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    TOPIC 1 
Investigating 

  1.1  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. 

 1.1.1 Why learn this? 
  The word ‘science’ comes from 
the Latin word  scientia , meaning 
knowledge. Scientists have been 
seeking knowledge for many 
thousands of years. Before the 
1600s, early scientists were often 
called philosophers; because they 
had limited technology to inves-
tigate the world around them, 
they merely applied their rea-
soning to make sense of what 
they saw.  

  Today, scientists use sophis-
ticated equipment to carry out 
investigations and build on the 
body of knowledge that is science. 
But science is more than a collec-
tion of important facts. It is about 
exploring and, as an explorer, you 
will be trained to investigate sci-
entifi cally so the conclusions you 
arrive at are based on sound logic 
and supported by evidence.    

  Forensic scientists use their knowledge to help solve crimes. 
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 1.1.2 Thinking about investigating  
1.   Look around the laboratory. Identify fi ve features special to this working environment.  
2.   Identify fi ve everyday devices that have been invented with the assistance of science.  
3.   Do you know anyone working in science? Describe what they do.  
4.   Think of a really important scientifi c discovery. Discuss with a partner why you think it is so 

signifi cant.  
5.   These two pieces of equipment are used for measuring volumes of liquids.     

 Identify an important 
difference between them, 
other than their shape. 
Outline when each 
should be used.  

6.   Some of the skills that 
scientists use are the 
same as those used by 
detectives in solving a 
crime. Careful observa-
tions are required before 
any conclusions can be 
drawn. Look carefully at 
the drawing at right and 
describe what you think 
has happened.    

7.   If you were asked to 
draw a picture of a 
 scientist, what would 
you draw? Draw your 
image of a  scientist on 
A4 paper. Underneath 
your drawing, write a 
brief description of the 
scientist.    
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 Watch this eLesson: Career spotlight: scientist: Meet marine biologist Jodie Haig and learn about this exciting 
career in marine science.

 Searchlight ID: eles-0053

RESOURCES — ONLINE ONLY

INVESTIGATION 1.1

Design and separate
AIM: To separate the four components of a mixture of ‘dead’ matches, pebbles, metal paperclips 
and sand

You will need:
sand (about 250 mL)
‘dead’ matches
small pebbles
metal paperclips
plastic container (about 500 mL)
A3 paper
other equipment and water as required

• Mix the sand, matches, pebbles and paperclips evenly in a plastic container.
• Devise and write a step-by-step plan to separate the four components. You will need to think about the 

features of each part of the mixture that will make separation possible.
• Make a list of all of the equipment that you will need.
• Gather the equipment and perform the separation.

Discussion
1. Copy and complete the following flow chart in your notebook. Outline each step you followed and, in each of 

the boxes, list the items separated.

Step 1
                                         
                                         

Step 2
                                         
                                         

Step 3
                                         
                                         

Matches, pebbles,
paperclips, sand

2. Identify the unique property or feature of each item that allowed it to be separated from the other items.
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  1.2  What do scientists do? 
 Science as a human endeavour  

 1.2.1 The disciplines of science 
 You can fi nd  scientists  just about anywhere. They could be in a desert fi nding out how plants survive 
without water. They could be digging deep into the ice in Antarctica. You might fi nd a scientist searching 
for fossils on a rocky shore, counting rare animals in a rainforest or monitoring electricity in a power sta-
tion. Some scientists work in laboratories, searching for a cure for a disease. Others work in the chemical 
industry. You might even fi nd a scientist in space. 

 There are many disciplines of study in science. A few are shown on these pages.        

 HOW ABOUT THAT! 
     Not all scientists were high achievers at school. Some very famous scientists were average or 
below average school students. Albert Einstein is probably the most famous example. He did not 
talk until he was three years old. He left school at the age of 15 and went back later. He passed 
his university exams by studying the notes of his classmates. 

    Earth science    Earth scientists, or geologists, 
study the Earth. They investigate how rocks and 
mountains form. Some specialised geologists, 
called seismologists, study earthquakes. 
Palaeontologists study fossils and ancient 
rocks. Vulcanologists study volcanoes.  

    Biology    Biologists study living things. They investigate 
how living things function and how they interact. 
Some biologists, such as botanists and horticulturists, 
study plants. Zoologists and veterinarians study 
animals. Microbiologists study microscopic living 
things. People like doctors and dentists use their 
knowledge of biology to help keep people and their 
teeth healthy.  
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Psychology    Psychology is the study of human 
behaviour. Psychologists study the causes of 
behaviour, including the emotional, social and 
developmental factors involved. In general, 
psychology is concerned with how people perceive 
the world around them and how they react to it, 
how they learn and how they relate to others and 
function in groups.  

    Physics    Physicists study different types of 
energy. They investigate and explain things 
like movement, heat, nuclear energy, light and 
electricity. Some engineers use their knowledge 
of physics to make sure buildings are strong and 
cars are safe. A knowledge of physics is also 
used in electronics, computer design and even 
special effects in movies.  

Astronomy    Astronomers study the night sky. They 
are concerned with planets, moons, stars, comets 
and other objects in space.  

    Chemistry    Chemists study how substances react 
with each other. They investigate and explain 
why some substances behave differently from 
others and how they can best be used. Industrial 
chemists might look for ways to make better 
paints or plastics. Pharmacists are chemists too. 
They work with chemicals that are used to treat 
illness and disease.  

 A mix of science 
 The boundaries between the different sciences are often crossed. Biophysicists and biochemists work in 
more than one fi eld. Scientists from different fi elds often work together to solve problems.  Physicists  
work with medical staff to develop the bionic ear. Physicists and  geologists  work together to locate under-
ground mineral deposits using soundwaves.  Chemists  work with  biologists  to develop medicines such as 
antibiotics.  
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  Some scientifi c discoveries happen 
by accident. Bacteriologist Alexander 
Fleming discovered the fi rst antibiotic, 
which he called penicillin. He observed 
that a tiny piece of mould that had 
fallen into his experiment stopped the 
growth of bacteria. 

 Specialising 
 Within each discipline of science, scientists specialise in a 
specifi c area. For example, in psychology,  neuropsycholo-
gists  study the different areas of the brain to better under-
stand brain functions such as memory and learning.  Sports 
psychologists  advise athletes on self-image and on main-
taining the motivation to persist and succeed in their chosen 
sport. 

 Science and technology 
 Scientifi c discoveries have helped improve our quality of life. 
Whenever you turn on a light, fl y in a plane, play tennis or fl ush 
a toilet, you are using a product of scientifi c knowledge. The 
term ‘technology’ refers to devices that use scientifi c ideas to 
make life easier.    

      Sports psychology  helps athletes train 
their minds for greater success in the 
sports arena. Lleyton has received advice 
from sports psychologists on setting 
goals, motivation and concentration.

       Chemical engineers  
have been responsible for 
producing a lightweight but 
powerful tennis racquet 
for modern tennis players. 
Lleyton Hewitt’s racquet frame 
is constructed of graphite, 
elastomer and Kevlar. The 
strings are made of nylon. 
Tennis racquet technology 
has changed greatly from 
the timber and catgut tennis 
racquets of the 1950s and the 
1960s. 

   Industrial chemists  look for ways to 
make better materials. Lleyton’s tennis 
outfi t is made of a blend of polyester and 
cotton. The blend of these two fi bres 
makes the fabric more breathable and 
durable. 

 The branch of biology that studies 
the function of the human body is 
 physiology . Lleyton suffered a hip 
injury leading up to the Olympic 
Games in 2008. Lleyton travelled with 
a  physiotherapist  to Beijing so that 
he could get through the games and 
continue on to the US Open.

  The branch of physics that 
studies how people move is 
called  biomechanics . Scientists 
use modern video and computer 
technology to analyse every part 
of Lleyton’s swing to help suggest 
improvements. 

   Physicists study how objects move and the importance of 
 forces  such as  friction . They research the performance of the 
different types of balls. For example, tennis balls with coarser 
covers slow down more quickly in their fl ight through the air.

   Researchers in physics have 
helped modern tennis players 
adjust their game to suit different 
playing surfaces. On a grass court, 
tennis players are encouraged 
to serve as fast as possible to 
produce a fast, low bounce. On 
clay courts, a player needs to 
reduce the speed of the serve and 
put more spin on the ball. This 
produces a slower, higher bounce 
that is diffi cult to return.  
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1.2 Exercises: 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. Describe what scientists do.
2. Define the term ‘technology’.

Think
3. What type of scientist would investigate rocks to see how old they are?
4. Give an example of the work that a biophysicist and a biochemist might do.
5. Look at the photograph of Australian tennis player, Lleyton Hewitt. Propose how each of the following 

scientists might improve his performance.
(a) Nutritionist
(b) Psychologist
(c) Physicist

6. How might these people use science in their daily work?
(a) Doctor
(b) Mechanic
(c) Farmer
(d) Firefighter
(e) Architect

Investigate
7. Read the main section of a daily newspaper, either online or offline. Find an article in which a scientist is 

referred to or quoted. For this article, identify:
• the scientist’s name
• the discipline or specific field of science they study
• which organisation they work for
• what the newspaper article is about and why the scientist has been included in the article.

8. Use the Da Vinci’s machines weblink in your eBookPLUS to learn about some of the important machines 
that Leonardo da Vinci invented.

1.3 The science laboratory
1.3.1 Getting to know the science lab
Scientists often conduct experiments in a laboratory. The science laboratory is different from other class-
rooms in the school. It is filled with a range of equipment to help you undertake scientific investigations 
safely.
 • Sit quietly for a minute or two and look around the science laboratory.
 • List as many differences as you can between the science laboratory and other general classrooms at your 

school.
 • Draw a map of the science laboratory, labelling each of the following items present in your laboratory.

