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About this book

Activities for the Science Classroom contains over 50 activities and experiments to help 
science teachers bring their classes to life, for themselves and for their students. We have organised 
the activities into four main sections:

General Science looks at some of the most basic concepts we need to understand our world, 
gives ideas for making simple instuments, and suggests ways to measure, test and classify our 
observations.

Physics looks at motion and Newton’s laws, sound, electricity, pressure, light and heat.

Chemistry examines chemical reactions, acids, chromatography and isotopes and radioactivity.

Biology covers both human and animal bodies, plants, cells and basic ecology.

At the back of the book is a Glossary explaining all the terms in this style, and a Materials List with 
all the items you need for each section of the book.

We selected the experiments and activities in this book because:

 Ź WKH\�DUH�HDV\�WR�SUHSDUH��XVLQJ��PRVWO\��HYHU\GD\�REMHFWV��À�XLGV�DQG�KRXVHKROG�HTXLSPHQW

 Ź they have been used successfully by trainers who work with Myanmar science teachers

 Ź they don’t have complicated instructions

 Ź they clearly illustrate important concepts

:H�KRSH�\RX�¿�QG�WKLV�UHVRXUFH�FKDOOHQJLQJ��LQWHUHVWLQJ�DQG�IXQ��3OHDVH�VHQG�XV�\RXU�IHHGEDFN�VR�ZH�
can improve it for the next edition.

Educasia produces low-cost, context-appropriate educational 
materials for Myanmar adults. Subjects include English 
language, social sciences and teaching skills. All resources 
can be downloaded free of charge from the website. We also 
provide teacher training and curriculum advice to community 
education programmes. Please get in touch if you have any 
comments or queries.

Resources
forMyanmar 

Teachers
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1. Introduction
Including practical activities in science classes has been shown to be an extremely effective way to teach 
VFLHQWL¿F�SULQFLSOHV��6WXGHQWV�OHDUQ�IDVWHU�ZKHQ�WKH\�µGR¶�±�DQG�WKH\�KDYH�IXQ�OHDUQLQJ�WKDW�ZD\�WRR�

However, most science teachers in Myanmar face three problems in their classroom that prevent them from 
doing practical activities with their classes: 

ͻ� >ĂĐŬ�ŽĨ�ĞƋƵŝƉŵĞŶƚ͘�
ͻ� dŽŽ�ŵĂŶǇ�ƐƚƵĚĞŶƚƐ�ƚŽ�ŽƌŐĂŶŝƐĞ͘�^ŽŵĞ�ƚĞĂĐŚĞƌƐ�ŚĂǀĞ�ĐůĂƐƐĞƐ�ŽĨ�ϲϬ�Žƌ�ŵŽƌĞ͘
ͻ� >ĂĐŬ�ŽĨ�ĨĂŵŝůŝĂƌŝƚǇ�ǁŝƚŚ�ƚŚĞ�ĂĐƟǀŝƟĞƐ͘

This book is designed to help teachers overcome these three problems, by explaining how to do some easy 
SUDFWLFDO�DFWLYLWLHV�ZLWK�WKHLU�FODVVHV��7KH�DFWLYLWLHV�DUH�GHVLJQHG�IRU�VFKRROV�ZKHUH�WKHUH�LV�OLWWOH�HTXLSPHQW�
available. 

0RVW�DFWLYLWLHV�FDQ�EH�GRQH�E\�WKH�ZKROH�FODVV��(YHQ�LI�\RX�RQO\�KDYH�HQRXJK�HTXLSPHQW�IRU�KDOI�WKH�FODVV��
you could start with half the class doing an activity while the other half does bookwork, and then switch.

When you carry out a demonstration, make sure the whole class can see it. Get everyone standing around the 
demonstration desk in a large semicircle. Do not let them crowd around the desk. If necessary, get students 
standing in two rows with the back ones standing on chairs so that they can see over the top of the front row.

Do not do the demonstration with the students remaining in their seats. The students at the back won’t be able 
to see what you are doing - unless, of course, it is you who is standing on the chair!
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GENERAL SCIENCE
2. Equipment
Summary

:RUOG�IDPRXV�1REHO�3UL]H�ZLQQHU�(UQHVW�5XWKHUIRUG��ZKR�
developed the theory of the structure of the atom) once said 
‘All you need to do science is a room, a bench, and a sink. 
And if necessary, you don’t need the sink!’

There are lots of locally available resources that you and your 
VWXGHQWV�FDQ�XVH�WR�PDNH�VFLHQWL¿�F�HTXLSPHQW��7KHUH�LV�D�OLVW�
at the back of this book of all the materials used to do these 
activities. 

2.1. Measuring Instruments

Length
The SI units of length ares metres (m), 
centimetres (cm) and millimetres (mm).

Materials
�� 1 sheet of A4 paper for each student 

�$��SDSHU�LV�WKH�VL]H�RI�SDSHU�XVHG�LQ�
this book)

�� 1 marker pen
�� Tape or glue
�� 6FLVVRUV

Method
1. To make a ruler, take a sheet of A4 paper, fold it in half lengthwise, and in half again. Tear or cut 

along the folds to get 4 strips of paper, and either glue or tape the ends together so you have a strip 
that will be about a metre long.

2. 0DUN�RII���¿�QJHU�ZLGWKV���WKH\�ZLOO�EH�DERXW���FP�HDFK��'LYLGH�HDFK���FP�JDS�LQWR���FP�VSDFHV��

6WXGHQWV�QRZ�KDYH�D�UXOHU��7KH\�FDQ�NHHS�LW�DOO�\HDU�IRU�VFLHQFH�DFWLYLWLHV�

Start collecting used plastic 
bottles and empty drink cans now! 
Maybe you could do a fundraising 
activity at the start of the year 

so that you can purchase the 
materials you need for conducting 

science experiments. 
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Volume 
7KH�6,�XQLWV�IRU�YROXPH�DUH�litres (shortened to L or l) and 
millilitres (mL or ml).

Materials
�� Empty plastic bottles with the volume marked on them
�� 3ODVWLF�FXSV
�� Marker pen
�� 6FLVVRUV

Method
1. &ROOHFW�VRPH�HPSW\�SODVWLF�ERWWOHV�ZLWK�WKH�YROXPH�PDUNHG�RQ�WKHP��5HPRYH�WKH�ODEHOV�DQG�ZDVK�

them. Collect or buy plastic cups.
2. 8VH�D�SHQ�WR�PDUN�YROXPHV��)RU�D�����/�ERWWOH��PDUN�LW�RII�LQWR�WKLUGV������/��DQG�WKHQ�LQWR�¿IWKV�

(100 mL). To make measuring cylinders, cut the tops off some of the bottles.
3. )LQG�D�FXS�WKDW�KROGV�DERXW�����P/��)LYH�FXSV�VKRXOG�¿OO�D���/�ERWWOH��7U\�LW�WR�VHH�

The students can use their measuring bottles for other science activities, and you can use the same bottles for 
comparing mass (see below).

Mass  

Materials
�� Empty plastic bottles, as above
�� Thin piece of bamboo about 20 cm long
�� 6WULQJ
�� 2 plastic cups

Method
7KH�6,�XQLWV�IRU�PDVV�DUH�WKH�kilogram (kg) and gram (g).

�� A litre of water has a mass of 1 kg and a 200 mL cup of water has a mass of 200 g.

Once you have the plastic bottles for measuring volume, you can use the same bottles for mass. For 
DSSUR[LPDWH�PHDVXUHPHQW��FRPSDUH�D�NQRZQ�PDVV�ZLWK�DQ�XQNQRZQ�PDVV�LQ�HDFK�KDQG��)RU�H[DPSOH��µ7KLV�
object is heavier than (or not as heavy as) this 1 kg bottle.”

For more accurate measurement, you can construct your own mass balance:

1. Make two holes in the tops of two plastic cups.
2. Tie a piece of string around each end of the bamboo stick 

and attach the cups as shown in the diagram. The cups 
must hang at exactly the same level.

3. In the exact middle of the stick, tie on another piece of 
string so that you can hang the whole balance from a nail 
or hook. The bamboo stick should be able to rock like a 
see saw depending on which cup is heavier.

4. Mark off ~10 mL marks on the cups and use water to 
balance one side (10 mL = 10 g). 

5. This balance can be used to measure out amounts of 
substances in later activities.

Review the 
difference 

between mass 
and weight with 

your class.
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Temperature 
7KH�6,�XQLW�IRU�WHPSHUDWXUH�LV�WKH�.HOYLQ��EXW�WKH�PRUH�
common unit of measurement is degrees Celsius (°C). Degrees 
Farenheit (°F) is another unit for temperature, but it is not 
normally used in science.

If you do not have a thermometer, your students can estimate 
WKH�WHPSHUDWXUH�RI�OLTXLGV�ZLWK�WKHLU�VNLQ��7KH\�FDQ�XVH�WKH�
following scale:

Temperature in °C

Icy Cold 0 - 5

Cold 5 – 15

Tepid 15 – 30

Body Temp 37

Warm 30 – 40

Hot* 40 – 50       

Very hot* 50 – 100

Boiling* 100

Time
7KH�6,�XQLW�IRU�WLPH�LV�seconds (s) and milliseconds (ms).

�� For activities you need a timer for, ask your students to bring a watch 
(preferably a digital one with a stopwatch), clock or mobile phone. 

�� Otherwise have them practise counting steadily: “One banana, two banana, 
three banana” etc.

�� 2U�±�VWXGHQWV�FDQ�XVH�WKH�SXOVH�RQ�WKHLU�ZULVW�WR�PHDVXUH�WLPH��:LWK�WKH�WZR�
IRUH¿�QJHUV�RI�WKH�ULJKW�KDQG��IHHO�IRU�D�SXOVH�RQ�WKH�OHIW�ZULVW��/RFDWH�WKH�
two tendons in the middle of the inside of your wrist. To the thumb side of 
WKH�OHIW�WHQGRQ��WKHUH�LV�D�VRIW�KROORZ��3UHVV�\RXU�WZR�¿�QJHUV�¿�UPO\�LQ�WR�WKLV�
spot and feel for the pulse. Count the beats per minute to work out your 
heart rate, or use the beats as an approximate timer.

Have you noticed 
these words in bold? 
They are words that 
have definitions in the 

glossary at the back of 
this book. 

The inside of your wrist is 
a good place to measure 

temperature. 

*Water above 42 °C feels 
hot to human skin. Water 
above 48 °C can burn you. 
Do not touch very hot or 

boiling water!
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2.2. Heating – Making a ‘Coke Can Burner’

Materials
�� Aluminium cans (1 for each student or 

as many as possible)
�� Candles (1 for each burner)
�� Lighter
�� 6WURQJ�VFLVVRUV

Preparation and Safety
When using metal can tripods, remind students 
that the metal gets extremely hot. They should 
not touch any part of the tripod for 5 minutes 
after the experiment. They should also be very 
careful when cutting the aluminium, because the 
cut corners are sharp.

Method
1. Cut the top off the can using the 

scissors.
2. Cut three triangles out of the sides of the 

can to make a tripod.
3. 7KH�EDVH�RI�WKH�FDQ�LV�QRZ�WKH�µKRW�

plate’ of the burner.
4. Arrange the tripod over a small candle (if the candle is too tall it will not stay lit).

