
introduction

A life-on-earth year
Planet Earth did not always exist. Finding out just when it came 
into existence has taken years of investigations by many different 
scientists. Their most up-to-date estimate is that the oldest rocks 
were formed 4.6 bya (billion years ago) – that’s 4 600 mya 
(million years ago), or 4 600 000 000 years ago… 

Louis, the little boy in the photo alongside, was four-and-a-half 
years old when the photograph was taken. The Earth is a billion 
times older than Louis!

A life-on-earth timeline
Imagine the entire history of the Earth compressed from 4.6 billion years to just one year. The scale is 
1 day = 12 602 740 years.

Now imagine you have stayed up to see the New Year in, and it is one second after midnight on 
1 January. Planet Earth would have been formed at this exact time one year ago, dinosaurs would 
have become extinct about five days ago (8 pm 26 December), and modern human beings would not 
have appeared until just before midnight on New Year’s Eve (about four minutes and 36 seconds ago)!

Mya Events
4 600 Origin of planet Earth from a cloud of interstellar dust
3 500 First life forms appear; they are microscopic and single-celled, like bacteria
3 500 to 1 500 Photosynthetic organisms produce oxygen gas
460 First fish
400 Plants and animals colonise the land
400 to 250 Biggest mass extinction in Earth’s history; 90% of all life forms die out
247 First dinosaurs
240 First mammals
145 First flowering plants
65 Extinction of the dinosaurs, and many other life forms
4 Human ancestors walk upright for the first time
0.04 (40 000 ya) Modern humans (Homo sapiens) appear for the first time

To give you some idea of this colossal span of time, an exercise has been set out for you on the 
next page. Your mission is to illustrate on the timeline, either by drawings or by cut-out pictures, 
the events listed in the table above.
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Method
1. Roll the Plasticine between your hands until it is as close as possible to spherical in shape.
 Measure its diameter against the ruler printed down the side of the page.
 If the diameter is greater than 2 cm, pinch a little Plasticine from the sphere, and roll again.
 If the diameter is less than 2 cm, add a little Plasticine to the sphere, and roll again.
 Keep adding or subtracting Plasticine until the diameter of your sphere is exactly 2 cm.
2. Now squash the sphere carefully into a cube shape, and measure the length of one side. 
3. Complete the first row in the Results.
4. Cut the cube carefully in half, then cut each half into equal quarters, so you end up with 8 

small cubes of Plasticine, as shown in the following diagram.

Results 

Sphere: diameter = 2 cm; radius =  cm

Large cube: side length =  cm

Small cube: side length =  cm

1. Do the 2 cm sphere and the large cube have the same volume?

2. Is the surface area of the large cube greater / equal / less than that of the sphere? (circle one)

3. When you cut the cube in half, were new surfaces exposed?

4. Do the combined volumes of the two halves equal the volume of the large cube?

5. Do the combined surfaces of the two halves equal the surfaces of the large cube?

6. Formulae 

Surface area of a cube of side a = 6a2

Surface area of a sphere of radius r = 4 π r 2 or (12.57 × r 2)
Volume of a cube = a3

Volume of a sphere = 4
3

 π r 3 or (4.19 × r 3)

 Use the formulae to complete the following table. An accurate value for the side of the large 
cube has been supplied.
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Conclusions
Fill in the spaces, and circle the correct answers below.

1. Where the iodine has gone blue-black, starch is  . The blue-black areas on

 the leaf after the starch test match the  parts on the first drawing. Therefore,

 starch has been produced only in those parts of the leaf  chlorophyll.
2. My hypothesis was correct / incorrect – plants do / do not require chlorophyll to produce starch. 

Is carbon dioxide needed for photosynthesis?
Bromothymol blue is an indicator that turns yellow in the presence of carbon dioxide.

The change is reversible – when carbon dioxide is removed, the colour changes back to blue.

Colour in the liquids in the following diagram.

add CO2

remove CO2
blue yellow

Bromothymol blue – a carbon dioxide indicator 

Aim
To find out whether plants take in or give off carbon dioxide when they make starch, ie, when 
they carry out photosynthesis.

Choose one of the following hypotheses by underlining or highlighting it:
•	 Plants take in carbon dioxide during photosynthesis.
•	 Plants give off carbon dioxide during photosynthesis.

Equipment
•	 Bromothymol blue solution
•	 Bromothymol yellow solution (produced by blowing through a straw into the bromothymol 

blue solution) 
•	 2 × small, transparent glass or plastic containers with airtight lids 
•	 Fresh oxygen weed (Elodea)

Method
Use the yellow solution if you think the plant will take in carbon dioxide from the water.

