of the ear.

Preliminaries: check homework
see http://www.audioclinic.com.au/SndHea/SndHea.html

Lesson:

Frequency Response: (describes response of something to different frequencies - woofer, tweeter, wall)
we can hear frequencies of ( 16 Hz to 20 kHz (see page 251).  Note that we are not very sensitive to very low frequencies. They have to be a lot louder for us to hear. Test using frequency generator.

What makes dogs ears work so much better?
O.K. we can hear up to 20,000 Hz. However, our nerves can only transmit 100 ( 200 impulses per second. How do we transmit information about these high frequencies to the brain? . . .

· the range of hearing relates to the size of the organism, and to the sounds the organism makes; especially to the sounds the prey makes

· most sensitive at 3000Hz – a baby’s cry, or woman’s scream. (?)

· least sensitive at ___ Hz – the frequency of noises from our body (blood flow, bone conduction of voice)

Go over the parts of the ear: (here is a summary)

external ear (auricle) irregular ridges and hollows, immobile (unlike animals), directs sound to ear canal

wax ( keeps ear canal moist, inhibits bacteria, blocks insects from going towards ear drum
ear drum ( changes vibrations in air to physical vibrations
– can regrow after being perforated, blood vessels and nerves – sensitive to pain
Eustachian tube - needed for equalizing pressure on both sides of the ear drum.  connects to pharynx. Diving - water is heavy, presses against ear drum - show inward bulging. Muscles to open it, plug nose & blow. Can’t go diving with a cold. Flying ( similar, except pressure decreases.
semi-circular canals - for balance, along each of the three ( axes. Little calcium carbonate crystals (otoliths?) move hairs in the canals as we spin.  Obviously this is not the only thing that gives us a sense of balance  Q - ask for other mechanisms. Vision (e.g. IMAX theatre), also feedback from muscles. Instant reflex to throw body around to stay upright.
There is another part just outside the 3 ( that detects orientation. CaCO3 crystals are in a mucus sheet that slides to the bottom under gravity. This detects which direction gravity is pulling from.
3 small bones (smallest in body – size of a grain of rice) - transmits vibrations; amplifies 20X, never grow.
some protection: if the sound is too loud, the ear drum stiffens up a bit; the muscles holding the three bones in place also stiffen up a bit. This doesn’t do any good for sudden loud sounds.
cochlea - snail shaped.  Deep in most protected part of skull. Pea sized.
“masterpiece of engineering – acoustics, mechanics, hydraulics, electronics, miniaturization” 
diagram unrolled cochlea. membrane, 2 windows, (standing) waves, hairs (2 sets) on middle membrane connected to nerves (just try pulling your hair). Pattern of hair movement => sound pitch and volume.  nerve -> auditory nerve. Loud music shears off hairs -- less hairs to hear with! (can’t hear as well.
The faintest sounds we can detect move the cilia less than the diameter of an atom!
(Do humans have the most sensitive hearing?)

Mention the miracle of bats ears (and processing)

Localization: car coming from the right -- need space between ears – difference between arrival times >= ___ sec.
Bone conduction ( hear own voice

Cochlea: This membrane varies in mass per unit length and in tension along its length. .: different parts of it resonate at different frequencies.

Voice box: only fully developed at 1 year old. At age 20: male 1 inch long, female 2/3" long.

Audiologist: hearing test

Tests: ear pressure – does ear drum move?  Reflex response in ear to loud noises; beeps getting softer (400 – 8000 Hz), each ear by itself. Repeat words spoken by voice (female and male) getting softer.

Characteristics of Sound




What is the wavelength of this wave?

How do scientific terms, such as frequency, wavelength and amplitude relate to what we hear?

Scientific Term
Waveform
Musical Term




frequency



pitch





amplitude



volume




shape (?)



timbre or quality



DEMO: microphone & oscilloscope

Volume:
The amount of sound energy passing through a unit area each second is called the INTENSITY. (a.k.a. volume).  Units: 1 J/sec/m2 = 1 Watt/m2 (power per square meter)
but this is much too loud for our ears. ( define a unit called bel (B) after Alexander Graham Bell.
1 bel = 10 picowatts /m2 

pico = 1E-12 !!

This is still fairly large and cumbersome, so use a unit called decibel (dB).  1dB = 0.1 B = 1 pW/m2
BUT our ears can hear over a really huge range: from 1 pW/m2 to 1E10 pW/m2 ! (our eyes are similar, but they use different receptors for bright and dim light)

(use a logarithmic scale.

	Intensity I (pW/m2)
	Intensity (B) (take log10)
	Intensity (dB)

	100 = 1
	0
	0

	101
	1
	10

	102
	2
	20

	...
	
	

	1010 = 0.01W/m2
	10
	100


Turn to page 320 (table)  80 dB - noise in car on highway (windows open)



90 dB damage occurs over time



150 dB instantaneous damage (to cilia) - permanent

Turn to p 323.
noise exposed North American’s can’t hear the noise of a vacuum cleaner when they are 80.

DEMO: sound meter

Discuss dances. Occupational Health and Safety Act for Industrial Establishments ( regulations.

Amplifier power is electrical power.
In order for one amplifier to reproduce sound twice as loud as another in Decibels you need 10 times more wattage output. An amplifier rated at 100 WPC is capable of twice the volume level of a 10 WPC amp, an amplifier rated at 100 watts per channel needs to be 1,000 watts per channel to be twice as loud.

