Biology 30

Unit 1 – The Nervous System

Part 1 – The Neuron, Central & Peripheral Nervous Systems




Nelson Biology chapters 15, 16

Biology Directions chapters 16, 17

Function of the Nervous System

· To coordinate the actions of your body

· To ensure effective behaviour

· To maintain the internal environment within safe limits

Messages are relayed throughout the body via electrochemical messages from the brain or through chemical messengers – hormones (hormones require more time than nervous transmission)

There are more nerve cells in the body than there are visible stars in the Milky Way!

1 cm3 of brain tissue houses several million neurons which each connect with several thousand others

The nervous system includes memory, learning and language.
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Vertebrate Nervous Systems (see flow chart – nervous system organization) 

Central nervous system

· Brain & spinal cord

· Responsible for coordinating incoming and outgoing information

Peripheral Nervous System

· Somatic & Autonomic nerves

· Somatic controls skeletal muscle, bone, skin – contains both sensory (obtaining information from the surroundings) and motor neurons (appropriate muscular response)

· Autonomic control the internal organs of the body, divided into two parts

· Sympathetic – fight, flight, fright, intercourse

· Parasympathetic – activities of rest & recuperation

Neurons

In the nervous system, there are two types of cells – neurons and supporting cells

· Supporting (glial) cells are for structural support, making myelin

· Neurons transmit messages

· 3 types of neurons

· sensory – relate information from the environment to the CNS, connect to receptors

· interneurons/association neurons – linking neurons, found in brain and spinal cord, integrate information, nonmyelinated

· motor neurons – relay information to effectors – glands and muscles (make things happen), end at the end plate attached to muscle
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Parts of a neuron (general!) (see diagrams – types of neurons, parts of a neuron)
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dendrites (1) – receive information (either from receptor cells or other nerve cells), conducting towards the cell body (~200 dendrites/cell body)

· cell body (3) – location of the nucleus (2), high metabolic rate (so contains mitochondria)

· axon (5-9 non inclusive)– may be 1 m long, very thin, conducts the impulse towards other neurons or effectors, starts at axon hillock (4) the smaller the neuronal diameter, the faster the neuronal transmission

· myelin sheath (6) – fatty protein encasing many neurons, made by a Schwann cell, acts as an insulator (myelinated neurons are encased in myelin)
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nodes of Ranvier (5) – the unmyelinated sections of a myelinated neuron, impulses “jump” between the nodes of Ranvier

· neurilemma (7) – a thin layer encompassing neurons in the peripheral nervous system, promoting their regeneration

· Schwann cell (8) nucleus – responsible for the myelin synthesis, type of glial cell (supporting and nourishing cell found in the nervous system)

· Myelin – lipid-based insulator surrounding axons.  Insulates against ion flow speeding up neuronal transmission (~200 m/s for myelinated neurons, 1-5 m/s for non-myelinated neurons)

· Terminal branches (9) – either at a synaptic bulb or end plate to muscle, contains neurotransmitter

FYI

· nerves are generally comprised of many neurons together (like fibre optic cable)

· myelinated/neurilemma neurons in the brain are termed white matter (the myelin makes them look white), and these will regenerate after injury, whereas grey matter (unprotected) will not

Electrochemical Impulse (Action Potential) (see diagrams – action potential, signal conduction)
· Nerve transmission is not like electrical transmission along a wire

· Julius Bernstein (1900) suggested electrochemical transmission via ion movement

· Cole & Curtis (1939) measured resting membrane potential –70 mV, when excited changed to +40 mV – called the ACTION POTENTIAL

· Once the transmission passed, the membrane repolarized in ms to –70 mV

· when the impulse travels on myelinated neurons it is termed “saltatory” conduction – which jumps between the nodes of Ranvier

1. Membrane Polarization

Ion
[ECF] meq/L
[cytoplasm] meq/L
Permeability coefficient

Na+
150
15
0.01

K+
5
150
1

To establish the –70mV potential in the cell:
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Na+ is actively pumped out of the cell (150:15)

· K+ is actively pumped into the cell (5:150)

· Na+ and K+ diffuse down the concentration gradient, but K+ diffuses faster due to an increased number of ion channels (gates) open to K+ ions

· Since there is a net loss of positive ions to the outside of the cell, -70 mV is established

2. Membrane Depolarization


When the nerve cell is excited, the membrane DEPOLARIZES

· The membrane’s polarity changes – Na+ channels open, Na+ rushes in, K+ gates close

· The positive ions flowing in causes a charge reversal to +40 mV

· Once the charge becomes positive, the Na+ gates close, K+ gates open, eventually restoring the charge to –70 mV (but the Na+ excess is inside and K+ excess is outside!)

