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     TOPIC 2
Cells — the building blocks of life 

  2.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic. 

 2.1.1 Why learn this? 
  Animals, plants and other living things are made up of tiny cells. Before the microscope was invented, 
no one had seen or knew about cells, so the development of the microscope had a huge impact on the 
study of biology. It allowed biologists to zoom in on life and observe cells, and it made it possible to see 
microscopic organisms that no one knew existed. The photo below shows an insect’s head viewed using an 
electron microscope.     

  Electron micrograph of an insect’s head 
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 Who am I? 
 Microscopes are responsible for opening a whole new 
world to us. They have allowed us to see beyond our 
own vision. The more developed these microscopes 
become, the more detail and wonder we are able 
to observe — but often, rather than answering our 
questions, they provide us with many more. 

 The three photos show parts of different animals. 
They were taken with a scanning electron microscope, 
which allows us to see more detail of the surface of 
specimens.           
1.     Look carefully at the photos of each animal 

part and think about:  
(a)   what they could be  
(b)   what they may do  
(c)   which animals they may belong to.    

2.   Discuss your suggestions with your partner, 
writing all of the details that you have both 
observed on a sheet of paper.  

3.    Two of these photos show parts of one type 
of animal, and the other one is of a different 
animal. Does that information change the way 
that you look at the details? Which animal 
do you think two of the parts belong to? 
Brainstorm to decide which animal the other 
part could belong to.  

4.   Suggest other sorts of information that may 
be helpful in determining which animals these 
parts belong to and what they are used for.   

  2.2  Using a microscope 
 Microscopes make small objects appear bigger. With a microscope you can zoom in and see the cells that 
make up living things. You can see the features of tiny creatures such as fl eas and ticks. Even everyday 
objects, such as paper and onion skin, can take on a completely different appearance when viewed under a 
microscope. 
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2.2.1 The compound light microscope
The type of microscope 
most commonly used in 
schools is the compound 
light microscope. These 
microscopes use light and 
a number of lenses to form 
an image. The diagram at 
right shows a typical school 
microscope. The specimen 
(the object being observed) 
is placed on a rectan-
gular piece of glass called 
a microscope slide. The 
specimen needs to be very 
thin so that light can pass 
through it. A small, thin 
piece of glass called a cov-
erslip is placed on top of the 
specimen. Light is made to 
pass through the object and 
the glass lenses, which bend 
the rays of light. A magni-
fied image of the part of the 
specimen directly under the 
objective lens is formed. 
The microscope at right 
has only one eyepiece; it is 
a monocular microscope. 
Some school microscopes 
have two eyepieces; they 
are called binocular micro-
scopes. Some of the micro-
scopes at your school may 
have built-in lights. These 
microscopes do not have a 
mirror at the bottom; they 
have a light instead.

2.2.2 How much bigger?
The eyepiece and objective lenses are both magnifying lenses. Most microscopes have a selection of objec-
tive lenses, and a revolving nosepiece allows the user to switch from one objective lens to another and thus 
change the magnification. You can calculate the magnification by multiplying the eyepiece magnification 
by the objective lens magnification. This is shown in the box below.

Eyepiece lens
(ocular) 

Coarse focus knob

Fine focus knob

Base

Mirror

Stage

Body
tube

Revolving
nosepiece

Objective
lenses

Slide

Iris adjustment

Light travels through
microscope to eye.

Stage slide
clip

Light

Monocular light microscope

Eyepiece magnification: ×10
Objective lens magnification: ×20

Total magnification = 10 × 20
= ×200
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Typical school microscopes can magnify up to 400 times, although greater magnification is possible 
using very high-quality light microscopes. It is important to note that changing the objective lens does not 
change the size of the image; it just shows a tinier part of the specimen at a greater magnification.

Microscope measurements
Microscopes can zoom in on tiny objects, so tiny in fact that it is not practical to express their size in 
metres, centimetres or even millimetres. The measurements of objects viewed under a microscope are usu-
ally expressed in microns or micrometres.

Field of view 4 mm
(4000 μm)
magni�cation ×40

Field of view 1.6 mm
(1600 μm)
magni�cation ×100

Field of view 0.4 mm 
(400 μm)
magni�cation ×400

At higher magnification, the field of view is smaller; the microscope zooms in to a 
tinier section of the specimen.

Rules for handling a microscope
• Always use two hands when carrying a microscope: 

one on the arm of the microscope and the other 
under the base.

• Place the microscope securely on a flat surface, 
away from the edge.

• Never shine sunlight directly up the microscope 
tube. You could damage your eyes.

• Use only lens tissues to clean microscope lenses; 
never use your fingers.

More hints for using a microscope
• Look down the microscope with one eye, but keep 

both eyes open — don’t squint.
• Begin focusing a microscope on the lowest 

magnification.
• Focus a microscope by beginning with the coarse 

focus. Look from the side and adjust the objective 
lens so that it is just above the microscope slide.

• Turn the coarse focus knob to move the tube up 
until the object comes into view.

• Turn the fine focus to make the image of the object 
as clear as possible.

1 micron or micrometre (μm) = 0.000 001 m
= 0.001 mm

Take a photo
You can take photos of microscopic objects using a digital eyepiece. This is a special digital camera that 
works with a microscope. Instead of looking through the eyepiece to see the image, the digital eyepiece 
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is connected to a computer and the image can be viewed on a computer screen. The image can be saved, 
annotated and manipulated in the same way as any digital photo.

INVESTIGATION 2.1

Getting into focus with an ‘e’
AIM: To practise focusing a microscope

You will need:
1 cm square piece of newsprint containing the letter ‘e’
monocular light microscope
microscope slide
clear sticky tape
1 cm square piece of colour picture from a magazine or newspaper
a hair
salt
digital eyepiece (optional)

• Carefully stick the 1 cm square of newsprint onto a clean microscope slide using sticky tape.
• Using the guidelines above, focus on the paper using the coarse focus knob and the lowest power objective 

lens (smallest magnification).
• Carefully move the slide until you have a letter ‘e’ in focus.
• Change to a higher level of magnification by rotating to a higher power objective lens.
• Using sticky tape, stick a small section of a colour photograph, a hair, some salt crystals and any other 

objects your teacher has provided onto microscope slides. View each specimen under the microscope on 
low power.

• If your school has access to one or more digital eyepieces, you or your teacher may be able to take photos 
of the objects as well.

Discussion
1. In which direction did the paper under the microscope move when you moved the slide  

(a) towards you or  
(b) to the left?

2. What does the letter ‘e’ look like under the microscope? Draw a pencil sketch of what you see.
3. Record the magnification that you are using, and estimate how much of the viewed area is covered by the 

letter ‘e’ at this magnification.
4. Suggest what the letters ‘P’ and ‘R’ would look like under the microscope. Sketch your predictions, and then 

view examples of these under the microscope. Were your predictions correct?
5. Describe the appearance of the small section of colour photograph when viewed with the microscope.
6. Draw a sketch of the hair and salt crystals viewed with the microscope. Remember to record the 

magnification.
7. List some advantages and disadvantages of using a digital eyepiece.

2.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Write the following steps in the correct order.

(a) Adjust the fine focus.
(b) Place the slide on the stage.
(c) Twist the revolving nosepiece to switch to the high-power objective lens.
(d) Adjust the coarse focus.
(e) Ensure that the lowest power objective lens is selected.
(f) Use the fine focus knob again if necessary to focus the image.
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2. Match each microscope part with its function.

3. Use a digital camera or webcam to take a photo of your school microscope.
(a) Label the parts of the microscope.
(b) Compare your school microscope with the diagram on page 48.

Think
4. When focusing the microscope, you should always start with the objective lens as close to the microscope 

slide as possible; then use the coarse focus to slowly move them apart. Explain why this reduces the risk of 
damaging the slide and the objective lens.

5. Discuss whether a photo or a diagram is more effective for communicating information about the structure 
of a specimen.

6. Copy and complete the table below.

7. A piece of thread has a width of 0.1 mm.
(a) Convert this measurement to μm.
(b) The thread is viewed with a hand lens that provides ×4 magnification. Calculate how wide the thread 

appears when viewed with the lens.
(c) Calculate how wide the thread appears when viewed with a microscope that has a ×10 eyepiece lens 

and a ×4 objective lens.
8. The diagram on the next page shows a grid viewed under ×40 magnification. This grid is also called a 

graticule; it is on a glass disc that is often inserted into the eyepiece of a microscope to help measure small 
objects. The lines are 100 μm apart. The diagram also shows a worm at ×40 magnification.
(a) Estimate the field of view (the diameter of the circle).
(b) Estimate the length of the worm in millimetres and in micrometres.