 – Student tables and work benches
 – Teacher’s desk or demonstration bench
 – Gas taps
 – Sinks

 Explore more with this weblink: Da Vinci’s machines 

 RESOURCES — ONLINE ONLY
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 – Fume cupboard
 – Eye wash and safety shower
 – Fire extinguisher
 – Fire blanket
 – Broken glass bin
 – Rubbish bin
 – Doors

1.3.2 Laboratory equipment
Some of the equipment that you are likely to use in science is listed below. Use the illustrations on the 
 following page to find each item in the laboratory.

Equipment Use

Beaker Container for mixing or heating liquids and other substances

Bosshead Holds the clamp to a retort stand

Bunsen burner Heats substances

Clamp Holds objects at the required height on a retort stand

Conical flask Container for mixing substances or collecting filtered substances

Evaporating dish Container for heating small amounts of substances over a Bunsen burner

Filter funnel Used with filter paper to filter substances

Gauze mat Supports a container over a Bunsen burner while it is heated

Heatproof mat Protects benches from damage

Measuring cylinder Used to measure the volume of a liquid accurately

Retort stand Used with a clamp and bosshead to hold equipment at the required height

Safety glasses Protect eyes

Spatula Used to pick up small amounts of solid substances

Stirring rod Used to stir mixtures

Test tube Container for holding, heating or mixing small amounts of substances

Test-tube holder Holds a test tube while it is being heated

Test-tube rack Holds test tubes upright

Thermometer Measures temperature

Tongs Used to hold small objects while they are heated or to pick up hot glassware

Tripod Supports a gauze mat over a Bunsen burner

Watchglass Holds small quantities of solids
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Gauze mat

Tripod

Conical �ask

Bosshead
Clamp

Measuring
cylinder

Beaker

Tongs

Test tube

Spatula

Evaporating dish

Safety glasses

Filter funnel

Retort stand

Test-tube holder

Test-tube rack

Stirring rod

Thermometer

Watchglass

Bunsen burner

Heatproof mat

 Some equipment that you are likely to use in the science laboratory 

    1.3.3 Investigating safely 
 Doing experiments in science can be exciting, but accidents can happen if investigations are not carried out 
carefully. There are certain rules that must be followed for your own safety and the safety of others.   
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 Always …    
•   follow the teacher’s instructions  
•   wear safety glasses and a laboratory coat or apron, and tie 

back long hair when mixing or heating substances  
•   point test tubes away from your eyes and away from your 

fellow students  
•   push in chairs and keep walkways clear  
•   inform your teacher if you break equipment, spill chemicals 

or cut or burn yourself  
•   wait until hot equipment has cooled before putting it away  
•   clean your workspace — don’t leave any equipment on the 

bench  
•   dispose of waste as instructed by your teacher  
•   wash your hands thoroughly after handling any substances 

in the laboratory.   

 Never …    
•   enter the laboratory without your teacher’s 

permission  
•   run or push in the laboratory  
•   eat or drink in the laboratory  
•   smell or taste chemicals unless your teacher 

says it’s ok. When you do need to smell 
substances, fan the odour to your nose with 
your hand  

•   leave an experiment unattended  
•   conduct your own experiments without the 

teacher’s approval  
•   put solid materials down the sink  
•   pour hazardous chemicals down the sink 

(check with your teacher)  
•   put hot objects or broken glass in the bin   

 Handy hints  
 •   Use a  fi lter funnel  when pouring from a bottle or container without a lip.  
 •   Never put wooden test-tube holders near a fl ame.  
 •   Always turn the tap on before putting a  beaker ,  test tube  or  measuring cylinder  under the stream 

of water.  
 •   Remember that most objects get very hot when exposed to heat or a naked fl ame.  
 •   Do not use tongs to lift or move beakers.   

 1.3.4 Working with dangerous chemicals 
 Your teacher will tell you how to handle the chemicals in each experiment. At times, you may come across 
warning labels on the substances you are using.  
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 • Always wear gloves and safety glasses when using chemicals with this symbol. Corrosive substances 
can cause severe damage to skin and eyes. Acids are examples of corrosive substances.

 • These substances are easily set on fire so keep them away from flames. Methylated spirits is flammable.
 • Chemicals with this label can cause death or serious injury if swallowed or breathed in. They are also 

dangerous when touched without gloves because they can be absorbed by the skin. Mercury is a toxic 
substance.

1.3.5 Heating substances
Many experiments that you will conduct in the lab-
oratory require heating. In school laboratories, 
heating is usually done with a Bunsen burner. 
A   Bunsen-burner flame provides heat when a mixture 
of air and gas is lit.

Always tie hair back, and wear safety glasses and a 
laboratory coat or apron when using a Bunsen burner.

Heating containers
Beakers and evaporating dishes can be placed straight 
onto a gauze mat for heating. Never look directly into a 
container while it is being heated. Wait until the equip-
ment has cooled properly before handling it.

CORROSIVE

8
FLAMMABLE

LIQUID

3

Beaker

Heatproof mat

Place a gauze mat 
on a tripod to hold 
containers over a 
Bunsen-burner 
�ame.

Bunsen
burner

Gauze mat

Tripod

Evaporating dish

INVESTIGATION 1.2

The Bunsen-burner flame
AIM: To determine which Bunsen-burner flame is hotter

You will need:
Bunsen burner
heatproof mat
matches

A guide to using the Bunsen burner
1. Place the Bunsen burner on a heatproof mat.
2. Check that the gas tap is in the ‘off’ position.
3. Connect the rubber hose to the gas tap.
4. Close the airhole of the Bunsen-burner collar.
5. Light a match and hold it a few centimetres above the barrel.
6. Turn on the gas tap and a yellow flame will appear.
7.  Adjust the flame by moving the collar until the airhole is open  

and a blue flame appears.
8.  When the Bunsen burner is not in use, close the collar to return to 

the yellow safety flame. Base

Barrel

Collar

Airhole
(gas jet inside)

Gas hose
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  tongs  
  pieces of porcelain  
  safety glasses  
  clock or watch   
•   Light the Bunsen burner according to the guide above  .  
•   Open the airhole.  
•   Using the tongs, hold a piece of porcelain over the fl ame with the airhole open.  
•   Record how long it takes for the porcelain to turn red-hot.  
•   Let the porcelain cool on the heatproof mat.  
•   Close the airhole.  
•   Hold the porcelain in the yellow fl ame for a few minutes until it becomes red hot.   

 Discussion  
1.   Describe the fl ame when the airhole is open. What colour is it? Does it make a noise?  
2.   Describe the fl ame when the airhole is closed. Is it easy to see?  
3.   Does the porcelain turn red-hot in the yellow fl ame when the airhole is closed?  
4.   Do you notice anything else about the porcelain after heating in the yellow fl ame?  
5.   Which is the hotter fl ame? What observations did you make that support your answer?   

 INVESTIGATION 1.3 

 The hottest part of the fl ame 
  AIM:  To determine the hottest part of a blue fl ame 

   You will need:    

 Part A  
•   Use a pin to hang an unburnt match over the barrel of a Bunsen burner.  
•   Light the Bunsen burner according to the  guide  above.  
•   Turn the collar to produce a blue fl ame.  

•   Turn the Bunsen burner off and remove the match and pin with tongs.     
 Part B  
•   Re-light the Bunsen burner and turn the collar to produce a 

blue fl ame again.  
•   Use the tongs to hold the wire across the fl ame, close to the 

barrel of the Bunsen burner and observe the wire.  
•   Move the wire up a little and continue observing.   

     Discussion  
1.   What happens to the match hanging over the barrel? 

Explain why.  
2.   What colour does the wire become when held across the 

fl ame?  
3.   Is the colour of the wire different when it is held at the top 

of the fl ame?  
4.   Draw a diagram of the Bunsen-burner fl ame, labelling the parts that are hottest.  
5.   Students often heat substances in a test tube with a Bunsen burner. Why would it be unwise to:  

(a)   use a yellow fl ame rather than a blue fl ame  
(b)   position the test tube at the base of a blue fl ame?    

6.   Why is the yellow fl ame often called the safety fl ame?   

Unburnt
match

Pin

  Bunsen burner    nichrome wire  
  heatproof mat    tongs  
  matches    pin  
  safety glasses    
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 INVESTIGATION 1.4 

 Heating a substance in a test tube 
   AIM:   To practise heating a liquid in a test tube safely 

   You will need:   
  100 mL beaker  
  Bunsen burner and heatproof mat  
  matches  
  safety glasses  
  test tube  
  test-tube rack  
  test-tube holder  
  food colouring  

  CAUTION :   Before you start heating, check the following:    
•     If you have long hair, is it tied back?    
•     Are you wearing safety glasses?    
•     Is the Bunsen burner on a heatproof mat?      

•   Carefully pour water from a beaker into a test tube to a depth 
of about 2 cm as shown in the diagram at above right. Add a 
drop of food colouring to make it easier to see.   

•    Light the Bunsen burner correctly and heat the test tube 
gently in the blue fl ame as shown below. Remember that the 
open end of the test tube should be pointing away from you 
and your fellow students. The base of the test tube should be 
moved gently in and out of the fl ame. This prevents the liquid 
from splashing out of the test tube.  

•   Make sure that the test tube points away from you and other 
students.  

•   Move the base of the test tube in and out of the fl ame.  
•   Keep the test-tube holder away from the fl ame.  
•   Once the liquid has started boiling, stop heating and turn off 

the gas to the Bunsen burner. Place the test tube in the test-
tube rack. Leave it there until it has cooled before emptying it and cleaning up.     

 Discussion  
1.   Why should the test-tube holder be positioned at the top of the test tube?  
2.   Why is the blue fl ame used for heating?  
3.   Make a list of any changes you observed inside the test tube as you heated the water.   