3. Membrane Repolarization


The Na+/K+ pump restores the ion concentrations inside and outside the cell

· During the repolarization, the nerve cannot be reactivated – called the refractory period (1 to 10 ms) – this is a recovery time for the neuron

· The pump requires ATP in order to operate

4. Movement of the Action Potential

· The action in the neuron adjacent to an area of resting membrane causes that area to depolarize, moving the action potential along (due to attraction of opposite charges)

· Since the area from which the action potential came is still in recovery, the action potential will only move in one direction
The All-or-None Response (Threshold Potential) (diagram of threshold potential)
· all neurons provide an all-or-none response – in response to a stimulus, they either activate (fire) and provide a certain level of response, or don’t fire at all

· to enable a neuron to fire, it must be stimulated with an intensity of at least threshold level

· every action potential for a neuron is identical in strength and duration  (regardless of how much beyond threshold the stimulus is)

· all neurons differ in their threshold level

· to inform the brain of the intensity of a stimulus

· the frequency of the neuronal firing is increased (not speed, which is constant for each neuron)

· the number of neurons that respond to that level of stimulus (neurons may have different threshold)
Synaptic Transmission (see diagram – synaptic transmission)
The method used to carry a nerve impulse between neurons or neurons and effectors

· the junction between neurons or neurons & effectors is called the synapse

· neurotransmitters (typically acetylcholine) are stored in the presynaptic neuron at the end plate

· enzymes (typically cholinesterase) found in the synaptic cleft deactivates the neurotransmitter

· if two neurons are connected by the synapse, the postsynaptic neuron will be depolarized at the dendrites

· the action potential arrives (represented by the arrow) at the presynaptic knob (11), depolarization causes the release of the neurotransmitter (8) (stored in synaptic vesicles (6)) via exocytosis at the presynaptic membrane (7)

· the neurotransmitter diffuses across the synaptic cleft (12), attaching to the receptors (10) on the postsynaptic neuron or effector (9)

· the neurotransmitter causes either an excitatory response (leading to an action potential by depolarizing the postsynaptic membrane) or an inhibitory response (leading to hyperpolarization in the postsynaptic membrane, making it more difficult to generate an action potential)

· an enzyme is released that breaks down the neurotransmitter, allowing for its uptake by the presynaptic neuron.  The postsynaptic membrane is now in the recovery phase and will repolarize

· many mitochondria (5) are found in the presynaptic bulb suggesting that the synthesis, storage and release of neurotransmitters requires a lot of energy

· (draw another diagram of the effect of inh. & exc. neurons on the membrane potential of the postsynaptic neuron)

FYI

· most synapses involve more than just 2 neurons (or neuron/effectors)

· synapses are on average 20 nm apart, however neurotransmitters move only by diffusion, so synaptic transmission is MUCH slower than axonal transmission.

· Insecticides interfere with enzymes that break down neurotransmitters causing their hearts to remain contracted, whereas LSD and other hallucinogens are believed to bind to the receptor sites for neurotransmitters

· Lidocaine, an anesthetic works by stabilizing the neuronal membrane so it can’t depolarize

· Endorphins and enkephalins are “natural” painkillers produced in the CNS, blocking the pain transmitter that usually attaches to the injured organ allowing the perception of pain – opiates (heroin, codeine, morphine) block the production of the pain transmitter.  Since they act to decrease the production of natural painkillers, the amount of opiate taken must be increased or at least maintained to maintain the effect

· Valium and other depressants are believed to enhance the action of inhibitory synapses

· Alcohol acts to increase the polarization of the membrane, increasing the threshold

· Since many neurons will connect to a postsynaptic neuron, it is the summation of the effects of the presynaptic neurons that determine whether or not the postsynaptic neuron or effector will depolarize

· Other neurotransmitters include serotonin, dopamine, gamma-aminobutyric acid (GABA) and glutamic acid (CNS) and norepinephrine (noradrenaline) in both CNS and PNS

Neural Circuits – includes neuronal and synaptic transmission

There are two types of neural circuits

· complicated neural circuits, involving conscious thought

· reflex arcs – without brain coordination

· often unconscious, involuntary and faster than when thought is required (why are these useful?)