Explanation
A candle supplies a surprising amount of heat, so this clever burner is suitable for lots of simple experiments. 
The heat is conducted�LQ�WKH�DOXPLQLXP�YHU\�HI¿�FLHQWO\��VR�WKH�FDQ�JHWV�YHU\�KRW��YHU\�IDVW�

,I�\RX�FDQ�JHW�VRPH�LFH�FXEHV�\RX�FDQ�XVH�WKLV�EXUQHU�WR�GHPRQVWUDWH�FKDQJHV�RI�VWDWH�±�IURP�VROLG�WR�OLTXLG�WR�
gas. It only takes a couple of minutes to turn a small piece of ice into steam.

Alternatively, melt some candle wax in the top of the burner to compare melting and boiling points of candle 
wax and water.

Another idea is to compare the amount of time it takes to boil plain water and water saturated with salt.

Hint!
Be careful to collect only aluminium 
cans. Steel cans are taller, thinner 
and harder than aluminium cans 
and they are too difficult to cut.
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3. The Scientific Method

Fair Testing
A lot of science activities involve what is called fair testing. This means controlling all the variables except 
WZR�±�WKH�,1'(3(1'(17�9$5,$%/(�DQG�WKH�'(3(1'(17�9$5,$%/(�±�DQG�VHHLQJ�KRZ�WKHVH�WZR�UHODWH�
to each other. The three experiments below are designed to help students learn about variables, and learn how 
to draw graphs to compare the dependent with the independent variable.

3.1. Ice Melting and Variables

Timing
40 minutes, including the time to melt the ice and discuss 
the results.

Materials
�� Ice blocks (or the largest ice cubes you can buy)
�� Cooking plates/dishes
�� 3ODVWLF�EDJV�IRU�EUHDNLQJ�XS�WKH�LFH
�� 6WRSZDWFKHV�RU�VWXGHQWV�ZLOOLQJ�WR�FRXQW�RXW�ORXG�WR�

time the melting rates (see section 2.1)

Preparation and Safety
0DNH�WKH�LFH�EORFNV�EHIRUH�WKH�OHVVRQ�E\�IUHH]LQJ���SODVWLF�FXSV�RI�ZDWHU�IRU�HDFK�JURXS�RI�VWXGHQWV�ZKR�ZLOO�
EH�GRLQJ�WKH�H[SHULPHQW��%RWK�FXSV�VKRXOG�FRQWDLQ�WKH�VDPH�DPRXQW�RI�ZDWHU�

Method
1. Explain the aim. Which melts faster: A block of ice or ice that has been broken into pieces?

2. *HW�VWXGHQWV�WR�OLVW�DOO�WKH�YDULDEOHV�WKDW�PXVW�EH�&21752//('��NHSW�WKH�VDPH���,W�VKRXOG�LQFOXGH���
�� 9ROXPH�RI�LFH���\RX�ZRXOG�QRW�FRPSDUH�D�VPDOO�LFH�EORFN�ZLWK�D�ODUJH�RQH�WKDW�KDG�EHHQ�EURNHQ�

up. You need two blocks of ice with the same volume - one is left as a block, and the other block 
is broken up by putting it in a plastic bag and smashing it gently. 

�� 3XW�WKH�LFH�LQ�VLPLODU�GLVKHV���WKH\�VKRXOG�EH�PDGH�RI�WKH�VDPH�WKLQJ��VDPH�VKDSH�DQG�VDPH�VL]H��
If you used a metal bowl and a plastic cup, would you expect different results?

�� Dishes should be placed in the same position. What would happen if one dish was inside and the 
RWKHU�ZDV�RXW�LQ�WKH�6XQ"�

�� Make the observations on the same day and the same time. What would happen if you melted one 
ice block in the morning and the other in the afternoon?

3. Tell the students to conduct the experiment themselves and make observations.

4. You can use this experiment as practice for writing up reports with the format: Aim, Hypothesis, 
0DWHULDOV��0HWKRG��5HVXOWV��'LVFXVVLRQ��DQG�&RQFOXVLRQ�

5. ,Q�WKH�5HVXOWV�VHFWLRQ��JHW�WKH�VWXGHQWV�WR�GUDZ�D�EDU�JUDSK�RI�WKH�UHVXOWV���6HH�$FWLYLW\�����IRU�DGYLFH�
about graphing.)
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Explanation and Extension
An example graph for this experiment is in Activity 3.3. 

Explain that only the independent and dependent variables should change in a good experiment. If the 
controlled variables change, then you can’t be sure what is responsible for the differences you see in the 
dependent variable. For example, if you use different dishes for melting, then you won’t know whether it is 
the state of the ice or the type of dish that is responsible for the different melting times.

,I�\RX�FDQ¶W�JHW�LFH��RU�ZDQW�WR�GR�DQRWKHU�GHPRQVWUDWLRQ�RI�YDULDEOHV��JHW�\RXU�VWXGHQWV�WR�¿�QG�RXW�ZKLFK�
HYDSRUDWHV�PRUH�TXLFNO\��SXUH�ZDWHU��ZDWHU�ZLWK�VDOW�GLVVROYHG�LQ�LW��RU�ZDWHU�ZLWK�VXJDU�GLVVROYHG�LQ�LW"

:KDW�DUH�WKH�&21752//('�9$5,$%/(6"�6DPH�DPRXQW�RI�ZDWHU��VDPH�DPRXQW�RI�VDOW�DQG�VXJDU�GLVVROYHG��
VDPH�W\SHV�RI�GLVKHV�DQG�VDPH�SODFHPHQW�RI�GLVKHV��,1'(3(1'(17�9$5,$%/(6�±�ZDWHU��ZDWHU�ZLWK�VXJDU��
ZDWHU�ZLWK�VDOW��'(3(1'(17�9$5,$%/(�±�WLPH�WR�HYDSRUDWH�

3.2. Reaction Time
Use this fair testing activity to work out who has the faster reaction time - boys or girls? 

Timing
15 minutes, plus 15 minutes to work on the graph.

Materials
�� 5XOHUV

Method
1. :RUN�LQ�SDLUV��6WXGHQW�$�KROGV�D�UXOHU�YHUWLFDOO\�VR�WKDW�WKH�

µ��FP¶�PDUN�LV�MXVW�OHYHO�ZLWK�WKH�RXWVSUHDG�WKXPE�DQG�¿�QJHUV�RI�
6WXGHQW�%��6WXGHQW�$�UHOHDVHV�WKH�UXOHU�

2. 6WXGHQW�%�PXVW�FDWFK�LW�E\�FORVLQJ�WKHLU�¿�QJHUV�DQG�WKXPE�WRJHWKHU�
DV�TXLFNO\�DV�SRVVLEOH��ZKLOH�NHHSLQJ�WKHLU�KDQG�OHYHO�DQG�WKH�VDPH�
height. 

3. 7DNH�DW�OHDVW�¿�YH�PHDVXUHPHQWV�RI�KRZ�IDU�WKH�UXOHU�IDOOV�EHIRUH�
EHLQJ�FDXJKW��'LVFDUG�DQ\�WKDW�DUH�VLJQL¿�FDQWO\�GLIIHUHQW��)RU�
H[DPSOH��LI�P\�UHDGLQJV�DUH���������������������DQG������WKHQ�WKH�����LV�VLJQL¿�FDQWO\�ORZHU�DQG�SUREDEO\�
the result of luck. Discard it. Then take the average of the rest. (9.5 + 10.2 + 8.9 + 9.8)/4  =  9.6

4. 6ZDS�UROHV�DQG�UHFRUG�ERWK�VWXGHQWV¶�UHDFWLRQ�GLVWDQFHV��7KH�VKRUWHU�WKH�UHDFWLRQ�GLVWDQFH��WKH�EHWWHU�
the reaction time.

5. Collate the results for the class in a table on the board and calculate the class average of boys’ and 
girls’ reaction distances.

6. +DYH�WKH�VWXGHQWV�GUDZ�D�VFDWWHU�JUDSK�RI�WKH�UHVXOWV��6HH�$FWLYLW\�������

Explanation
Ask the class how valid the results are. Can we really work out whether boys or girls have a faster reaction 
time using this experiment?

�� Have they controlled for the variable of age? Are younger people faster than older people?
�� +DYH�WKH\�FRQWUROOHG�IRU�WKH�YDULDEOH�RI�VL]H"�,Q�VPDOOHU�SHRSOH��WKH�QHXUDO�SDWKZD\V�IURP�WKH�EUDLQ�WR�

the hand are shorter. Will they have a faster reaction time?
�� Would they get the same result if they repeated the exercise at a different time of the day? 
�� :KDW�DERXW�KRZ�ZLGH�WKH�¿�QJHU�DQG�WKXPE�DUH�VSUHDG"�

Your class will probably decide that none of these variables have been controlled properly so they will not be 
able to draw any strong conclusions from the results.
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3.3. Graphing
You can add a lesson on graphing to many of the activities in this book. The four experiments from 3.1, 3.2, 
5.1 and 16.2 are used below as examples of simple graphs.

Timing
Depends on the class. You could spend an extra 15 minutes after every activity working on graphs and the 
VWXGHQWV�ZLOO�JHW�IDVWHU�DQG�PRUH�FRQ¿GHQW�RYHU�WLPH�

Materials
�� Coloured pencils and graph paper will make graphing easier but these are not essential

Method
There are various ways to express data.

Pie chart 
ͻ� dŚĞƐĞ�ĂƌĞ�ƵƐƵĂůůǇ�ƵƐĞĚ�ƚŽ�ĚŝƐƉůĂǇ�ĨƌĂĐƟŽŶƐ�ŽĨ�Ă�ǁŚŽůĞ͘�&Žƌ�ĞǆĂŵƉůĞ͕�ǇŽƵ�ĐŽƵůĚ�ŵĂŬĞ�Ă�ƉŝĞ�ĐŚĂƌƚ�ĨŽƌ�

�ĐƟǀŝƚǇ�ϭϲ͘Ϯ�ďǇ�ĐůĂƐƐŝĨǇŝŶŐ�ƚŚĞ�ŝŶǀĞƌƚĞďƌĂƚĞƐ�ƚŚĂƚ�ǇŽƵƌ�ƐƚƵĚĞŶƚƐ�ďƌŝŶŐ�ŝŶ͘�DĂŬĞ�Ă�ĐŚĂƌƚ�ƚŽ�ƐŚŽǁ�ƚŚĞ�
ƉĞƌĐĞŶƚĂŐĞƐ�ƚŚĂƚ�ĂƌĞ�ŝŶƐĞĐƚƐ͕�ĂƌĂĐŚŶŝĚƐ͕�ǁŽƌŵƐ͕�ĐƌƵƐƚĂĐĞĂŶƐ͕�ĞƚĐ͘�tŝƚŚŝŶ�ƚŚĞ�͚/ŶƐĞĐƚ͛�ŐƌŽƵƉ͕�ƚŚĞǇ�ĐĂŶ�
ŵĂŬĞ�ĨƵƌƚŚĞƌ�ĐůĂƐƐŝĮĐĂƟŽŶƐ͕�Ğ͘Ő͘�͚ǁŝƚŚ�ŽŶĞ�ƉĂŝƌ�ŽĨ�ǁŝŶŐƐ͕͛ �͚ǁŝƚŚ�ƚǁŽ�ƉĂŝƌƐ�ŽĨ�ǁŝŶŐƐ͕͛ �ĞƚĐ͘

$FWLYLW\�������3LH�FKDUW�IRU�,QYHUWHEUDWH�&ODVVL¿FDWLRQ

1. Have the students classify the invertebrates any way they like. 

�� 2QH�RSWLRQ�PLJKW�EH�E\�µSK\OXP¶�±�WKHUH�PLJKW�EH�
UHSUHVHQWDWLYHV�IURP�WKUHH�SK\OD�±�$QQHOLGD��ZKLFK�
LQFOXGHV�HDUWKZRUPV�DQG�OHHFKHV���$UWKURSRGD�±�
which includes insects, crustaceans (crabs, etc), 
centipedes, millipedes and arachnids (spiders, ticks 
DQG�VFRUSLRQV��±�DQG�0ROOXVFD��ZKLFK�LQFOXGHV�VQDLOV�
and slugs). 