Part Function

(a) Stage A Makes large adjustments to the distance between the stage and 
the objective lens; brings the image into focus

(b) Eyepiece lens B Holds the slide in place

(c) Coarse focus knob C Where the slide is placed

(d) Fine focus knob D Used to adjust the amount of light reaching the eyepiece

(e) Stage slide clip E Thin piece of glass where the specimen is placed

(f) Mirror F The part you look through; magnifies the image

(g) Iris adjustment G Magnifies the image

(h) Slide H Directs the light towards the specimen

(i) Revolving nosepiece I Makes small adjustments to the distance between the stage and 
the objective lens; brings the image into focus

(j) Objective lenses J Can be turned to change objective lens

Ocular (eyepiece) lens Objective lens Total magnification

×5 ×5 ×25

×5 ×10  

×10 ×4  

×10   ×100

  ×40 ×400
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  2.3  The right tool for the job 
 There are many different types of microscopes and choosing the right type for a particular task is impor-
tant. At school you may have two kinds of light microscope to choose from, depending on whether you 
need to observe a thin specimen or the surface of a thicker object. Universities and other research facilities 
have access to electron microscopes. These provide greater magnifi cation and detail than light microscopes. 

 2.3.1 Thick or thin? 
 The microscope shown on page 48   is suitable for viewing only 
very thin objects that can be mounted on a slide. A stereomi-
croscope is useful to provide a magnifi ed view of the surface 
of thicker objects such as rocks, crystals, insects and small 
fl owers. These microscopes do not provide as much magnifi -
cation but they have the advantage that the specimen does not 
need to be sliced thinly. 

 The photo at right shows a handheld USB microscope. Like 
the stereomicroscope, it can be used to view the surface of 
thick objects, but it plugs into a computer. The image is dis-
played on the computer screen and can be saved and edited. 
These devices are cheaper and more portable than stereomi-
croscopes, but they cannot be used without a computer.  

 2.3.2 Electron microscopes 
 Typical school microscopes can magnify up to 400 times. The 
best light microscopes can magnify up to 2000 times at the 
most. This is suffi cient to see bacteria, but viruses are so tiny 

  Handheld USB microscope 

(c)   The magnifi cation is changed to ×400. Are the following statements 
true or false?  
(i)   The fi eld of view is bigger.  
(ii)   The worm appears larger.       

 Investigate  
9.   Most school microscopes are parfocal. Do some research and   defi ne   

this term.  
10.   Find out why some microscopes have an oil immersion lens.   
11.   Test your knowledge of the functions of different parts of a microscope by 

completing the  Microscope parts  interactivity in the Resources tab.       
12.   Use the  Virtual light microscope   weblink  in the Resources tab to practise 

your microscope skills.  
13.    Extension . Use the  Microscope measurements   weblink  in the Resources tab to learn more about 

estimating the size of an object viewed under the microscope.   

 Explore more with this weblink: Microscope parts (int-0205)

 Explore more with this weblink: Virtual light microscope

 Explore more with this weblink: Microscope measurements

 RESOURCES — ONLINE ONLY
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that they cannot be seen even with the best quality light microscope. An electron microscope is required. 
These use a beam of particles called electrons, rather than light, to produce an image with up to 2 mil-
lion times magnification. Electron microscopes are very expensive and take up a lot of space (often an 
entire room), so they are found mainly in universities and other research facilities. Preparing specimens for 
viewing is tricky. A specimen needs to be dehydrated and may be coated with a thin layer of metal, so it 
is not possible to observe living organisms. The images produced (called electron micrographs) are black 
and white, although sometimes colours are added later to make particular features stand out or enhance the 
appearance of the image.

There are two types of electron microscope. Scanning electron microscopes (SEM) scan the surface of 
an object and can produce an image of the surface of the object. The images on page 47 were produced 
by an SEM. In a transmission electron microscope (TEM), the electrons pass through a thin section of an 
object and so the image is a cross-section of the specimen.

INVESTIGATION 2.2

Using a stereomicroscope
AIM: To practise using a stereomicroscope

You will need:
stereomicroscope
handheld USB microscope (optional)
selection of small objects (e.g. small flowers, alum crystals, pebbles, grass, fabric, seeds)

• Use the stereomicroscope to view each of the objects.
• Sketch each object. Remember to record the magnification on your sketch.
• If possible, use the handheld USB microscope to take photos of the objects.

Discussion
1. For each object you viewed using the stereomicroscope, describe some of the features that can be seen 

more clearly with the microscope.
2. What are the advantages of using a handheld USB microscope rather than a stereomicroscope?
3. In which situations would a stereomicroscope be more useful than a USB microscope?

Type of 
microscope

Magnification 
(how many 

times bigger)

Resolution 
(how much 
detail we 
can see) Advantage(s) Disadvantage(s)

Examples of 
detail that 

can be seen

Light 
microscope

Up to ×2000 Up to about 
500 times 
better than 
the human 
eye

Samples 
prepared 
quickly; 
coloured stains 
can be used; 
living cells can 
be viewed

Limited visible detail Bacteria; shape 
of cells; some 
parts inside cells

Electron 
microscope

×2 000 000 Up to about 
5 million 
times better 
than the 
human eye

High 
magnification 
and resolution

Very expensive; 
takes up a lot of 
space; preparation of 
specimens is difficult; 
images produced are 
black and white; only 
dead specimens can 
be viewed

All parts of cells; 
viruses

Some comparisons between light microscopes and electron microscopes
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2.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify which of the following statements are correct. Rewrite any incorrect statements to make them 

correct.
(a) An electron microscope can produce greater magnification than a light microscope.
(b) A handheld USB microscope can be used without a computer.
(c) To view an object with a stereomicroscope, it needs to be sliced very thinly and mounted on a slide.
(d) Electron microscopes produce colour images.
(e) It is possible to observe living cells with a light microscope.

2. Compare the following pairs of microscopes.
(a) Light microscope and electron microscope
(b) Monocular microscope and stereomicroscope
(c) Scanning electron microscope and transmission electron microscope.

Think
3. Stereomicroscopes are also called dissection microscopes. Explain why this type of microscope is often 

used for dissections.
4. Explain why adding colour to an electron micrograph can help biologists communicate information about the 

image.
5. Deduce why it is not possible to observe live specimens with an electron microscope.
6. Use the Virtual scanning electron microscope weblink in the Resources tab to view electron micrographs 

of a range of specimens. In what ways are the images produced by an electron microscope different from 
those produced by a light microscope?

7. The electron microscope can produce greater magnification and resolution than a light microscope. Use the 
Magnification/resolution interactivity in the Resources tab to define these terms.

Eyepiece

Focus knob

SwitchStage

Lens

Tube

Light

Stereo light microscope

Source of electrons

Condenser lens

Projector lens

Specimen

Beam
de�ectors

Detector

Image on
TV screen

Scanning electron microscope

 Explore more with this weblink: Virtual scanning electron microscope

 Explore more with this weblink: Magnification/resolution

 RESOURCES — ONLINE ONLY
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  2.4  A whole new world! 
 Science as a human endeavour 

 The invention of the microscope just over 400 years ago had a huge impact on Biology. It became possible to 
see cells, the building blocks of living things, and whole kingdoms of previously undiscovered living things 
were uncovered. As microscopes improved, biologists were able to learn a whole lot more about cells and 
microbes. 

 2.4.1 Tiny living things 
 The microscope made it possible to see the cells that make up living things. Samples of plant matter, 
when viewed under the microscope, appeared to be made up of small boxes. Early microscopes did not 
give the high-quality images that are produced with today’s microscopes, but they made it possible to see 
tiny living things that are too small to distinguish with the naked eye. Observing pond water under the 
microscope revealed that it was teeming with organisms made up of just one cell: unicellular organisms. 
Similarly, when vinegar, saliva or plaque scrapped from someone’s teeth were observed with a micro-
scope it was revealed that they, too, contained single-celled organisms. Later, the electron microscope 
was developed. This type of microscope allows even greater magnifi cation and has enabled scientists to 
observe the structures of the tiniest bacteria and even viruses.        
       

 INVESTIGATION 2.3 

 Observing microscopic organisms 
  AIM:  To observe some microscopic organisms 

   You will need:   
  light microscope  
  microscope slide (Well slides work best for this experiment but, if these are not available, fl at slides are also 

suitable.)  
  coverslip  
  pipette  
  sample of pond water  
  toothpick  
  (optional) digital eyepiece  
  (optional) culture of live microscopic organisms (e.g . Paramecium,  Amoeba, rotifer)   

•   Place one drop of pond water on the microscope slide (if it is a well slide, you may be able to use two or 
three drops).  

•   Place a coverslip over the drop of water. The diagram 
below shows how to use a toothpick to avoid air 
bubbles when lowering the coverslip.  

•   Draw up a results table in your notebook with the 
following headings: ‘Diagram’, ‘Description’, ‘Name’.    

•   Use the microscope to observe the slide. Draw and 
describe any organisms you see. Use the  Pond life  
 weblink  in the Resources tab to identify the organisms.  

•   If you have a digital eyepiece available, you may be 
able to take photos or a video of the organisms in the 
pond water.    

•   Remove the coverslip, and rinse and dry the slide. 
Then prepare a new slide using a culture of live 
microscopic organisms (if available). Observe these 
and draw and describe them in your results table.   

