Vision – The Eye
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Light enters the eye through the transparent cornea, which helps to focus the light on the retina, which is found at the back of the eye, and which is where the receptor cells are found.  After passing through the cornea, light shines through the pupil of the iris (named after the Greek god of the rainbow).  Muscles in the iris control the size of the pupil, generally enlarging it in dim light and constricting it in bright light.  After passing through the pupil, light passes through the flexible lens, whose focusing power can be altered by being bent by muscles.  This allows us to focus on objects at different distances from us.

Each photoreceptor in the retina has a photochemical which when impacted with light of an appropriate wavelength will be chemically altered and cause an electrical potential in the receptor cell.  The receptor potentials produced by the photochemicals are gathered, processed, and sent to the brain via the optic nerve.  The point where the optic nerve exits the retina is called the blind spot, because there are no photoreceptors on that spot.  Light that falls in that spot is invisible to you.

Most humans have two types of photoreceptors, rods and cones.  Cones provide us with the ability to see fine detail and, usually, colors, but they work well only in bright light.  The cones are most dense in the fovea, which is the area of the retina onto which light is focused when we look right at an object.  Try to read something with peripheral vision.  Rods are found throughout the retina, except in the fovea, and are most dense about 20° away from the fovea.  Rods work best in dim light, but provide little acuity (ability to see detail) and no color vision.  If you can get away from the terrible light pollution around here at night, try looking at a very dim star at night.  If you look right at it, it will disappear, because the light from that star is being focused on your fovea, which has only cones and is not very sensitive to dim light.  It you look just off to the side of the star, it will reappear, as the light from it falls on your rods.  Rod vision is so sensitive that you could detect the light from a single candle 30 miles away if we had clean, dry air and no objects blocking the view.
The rods and cones do feed their information directly to the brain.  A fair amount of processing of information takes place in the retina.  Rods and cones connect to bipolar cells, and the bipolar cells connect to ganglion cells.  The axons of the ganglion cells form the optic nerve, carrying already partially processed information to the brain.  
Audition (Hearing) – The Ear
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Ears.  Not all animals with hearing have ears.  Moths, for example, can detect sounds through special touch receptors on patches of their skin that vibrate when exposed to sound energy.  In mammals these special membranes and receptors are found in the ear.  The ear can be conveniently divided into three areas.  The pinna of the outer ear funnels sound into the auditory canal, which ends on the eardrum.  Sounds make the eardrum vibrate.  The middle ear is an air-filled space with tiny bones (the ossicles:  hammer, anvil, & stirrup) that further funnel the vibrations from the eardrum to the oval window of the cochlea.  With age, the ossicles may get so rigid that they no longer effectively transmit sound from the eardrum to the oval window, producing a loss of hearing.  This is known as conduction deafness.  A conventional hearing aid, which amplifies the sound coming into the ear, can help in this case.
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The cochlea, in the inner ear, is shaped like a snail (“cochlea” is derived from the Greek word for “snail”).  Vibrations on the oval window are transmitted through fluid in the outer duct of the cochlea, which winds around the snail-turns and then back again to the round window, a membrane close to the oval window.  There is a second fluid-filled duct in the cochlea, the inner duct, which is lined with the basilar membrane.  The basilar membrane contains the receptor cells, known as hair cells.  The tiny hairs (cilia) of these cells run up against another membrane in the inner duct, the tectorial membrane.  Vibrations of the fluid in the outer duct cause the basilar membrane to move up and down, making hairs bend as they push up against the tectorial membrane.  Bending of the hair cells produces an electrical charge in the hair cells and then neurotransmitter release onto auditory neurons which convey the information to the brain.  If these hair cells, or other structures in the cochlea are damaged, sensorineural deafness may result from an inability to transduce vibratory energy in neural energy.  In this case, hearing may be restored by a cochlear implant, a device which takes over the job of transduction.
Cats and dogs, whose cochleas are smaller than humans', hear very high frequency sounds that we cannot hear.  This is why you can whistle your dog with one of those ultrasonic whistles.  It also explains why your cat freaks out when you turn on the vacuum cleaner. Although vacuum cleaners produce lots of noise in the range of frequencies we can hear, they produce even more in the ultrasonic frequencies your cat can hear, enough to be frightening or even painful.

Bats can produce and hear very high sounds.  They listen very carefully to echoes from their high frequency chirps and can detect objects very well by this means.  This is essentially the same mechanism (sonar) that submarines use to navigate under water.  The initial research which demonstrated this remarkable ability in bats involved having bats fly around in a dark room from which there were many obstacles hanging from the ceiling.  They had no problems with this task, until the researcher turned on a device that produced noise of the same frequency used by the bats to navigate.  The bats then came crashing down to the floor as they ran in to the obstacles.  Moths, by the way, can detect these high frequencies too.  When they hear them, they take evasive measures which reduce the probability that the bat will catch them.