�� $�IXUWKHU�EUHDN�GRZQ�PLJKW�EH�E\�µFODVV¶�±�H�J���
insects, arachnids and crustaceans are different classes 
RI�DUWKURSRGV��:LWKLQ�WKH�µLQVHFWD¶�FODVV��WKH�VWXGHQWV�
might be able to distinguish different orders, like 
PRWKV��EXWWHUÀLHV��ÀLHV��FRFNURDFKHV��EHHV�ZDVSV�DQWV��
beetles, bugs, etc. 

�� Or, they could classify by appearance: by colour, 
number of legs, with or without wings, etc. 

2. Work out the percentage of the total invertebrates that have been put into each group, and split up the 
360o of the circle into these percentages. For example, if group 1 in the above example has 6 crickets 
in it, and there are 24 invertebrates all together, the segment is 6/24 x 100 = 25%. 25% of 360° = 90°

3. /DEHO�WKH�VHJPHQWV�FRUUHFWO\�±�LQVWHDG�RI�1, 2, 3, 4 in the above example, the students would write the 
names of the classes you have chosen. 



Activities for the Science Classroom 13

Scatter graph 
ͻ� dŚĞƐĞ�ĂƌĞ�ƵƐƵĂůůǇ�ƵƐĞĚ�ƚŽ�ĚŝƐƉůĂǇ�ĚĂƚĂ�ƉŽŝŶƚƐ�

ƚŚĂƚ�ĂƌĞ�ŝŶĚĞƉĞŶĚĞŶƚ�ĨƌŽŵ�ĞĂĐŚ�ŽƚŚĞƌ͘ �&Žƌ�
ĞǆĂŵƉůĞ͕�ƚŚĞ�ŝŶĚŝǀŝĚƵĂů�ƐƚƵĚĞŶƚƐ͛�ƌĞĂĐƟŽŶ�
ĚŝƐƚĂŶĐĞƐ�ĨƌŽŵ��ĐƟǀŝƚǇ�ϯ͘Ϯ͘

Activity 3.2, Scatter Plot for Reaction Time versus 
Gender

1. Always label the graph at the top.

2. 3XW�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�KRUL]RQWDO�
axis (the students, arranged in alphabetical or 
random order), and the dependent variable on 
the vertical axis (reaction distance). 

3. Choose the scale of both axes so that they are 
DSSUR[LPDWHO\�WKH�VDPH�VL]H��\RX�GRQ¶W�ZDQW�
one that is long while the other is short).

4. Label the axes and the units in which they are 
measured.

5. 3ODFH�D�GRW�IRU�HDFK�VWXGHQW¶V�UHDFWLRQ�GLVWDQFH�±�ER\V�DQG�JLUOV�LQ�GLIIHUHQW�FRORXUV��'R�QRW�MRLQ�WKH�
dots because there is nothing to link the individual results. 

6. /RRN�IRU�D�WUHQG�±�LV�RQH�FRORXU��JHQGHU��ORZHU��IDVWHU��WKDQ�WKH�RWKHU"

Bar or column graph 
ͻ� �Ăƌ�Žƌ�ĐŽůƵŵŶ�ŐƌĂƉŚƐ�ĂƌĞ�ƵƐĞĚ�ǁŚĞŶ�ƚŚĞ�

ŝŶĚĞƉĞŶĚĞŶƚ�ǀĂƌŝĂďůĞ�ŝƐ�Ă�ŶƵŵďĞƌ�ŽĨ�ƐĞƉĂƌĂƚĞ�
ĐĂƚĞŐŽƌŝĞƐ�ƚŚĂƚ�ǇŽƵ�ǁĂŶƚ�ƚŽ�ĐŽŵƉĂƌĞ͘�

Activity 3.1, Column Graph for Ice Melting Speed

1. The independent variable will be the state of 
WKH�LFH�±�HLWKHU�LQ�D�EORFN��RU�LQ�SLHFHV��RU�LI�
your students want to try three states, crushed 
up. The dependent variable will be the time 
taken for the ice to melt. 

2. The independent variable goes along the 
KRUL]RQWDO�D[LV��DQG�WKH�GHSHQGHQW�YDULDEOH�
goes up the vertical axis.

3. You could add another variable by adding 
more columns in a different colour. For 
example, you could compare the melting rates 
in the sun and shade for the three shapes by 
adding a red column (sun) beside the blue 
columns (shade) for each shape. 
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Line graph
ͻ� ��ůŝŶĞ�ŐƌĂƉŚ�ƵƐƵĂůůǇ�ĐŽŵƉĂƌĞƐ�Ă�

ŵĞĂƐƵƌĞŵĞŶƚ�ŽǀĞƌ�Ă�ƉĞƌŝŽĚ�ŽĨ�ƟŵĞ�Žƌ�
ŵĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�Ă�ǀĂƌŝĂďůĞ�ƚŚĂƚ�ĂƌĞ�
ĐŽŶŶĞĐƚĞĚ�ƚŽ�ĞĂĐŚ�ŽƚŚĞƌ�ƐŽŵĞŚŽǁ͘

Activity 5.1, Line Graph for Distance–Time 
Measurement of a Marble

1. Decide whether the graph is going to pass 
through the origin. For example, if you are 
measuring the distance a marble rolls versus 
time, can it have travelled any distance at 
]HUR�WLPH"

2. 3ORW�WKH�GDWD�SRLQWV�

3. 3ORW�WKH�OLQH�RI�EHVW�¿W. Will it be a straight 
line or a curve? It should pass as close to as 
many points as possible, but it doesn’t have 
to go through any of the points, except if you 
decided that it should go through the origin.

4. If the line is a curve, turn the page around so that the curve can follow the natural sweep of your hand 
when sketching.

Extension
For all of the above graphing exercises, you can ask 
WKH�VWXGHQWV�WR�DQVZHU�TXHVWLRQV�DERXW�WKH�JUDSKV��)RU�
example:

�� For the graph on the right, how far had the 
marble travelled after 2.5 seconds? (2.5 cm)

�� If the marble continued at the same speed, how 
long would it take to travel 10 cm? (10 s)

�� )RU�WKH�WZR�JUDSKV�RQ�GLVWDQFH±WLPH��
which shows a constant rate of acceleration 
or deceleration? (Marble 1 graph shows 
deceleration). Which shows a constant speed 
but no acceleration or deceleration? (Marble 2)

�� What would a graph of acceleration look like? 
(Like the Marble 1 graph, but with the curve 
going up, not down)

�� For the reaction distance graph, what is the 
difference between the fastest and slowest reaction times in the class? (Subtract the lowest number 
from the highest number)

�� )RU�SLH�FKDUWV��PDNH�XS�TXHVWLRQV�DERXW�WKH�DPRXQWV�RI�WKH�GLIIHUHQW�FDWHJRULHV��,I�\RX�GR�WKH�H[HUFLVH�
about the invertebrates in class, ask: What proportion of the invertebrates are insects? Which 
invertebrate makes up 25% of the samples collected? etc.

�� ,I�\RX�KDYH�PRUH�WKDQ�RQH�OLQH�RQ�D�OLQH�JUDSK��\RX�FRXOG�DVN�TXHVWLRQV�FRPSDULQJ�WKH�UHODWLYH�
increase or decrease of the dependent variable. 
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4. Classification
&ODVVL¿�FDWLRQ�LV�DQ�LPSRUWDQW�VFLHQWL¿�F�FRQFHSW��&ODVVL¿�FDWLRQ�
is the process of grouping similar items together. All scientists 
classify things in some way. To do this properly, we must identify 
features that some of them have in common. This is called an 
attribute.

4.1. Classifying Your Class’s Shoes
This activity is described using shoes, but you could do a 
FODVVL¿�FDWLRQ�H[HUFLVH�ZLWK�MXVW�DERXW�DQ\WKLQJ�±�À�RZHUV��IRRG�
items, nails and screws, invertebrates, clothing, and so on. Ask all 
the students to bring in one of your chosen item (i.e. each student 
brings one item), and then adapt the instructions below.

Timing
$ERXW���KRXU�WR�H[SODLQ�DERXW�FODVVL¿�FDWLRQ�DQG�KDYH�WKH�VWXGHQWV�ZRUN�RXW�D�VXLWDEOH�FODVVL¿�FDWLRQ�VFKHPH�
themselves.

Materials
�� All the shoes your class wore today

Method
1. Explain how to classify items into groups 

using a particular attribute at each grouping. 
Use the tree diagram on the right to explain 
how.

2. Go outside and have everyone take one of their shoes to add to the pile.
3. +DYH�WKH�VWXGHQWV�GHVFULEH�DWWULEXWHV�RI�WKH�VKRHV��OHIW�RU�ULJKW�IRRW��FRORXU��VW\OH��EUDQG��VL]H��HWF��
4. 7U\�WR�OHW�WKH�VWXGHQWV�UXQ�WKH�FODVVL¿�FDWLRQ�WKHPVHOYHV��<RX�PD\�QHHG�WR�FKRRVH�D�OHDGHU��RU�LI�WKHUH�

are too many students, split the class into smaller groups. 
5. +HOS�WKH�VWXGHQWV�FKRRVH�RQH�DWWULEXWH�IRU�WKH�¿�UVW�VSOLW��)RU�WKH�¿�UVW�VSOLW��FKRRVH�DQ�DWWULEXWH�WKDW�

divides the shoes into only two groups, e.g. all the shoes will be either right foot or left foot.
6. .HHS�GLYLGLQJ�WKH�VKRHV�LQWR�VPDOOHU�DQG�VPDOOHU�JURXSV�XQWLO�WKHUH�LV�RQO\�RQH�VKRH�LQ�HDFK�JURXS��

The students should discuss the best way to do this.
7. +DYH�HYHU\ERG\�GUDZ�D�GLDJUDP�RI�WKH�FODVVL¿�FDWLRQ�WKH\�GHFLGHG�RQ��<RX�FRXOG�UHSHDW�WKH�H[HUFLVH�

a few times if there is a debate about the best way to do it. Here is an example of a diagram from one 
class (you will not get the same diagram with your class):

All items

1st subgroup 2nd subgroup

2nd sub- 
subgroup

1st sub- 
subgroup

3rd sub- 
subgroup

All shoes

No laces

Have laces

No 
straps

Have 
straps

Left shoes

Right shoes

Running shoes

Formal shoes

2 straps over

3 straps over

Rubber boot

Black

Red

Orange
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PHYSICS
5. Motion 

5.1. Distance and Time

Timing
About 10 minutes plus about 15 minutes for the graphing 
exercise.