Speaker Efficiency

Speaker efficiency, also known as speaker sensitivity, is a measure of the speaker's output, measured in decibels, with a specified amount of amplifier power. For example, speaker efficiency is often measured with a microphone (connected to a sound level meter) placed one meter from the speaker . One watt of power is delivered to the speaker and the level meter measures the volume in decibels. The output level results in a measure of efficiency. Speakers range in efficiency or sensitivity from about 85dB (very inefficient) up to 105dB (very efficient). As a comparison, a speaker with 85 dB efficiency rating will take twice the amplifier power to reach to same volume as a speaker with 88 dB efficiency. Similarly, a speaker with a 88 dB efficiency rating will require ten times more power than a speaker with a 98 dB efficiency rating to play at the same level. If you're starting with a 100 watt/channel receiver, you would need 1000 watts (!) of power output to double the perceived volume level.

Homework: What is ultrasound? What are 3 uses for ultrasound? 

dog whistle, sonar (bats, dolphins, submarines, fish-finding), non-invasive imaging. (Why does sonar work? shorter wavelength -> less diffraction, more like a beam -  like light) -- the reason that we can hear around corners.
navigation by Polynesians

Evaluation:  

How the Cochlea works.

The vestibular and tympanic canals contain perilymph - a liquid almost identical with spinal fluid. The cochlea duct contains endolymph - a liquid similar to the fluid within cells. The canals are separated by thin membranes: Reissner's membrane between the vestibular canal and the cochlea duct is the thinnest (just 2 cell walls thick), and the basilar membrane between the tympanic canal and the cochlear duct. The perilymph and endolymph have differing chemical compositions and electrical charges. Any break in the membranes that allows them to mix impairs the hearing process.

How the Cochlea works.

The pressure waves in the cochlea exert energy along a route that begins at the oval window and ends abruptly at the membrane-covered round window, where the pressure is dissipated. Inkeeping with the principles of hydraulics, the pressure applied to the oval window at the stirrup is transmitted to all parts of the cochlea. (The semicircular canals are the body's balance mechanism and it is thought that it plays no part in hearing.)

One of the two walls of the cochlear duct is the vibrating basilar membrane whose function is to separate sounds according to frequency. The membrane is narrow and taunt at the end near the stirrup and wider and more pliant at the other.

Hydraulic pressure waves in the cochlea induce a wave-like ripple in the basilar membrane which travels from the taunt towards the loose end. High tones create their greatest crests where the membrane is tight, low tones where the wall is slack. This is because resonant frequency is correlated with tension as in a taunt string. The position of this crest is important because it determines which nerve fibres will send signals to the brain. High frequency tones cause the crest to occur at the base of the cochlea and the lower frequencies towards the apex.

Apart from airborne sounds, the basilar membrane also picks up vibrations in the skull from such sources as teeth clicking, for example.

The Organ of Corti.

The Organ of Corti is a gelatinous mass about 4 cm long and is composed of some 7500 interrelated parts.The Organ of Corti is enclosed in the cochlea which is deeply imbedded in the temporal bone (the hardest in the body) is one of the best protected parts of the body. It is filled with fluid, surrounded by other fluid and responds to movements in these fluids - those movements induced by sound waves.

The fluids filling and surrounding it act as shock absorbers, and so do the springy membranes which support it. It is even isolated from the normal body supply lines, for the faint pulsing of blood through capillary vessels would be detected as background noise. The capillaries nearest to the organ of Corti end at the wall of the cochlea; nutrients on their way out are carried to and from the capillaries by the endolymph fluid that bathes the organ.

The organ of Corti is shaped like the jam in a jam roll. It spirals around within the cochlea. The basilar membrane supports the organ which contains a mass of cells almost touching the branch endings of the auditory nerve. From these cells sprout fine hairs, (23,500 of them) rising in orderly rows like the bristles of a very soft brush. The hairs stick through the dome of the organ, their ends embedded in a thick overhanging sheet, the tectorial membrane.

These hairs are transducers. As the basilar membrane bellies in and out, it pushes and pulls the complex of tissues above it.

The hairs' cells of the organ of Corti ride with the basilar membrane. The hairs have their tops embedded in the tectorial membrane and their roots fixed in the hair cells, so the motion of the basilar membrane bends and twists and pulls and pushes the hairs. Under these physical stresses the hairs generate electrical signals which stimulate the auditory nerve (also known as the acoustic nerve and the eighth cranial nerve) - a bundle of about 30,000 individual fibres.

Eventually, in a way still not fully understood, the electrical signals running through the auditory nerve stimulate the hearing centres of the brain. In the cells of the auditory cortex lies the mystery of the sensation of hearing.

The organ of Corti serves two vital functions:
(1) It Converts mechanical energy into electrical energy.
(2) It Dispatches to the brain a coded version of the original sound - information not only about fundamental frequency but about intensity and timbre as well. 

As the organ of Corti, which is attached to the basilar membrane, bends to outside pressure, it moves laterally to the left whilst the tectorial membrane moves to the right.

This shearing action within the cochlear duct activates the hair cells of the organ of Corti to send their electrochemical signals into the central nervous system.

http://www.avatar.com.au/courses/PPofM/hearing/hearing4.html

----------------------------------------------------------------------------------------------------------

“Now Hear This” – video: Body Atlas series
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