
11
Responding

Work in small groups and discuss the following.
 Lucy is driving her car towards an intersection. 

The traffic lights turn amber and Lucy  
immediately takes her foot off the accelerator 
and applies the brakes. The car stops. 

 Which parts of Lucy’s body are involved in 
this series of events? 

 On a piece of paper, draw a flow diagram 
showing the events, starting from the receptor 
that detects the amber light to the car stopping. 

 Ruby’s aunt gave her a pot plant for her room. 
She placed it near a window. After two weeks 
the stem had bent towards the window. Ruby 
rotated the plant 180°. After a week the plant 
had straightened up, and after another week it 
was again bending towards the window.

  What stimulus made the plant bend?
  Design an experiment to test your idea.
  Given that plants have neither bones or 

muscles, suggest how they bend towards the 
light.

Oh-oh,
amber
light! Foot off

accelerator
Foot on
brake



Controls:
• muscle movement
• senses
 - sight
 - hearing
 - feeling
 - pain
 - taste
 - smell
• heartbeat
• breathing
• digestion
• memory
• speech

NERVOUS SYSTEM

BODY CONTROL

Controls:
• levels of glucose in blood
• water levels in body
• glucose breakdown in cells
• heat production
• sexual maturity
• sperm and egg production
• growth of cells and tissues

ENDOCRINE SYSTEM

Brain—master organ of control
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You are walking along a path with a friend, eating 
an apple. Have you ever wondered how you can 
move, digest food, breathe, think, talk and keep 
your blood flowing all at the same time without 
even having to think about it?

All the systems in your body are controlled 
and coordinated by two other systems—the 
nervous system and the endocrine system. The 
brain is the main organ of the nervous system 
and controls the actions of the nerves and the 
endocrine system.

The nervous system consists of the brain, the 
spinal cord and nerves which run to all parts of 
your body. Messages called nerve impulses travel 
very quickly along nerves. 

The endocrine system consists of a number of 
endocrine glands throughout your body, which 
produce chemical messages called hormones. 
These are sent out by the blood, so they take 
longer to act than nerves, but their effects 
generally last longer.

The nervous system
The brain is the control centre of your body,  
and has nerve connections to all parts of  

the body. At any one time, a huge number of 
signals are travelling to and from the 10 000 
million nerve cells that make up your brain.

Fig 2 The soft tissue of the  
brain is encased in a hard,  
bony skull for protection. 

11.1 Nerves and hormones
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There are three main parts to the brain.

Cerebrum 
The cerebrum (ser-EE-brum) is the largest part 
and controls memory, speech and conscious 
thought. It receives information from sense 
receptors to give you the sensations of taste, sight, 
touch, hearing and smell. The cerebrum also 
controls actions such as walking, running and 
jumping. All of these actions are called voluntary 
actions because you control them by thinking 
about them.

Cerebellum
The small part of the brain behind the  
cerebrum is the cerebellum (ser-a-BELL-um). 
This coordinates muscular activity without you 
having to think about it (involuntary actions). 
It helps you balance when you ride your bike, 
surfboard or rollerblades, and it coordinates all 
your muscles when you walk, run and jump so 
that you do not fall over.

Brain stem
The brain stem at the base of the brain is 
responsible for other involuntary actions such as 
heartbeat, pulse, digestion and breathing. 

Dissection of a sheep’s brain
You will need a sheep’s brain, scalpel, cutting 
board, disposable gloves and newspaper.

Your teacher may show you the features 
of a brain by using a videoflex microscope 
camera before you start.
1 Identify the cerebrum, cerebellum and 

brain stem. Describe their colour and 
appearance.

2 Notice that the cerebrum consists of two 
parts called hemispheres. Use the scalpel 
to separate the two hemispheres, then cut 
one of the hemispheres in half lengthways 
to see a cross-section of the cerebrum.

  Draw a cross-section of the brain and  
label the parts. 

Activity

Warning: Take care 
when using a scalpel.
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Types of nerves
The basic unit in the nervous system is a nerve 
cell or neuron (NEW-ron). Neuron is sometimes 
spelled neurone. This is a specialised cell and it 
is different from other body cells in two ways. 
Firstly, it is the longest cell in the body, with a 
long branch or fibre. Secondly, electrical impulses 
travel along the nerve fibre. These impulses travel 
in one direction only.

The main nerves in the body contain many 
individual nerve fibres wrapped together in a 
sheath.

There are two types of neurons—sensory 
neurons and motor neurons. Sensory neurons 
send nerve impulses to the brain from the body’s 
receptors. These receptors are attached to one end 
of the neuron, and detect external stimuli such as 
light and sound, or internal stimuli such as the 
level of carbon dioxide in the blood or the fullness 
of your bladder. 

The impulses from the sensory neurons are 
received by the brain or spinal cord. Other 
impulses are sent out along the motor neurons to 
muscles or glands.

The table below lists the sensory receptors in 
the human body and the stimuli they detect. 

Fig 6 Sensory nerve cells send impulses from receptors to the brain, and 
motor nerve cells send impulses from the brain to muscles or glands.

Receptor Stimuli detected

rods and cones in eye

cells in cochlear (inner ear)

skin (many receptors) 
 

around hairs in skin

taste buds in tongue

olfactory cells in nose

light

sounds

touch, tissue damage 
(pain), vibration, 
pressure, hot and cold

touching the hair

chemicals in food

chemicals in air
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science bits
Diseases of the nervous system
There are three major diseases of the nervous 
system—polio, multiple sclerosis and motor 
neuron disease.

Polio
Polio, or more correctly poliomyelitis, is a viral 
disease. The polio virus can be found in faeces  
and enters the body when a person ingests 
contaminated food or drink. The virus spreads to 
the gut and infects the motor neurons in the spinal 
cord, which control the movement of the trunk, 
limbs and rib muscles.

