· Identify the role of receptors in detecting stimuli.
Sense organs contain specialized receptor cells which convert a stimulus from the environment (e.g. light from an object) into an electrochemical impulse that goes to the brain which initiates a response.

Their role is to detect stimuli.

· Explain that the response to a stimulus involves:

Stimulus- the stimulus is a change in the environment.

Receptor- the receptor detects the change through specialized cells (e.g. photoreceptors in the retina)

Messenger- the receptor cells convert the information detected from the stimulus into a nerve message, which conveys the message through various nerves back to the effector.

Effector- the effector is an organ that it responsible for initiating the response

Response- the response is the reaction to the stimulus.

· Process information to identify the range of senses involved in communication

Sight – e.g. facial expression and posture in humans communicates aggression or affection
Smell – e.g. the pheromones produced by dogs when they wag their tails communicate dominance.

Hearing- e.g. Humans use speech to communicate ideas.

Touch- Humans use tactile information to communicate aggression and/or affection.

Taste- also used by some animals e.g. octopuses.

· Describe the anatomy and function of the human eye, including the:

Conjunctiva – mucous membrane that protects the surface of the eye.

Cornea – transparent front of the eye.  It absorbs light and focuses it to prevent scattering.

Sclera – surrounds the eye and makes up the rest of the outer layer, it protects the eye.

Choroid – A dark pigmented layer inside the sclera that contains many blood vessels that nourish the eye.

Retina – inner layer of the eye that contains the photoreceptors which detect light (rods and cones) as well as the fovea and blind spot.
Iris – a pigmented tissue tat contains two sets of muscles which adjust the opening of the pupil.  This therefore controls the amount of light that gets through the pupil and into the eye.

Lens – a transparent protein disc.  Focuses light on the retina.

Aqueous Humor – watery liquid between the cornea and the lens.  Maintains eye pressure and transmits light.

Vitreous humor – jelly like substance that fills the area around the retina.  Refracts light and gives eyeball shape.

Ciliary Body – connects the choroid with the lens and contains the ciliary muscles and suspensory ligaments that hold the lens in position.

Optic Nerve – connects the eye and the visual cortex of the brain and transmits the messages detected by the rods and cones.

· Identify the limited range of wavelengths of the electromagnetic spectrum detected by humans and compare this with other vertebrates and invertebrates.

Humans detect light between 390 nanometres (nm) and 780 nm. This is called visible light.

Invertebrate - The honeybee detects light between 300 nm and 650 nm and is thus sees visible light and UV light. 
Vertebrates – Deep sea fish – between 450 and 500nm.

Many birds (vertebrates) are able to detect light into the UV spectrum.

· Use available evidence to suggest reasons for the differences in range of electromagnetic radiation detected by humans and other animals.

Animals such as birds which can detect light into the UV spectrum need this to aid in polarization of light, which allows them to navigate at night.

Bees can detect into the UV spectrum because many flowers have UV patterns on their flowers which attract the bees.

Humans only see in their wavelength because they only have three types of cone cells which can only detect red, green and blue light in the visible spectrum.

· Identify the conditions under which refraction of light occurs.
Refraction occurs when light enters a second medium of different density i.e. from the aqueous humor through the lens through the vitreous humor.  It occurs at the boundary of the two media.  Light needs to be coming in at an angle for refraction to occur.

· Identify the cornea, aqueous humor, lens and vitreous humor as refractive media.
These structures bend light as it enters the eye because they are of different density.

· Identify accommodation as the focusing on objects at different distances, describe its achievement through change in the curvature of lens and explain its importance

Accommodation occurs so that light rays hit the retina to produce a clear image.  In order to do so, the shape of the lens needs to be altered by the ciliary muscles and ligaments.  To focus on objects close up, the lens is at maximum accommodation, and is at its thickest.  The ciliary muscles are taught and so the suspensory ligaments are relaxed and the lens is thick.

To focus on an object far away, the lens is at its thinnest.  The ciliary muscles are relaxed, the suspensory ligaments are taught and the lens is therefore pulled and thinner.