 Pouring liquid into a test tube 

Danger in the laboratory
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1.4 Observing and inferring
As scientists conduct their experiments, it is important to keep a record of all the measurements and obser-
vations made. Some observations are qualitative, meaning that they describe in words the results of an 
investigation: for example, ‘The red kangaroo sheltered under a tree during the hottest part of the day’. 
Quantitative observations involve a numerical measurement: for example, ‘The male red kangaroo had a 
mass of 85.3 kg’.

1.3 Exercises: 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. Outline the purpose of each of the following pieces of equipment.

(a) Heatproof mat
(b) Evaporating dish
(c) Test-tube rack
(d) Retort stand

2. Give three examples of equipment used when heating objects.
3. Explain why you should always wear gloves when working with corrosive substances.
4. If the teacher says it is safe to smell a chemical, outline the technique you should use.
5. Identify which Bunsen-burner flame is hotter. How do you obtain this coloured flame?

Think
6. Identify which item of equipment you would use to:

(a) hold a test tube that is to be heated
(b) measure a volume of water exactly
(c) transfer a small sample of a powder to a beaker
(d) mix a sample of powder with water so it dissolves.

7. Look carefully at the picture of students in a laboratory above.
(a) Identify at least five dangerous situations you can see.
(b) Explain why each situation is dangerous.

8. The following statements are all incorrect. Rewrite them so that they are correct.
(a) Matches can be safely washed down the sink.
(b) Always point a test tube towards you when heating so you can see what is happening inside it.
(c) Safety glasses need to be worn only when heating over a blue Bunsen-burner flame.
(d) Water spills do not need to be cleaned up because they are not dangerous.

Create
9. Select one of the safety rules and choose a strategy for publicising your message to the class. You might 

create a safety poster, video clip or play.
10. Use the Robert Bunsen weblink to learn about the man after whom the Bunsen burner was named.

 Try out this interactivity: Using equipment 
 Searchlight ID: int-0200

 Explore more with this weblink: Robert Bunsen

 Complete this digital doc: Worksheet 1.1: Safety in the laboratory (doc-0000)

 Complete this digital doc: Worksheet 1.2: Safety rules (doc-0000)

RESOURCES — ONLINE ONLY
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 1.4.1 Measuring 
 Experiments conducted in science often involve measuring quanti-
ties such as length and mass. Measuring gives us an accurate way 
of knowing whether quantities change and, if so, by how much. 
This helps scientists to make conclusions from their experiments 
and to develop new ideas. Scientists all around the world use the 
metric system of units for their measurements.  

 Measuring length 
 Scientists measure the lengths of different objects accurately to 
compare sizes and estimate growth. The biologists in the pho-
tograph below are measuring the mass and condition of a tran-
quillised polar bear as part of a study aimed at conserving these 
animals in their Arctic home. 

    The standard unit for length is the metre (m). But length can 
also be measured in millimetres (mm), centimetres (cm) or kilo-
metres (km). The table at right shows how to convert between 
some common units of measurement.  

 Parallax error 
 Measurements should always be made with your eye in line with the reading you are taking. When scales 
are read from a different angle, the reading is not accurate. This type of reading error is called  parallax 
error . 

  A professional sportsman has his 
kicking action carefully measured 
and analysed by a  biomechanist . 
Note the markers attached to his 
body that are being imaged on the 
computer. 

 Converting measurements 

   Length  
  1 kilometre (km) = 1000 metres (m)  
  1 metre (m) = 100 centimetres (cm)  
  1 centimetre (cm) = 10 millimetres (mm)   

   Volume  
  1 litre (L) = 1000 millilitres (mL)  
  1 millilitre (mL) = 1 cubic centimetre (cm 3 )   

   Mass  
  1 kilogram (kg) = 1000 grams (g)   

   Time  
  1 hour (h) = 60 minutes (min)  
  1 minute (min) = 60 seconds (s)   

Measuring 
correctly

Measuring 
incorrectly 
results in a 
parallax error.
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    Measuring volume 
 Liquids in containers such as measuring cylin-
ders are often curved at the top edge. The curve 
is called a  meniscus . The edges of the meniscus 
may curve up or down. We always measure the 
volume of liquids from the middle fl at section 
of the meniscus. 

    Measuring temperature 
    A  thermometer  is used to measure tempera-
ture. The unit of measurement commonly used 
is degrees Celsius (°C). The thermometers used in schools are fi lled with alcohol, dyed red so 
that they are easier to read. When using thermometers, remember these points.  
 •   Never rest the bulb of the thermometer on the bottom of a container being heated as the 

bottom may be hotter than the rest of its contents.  
 •   Ensure that the liquid for which you are measuring the temperature fully covers the ther-

mometer bulb.  
 •   Never use the thermometer as a stirring rod.  
 •   Read the thermometer with your eye level with the top of the alcohol column.  
 •   Do not rest a thermometer near the edge of a bench where it is likely to fall off.   

 Using data loggers 
 A data logger is an electronic device that collects and records 
scientifi c measurements, which we call  data . The measure-
ment recorded by a data logger depends on the  sensor  that 
is connected to it. The sensor does the measuring and sends 
the information to the data logger. There are a number of dif-
ferent sensors available; for example, if a temperature sensor 
is attached to the data logger, temperature is measured and 
recorded. 

 Data loggers are useful devices because they generally 
measure quantities very accurately. For example, they may 
record temperature accurate to 0.1 °C. Some data loggers 
can also store thousands of individual measurements and 
allow them to be downloaded to a computer to be converted 
to tables and graphs.  

 Reading scales 
 In science, a scale or set of numbered markings generally 
accompanies each measuring device. For example, your 
ruler measures length, and its scale has markings enabling 
you to measure with an accuracy of 0.1 cm. A laboratory 
thermometer has a scale that measures temperature with an 
accuracy of 0.5 °C. 

 When reading a scale, it is important to determine what 
each of the markings on the scale represents. Practise reading 
the scales on next page.    

60 mL

Reading = 57 mL Reading = 56 mL

55 

50 

45

40

60 mL

55 

50 

45

40

  A data logger and temperature sensors 
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INVESTIGATION 1.5

Measuring temperature
AIM: To measure and record temperature

You will need:
laboratory thermometer or data logger and temperature sensor
250 mL beaker
paper towel
ice
• Use the thermometer or data logger to measure the temperature of:

(a) the air inside the school laboratory
(b) the air outside the school laboratory
(c) icy water in a small beaker
(d) cold tap water in a small beaker
(e) warm tap water in a small beaker
(f) your armpit (take care, the thermometer is a delicate instrument).
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The temperatures measured by thermometers A and B are 39 °C and 23.6 °C, respectively. What are the 
temperatures measured by thermometers C to J?
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 Measuring mass 
 Mass is usually measured in kilograms (kg); however, in the science laboratory, you will often measure 
smaller masses and so use the smaller unit, grams (g). You will use either a  beam balance  or  electronic 
scales  to measure mass accurately. 

 Electronic scales are the easiest to use. Simply adjust the balance reading to zero by pressing the ‘tare’ 
button, place the object to be measured on the scales, and read the mass from the digital display. 

 Follow these steps to measure mass using a beam balance: 
   Step 1:   Make sure that the balance is ‘zeroed’ before using it by moving all of the sliding masses to the 

zero notches and checking that the pointer on the arm of the balance lines up with zero. 
   Step 2:   Put the object to be measured on the pan of the beam balance. 
 Chemical substances should not 

be placed directly on the pan. To 
fi nd the mass of these  substances , 
they need to be poured into a con-
tainer. The dry, empty container 
should be measured fi rst, and its 
mass should be subtracted from 
the mass of the container with the 
substance in it. 

   Step 3:   When an object is put 
on the pan, the pointer moves. 

  CAUTION:    Do not put the thermometer in your mouth!    

•   Copy and complete the following table so that you can record your measurements neatly.   

 Measuring temperature 

 Discussion  
1.   Which substance or location was the coldest?  
2.   Which substance or location was the hottest?  
3.   What is the accuracy of your thermometer or data logger and sensor?   

 Substance or location  Temperature (°C) 

 Air inside the school laboratory    

 Air outside the school laboratory    

 Icy water in a small beaker    

 Tap water in a small beaker    

 Warm tap water in a small beaker    

 My armpit    

 HOW ABOUT THAT! 

 Hot and cold 
 The highest air temperature ever measured on Earth is 58 °C. 
The measurement was taken in 1922 in Libya. The lowest 
temperature ever measured was in 1983 in Antarctica. That 
temperature was −86.6 °C.   

Sliding massesPan Arms Pointer

0 100 200g

0 10 20 30 40 50 60 70 90 100g

0 1 2 3 4 5 6 7 9 10g
0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0g0

  A beam balance 
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You can determine the object’s mass by ‘zeroing’ the pointer. Do this by moving the heaviest sliding mass 
towards the pointer. Slide it until it just overbalances the pointer, and then slide it back to the nearest notch. 
Repeat this with the smaller masses in turn, except the smallest sliding mass. The smallest mass should 
balance the pointer, so that it lines up with the zero (balance) mark. 

Step 4:   Add the masses on each of the arms to determine the total mass. The beaker in the diagram below 
has a mass of 126.3 grams.   

INVESTIGATION 1.6 

 Estimating mass 
  AIM:  To accurately measure and record the masses of some common objects 

You will need:   
  beam balance or electronic scales                                                       
pen
safety glasses
watchglass
teaspoon
watch
100 mL beaker
50 mL water
sugar

•   Record your estimates of the masses of each of the items in a table like the one below.  

•   Measure the masses of the pen, watch and safety glasses using a beam balance or electronic scales.  
•   The water and the sugar cannot be put directly on the pan. Record the masses of the beaker and the 

watchglass on their own.  
•   Add 50 mL of water to the beaker. Record the combined mass of the water and the beaker. Subtract 

the mass of the beaker alone from the combined mass. Do the same with 2 teaspoons of sugar in the 
watchglass. Alternatively, put the empty container on the electronic scales before adding the water or 
sugar, and press ‘tare’.  