When a person is exposed to the disease, it 
can take from 3 to 35 days for them to first show 
symptoms. Thus the disease can spread quickly 
before the person realises they have it. The first 
symptoms are fatigue, fever, vomiting and pain, 
but about 90% of the people infected with the 
polio virus fully recover after the first symptoms.

In severe cases, muscle paralysis occurs in 
the legs and the ribs, making breathing difficult. 
People suffering from paralytic polio have to use 
a ventilator or an ‘iron lung’ to help them breathe.

Multiple sclerosis (MS)
MS is a disease that attacks the neurons in the 
brain and spinal cord. It is an unpredictable 
disease because the symptoms can occur at any 
time and be mild or severe. MS symptoms range 
from blurred vision to complete blindness, and 
from tingling and numbness to paralysis. 

MS affects more women than men, and 
occurs more commonly in people with northern 
European ancestry. In 2002 there were 2.5 million 
people worldwide affected with MS, and 15 000 
of those were in Australia.

MS is not contagious or directly inherited and 
the actual cause is at present not known. The 
disease occurs when the body’s own immune 
system attacks the fatty substance (called myelin) 
around the neurons, causing a disruption to nerve 
transmission.

Motor neuron disease (MND)
MND is a group of diseases that affect the motor 
neurons which control the muscles that enable 
you to use your arms and legs, breathe, talk and 
swallow. It does not affect your intellect or your 
memory.

The cause of MND 
is not known. In almost 
all MND sufferers there 
is no family history of 
the disease. The disease 
is often fatal within 2 to 
5 years after diagnosis. 
One well-known 
exception is Stephen 
Hawking, the Cambridge 
University physicist and 
cosmologist (see photo), 
who has had MND for 
over 40 years.

Symptoms of MND usually occur in people 
aged 50 to 70. They start with muscle weakness in 
the arms and legs, which gets progressively worse. 
Muscles tend to wither and speech becomes 
slurred.

At present there is no cure for MND.

Questions and research
1 Draw up a table listing the causes, symptoms 

and treatment of the three diseases.
2 Use the table to write a ‘compare and 

contrast’ paragraph about MS and MND.
3 Use the table in Question 1 to write a short 

feature article for a science magazine on 
one or all of the diseases. Include a fictitous 
interview in your article.

4 Between 1946 and 1955 there were 10 000 
cases of polio and 1013 deaths. In 2006 
there were 309 cases worldwide and none in 
Australia. Use information from the web to 
write an inference explaining this.

Use the internet to find out more about the 
three diseases on this page.

< WEB watch  >
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Activities

Reflex action
Not all the information from the receptors is  
coordinated by the brain. Sometimes a nerve 
impulse takes a short cut to the spinal cord and 
back. This is called reflex action. A reflex action is 
a very fast response to a stimulus, and is generally 
a response to danger. For example, you blink to 
protect your eyes when an object approaches your 
face, and you move your arm away quickly from a 
frying pan that is burning hot to avoid damaging 
your skin. Coughing is also a reflex action.

Reflex actions
There are a number of reflex actions that 
you can observe in humans. 
A Have your partner sit on a chair with one 

leg crossed over the other. With the side 
of your hand, gently tap their knee just 
below the knee cap. 

  Describe this reflex action. What type 
of receptor detects the stimulus?

  Draw a flow diagram like the one 
above to show the reflex action. 

B Stand behind a window or a glass door 
or hold a piece of clear plastic in front 
of your face. Have your partner throw a 
crumpled-up piece of paper at the glass.

  Why do you blink every time the paper  
ball is thrown, even though you are protected 
by the glass?

  Which receptor is used in this reflex action?
  Draw a flow diagram to show the reflex 

action. 
C Cover one eye with your hand for at least  

30 seconds. After this time have your partner 
look at your eye when you take your hand 
away.

  What happens to the size of the pupil?
  What was the stimulus that caused this  

response?
  Draw a flow diagram to show the reflex 

action. 

In a reflex action the nerve impulse travels from 
a receptor along a sensory neuron to the spinal 
cord and then back along a motor neuron to a 
muscle. The whole action takes place very quickly 
because the brain does not coordinate the action. 

Impulse from 
motor neuron acts 
on muscle in arm.

Nerve impulse 
from spinal cord 
sent along motor 
neuron.

Nerve impulse 
sent along 
sensory neuron to 
the spinal cord.

Receptors in the 
skin detect heat or 
cell damage.

Arm moves away 
from heat.

Reflex action flow diagram
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Science  
  in action

Nerves, poisons and drugs
The neurons in your nervous system do not touch each 
other—there is a tiny gap between them. When a nerve 
impulse reaches the end of one neuron, it cannot jump 
to the next neuron. Instead, the impulse releases a 
chemical called a neurotransmitter which travels over 
the tiny gap and stimulates the other neuron to send a 
nerve impulse.

When the neurotransmitter has stimulated the other 
neuron, it is quickly broken down so the neuron can be 
stimulated again by more neurotransmitter.

Scientists have found more than 50 types of 
neurotransmitters in the human body.

Poisons
There are a number of poisons which react with 
neurotransmitters causing paralysis and even death. 
For example, curare (coo-RAR-ray) is a poison 
extracted from plants in South American forests. 
Animals that are hunted and hit by arrows dipped in 
curare become paralysed. The poisons given off by 
bacteria that cause food poisoning and those that 
cause tetanus also stop neurotransmitters working.

Insecticides
When the neurotransmitter is released and stimulates 
the other neuron, an enzyme destroys it so that it 
cannot keep acting and stimulating the other neuron. 
This process also occurs in insect nerves. The active 
ingredient in some insecticides reacts with the enzyme 
and destroys it. This means that nerve impulses fire 
continuously, causing the insect’s muscles to move 
rapidly and uncontrollably, resulting in death.