Nervous Control (in general)

Stimulus(Receptor(sensory Neuron(Interneuron(Brain(Interneuron(Motor Neuron(Effector(Response

Reflex Arc (see diagram – the reflex arc)
Stimulus ( Receptor  (  sensory Neuron ( Interneuron (spinal cord) ( Motor Neuron ( Effector ( Response

· when the response is made at the spinal cord level (information does not have to go to the brain to be processed), the response is quick  (and always correct given the circumstances)

· reflexes protect the body from injury

Central Nervous System (see diagrams – brain and spinal cord)
· There are two parts

· Brain
- what sets humans apart from other mammals – superior brain 


development

- although our brain is more developed, it shares similar structure with 
other animals – the forebrain is more developed

- consumes more oxygen and glucose than any other part of the body

- meninges – outer layers (protection) – dura mater, arachnoid and pia 
mater


- cerebrospinal fluid –between the inner, middle meninges & central canal 

of s.cord, carries nutrients, acts as a shock absorber, relays waste by 

diffusion & fac. diffusion, flows within ventricles – four “spaces” in the 

brain


- forebrain (cerebrum) - contains two hemispheres for coordinating sensory 

and motor information – speech, reasoning, memory, personality, which 

may be located on one side only




- the outer layer is called the cerebral cortex (only 1 mm thick), deeply 



folded into fissures (to increase surface area)




- the two hemispheres are connected by the corpus callosum allowing 



info to be shared between the hemispheres (a collection of 




nerve fibres) which are sometimes severed to control epilepsy 



leading to interesting results




- the cerebrum can be subdivided into 4 lobes – frontal (walking, 



speech, intellect, personality), temporal (hearing, vision, 




memory, interpretation), parietal (interpreting sensory 
info 



receptors, long term memory) and occipital (vision) lobes




- Broca’s area  - a part of the left hemisphere usually where 




speech centre is located


- thalamus- below cerebrum, coordinates and interprets sensory info


- hypothalamus – below the thalamus, related to pituitary, connects 


endocrine to the nervous system, receives sensory info, instincts, 


temperature control (ANS)


- pituitary gland – influenced by the hypthalamus, part of the endocrine 

system (master gland)


- pineal gland – part of the endocrine system – melatonin production


- midbrain
- less developed in humans than the forebrain, 4 spheres – relay centre for some eye and ear reflexes


- hindbrain- located behind the midbrain, connects brain to spinal cord





- contains cerebellum (coordinates movement, balance, muscle tone), pons (relay station between cerebellum areas, and cerebellum & medulla) and medulla oblongata (connection between peripheral and CNS, involuntary movements – heart rate, breathing (ANS), crossover of control)

· Spinal Cord
- carries sensory information to and from the brain

- two types of nerve tissue – white matter (myelinated interneurons) & grey 
matter (unmyelinated axons and cell bodies of motor neurons) 

- ventral root (towards front of body) carries motor neuron messages to 
muscles

- dorsal root (towards back) carries sensory neuron messages from the 
body

- responsible for reflexes (muscle action without brain involvement)

FYI

· much brain research takes place during brain surgery & after people have strokes

· epileptics also provide insight into brain differentiation when they undergo severing of the corpus callosum to relieve extremely serious seizures

· although the brain must control the entire body, the volume of brain allocated to each part of the body is not proportional to that body part’s size – the face and hands account for the majority of the motor cortex’s attention

Peripheral Nervous System

· Emerging from the brainstem and spinal cord, the peripheral nervous system consists of 12 pairs of cranial nerves and 31 pairs of spinal nerves.

· Each pair of nerves run both divisions of the peripheral nervous system – the somatic & autonomic

Somatic Nervous system 

· nerves running to skeletal muscle system (under voluntary control)

· motor neurons ( voluntary effectors (skeletal muscle)

· control exists in the cerebrum & cerebellum (coordination)

Homeostasis and the Autonomic Nervous System (see diagrams – autonomic nervous system)
· All autonomic nerves are motor nerves that regulate the organs of the body without conscious control

· Control exists in the medulla

· Effectors are smooth muscle (digestive system), cardiac muscle (heart) and glands (exocrine & endocrine)

· Responsible for maintaining homeostasis during times of rest and during emergencies

· Consists of two parts

- Sympathetic
- prepares the body for stress


- short preganglionic nerve (Ach), long postganglionic nerve (NEp)