Materials
�� 5XOHU��WKH�VWXGHQWV�FDQ�XVH�WKHLU�SDSHU�UXOHU�IURP�

Activity 2.1)
�� A marble or ping pong ball
�� 3HQ
�� 6WRSZDWFK�RU�VWXGHQWV�UHDG\�WR�FRXQW�VWHDGLO\
�� A piece of paper or cardboard (one for each ball)

Method
1. Make a ramp out of the paper or cardboard, as shown on the right side of the picture.
2. $GMXVW�WKH�UDPS�VR�WKDW�WKH�PDUEOH�UROOV�GRZQ�TXLWH�IDVW��DQG�WKHQ�NHHSV�UROOLQJ�DORQJ�WKH�À�RRU��,I�WKH�

À�RRU�LV�YHU\�URXJK��SXW�SDSHU�GRZQ�WR�PDNH�D�VPRRWKHU�VXUIDFH�
3. $V�VRRQ�DV�WKH�PDUEOH�KLWV�WKH�À�RRU��WKDW�LV�WLPH�]HUR�DQG�]HUR�

GLVWDQFH��6RPHRQH�QHHGV�WR�FRXQW�WKH�VHFRQGV�RXW�ORXG��+DYH�
other students ready to mark with the pen on the paper the 
distance the marble has travelled each second. 

4. Try a few times until you get consistent results.
5. 0HDVXUH�WKH�GLVWDQFHV�PDUNHG�IRU�HDFK�VHFRQG�DQG�¿�OO�LQ�WKH�

table.
6. Teach students how to construct a line graph as per the 

instructions in Activity 3.3.

Explanation
'LVFXVV�WKH�SURSHUWLHV�RI�WLPH��7�RU�W���6SHHG��6���
velocity (v), distance (D), acceleration (a) and 
deceleration (-a). If speed is constant, there is no 
acceleration. If speed is increasing, acceleration is 
constant. If speed is increasing exponentially, then 
acceleration is increasing. Draw simple diagrams to 
show these properties.

Introduce the formulas:

�� �����6��P�V-1)   =     D (m)      /   t (s)
       Speed  Distance    Time

��      a (m.s-2��  � ¨�6��P�V-1)   / t (s)
      Acceleration        Change in speed      Time

Time (s) Distance (cm)

0 0

1

2

3

4

5
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5.2. Motion of a Pendulum

Timing

45-60 minutes including explanations and graphing. 

Materials
�� $���/�RU�����/�SODVWLF�ERWWOH�¿OOHG�ZLWK�ZDWHU
�� 6WULQJ
�� A beam in the ceiling or a hook on a door frame

Method
1. Tie the string to the bottle. Try to attach the string 

to the centre of the top of the bottle so the weight 
is centred. To do this, you could make a hole in the 
centre of the lid and tie a knot in the string inside, or 
you could make a loop at each side of the neck.

2. Attach it to a beam or a hook so that it can swing 
freely, and set it swinging back and forth in a straight 
line.

3. The time taken in seconds for one complete swing back 
and forth is the period, T.

4. The displacement is how far away from the centre you 
pull the pendulum before letting it go.

5. Have the students think about the following:

�� What is the period of your pendulum?

�� Does the period depend on the displacement? Try 
pulling it back to different displacements and see if 
the period varies.

�� Does the period depend upon the mass of the 
pendulum? Tip half of the water out and see if the 
period is any longer or shorter.

6. Explain about potential and kinetic energy (see the Explanation on the next page), then tell the 
VWXGHQWV�WR�JR�EDFN�WR�WKH�SHQGXOXP�WR�¿QG�RXW�WKH�IROORZLQJ�

�� At which point in the swing of the pendulum is potential energy at a maximum?

�� At which point in the swing is the kinetic energy at a maximum?

�� Is all of the potential energy converted into kinetic energy?

�� Is all of the kinetic energy converted back into potential energy?

�� If not, where has the energy gone?

7. 0HDVXUH�WKH�OHQJWK�RI�WKH�SHQGXOXP��LQFOXGLQJ�WKH�VL]H�
of the bottle to the centre of its mass (about the middle 
of the bottle). Now reduce the length of string so that the 
pendulum is ¾ of the length and measure the period. 

8. Now reduce it to half the length and measure the period. 
Then to ¼ of the length. For short periods, you might 
have to measure it 5 times, and divide the total by 5. Fill 
in a table like the one on the right.

9. 3ORW�D�JUDSK�VKRZLQJ�OHQJWK�RI�VWULQJ�YHUVXV�SHULRG��
Does the graph pass through the origin? If the length of 
WKH�SHQGXOXP�LV�]HUR��FDQ�WKHUH�EH�DQ\�SHULRG"

point of 
suspension

length

am
plitude

equilibrium 
position

I                           I
displacement

}- height

Length of 
Pendulum (cm)

Period       
T (s)

Full

3/4

1/2

1/4

0
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Explanation
7KH�VWXGHQWV�VKRXOG�¿QG�WKDW�WKH�PDVV�RI�WKH�SHQGXOXP�does not affect the period, but the length of the string 
does.

3RWHQWLDO�(QHUJ\�LV�HQHUJ\�VWRUHG�ZKHQ�D�PDVV�LV�DERXW�WR�PRYH��,W�LV�FDOFXODWHG�ZLWK�WKH�IRUPXOD�

�3(��-RXOHV��  � P��NJ���������[� �����J��P�V-2)        x h (m) 
        Potential energy  mass              acceleration        height from highest to lowest
          of pendulum           due to gravity      points of the swing

Acceleration due to gravity is always 9.8 m.s-2 on Earth, which many teachers round to 10 m.s-2��.LQHWLF�
Energy is the energy of movement. When a mass is given potential energy by lifting it up against gravity, the 
mass will gain that same amount of kinetic energy when it starts to move.

.(��-RXOHV�� � �� ò������P��NJ�� �[����������Y2   

          Kinetic energy           mass of pendulum         velocity of swing

5HPHPEHU�WKDW�HQHUJ\�FDQQRW�EH�FUHDWHG�RU�GHVWUR\HG��RQO\�FRQYHUWHG�LQWR�GLIIHUHQW�IRUPV��VR�DOO�RI�WKH�
SRWHQWLDO�HQHUJ\�EHFRPHV�NLQHWLF�HQHUJ\�ZKHQ�LW�VWDUWV�WR�PRYH��$W�WKH�ERWWRP�RI�WKH�VZLQJ��WKH�HTXLOLEULXP�
SRVLWLRQ��WKH�.(�LV�DW�LWV�PD[LPXP��7KHQ�LW�VWDUWV�WR�EHFRPH�3(�DJDLQ�DV�WKH�SHQGXOXP�VZLQJV�XS�WKH�
RWKHU�VLGH��$W�WKH�WRS�RI�WKH�VZLQJ�RQ�HDFK�VLGH��LQ�WKH�PRPHQW�EHIRUH�LW�VWDUWV�WR�IDOO�DJDLQ��WKH�3(�LV�DW�LWV�
maximum.

The other factor affecting this pendulum is friction. If you were doing this experiment in space, the pendulum 
ZRXOG�QHYHU�VORZ�GRZQ��EXW�EHFDXVH�RI�WKH�IULFWLRQ�RI�DLU�RQ�WKH�ERWWOH��D�OLWWOH�ELW�RI�WKH�.(�LV�FRQYHUWHG�LQWR�
heat energy with each swing. We can ignore this effect of friction for our calculations because it is such a 
small amount, but friction is the reason the pendulum will eventually stop swinging.
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5.3. Hooke’s Law

Timing
15 minutes plus graphing time.

Materials
�� Empty plastic bottles (1 L or larger)
�� 5XEEHU�EDQGV��RU�DQ\�RWKHU elastic material), 6 per 

bottle
�� 6WULQJ
�� 3DSHU�UXOHUV��WKH�RQHV�\RX�PDGH�LQ�����
�� 200 mL measuring cups or bottles
�� Water
�� Tape

Method
1. -RLQ���RU���UXEEHU�EDQGV�WRJHWKHU�DQG�DWWDFK�WR�D�SLHFH�RI�VWULQJ�WLHG�

around the neck of the bottle. Attach the other end of the rubber bands 
to any hook or nail high on the wall.

2. 7DSH�\RXU�SDSHU�UXOHU�WR�WKH�ZDOO�VR�WKDW�µ�¶�LV�OHYHO�ZLWK�WKH�ERWWRP�RI�
the bottle as it hangs.

3. Add 1 cup of water to the bottle.
4. Mark the distance the lower end of the bottle comes to. This is the 

µH[WHQVLRQ¶�
5. .HHS�DGGLQJ�FXSV�RI�ZDWHU�DQG�PHDVXUH�WKH�H[WHQVLRQ�HDFK�WLPH�
6. $GG�DW�OHDVW���FXSV�DQG�¿�OO�LQ�D�WDEOH�OLNH�WKH�RQH�RQ�WKH�ULJKW�
7. 3ORW�WKH�UHVXOWV�DV�D�JUDSK�

Explanation
Hooke’s law relates force to extension by the formula:

7KLV�LV�D�WKHRUHWLFDO�IRUPXOD�WKDW�PHDQV�µWKH�H[WHQVLRQ�RI�D�
material is directly proportional to the load applied to it’.

%HFDXVH�IRUFH�LV�SURSRUWLRQDO�WR�PDVV��DQG�WR�WKH�GLVSODFHPHQW�
(which is the extension in this experiment), we can plot cupfuls 
of water versus extension and see the relationship. For advanced 
students you could work out the actual force in newtons, from 
the formula:

      F (N) = m (kg) x a (m.s-2)
    Acceleration due 
        to gravity – 9.8 ms-2

If you did this experiment for a steel spring, the result would be a straight line graph because steel obeys 
Hooke’s Law. For rubber, however, the result is a curved graph. It is actually a special curve called a 
µK\VWHUHVLV¶�FXUYH��WKH�JUDSK�RQ�WKH�ULJKW�VKRZV�DQ�µLGHDO¶�UXEEHU�EDQG���7KLV�LV�EHFDXVH�UXEEHU�EDQGV�GR�QRW�
VWUHWFK�HYHQO\��6RPH�SHRSOH�VD\�UXEEHU�LV�D�µQRQ�+RRNHDQ¶�PDWHULDO��

Force
(cups of 
water)

Extension 
(cm)

0 0

1

2

3

4

5

F (N) = ±�N x Ȥ��P�
Force in newtons constant displacement
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6. Illustrating Newton’s Laws
Summary

Newton’s laws of motion:

1st Law – Law of Inertia: “An object will continue in its state of rest or uniform motion unless acted on by an 
outside force´��7KH�µ(JJ�6SODVK¶��$FWLYLW\�������GHPRQVWUDWHV�LQHUWLD�LQ�D�VSHFWDFXODU�ZD\��<RX�FDQ�DOVR�SRLQW�
RXW�WKH�LQHUWLD�WKDW�\RX�KDYH�WR�RYHUFRPH�LQ�$FWLYLW\�����µ0DUEOHV�RQ�WKH�0RYH¶�ZKHQ�\RX�¿UVW�VWDUW�EORZLQJ�
the marble.

2nd Law – Force and Acceleration: “If an unbalanced force is acting on a mass, it will cause it to accelerate, 
and the acceleration of an object is directly proportional to the force acting on it, and inversely proportional 
to the mass”. That is, F = ma. Use the marble activities suggested in Activities 6.2, 6.3 and any others you can 
think of, to demonstrate how changing the mass affects the force and acceleration. You can also introduce the 
concept of momentum, p = mv.