Drugs
Nicotine, found in tobacco, is a stimulant because 
it acts like a neurotransmitter in the brain, giving a 
pleasurable effect (making the body more active or 
alert). However, it is addictive and very toxic in large 
amounts. 

Amphetamines (‘speed’) and cocaine are also 
stimulants because they increase the release of 
neurotransmitters. This results in heightened  
emotions and an increased feeling of alertness and 
confidence. But later this can lead to anxiety, panic, 
depression and hostility. 

Some other drugs such as alcohol and heroin 
decrease the release of neurotransmitters, making 
the person inactive or drowsy. These drugs belong 
to a group called depressants (the opposite effect of 
stimulants). 

Questions and research
1 Compare the action of drugs (stimulants and 

depressants) on nerve transmission with the action  
of poisons such as curare.

2 Suppose you want to use the internet to find out 
more about what is on this page. What search words 
would you use? How could you guarantee that the 
information was genuine and accurate?

3 Invite a drug and alcohol consultant to discuss with 
the class the use and misuse of stimulants and 
depressants. Prepare some questions to present to 
the consultant well before the discussion. 

Fig 10 Long term use of depressants such as 
alcohol leads to liver and heart damage as 
well as memory loss and brain damage.



Pituitary gland produces:
• growth hormones
• hormones which affect sex organs
• hormones which act on kidney cells
• hormones which control other endocrine glands

Thyroid gland produces:
• hormones which influence mental and

physical growth

Parathyroid glands produce:
• a hormone which raises calcium levels

Pancreas produces:
• insulin which lowers the level of glucose in

the blood
• glucagon which raises the level of glucose

in the blood

Adrenal glands produce:
• adrenalin which raises blood pressure, heartbeat

and breathing rate in readiness for activity

Ovaries in females produce:
• hormones which control the uterus, growth of

body hair and fat cells, and growth of breasts

Testes in males produce:
• hormones which control growth of facial and

body hair, and muscular growth
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Hormones—chemical controllers
Hormones are produced in endocrine glands. 
The difference between these glands and others 
in your body, such as sweat glands and glands in 
the stomach lining, is that the hormones made by 
endocrine glands pass directly into the blood.

There are many different hormones and each 
one acts on specific target cells. For example, a 
hormone released by certain cells in the lining of 
the first part of the small intestine acts only on 
cells in the pancreas that make digestive juices. 
On the other hand, insulin, which is produced 

in specialised cells in the pancreas, has a broader 
action. It makes the liver cells store glucose and 
helps muscle cells throughout the body absorb 
more glucose from the blood.

Hormones are different from nerves in that 
they can act on the whole body, on body systems 
or on individual organs. Nerves act only on 
muscles and glands.

The diagram below shows some of the major  
endocrine glands and the effects the hormones 
produced have on the body. 
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The pituitary—the master gland 
The pituitary (pit-YOU-it-tree) gland, located on 
the underside of the brain, is the master gland that 
controls other endocrine glands. For example, the 
release of the hormone from the thyroid gland in 
your neck is controlled by a thyroid-stimulating 
hormone from the pituitary.

Growth and development in humans
The pituitary gland also releases hormones which 
affect the reproductive organs. Before puberty 
the main physical growth of a person is under the 
control of the pituitary, which releases growth 
hormones. 

Between 10 to 15 years after birth, the  
pituitary begins to release hormones which 
affect the reproductive organs. This causes major 
changes to the body and is the beginning of 
puberty.

In males, one pituitary hormone acts on the 
cells in the testes, which make sperm. Another 
acts on the testes to make the hormone  
testosterone. Testosterone stimulates the growth 
of facial and body hair and is also responsible for 
rapid muscular growth.

In females, one pituitary hormone leads to 
egg production in the ovaries and also to the 
manufacture of the hormone estrogen. Estrogen 
causes an increase in body hair growth, the 
growth of fat cells under the skin and the 
development of breasts. Another pituitary 
hormone acts on the ovaries and is responsible  
for the start of the menstrual cycle.

Fig 12 How insulin reduces blood glucose levels
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Diabetes
Diabetes is a fairly common disorder. Its main 
symptoms are glucose in the urine, extreme thirst, 
hunger and loss of weight. Before the 1930s fewer 
than 20% of people lived more than 10 years after 
developing diabetes. 

Diabetes is caused by the body not producing 
any or enough of the hormone insulin. After a meal 
is digested a large amount of glucose is absorbed by 
the blood and the level of blood glucose rises. Insulin 
makes liver cells store glucose, and makes muscle 
cells absorb more glucose from the blood. The net 
effect is to reduce the amount of glucose in the blood. 
In people with diabetes, the pancreas does not produce 
enough insulin, or in other cases none at all, hence the 
high levels of glucose in their blood.

Types of diabetes
There are two main types of diabetes.
• Type 1 diabetes occurs when the body stops making 

insulin. This type is found in only 10 to 15% of all 
diabetes sufferers, and it occurs mainly in younger 
people. It cannot be prevented and is treated by daily 
insulin injections.

• Type 2 diabetes is the most common type and it 
occurs mainly in people over 40 who are overweight 
and inactive, have high blood pressure or heart 
disease, or in women who develop diabetes in 
pregnancy. 

Diabetes is a serious illness for which there is no 
cure at present. You cannot cure diabetes but you can 
control it.

Parts of the body affected by diabetes 
The high levels of glucose in the blood cause serious 
problems in the body. The blood vessels and nerves 
are the most affected. The walls of the small blood 
vessels thicken and block the blood supply. This 
causes problems in your eyes, kidneys, legs and heart.

  

Working with diabetes
Susan Mylne is a podiatrist (a person who examines 
feet) who works in Community Health and is very 
interested in diabetes. 