Use the blue solution if you think the plant will give off carbon dioxide into the water.
1. Cut two pieces of oxygen weed just long enough to fit into the containers. Put one piece of 

weed into each container.
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2.  Fill each container completely with bromothymol blue solution and put the lid on.
3. Place one container in a sunny place and the other in a dark cupboard. Leave overnight.

Results
Colour the following ‘before’ and ‘after’ diagrams to show your results. Then show the results of 
a group that used the other-coloured bromothymol blue solution. ‘B’ and ‘Y’ in the diagrams stand 
for ‘blue’ or ‘yellow’ bromothymol blue colour at the start of the experiment.

Before After

Sunny place

 B Y

  

 

  

Dark cupboard

 B Y

  

 

  

Conclusion
Fill in the spaces or circle the correct answer in the following paragraph.

In the dark (eg during the night) oxygen weed plants  carbon dioxide. The process

is respiration / photosynthesis. In the light (eg during the day), oxygen weed plants  

carbon dioxide. The process is respiration / photosynthesis. 

So, the correct statement is ‘Plants  carbon dioxide during photosynthesis’.

Note: Plants respire, giving off carbon dioxide, during the day as well as at night, but the carbon dioxide 
produced during the day is used up by photosynthesis. This is summarised in the following table.

Respiration Photosynthesis Overall result
During the day Produces a little CO2 Uses a lot of CO2 CO2 is absorbed by plants
At night Produces a little CO2 Does not occur CO2 is released by plants

1. Which plant (and animal) process produces carbon dioxide?

2. Which plant process uses carbon dioxide?

3. Which process(es) occur during the day?

4. So, why are plants said to absorb carbon dioxide during the day?
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Some plants wilt wilt wilt when deprived of water

A pumpkin plant, just removed from the soil The same pumpkin plant, one hour later…

What happened to the pumpkin plant’s cells to make the leaves wilt?

A model root and stem
This experiment models the working of a plant’s root and stem.

A dialysis membrane ‘sausage’ is filled with a strong sugar 
solution and tied tightly to a rubber bung with a thin glass tube 
sticking up from it. 

At the beginning of the experiment, the sausage is suspended in 
a beaker of water.

water

dialysis 
membrane

strong sugar 
solution

water surface level
thin glass tube

1. What happens next – would the sausage gain or lose water?

2. What would happen to the water level in the tube?

The process by which water moves through a cell membrane, is 
called osmosis. In osmosis:
•	 The membrane must be semi-permeable, ie like a sieve.
•	 The water always moves from where it is concentrated 

(pure water is 100% water).
•	 The water always moves to where it is dilute (sugar solution 

is less than 100% water).

You can see from the diagram alongside that although the sugar 
is more concentrated inside the dialysis ‘sausage’, the water 
is more concentrated outside (where it is 100% – you can’t get 
more concentrated than that!). The sugar molecules are too big 
to slip out through the tiny pores in the membrane, but water 
moves easily into the sausage.

water

dialysis 
membrane

strong sugar 
solution

sugar molecules

microscopic pore

water molecules

membrane
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Animal nutrition
One man’s meat… is another man’s poison
Different types of animal have different food requirements. 
Fill in the spaces in the following sentences.
1. Herbivores, eg cows, caterpillars, and rhino,

 feed only on
2. Carnivores, eg cats, dogs and sharks,

 feed only on
3. Animals that eat both plants and animals are called

Research – Bacon-and-egg burger 
Ingredients for a bacon-and-egg burger include hamburger buns, butter, bacon, egg, grated 
cheese, tomato, lettuce and cucumber. 

On a sheet of A4 paper draw a cartoon of a food web, with a student eating a bacon-and-egg 
burger at the apex of the web (as the top predator). You will need to:
•	 Draw a separate food chain for each of the 8 food items listed in the ingredients. There will be 

a producer, eg grass, at one end and the student at the other. 
•	 Join the separate food chains into a single food web.
•	 Illustrate your food web with drawings and cut-outs.

Photo: Author (Courtesy Auckland Zoo)

Southern white rhinoceros and 
spotted dove enjoying a vegetarian 
breakfast

What is food?
All animals need food and water to keep them healthy and to 
provide them with energy and the raw materials for growth. 

The following five food classes are essential in the diets of all 
animals: carbohydrates, proteins, lipids (fats), vitamins, 
and minerals.

Test yourself – see if you can place the five food classes with the correct body requirements for 
those foods.