3rd Law – Action and Reaction: “For every action, there is an equal and opposite reaction.” There are 
many ways to demonstrate Newton’s third law. The Newton’s Cradle activity in Activity 6.4 is a simple 
demonstration that everyone can try.

6.1. Egg Splash

Timing
Around 20 minutes as a demonstration with an explanation, 
longer if the students are trying it for themselves.

Materials
�� ��KHDY\�JODVVHV�RU�ERZOV��H[DFWO\�WKH�VDPH�VL]H��WZR�

thirds full of water
�� 1 piece of cardboard (stiff paper) or a plastic tray, 

with raised edges
�� 3 cardboard inserts from toilet rolls
�� 3 eggs��RU�REMHFWV�ZLWK�D�VLPLODU�VL]H�DQG�PDVV��H�J��

balls)

Method
1. Arrange the materials as shown in the picture. The toilet 

rolls and eggs must be directly above the glasses of 
water.

2. 3UHSDUH�WKH�FODVV�E\�DVNLQJ�WKHP�WR�SUHGLFW�ZKDW�ZLOO�
happen when you hit the tray out of the way.

3. +LW�WKH�WUD\�RU�FDUGERDUG�¿UPO\�DQG�WKH�HJJV�ZLOO�GURS�
into their glasses.

Explanation
The eggs stay motionless because of inertia, even when you 
apply a force to the tray they are sitting on. Then gravity 
takes over and they drop straight down. You can modify this 
experiment so that each student tries it with one egg over one 
glass of water. 

There are variations 
 of this one on the internet. 

Have a look at ‘Egg Drop Inertia 
Challenge - Cool Science Trick’ on 

youtube:  http://www.youtube.
com/watch?v=6gzCeXDhUAA
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6.2. Marbles on the Move

Timing
About 30 minutes to play with the marbles 
and to explain Newton’s second law.

Materials
�� 0DUEOHV�±�VPDOO�DQG�ODUJH�RQHV
�� 3LQJ�SRQJ�EDOOV
�� Drinking straws

Method
1. Have the students blow through a 

VWUDZ�SRLQWHG��DOPRVW��KRUL]RQWDOO\�
at a marble, moving so that they 
keep blowing on the marble from 
the same distance away. Notice that 
the marble keeps accelerating.

2. Now have them blow on a marble 
with a greater mass. The acceleration is a lot less.

3. Have the students blow on the ping pong ball. What is the acceleration like? 

4. 5ROO�D�PDUEOH�RYHU�WKH�GHVN�DQG�ZKLOH�WKH�PDUEOH�LV�PRYLQJ��EORZ�IURP�WKH�VLGH��:KDW�GRHV�WKH�
marble do?

5. +DYH�D�GHVNWRS�PDUEOH�FRQWHVW��3ODFH�WKH�PDUEOH�LQ�WKH�FHQWUH�RI�WKH�GHVN�DQG�KDYH�WZR�VWXGHQWV�
IDFLQJ�HDFK�RWKHU��:KHQ�\RX�VD\�µJR¶�WKH\�VWDUW�EORZLQJ�RQ�WKH�PDUEOH�DQG�WU\�WR�JHW�LW�WR�WKH�RWKHU�HQG�
of the desk. 

Explanation
When you blow on the marble through the straw, you are applying a force. If the force increases, the 
acceleration will increase. If the mass is greater, the force will need to be greater to produce the same 
DFFHOHUDWLRQ��EHFDXVH�RI�WKH�HTXDWLRQ�

 F (N) =     m (kg) x        a (m.s-2)
            force           mass                  acceleration
<RX�FDQ�JLYH�WKH�VWXGHQWV�SUREOHPV�WR�VROYH�XVLQJ�WKLV�HTXDWLRQ�

When they start the marble rolling, and if they change the direction of a marble already moving in a straight 
line, they are overcoming the inertia of the object. 

+DYH�WKH�VWXGHQWV�WU\�EORZLQJ�D�À�DW�REMHFW�OLNH�DQ�HUDVHU��
It doesn’t work because the force of friction is opposing 
the force they are applying. Friction is the force between 
any two surfaces. As we saw in Activity 5.2, there is even 
friction between an object and the air around it, but this 
is a small force compared to the friction between two 
rough surfaces.

English   Lesson! 
Did you know that the 

word ‘inertia’ can also be used as 
a figure of speech? It can be used to 

describe someone who can’t get started 
with what they ought to be doing, or 
won’t change ‘direction’ in their life, 

even if they are ‘forced’ to 
do so!
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6.3. Marbles with Momentum

Timing
15 minutes, plus 30-45 minutes if you have lots of marbles and the students 
want to play a game.

Materials
�� 2 small marbles and 1 large marble
�� A track made with two rulers or the space between two desks

Method
1. 3ODFH�D�PDUEOH�LQ�WKH�PLGGOH�RI�WKH�WUDFN�DQG�UROO�DQRWKHU�PDUEOH�

towards it. What happens?
2. 5ROO�D�ODUJH�PDUEOH�WRZDUG�D�VPDOO�PDUEOH��:KDW�KDSSHQV"
3. 5ROO�D�VPDOO�PDUEOH�WRZDUG�D�ODUJH�PDUEOH��:KDW�KDSSHQV"
4. ,I�\RX�KDYH�HQRXJK�PDUEOHV��\RX�FRXOG�PDNH�D�JDPH�RI�µWDEOH�

billiards.’

Explanation
0RPHQWXP�LV�D�PHDVXUH�RI�WKH�PDVV�DQG�YHORFLW\��ZLWK�WKH�HTXDWLRQ�

Ɖ�� с��������ŵ�;ŬŐͿ� ǆ����ǀ�;ŵ͘ƐͲϭͿ�
momentum                mass              velocity

This means that the larger the mass, and/or the greater the velocity, the greater the momentum. The games of 
billiards, lawn bowls and ten pin bowling all rely on momentum.

6.4. Newton’s Cradle

Timing
About 30 minutes.

Materials
�� 3 to 5 ping pong balls
�� A piece of bamboo or other stick
�� 6WULQJ

Method
1. Tie a piece of string around the middle of each ping 

pong ball.
2. Hang the balls in a row so they are just touching each other and the string hangs straight.
3. Lift one ball away from the end and release it so it swings back and hits the next ball.
4. The ball at the opposite end should swing out and back with the same acceleration you applied to the 

¿UVW�EDOO�
5. If you have 5 balls try swinging two balls out and see what happens.

Explanation
7KH�IRUFH�WKDW�\RX�DSSOLHG�WR�RQH�HQG�KDV�DSSOLHG�DQ�HTXDO�DQG�RSSRVLWH�IRUFH�WR�WKH�EDOO�DW�WKH�RWKHU�HQG��

This also demonstrates that momentum is transferred between the balls, as you discovered in Activity 6.3. 
Momentum and energy cannot be destroyed, so it is transferred from one ball to the next in the cradle.
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7. Activities With Sound

7.1. Measuring the Velocity of Sound

Timing
About 20 minutes.

Materials
�� A concrete or stone wall at least 2 metres high
�� ��EORFNV�RI�ZRRG�RU���ÀDW�VWRQHV
�� 6WRSZDWFK

Method
1. 7DNH����ORQJ�VWHSV�DZD\�IURP�WKH�ZDOO�±�HDFK�VWHS�

should be about a metre long.

2. Have a student stand at the spot 50 m from the wall 
and clap (bang) the two pieces of wood or stones 
together to make a loud sound.

3. The sound will travel to the wall, bounce off it, and 
come back to you as an echo. This means that the sound has travelled a total of 100 metres to hit the 
wall and come back. (Make sure there are no other walls around to also make an echo and confuse 
you.)

4. The clapping student should set up a rhythm of clapping so that each clap is superimposed on the 
echo. This is not easy and will take some practice. Other students can help decide when they can only 
hear the clapping, not the clapping plus an echo.

5. Once they have the rhythm, the clapping student tells the person with the stopwatch when to start it 
and everybody counts 20 claps out loud. 

6. Measure the time taken for 20 claps.

Explanation
Work this out on the board using the times your class has measured:

Time for 20 claps    =  ‘t’ seconds

Time for 1 clap     =  t/20 seconds

This is the time for sound to travel 100 metres

Velocity of sound = Distance/Time

Velocity of sound    =  100/(t/20) m.s-1

*Is your answer about 300 metres per second? The real velocity of sound in dry air is 342 m.s-1
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Variation 1
,I�\RX�FDQQRW�¿�QG�D�KLJK�FRQFUHWH�ZDOO�WR�JLYH�DQ�
echo you can try it with 2 people standing 100 
metres apart, but this is much harder:

1. 2 students should stand 100 m apart, with 
an additional student holding a stopwatch 
at one end.

2. 7KH�¿�UVW�SHUVRQ�FODSV��7KH�VRXQG�WUDYHOV�
to the person 100 metres away who claps 
at the exact time they hear it so that the 
two set up a rhythm of clapping and the 
timing person hears only one clap. 

3. The timing person tells the other two to 
speed up or slow down. 

4. Once the rhythm is achieved so that only 
one clap is heard, the timing person takes 
the time for 20 claps.

5. The calculation is the same as the above.

Variation 2
Here is another option if you have a big space and a few students with stopwatches:

1. One person stands a long distance away from the students with stopwatches. Try for about 400 m and 
measure the distance, in metres. 

2. Then have the person a long distance away bang two rocks together. The students timing need to start 
WKH�WLPHU�ZKHQ�WKH\�6((�WKH�URFNV�WRXFKLQJ�DQG�VWRS�WKH�WLPHU�ZKHQ�WKH\�+($5�WKH�VRXQG�

3. The difference in time is the amount of time it has taken the sound to travel the distance separating the 
VWXGHQWV��7R�FDOFXODWH��¿�UVW�WDNH�DQ�DYHUDJH�RI�DOO�WKH�VWXGHQWV¶�WLPHV��LQ�VHFRQGV��

4. Calculate d/t to get the speed of sound. 

)RU�WKLV�YDULDWLRQ��ZH�DUH�DVVXPLQJ�WKDW�WKH�VSHHG�RI�OLJKW�LV�µLQ¿�QLWH’. That means there is no time taken 
between the movement the person makes and when the students see the movement.

  
Thunder and lightning 

are also separated by the speed of 
sound. When a lightning flash happens, you 

can start counting the seconds until the thunder 
is heard. Thunder is the sound of the rapid expansion 

of air that happens because of the extreme heat of the 
electrical discharge in lightning. For every 3 seconds that 
goes by, the lightning is 1 km away from you. For example, 
if you start counting when you see lightning and get to 

6 seconds before you hear the thunder, then the 
lightning strike was approximately 2 km away. If 

you hear and see the lightning at the same 
time, watch out! The strike was 

very close!
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7.2. Transmission of Sound

Timing
About 20 minutes to do both parts, with explanations, or 5 minutes each as short demonstrations in two 
lessons about sound.

Materials
�� 6WXGHQWV
�� 3ODVWLF�ERWWOHV
�� Desks
�� Water

Method Part 1
1. 6 or more students stand in a line, shoulder to shoulder with the last student standing next to a wall.

2. *LYH�WKH�¿UVW�VWXGHQW�D�SXVK�VR�WKDW�KLV�RU�KHU�VKRXOGHU�SXVKHV�DJDLQVW�WKH�QH[W�VWXGHQW�DQG�VR�RQ��7KH�
push reaches the last student who rebounds off the wall and then the push travels back along the line.