Why is Susan interested in diabetes? Type 2 
diabetes sufferers often have nerve damage in their 
feet. This causes ‘pins and needles’, a burning 
sensation and numbness. These people also suffer 
blood vessel damage which leads to poor blood 
circulation, and causes cramps, ulcers and pains in  
the legs.

Many of Susan’s patients who have these 
symptoms often do not know they have diabetes. She 
can test for the complications of diabetes in their feet, 
help them in their treatment, and help educate them 
about their illness. 

Questions and research
For this section you may use the websites on the left or 
surf the web for further information. 
1 What is the importance of insulin in the body?
2 What is the difference between Type 1 and Type 2 

diabetes? Which type would you class as a ‘lifestyle 
illness’? Why?

3 There has been a rapid increase in the number of 
people contracting Type 2 diabetes in the last 5 years. 
Suggest reasons for this.

4 Suppose you are in charge of preparing a diabetes 
brochure. What information will you include to 
inform people about the affects of diabetes and its 
prevention? Prepare a draft design for the brochure.Go to www.scienceworld.net.au and follow the 

links to the websites below.

Diabetes Australia
International Diabetes Home Page

< WEB watch  >

http://www.scienceworld.net.au
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Check!

b	 Ruby	then	tested	Mia’s	reactions.	The	ruler	fell	
an	average	of	16	cm	before	she	caught	it	with	
her	right	hand,	and	18	cm	with	her	left	hand.	
Suggest	a	reason	for	the	different	results.

c	 Use	the	formula	below	to	find	Mia’s	reaction	
time.	

1	 A	way	to	test	a	person’s	reaction	to	a	stimulus	is	
to	drop	a	ruler	between	their	thumb	and	fingers.	
The	reaction	distance	is	how	far	the	ruler	falls	
before	they	catch	it.	
a	 Ruby	tested	Ben’s	reaction	by	dropping	a	

ruler	seven	times.	The	table	shows	his	results.	
Suggest	an	inference	to	explain	the	results.	

1  Some of the following statements are false. 
Find the false ones and rewrite them to 
make them correct.
a The endocrine system controls muscle  

movement, speech and the senses.
b The cerebrum controls involuntary 

actions like heartbeat and breathing.
c The spinal cord is protected from injury  

by the skull.
d Motor nerves carry impulses from 

receptors to the brain.
e Hormones are released directly into the 

bloodstream.

2 Suggest why reflex actions might be useful 
for an organism’s survival.

3 What are the differences between a sensory 
nerve and a motor nerve? 

4 The knee jerk reflex that occurs when the 
knee is tapped is an example of a simple 
reflex action. Copy the drawing top right 
and replace the letters with a description of 
what occurs at each stage.

2	 A	person	who	suffers	a	fractured	neck	is	often	
paralysed	below	the	fracture.	Why	is	this?

3	 The	graph	below	shows	the	amount	of	glucose	in	
someone’s	blood	over	a	24-hour	period.
a	 Explain	the	reason	for	the	peaks	in	the	graph.
b	 At	what	times	during	the	24	hours	did	the	

amount	of	insulin	being	released	from	the	
pancreas	increase?	Suggest	what	caused	this	
increase.	What	was	the	effect	of	the	increase	
in	insulin	in	the	blood?	

c	 Suggest	why	the	level	of	blood	glucose	
decreases	slightly	during	sleep.

5 Describe how hormones control the growth 
and development of the human body.

6 How are the actions of nerves different from 
those of hormones? Give examples.

7  What is the role of the pituitary gland in the 
functioning of your body?

8 Suppose you hear a sudden, extremely loud 
noise. What type of responses might occur 
to this stimulus? Would these responses be 
caused by nerves or by hormones? Explain.

Reaction 
distance 

(cm)

Trial 1 2 3 4 5 6 7 

28 21 17 13 11 10 9 

challenge

reaction time (s)   =       
500

reaction distance (cm)
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11.2 Responses in plants
Why do some plants, like the one in the photos 
above, close the their leaves at night?

The plant closes its leaves in response to light 
and darkness. In the morning, the sunlight acts 
as a stimulus for the leaves to open. Plants also 
respond to other external stimuli such as gravity, 
temperature, moisture and, in some plants, touch.

Plants have no nervous system, muscles or 
specialised glands, so how do they detect stimuli 
and how do they react to these stimuli?

Plant hormones
The internal control of activities in a plant are 
due to hormones. These chemical compounds 
are made by certain cells and are distributed 
throughout the plant from cell to cell or by the 
microscopic tubes that run through the plant. 
Plant hormones are quite different chemically 
from those in animals. But, like in animals, very 
small amounts of the hormones have a large effect 
on the target cells and the plant as a whole.

Plants have far fewer hormones than animals, 
and, unlike animals, have no specialised glands 
such as those in the endocrine system.

Plant hormones are responsible for controlling 
the growth of stems and roots, the ripening of fruit 
and the loss of leaves during autumn. Hormones 
also determine when a plant will flower and when 
seeds will germinate. 

When a seed germinates, the young root of the 

plant grows downwards. If the seedling is turned 
upside down, the root will bend and continue 
to grow downwards. This response to gravity 
is caused by a number of hormones which are 
produced in the root cells. You can investigate the 
response to gravity on the next page.

Fig 19 Deciduous plants lose their leaves in autumn. 
As the weather becomes warmer in spring, 
hormones are produced which stimulate the 
growth of new leaves.

daytime night-time

ScienceWorld 9
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27  RESPONSES OF PLANT ROOTS
Investigate

Method
1	 Place	some	filling	(cotton	wool,	rubber	

underlay,	cardboard)	in	the	bottom	of	the		
petri	dish.	Then	place	two	filter	papers	on	top		
of	the	filling.