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



56 Jacaranda Core Science Stage 4

c02CellsTheBuildingBlocksOfLife Page 56 09/07/17  7:02 PM

 Discussion  
1.   Did any of the organisms move? Describe their movements.  
2.    Paramecium  is an organism made of just one cell. A culture of  Paramecium  can be kept alive by adding 

a few grains of cooked rice and leaving the lid unscrewed so air can get in.  
(a)   Why is it important to allow air into the jar?  
(b)   Why does the rice help keep the  Paramecium  alive?    

3.   What are the advantages of observing live cultures of organisms (rather than a prepared slide)?   

Human height
Length of some
nerve and 
muscle cells
Chicken
egg
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egg
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bacteria

Proteins

Small molecules
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1 cm

1 mm

100 μm

10 μm

1 μm

100 nm

10 nm

1 nm

0.1 nm

Hair width

    1 millimetre = 1/1000th of a metre  
  1 micrometre = 1/1 000 000th of a metre  
  1 nanometre = 1/1 000 000 000th of a metre   

 HOW ABOUT THAT! 
 Van Leeuwenhoek was the fi rst person to 
observe bacteria, red blood cells, sperm cells 
and muscle fi bres under the microscope. He 
started out his working life as a draper, selling 
fabric. He used magnifying lenses to count 
the threads in cloth. He became interested in 
microscopy after seeing a book by Robert Hooke 
that contained illustrations and descriptions of 
specimens observed using a microscope. Van 
Leeuwenhoek made many microscopes over his 
lifetime and he observed all kinds of specimens 
including plaque that he scraped off his own 
and other people’s teeth. He was meticulous in 
recording his observations and made detailed 
descriptions of specimens. He was not very good 
at drawing though and he employed an illustrator 
to complete many of his diagrams. Some of the 
personal attributes that made him a successful 
microbiologist included natural curiosity and very 
good eyesight, the patience and persistence 
needed to grind the high-quality lenses he used 
to make his microscopes, and the attention to 
detail required to painstakingly record all his 
observations. 

1660 1680 1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 19801670 1690 1710 1730 1750 1770 1790 1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 1990

1665
Robert Hooke used the microscope at right to observe a great 
variety of things and published his observations and drawings 
in a book entitled Micrographia. When he observed cork under 
the microscope, he noticed that it appeared to be made up of 
small boxes that he called cells. This is still the name we use 
today to refer to the building blocks of living things. 

1831
Robert Brown was a botanist. 
He made observations of 
plants under the microscope. 
He identi�ed a structure in 
plant cells that he called the 
nucleus. 

1858
Rudolf Virchow 
(1821–1902) 
suggested that all 
cells arise from cells 
that already exist.

1933
Ernst Ruska built the �rst electron microscope. An 
electron microscope uses a beam of electrons rather 
than a beam of light. It is capable of higher 
magni�cation and greater resolution than a light 
microscope. These arti�cially coloured blood cells were 
viewed through an electron microscope. 

1670
Anton van Leeuwenhoek made many microscopes of his own design, such as 
the one shown at right. His microscopes were small devices with a single lens 
and were held up to the eye. Van Leeuwenhoek examined a great variety of 
specimens including plaque scraped from teeth, blood, semen and saliva. He 
discovered what he called ‘animalcules’ — tiny living things not seen without 
the aid of a microscope. We now call these micro-organisms.

1839
Theodor Schwann suggested 
that all animals are also made 
up of one or more cells, and 
that the cell is the basic unit of 
all living things.

1937
The �rst scanning 
electron 
microscope was 
built.

1980
Microscopes 
that use
layers were 
developed.

  Timeline showing the development of microscopes and cell theory 
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1665
Robert Hooke used the microscope at right to observe a great 
variety of things and published his observations and drawings 
in a book entitled Micrographia. When he observed cork under 
the microscope, he noticed that it appeared to be made up of 
small boxes that he called cells. This is still the name we use 
today to refer to the building blocks of living things. 

1831
Robert Brown was a botanist. 
He made observations of 
plants under the microscope. 
He identi�ed a structure in 
plant cells that he called the 
nucleus. 

1858
Rudolf Virchow 
(1821–1902) 
suggested that all 
cells arise from cells 
that already exist.

1933
Ernst Ruska built the �rst electron microscope. An 
electron microscope uses a beam of electrons rather 
than a beam of light. It is capable of higher 
magni�cation and greater resolution than a light 
microscope. These arti�cially coloured blood cells were 
viewed through an electron microscope. 

1670
Anton van Leeuwenhoek made many microscopes of his own design, such as 
the one shown at right. His microscopes were small devices with a single lens 
and were held up to the eye. Van Leeuwenhoek examined a great variety of 
specimens including plaque scraped from teeth, blood, semen and saliva. He 
discovered what he called ‘animalcules’ — tiny living things not seen without 
the aid of a microscope. We now call these micro-organisms.

1839
Theodor Schwann suggested 
that all animals are also made 
up of one or more cells, and 
that the cell is the basic unit of 
all living things.

1937
The �rst scanning 
electron 
microscope was 
built.

1980
Microscopes 
that use
layers were 
developed.

Timeline showing the development of microscopes and cell theory

2.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each scientist with his achievement.

2. Describe the appearance of the cells that Hooke observed in thin sections of cork.
3. Do all cells look the same?

Think
4. Assess the significance of the invention of the microscope on Biology.

Anton van Leeuwenhoek was very curious. Explain how this contributed to his success as a microbiologist.
5. Use the timeline on these two pages to answer the following questions.

(a) In which year did Hooke use the term ‘cells’ to describe his observations of cork slices?
(b) What did Virchow suggest in 1858?
(c) In which substance did Leeuwenhoek discover bacteria?
(d) When did Ruska invent the electron microscope?

Investigate
6. Research one of the scientists in the timeline above and present your information in a poster. Discuss this 

with your classmates.
7. Prepare a fact sheet about one of the organisms you observed under the microscope. Include the following 

information: name, photo or diagram, size, how it obtains nutrients and interesting facts.

Scientist Achievement

(a) Robert Brown A Built the first electron microscope

(b) Anton van Leeuwenhoek B Noted that cork was made up of box-shaped structures that he 
called cells

(c) Ernst Ruska C Observed a structure in cells that he called the nucleus

(d) Robert Hooke D The first to observe unicellular organisms
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2.5 Living things are made of cells
When we look at living things under the microscope, we can see that they are made up of cells and that 
the cells contain ‘little organs’ or organelles. There are different types of organelles and each organelle has 
a particular function or job. Plant and animal cells appear quite different and contain different organelles.

Animal cells can have many different shapes and sizes but they share some common features. They are 
enclosed by a cell membrane that controls the movement of substances in and out of the cell. Inside the 
cell membrane there is a runny, jelly-like substance called cytosol and a darker area called the nucleus. 
The nucleus is the control centre of the cell. It contains DNA, a chemical substance that holds the instruc-
tions for making particular proteins. These proteins determine what the cell does. For example, in some 
of the cells of your pancreas, sections of DNA that code for the manufacture of a protein called insulin 
are switched on, so these cells make insulin. There are other structures in the cytosol. Many of these are 
too small to see with a school microscope. Mitochondria are organelles that can be seen only with a very 
high-quality light microscope or an electron microscope. In the mitochondria, glucose reacts with oxygen 
to release energy. This process is called respiration. The cytosol and the organelles that it contains (except 
the nucleus) make up the cytoplasm.

Plant cells tend to be larger and have a more regular shape with some straight edges. This is because they 
contain a large, water-filled vacuole and are enclosed by a rigid cell wall. The vacuole stores water and 
minerals. Plant cells contain cytosol, a nucleus, mitochondria and a cell membrane, just like animal cells. 
They also contain green organelles called chloroplasts. These are the site of photosynthesis, a process that 

 Watch this eLesson: Robert Hooke and cells: Watch a video from The story of science about microscopes and 
cells (eles-1780)

Complete this digital doc: Worksheet 2.1: History of the light microscope (doc-0000)

 Explore more with this weblink: Robert Hooke

 Explore more with this weblink: Moth

 RESOURCES — ONLINE ONLY

8. Use the diagram on page 56 to answer the following questions.
(a) Compare the sizes of animal cells and bacteria.
(b) Identify three things that can be seen with an electron microscope but not a light microscope.
(c) Deduce whether you would need a microscope to see a frog’s egg.
(d) Complete the table below.

9. Visit the Robert Hooke weblink in the Resources tab and investigate why he used the term ‘cells’ for the 
little box-shaped structures he observed in cork. What did people think living things consisted of before 
Hooke’s discovery of cells? Write a story about your findings.

10.  Use the Moth weblink in the Resources tab to compare the images of a moth produced by Galileo’s 
and Culpeper’s microscopes. Describe some differences between the images produced by the two 
microscopes.