It is important because a thick lens is able to refract more light than a thin lens.  To see an object clearly, the eye needs to focus all the light onto discrete points of the retina.  Light rays from close objects always enter the eye at different angles than those which are far away.  The angle of light is always greater when the object is close and thus it requires more bending to focus it – which is why the lens is thicker for close objects.  To see things clearly we therefore require accommodation.
· Compare the change in refractive power of the lens from rest to maximum accommodation.

At rest (when it is thinnest) the lens is tight and therefore refracts less light.  When at maximum accommodation, it refracts the most light.  

· Distinguish between myopia and hyperopia and outline how technologies can be used to correct these conditions.

Myopia is short sightedness.  The distance between the lens and the retina is too large or the lens is too strong.  The image will be focused before it reaches the retina and therefore the image is blurred.  It can be corrected with concave lenses.
Hyperopia is long sightedness.  The distance between the lens and the retina is too short or the power of the lens is too weak and the image is focused on an imaginary spot behind the retina, so the retina receives a blurred image.  It can be corrected with convex lenses.

Eyeglasses and contact lenses are the best forms to correct this, however a new surgical procedure involves reshaping the curvature of the cornea by cutting a small flap of the corneal tissue and then folding this tissue back so that the a laser beam can be applied to the exposed corneal tissue.  When the laser is finished, the flap is returned.

· Explain how the production of two different images can result in depth perception.

The angle of the eyes is signaled to the brain and is used to judge distance.  In the brain, two images are combined to give stereoscopic vision.  The brain uses slight differences in the images to compute differences.
· Process information to describe cataracts and the technology that can be used to prevent blindness from cataracts and discuss implications of this technology on society

Cataracts are a condition which is caused due to cloudiness on or in the crystalline lens of the eye.  Opaque areas of the lens prevent light from reaching the retina and therefore the person becomes blind.  The surgery involved requires replacing the old or damaged lens with an intraocular lens.

The social implications of this technology are beneficial to society.  The procedure is not as costly as many medical procedures and people who would have been blind can therefore support their family again once they have had the corrective surgery.  The procedure takes only twenty minutes and things like the Fred Hollows foundation have ensured that the procedure is affordable to many people in the world who would have died soon after going blind.

· Identify photoreceptor cells as those containing light sensitive pigments and explain that these cells convert light images into electrochemical signals that the brain can interpret.
Photoreceptor cells are neurons which are modified to be light sensitive.  Photoreceptor cells in the humans are either rods (sensitive to blue green light) and cones (sensitive to either blue red or green light).  They are located on the retina in the eye.  They detect light and then convert the light into electrochemical signals which can be interpreted by the brain.
· Describe the differences in distribution, structure and function of the photoreceptor cells in the human eye.

Disribution – rods are about 20 times more numerous than cones.  They spread across the retina but are denser on the edges.  Cones spread across the retina but usually in groups.  They are densely packed in the central area of the retina.  The central area, known as the fovea, contains no rods or blood vessels, but many many cones.  This is the area that gives the greatest visual acuity, with each cone connected to one nerve cell as opposed to other areas where many cones/rods are connected to the one nerve cell.

Structure – Cones are conical and rods are usually narrower and longer than cones.  Both contain visual pigments in stacks of disc shaped membranes.  One end is attached to a nerve cell.

Function – both rods and cones are stimulated by light.  Rods are more sensitive to light, but do not distinguish colour.  We thus use them for night vision because they operate best in dim light.  Cones require more light to be stimulated.  They are used for day vision, colour vision and tasks that require visual acuity.  E.g. reading small print. 
· Outline the role of rhodopsins in rods and cones
Rhodopsin is a light sensitive pigment that when hit by light absorbs the light and goes under photo-excitation.  The molecule splits into two parts, retinal and opsin.  This produces an electrochemical signal that travels to the brain via the optic nerve.  The molecule then reforms as rhodopsin and the process is repeated.

· Describe rods as containing a form of rhodopsin that is sensitive to blue-green light 

There are four different photo pigments in the human eye.  All of them contain retinal, but each has a different form of the protein opsin.  Rods contain only one form of rhodopsin – visual purple – which is sensitive to blue-green light.

· Identify that there are three types of cones, each containing a separate pigment either sensitive to blue, green or red light.