2	 Place	two	bean	sprouts	on	the	filter	paper	with	
their	roots	pointing	outwards,	as	shown	in	the	
diagram	at	the	top	of	the	next	column.	Place	
another	two	sprouts	at	the	90°,	180°	and	270°	
positions.

3	 Moisten	the	filter	paper	with	some	water.	Put	
the	lid	on,	and	tape	it	securely.	Make	sure	the	
seeds	are	jammed	in	by	the	thickness	of	the	
filling	and	filter	papers.	If	the	seeds	move,	add	
more	layers	of	filter	paper.

4	 Place	the	petri	dish	on	a	piece	of	Blu-Tack	in	a	
vertical	position,	as	shown.	Use	a	marking	pen	
to	mark	the	position	of	the	roots.

5	 Leave	the	petri	dish	in	this	position	for	a	day.	
Then	rotate	the	dish	90°.

	 	Record	what	happens	to	the	direction	of	
growth	of	the	roots.	

6	 Repeat	for	another	position	and	again	record	
your	observations.

Discussion
1	 Write	a	report	of	your	findings.

2	 Suggest	what	might	happen	to	the	roots	if	the	
petri	dish	was	taken	into	space.

Aim
To	investigate	the	responses	of	roots	to	gravity.

Materials
•	 8	small	bean	seeds,	eg	mung	beans	(see		 	

	Planning	and	Safety	Check	below)
•	 glass	jar	
•	 petri	dish	(11	cm	diameter)
•	 filling,	eg	rubber	carpet	underlay,	cotton		 	

	wool,	newspaper	or	cardboard	
•	 2	filter	papers	(to	fit	petri	dish)
•	 Blu-Tack
•	 adhesive	tape

Planning and Safety Check
Prepare	the	bean	seeds	in	advance.	Soak	
them	in	a	jar	of	water	until	they	start	to	
germinate.	Tip	out	the	water	and	leave	the	jar	
in	a	cupboard	until	the	roots	grow	to	about		
1	cm	long.	Rinse	the	sprouts	with	fresh	water	
each	day.
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Growth hormones
A group of hormones called auxins (ORK-sins) 
are responsible for controlling the growth of 
stems and roots. They also make plants bend 
towards the light. 

Response to light
One type of auxin is made in the cells in the 
growing tips of plants. This hormone moves 
through the cells away from the light. 

The hormone passes downwards until it 
reaches the cells in the growth region just below 
the tip. It acts on these cells and makes them 
divide and grow in length. Hence the plant grows 
taller. The cells in the growing region of the plant 
are the target cells for auxin. Cells outside this 
region do not respond to the hormone. (See 
Fig 24.)

When light comes from one side, more auxin  
is found on the side away from the light. This 
causes the growth of cells  
on the darker side,  
which bends the  
plant towards the  
light. (See Fig 25.)

Fig 23 This tomato plant was placed on its side two 
days before the photo was taken. 

Fig 25 When light comes from one side, cells on the 
darker side divide and grow more than the 
ones on the other side.

Weedkiller
The weedkiller glyphosate is a compound  

with a similar structure to the auxin produced 

in a plant’s growing tip. (Roundup is a brand 

name of the weedkiller which contains this 

compound.) When glyphosate is applied in 

very dilute solutions it will promote plant 

growth. However, in stronger solutions, plants 

grow uncontrollably and eventually die.

Fig 24 Auxin moves to the cells in the growth region 
where it makes them divide and grow longer.



bean seed
turned

sideways

one-day-old
seedling

two-day-old
seedling

A

B

C

D

E

F
G
H

growth towards light no growth

no growth towards light growth towards light

tips
cut
off

black
plastic
caps

clear
plastic
caps

light

boxA B

C D

Chapter 11 Responding 267

challenge

Check!

a	 Which	sections	showed	most	growth?
b	 Suggest	what	would	have	happened	if	the			

lower	four	sections	had	been	cut	off	after		
day	one.	

1	 Describe the changes in plants that 
hormones are responsible for.

2 Most animals, particularly mammals, show 
rapid responses to certain stimuli such as 
hot objects, loud noises and bright light. 
Plants, however, respond very slowly to 
stimuli. Suggest reasons for this difference.

3 A pot plant has been growing near a 
window for a number of weeks and all the 
leaves face the window. 
 The plant is turned around 180°. After 
a few weeks the leaves of the plant have 
moved around to face the window again.

1	 Biologists	believe	that	another	hormone	besides	
auxin	is	produced	in	root	tips.	They	think	that	
this	hormone	stops	the	action	of	auxin.	Suggest	
how	the	two	hormones	might	be	responsible	for	
the	growth	of	the	bean	shoot	in	Check	4	above.

2	 The	diagrams	below	show	the	results	of	four	
tests	in	an	experiment	using	oat	seedlings.	Use	
the	diagrams	to	answer	the	following	questions.
a	 Suggest	a	title	for	the	experiment.
b	 Look	at	the	results	of	C	and	D.	Write	an	

inference	to	explain	the	differences.
c	 Which	were	the	control	seedlings?	Explain.

a What external stimulus is the plant 
responding to?

b What is the advantage of such a  
response to the survival of the plant?

4 A bean seed was germinated and left to 
grow for a number of days. It was then 
turned sideways as shown. 
a  Draw what you would expect to happen 

to the seedling.
b What stimulus is the seedling 

responding to? 

3	 Plant	fertilisers	promote	the	growth	of	plants.	
In	which	ways	are	fertilisers	different	from	plant	
hormones?

4	 The	root	of	a	one-day-old	bean	seedling	was	
marked	with	equally	spaced	lines.	The	root	was	
observed	on	the	second	day.		
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11.3 Body balance
In Section 1 you learnt how the glucose level in 
the blood is controlled by the hormone insulin. 
Now let’s look at the control of heat and water in 
the body.