•   Record in the table whether your estimated mass was higher or lower than the measured mass, and by how 
many grams. This is called the difference.   

•    Determine the degree to which your estimates were incorrect by calculating them as a percentage error. For 
each item, calculate the percentage error using: 

        difference     (g)    

 measured mass     (g)     
×   100   =   percentage     error       

 Discussion  
1.   Which was your most accurate estimation?  
2.   By what percentage did your least accurate estimation vary from the measured mass?  
3.   Is it easier to estimate larger or smaller masses? Explain why you think this is the case.   

 measured mass     (g)     

 Estimating and measuring mass 

Item
Estimated 
mass (g)

Measured 
mass (g) Difference (g)

Percentage 
error (%)

Pen

Watch

Safety glasses

50 mL water

2 teaspoons of sugar
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 Measuring time 
 We use clocks and watches to tell the time, but scientists often need to 
record how long an event takes. To do this accurately, they use stop-
watches or electronic counters. The standard unit for measuring time is the 
second(s). 

 Familiarise yourself with a stopwatch. There is generally a start/stop button 
and a reset button. Push the reset button when you wish to start timing in a new 
experiment and when you have fi nished timing your experiment and need to 
return your stopwatch to zero.   

  A typical stopwatch 
used to record time 
accurately 

 INVESTIGATION 1.7 

 Timing a fall 
  AIM:  To practise timing an event 

   You will need:   
  stopwatch  
  pen   

•   Time how long it takes for a pen to fall from the top of the bench to the ground. Repeat two more times.  
•   Calculate the average time taken for the three trials.  
•   Repeat your experiment but swap roles within your group so that each member has a turn timing, recording 

and managing (such as saying ‘go’ when it’s time to start the drop).  
•   Record your results in a table like that below.   

 Discussion  
1.   Was the time taken to fall the same in each trial? Can you explain why?  
2.   Explain why it is useful to calculate an average.  
3.   Explain why you used a stopwatch in this experiment instead of the second hand of a clock or watch.   

 Name of student timing 

 Time taken (s) 

   1      2      3    Average 

               

               

               

 INVESTIGATION 1.8 

 How observant are you? 
  AIM:  To observe the changes that occur in a burning candle  

   You will need:   
  large beaker  
  short candle  

 Making observations 
 Some of the most important scientifi c discoveries have come about through simple scientifi c observations. 
For example, in 1928, Alexander Fleming accidentally discovered the fi rst antibiotic when he was observing 
mould (read more about this in  Alexander Fleming ).  

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 1 Investigating 21

c01Investigating Page 21 30/06/17  3:59 PM

 1.4.2 Inferring and hypothesising 
 After making some initial observations, scientists 
may make an  inference  or suggested explanation 
about what has happened. For example, you may 
have inferred in   Investigation 1.8   that the wax of 
the candle was burnt in the experiment, causing 
the candle to lose mass. 

 Scientists wishing to investigate further 
often come up with a  hypothesis  or suggestion 
describing what may happen. Hypotheses should 
be measurable so that they can be tested. For 
example, in   Investigation 1.8  , you might hypoth-
esise that the mass lost by the candle goes into 
producing the mass of smoke observed. You 
might conduct further experiments to produce 
quantitative observations (or data) that support or reject your hypothesis. If the observations support your 
hypothesis, you might be able to make the  conclusion  that the mass lost by the candle was converted to 
smoke. You might like to re-design   Investigation 1.8   to test this hypothesis. 

 A summary of the process of investigating is shown above right.     

Initial observations are made.

An inference is based on these observations.

Data are collected in experiments.

A hypothesis is made.

Conclusions are made.

  lid or watchglass  
  matches  
  electronic scales   

•   First, weigh the candle and lid (or watchglass) using electronic scales and 
record your results.  

•   Light the candle.  
•   Observe the candle for several minutes and record as many observations as 

you can while it is alight. (Interestingly, Michael Faraday, a nineteenth century 
scientist famous for his discoveries in electricity and chemistry, was able to 
make 53 observations of a burning candle!)  

•   After several minutes, place an upturned beaker over the candle and continue 
to record your observations.  

•   Weigh the candle and lid (or watchglass) again and record your results.   

 Discussion  
1.   How many observations did you record? What was the greatest number 

recorded by a member of your class?  
2.   What change occurred in the mass of the candle and lid?  
3.   Can you suggest why the mass of the candle may have changed?   

Candle

Watchglass

Beaker

  Place a beaker over the 
candle after burning for 
several minutes. 

 1.4 Exercises: 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. Describe  what you must be sure to do when measuring the volume of a liquid accurately.  
2. Explain  why you should not rest the bulb of a thermometer on the bottom of the container when 

measuring the temperature of a liquid while heating.  
3. Identify  the standard unit of mass.  
4. Identify  a device used to measure the mass of an object in a school laboratory.   

UNCORRECTED P
AGE P

ROOFS



22 Jacaranda Core Science Stage 4

c01Investigating Page 22 30/06/17  3:59 PM

 Try out this interactivity: Reading scales
 Searchlight ID: int 0201

 Complete this digital doc: Worksheet 1.3: Observations and inferences
 Searchlight ID: doc-0000

 RESOURCES — ONLINE ONLY

Think
5. Look at the figure on page 15 showing parallax error.

(a) What is the correct length of the matchstick shown?
(b) What approximate length of the matchstick would you get due to parallax error?

6. Convert the following lengths into metres.
(a) 150 centimetres
(b) 25 centimetres

7. Luke measured the mass of a beaker of water as 240 grams. He tipped out the water and measured the 
mass of the beaker as 105 grams.
(a) Calculate the mass of the water in grams.
(b) Express the mass of the water in kilograms.
(c) Explain how Luke could have improved the procedure in his experiment to achieve a more accurate 

measurement of the mass of the water.
8. Decide whether each of the following statements is an observation, hypothesis or conclusion.

(a) Candles require oxygen from the air to burn.
(b) The candle went out when I placed a glass over it.
(c) Without oxygen from the air, a candle would quickly go out.

9. Look at the following diagrams of 
measurements obtained from a beam balance.
(a) What is the mass of object A?
(b) What is the mass of object B?
(c) What is the largest mass that could be 

measured on this beam balance?

Investigate
10. Sit quietly in a nearby outdoor location and 

write down as many observations as you can 
within five minutes. Use as many senses as 
you can, except taste.
(a) Identify the sense that you used the most.
(b) Which other senses did you use?
(c) Compare your observations with those of other classmates. What interesting observations did 

others make?

0 100 200 g

100 200 g

10 20 30 40 50 60 70 80 90 100 g

1 2 3 4 5 6 7 8 9 10 g

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 g0

0

10 20 30 40 50 60 70 80 90 100 g

1 2 3 4 5 6 7 8 9 10 g

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 g0

Object A

Object B

1.5 Reporting on investigations
Once scientists have completed an investigation, they need to communicate to other scientists what they 
did, their qualitative and quantitative observations and their conclusions. This is done using a scientific 
report. You may have some experience in writing reports in other subjects. However, a scientific report 
takes the format outlined below.

Aim
This is what you intended to do in the investigation.

Materials
This is a list of all the equipment and chemicals that were used.
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Procedure (method)
This is the procedure followed in the investigation, described as a series of steps. It may be useful to include 
a labelled diagram of the set-up of equipment used. Be sure to include what you are actually recording in 
the experiment.

Results
This is a presentation of your data, and it may include qualitative observations. Data are usually organised 
into tables and presented as graphs.

Discussion
In this section, scientists explain their results: why they think they obtained the results they did. They may 
refer to the research of other scientists. They may also describe any problems encountered in the investiga-
tion and make suggestions on improvements.

Conclusion
This is a summary of the overall findings. The conclusion must relate to the aim of the investigation.

1.5.1 Drawing laboratory equipment
Scientific drawings can be used in laboratory reports to show how equipment was set up. It is important for 
the drawings to be clear and easy to understand. When drawing scientific diagrams, you should:
 • always draw in pencil
 • use a ruler to draw straight lines
 • label the equipment drawn
 • draw only a cross-section of the equipment
 • not draw lines closing the top of open glassware.

Some examples of equipment drawn scientifically are shown below.

Tripod and gauze mat

Bunsen burner and heatproof mat

Beaker

Conical �ask

Test tube

Retort stand, bosshead and clamp

Filter funnel and �lter paper
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1.5.2 Keeping a record
When recording observations, it is helpful to organise the data in a table. Information presented in this way 
is often easier to read. Graphs can then be constructed from the table to make it even easier to see patterns 
in the data.

Graphing
Graphs are used to make data easier to interpret. The type 
of graph used depends on the type of data to be displayed.

Pie charts are useful for showing the parts that make up 
a whole. For example, a pie chart can be used to show the 
percentages of different substances in the Earth’s crust.

Bar and column graphs are used to display data that can 
be placed in categories. For example, a bar graph can be 
used to show the number of students in a class with a par-
ticular hair colour.

An example of a good quality report of an 
experiment

Calcium (4%)

Aluminium (8%)

Oxygen (46%)

Silicon (27%)

Other (10%)

Iron (5%)

Distance 
(cm)

Time for ant to 
travel between 

markers (s)

0 0

2 3

4 7

6 8

8 12

The heading for each column is a clear 
label of what has been measured.

Use a ruler to 
draw lines for 
rows, columns 
and borders.

Enter the data 
in the body of 
the table. Do 
not include 
units in this 
part of the 
table.

Always 
include 
the units 
used in the 
headings.
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    Line graphs are often used to represent continuous or connected data. A line graph is used to show how 
a measurement changes. For example, line graphs could be used to show how quickly a plant grows 
over time.       

Number of weeks

A line graph can be used to predict
what might happen in the future.

Line graphs are useful for
predicting values between those

that you actually observed.
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 INVESTIGATION 1.9 

 Recording observations in a table 
  AIM:  To record observations from experiments 

   You will need:   

  CAUTION:    Safety glasses should be worn while conducting these experiments .   