Red cones respond to long wavelengths for red light detection

Green cones respond to the middle wavelengths of light

Blue cones respond to short wavelengths and therefore detect the light closer to the UV spectrum

· Explain that colour blindness in humans results from the lack of one or more of the colour sensitive pigments in the cones

Colour blindness results from the lack of some of the cone cells needed for colour vision.  For example red-green colour blindness occurs when most of the red and green colour sensitive pigments in the cones are missing.

· Compare and describe the nature and functioning of photoreceptor cells in mammals, insects and one other mammal.

Flatworm – cup eye with no lens.  

-Has no colour vision but has rhodopsin as its photo pigment. 

-No image is formed, only detection of presence of light from some directions.  

-Its photocells are called ‘ocelli’ which produce an impulse when light falls on it.

Insects – compound eyes 
-Three colour vision

-UV vision range

-each eye compound is made up of 8000 units called ommatidia

-each ommatidium sees only part of an object, but when put together, an object is formed.

-Ommatidia are larger than rods and cones. As a result the image is blurry by human standard

Mammals- more complex lens with a single lens
-able to focus and form an image

-receptors for colour acuity and night vision.

· Describe and analyze the use of colour for communication in animals and relate this to the occurrence of colour vision in animals.
Humans need colour vision for all types of things – e.g. colour coordination, map makers, targets in archery, colour recognition in horse racing etc.  It may be important for survival – e.g. recognizing potentially fatal conditions e.g. when someone’s face turns blue, or when they need to distinguish between enemy fighters in war.  It also may be trivial, for use in things like board games etc.

In other animals, colour communication is even more important.  It is an essential form of communication in:

· Breeding – when species need to recognize members of their own species by colour in order to mate with the right animal. Therefore it is an essential part of reproduction and hence an important element of survival.

· Visual displays for mate attraction – e.g. brightly colored nests to attract members of the opposite sex in birds.  These courtship displays ensure that birds of the same species mate together whilst also allowing for evaluation of the partner.

· Food recognition – bird pollinated flowers are often brightly yellow or green coloured because birds are sensitive to these colours

· Colours also serve as warning mechanisms, e.g. poisonous things are often bright.  Peacocks often use their bright colours to scare off predators.
The occurrence of colour vision: 

Birds – birds evolved their bright colours and good colour vision at the same time.  Birds do not communicate by scent so colour is essential in communication.  Their ability to perceive colour is vital and therefore must be passed on from one generation to the next.  Pigeons seem to be able to sense two extra colours in the UV region and the normal three colours typical of trichomats.

Mammals – most mammals can only see two colours (apart from primates) – usually blue and green light.  Evidence points to the trichomatic vision of mammals having arisen fairly recently in evolutionary terms.  This implies that natural selection did not favour the selection of UV vision in the line that led to mammals; however it must have been a selective advantage to have remained with birds. (Aerial navigation?)

Insects – bees can see green blue and UV light

· Explain why sound is a useful and versatile form of communication

Sound is a useful form of communication because it is readily produced by vibrating objects and then travels through materials to a receptor.  By varying the frequency of the vibrating object, which may be the vocal cords in the larynx, the pitch of the sound can be changed.
The structure of the ear is such that the vibrations can be received and the differences in frequency detected by the hair cells in the organ of Corti.  This gives versatility in the sending and receiving messages using sound.

The fact that ears are on different sides of the head causes a sonic shadow to be cast, and therefore allows the direction of the sound source to be determined.

· Explain that sound is produced by vibrating objects and that the frequency of the sound is the same as the frequency of the vibration of the source of the sound.

When an object vibrates, sound is produced.

Sound is a form of energy that passes through a medium

The medium vibrates as the sound passes through.

Vibrations produce compressions in the medium that it passes through

The frequency of the sound waves is the same as the frequency of the source.

· Outline the structure of the human larynx and the associated structures that assist the production of sound.