Object Size in microns
Size in millimetres

1 micron = 0.001 mm
Size in metres

1 micron = 0.000 0001 m

Plant and animal cells      

Hair (width)      

Frog egg      
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uses energy from the sun to convert carbon dioxide and 
water into glucose and oxygen. 

     2.5.1 Sketching what you see under 
the microscope 
 Some points to remember  
1.   Use a sharp lead pencil.  
2.   Draw only the lines that you see (no shading or 

colouring).  
3.   Your diagrams should take up about a third to half a 

page each.  
4.   Record the magnifi cation next to each diagram.  
5.   State the name of the specimen and the date of 

observation.  
6.   A written description is also often of considerable 

value.  
7.   When you are viewing many cells at one time, it is 

often useful to select and draw only two or three repre-
sentative cells for each observation.    

  Chloroplasts  
 Chloroplasts are the oval-shaped organelles found only in plant cells. Chloroplasts contain a green 
substance called  chlorophyll . Chloroplasts use energy from the sun to make food. Not all plant cells 
contain chloroplasts. They are found only in leaf and stem cells. 

  Vacuole  
 The vacuole is an organelle used to store water and dissolved substances. Vacuoles can look 
empty, like an air bubble. Plant cells usually have one large vacuole. The mixture inside a plant’s 
vacuoles is called  cell sap . The red, blue and violet colours that you often see in plant leaves 
and fl owers are due to the substances stored in vacuoles. Most animal cells don’t have vacuoles. 

  Cell wall  
 The tough covering around plant cells is the cell wall. It gives plant cells 
strength and holds them in shape. Cell walls are made of a substance called 
 cellulose . Water and dissolved substances can pass through the cell wall. 
Animal cells do not have a cell wall. 

  Cell membrane  
 The thin layer that encloses the cytoplasm is the 
cell membrane. It keeps the cell together and gives 
it its shape. Some substances, such as water and 
oxygen, can pass through the cell membrane but other 
substances cannot. The cell membrane controls what 
enters and leaves the cell. 

  Nucleus  
 The nucleus is the control centre of the cell. It contains 
DNA in the form of chromosomes and it controls what 
the cell does and when. 

  Cytosol  
 The jelly-like substance inside cells is the cytosol. It 
contains many important substances, such as glucose, that 
are needed for chemical reactions that occur inside cells. 
( Note : Cytoplasm = cytosol + all organelles except nucleus) 

 An example of a sketch of a microscope 
specimen 

Plant cell

Animal cell
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 2.5.2 Staining a specimen 
 Many objects are colourless when viewed down the microscope, so specimens are often stained to make 
them easier to see. Methylene blue, iodine and eosin are some examples of commonly used stains. Each 
stain reacts with different chemicals in the specimen. For example, iodine stains starch a blue-black colour. 
Take care when using these stains, because they can stain you as well!    

 INVESTIGATION 2.4 

 Making a wet mount and applying a stain 
  AIM:  To prepare and stain a specimen on a microscope slide 

   You will need:   
  microscope  
  clean microscope slide  
  coverslip  
  dropper bottle of water  
  forceps (tweezers)  
  scalpel  
  toothpick  
  small section of a peeled onion  
  celery stick  
  banana  
  blotting paper  

  CAUTION:    The scalpel has a sharp blade. Handle it with care.    

•   Use the dropper to put a drop of water on a microscope slide. 

•      Use a scalpel to peel a small piece of the very thin, almost transparent onion skin from the inside surface of 
the onion. 
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•      Use the forceps to put the piece of the onion skin into the drop of water on the microscope slide. 

•      Place a coverslip over the top of the water containing the onion skin. Use a toothpick to lower the coverslip 
gently to avoid air bubbles. Use blotting paper to soak up any excess water outside the coverslip. 

•        Observe the onion epidermis under the microscope, fi rst on low power, and then increase the magnifi cation.  
•   Prepare another slide of onion skin but, instead of putting a drop of water on the slide, put a drop of 

methylene blue on the slide.  
•   Draw a sketch showing a few cells. Label any parts you can identify.  
•   Use the steps outlined in this investigation to prepare each of the following slides. 

 – Celery epidermis (the outer ‘skin’ of the celery stem) with no stain (water only) 
 – Celery epidermis, stained with methylene blue 
 – A very small piece of banana, squashed, with no stain 
 – Squashed banana stained with iodine  

•   View each slide under the microscope and draw a labelled sketch.   

 Discussion  
1.   Compare the cells of the onion epidermis and the celery epidermis. Which organelle can you see in the celery 

cells but not in the onion cell? Suggest a reason for this.  
2.   Why are stains used?  
3.   Which cell part(s) take up methylene blue?  
4.   Iodine has a yellow-brown colour. It combines with starch to produce a dark blue colour. Does banana 

contain starch?   

 2.5 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Defi ne   the term ‘organelle’. List two examples of organelles.  
2.     Distinguish   between cytoplasm and cytosol.  
3.     Construct   a table summarising the function of the following cell parts: cell membrane, nucleus, chloroplast, 

cell wall, vacuole, mitochondria.  
4.     Outline   the role of DNA in cells.  
5.     Recall   what cell walls are made of.  
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  2.6  What a cell needs! 
 In order to survive, cells need to go through various processes, including respiration, which take place 
inside cells. Therefore, the substances needed for these processes must enter the cells and harmful waste 
products need to be removed. 

 2.6.1 Respiration 
 All living things need energy to survive. There are organelles in cells called mitochondria. Respiration, a 
chemical process that releases energy, occurs in the mitochondria. Respiration is a chemical reaction where 

6.   Use a table to   compare   plant and animal cells. Include information about the organelles found in each type 
of cell, their size (refer to page 56) and shape.  

7.     Recall   three things you must remember to do when sketching what you see under the microscope.    
8. (a)     Defi ne   the term ‘stain’.  

 (b)     Explain   why stains are used.  
 (c)   Give two examples of stains you have used in class.     

 Think and reason  
9.     Outline   why most plants are green.  

10.   The cellulose cell wall that surrounds plant cells makes these cells rigid.   Explain   why animals may fi nd it 
diffi cult to move if their cells had cell walls.  

11.     Outline   why it is important for animals to be able to move whereas plants can survive without moving about.  
12.     Describe   what is wrong with each of the diagrams shown below. 

         Investigate  
13.   View some prepared slides of human cheek cells and leaf epidermis under the microscope. Draw labelled 

diagrams of each type of cell.   
14.   Watch the  Inside cells  animation to learn about cells and organelles.       
15.   Use the  Cell drag and drop   weblinks  in the Resources tab to practise labelling cells.   

      Watch this eLesson:    Inside cells:  Learn about cells and organelles in this animated video lesson     (eles-0054)   

   Complete this digital doc:   Worksheet 2.2: Cells and microscopes (doc-0000)     

   Complete this digital doc:   Worksheet 2.3: Preparing a stained wet mount (doc-0000)    

 Explore more with this weblink: Cell drag and drop

   RESOURCES — ONLINE ONLY  

x40

(a)

Cell
membrane

Cytoplasm

Nucleus

x10

(b) (c)
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glucose, a type of sugar, reacts with oxygen to produce a gas, called carbon dioxide, and water. It can be 
summarised by the following equation: 

 glucose + oxygen → carbon dioxide + water  

 Respiration is a very important process because this is how living things convert the energy locked up 
in glucose into a useful form. Cells that have a high demand for energy, such as muscle cells in animals, 
contain many mitochondria. Respiration takes place in the cells of animals, fungi, plants and many micro-
scopic organisms. One important difference between animals and plants, though, is the source of glucose 
and oxygen that they use in respiration. 

 2.6.2 Where does the glucose come from? 
 Animals obtain the glucose needed for respiration by ingesting food. In humans and many other animals 
the food passes through a digestive system where the complex chemicals that make up the food are broken 
down into smaller chemicals, including glucose. The small chemicals pass through the walls of the small 
intestine and into the bloodstream and are delivered to all the cells of the body. The bloodstream thus 
brings glucose from the food we eat to the cells that need glucose for respiration. 

 Plants can make their own glucose. On page 59  , we saw that plant cells contain chloroplasts where pho-
tosynthesis occurs. Photosynthesis produces glucose, so plant cells do not need to ingest food. The glucose 
they need for respiration is made from carbon dioxide and 
water, using sunlight as a source of energy. Photosynthesis 
can occur only when there is light. During the day, plants 
usually make more glucose than they need for respiration. 
Some of the glucose is converted to other chemicals, such 
as the cellulose that plant cell walls are made of. Some glu-
cose is converted to starch and stored in various parts of the 
plant, including the roots. At night, the plant continues to 
carry out respiration. When it starts to run out of glucose, 
some of the starch is converted back into glucose so that 
respiration can continue. 

 Fungi do not eat food either; nor do they carry out pho-
tosynthesis. They obtain glucose and the other chemicals 
they need for survival from the material on which they 
grow. The substances needed to break down this material 
move out through the cell membrane and cell wall of the 
fungus; the chemicals resulting from this breakdown that 
the fungus needs then move into the cells of the fungus.  