3. 7KLV�PRYHPHQW�UHSUHVHQWV�D�VRXQG�ZDYH�ZKLFK�LV�D�µORQJLWXGLQDO¶�ZDYH��WUDYHOOLQJ�LQ�compressions 
and rarefactions. 

4. Get the students to draw a diagram of the wave’s movement.

Method Part 2
1. 7DS�\RXU�¿QJHU�RQ�WKH�WRS�RI�D�GHVN��+RZ�ORXG�LV�LW"

2. Now put your ear on the desk and tap it. Does sound travel better in solids or in air?

3. +ROG�DQ�HPSW\�SODVWLF�ERWWOH�DJDLQVW�\RXU�HDU�DQG�WDS�RQH�VLGH�RI�LW�ZLWK�\RXU�¿QJHU�

4. Now repeat with a bottle full of water. Does sound travel better in air or in water?

Explanation
The students should discover that sound travels better in a solid, then next best in water, and then in air. 
A longitudinal wave moves by moving each particle laterally so that it hits the particle next to it. As each 
wave travels along it displaces the particles the way the people are displaced in our demonstration. When the 
particles are close together, that is a compression, and when they are further apart, that is a rarefaction. 
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7.3. Qualities of Sound – Pitch and Loudness

Timing
5 minutes.

Materials
�� 3ODVWLF�UXOHUV
�� Desks or tables

Method
1. 7DNH�D�UXOHU�DQG�KROG�LW�¿�UPO\�GRZQ�RQ�D�GHVN�VR�WKDW�

most of it is hanging over the edge of the desk. Give 
WKH�HQG�D�À�LFN�ZLWK�\RXU�RWKHU�KDQG�VR�WKDW�LW�VWDUWV�YLEUDWLQJ��UHPHPEHU�RQH�KDQG�LV�KROGLQJ�WKH�UXOHU�
¿�UPO\�GRZQ���/LVWHQ�WR�WKH�VRXQG�LW�PDNHV��

2. Now decrease the length of ruler that is hanging over the end and set it vibrating again. What happens 
to the sound?

3. .HHS�VKRUWHQLQJ�WKH�OHQJWK�RI�WKH�UXOHU�DQG�NHHS�PDNLQJ�LW�YLEUDWH��.HHS�OLVWHQLQJ�WR�WKH�FKDQJHV�

Explanation
9ROXPH��RU�ORXGQHVV��LV�D�PHDVXUH�RI�WKH�HQHUJ\�RI�WKH�VRXQG��&ODS�\RXU�KDQGV�DQG�OLVWHQ�WR�WKH�GLIIHUHQFH�
between clapping them together soft and hard.

3LWFK�LV�GHWHUPLQHG�E\�WKH�frequency (number of cycles per second) of the sound. Clap your hands slowly. 
Now clap them as fast as you can. Notice how the pitch goes up. When you change the length of the ruler, you 
change the pitch because you change the number of vibrations per second in the ruler.

,I�\RX�OLNH��GLVFXVV�KRZ�PXVLFDO�LQVWUXPHQWV�ZRUN�DQG�JR�RQ�WR�WU\�RXW�WKH�µ6WUDZ�2ERH¶�H[SHULPHQW�EHORZ�

7.4. Straw Oboe

Timing
About 20 minutes.

Materials
�� At least one plastic drinking straw per student
�� A pair of scissors

Method
1. Flatten the end 2-3 cm of the straw, making sharp creases in 

the sides.
2. Cut the same end of the straw into a triangle shape about 1.5 cm 

long. 
3. 3XW�WKH�WULDQJOH�VKDSH�LQWR�\RXU�PRXWK�DQG�EORZ��7R�PDNH�D�VRXQG��SXW�\RXU�OLSV�MXVW�EH\RQG�WKH�

WULDQJOH��DQG�VTXDVK�WKH�VWUDZ�JHQWO\�ZLWK�\RXU�OLSV�VR�WKDW�WKH�SODVWLF�FDQ�EX]]��
4. Tell the students to cut bits of straw off using the scissors while you are blowing. What effect does this 

have on the noise?

Explanation
7KH�EX]]LQJ�LV�FDXVHG�E\�YLEUDWLRQV�DW�WKH�ULJKW�IUHTXHQF\�WR�PDNH�D�VRXQG��$V�\RX�FXW�ELWV�RII�WKH�VWUDZ��WKH�
sound will get higher pitched. You may also notice that if you move your mouth along the straw a bit you can 
JHW�GLIIHUHQW�QRWHV��DQG�\RX�FRXOG�DOVR�WU\�PDNLQJ�VRPH�KROHV�DQG�FRYHULQJ�WKHP�ZLWK�\RXU�¿�QJHUV��MXVW�OLNH�
a real oboe. This experiment comes from: http://www.thenakedscientists.com/HTML/content/kitchenscience/
exp/straw-oboe/. Check it out!
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8. Electricity
Summary
Electric current is the number of electrons passing a given point per second.

An electric circuit�LV�D�FORVHG�ORRS�WKDW�HOHFWURQV�FDQ�À�RZ�DORQJ��$�VRXUFH�RI�HOHFWURQV��OLNH�D�EDWWHU\��QHHGV�WR�
be included in the circuit.

A coulomb is 6.25 x 1018 electrons, and an amp is one coulomb per second. In other words, when one amp of 
HOHFWULFLW\�À�RZV��WKHUH�DUH���������������������������HOHFWURQV�SDVVLQJ�WKDW�SRLQW�HYHU\�VHFRQG�

A joule is the unit of measurement for work done or energy used when electricity is made to travel a distance 
or go through a resistor.

Volts are a measure of the energy supplied to the electrons by the battery, or the energy used up as the 
HOHFWURQV�À�RZ�WKURXJK�D�UHVLVWRU�RU�OLJKW�EXOE��2QH�volt is 1 joule per coulomb.

In other words, if 6.25 x 1018�HOHFWURQV��RQH�FRXORPE��À�RZ�WKURXJK�D�OLJKW�EXOE�DQG�WKH�YROWDJH�GURS�LV���YROW��
then 1 joule of electrical energy will have been converted to light and heat. 

Current, I, is measured on an ammeter connected in series in a circuit, and measured in amps, A.

Voltage��FKDQJH�LQ�YROWV���9��LV�PHDVXUHG�RQ�D�YROWPHWHU�FRQQHFWHG�LQ�SDUDOOHO�LQ�D�FLUFXLW��DQG�PHDVXUHG�LQ�
volts.

There are only a limited number of practical activities you can use to demonstrate electricity if you don’t have 
access to connecting wire, light bulbs, variable resistors, ammeters, voltmeters and batteries. If you can get a 
VPDOO�EDWWHU\�RSHUDWHG�WRUFK��À�DVKOLJKW���\RX�FDQ�WU\�$FWLYLW\�����

8.1. Conductivity

Timing
30 minutes.

Materials
�� A torch with batteries
�� 3LHFHV�RI�DOXPLQLXP�IRLO�RU�D�SLHFH�RI�

a Coke can, pieces of plastic, paper, 
coins, a cup of water, a lime, a piece 
of glass and any other household 
items

�� 3DSHU�FOLSV
�� 6RPH�FRSSHU�IXVH�ZLUH�RU�DQ\�

insulated electric wire

Method
1. 8QVFUHZ�WKH�SDUWV�RI�WKH�À�DVKOLJKW�DQG�XVH�WKH�EDWWHULHV�DQG�WKH�

bulb to create an electric circuit with the wire and paper clips.
2. Once you have the circuit working and the light bulb lighting up, 

experiment with placing samples of each of the other materials 
into the circuit.

3. If the bulb lights up, it shows that the sample conducts electricity. 
You may be able to see a difference in the strength of the light 
depending on whether the material is a good or bad conductor.

4. +DYH�WKH�VWXGHQWV�¿�OO�LQ�D�WDEOH�RI�PDWHULDOV�DQG�VD\�ZKHWKHU�WKH\�
conduct electricity.

5. 3UDFWLVH�GUDZLQJ�FLUFXLW�GLDJUDPV�IRU�WKH�FLUFXLWV�WKDW�\RX�PDNH�

Sample Conductor?

Aluminium

Paper

Plastic

Metal Coin

Water

Glass

Other
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8.2. Student Model of Electric Current

Timing
20 minutes.

Materials
�� 6WXGHQWV
�� Chairs
�� A bag of sweets, or a plate of 

cooked rice

Method
1. Clear the furniture from the 

edges of the classroom so that 
VWXGHQWV�FDQ�ZDON�DURXQG�µLQ�D�
circuit’. They will represent the 
electrons.

2. Choose a place in the circuit 
ZKHUH�WKHUH�ZLOO�EH�D�µUHVLVWRU¶�
and arrange chairs so that the students have to climb over them. They will have to use energy to climb 
over the resistor.

3. Have some students standing at the front handing out sweets (or grains of rice) as the electron students 
FRPH�SDVW��7KH\�DUH�WKH�µEDWWHU\¶�DQG�WKH\�VXSSO\�µHQHUJ\¶�WR�WKH�VWXGHQWV�ZKR�DUH�H[KDXVWHG�DIWHU�
climbing over the chairs. The battery students must hand out the energy fast enough so that there is 
not a build up of electrons in the circuit. If they give more food, the electrons will have to move faster 
(representing a higher voltage).

4. +DYH�RQH�VWXGHQW�FRXQW�WKH�QXPEHU�RI�µHOHFWURQV¶�JRLQJ�SDVW�EHIRUH�HQWHULQJ�WKH�UHVLVWRU��+DYH�DQRWKHU�
VWXGHQW�ZKR�ZLOO�FRXQW�WKH�QXPEHU�RI�µHOHFWURQV¶�OHDYLQJ�WKH�UHVLVWRU��7KH\�ZLOO�EH�µDPPHWHUV¶�

5. 2QFH�HYHU\RQH�LV�LQ�SRVLWLRQ��µFORVH�WKH�FLUFXLW¶�VR�WKDW�DOO�WKH�µHOHFWURQV¶�VWDUW�PRYLQJ��7KHUH�VKRXOG�
EH�D�EXLOG�XS�RI�µHOHFWURQV¶�ZDLWLQJ�WR�JR�LQWR�WKH�µUHVLVWRU¶��2QFH�HYHU\WKLQJ�VWDELOLVHV�±�SHUKDSV�DIWHU�
DERXW����VHFRQGV�±�WKH�µDPPHWHUV¶�VWDUW�FRXQWLQJ�

6. $IWHU�D�PLQXWH��VWRS�DQG�FRPSDUH�WKH�QXPEHU�RI�µHOHFWURQV¶�FRXQWHG�E\�HDFK�µDPPHWHU¶��7KH\�VKRXOG�
be the same.

Explanation
,W�LV�LPSRVVLEOH�IRU�PRUH�VWXGHQWV�WR�HQWHU�WKH�µUHVLVWRU¶�WKDQ�WKH�QXPEHU�FRPLQJ�RXW�RI�LW��,W�ZRXOG�PHDQ�
WKDW�VWXGHQWV�GLVDSSHDU��6LPLODUO\��LW�LV�LPSRVVLEOH�IRU�PRUH�VWXGHQWV�WR�EH�FRPLQJ�RXW�RI�WKH�UHVLVWRU�WKDQ�WKH�
number going into it. Where would they have come from?