The larynx is located in the throat between the 4th and 6th vertebrae.  Its function is to produce sound.  It is composed of different cartilage that connects the vocal cords extending across the trachea opening.  These are elastic fibres that vibrate as air is pushed up from the lungs to produce sound.  The sounds are then formed as the air is pushed through a narrow opening in the trachea.  The sound changes depending on the tension of the vocal cords, the tighter the vocal cord tension, the higher the pitch of the sound.  The loudness is determined by the force of the air from the lungs.  
· Outline and compare some of the structures used by animals other than humans to produce sound
	Animal group
	Specific example
	Name of structure
	Main features structure and function
	Similar to
	Different from

	Insects
	Cicada 
	Tymbals
	Pair of rubbed membranes at the base of the abdomen.  Muscles attached to the tymbals contract causing them to buckle and produce a pulse sound.
	The rubbing aspect makes it similar to catfish and grasshoppers
	Dolphins which use the movement of air.



	Fish
	Catfish
	Bone and swim bladder
	Bone is rubbed and vibrated against swim bladder, producing a noise.
	Grasshopper in the rubbing aspect
	Dolphins don’t use rubbing.



	Mammals
	Dolphin
	Trachea and nasal sacs
	Movement of air in the trachaea and nasal sacs as well as release of air from the blowhole
	Humans – trachea
	Cicadas and catfish


· Outline and compare the detection of vibrations by insects mammals and fish
	
	Example
	Structure
	Main features structure and function
	Similar to
	Differs from

	Insect
	Grasshopper
	Tympanic organs
	Detect vibration.  Consists of a tympanic membrane stretched over an internal air chamber.  Sound waves vibrate the membrane, stimulating receptor cells inside the membrane, sending a nervous impulse to the brain
	Fish is use of movement for detection
	Humans because it uses a membrane rather than hair cells to detect it.

	Fish
	Any
	Lateral line system – receptor cells
	Lateral line system along side of body detects own movements, direction and speed of current, vibrations or low pressure waves and low frequency sound waves. Receptor cells are bent as moving water goes through the system.
	Inner ear of mammals

Grasshoppers because they both use movement to detect and impulse
	Grasshoppers – use vibration to stimulate receptor cells

	Mammal
	Human
	Inner ear hair cells in organ or corti
	Hair cells detect different frequencies and are connected to never fibres which make up the cochlear nerve.
	Fish receptor cells in lateral line system – they are both types of hair cells
	Grasshoppers in their utilization of a membrane to detect sound


· Describe the anatomy and function of the human ear including – 
Pinna – external part of the ear.  Collects and channels sound into the ear.

Tympanic Membrane – outer ear (eardrum).  Thin membrane stretched across ear canal.  Sound waves cause it to vibrate at the same frequency.  The sound waves are then sent through to the ossicles.

Ear ossicles – consist of three small bones in the middle ear (hammer, anvil and stirrup).  It transmits and amplifies the sound vibrations from the outer ear to the inner ear.

Oval Window - A membrane that separates the middle and inner ear.  Vibrations from the stirrup push on this membrane and transfer waves into the liquid filled cochlear (inner ear)

Round window – thin membrane that bulges outwards into the middle ear to allow displacement of fluid when vibrations are transferred into the cochlea.

Cochlea – snail like spiraled coil tube in the inner ear. Detects different frequencies of sound – high pitched sounds are detected at the start of the cochlea and low pitched at the end of the spiral.

Organ of Corti – consists of hair cells on the basilar membrane.  These are the auditory receptor cells
Auditory nerve – cord like bundle of nerve fibres that transmit sound vibrations to the brain.

· Outline the role of the Eustachian tube.  

This connects the middle ear to the pharynx (the chamber at the back of the mouth and nose). The tube is usually closed but can be opened by yawning or swallowing.  The role of the Eustachian tube is to equalize pressure on the two sides of the ear drum.

· Outline the path of a sound wave though the external middle and inner ear and identify the sound transformations that occur.

Sound emitted ( vibrating air enters the outer ear as kinetic energy ( this causes the ear drum to vibrate at the same frequency ( causes the ossicles in the middle ear to vibrate ( causes fluids in the ear to vibrate and then the membranes ( produces tension in the hair cells in the organ of corti ( activates neurons that send electrochemical impulses to the brain ( where it is interpreted as sound.

· Describe the relationship between the distribution of hair cells in the organ of corti and the detection of sounds of different frequencies

The hair cells located at the beginning of the spiral in the cochlea detect high frequency sounds whereas those further along the spiral detect low frequency sounds.  Humans use mainly those in the middle.