•   Draw a table like the one below to record your observations in of each of the following activities.   

  Activity 1   
•   Pour vinegar into a clean test tube to a depth of about 

1 cm. Add a spatula full of sodium bicarbonate.   

  test tubes    test-tube rack  
  50 mL beaker    spatula  
  eye-dropper    drinking straw  
  vinegar    sodium bicarbonate  
  sodium carbonate    copper sulfate  
  methylated spirits    limewater  
  starch suspension    iodine solution  
  safety glasses    

 Activity  Summary of what was done  Observations 

 1 

 2 

 3 

 4 
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    Activity 2   
•   Quarter-fi ll two clean test tubes with water. Add a dry spatula full of 

sodium carbonate to one test tube. Shake the tube until the sodium 
carbonate dissolves. Add a dry spatula full of copper sulfate to the 
other test tube and shake it until the crystals dissolve. Pour the 
contents of the second test tube into the fi rst.   

      Activity 3   
•   Use an eye-dropper to put one drop of methylated spirits onto the back of your 

hand. Blow air gently across the back of your hand.   

      Activity 4   
•   Quarter-fi ll a very small beaker with limewater. Gently blow out through a 

drinking straw into the limewater. Be careful not to share straws.   

      Activity 5   
•   Put a few drops of starch suspension in a clean test tube. Add a drop of 

iodine solution.   

  CAUTION:    Take care not to get iodine solution on your skin or clothes .    

 Discussion  
1.   What senses did you use in making your observations?  
2.   Outline two safety precautions involved in this investigation.  
3.   Explain why it is important to use small quantities of chemicals when doing experiments like these.  
4.   Explain why it is useful to present the observations in a table.  
5.   In activity 4, you had to pour limewater into the beaker. If you took more limewater than required, explain why 

it is not a good idea to return any unused limewater to the original bottle.   

 INVESTIGATION 1.10 

 Graphing temperature 
  AIM:  To observe how the temperature of water changes while it is heated over a Bunsen burner 
 A line graph is a useful way to present the results of an experiment and helps to demonstrate any trends 
or patterns in the results. A line graph can also be used to predict values that occur between, or outside, 
those measured during an experiment. 

   You will need:   
  100 mL measuring cylinder     gauze mat  
  250 mL beaker     retort stand, bosshead and clamp  
  Bunsen burner     thermometer or data logger and temperature sensor  
  heatproof mat     stopwatch  
  matches     safety glasses  
  tripod  

•    Use a measuring cylinder to measure 100 mL of water.  
•   Pour the water into the beaker.  
•   Set up the equipment as shown in the diagram. Make sure that the bulb of the thermometer is not on the 

bottom of the beaker or out of the water.  
•   Wait for a minute to allow the thermometer to adjust to the water temperature.  
•   Measure the initial temperature of the water and record it in a table. The initial temperature is recorded when 

time is 0 minutes.    

Time (min) Temp. (°C) Time (min) Temp. (°C)
0   6  

1   7  

2   8  

3   9  

4   10  

5      
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• Put your safety glasses on.
• Light the Bunsen burner according to the guide on page 11.
• Open the airhole and heat the beaker over a blue flame.
• Measure and record the temperature of the water every minute for 10 minutes.
• Turn off the Bunsen burner and allow the equipment to cool.

• Plot the data you have collected on a sheet of graph paper using labels like those below.

• Complete the line graph by drawing a smooth line near as many points as possible to show the overall trend 
in the water temperature over time.

Discussion
1. Why didn’t you record the starting temperature of the water as soon as you poured the water into the 

beaker?
2. Describe in words how the temperature increases.
3. How does your graph compare with those of other groups?
4. Predict what would happen to the temperature of the water if you continued heating for another two minutes.

Bosshead
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Clamp
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 1.5 Exercises: 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.      Explain  why scientists write reports about the experiments they conduct.  
2.    Identify  the part of a laboratory report where a graph of temperature vs time would be drawn.  
3.    Distinguish  between the results of an experiment and the conclusions made.  
4.    Identify  the headings of your report of an experiment under which the following information should be 

included.  
(a)   Suggestions for improvements to your experiment  
(b)   Data collected  
(c)   A description of what you did  
(d)   A statement saying what you discovered by doing the experiment    

5.   A hypothesis is often included in a scientifi c report, usually after the ‘aim’ heading.  Defi ne  the term 
‘hypothesis’.   

 Think  
6.   A student measured the temperature in each of the classrooms at her school so she could compare them. 

 Identify  the type of graph that the student should select to display her results.  
7.    Construct  a neat, labelled, scientifi c diagram of the two sets of equipment that would be needed to perform 

the following activity safely.  
•   Part 1: Muddy salt water is being poured from a beaker into a fi lter funnel (with fi lter paper). The fi lter 

funnel is resting in the opening of a conical fl ask.  
•   Part 2: The fi ltered salt water, now in an evaporating dish, is being heated by a Bunsen burner. The 

evaporating dish is being supported by a gauze mat on a tripod.     

 Investigate  
8.    Investigate  whether adding salt to water changes the temperature at which water boils. Design an 

experiment to test your answer. Write a scientifi c report outlining the design of your investigation.   

 Analyse And Evaluate  
9.   The computer screen below shows data collected by a data logger for the experiment in which water is 

heated to boiling point in a beaker.   
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 Complete this digital doc: Worksheet 1.4: Scientific reports (doc-0000)

 Complete this digital doc: Worksheet 1.5: Scientific drawing skills (doc-0000)

 Complete this digital doc: Worksheet 1.6: Data analysis (doc-0000)

 RESOURCES — ONLINE ONLY

A temperature sensor was used to take the measurements.
If you were at this computer, you could scroll through every temperature measurement in the table. 

The computer has graphed all these data. Now let’s see how much you’ve learned about interpreting line 
graphs.
(a) How often did the data logger collect temperature readings?
(b) How long did the whole experiment go for?
(c) Identify the number of individual temperature readings the data logger has stored.
(d) Identify when the heating of the water began.
(e) Identify the temperature of the water when heating began.
(f) Identify the temperature of the water when heating finished.
(g) Identify when the water began to boil.
(h) Calculate the rate (in degrees per second) that the water temperature rose between 100 and 

400 seconds.
(i) The water continued to be heated even when its temperature reached boiling point, yet its temperature 

did not rise beyond 100 °C. What has happened to all the energy that was being put into the water if it 
isn’t causing the water temperature to rise? (Hint: Think about what happens to water while it is boiling.)

1.6 Designing investigations
When carrying out investigations, it is important to do so scientifically. This means, for example, using 
the most accurate equipment available. In many of the experiments you will do, the procedure you need 
to follow will be provided for you. In some cases though, you will need to design your own experi-
ments as part of your investigation. Let’s look at some important principles to consider when designing 
investigations.

1.6.1 Fair tests
Experiments are generally designed to test hypotheses. A hypothesis is a testable idea developed from 
previous observations. For example, David loved playing handball in the playground, and it seemed to him 
that tennis balls falling from greater heights bounced higher. He wanted to test his hypothesis.

An important part of any investigation is to consider all the factors, or variables, that may affect the out-
come of an experiment. David thought that the most important variable to affect the bounce of a ball was 
the height it fell from.

In most cases, many factors may affect the outcome of an experiment. For example, the height that 
a ball bounces might depend not only on the height from which it fell but also on the type of ball; 
after all, would you expect a cricket ball to bounce as much as a tennis ball? The amount of air in a 
ball might also affect its bounce; a fully inflated basketball usually bounces higher than a partially deflated 
one.

When designing investigations in science, it is important to design a fair test. In a fair test, only one var-
iable is changed at a time, and all other variables are controlled, or kept the same. If this wasn’t the case, 
it would be impossible to tell which variable caused the result we are studying.

UNCORRECTED P
AGE P

ROOFS



30 Jacaranda Core Science Stage 4

c01Investigating Page 30 30/06/17  3:59 PM

The phrase ‘Cows Moo Softly’ is useful in remembering 
how to plan a fair test:
 • Change one thing.
 • Measure something.
 • Keep everything else the same.

In David’s case, he will vary the height from which a 
tennis ball is dropped but will keep everything else the same, 
such as the type of ball, how much air is in the ball and the 
type of surface onto which it is dropped. To enable him to 
make conclusions from his investigation, he collected quanti-
tative data; that is, he measured the height of the tennis ball’s 
bounce and repeated his experiment several times for each 
height tested.

When designing fair tests, you might find it helpful to use 
a table like the one below to identify all the variables.

Including a control
In some investigations, it is important to include a control. A control is a trial of the experiment in which 
the independent variable being tested is not applied. Results from the control are compared with those 
obtained when the independent variable has been included. This allows us to test whether the independent 
variable we are investigating really has an effect, or whether other variables that we may not have thought 
of could be playing a part.

For example, if we want to investigate whether a ball being wet affects how high it bounces, we might 
compare the height of a wet ball’s bounce with that of a dry ball dropped from the same height. The results 
obtained using the dry ball act as a control, or comparison.

1.6.2 Reliability
The results obtained from experiments are used to make conclusions, but what if the measurements made 
are incorrect? Errors often arise in experiments; sometimes they are one-off errors, perhaps because the 
experiment was not done carefully. Other 
times the errors may be more difficult to 
eradicate because the equipment we used is 
not as accurate as it should be, or the sam-
ples we are testing are faulty.

