Responding to the environment
The eye
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Terminology & definitions:
Neurons:  one nerve cell
Receptors:  are located in the sense organs.  They convert a stimulus into an impulse
Effectors:  are muscles or glands that respond to the message from the nervous system (brain and spinal cord)

           receptor  sensory neuron  connector neuron  motor neuron  effector

Photoreceptors:  Specialized receptors to receive the stimulus of light and convert it to an impulse.  Photoreceptors in the retina of the eye are called rod and cone cells.
Refraction:  To bend light – refraction takes place when light passes through a lens that is bent by a convex [ ( ) ] shape or a concave [ ) ( ] shape
Stereoscopic vision:  Also known as binocular vision - to see with two eyes, where each eye will produce a slightly different image of the same object and allows us to judge distance, depth and size of an object.
Accommodation:  The ability to change the focal length of the object by changing the convex shape of the lens to assist with focussing on a near or distant object.
Myopia:  Short-sightedness caused by a cornea that is too rounded so the image falls short of the retina.
Hypermetropia:  Long-sightedness caused by a lens that cannot become rounded enough to refract light so the image falls behind the retina.

The human body responds to a variety of stimuli, such as light, sound, touch, temperature, pressure, pain and chemicals (like taste and smell).
The eye (sight) and the ear (hearing and balance) are part of the peripheral nervous system. 























The Human Eye
The eyes are organs that make it possible for us to see.
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Functioning of the eye – path of light:
· Light rays pass from an object to the eye, through the transparent convex cornea, aqueous humour, the biconvex lens and vitreous humour.
· As the light rays pass through the curved surfaces  of the cornea and the lens, light is refracted (bent). 
· The lens refracts the light rays and forms an inverted (upside-down) image on the retina, bringing the image into focus by making fine adjustments.
· The rod and cone cells (photoreceptors) are stimulated by the light rays and convert the stimulus into impulses. 
· These impulses are transmitted along the optic nerve across the optic chiasma (cross-over) so that impulses enter the lower visual centres on opposite sides of the mid-brain at the occipital lobes. 
· The upright images are interpreted for size, shape and colour of the object that was seen.



Accommodation:
Binocular vision means to see with TWO eyes (bi = two). We are able to focus on one object with both eyes increasing the field of vision. A sharp image falls on each retina. The image from the left eye is always slightly different to the image from the right eye. The two images join in the brain (occipital lobes) and results in stereoscopic vision, which allows us to judge distance, depth and size of objects.
The eyes can change the convex curve of the lens and therefore the focal length. This process is termed accommodation.

	Near vision (round lens) 

(an object is closer than 6 metres)
	Distant vision (long lens) 

(an object is further than 6 metres)

	1.  ciliary muscles contract
	1.  ciliary muscles relax

	2.  suspensory ligaments to slacken
	2.  suspensory ligaments tighten 
    (become taut)

	3.  tension on the lens decreases
	3.  tension on the lens increases

	4.  lens becomes more convex and 
     rounded
	4.  lens becomes less convex and 
     flatter

	5.  light rays are more refracted (bent)
	5.  light rays are less refracted (bent)

	6.  light rays are focussed onto the retina 
     (yellow spot)
	6.  light rays are focussed onto the retina 
     (yellow spot)
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Pupillary mechanism / Pupillary reflex action:
The pupillary mechanism is a reflex action regulated by the Autonomic Nervous System, to prevent excess light from passing into the eye at one time. Excess light will cause damage to the retina and the photoreceptors (rod and cone cells). The iris functions to control the amount of light that enters the eye by controlling the size of the pupil. The circular and radial muscle fibres in the iris regulate the size of the pupil.  
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Visual defects:
Short-sightedness
This is also called myopia or near-sightedness. It is a refractive defect where the image focuses in front of the retina because the cornea is too rounded. Distant objects are seen as blurred. Myopia may be genetic or it may result when people place regular strain on their eyes by working on computers or in a job where they are required to focus closely on objects, like microscope work. Glasses and contact lenses that are concave [)(] are prescribed to reduce refraction. Refractive surgery may be an option, where the cornea is reshaped to flatten it and so decrease refraction. This causes the image to be focused onto the retina.

Long-sightedness
This is also called hypermetropia or farsightedness. This is a refractive defect where the image focuses behind the retina. The person will not be able to see objects when they are close by, as the images are blurred. This condition is caused by the following:
· An eyeball that is too short (genetic): This is corrected with prescription eyeglasses or contact lenses which assist to increase refraction of light by using convex lenses [()].
· When the lens cannot become round enough during accommodation: This may be genetic or it may be as a result of aging. As one ages, the ciliary muscles are unable to contract enough to cause the lens to become rounder. Eyeglasses or contact lenses are prescribed to assist to increase refraction of light by using convex lenses [()].
· A cornea that is too flat: Refractive surgery is performed in extreme cases.

[image: ]
Astigmatism
This is an optical defect that results in blurred vision. It is caused by an irregular curvature of the cornea or the lens so the eye has different focal points that occur in different planes. Glasses and hard contact lenses correct the irregular focal points.

Cataracts
This is the clouding of the lens when the lens cortex liquefies to form a milky white fluid. Cataracts progress over time and may result from long-term exposure to ultra-violet light, radiation, diabetes, hypertension, old age and physical trauma. Genetically, people may have a predisposition to cataracts. Cataracts must be removed surgically. Extra-capsular surgery (ECCE) can be used to remove the lens, leaving the lens capsule intact. Intra-capsular surgery (ICCE) is used when both the lens and capsule are removed. The lens is replaced with a plastic lens in both cases.
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