Glucose

   Oxygen

Mitochondrion

Water

Carbon
dioxide

Energy

  Respiration 

  Fungi break down other substances to obtain 
the glucose and other chemicals that they 
need. 
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 2.6.3 What about the oxygen? 
 In animals, fungi and many microscopic organisms, the oxygen needed for respiration comes from the air 
or water in which they live. The hydra shown below is a tiny animal, about 1 cm long, that lives in rivers 
and streams. The water in which it lives contains small amounts of dissolved oxygen. The oxygen moves 
into the hydra through its skin. This is known as  diffusion .  

  Some animals do not have lungs. Oxygen diffuses into a 
hydra over the entire surface of its body. 

 Larger animals need specialised structures to get the oxygen into their bodies. Fish and many other 
aquatic animals have gills to extract oxygen from their environment. Insects get oxygen into their bodies 
via little holes, called spiracles, along the sides of their bodies. These holes lead to tubes that bring the out-
side air into the body of the insect, so that oxygen can diffuse into the cells that need it.         

Humans and other mammals have a complex respiratory system that includes lungs. Air is breathed into 
the lungs. Oxygen moves across the walls of the air sacs in the lungs and into the bloodstream so it can be 
delivered to cells.

  Insects get oxygen into their bodies via small holes called spiracles, which can sometimes be seen as tiny dots 
along the sides of their bodies. 

 Air sac  Tracheal tubes 

 Spiracle 
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Plants carry out photosynthesis during the day. Oxygen is a waste product of photosynthesis so, during 
the day, plants make the oxygen that they need for respiration. The leaves of plants have small holes called 
stomates. Gases, including oxygen and carbon dioxide, can move in and out of leaves via these stomates.

2.6.4 Dealing with waste
The products of respiration are water and carbon dioxide. Water is used in various processes in living cells, 
but carbon dioxide can be a problem if it builds up to high levels. Animal cells cannot use up the carbon 
dioxide produced in respiration, so it needs to be removed from the cells and taken out of the body. In 
simple animals, including the hydra shown above, carbon dioxide simply diffuses out of the animal over 
the whole surface of its body. In more complex animals, the carbon dioxide leaves the body in the same 
way that oxygen moves in, but in the opposite direction. In humans, carbon dioxide moves out of cells and 
into the bloodstream. It travels to the lungs, where it diffuses through the walls of the air sacs, and it is then 
breathed out.

2.6.5 A little history
How do we know about respiration and the need for oxygen to survive? It’s all thanks to the work of some 
very clever scientists from the past. Some of their work is discussed on following pages.

Robert Boyle (1627–91) showed that something in air was needed to keep animals alive as well as to keep a 
candle burning. He carried out experiments in which he put various items inside jars inverted over water to 
ensure that no air could enter the jar. When he placed a burning candle inside a sealed jar, the candle went out. 
When he placed a small animal inside the sealed jar, the animal became unconscious. If he put air back into the 
jar, the animal sometimes revived.

Robert Boyle showed that something in air 
was needed to keep a candle burning and an 
animal alive.

Small animal
alive

After some time,
small animal
becomes 
unconscious.

Lit candle After a short while,
candle goes out.
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 Antoine Lavoisier (1743–94) also contributed to our understanding of respiration. He showed that respiration 
was a process that produces heat, just like burning (combustion). He placed a guinea pig in a  calorimeter , a 
device designed to measure the amount of heat released when a substance burns. A picture of the calorimeter 
used by Lavoisier is shown below. Lavoisier measured the amount of ice that melted in order to calculate the 
amount of heat released by the guinea pig as it respired.  

Water drips
out here

Hole to allow
oxygen in

Ice placed
here

Insulating
layer

Lid

Guinea pig
placed here

  Lavoisier used this calorimeter (shown 
here cut away to reveal the inside) to 
show that respiration releases heat 
energy. He placed the guinea pig inside 
the basket and surrounded it with ice, 
which melted and ran out of the funnel. 

 Joseph Priestley (1733–1804) took Boyle’s experiment 
one step further. Like Boyle, he put a candle in a jar 
inverted over some water and the candle went out. 
He then introduced a living plant inside the same jar 
without letting any air in. After a few days, he was able 
to relight the candle and found it could burn for a short 
time. This showed that the living plant could produce 
the substance that was needed for the candle to burn 
(oxygen). 

 Priestley also set up an experiment with an animal 
inside a sealed jar with a plant. In another sealed jar he 
placed the same animal but no plant. Only the animal 
living in the jar that contained the plant survived. The 
plant must have produced something that the animal 
needed to survive (oxygen again!).  

Burning candle
�oating on cork

Candle goes out. Add green plant. Later the candle
can burn again.

Mouse with green
plant survives.

Mouse alone dies.

Priestley’s experiment

  Joseph Priestley showed that plants produce the 
substance needed to keep a fl ame burning and an 
animal alive. 
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INVESTIGATION 2.5

Candle in the jar
AIM: To demonstrate the relationship between oxygen and combustion

You will need:
birthday candle
Blu-Tack
heatproof mat
glass jars or glasses of different sizes (such as jam or instant coffee jars)
stopwatch
measuring cylinder
graph paper

• Using the Blu-Tack, attach the birthday candle to the heatproof mat.
• Light the candle.
• Invert one of the glass jars over the candle and time how long it takes for the candle to go out.
• Repeat this, using jars of different sizes.
• Measure the volume of each jar by filling the jar with water and emptying the water into a measuring cylinder.

Discussion
1. Draw up a table like the one below to record your results.

2. Plot a line graph showing jar volume on the horizontal axis and the time taken for the candle to go out on the 
vertical axis.

3. Is there a relationship between the size of the jar and the time taken for the candle to go out? Explain your 
answer.

Jar number Time taken for candle(s) to go out Jar volume (mL)

     

     

     

     

2.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Write down the word equation for respiration.
2. Identify the part of the cell where respiration occurs.
3. (a) Recall the substances needed for respiration.
 (b) Outline how humans take these in.
4. (a) Recall the waste products formed by respiration.
 (b) Outline how humans get rid of one of these substances.
5. Identify which of the following statements are correct. Rewrite any incorrect statements to make them 

correct.
(a) All living things respire.
(b) Plants respire at night and photosynthesise during the day.
(c) Respiration releases energy.
(d) Photosynthesis releases energy.
(e) The waste products from respiration are glucose and carbon dioxide.
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2.7 One cell or more?
Animals and plants are made up of many cells; they are multicellular organisms. Some microscopic organ-
isms, including bacteria, are unicellular; they are made of just one cell. These organisms reproduce by 
dividing.

There are two main types of unicellular organisms: those that have a nucleus (the protists) and those that 
do not have a nucleus (mainly bacteria).

Examples of protists include Amoeba, Paramecium and Euglena. Amoeba look like blobs but they can 
move about and they can engulf food. Paramecium have small hairs that beat to enable them to move. 
Euglena are interesting because they can take in food (like animals) and also carry out photosynthesis (like 
plants), depending on the availability of food and sunlight.

(f) Photosynthesis produces carbon dioxide gas.
(g) When a candle burns, it uses up oxygen gas.
(h) Animals that live in water do not need oxygen to survive.

Think
6. Study the diagram on page 66 showing Priestley’s experiment.

(a) Explain why there was water at the bottom of the jar and in the container that the jar was sitting in.
(b) If Priestley had tried to relight the candle as soon as he had put the plant in the jar, would it have stayed 

alight? Explain your answer.
(c) If the plant was dead, would the experiment have worked? Explain your answer.
(d) Would Priestley’s experiment have produced the same results if it had been carried out inside a dark 

room? Explain your answer.
(e) In the part of the diagram with the mice, which of the two jars (left or right) is the control?

7. Study the picture of Antoine Lavoisier’s calorimeter on page 66.
(a) How did Lavoisier ensure that oxygen could enter the chamber where the guinea pig was placed?
(b) Explain why it was necessary to have very good insulation between the layer of ice and the outside of the 

container.
(c) Extension. Ice melts at 0 °C. It takes 4.2 joules of energy to heat 1 mL of water by 1 °C. The ice started out 

at a temperature of −4 °C. After the guinea pig had been left in the calorimeter for 30 minutes, 50 mL of 
water was collected. Calculate the amount of heat released by the guinea pig.

Investigate
8. Lavoisier, Boyle and Priestley used animals in their experiments. What procedure must scientists follow today 

if they want to use animals in experiments? Justify why such procedures are necessary.
9. The type of respiration described on page 63 is aerobic respiration. Anaerobic respiration is another type of 

respiration. Use resource materials or the internet to find the answers to the following questions.
(a) Outline the difference between aerobic and anaerobic respiration.
(b) Write a word equation for:

(i) the type of anaerobic respiration that occurs in your muscles when you sprint
(ii) fermentation (another type of anaerobic respiration).

(c) What is lactic acid? Outline why it is important to athletes.
(d) What type of organisms carry out fermentation? Identify some foods and drinks made using fermentation 

as part of the manufacturing process.