To prevent one-off errors from affecting 
your conclusions, experiments should be 
repeated a number of times. When repeating 
experiments, they should be done in exactly 
the same way each time. For example, when 

Investigating whether the height from 
which a ball is dropped affects the 
height of the bounce

Independent variable  
(What I will change)

Dependent variable  
(What I will measure)

Controlled variables  
(What I will keep the same)

• The height from which the 
ball is dropped

• The height of the ball’s bounce • The type of ball
• How much air is in the ball
• The type of surface onto which it is dropped
• Dropping the ball from a stationary point

Trial

Height of bounce (cm)

Dry tennis ball 
(control) Wet tennis ball

1 70 70

2 65 62

3 68 60

4 69 63

5 72 65

Average 69 64

Investigation: Does the height from which a ball is dropped affect the height of its bounce?
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comparing the bounce of a wet ball with that of a dry ball, it would be sensible to repeat the experiment, 
say, fi ve times with the same ball and with the same controlled variables. If the results obtained are similar 
each time, then we say the results are  reliable . If there was a signifi cant difference between your results for 
each test, you may need to review the way in which the experiment was done. Would you say the results 
presented in the table at bottom of previous page are reliable?  

 What conclusion would you make based on the average results? Would you have drawn the same conclu-
sion based on the results of trial 1 only?     

   Including a control (left) to test whether wetting a ball (right) affects how high it bounces 

 INVESTIGATION 1.11 

 Floating in salty water 
  AIM:  To investigate whether the salinity of water affects how high an object fl oats in water 
 The water in the Dead Sea, a lake near Jordan in 
the Middle East, has an unusually high salinity; in 
fact, it is nine times more saline than the ocean. 
Tourists fl ock to the lake because it is believed the 
water has health benefi ts and to experience the 
water’s unusually high buoyancy.  

   You will need:   
  100 mL measuring cylinder  
  small test tube  
  cork or rubber stopper  
  cotton thread  
  permanent marker  
  scissors  
  table salt  
  teaspoon or spatula   

•   Fill the measuring cylinder to the 100 mL mark with tap water.  
•   Make a ‘diving bell’ by half-fi lling a test tube with tap water; seal the top with a stopper.  
•   Tie a piece of cotton thread securely around the top of the test tube so it can be carefully moved in and out of 

the measuring cylinder.  

  Tourists demonstrate the unusual buoyancy 
caused by high salinity in the Dead Sea. 
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•   Check that the test tube fl oats off the bottom but not higher than 
halfway up the measuring cylinder. If not, adjust the volume of 
water in the test tube.  

•   Put the diving bell in the measuring cylinder and mark the 
position of the  bottom  of the diving bell on the measuring 
cylinder’s scale. Record this value.  

•   Carefully remove the diving bell.  
•   Add a level teaspoon of table salt to the measuring cylinder and 

dissolve it in the water by shaking carefully or stirring.  
•   Put the diving bell back in and mark and record its position.  
•   Repeat this experiment using a second, a third and, fi nally, 

a fourth teaspoon of salt.  
•   Design a suitable table to record your results — you will need a 

column indicating the number of teaspoons of salt added and a 
column listing the position of the diving bell (using the scale on 
the measuring cylinder).  

•   Draw a line graph of salinity (teaspoons of salt added) on 
the  x -axis versus the height of the diving bell (reading on the 
measuring cylinder) on the  y -axis, and draw a smooth line of 
best fi t.    

 Discussion  
1.   Write a conclusion to the experiment about whether the salinity 

of water affects how high an object fl oats in water.  
2.   Identify the control in this experiment.  
3.   Explain how these results support your conclusion.  
4.   Repeating this experiment would be very time consuming so, to check the reliability of your fi ndings, 

compare your results with those of other groups. The easiest way to do that is to compare others’ graphs 
with yours.  

5.   Extrapolate (extend) your graph to predict the position of the diving bell if six teaspoons of salt were added.   

Measuring
cylinder

Cotton thread

Water and
dissolved salt

Diving bell

  The diving bell 

 1.6 Exercises: 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 ‘variable’.  
2.    Explain  the difference between the independent and dependent variables in an experiment.  
3.    Explain  why only one variable at a time should be changed in experiments.   

 Think  
4.    Identify  some variables that might affect:  

(a)   how quickly a pot plant grows  
(b)   the cost of an airfare overseas  
(c)   the time it takes you to travel to school in the morning.    

5.   Advertisements for washing powders and liquids often claim that they are more effective than others. 
Imagine you are conducting an experiment to test the effectiveness of a range of washing powders and 
liquids.  
(a)   Prepare an  outline  of a procedure for your experiment.  
(b)   List the variables that you will need to control.  
(c)   Which variable will you change?  
(d)   How will you  compare  the results of your tests?    
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6. Catherine and Celine are trying to find out whether ceramic or glass 
cups are better for keeping water hot. The illustration right side 
shows their experiment in progress.
(a) Identify at least two errors in their experimental design.
(b) Identify all the variables that could affect the results of Catherine 

and Celine’s experiment.
(c) Identify any variables that Catherine and Celine do not need to 

control.
(d) Write a step-by-step outline of the procedure that they could 

use to find out which cup keeps water hotter.

Analyse
7. Simon and Jessie conducted an experiment to find 

out how effectively two plastic cups maintain the 
temperature of near boiling water. Their data are 
shown right side.
(a) Construct an appropriate graph to display the 

data.
(b) Identify which cup maintained the temperature of 

the water more effectively.
(c) Estimate the temperature of the water in Simon’s 

cup 15 minutes after timing commenced.
(d) Use your graph to predict how long it would 

have taken the water in Jessie’s cup to drop to a 
temperature of 20 °C.

Design
8. Design and carry out an experiment to investigate one of the following.

• What conditions affect the time taken for seeds to germinate?
• Which conditions lead to the fastest plant growth?
• Which colour cloth is the warmest?
• How can a vase of flowers be kept fresh longer?
• Which brand of paper towel is the most absorbent?
• What affects how quickly objects fall?
• Which brand of batteries lasts the longest?

Investigate
9.  The aim of this experiment is to find out whether distances are easier to judge with two eyes than just 

one. You can do this by shooting for goal with a basketball or netball from a particular spot under three 
conditions:
• left eye closed
• right eye closed
• both eyes open.

  To produce reliable results, more than one person should take the shooting test and each goal shooter 
should have several attempts.

Plan and carry out your experiment. Write a formal report for the experiment including a table of results 
and a conclusion. In your discussion section:
• identify the independent and dependent variables
• describe the strategies you used to ensure that this was a fair test.

 Complete this digital doc: Worksheet 1.7: Fair testing (doc-0000)

 RESOURCES — ONLINE ONLY

Catherine and Celine’s 
experiment in progress

Temperature (°C)

Time (min) Simon’s cup Jessie’s cup

0 90 90

10 47 58

20 29 39

30 22 31

40 20 26

50 20 23

Comparing plastic cups
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  1.7  Famous scientists 
 Science as a Human endeavour 
 Many of the important scientifi c discoveries of the past began as 
questions, observations and experiments from famous scientists 
such as Alexander Fleming, Benjamin Franklin, Louis Pasteur, 
Albert Einstein, Galileo Galilei, Marie Curie and Isaac Newton. 

 Although our knowledge of science is advancing every day, a 
number of fundamental scientifi c ideas were developed some time 
ago. As well as coming up with new theories and ideas,  modern-day 
scientists build on the knowledge of pioneering scientists. 

 The following scientists have made signifi cant contributions to 
the development of science in the past. 

 1.7.1 Alexander Fleming 
 A scientifi c discovery can start from a simple observation. In 
1928, Alexander Fleming made an accidental discovery that was 
to change medicine. He was working on a completely different 
experiment when he discovered that some mould spores in the air 
had contaminated a petri dish growing  bacteria . He noticed that 
the bacteria had stopped developing where the mould had landed. 
The mould contained a substance called penicillin. Just over ten 
years later, Australian-born scientist Howard Florey and his col-
leagues successfully purifi ed the mould so that it could be used 
as a commercial  antibiotic . Penicillin was the fi rst antibiotic to 
be used, and it is still used for the treatment of serious bacterial 
infections.  

 1.7.2 Benjamin Franklin 
 Many scientifi c theories are initially 
prompted by observations. From an observa-
tion, a scientist can create a hypothesis — an 
educated guess about what is happening. 

 Benjamin Franklin, a famous American 
scientist, observed lightning and developed a 
hypothesis that lightning bolts were actually 
powerful electric currents. To test his hypoth-
esis, Franklin fl ew a kite during a thunder-
storm in 1752. He attached a metal wire to 
the tip of the kite as a conductor, and a key to 
the string. When Franklin placed his knuckle 
near the key, he observed a spark jump from 
the key to the knuckle. The test result helped to confi rm his hypothesis. Franklin was lucky to have sur-
vived his experiment — several other attempts at the kite experiment electrocuted other scientists! His 
work led to the invention of the lightning rod, which is a metal spike attached to the top of a building. 
When hit by lightning, the lightning rod diverts the electricity down the spike and to the ground (through 
the path of least resistance). This helped solve the problem of buildings catching fi re after being struck by 
lightning.  

  Scottish bacteriologist Alexander 
Fleming discovered the fi rst antibiotic, 
which he called penicillin. He 
observed that a tiny piece of mould 
that had contaminated his experiment 
stopped the growth of bacteria. 

  Artist’s impression of Benjamin Franklin and his son 
performing the kite experiment 
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 1.7.3 Louis Pasteur 
 To properly test an idea, a fair test of a hypothesis 
needs to be made. In a fair test, all factors should 
remain the same except one: the independent vari-
able. In a simple experiment you change one inde-
pendent variable at a time and observe what happens.  

 One of the greatest biologists of the nineteenth cen-
tury was the French scientist Louis Pasteur. In 1859 
he designed an experiment to test his hypothesis that 
bacteria growing on old food came from the air. At 
the time it was believed that life forms could generate 
spontaneously from non-living matter. Pasteur boiled 
meat broth in fl asks to sterilise the fl ask and broth. 
Each fl ask had a thin, S-shaped neck that prevented 
dust in the air from entering the fl ask. He snapped off the neck 
of one of the fl asks. The result was that micro- organisms grew 
in the meat broth in the fl ask open to the air, but not in the one 
with the S-shaped neck. He concluded that the micro- organisms 
in the air became trapped in the bent section of the neck. Because 
micro-organisms grew in the fl ask exposed to the air but not in the 
other, this experiment supported Pasteur’s hypothesis that germs 
arrived from the air outside the fl ask.  