7KLV�LOOXVWUDWHV�WKDW�±

�� $�FXUUHQW�LV�D�À�RZ�RI�HOHFWURQV�WKDW�FDQ�EH�PHDVXUHG�WR�GHWHUPLQH�WKH�DPSHUDJH�
�� In a simple circuit, the current is the same in all parts of the circuit.
�� Energy is used by a current (electrons) passing through a resistor. The energy in a current comes from 

the battery.
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8.3. Squishy Circuits
7KH�LGHD�DQG�PHWKRG�IRU�µVTXLVK\�FLUFXLWV¶�FRPHV�
from this website: http://courseweb.stthomas.edu/
DSWKRPDV�6TXLVK\&LUFXLWV�LQGH[�KWP�

Note: 1 tablespoon (Tbsp.) is about 15 mL or about 3 
teaspoons (tsp.).

Timing
Up to 1 hour, depending on the level of interest of the 
students.

Materials
For conducting dough:

�� 1 cup tap water
�� ��FXSV�À�RXU
�� ¼ cup salt
�� 3 Tbsp. vinegar
�� 1 Tbsp. vegetable oil
�� Food colouring (optional)

For insulating dough:
�� ��ò�FXS�À�RXU
�� ò�FXS�VXJDU
�� 3 Tbsp. vegetable oil
�� ò�FXS�ERWWOHG�ZDWHU
�� Food colouring (optional, and should be 

different from above)
For circuit building:

�� %DWWHU\�SDFNV
�� Connecting wires
�� LED lights

Preparation
1. 7R�PDNH�WKH�FRQGXFWLQJ�GRXJK��PL[�ZDWHU����FXS�RI�À�RXU��VDOW��YLQHJDU��YHJHWDEOH�RLO��DQG�IRRG�

FRORXULQJ�LQ�D�PHGLXP�VL]HG�SRW�

2. Cook over medium heat and stir continuously until it begins to boil and starts to get chunky.

3. .HHS�VWLUULQJ�WKH�PL[WXUH�XQWLO�LW�IRUPV�D�EDOO�LQ�WKH�FHQWUH�RI�WKH�SRW�

4. 2QFH�D�EDOO�IRUPV��SODFH�WKH�EDOO�RQ�D�OLJKWO\�À�RXUHG�VXUIDFH��:$51,1*��7KH�EDOO�ZLOO�EH�YHU\�KRW��
Flatten it out and let it cool for a couple minutes before handling.

5. 6ORZO\�DGG�WKH�UHPDLQLQJ�À�RXU�D�OLWWOH�DW�D�WLPH��DQG�NQHDG�LW�LQWR�WKH�EDOO�XQWLO�\RX�KDYH�D�UXEEHU\�
dough ball that doesn’t stick to your hands. 

6. )RU�LQVXODWLQJ�GRXJK��0L[�VROLG�LQJUHGLHQWV�DQG�RLO�LQ�D�SRW�RU�ODUJH�ERZO��VHWWLQJ�DVLGH�ò�FXS�À�RXU�WR�
be used later.

7. 0L[�LQ�D�VPDOO�DPRXQW�RI�ERWWOHG�ZDWHU��DERXW���7EVS���DQG�VWLU��.HHS�DGGLQJ�WKH�ZDWHU�VORZO\�OLNH�WKLV�
until most of it is absorbed by the mixture.

8. 6WDUW�WR�NQHDG�WKH�PL[WXUH��ZKLFK�ZLOO�SUREDEO\�EH�YHU\�VWLFN\��$GG�À�RXU�VORZO\�XQWLO�LW�LV�WKH�VDPH�
rubbery, mouldable consistency as the conducting dough.

9. %RWK�GRXJKV�FDQ�EH�VWRUHG�LQ�DLUWLJKW�FRQWDLQHUV�RU�SODVWLF�EDJV��:KLOH�LQ�WKH�EDJ��FRQGHQVDWLRQ�ZLOO�
IRUP�EXW�WKLV�LV�QRUPDO��-XVW�NQHDG�WKH�GRXJK�DIWHU�UHPRYLQJ�LW�IURP�WKH�EDJ��DQG�LW�ZLOO�EH�DV�JRRG�DV�
new. The dough should keep for several weeks.
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Method
1. Now, build a circuit! The simplest circuit to build consists of an LED, battery pack, and three small 

“snakes” of dough (two conductive and one insulating). To build this circuit, separate the two pieces 
of conductive dough with a piece of insulating dough. 

2. Now, insert each of the battery pack wires into the conductive dough, as shown in the picture . 

3. Do the same with the wires from the LED but it will only work when the positive wire of the LED is 
inserted into the same piece of conductive dough that holds the black, or negative, battery pack wire. 

4. Make up more complicated, creative circuits of your own, like this owl with LED eyes. 

Explanation
7KH�VDOW�LQ�WKH�FRQGXFWLYH�GRXJK�DOORZV�LW�WR�FRQGXFW�HOHFWULFLW\��(OHFWULFLW\�ÀRZV�LQ�D�ORRS�FDOOHG�D�FLUFXLW��
$�FLUFXLW�VWDUWV�DQG�VWRSV�DW�WKH�HOHFWURQ�VRXUFH��LQ�WKLV�FDVH��WKH�EDWWHU\�SDFN���DQG�WKH�HOHFWURQV�ÀRZ�WKURXJK�
PHWDO�ZLUHV��FRQGXFWLYH�GRXJK��DQG�HOHFWULFDO�FRPSRQHQWV�VXFK�DV�/('V��3LFWXUH�����

(OHFWULFLW\�DOZD\V�WDNHV�WKH�SDWK�RI�OHDVW�UHVLVWDQFH��,W�LV�HDVLHU�IRU�WKH�HOHFWULFLW\�WR�ÀRZ�WKURXJK�WKH�GRXJK�
WKDQ�WKURXJK�WKH�/('��VR�LI�WKH�GRXJK�RQ�HDFK�VLGH�LV�WRXFKLQJ��HOHFWULFLW\�GRHV�QRW�ÀRZ�WKURXJK�WKH�/('�DW�
DOO��7KHUHIRUH��WKH�OLJKW�VWD\V�XQOLW��7KLV�LV�FDOOHG�D�VKRUW�FLUFXLW��3LFWXUH�����

Instead of separating the pieces of dough, you can also use the insulating dough to separate the conductive 
GRXJK��3LFWXUH����

8QOLNH�FRQGXFWRUV��LQVXODWRUV�GR�QRW�OHW�HOHFWULFLW\�ÀRZ�WKURXJK�WKHP��VR�WKH�HOHFWULFLW\�PXVW�JR�WKURXJK�WKH�
LED. If you have more LEDs, you can experiment with parallel and series circuits too.

Picture 2Picture 1

Picture 3
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9. Pressure
3UHVVXUH�LV�DQ�HIIHFW�WKDW�RFFXUV�ZKHQ�D�IRUFH�LV�DSSOLHG�WR�D�VXUIDFH��3UHVVXUH�LV�WKH�DPRXQW�RI�IRUFH�DFWLQJ�SHU�
XQLW�DUHD��VR�ZH�FDQ�XVH�WKH�IRUPXOD�3� �)�$��7KH�6,�XQLW�IRU�SUHVVXUH�LV�WKH�µSDVFDO¶��3D���HTXDO�WR�RQH�QHZWRQ�
SHU�VTXDUH�PHWHU��1�P2 or kg.mí�.sí�).

$�VKDUS�NQLIH�LV�DQ�H[DPSOH�RI�KRZ�SUHVVXUH�ZRUNV��,I�ZH�WU\�WR�FXW�D�SLHFH�RI�IUXLW�ZLWK�WKH�À�DW�VLGH��LW�ZRQ¶W�
FXW��EXW�LI�ZH�WDNH�WKH�VKDUS�VLGH��LW�ZLOO�FXW�VPRRWKO\��7KH�UHDVRQ�LV�WKDW�WKH�À�DW�VLGH�KDV�D�JUHDWHU�VXUIDFH�DUHD�
(and so less pressure on each part that is touching the fruit) and so it does not cut. If you try the sharp side, 
WKH�VXUIDFH�DUHD�LV�UHGXFHG�DQG�VR�WKH�VDPH�DPRXQW�RI�SUHVVXUH�FXWV�WKH�IUXLW�HDVLO\�DQG�TXLFNO\��7KLV�LV�RQH�
example of a practical application of pressure.

9.1. Balloon Balance

Timing
15 Minutes.

Materials
�� 6 balloons
�� A strong wooden desk
�� %UDYH�VWXGHQWV

Safety
Make sure there is a clear space around the 
upside-down desk so that if anyone falls they are not injured. Have some students stand around the outside of 
the desk so they can help the balancing students to stay balanced.

Method
1. %ORZ�XS�WKH���EDOORRQV�KDOI�ZD\�

2. 3ODFH�WKHP�RQ�WKH�JURXQG�HYHQO\�DURXQG�WKH�VKDSH�RI�WKH�GHVN��DQG�WXUQ�WKH�GHVN�XSVLGH�GRZQ�VR�WKH�
À�DW�VLGH�LV�UHVWLQJ�RQ�WKH�EDOORRQV�

3. Have the students stand on the desk one at a time and see how many can balance on the desk before 
the balloons burst

4. If the desk is full but the balloons haven’t burst, you will have to start removing balloons one at a time 
and replacing the students one at a time.

Explanation
This experiment demonstrates the amount of air pressure that the rubber of a balloon can handle. Eventually 
the pressure being applied by the mass of the students and the desk exceeds the capacity of the rubber in the 
balloons to stretch.

7R�GHPRQVWUDWH�WKLV�PRUH�FOHDUO\��\RX�FRXOG�EORZ�XS�WKH�EDOORRQV�WR�GLIIHUHQW�VL]HV�DQG�KDYH�WKH�VWXGHQWV�
SUHGLFW�ZKLFK�RQH�ZLOO�EXUVW�¿�UVW�
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9.2. Spray Bottle

Timing
About 10 minutes.

Materials
�� A 1 L water bottle with the top cut off
�� 6RPHWKLQJ�WR�SXQFK�KROHV�ZLWK�OLNH�D�NQLIH�RU�D�

skewer
�� Water

Method
1. 0DNH���VPDOO�KROHV��WKH�VDPH�VL]H��HYHQO\�

spaced down the side of the bottle, so the gaps between the holes are 1/5 of a bottle apart.
2. +DYH�WKH�VWXGHQWV�KHOS�SOXJ�WKH�KROHV�E\�SUHVVLQJ�WKHLU�¿�QJHUV�RQ�WKH�RXWVLGH�RI�WKH�ERWWOH�
3. Fill the bottle with water (outside or over a sink).
4. :KHQ�HYHU\ERG\�LV�UHDG\��WKH�VWXGHQWV�UHPRYH�WKHLU�¿�QJHUV�DQG�HYHU\RQH�ZDWFKHV�KRZ�IDU�WKH�ZDWHU�

sprays.

Explanation
The bottom hole sprays much further than the top hole 
because of the greater mass of water applying pressure 
DERYH�WKH�KROH��µ7KH�PRUH�GHSWK��WKH�PRUH�SUHVVXUH�¶�LV�
true in the ocean as well.

)RU�WKH�6SUD\�%RWWOH�H[SHULPHQW��\RX�FDQ�KDYH�WKH�
students graph the results by measuring the furthest 
distance each hole sprays, and the depth that each hole is 
under water (from the top). For advanced students, you 
might want to have them calculate the mass of water 
above each hole, and plot mass of water v. distance. An 
example graph is provided:

The next experiment demonstrates more about the relationship between water pressure and air pressure.