- originate in the thoracic vertebrae (ribs) or lumbar vertebrae (small of 

back)

- Parasympathetic
- restores normal balance



- long preganglionic nerve (Ach), short postganglionic nerve (ACh)



- originate in the brain (cranial nerves) or the spinal cord

· The two parts perform opposing duties (see table below & diagrams)
Organ
Sympathetic
Parasympathetic

Eye
Pupil dilates
Pupil constricts

Salivary gld
(
(

Heart Rate
(
(

Bronchioles
Constricts
Relaxes

Digestion
(
(

Adrenal gld
Release adrenaline


Liver
Releases glucose
Stores glucose

Bladder
Relaxes bladder
Contracts bladder

Skin
( blood flow
( blood flow

Disorders Associated With the Nervous System

Parkinson’s Disease
inadequate production of dopamine in the brain


causes involuntary muscle contractions and tremors


can be partially alleviated with L-dopa (synthetic dopamine)

Alzheimer’s Disease
decrease in CNS levels of acetylcholine

Multiple Sclerosis
degeneration of the Myelin sheath


Many symptoms, partial paralysis, double vision, speech 
problems

Amyotrophic lateral sclerosis
genetic disease causing motor neurons to die

Lou Gehrig's disease (ALS)
muscle control is lost, increased salivation, cramping, 
twitching

Epilepsy
brain injury or lack of oxygen to the brain


Seizures – grand mal or petit mal – transient loss of muscle 
control

Spinal Cord Injuries
through injury or disease, the spinal neurons are damaged


Results in loss of motor control – degree of which depends on 
 where the damage occurred

Hydrocephalus
“water on the brain” – excess cerebrospinal fluid in the brain


Increased pressure may lead to brain damage

Cerebral Palsy
Usually caused by oxygen deficiency before/during birth


Reduced muscle coordination (cerebral damage)

Part 2 – The Senses

The sense organs are equipped with sensory receptors uniquely designed to receive specific types of stimuli.  Once the stimulus is interpreted by the sensory receptor designed to receive that type of information, the message travels to the area of the brain for that type of sensory information along sensory neurons.

Although the receptors are specific to the type of information they receive, all of the stimuli are converted into nerve action potentials.

Table 16.1 – The Body’s Sensory Receptors (p.381)

Receptor
Stimulus
Information provided

Taste – taste buds
Chemical
Identify Specific Chemicals

Smell – olfactory cells
Chemical
Identify Specific Chemicals

Pressure/Touch – specialized nerve endings in the skin
Mechanical
Movement of the skin, changes in body surface

Proprioceptors – in muscles, tendons and joints – detect muscle movement (works in conjunction with inner ear)
Mechanical
Limb movement and position relative to other limbs

Balance – semicircular canals & otoliths
Mechanical
Body movement and position

Sound – ear – outer ( inner
Sound
Signals sound waves

Sight – rods & cones in retina of eye
Light
Signals changes in light intensity, movement & colour

Temperature – specialized receptors in the skin
Heat
Detect the flow of heat – not temperature

FYI

· Stimulus acknowledgement is based on survival – ranges of stimuli that are received and their intensity is based on importance for survival

· “sensory adaptation” – allows for filtering of stimuli that are considered not important and unchanging – white noise, feeling of clothes on the skin, overall temperature, “bad” smells

Skin Receptors (see diagram – Sensory Nerve Endings in the Skin)

· there are a variety of specialized receptors located at varying depths of the skin to receive stimuli about the surroundings

Taste & Smell (see diagram – taste buds)

· The taste buds of humans are located on specific areas of the tongue (other species have them in very different places – tentacles on octopus, legs on insects, antennae on crayfish)

· Humans can detect four tastes only – salty, sweet, bitter, sour (based on survival!) – chemical receptors in the taste buds are activated by specific chemical shapes

· Olfactory receptor cells are located in the nasal cavity, and are activated by chemicals binding due to their specific shapes

· The olfactory lobe of the brain is located at the front of the forebrain – damage to this area may impair the ability to identify smells

· To enjoy food, both olfactory and taste senses are involved

The Eye (see diagram of the eye, p.384 Nelson)

-
the outside of the eye is designed for protection – tears, eyebrows, eyelashes, eyelids, recessed in skull

· Vitreous humor – maintains the shape of the eyeball & allows the transmission of light

· Cornea – refracts light towards the pupil (may be reshaped using LASIK, PRK to allow correction of myopia, hyperopia and astigmatism)