Heat balance
Your body temperature stays at about 37°C. This 
is the set-point temperature for humans. The 
chemical reactions in the cells of your body work 
best at this temperature. All mammals and birds 
have a constant body temperature, although the 
set-point temperature varies between groups of 
these animals. For example, the set-point  
temperature for a magpie is about 39°C, while  
for echidnas it is about 31°C.

Most of the heat needed to maintain the 
set-point temperature is generated during 
the respiration of glucose in your body cells, 

particularly in the liver, kidney and brain. On 
the other hand, most of your body’s heat loss 
is by radiation from your skin surface and by 
evaporation of sweat from your skin. The table 
at the bottom of the page summarises the ways in 
which heat is gained and lost by your body.

Control of heat balance
During exercise, your muscles generate heat, 
which increases the temperature of the blood.  
A receptor in the brain just above the pituitary 
gland is sensitive to changes in the temperature 
of the blood and sends out nerve impulses to the 
skin and sweat glands. 

Fig 29 The heat receptors in your brain are sensitive 
to changes in blood temperature and send 
impulses to the skin.

How heat is gained How heat is lost

• heat released from respiration in all cells in   
 the body

• heat released from respiration in muscle   
 cells during exercise

• absorption of heat from the Sun and  
 atmosphere

• radiation of heat from blood flowing beneath   
the skin (The heat loss increases as the outside  
 temperature decreases.)

• evaporation of sweat from the skin

• heat lost when breathing out

• heat lost in urine and faeces
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By sweating and radiating heat, your body 
temperature falls. But when the temperature 
falls below the set-point temperature, the heat 
receptors in the brain detect a lower blood 
temperature and send nerve impulses to the skin 
and sweat glands to reduce heat loss, and the 
body temperature gradually rises. All of these 
actions cause the body temperature to fluctuate 
between 36°C and 38°C.

This system of control is called a negative 
feedback system because the response acts as a 
stimulus to oppose (negative action) the change 
caused by the original stimulus.

In the example, the original stimulus is the 
higher body temperature. The body’s response 
is to activate the skin and sweat glands to lower 
the body temperature. Following this, the lower 
body temperature acts as a stimulus for the brain 
to oppose the original action caused by the high 
body temperature.

Fig 31 A body temperature greater than 6°C above 
set point can lead to death. This is why the  
temperature of patients suffering from fever 
is closely monitored.

Fig 30 The negative feedback system involved  
in the control of body temperature To see how the body controls temperature, open 

the Negative feedback animation on the CD.



bladder

Urine flows
down this
tube to
the bladder.

kidney

large vein
to heart

large artery
from heart

ScienceWorld 9270

Activities
Evaporation and cooling
When your body gets hot, you sweat to 
reduce your temperature. How does sweating 
affect body temperature?
1 Place a small drop of water on your arm. 

Blow on it to evaporate the drop.
  What do you feel? Blow on your other 

(dry) arm to compare the sensation.

2 Repeat Step 1 using a drop of methylated 
spirits.

  Suggest a reason for the different 
sensation with the methylated spirits.

  Your arm feels cooler when the liquids 
evaporate. Why? Use the particle model 
and your knowledge of change of state to 
help you answer this.

  Write an inference to explain why 
sweating lowers your body temperature.

  Design an experiment to measure the 
cooling effect of evaporation. (You can use 
a thermometer or a datalogger with  
a temperature sensor for this.)

Air conditioners
Like your body’s control of temperature, air 
conditioners also use negative feedback to 
control temperature.

Use the points below to design a negative 
feedback flow diagram for an air conditioner, 
like the flow diagram on the previous page.
• You set the temperature on the control 

panel to, say, 23°C. This is the set-point 
temperature.

• There is a temperature sensor in the air 
conditioner unit.

  Draw the flow diagram showing how 
the air conditioner works.

  A sensitive thermometer will show that 
the temperature in the room fluctuates 
around 23°C. Why is this? Sketch a graph 
that shows the temperature in the room 
over a few hours. Mark on it when you think 
the air conditioner switches on, and when it 
switches off.

Water balance
Water is a very important substance in the body 
since just over 70% of your body mass is water. 

You constantly lose water by evaporation from 
your skin (sweat), in your breath and in liquid 
and solid wastes. However, water is replaced by 
drinking liquids and by eating foods. Many cell 
reactions also produce water.

The kidneys are responsible for water balance 
in your body. These two bean-shaped organs lie 
close to your backbone behind the small intestine. 
They have a rich blood supply from a branch of 
the large artery that runs from the heart to the 
lower part of your body.

The kidneys filter wastes from your blood. 
Your body contains about 5 litres of blood, and 
about one litre of this passes through the kidneys 
every minute. So in five minutes all the blood in 
your body is filtered. The filtering process occurs 
as the blood flows through capillaries in the 
kidney. Water and dissolved wastes pass out of 
the blood into tiny collecting tubes. A lot of the 
water is reabsorbed, and a concentrated solution 
called urine flows into the bladder for storage 
until it is eliminated. 

Fig 32 The wastes in the blood are filtered by the 
kidneys and are then eliminated by the body 
as urine.
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28  KIDNEY DISSECTION
Investigate

1	 Lay	a	few	pages	of	a	newspaper	on	the	bench	
and	put	the	dissecting	board	on	them.

2	 If	the	kidney	has	fat	around	it	peel	it	off.	Then		
												look	for	the	blood	vessels	attached	to		
	 					the	concave	side	of	the	kidney.

Aim
To	examine	a	sheep’s	kidney.

Materials
•	sheep’s	kidney
•	scalpel,	scissors	and	tweezers	(forceps)
•	dissecting	board
•	disposable	gloves	and	lab	coat	
•	newspaper
•	microscope	and	slides
•	disinfectant	and	towel

Planning and Safety Check
•	 Read	through	the	investigation	so	that		

you	know	exactly	what	to	do.
•	 What	safety	precautions	will	you	take		

when	handling	the	kidney?	How	will	you	
dispose	of	the	kidney	when	you	have	
finished	with	it?