Complete this digital doc: Worksheet 2.4: Cellular respiration (doc-0000)

 RESOURCES — ONLINE ONLY
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 When an organism is made of only one cell, it is necessary for that cell to carry out all the jobs needed 
to keep the organism alive. The cell cannot specialise. You could compare this to a single-teacher school 
where one teacher has to teach all subjects, take phone calls, operate the canteen and write the weekly 
newsletter. The teacher would need to be able to do lots of things reasonably well, but she would not have 
time to become an expert at any one thing. 

 In multicellular organisms, on the other hand, certain cells can become specialised for a particular task. 
For example, red blood cells specialise in carrying oxygen around the body, and nerve cells specialise in 
transmitting messages from one part of the body to another. 

 Unicellular organisms reproduce by dividing into two cells using a process called  binary fi ssion . First, 
the cell grows. When it reaches a certain size, it divides into two small cells, which in turn grow and 

Nucleus

Vacuole containing water

Ingested food
(inside a food vacuole)

Food
(a unicellular organism

called a desmid)

The food is digested
inside the food vacuole.
Nutrients diffuse out of the food
vacuole into the cytoplasm of the amoeba.

  An amoeba feeding    Protists have a nucleus; they include 
 Amoeba, Paramecium  and  Euglena . 

30
0 

μm

Paramecium Euglena

10
0 

μm

 Examples of unicellular organisms that do not have a nucleus include bacteria, cyanobacteria and 
bacteria- like organisms that are believed to be similar to the very fi rst life forms to have evolved on Earth.  

   Bacteria and cyanobacteria are unicellular organisms that lack a nucleus. 

CyanobacteriumBacterium

3 
µm
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eventually divide. In unicellular organisms that have a nucleus, the nucleus divides fi rst, and then the cyto-
plasm divides.  

 Plants, animals and most fungi are multicellular. They are made up of many cells and these cells are 
specialised. This means that that they contain different types of cells, each suited to a particular job. In 
humans, for example, red blood cells are very different from muscle cells and sperm cells. The cells lining 
the leaves of plants have a different shape from those found in the veins of leaves. Each type of cell has 
a particular structure that makes it well suited to its particular job. This would be similar to a large high 
school hiring a person with good secretarial skills to run the offi ce, a trained chef to prepare food for the 
canteen and a teacher with a Science degree to teach Science.   

One amoeba.
Amoebas are unicelluar

organisms.

Two amoebas Cytoplasm divides.

Nucleus divides.Nucleus divides.

Cytoplasm divides.Cytoplasm divides.

One amoeba.
Amoebas are unicelluar

Two amoebas

Amoebas are unicelluarAmoebas are unicelluar
organisms.organisms.

Two amoebasTwo amoebas

  An amoeba dividing by binary fi ssion 

 INVESTIGATION 2.6 

 Observing yeast cells 
  AIM:  To observe the process of budding in yeast 
 Yeast is used to make bread and many alcoholic beverages, including beer and wine. It is a unicellular organism 
that reproduces by budding. A small bud forms on the parent cell; the bud gradually becomes larger and 
eventually splits off. 

   You will need:   
  yeast culture  
  microscope slide and coverslip  
  microscope  
  dropper   

•   Use the dropper to draw up a sample of the yeast culture, including some of the brown scum. Place a drop of 
the yeast culture on the microscope slide. Cover with a coverslip.  

•   Observe the yeast, fi rst under low power and then under ×400 magnifi cation. Try to fi nd cells budding.  
•   Draw diagrams of single yeast cells and budding yeast cells.   

 Discussion  
1.   Describe the appearance of the yeast cells.  
2.   Yeast cells convert certain sugars into alcohol and carbon dioxide gas. Bread dough contains sugars that 

yeast can convert to alcohol and carbon dioxide.  
(a)   Adding yeast to bread dough causes it to rise after; the dough gradually expands and has bubbles in it. 

Explain why.  
(b)   After yeast has been added to dough, it needs to be left undisturbed in a warm spot so it can rise. Explain 

why bread does not rise if you put it in a really hot oven straight after adding the yeast.  
(c)   Explain why bread does not taste of alcohol ( Hint:  Alcohol evaporates at a temperature of about 80 °C.     

UNCORRECTED P
AGE P

ROOFS



TOPIC 2 Cells — the building blocks of life 71

c02CellsTheBuildingBlocksOfLife Page 71 09/07/17  7:02 PM

2.8 Cells getting organised
Complex organisms such as humans are made up of many different types of cells, each with a special job 
to do. But these cells do not function independently; they are organised into tissues, organs and systems so 
that they can work efficiently together.

2.8.1 Levels of organisation
Groups of similar cells that carry out a particular job make up tissues. The walls of the intestine contain 
smooth muscle tissue, which consists of a type of muscle cell. The heart is made up of cardiac muscle 
tissue, fat and connective tissue. Different types of tissues form organs. The heart, brain, lungs, liver and 
eye are all organs. Organs, in turn, are organised into systems. The kidneys, ureters and urethra are all part 
of the excretory system. The ovaries, fallopian tube and uterus are organs of the reproductive system. Each 
body system has a particular role to play in keeping an organism functioning. The table on following page 
shows the functions of some of the systems of the human body.

2.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Distinguish between unicellular and multicellular organisms.
2. Identify a feature that sets protists apart from other unicellular organisms.
3. List three protists.
4. Outline how unicellular organisms reproduce.
5. The cells of multicellular organisms are specialised. Explain what this means.

Think
6. A particular type of bacterium divides every 20 minutes.

(a) Copy and complete the table at right.
(b) Present the information above in the form of a line graph. 

Time should be on the horizontal axis and the number of 
bacteria on the vertical axis.

(c) Predict the number of bacteria after 260 minutes.
(d) Use your graph to estimate the number of bacteria after 

90 minutes.
(e) The population of bacteria will not continue to multiply 

at this rate. Suggest some reasons why the bacteria 
population might remain steady or decrease rather than 
continue to rise.

7. Use the Binary fission weblinks in the Resources tab to 
watch videos of unicellular organisms dividing and describe 
the process.

Time (minutes) Number of bacteria

 0 1

20 2

40 4

60  

80  

100  

120  

140  

160  

180  

200  

 Explore more with this weblink: Binary fission

 RESOURCES — ONLINE ONLY
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Cells are the basic
building blocks of all
living things. They 
contain different types of 
organelles.

The central nervous
system consists of 
the brain and the
spinal cord.

Connecting
nerves 
(peripheral 
nervous system)

Groups of cells that do a specialised
job are called tissues. The smooth
muscle in your body is a tissue.

Several organs working 
together make up a system,
such as the central nervous
system and peripheral
nervous system.

Organs like the
human brain are
made up of different
kinds of tissue.

Cells are the basic
building blocks of all
living things. They 
contain different types of 
organelles.

The central nervous
system consists of 
the brain and the
spinal cord.

Connecting
nerves 
(peripheral 
nervous system)

Groups of cells that do a specialised
job are called tissues. The smooth
muscle in your body is a tissue.

Several organs working 
together make up a system,
such as the central nervous
system and peripheral
nervous system.

Organs like the
human brain are
made up of different
kinds of tissue.

  The building blocks of life 

 System  Function 

 Digestive system  Breaks down the food we eat and moves nutrient particles into the bloodstream 

 Respiratory system  Moves air in and out of the lungs, takes oxygen from the air into the bloodstream 
and removes carbon dioxide from the blood 

 Excretory system  Filters out and removes some of the waste products from the bloodstream 

 Reproductive system  Is involved with making babies 

 Nervous system  Carries and processes messages from one part of the body to another along nerves 

 Musculoskeletal system  Allows the body to move, and some bones also protect important organs 

Some systems of the human body

      2.8.2 Team work 
 Body systems cannot function independently of each other. The digestive system breaks down food but it 
is the circulatory system that carries nutrient particles to all the parts of the body. The respiratory system 
gets air in and out of the body and into the bloodstream, and the circulatory system delivers oxygen to cells 
and takes carbon dioxide back to the lungs. Similarly, muscles cannot move bones unless they receive a 
message from the nervous system.   
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System

Musculoskeletal

Central nervous

Respiratory

DigestiveSensory

Reproductive
Excretory

Liver

Kidney

Trachea

Lungs

Blood vessels

Heart

Gall bladder

Stomach

Liver

Nose

Ears

Eyes

Muscles

Skeleton

Ovaries

Testes

Brain

Spinal cord

Circulatory

Can you think of some organs that could go in the empty bubbles in this mind map?

2.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Which body system:

(a) transports substances around the body
(b) is different in males and females?

2. List five examples of organs.
3. Distinguish between a tissue and an organ.
4. Outline the function of the:

(a) respiratory system
(b) circulatory system
(c) digestive system.