 A control is an experiment where each part is controlled or 
kept constant. Controls are used to compare against those experi-
ments that have introduced a variable. 

 For example, in further experiments, Pasteur selected different 
variables. He exposed meat broth to clean mountain air and dirty 
city air. However, in this experiment Pasteur also included a control — broth that was not exposed to air. He 
found that a lot of bacteria grew in the dirty city air and only a small number of bacteria grew in the clean 
mountain air. The use of a control helped Pasteur determine 
that the appearance of bacteria must have had something to 
do with air, because bacteria grew only in the broth exposed 
to the air. 

 1.7.4 Albert Einstein 
 Albert Einstein was born in Germany in 1879. At 26, he 
began to publish his ideas on science, and he won the  Nobel 
prize  for physics in 1921. 

 One of Einstein’s most recognised equations is  E  =  mc  2 . 
This rule describes how a large amount of  energy  ( E ) can 
be released from a small amount of  matter  (of  mass   m ). 
For example, this equation shows that the amount of energy 
released when a mass equivalent to that of a golf ball is 
converted into energy is enough to power the lights of the 
Sydney Cricket Ground, and keep them running continuously 
for over 50 years. 

 Although his research and calculations were used in the 
development of the atomic bomb, Einstein himself was a 
pacifi st, strongly against the use of nuclear weapons. 

  Louis Pasteur 

Boil

Boil Stem broken,
allowing air to

enter �ask

Microbial 
growth

Time elapsed

No microbial
growth

  Pasteur’s experiment 

  Albert Einstein writing an equation on a 
blackboard 
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Albert Einstein was one of the greatest thinkers in science history. His theories form the basis of a large 
portion of modern physics, particularly in the study of the universe.

1.7.5 Galileo Galilei
Galileo Galilei was born in Italy in 1564. In his younger days he studied physics and mathematics. In 1609, 
Galileo used his technical and mathematical skills to build his own telescope. He was the first person to 
use a telescope to study the night sky. In 1610 he published the book Starry Messenger. In it he claimed 
to have seen mountains on the moon and four small bodies orbiting Jupiter, and to have demonstrated that 
the Milky Way was made up of stars. In 1632, Galileo published work supporting the theory of Copernicus 
that the sun, not the Earth, was the centre of our galaxy. Galileo was found guilty of heresy (contradicting 
the church) and sentenced to life imprisonment, but he served the sentence under supervision in his home. 
He died in January 1642.

1.7.6 Isaac Newton
Sir Isaac Newton was born in England in 1642. He attended Cambridge University, but much of his work 
was done at home when Cambridge was closed for two years due to the plague. He is well known for his 
law explaining gravity, his laws of motion, his study of light, 
and for inventing calculus (a branch of mathematics).

A unit of force, the newton, has been named after him. 
Newton died in London in March 1727. Much of modern 
physics is based on his work.

1.7.7 Marie Curie
Marie Curie was born in Warsaw in 1867. She studied math-
ematics and physics. In 1903, she shared the Nobel prize in 
physics with her husband Pierre Curie and Antoine Henri Bec-
querel for their work studying radiation. In 1911, she won the 
Nobel prize in chemistry for discovering the elements radium 
(used in the treatment of cancer) and polonium. Curie was the 
first person ever to win the Nobel prize twice, and the first 
woman ever to win.

Curie was a great humanitarian. She promoted the medical 
uses of radiation and X-rays. During World War I she created 
‘X-ray vans’ and travelled to where soldiers needed medical 
help. When Curie died in July 1934, her body had been severely 
affected by the radiation she had been working with.

Marie Curie conducting an experiment.

1.7 Exercises: 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. Outline the important observation that Alexander Fleming made that led to the development of the first 

antibiotic.
2. Recall the hypothesis regarding lightning that Benjamin Franklin put forward.
3. Outline the scientific discoveries that Sir Isaac Newton made.
4. Explain what the equation E = mc2 represents. What did this scientific discovery lead to?
5. Describe how the work of Marie Curie is important in medical science today.
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1.8 Project: An inspiration for the future
1.8.1 Scenario
The Florey Medal was established in 1998 by the Australian Institute of Policy and Science in honour of 
the Australian Nobel Prize-winning scientist Sir Howard Florey, who developed penicillin. It is awarded 

Think
6. Identify the senses that Franklin used to make observations during his kite experiment.
7. Identify the control that Louis Pasteur used in his experiment. Why was it important in helping to support his 

hypothesis?
8. Use the Louis Pasteur weblink in your eBookPLUS to learn about a process he invented to extend the life of 

liquids. What is this process called? How is it used today?

INVESTIGATION 1.12

Stopping the growth of bacteria
AIM: To investigate whether preservatives can stop the growth of bacteria

You will need:
chicken stock cube
vinegar
beaker (1 L)
salt
hot tap water (750 mL)
masking tape
stirring rod
pen or marker
3 beakers (250 mL)
teaspoon

• Place a chicken stock cube in a 1 L beaker and add 750 mL hot tap water.
• Stir the solution with a stirring rod until it is consistent.
• Pour 200 mL of the mixture into each of three 250 mL beakers.
• Add one teaspoon of vinegar to one small beaker and use the pen and masking tape to label the solution 

‘vinegar’.
• Add one teaspoon of salt to another small beaker and label the solution ‘salt’.
• Label the third beaker ‘control’.
• Place the three small beakers on a warm windowsill for two days.

Discussion
1. Salt is one of the most widely used of all food preservatives. Suggest a hypothesis relating to salt that could 

be tested by this experiment.
2. Observe the three solutions after 5–7 days. Large amounts of bacteria make the solutions go cloudy. 

Describe the degree of cloudiness of each solution and record this in a suitable table.
3. Which preservative was the most effective at stopping bacterial growth?
4. What role did the control play in this experiment?
5. Was your hypothesis supported by the results of this experiment? Explain.

 Explore more with this weblink: Louis Pasteur 

on RESOURCES — ONLINE ONLY
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biennially to an Australian biomedical researcher for signifi cant achievements in biomedical science and 
human health advancement. 

 Imagine that a new panel is formed to establish an award for outstanding science students. This panel 
wishes to name the medal after an Australian scientist who provides the greatest inspiration for young 
people considering a future career in science. After months of consultation, the panel has narrowed the 
choices down to the following:        

   Ian Frazer (1953– ):  
Immunologist 

   Fiona Wood (1958– ):  
Plastic surgeon and 
burns specialist 

   David Unaipon (1872–1967) : Inventor 

   Andrew Thomas (1951– ):  Astronaut 

   Peter Doherty (1940– ):  
Veterinarian and 
immunologist 

   Graeme Clark (1935– ):  Otolaryngeal 
surgeon and engineer 

   Fred Hollows (1929–1993):  
Ophthalmologist 

UNCORRECTED P
AGE P

ROOFS



TOPIC 1 Investigating 39

c01Investigating Page 39 30/06/17  3:59 PM

 1.8.2 Your task 
 You will create a podcast of between eight and ten minutes’ duration that is in the format of an interviewer 
discussing with a number of different people which of these scientists would be the best choice to name the 
medal after. The interviewees (played by your group members) should be people who would be likely to 
have an interest or stake in the award. Examples could include a member of the medal panel, a government 
minister, the head of a university science or science education department, a high school science teacher, or 
even a high school science student. Each interviewee should have their own preference as to which scientist 
should be selected and at least four scientists should be discussed during the interview. 

 1.8.3 Process  
 •   Open the ProjectsPLUS application for this chapter in 

your eBookPLUS. Watch the introductory video lesson, 
click the ‘Start Project’ button and then set up your pro-
ject group. You can complete this project individually or 
invite other members of your class to form a group. Save 
your settings and the project will be launched.  

 •   Navigate to your Research Forum. Here you will fi nd 
topic headings that will be the starting points for your 
research. In this case, you will need to start by researching 
the life and work of each of the scientists on the shortlist. 
You may also add your own research topics.  

 •   Start your research. Make notes about different aspects of 
the life and work of each of the scientists and what char-
acteristics make them an inspiration for future scientists. 
Enter your fi ndings as articles under your topic headings 
in the Research Forum. You should each fi nd at least three 
sources (other than the textbook and at least one offl ine, 
such as a book or encyclopaedia) to help you discover 
extra information. You can view and comment on other 
group members’ articles and rate the information they 
have entered. When your research is complete, print your 
Research Report to hand in to your teacher.    

 •   Visit your Media Centre. Listen to the sample podcast 
 Maths in crisis  from the Audio section to get a feel for how your interview/discussion should be for-
matted. The transcript of this interview can be downloaded from the Template section.  

 •   Use the transcript as a template to help you write a script for your podcast. All members of your group 
must play a role, either as the interviewer or as one of the interviewees. Note that it is assumed that all of 
the interviewees are in the same studio, so there can be discussion and comments between interviewees 
as well as between interviewer and interviewee.  

 •   Download the article  Create your own podcast  from the Documents section of the Media Centre and use 
it as a guide to turn your scripted interview into a podcast.     