· Lens – focuses the image on the retina (just like other convex lenses), as a person ages, the lens becomes less flexible and can’t change shape enough to allow for focusing on near images

· Aqueous humor – provides the nutrients to the cornea and helps refract light

· Iris – controls the amount of light entering the eye –to allow less light in either to accommodate for bright-light conditions, or to bring near objects into sharper focus - reflex

· Ciliary muscle/ligaments – alter the shape of the lens to allow near and far focusing (“accommodation”)

· Retina – contains the rods and cones (photoreceptors), forms a thin layer on the inside of the eyeball

· Choroid Layer – contains pigments that prevent the scattering of light in the eye by absorbing it, also contains blood vessels

· Arteries & Veins – must be present to provide the eye with nutrients and remove waste products

· Fovea centralis – most sensitive area of the retina – contains only cones, is surrounded by a periphery of rods – most of our “seeing” is done in this area (periphery is black and white – check out the colour of stop lights when seen in peripheral vision)

· Optic nerve – collects the information from the rods and cones, sending it to the brain (thalamus and visual cortex) for processing

· Blind Spot – the area where the optic nerve attaches to the retina – there are no receptors in this area, so no visual image may be formed at this location

· Sclera – the outermost layer of the eye, thick, supports and protects the eye

· Pupil – allows light to enter the eye, the size determined by the iris

How the eye produces an image (see diagrams – focusing an image, the retina, optic chiasm, optical illusions)
· light enters the eye through the cornea and lens, bending along the way due to the change in density of the medium and the shape of the lens

· the image is produced on the retina as it would in a camera (proven with disgusting decapitation experiments)

· the lens changes shape to focus the image.  The precision of the focus on the retina depends on:

· the shape of the eyeball – if the eyeball is extra long (for the shape of the lens & cornea), the person is myopic (nearsighted – only close objects will be in focus), if the eyeball is extra short the person is hyperopic (farsighted – only far objects will be in focus), and if the eyeball is irregularly shaped, the person is astigmatic (nothing is in focus)

· the image is sent to the brain as via stimulating the photoreceptor cells, the rods and cones which in turn generate an action potential in the bipolar cells which transmit the message to the ganglion cells

· Rods 
- contain the pigment rhodopsin (visual purple) which are VERY sensitive to light (because they are so sensitive to light, they can produce vision in very low light conditions – producing shades of grey)

- to generate an action potential, a photon (one “particle” of light) must strike the rhodopsin in the rod, breaking it into retinene (pigment portion – visual yellow) and opsin (the protein) which can be reassembled by the rod using energy, opsin and vitamin A)

- in very bright light, the photons are breaking down the rhodopsin faster than it can be restored, incapacitating the rods until they have a chance to restore (explaining why when you enter a dimly lit room after being in bright light, it takes a little time for good vision to be restored)

- nocturnal animals will have a much larger ratio of rods to cones, providing them with more acute vision at night

· Cones - three different types, each receiving one of the primary colours of light (red, green, blue)

- each of the three pigment types is formed with vitamin A and one of three different opsin proteins

- all other colours of light are produced by combining the primary colours in different combinations and intensities

- colour blindness results from defects in certain cone types (more common in males)

· Optic chiasm - allows for binocular vision –some of each of the left and right eyes’ visual field crosses to the brain’s opposite hemisphere, other half sends information to that side of the brain

· The primary visual cortex produces the original image

· The visual association area interprets the information and flips/rotates the image

FYI

· Long ago (before the eye’s mechanism was understood), carrots (and other vegetables) high in vitamin A were prescribed for poor vision

· To correct for focusing problems, corrective lenses (concave for myopia, convex for hyperopia) or surgical procedures (to change the shape of the cornea) may be used

· At 6m, no change in the shape of the lens is required to focus clearly (no accommodation is needed)

· Afterimages (positive or negative) are caused by fatigue in the receptor cells)

· Radial keratotomy (described on p.393) has now been all but replaced by laser alternatives (LASIK and PRK)

Disorders of Sight

Focusing disorders
image is focused in front of or “behind” retina (myopia, hyperopia)


Image is out of focus at all ranges of sight


The lens becomes too rigid as people age


May be corrected with lenses or surgery

Glaucoma
the blockage of drainage ducts causes fluid pressure in aqueous 
 humor to increase


May lead to blindness (pressure decreases blood flow to the eye)

Cataracts
the lens becomes cloudy, reducing sight


The lens can be replaced with a plastic lens, or removed and 
 
 compensated with strong corrective lenses

Detached retina
the retina pulls away from the choroid resulting in sight loss.  
Result of injury or aging, more common in highly myopic


If treated early enough, most or all sight can be restored

The Ear (see diagram –Human Ear, Nelson p.397, diagram of Inner Ear & Organ of Corti)
The ear serves two major sensory functions, hearing and balance (equilibrium).  The sensory receptors for both functions are located in the innermost part of the ear, the inner ear.