5. Write the following in order from smallest to biggest: organism, cell, system, organ, tissue.

Think
6. CPR (cardiopulmonary resuscitation) can be used until an ambulance arrives to keep alive a person whose 

heart has stopped beating.
(a) CPR simulates the action of which two body systems?
(b) A person whose heart has stopped beating would rapidly die without CPR, even if their other body 

systems were still functioning normally at the time their heart stopped. Explain why.
7. Use the Body systems mind map weblink in the Resources tab. Save the file to your computer and then 

complete the mind map by filling in the empty boxes and adding at least three more systems and organs for 
each of these systems.

 Explore more with this weblink: Body systems mind map

RESOURCES — ONLINE ONLY

2.9 Cells of all shapes and sizes
The cells of multicellular organisms are specialised for the particular job they carry out, so they vary in 
their shape, size and structure.
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                 Lung epithelial cells  
 The cells that line your nose, windpipe and 
lungs are a type of lining cell. They have hair-
like tips called  cilia . These cells help protect 
you by stopping dust and fl uid from getting 
down your windpipe. The cilia can also 
move these substances away from your 
lungs. You remove some of these 
unwanted substances whenever 
you sneeze, cough or blow your 
nose. 

    Adipose tissue cells  
 Some cells store fat. Fat stores 
a lot of energy for cells to use 
later. Round shapes are good 
for holding a lot of material in a 
small space. Fat cells are mostly 

found underneath your skin, especially in the chest, 
waist and buttocks. 

Some cells store fat. Fat stores 

    Muscle cells  
 Muscle cells are long and 
elastic. Long thin cells can 
slide further over each other 
to allow you to move. There 
are different types of muscle 
cells. The walls of your blood 
vessels and parts of your 

digestive system have smooth muscle cells. The 
muscles that are joined to your bones are called 
skeletal muscles. Skeletal muscles work in pairs — 
one muscle contracts (shortens) and pulls the bone 
in one direction while the other muscle relaxes. 

 Muscle cells are long and 

  Bone cells  
 Minerals such as calcium 
surround your bone cells. 
The minerals help make 
bone cells hard and 
strong. Bone cells need 
to be hard so that they 
can keep you upright. 

 Minerals such as calcium 

  Motor nerve cells  
 Nerve cells are 
very long and 
have a star 
shape at one 
end. The long 
shape of nerve 
cells helps 
them detect 
and send 
electrical 
messages through the body at the 
speed of a Formula 1 racing car. 
There are nerve cells all over your 
body. They allow you to detect 
touch, smell, taste, sound, light and, 
unfortunately, pain. 

 Nerve cells are 
very long and 

  Skin cells  
 Special cells line the outside 
surfaces of your body. These 

are the 
cells that 
form your 
skin. These 
cells have 

a fl attened shape so they can 
better cover and protect your 
body. 

    Red blood cells  
 Red blood cells carry 
 oxygen  around the 
body. Their small size 
helps them move 
easily through blood 
vessels. The nucleus 
in a red blood cell 
dies soon after the cell is made. Without 
a nucleus, red blood cells live for only a 
few weeks. The body keeps making new 
blood cells to replace those that have 
died. Red blood cells are made in  bone 
marrow  at the rate of 17 million cells 
per minute! This is why most people can 
donate some of their blood to the Red 
Cross without harm. White blood cells, 
which are larger than red blood cells, 
are also made in the bone marrow. Their 
job is to rid the body of disease-causing 
organisms and foreign material. 

 Special cells line the outside 

  Sperm  
 Sperm cells have long tails that help them swim towards 
egg cells. Only males have sperm cells. 

  Egg cells  
 Egg cells are some of the largest cells in a human body. 
Their large round shape helps them store plenty of food. 
Only females have egg cells. When a sperm cell moves 
into an egg cell, the egg cell is  fertilised .  

 Red blood cells carry 

 A human being starts out life as a single cell: a fertilised egg or zygote. The zygote divides into two 
cells, then into four, eight and so on. Initially all the cells look the same. They are not yet differentiated. 
As the cells continue to divide, they start to form distinct groups of cells. For example, by the time a baby 
is born, the cells of the retina of the baby’s eye are very different from those that make up the bones of its 

Tail 
up to
1 m long

15 µm
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arm or the skin cells covering its body. The cells of the baby have become differentiated; that is, they are 
specialised. A question that has been extensively researched is why certain cells divide to produce one type 
of cell and other cells produce other types. How do the cells know what type of cell to become? One area 
of research is concerned with the location of each cell when the baby is just clump of similar looking cells: 
for example, whether a cell is towards the outside of the group or in the middle of the clump.

INVESTIGATION 2.7

Observing cells
AIM: To observe the features of different types of animal cells

You will need:
microscope
prepared slides of animal cells (e.g. human cheek cells, blood smear, nerve cells)

• Construct a table with the following column headings:
 – Type of cell
 – Description
 – Diagram.
• Observe each slide under the microscope and complete your table.
• If you have a digital eyepiece available, you may be able to take photos of the cells.

Discussion
1. Were all the cells you observed the same size?
2. Did all the cells have a nucleus?
3. Compare the diagrams of the cells with the appearance of the cells under the microscope.

2.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each type of cell with its description.
2. Outline the function of the cilia of lung epithelial cells.
3. Identify two types of muscle cells.

4. Compare each of the following pairs of cells.
(a) Red blood cells and bone cells
(b) Egg cells and sperm cells
(c) Epithelial cells and skin cells

Think
5. The structure of a cell (its shape and features) relates to its function. Explain this statement using three 

examples from the on page 74.
6. Suggest why mature red blood cells are very small and lack a nucleus.

Type of cell Description

(a) Red blood cell A Has a long tail that helps it swim

(b) Nerve cell B Has a star-shaped cell body at one end with a very 
long tail-like structure attached

(c) Adipose tissue cell C Is red in colour, very tiny and lacks a nucleus when 
mature

(d) Skin cell D Is a blob-shaped cell that stores fat

(e) Sperm cell E Is a flat cell that lines the outside surface of the body
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7.   In   Investigation 2.7  , we used prepared slides to view blood cells. Many years ago it was common practice 
in schools for students to observe a drop of their own blood under the microscope. Suggest why it is no 
longer considered acceptable for students to prepare a slide of fresh human blood.   

 Data processing    
8. (a)      Construct   a table with the following column headings: ‘Type of cell’, ‘Function’, ‘Size’, ‘Shape’. Enter the 

relevant information in the table for each type of cell shown in the  on page 74 .  
 (b)     Construct   a column graph showing the size of each type of cell listed in your table.     

9.   Use the  Electron micrographs of human cells   weblink  in the Resources tab to view pictures of cells 
produced with an electron microscope.  

10.   Use the  Cell jobs  interactivity to match cell types to their roles.        

  2.10  Focus on plants 
 Plants are made up of different types of cells, each suited to a particular function.    

25 µmGuard
cell
Guard

65 µm

Leaf cell

100 µm

Xylem cells

Epidermal cells

150 µm

100 µm

Root hair cell

           Some of the types of cells found in plants 

  Guard cells  
 Guard cells are kidney-shaped cells found on the 
surface of leaves. They can change shape to either 
open or close the small hole between them. The 
small holes, called  stomata  (or stomates), allow 
substances such as carbon dioxide to enter the 
leaf. They also let water out of the leaf. Most plants 
open their stomata at night; they close their stomata 
during the day (when it is hotter) to conserve water. 

  Xylem cells  
 Xylem cells form xylem tubes, which carry water 
and dissolved minerals from the roots to all parts 
of the plant. They are made up of dead xylem cells 
joined end to end. When xylem cells die, the cell 
walls at each end of the cells dissolve, forming a 
long straw-like tube. They have thick cell walls with 
lots of cellulose to make the xylem tubes strong. 

  Phloem cells  
 Like xylem cells, phloem cells 
form tubes. The tubes formed 
by phloem cells carry the food 
made in the leaves to all parts 
of the plant. Phloem cells do not 
need to die to do this job. The 
ends of phloem cells have holes 
and look like sieves. 

  Leaf cells (palisade cells)  
 The main function of leaf palisade cells is 
to photosynthesise, so they are packed 
with chloroplasts and are usually green. 

Phloem cell

300 µm

 The main function of leaf palisade cells is 
to photosynthesise, so they are packed 
with chloroplasts and are usually green. 

  Epidermal cells  
 Epidermal cells are found on the outside 
of the plant. They form an outer skin for 
the plant and protect the cells underneath. 
This explains why they need a fl at shape 
and why they interlock like tiles. Epidermal 
cells do not usually photosynthesise so 
they lack chloroplasts. Light needs to 
pass through them, and they are usually 
transparent. The cells in the diagram 
below are onion epidermal cells. 

 Like xylem cells, phloem cells 

Epidermal cells
 Epidermal cells are found on the outside 
of the plant. They form an outer skin for 
the plant and protect the cells underneath. 
This explains why they need a fl at shape 
and why they interlock like tiles. Epidermal 

  Root hair cells  
 Root hair cells absorb 
water and dissolved 
minerals from the soil. 
They have small hairs, 
called root hairs, on 
their surface. This 
increases the surface 
area of the root cells so that they can 
soak up water more quickly.  