Warning: Take care when using a scalpel.

3	 Use	the	scalpel	to	cut	the	kidney	in	half.	Then	
use	the	diagram	to	identify	the	various	parts.

The	cortex	is	where	the	wastes	are	filtered	out	of	
the	blood	into	tiny	collecting	tubes.	The	dark	red	
colour	of	the	cortex	is	due	to	blood	capillaries.
The	medulla	contains	the	collecting	tubes.	There	
are	about	a	million	of	these	tubes	in	a	kidney.	
Urine	trickles	down	the	collecting	tubes	into	the	
pelvis	and	then	into	the	bladder.

1	 Use	a	scalpel	to	cut	a	very	thin	piece	of	kidney	
tissue	from	the	cortex	region.	

2	 Place	the	thin	section	on	a	microscope	
slide	and	look	at	it	under	low	power	on	a	
microscope.

	 	Record	what	you	see.

3	 Take	a	thin	section	of	the	medulla	and	look	at	it	
under	a	microscope.

4	 When	you	have	finished,	dispose	of	the	kidney	
and	scraps,	disinfect	the	dissecting	board	and	
wash	your	hands	thoroughly.

Discussion
1	 Suggest	why	there	is	usually	a	thick	layer	of	fat	

around	the	kidneys.

2	 Suggest	the	advantages	in	having	two	kidneys	
and	not	just	one.

PART A

PART B

Wear safety 
glasses.
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The table below shows the water inputs 
and outputs that might occur in a person on a 
mild day. The outputs and inputs are generally 
balanced. 

The amount of water that is filtered out of the 
blood changes with the heat and humidity of the 
day, the amount of sweat you produce and the 
amount of water you drink. 

How much water is lost from the kidneys is 
controlled by nerves and hormones. Receptors in 
the brain are sensitive to changes in the amount 
of water in the blood. For example, on a hot day 

a lot of water is lost in sweat. This means that 
the water content of body fluids, including blood, 
drops. The brain detects a lower water content 
in the blood and sends a nerve impulse to the 
pituitary gland. A hormone called ADH is  
released which acts on the tiny tubes in the 
kidney. These tiny tubes filter out less water and 
the volume of water lost decreases.

Water balance and negative feedback
Water balance in the body operates by a negative 
feedback system (see diagram below). When the 
kidneys reduce the amount of water in the urine 
(because of the water lost by sweating), the water 
content of the blood gradually increases. This 
increase is detected by the receptors in the brain 
which in turn stimulate the pituitary gland to 
release less hormone, and so the reverse of the 
original action occurs.

Fig 35 The amount of water lost by the body through 
the kidneys operates by negative feedback.

Water outputs
(mL)

Water inputs
(mL)

urine 1500

sweat 600

breath 400

faeces 100

drinking 1500

food 800

from cell 300 
reactions

total 2600 total 2600
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Check!

9 Your body contains about 5 L of blood. 
a If the kidneys filter one litre of blood per 

minute, how much blood is filtered in 
one day? 

b How many times is the total volume of 
blood filtered in a day?

c Suppose your body produced 1500 mL 
of urine in a day. Express this volume 
of urine as a percentage of the total 
volume of blood filtered in a day.

1	 How is heat lost from the human body? In 
which ways can this loss be reduced?

2 a What is a set-point temperature? 
b Which groups of organisms have a   

constant body temperature?
c What is the advantage to organisms that  

have a constant body temperature? 

3 Some of the sentences below are false. 
Select the false ones and rewrite them to 
make them correct.
a Most water is lost from the body as   

sweat.
b Body heat is lost only by evaporation of 

water from the skin.
c Heat energy is released during cell 

respiration.
d Urine is made in the bladder and stored 

in the kidneys.
e The pituitary gland detects changes in 

body temperature and sends hormones  
to the skin and sweat glands.

4 How is water lost by your body? How is it 
replaced?

5 Use the table of water inputs and outputs 
on page 272 to infer the changes that would 
occur if:
a the measurements had been taken on a 

very cold day.
b the measurements had been taken over 

a period which included exercise.

6 The boxes and arrows below represent the 
negative feedback system involved in the 
control of body temperature in Fig 30 on  
page 269. 
 Use the labels on the diagram in Fig 30 
to replace the letters in the diagram below.

7  The diagram shows the parts of a heating 
unit that controls the temperature in a 
house. 

a What is the function of the thermostat?
b What is the function of the switch?
c Why is this an example of a negative 

feedback system?

8 The graph below refers to the information 
in Question 7. It shows the temperature 
inside the house over a 2-hour period. 
a What is the set-point temperature?
b At what time did the heater turn on? 

When did it turn off?
c By how many degrees did the house  

temperature vary?
d Why do you get small rises and falls of 

temperature in systems that operate by 
negative feedback?
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challenge

a	 Which	gas	seems	to	affect	the	rate	of	
breathing?

b	 A	receptor	at	the	base	of	the	brain	is	sensitive	
to	levels	of	CO2	in	the	blood.	Suggest	
how	negative	feedback	might	control	your	
breathing	rate.	Draw	a	flow	diagram	to	help	
your	explanation.

1	 Sweat	contains	about	99%	water	and	1%	salt,	
mainly	sodium	chloride.	It	is	made	in	the	sweat	
glands	in	the	dermis	of	the	skin	and	is	released	
over	the	surface	of	the	skin	through	the	sweat	
pores.	There	are	about	2	million	sweat	glands	in	
the	human	skin.
a	 Use	your	knowledge	of	change	of	state	of	

matter	to	explain	in	terms	of	the	particle	
model	how	sweat	reduces	the	temperature	of	
the	skin.

b	 Some	other	mammals	such	as	dogs	have	
very	few	sweat	glands.	During	exercise	or	hot	
weather	dogs	pant.	Suggest	how	they	might	
lose	heat	by	this	action.

c	 Why	do	you	think	that	athletes,	after	a	very	
vigorous	workout,	drink	liquids	containing	
salts	and	minerals?