Body requirements Food classes
Required in larger amounts for respiration (as a 
source of energy) and

Required in larger amounts for growth and repair

Required in smaller amounts for the general 
health of the body and
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windpipe (trachea) – supported by 
rings of cartilage to stop it collapsing

ribs – protect lungs 
and assist breathing

lungs

bronchiole

diaphragm – thin 
strip of muscle 
stretching across the 
bottom of the chest

heart

bronchi – divide 
thousands of times into 
narrow tubes called 
bronchioles

voice box (larynx)

bronchiole
network of 
capillaries

one alveolus 
(plural alveoli)

blood in
blood out

1. Which blood vessel takes blood to the lungs from the heart? (Clue – look at the heart diagram

 on page 51).
2. Is the blood that arrives in the lungs from the heart oxygenated, or is it deoxygenated?

3. In the gas-exchange diagram, a network of capillaries is shown, enclosing a bunch of alveoli 
(air sacs). Use red and blue pencils to colour in the left and right halves of the capillary network 
– red for oxygenated and blue for deoxygenated blood. Clue – the ‘blood in’ label refers to 
blood coming into the lungs from the heart.

Breathing – inhaling and exhaling 
Study the bell-jar model of the thorax and answer the questions 
that follow.

The bell-jar model of the thorax (chest)
This model simulates the structure and function of your thorax 
(chest) in breathing. The model is operated by pulling down, 
then releasing, the rubber sheet. 

Compare this model with the preceding diagram of the lungs. 
The labelled parts of the model represent parts of the human gas 
exchange system.

bell-jar air space

balloons

rubber 
sheet

glass tube
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1. After each of the following parts of the model, write the structure(s) it represents in your body.

a. Balloons: 

b. Bell-jar:

c. Glass tube:

d. Rubber sheet:

e. Air space:
2. In the diagram, the rubber sheet is shown being pulled down. Are the balloons inflated (blown

 up) or deflated in the diagram?
3. When the rubber sheet is released, what will happen to the:

a. Pressure in the air space?

b. Air in the balloons?

c. Balloons themselves?
4. When the rubber sheet is pulled down again, what will happen to the:

a. Pressure in the air space?

b. Balloons?
5. A major difference between the model and the human thorax is that the bell-jar is not flexible 

like the rib cage. What does your rib cage do when you inhale and exhale?

6. Now use the word list to fill in the spaces in the following description of breathing.
 contracts    down    expands    forced out of    increases    lowers    sucked into    up 

 When we inhale, the diaphragm moves  and the rib cage  .

 This  the pressure in the chest cavity, and air is   the lungs

 through the trachea. When we exhale, the diaphragm moves  and the rib cage

  . This  the pressure in the chest cavity, and air is

      the lungs through the trachea. 
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Safety in the laboratory – a self-test  (page 3)
1. No running / No pushing / No throwing things (any two).
2. Always place a bench board underneath / Never light a Bunsen with a piece of paper / Always turn a 

Bunsen off at the wall / If you must leave a Bunsen unattended, eg between experiments, it must have the 
air hole closed (yellow flame) / Never turn your back on a Bunsen burner / Tie long hair back / Wear safety 
glasses (any five).

3. You must not eat or drink in a lab at any time / Wash your hands if you are going to eat/drink straight 
after being in the lab.

4. Safety glasses.
5. Because you might step on something dangerous. / Because you might spill something dangerous on your 

foot.
6. Wave your hand over the tube/bottle, so that some of the gas is wafted to your nose.
7. Tell your teacher / Wipe or sweep it up.
8. Away from everyone.
9. A test-tube holder.
10. So no one trips over the bag.

The Bunsen burner – a self-test  (page 3)
1. a. Gas tube.

b. Air-hole.
c. The paper burns too quickly and may be dropped. 

2. a. Place your Bunsen on a bench board
b. Connect the Bunsen to a gas tap (in the ‘off’ position).
c. Close the air hole. 
d. Light your match / taper. 
e. Turn on the gas and light the Bunsen. 
f. Open the air hole. 

3. Air hole position Flame colour Hotter / cooler Clean / dirty Good for …
Open Blue Hotter Clean Heating

Closed Yellow Cooler Dirty Lighting/safety

The measuring cylinder – a self-test  (page 4)
1. The curved surface on a liquid.
2. The bottom of the curve.
3. Level with the meniscus.
4. 20 mL, 14 mL, 28.5 mL, 24 mL  

Areas and volumes  (page 4)
Sphere: diameter = 2 cm; radius = 1 cm.
Large cube: side length = 1.6 cm.
Small cube: side length = 0.8 cm.
1. Yes.
2. greater
3. Yes.
4. Yes.
5. No – they are bigger.

6. Object Radius or side (cm) Surface area (cm2) Volume (cm3)
Sphere 1.00 12.57 4.19

Large cube 1.612 15.59 4.19

Small cube 0.806  3.90 0.52

8 small cubes, combined Not applicable 31.20 4.19

7. A sphere and a cube of the same volume have different surface areas: the sphere has
a lesser surface area than the cube.