· Outline the role of the sound shadow cast by the head in the location of sound

The head casts a sonic shadow between the sound source and the furthest ear to the sound. One ear therefore receives less sound and at a different time than the other ear.  Because of the sonic shadow, humans turn their head to locate the sound.  The sonic shadow and the differences it causes therefore enable the brain to interpret the direction of the sound.

· Structure of a mammalian ear to relate structure to function.  

Done throughout the other dot point.  Looked at different sources, made sure there were no inconsistencies and then made sure the sources were reputable and that they were current.  Once I looked at al the different sources I made a summary table.  
· Outline the range of frequencies detected by humans as sound and compare this range with two other mammals, discussing possible reasons for the differences identified

Humans – 20 to 20 000 hertz.  There is less of a reliance on the hearing sense in humans

Dolphin – 150 to 150 000 hertz.  Dolphins can not rely on vision.  Shorter sound waves are used in murky waters. Low frequency sounds for communication
Bat – 1000 to 120 000 hertz.  Bats are active in dim light and therefore need sound as a better means of communication.  They also use echolation which helps them navigate.  High frequency sound waves are shorter and more detailed and also quicker.

· Evaluate a hearing aid and a cochlear implant in terms of (see table)

	
	Position and type of energy transfer occurring
	Conditions under which it will aid hearing
	Limitations

	Hearing aid
	Sits inside the curve of the pinna and the ear canal.  Converts sound energy to electrical energy and then amplified sound energy
	Damage to the tympanic membrane`
	Will not restore normal hearing

Also amplifies background noise

Needs to adjust sound level

May cause pain

	Cochlear implant- made of three components – an implanted receiver and electrode array the speech processor and headset
	Receiver package and electrode array are implanted into the inner ear and the headset and speech processor are worn externally.  Sound energy ( electrical energy
	Damage to hair cells in the organ of corti

Profoundly deaf people
	Requires surgery

Visible
Post operative side effects

Expensive

Needs to be adjusted in different situations


· Identify that a nerve is a bundle of neuronal fibres
Neurons are nerve cells that transmit signals by electrochemical changes in their membranes.  A bundle of neurons is a nerve.
· Identify neurons as nerve cells that are the transmitters of signals by electrochemical changes in their membranes.

When the cell membrane of a neuron is stimulated, it is altered electrically.  An impulse or nervous signal is transmitted by electrochemical changes in the membrane of a neurone.  Normally, the membranes are polarized (i.e. they have unequal charges either side of the membrane).  They are usually positive on the outside and negative on the inside.  The charge is maintained by a pump that keeps sodium ions out and potassium ions in. When the cell is stimulated sodium ions rush in making the charges reverse. The membrane becomes depolarized and a wave of negative charge is created.  This wave travels down the axon to the synapse.  When an electrical impulse reaches this, neurotransmitters are released from the axon terminals.  These neurotransmitters pass through the synapse and onto the dendrites of the next cell and cause another impulse to be made in the next cell.
· Define the term ‘threshold’ and explain why not all stimuli create an action potential.

The threshold is the amount of positive change in membrane potential which is required before an action potential is produced.  The depolarization caused by the rushing in of sodium ions must reach a threshold which is at least 15 mV more positive than the resting potential of -70mV.  Each stimulus produces full action potential or no action potential.  Each action potential is a separate event and can only produce another one when the previous one is complete.

· Identify those areas of the cerebrum involved in the perception and interpretation of light and sound.
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· Explain using specific examples, the importance of correct interpretation of sensory signals by the brain for the coordination of animal behavior

Short circuits in this case mean that current doesn’t go where it is supposed to.

Multiple Sclerosis (MS) – the body’s immune system attacks its own myelin protein and the myelin sheaths gradually become hard substances called sclerosis.  As the layer becomes non-functional, the impulses are short circuited and gradually the conduction of impulses ceases.  Sufferers have problems controlling muscles and visual disturbances.
Cerebral Palsy – neuromuscular damage in which the voluntary muscles lack coordination due to brain cell damage.  The brain cells are unable to transmit a message to the muscles and as a result the muscles can not be voluntarily controlled.  Sufferers can not control movements, speech, hearing and vision.

· Graphically represent a typical action potential

On included page.