2	 To	lose	heat,	the	capillaries	in	your	skin	dilate	
(become	much	larger	in	diameter)	and	carry	
more	blood.	To	retain	heat,	the	capillaries	
constrict	(become	smaller	in	diameter).

a	 Suggest	how	the	actions	of	the	blood	
capillaries	can	increase	and	decrease	heat	
loss	from	the	body.

b	 Why	does	your	skin	look	much	redder	during	
or	just	after	exercise?

c	 Suggest	how	a	wet	suit	helps	divers	reduce	
heat	loss	when	they	are	under	water.

3	 A	car	is	being	driven	at	60	km/h,	the	speed	limit	
around	town.	The	car	goes	up	a	hill	and	starts	
to	slow	down.	The	driver	presses	harder	on	the	
accelerator	pedal.	As	the	car	goes	over	the	top	
of	the	hill,	it	speeds	up.	
		 Draw	a	flow	diagram	to	explain	how	keeping	
a	car	at	60	km/h	in	this	story	is	controlled	by	
negative	feedback.

4	 Your	breathing	rate	at	rest	is	about	18	breaths	
per	minute,	but	when	you	breathe	into	and	out	of	
a	paper	bag,	your	breathing	rate	increases.	

	 		 To	find	out	whether	it	is	the	lack	of	oxygen	
or	the	rise	in	carbon	dioxide	that	acts	as	
the	stimulus	to	increase	breathing	rate,	an	
experiment	was	carried	out.	The	tables	below	
show	the	results.

% of CO2  in air  
breathed in 1 3 6 9 12

breathing rate 
(breaths/min) 18 19 25 35 50

% of O2  in air  
breathed in 10 15 20 25 30

breathing rate 
(breaths/min) 18 19 18 18 19
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1 In a darkened room, Joel felt a sticky cobweb 
suddenly cover his face, and he immediately 
pulled away. 
 Which type of receptor was used for this 
action?
A vision
B taste
C touch
D sound

2 The action of Joel pulling away from the 
cobweb was probably:
A caused by muscles activated by hormones
B a reflex action
C the stimulus to the response
D caused by a negative feedback system

3 Parts of the body are under voluntary control 
and others are under involuntary control.
a Which body actions are involuntary?

b Which parts of the nervous system 
coordinate involuntary actions?

4 The flow diagram below shows a typical reflex 
action after a bright light has been shone in 
your eye. Match the letters in the diagram with 
the words in the following list.

 receptors in eye pupil  
flash of light motor neuron     
spinal cord pupil decreases 
sensory neuron

Copy and complete these statements to make a summary of this  
chapter. The missing words are on the right.

1 All of the body’s functions are controlled and coordinated by the  
______ system and ______ system.

2 The ______ is the main organ of the nervous system and consists  
of three main parts; the ______ controls voluntary actions, while  
the cerebellum and brain stem control ______ actions.

3 Sensory neurons relay ______ from ______ to the brain, while ______  
neurons relay impulses from the brain to muscles or glands. 

4 A ______ is an automatic response which occurs when an impulse  
travels to the spinal cord then straight back to a muscle.

5 Hormones are ______ which are made in endocrine glands and are  
released directly into the blood.

6 ______ are responsible for controlling growth, ripening of fruit and  
the timing of flowering.

7 Many of the body’s processes such as water and ______ balance are  
controlled by ______. 

brain

cerebrum

chemical  
controllers

endocrine

heat

impulses

involuntary

motor

negative  
feedback

nervous

plant hormones

receptors

reflex action

Try doing the Chapter 11 crossword on the CD.
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Experiment 1
Tip of shoot is cut off.

Growth stops.

Experiment 2
Tip of shoot is cut off,

crushed and the liquid 
placed on top of shoot.

Growth continues.

Experiment 3
Black plastic cap is
placed over shoot.

Growth stops.
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a Write an inference to explain the results of  
each of the three experiments.

b Design an experiment to show that the plant 
hormone will act only on cells just below the 
tip of the seedling and not on cells further 
down.

8 Read the following about a hormone which 
controls the sodium levels in your body.

 The adrenal glands are situated on top of each 
kidney and produce a hormone (we will call this 
hormone X) which regulates the amount of sodium 
in the blood. It does this by acting on the kidney to 
reduce the amount of sodium that is filtered out  
into the urine.  
 The adrenal glands are under the control of  
the brain and the pituitary gland. Receptors in 
the brain detect a low blood sodium level. Nerve 
impulses from the brain are sent to the pituitary 
gland which releases a hormone (called hormone 
Y) which stimulates the adrenal glands to release 
hormone X.

a What happens to the blood when hormone 
X is released from the adrenal glands?

b Which part of your body is sensitive to levels 
of sodium in the blood?

c Negative feedback is used to control the 
amount of sodium in the blood. Use the 
information above to replace each of the 
letters in the flow diagram below.

5 Nerves and hormones are both used by the 
body to relay messages from one point to 
another. How does the action of nerves differ 
from that of hormones?

6 The body temperatures of four animals were 
recorded over a 12-hour period. The results are 
shown in the graph below.

a Which of the animals are likely to be 
mammals or birds. Explain.

b What is the set-point temperature for  
animal A?

c Which animal is probably a human?
d Suggest an inference to explain the shape of 

the graph for animal D.

7 The following three experiments on plant 
hormones were done with oat seedlings. 

Check your answers on pages 283–284.
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