8. increases.

Metric or imperial – which units to use  (page 7)
1. Friction with the atmosphere caused it to burn up.
2. A computer works with the information you give it – it can’t tell if the input data is right

or wrong. ‘Rubbish’ is incorrect data.
3. a. 100.

b. 10.
c. 1 000.
d. 1 000.
e. 1 000.
f. 1 000.

4. a. (328 × 102) = 32 800 cm.
b. (328 × 10–3) = 0.328 km.

5. Quantity Distance Volume Time Speed Mass Weight/
force

SI unit 
name metre cubic 

metre second metre per 
second kilogram Newton

6. Symbol µm mA MW kJ m s–1 m s–2

Name micrometer milliamp megawatt kilojoule metre per 
second 

metre per 
second squared

Chapter 2: The world under the microscope

Introducing the microscope  (page 11)
1. With two fingers, on the edges.
2. Wash it and dry it with a paper towel.
3. One drop.

Focusing the microscope  (page 12)
1. The arm.
2. The stage.
3. Holding the slide in position.
4. Through a hole in the stage.
5. The lowest power lens / the shortest one.
6. You feel / hear a click.
7. Eyepiece lens
8. Coarse focus.
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9. Only after you have focused with the low power lens! 
10. Magnify.
11. Never!

Naming the parts  (page 13)

Eyepiece lens

Objective lenses

Stage

Lamp

Base

Arm

Clip

Coarse-focus knob

Fine-focus knob

Magnification  (page 13)
1. 4 × 10 = 40 ×
2. 10 × 10 = 100 ×
3. 40 × 10 = 400 ×

The letter ‘e’  (page 14)
1. Yes.
2. low power
3. a.
4. No. It looked like a jumble of fibres.

Investigating cells  (page 14)
Conclusions
Humans, onions, oxygen weed and microbes are all made up of cells. Each cell contains a nucleus and 
cytoplasm, enclosed in a thin cell membrane (animal cells) and/or a thicker cell wall (plant cells). 
Chloroplasts are small, green organelles (‘little organs’) found in many plant cells, but never found in 
animal cells.

The first drawing of cells under a microscope  (page 16)
1. So light could pass through it.
2. Some are square/cuboid; others are circular/spherical.
3. Some of them reminded him of the little square rooms in prisons and monasteries. 
4. A plant – the cork oak.
5. The cells are regular in shape and have thick cell walls.
6. Dead cells (cork is a protective layer of dead cells).

Plant or animal?  (page 17)
1. Nucleus, cytoplasm, cell membrane. 
2. Vacuole, cell wall, chloroplasts.
3. Cell wall. The cell wall is thicker/stronger/more rigid.

4. Cell parts Description and function
Nucleus The cell’s ‘brain’ – contains DNA in chromosomes, and tells the cytoplasm what 

jobs to do.

Cytoplasm The cell’s ‘factory’ – carries out the cell’s jobs, eg making proteins.

Cell membrane Thin ‘skin’ around all cells – controls which substances can enter the cells, and 
which can leave.

Cell wall Thick wall around plant cells – supports the cells and gives them shape.

Chloroplast Oval, green organelle – carries out photosynthesis in plant cells.

Vacuole Large, bladder-like structure – stores water.

Cell puzzle  (page 18)

Across
1. cells
2. chloroplasts
5. vacuole
6. wall

Down
1. cytoplasm
3. nucleus
4. membrane

Chapter 3: Plants

What’s inside a seed?  (page 19)
1. Seed coat protects the new plant from wet or from drying out before it is ready to grow.
2. The food store feeds the seedling until it is big enough to make its own food. 
3. Beans, peas, lentils, rice, wheat (as flour, bread, etc), corn, almonds, etc.
4. Because they both contain a concentrated food store.

Parts of an egg Shell White and yolk Embryo 

Equivalent parts of a seed Seed coat Food store Embryo

Sprouting seeds – germination  (page 20)
1. Seeds need warmth / water to germinate. They do not need light / soil.
2. Air.
3. a. The ‘air’ in Jar A contains O2, but no CO2 , and the ‘air’ in Jar B contains CO2, but no O2.

b. not carbon dioxide but oxygen.
c. It uses the food stored in the seed. 

4. a. By this time, the seedling has grown leaves and it can start making its own food (by photosynthesis).
b. When the plant starts to make its own food.

5. To keep them dry – so they won’t sprout.

Summary
Warmth, water and oxygen.

Plants and starch  (page 23)
Results
1. dark brown/black.
2. light brown.
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