· Pinna – the external part of the ear, funnels the sound to the auditory canal

· Auditory canal – lined with cerbuminous glands (make wax), directs the sound to the tympanic membrane

· Tympanic membrane (eardrum) – vibrates with sounds, causing the ossicles to vibrrate

· Ossicles – three small bones (malleus – hammer, incus – anvil, stapes – stirrup), which transmit the vibrations to the oval window, magnifying the sound

· Eustachian tube – air-filled tube allows equalization of pressure in the middle-ear

· Semicircular canals – fluid-filled structure providing information about body movement and position (contains receptor cells for position)

· Cochlea – coiled tube that identifies sounds and converts them to nerve impulses (contains receptor cells)

· Vestibule – a chamber at the base of the semicircular canals, important in balance – contains the utricle and saccule – two small sacs that establish head position

-
cochlear duct – filled with endolymph

· scala vestibuli & scala tympani – filled with perilymph that moves with vibrations in the oval window

· organ of Corti – consists of stereocilia lying on the basilar membrane which will move in response to movements in the fluid

· Auditory nerve – transmits messages to the brain

Hearing (see diagram The Inner Ear & The Organ of Corti)
· Sounds vibrate the tympanic membrane, vibrating the ossicles, vibrating the oval window (the sound is amplified by the bones – up to 3x)

· The round window bulges outward as the oval window bulges inward, maintaining the pressure, and transmitting the pressure change through the fluid-filled cochlea.

· The movement of the fluid back and forth in the cochlea bend the hair-like receptors located in the organ of Corti, in the cochlear duct.

· The movement of the hair cells stimulate the sensory nerves in the basilar membrane, sending the signal via the auditory nerve to the brain

· Different areas of the cochlea are sensitive to different pitches of sound, allowing the brain to interpret the pitch based on the area of the cochlea that was stimulated

· Loudness is interpreted by the number of sensory neurons that respond to the stimulus

Equilibrium (see diagram the Human Ear – Nelson p.399)
· Static equilibrium (movement along one plane) is maintained by the saccule and utricle, two jelly-filled sacs in the vestibule.  These sacs contain small calcium carbonate stones that move in the jelly when the head is moved, causing cilia in the sacs to bend, sending a message to the brain as to the position of the head.

· Dynamic equilibrium (maintains balance) is maintained by the 3 semi-circular canals, each filled with jelly.  The hair cells in the ampullae (the base of each canal) are bent when the head is moved, sending information to the brain about position.

FYI

· A blow to the head may be registered with sound, as head movement may also stimulate the organ of Corti

· The muscles holding the ossicles protect against long-acting loud noises by damping the sound (it takes time to restore the sensitivity to soft sounds when the loud noise disappears)

· An inner ear infection causes inflammation in the semicircular canals leading to nausea and a loss of balance

· Motion-sickness is thought to be caused by the movement of the fluid in the semicircular canals

ASSIGNMENTS

Worksheets – parts of a neuron/function, neuron worksheet, sympathetic/parasympathetic, brain labeling, nervous system review worksheet, human eye worksheet

TEXTBOOK QUESTIONS

Nelson Biology p.354 #1-6, p.364 #7-17, p.375 #18-25, p.377 #2-10, one of #1-6, p.378

Nelson Biology p.384 #1-5, p.393 #6-7, 9-12, 14

LABORATORY ACTIVITIES

Reflex Arc – Biology Directions Lab Manual pp. 5-9, 5-10

Slides of neurons, neuromuscular junction – Bio Directions p. 5-10

Brain (prepared or model) – Structure & Function of Mammalian Brain (handout)

Eye (dissection) – Merrill Lab Manual pp. 277-280

Sight reliability – Merrill Lab Manual pp. 285-288

Eye tests – visual acuity & astigmatism charts?

Ear (model), sound discrimination?

Touch & Temperature Receptors – Bio Directions pp.5-22 – 5-24
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