Root hair cells
 Root hair cells absorb 

 Explore more with this weblink: Electron micrographs of human cells

 Try out this interactivity: Cell jobs (int-0206)

RESOURCES — ONLINE ONLY
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INVESTIGATION 2.8

Plant cells in view
AIM: To observe the features of different types of plant cells

You will need:
light microscope
prepared plant slides: leaf epidermal cells, root hair cells, stomata/guard cells

• Construct a table like the one below, making it large enough for all of your results.
• Use a microscope to observe the prepared slides, recording your observations in the table as you make them.

Discussion
1. Which features did the plant cells have in common?
2. In what ways did the plant cells differ from each other?
3. Why are there some features that all cells possess?
4. Find out the functions of the different types of cells examined.
5. Suggest how the shape or size of the cells may assist the cell in doing its job.
6. Suggest reasons for some of the differences observed between the cells.

Source of specimen Type of specimen Sketch of specimen Description of specimen

Plant Leaf epidermal cells [Allow as much space as 
you can; draw only two or 
three cells, in pencil, and 
include magnification and 
estimated size.]

[Describe in words what 
the specimen looked like.]

2.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each type of cell with its function.

2. Deduce why the epidermal cells in leaves have a flattened shape.
3. Outline how xylem cells form into long tubes.
4. Recall which cells make up the tubes that transport food in the leaves down through the stem.

Think and reason
5. Explain whether you would expect to find chloroplasts in roots.
6. (a) Copy and complete the table below using the information in the diagram on the previous page.

Type of cell Function

(a) Root hair cell A Changes shape to open and close pores in the leaf

(b) Xylem cell B Increases surface area for efficient absorption of water and minerals

(c) Guard cell C Carries water and minerals up the plant

Type of cell Size (μm)

Guard cell Length =
Phloem cell Length =
Palisade cell Length =
Onion epidermal cell Length =
Xylem cell Width =
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(b) Calculate the average size of the cells listed in the table in part (a).
(c) Construct a column graph of the data in part (a), showing cell type on the horizontal axis and cell size on the vertical 

axis.
7. Deduce how guard cells got their name.
8. Guard cells and stomata usually occur only on the lower part of the leaf, away from direct sunlight. Explain 

why.
9. Why are all plant cells not the same?

Create
10. Construct a working model of a pair of guard cells, using balloons.

2.11 Review
The microscope
 •  recall the parts of a school microscope and state their functions 2.2
 •  explain the difference between a light and an electron microscope and the advantages of each 2.3
 •  prepare a specimen for viewing under a school microscope 2.2, 2.5
 •  explain why stains are used when preparing microscope slides 2.5
 •  use a microscope to obtain a focused image of a specimen 2.2, 2.5, 2.7
 •  explain why the invention of the microscope had a significant impact on biology 2.4
 •  describe van Leeuwenhoek’s contribution to the field of microbiology 2.4
 •  interpret a timeline such as the one on pages 56–57 2.4

Looking at cells
 • recall that a micrometre is 1/1 000 000th of a metre, and convert measurements from  

micrometres into millimetres and metres 2.2
 • draw labelled diagrams of an animal cell and a plant cell as viewed under a light microscope 2.5, 2.7
 • describe the functions of the following cell parts: nucleus, cell membrane, cell wall,  

chloroplast, cytoplasm, mitochondrion 2.5
 • draw labelled diagrams of a specimen viewed under the microscope 2.2, 2.5, 2.7

Unicellular and multicellular organisms
 • explain the difference between unicellular and multicellular organisms, and list examples of each 2.8
 • explain how things move in and out of cells 2.6
 • explain how unicellular organisms reproduce 2.8
 • recall examples of different types of cells found in animals, such as humans, and their functions 2.7
 • explain how the structure of a cell is related to its function, using examples 2.7
 • explain the meaning of the terms ‘tissue’, ‘organ’ and ‘system’, and give examples of each  

in both plants and animals 2.7

Individual pathways

 ACTIVITY 2.1
Revising cells
doc-10533

 ACTIVITY 2.2
Investigating cells
doc-10534

 ACTIVITY 2.3
Investigating cells further
doc-10535

 ONLINE ONLY
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2.11 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. (a) Identify the labelled parts in the diagram below.

 (b) Outline the functions of parts A, C, D, G, I, J, K and L. Present your answers in a table.
2. Your teacher has asked you to examine a sample of pond water under the microscope.

(a) Draw a labelled diagram of the microscope slide ready for viewing under the microscope.
(b) The school microscope has an ocular (eyepiece) lens that provides ×10 magnification. What is the total 

magnification when the ×40 objective lens is used?
3. Deduce which of the following types of microscopes were used to take the photos shown at the top of the 

next page.
• Scanning electron microscope
• Light microscope
• Transmission electron microscope

FOCUS ACTIVITY
Create a video or photostory demonstrating one of the following procedures.
• How to prepare a specimen (e.g. a piece of onion skin) for viewing under the microscope
• How to focus a microscope
• How to draw a specimen viewed under a microscope
• How to take a photo of a specimen with a digital eyepiece

Access more details about focus activities for this chapter in your eBookPLUS. (doc-10532)

A 

K

L

H

I

C

D
J

E

F

G

B 
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   Explain   your answers.  

4.                 Outline the major contribution that each of the following scientists made to the fi eld of microbiology.  
•   Anton van Leeuwenhoek  
•   Robert Hooke  
•   Robert Brown  
•   Ernst Ruska    

5.   A diagram of a cell is shown below. 

(a)      Is the cell an animal or a plant cell?   Justify   your answer.  
(b)   Name the parts labelled A–F and tabulate the function of each part.    

6.   Unscramble the letters using the clues provided  
(a)   SEUNCLU: Control centre of the cell  
(b)   ERAMMBNE: Surrounds the cell  
(c)   OCVAUEL: Contains cell sap  
(d)   CATOPLMYS: Part of the cell between the cell membrane and the nucleus    

A

(a) (b)

(c)

E C

F

B

D
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7.   Match the following cell names to the diagrams below.  
Euglena 
 Paramecium 
 onion epidermal cell 
 nerve cell 
 sperm cell 
 bacterium    

8. Identify   two organs that belong to each of the following systems.  
(a)   Digestive system  
(b)   Respiratory system    

9.   Name the process shown in the diagram below. 

10.      Read the following story. 
Charlotte has a small pond in her backyard. The weather has been warm and sunny and the 
pond has turned green. Charlotte suspects that algae may be growing in the water .  
(a)   Describe how Charlotte could use a microscope to fi nd out if there are algae growing in the 

water. Write your answer as a procedure.  
(b)   When Charlotte looked at a sample of pond water under the microscope, she saw various 

organisms. A sketch of one of the organisms is shown below. Is the organism unicellular or 
multicellular?   Justify   your answer. 

11.        Choose any two types of plant cells and   outline   how the structures of these cells relate to their functions.   

One amoeba.
Amoebas are unicelluar

organisms.

Two amoebas Cytoplasm divides.

Nucleus divides.

Cytoplasm divides.Cytoplasm divides.

Nucleus divides.One amoeba.
Amoebas are unicelluar

Two amoebas

Amoebas are unicelluar
One amoeba.

Amoebas are unicelluar
organisms.

Two amoebasTwo amoebas

(a) (b) (c)

(d) (e)(f)
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 Test yourself  
1.   Refer to the diagram of the microscope on page 79. Which of the following parts magnify the image?  

(A)   A and G  
(B)   A and D  
(C)   D only  
(D)   G only     (1 mark)  

2.   What is the function of the cell membrane?  
(A)   It controls the cell.  
(B)   It gives the cell its shape and supports the cell.  
(C)   It regulates what can enter and leave the cell.  
(D)   It is where respiration occurs.     (1 mark)  

3.   A diagram of a cell is shown at right. 
   Which of the following statements is true of this cell?  
(A)   It is an animal cell because it has a nucleus.  
(B)   It is a plant cell because it has a cell membrane.  
(C)   It is a plant cell because it has a large vacuole.  
(D)   It is an animal cell because it lacks chloroplasts.     (1 mark)  

4.     Identify   which of the following statements is true.  
(A)   Tissues are made of different types of organs.  
(B)   A system is made of organs working together.  
(C)   The skin is made up of one type of tissue.  
(D)   Blood is an example of lining tissue.     (1 mark)  

5.   In the human body there are many different kinds of cells.  
(a)   Use at least two examples to   explain   why there are cells of different shapes and sizes.   (3 marks)  
(b)   Draw a labelled diagram of a type of cell found in the human body.   (2 marks)  
(c)     Explain   why substances need to move in and out of cells.   (2 marks)     

  Blood is an example of lining tissue.    

   Complete this digital doc:   Worksheet 2.5: Cells puzzles (doc-0000)     

   Complete this digital doc:   Worksheet 2.6: Cells summary (doc-0000)    

   RESOURCES — ONLINE ONLY  
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