 SUGGESTED SOFTWARE  
• ProjectsPLUS
•   Word or other word processing software  
•   Excel or other spreadsheet software  
•   Internet access   
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1.9 Review
1.9.1 The use and influence of science
 • identify some of the disciplines of science and some associated occupations 1.1

1.9.2 The laboratory
 • select and assemble the appropriate equipment to perform an investigation, including safety equipment 1.2
 • describe ways to reduce the risk to yourself and others when working in the laboratory 1.2

1.9.3 Investigating
 • use a range of equipment for collecting data accurately, including digital technologies such as data 

loggers 1.3
 • record observations and measurements accurately over a number of trials, using appropriate units for 

measured quantities 1.3
 • make inferences and testable hypotheses in light of observations made 1.3–1.5
 • use diagrams to present information clearly 1.4
 • use a range of text types appropriately, including procedure, discussion and explanation 1.4
 • organise and present data clearly using tables 1.4
 • select and draw the appropriate type of graph (column graph, pie or line graph) to convey information 

and relationships clearly 1.4
 • extract information from a variety of graph types, including column, pie and line graphs 1.4

1.9.4 Designing investigations
 • outline a logical procedure for undertaking a range of investigations to collect data related to the stated 

aim and using the principles of fair testing 1.5
 • identify the dependent and independent variables when planning controlled experiments 1.5
 • identify in fair tests, variables to be controlled (held constant), measured and changed 1.5
 • check the reliability of gathered data and information by comparing them with other observations or 

data 1.5
 • assess the method used in an investigation and identify improvements to the method 1.5
 • identify trends, patterns and contradictions in collected data 1.4, 1.5
 • identify data that support or discount a hypothesis 1.5
 • draw conclusions from experimental results and develop predictions based on those conclusions 1.5

1.9.5 The nature and development of science
 • use examples to show how scientific knowledge changes as new evidence becomes available 1.6
 • use examples to show how some scientific discoveries have significantly changed people’s understanding 

of the world 1.6

Individual pathways

 U ACTIVITY 1.1
Investigating
doc-10529

 U ACTIVITY 1.2
Analysing investigations
doc-10530

 U ACTIVITY 1.3
Designing investigations
doc-10531

  ONLINE ONLY
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1.9 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. Match the following scientists with their work.

Scientist Work
(a) Physicist A Investigates how rocks and mountains form

(b) Chemist B Studies living things

(c) Biologist C Explains things like movement, heat and light

(d) Astronomer D Studies how substances react with others

(e) Earth scientist E Studies the night sky

2. Match the scientist with the discovery in the list below.

Scientist Discovery

(a) Isaac Newton A Lightning bolts are electric currents.

(b) Louis Pasteur B Micro-organisms are carried in the air.

(c) Marie Curie C Four moons that orbit Jupiter

(d) Galileo Galilei D Penicillin

(e) Alexander Fleming and Howard Florey E Gravity

(f) Benjamin Franklin F Radium

3. Copy this diagram of a Bunsen burner and complete all of the missing labels.

(e)

(f)

(d)
(c)

(b)

(a)

4. Name these pieces of equipment and describe what they are used for.
(a)

(b)

(c) (d)

(e)
(f)

FOCUS ACTIVITY
Create a multimedia presentation or play to explain to your classmates how to safely light a Bunsen burner and heat 
the contents of a test tube.
Access more details about focus activities for topic in the Resources tab. (doc-10528)
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5. Identify the temperature measured by each of the thermometers shown 

below.
6. List two safety rules and explain why they are important.
7. Rewrite the following sentences correctly by selecting the appropriate 

words in italics.
(a) When lighting a Bunsen burner, light the match before/immediately after 

turning on the gas.
(b) When using a thermometer to measure the temperature of a liquid as it is 

heated, place the bulb of the thermometer on the bottom/near the centre 
of the beaker.

(c) When heating a test tube, hold the test tube using tongs/a test-tube 
holder at the top/middle of the test tube and keep it steady/move it back 
and forth over the flame.

8. The steps used to light a Bunsen burner can be displayed as a flow chart, 
as shown below. Use the information in the flow chart to construct a 
storyboard with six scenes to show how a Bunsen burner is lit correctly and 
safely. (See page XXX to learn how to use storyboards.)

9. Construct a table with three columns headed ‘Observation’, ‘Hypothesis’ and ‘Prediction’. In the table, write 
each of the statements below under the correct heading and in their correct sequence, so that a scenario is 
followed across each row.
• I am afraid of heights.
• A snail has eaten holes in the leaves of my African violet plant, but hasn’t touched the flowers.
• I will experience similar symptoms if I stand at the top of another building, a cliff or bridge.
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LIGHTING A BUNSEN BURNER

Place the Bunsen burner
on a heatproof mat.

Light the match.

Ensure that the
airhole is closed.

Open the gas tap.

Hold the burning match just
above the top of the barrel.

Check that the rubber tubing
is connected properly to

the gas tap.

a) b)
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•   My CD has been damaged.  
•   Snails eat leaves, but not fl owers.  
•   My CD skips (briefl y stops playing) when I play it.  
•   When visiting the top deck of Sydney Tower, my heart started beating more quickly and loudly, my palms 

sweated and I felt a bit dizzy.  
•   If I put a different fl owering plant in place of my African violet each night, the snail will eat only the leaves 

of each plant, and ignore the fl owers.  
•   If I try playing my CD in someone else’s CD player, it will still skip.    

10.    Four students each measured the temperature in the same 
classroom using a thermometer. Their results were:   
(a) Construct  a bar graph of these results.  
(b) Propose  some possible reasons for the differences 

between measurements.    
11.    The following graph shows how far from the starting point a 

snail moves in an experiment.      

(a) Calculate  how far from the starting point the snail was 7 minutes after timing began.  
(b)   During what times did the snail not move at all?  
(c)   What does the graph tell us about the snail’s movement 

between 7 and 8 minutes after timing began?  
(d) Propose  why a smooth line was not drawn in this 

graph.    
12.   Look at the photograph at right.    

(a)   What  qualitative  observations do you think the scientist 
can make from this experiment?  

(b) Propose  two different  quantitative  observations the 
scientist might make from this experiment.  

(c)    Propose  what might be the aim of this experiment.    
13.    The following table shows the winning times for the men’s 

400 m freestyle swimming event. The data are from various 
Olympic games from 1908 to 2012.   
(a)   Are data available for each Olympics every 4 years?  
(b)    Construct  a line graph of the times for the men’s 400 

m freestyle over these years. Take into account your 
answer to part (a).  

(c)   Use your graph to estimate the winning time for this 
event in the 1956 Melbourne Olympic games.  

(d)    Discuss  how the winning times have changed over the 
112-year period.  

(e)   Suggest some reasons for the change in winning times.  
(f)    Discuss  how you believe the times for the men’s 400 m 

freestyle might change over the next 40 years.    

  Student    Temperature (°C)  

 1  23.5 

 2  24.0 

 3  25.0 

 4  22.0 
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14.  The affinity diagram below organises some of the ideas used by scientists into four groups. Each category 
name is a single word and represents an important part of scientific investigations. However, the category 
names have been jumbled up. What are the correct categories for groups A, B, C and D? (See Page XXX to 
learn how to use affinity diagrams.)

Group C Hypothesis

Beam
balance

Thermo-
meter

Ruler

Stopwatch

Group D Measurement

Outcome

Final

Findings

Fairly certain

Group A Observation

Educated
guess

Prediction

Not certain

Sensible

Group B Conclusion

Seeing

Smelling

Tasting

Noticing

Hearing Feeling

Scienti�c investigation

15.  Construct a storyboard that tells the story of the main events in the life of one of these famous scientists. 
(See page XXX to learn how to use storyboards.)
(a) Albert Einstein
(b) Sir Isaac Newton
(c) Marie Curie
(d) Louis Pasteur

Test yourself
1. Identify which of the following is an important safety rule in science.

A When smelling chemicals, place your nose carefully over the container.
B Dispose of all materials in the rubbish bin.
C When reading the volume of a liquid, always read the bottom of the meniscus.
D Point test tubes away from your eyes and away from your fellow students. (1 mark)

2. Some important steps in using a Bunsen burner are listed below but the sequence is incorrect.
1. Light a match and hold it over the barrel.
2. Adjust the flame by moving the collar until the airehole is open.
3. Connect the rubber hose to the gas tap.
4. Turn on the gas tap and a yellow flame will appear.
5. Close the airhole of the Bunsen burner collar.

Year Name, country Time (min:s)

1908 Henry Taylor, Great Britain 5:36.8

1920 Norman Ross, USA 5:26.8

1932 Buster Crabbe, USA 4:48.4

1948 Bill Smith, USA 4:41.0

1960 Murray Rose, Australia 4:18.3

1972 Bradford Cooper, Australia 4:00.27

1984 George DiCarlo, USA 3:51.23

1996 Danyon Loader, New Zealand 3:47.97

2000 Ian Thorpe, Australia 3:40.59

2004 Ian Thorpe, Australia 3:43.10

2008 Taehwan Park, Korea 3:41:86

2012 Yang Sun, China 3:40:14
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 The correct sequence is
A 3, 5, 4, 1, 2.
B 3, 5, 1, 4, 2.
C 5, 3, 4, 1, 2.
D 1, 3, 5, 4, 2. (1 mark)

3. Equipment used for measuring the volume of liquids includes
A conical flask, beaker, measuring cylinder.
B measuring cylinder, crucible, beaker.
C watchglass, filter funnel, conical flask.
D evaporating basin, test tube, beaker. (1 mark)

4. A thermometer scale is shown below. The temperature indicated is
A 26.0 °C.
B 24.4 °C.
C 24.2 °C.
D 24.5 °C. (1 mark)

5. Luke was sick and tired of being bitten by mosquitoes. He counted several bites each evening when he sat 
outside to have dinner. He had heard that a burning citronella candle was a good way to keep mosquitoes 
away. Design an experiment to test Luke’s idea. Identify the independent and dependent variables and the 
controlled variables needed to make this a fair test. Suggest a control for your experiment. (6 marks)
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Access more details about focus activities for this chapter in the Resources tab. (doc-10528)

 Complete this digital doc: Worksheet 1.8: Investigations puzzle (doc-0000)

 Complete this digital doc: Worksheet 1.9: Investigations summary (doc-0000)
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