When 
people go SCUBA diving, 

they have to learn about the 
amount of pressure applied by the 
water above them. For every 10m of 

depth that a diver goes down, they have 
an extra 1 ‘atmosphere’ of pressure. 

That is, the amount of pressure 
applied by the Earth’s 

atmosphere.
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9.3. Cartesian Diver

Timing
About 15 minutes to demonstrate and explain the principles if you 
have set up the diver beforehand. If the students are going to make 
their own divers, then this will take about 45-60 minutes.

Materials
�� 3ODVWLF�ERWWOH�IXOO�RI�ZDWHU
�� 3HQ�FDS
�� 3ODVWLFHQH�RU�µVWLFN\�WDN¶��PD\�DOVR�EH�FDOOHG�µEOXH�WDN¶�RU�

µZKLWH�WDN¶�±�OLNH�FKHZLQJ�JXP�IRU�VWLFNLQJ�SRVWHUV�XS�

Method
1. Weight the end of the pen cap with plasticene/sticky tak until 

it MXVW�À�RDWV in a cup of water. 

2. Draw on the pen lid so it looks like a diver or an animal. 

3. Carefully put the diver in the plastic bottle and screw 
the top on.

4. 6TXHH]H�WKH�VLGH�RI�WKH�ERWWOH�DQG�WKH�GLYHU�ZLOO�VLQN��6WRS�VTXHH]LQJ�DQG�WKH�GLYHU�ZLOO�ULVH��,W�PD\�
take a bit of experimenting until the diver goes up and down easily. Add or remove plasticene to 
change the weight. 

Explanation
$UFKLPHGHV�3ULQFLSOH�±�³$Q\�REMHFW��ZKROO\�RU�SDUWLDOO\ immersed�LQ�D�À�XLG��LV�EXR\HG�XS�E\�D�IRUFH�HTXDO�WR�
WKH�ZHLJKW�RI�WKH�À�XLG�displaced by the object.” This force is called buoyancy.

6TXHH]LQJ�WKH�VLGH�RI�WKH�ERWWOH�LQFUHDVHV�WKH�SUHVVXUH�LQ�WKH�ZDWHU�LQ�WKH�ERWWOH��7KLV�FRPSUHVVHV�WKH�DLU�LQVLGH�
the pen cap so that it no longer displaces the same amount of water, and it sinks. When the pressure is released 
the air inside the pen cap expands�VR�WKDW�LW�GLVSODFHV�PRUH�ZDWHU�DQG�LW�À�RDWV�

You can impress your class by telling them that you have trained the diver to go up and down. Then holding 
WKH�ERWWOH�LQ�WKH�SDOP�RI�\RXU�KDQG�\RX�VD\�µ*R�GRZQ¶�DQG�JHQWO\�VTXHH]H�ZLWK�\RXU�¿�QJHUV��:KHQ�WKH�FDS�LV�DW�
the bottom you say ‘Come up’, and stop squeezing.

Extension
$�PDQ�LV�LQ�D�VPDOO�ERDW�WKDW�LV�À�RDWLQJ�LQ�D�VZLPPLQJ�SRRO��7KHUH�LV�D�ODUJH�URFN�LQ�WKH�ERDW��7KH�PDQ�OLIWV�WKH�
rock and drops it into the pool. What happens to the level of water in the pool? Does it rise, stay the same, or 
drop?

)LOO�D�EXFNHW�ZLWK�ZDWHU�DQG�À�RDW�D�SODVWLF�ERZO�ZLWK�D�URFN�LQ�LW��0DUN�WKH�OHYHO�RI�WKH�ZDWHU�LQ�WKH�EXFNHW��
Take the rock out of the bowl and put it in the bucket. What happens to the level of water in the bucket?

The water level goes down. The rock displaces its own weight of water when in the boat. When it is dropped 
into the water, it displaces its own volume. Since the density of the rock is greater than 1, the volume of water 
displaced by its weight is greater than the volume of the rock.
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10. Light
Use these experiments to demonstrate the 
properties of light. Light travels in waves 
ZKLFK�FDQ�EH�UHÀ�HFWHG��UHIUDFWHG�RU�
GLIIUDFWHG��'H¿�QH�WKHVH�WHUPV�ZLWK�\RXU�
FODVV�¿�UVW�

ͻ� ZĞŇ�ĞĐƟ�ŽŶ�ŝƐ�ƚŚĞ�ƌĞƚƵƌŶ�ŽĨ�Ă�ǁĂǀĞ�
ƚŚĂƚ�ŚĂƐ�Śŝƚ�Ă�ƐƵƌĨĂĐĞ͘�/ƚ�ĐŽƵůĚ�ďĞ�
Ă�ůŝŐŚƚ͕�ŚĞĂƚ�Žƌ�ƐŽƵŶĚ�ǁĂǀĞ͘�

ͻ� ZĞĨƌĂĐƟ�ŽŶ�ŝƐ�ƚŚĞ�ďĞŶĚŝŶŐ�ŽĨ�Ă�
ǁĂǀĞ�ĚŝƌĞĐƟ�ŽŶ�ĚƵĞ�ƚŽ�Ă�ĐŚĂŶŐĞ�
ŝŶ�ƐƉĞĞĚ�ĂŶĚ�ǁĂǀĞůĞŶŐƚŚ�ĂƐ�ƚŚĞ�
ǁĂǀĞ�ƉĂƐƐĞƐ�ĨƌŽŵ�ŽŶĞ�ŵĞĚŝƵŵ�
ƚŽ�ĂŶŽƚŚĞƌ͘ �

ͻ� �ŝī�ƌĂĐƟ�ŽŶ�ŝƐ�ƚŚĞ�ďĞŶĚŝŶŐ�
ŽĨ�ǁĂǀĞƐ�ĂƌŽƵŶĚ�ŽďƐƚĂĐůĞƐ�
ĂŶĚ�ŽƉĞŶŝŶŐƐ͘�dŚĞ�ĂŵŽƵŶƚ�
ŽĨ�Ěŝī�ƌĂĐƟ�ŽŶ�ŝŶĐƌĞĂƐĞƐ�ǁŝƚŚ�
ŝŶĐƌĞĂƐŝŶŐ�ǁĂǀĞůĞŶŐƚŚ͘�

7R�VKRZ�ZKLFK�ZD\�WKH�UD\V�RI�OLJKW�DUH�JRLQJ��VFLHQWLVWV�FRPPRQO\�GUDZ�µUD\�GLDJUDPV¶�WR�UHSUHVHQW�WKH�
movement of light. You can use ray diagrams in the following experiments to explain how lenses and 
mirrors work.

10.1. Transmission of Light

Timing
15 minutes plus explanation time.

Materials
�� A large basin half full of water
�� 6HYHUDO�VWRQHV

Method
1. 3ODFH�WKH�EDVLQ�LQ�WKH�PLGGOH�RI�WKH�URRP�DQG�DOORZ�

the water to settle until the surface is smooth. Get 
the students to stand around in a large circle so that 
everyone can see the surface of the water.

2. Drop a stone in the centre and observe.
3. 5HSHDW�VHYHUDO�WLPHV�DQG�H[SHULPHQW�ZLWK�WKH�FKDQJHV�

you see when you drop more than one stone in at the 
same time, or when you drop larger or smaller stones.

Explanation
When the stone hits the surface it sets up a series of concentric 
ZDYHV�ZKLFK�WUDYHO�RXW�WR�WKH�HGJH�RI�WKH�EDVLQ�DQG�DUH�WKHQ�UHÀ�HFWHG�EDFN�LQWR�WKH�FHQWUH�

7KLV�LV�DOVR�WKH�ZD\�OLJKW�ZDYHV�WUDYHO��VR�WKH�VWXGHQWV�FDQ�LPDJLQH�WKLV�LV�ZKDW�KDSSHQV�ZKHQ�OLJKW�LV�UHÀ�HFWHG�
off a mirror.

Reflecte
d Wave

Incident Wave

Reflecting Surface 

�

Angle of Incidence

Angle of Reflection

Normal or Perpendicular

Light

Eye

J

J

J

J

J

J

J
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10.2. Finding the Image in a Plane Mirror

Timing
About 20 minutes.

Materials
�� Plane mirror
�� 3ODVWLFHQH�RU�VWLFN\�WDN��RU�DQRWKHU�VPDOO�REMHFW�
�� A clothes peg
�� Drinking straws or pencils

Method
1. 6HW�WKH�PLUURU�XSULJKW�LQ�WKH�PLGGOH�RI�D�EODQN�SDJH�HLWKHU�ZLWK�VWLFN\�WDN�RU�D�FORWKHV�SHJ�
2. Draw a line across the back of the mirror to show where it is on the page.
3. 3ODFH�D�VPDOO�SLHFH�RI�VWLFN\�WDN��RU�DQ\�VPDOO�REMHFW��DERXW���FP�LQ�IURQW�RI�WKH�PLUURU�DQG�PDUN�LWV�

position.
4. From one side, position a drinking straw or pencil so that it points to the image of the sticky tak in 

the mirror. �6HH�WKH�GLDJUDP��
5. Mark the position of the straw/pencil.
6. 5HSHDW�IURP�WKH�RWKHU�VLGH���6HH�WKH�GLDJUDP��
7. 5HPRYH�WKH�VWLFN\�WDN��VWUDZV�DQG�PLUURU�DQG�MRLQ�XS�WKH�OLQHV�DV�VKRZQ�

Explanation
The straws both point to the position of the image ‘behind’ the mirror. Where the lines intersect is the location 
of the image.

It should be the same distance behind the mirror as the object is in front of the mirror.

10.3. Lateral Inversion in a Plane Mirror

Timing
30 minutes or longer if the students are having fun and happy to experiment on their own.

Materials
�� 3DSHU
�� 3HQV
�� Mirrors (1 between 2 students or as many as possible)

Image of tak

Mirror

Tak

StrawSt
ra

w

EyeEye

Image 1

Image 2
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Method 
1. +DYH�WKH�VWXGHQWV�ZRUN�LQ�SDLUV��6WXGHQW�$�KROGV�WKH�PLUURU�DW�

6WXGHQW�%¶V�H\H�KHLJKW�DQG�KROGV�D�SLHFH�RI�SDSHU�XQGHU�%¶V�FKLQ�
so they can’t see their own hand when they try to draw on a piece 
of paper on the table.

2. 6WXGHQW�%�WULHV�WR�ZULWH�WKHLU�QDPH�ZKLOH�ORRNLQJ�LQ�WKH�DQJOHG�
mirror. 

3. 1RZ�6WXGHQW�$�GUDZV�D�ZLQG\�URDG�RU�D�VLPSOH�PD]H�RQ�WKH�
SDSHU��6WXGHQW�%��looking only in the mirror, tries to trace a line 
with their pen going from one end of the road to the other without 
WRXFKLQJ�WKH�OLQHV��6HH�,PDJH����

4. 1RZ��6WXGHQW�$�WULHV�ZULWLQJ�D�PHVVDJH�EDFNZDUGV�VR�WKDW�ZKHQ�WKH�RWKHU�SHUVRQ�KROGV�LW�XS�LQ�IURQW�
RI�WKHP��WKH\�FDQ�UHDG�LW�LQ�WKH�PLUURU��6HH�,PDJH����7KLV�LV�VLPLODU�WR�ZULWLQJ�\RXU�QDPH�DQG�WKHQ�
looking at it from behind the paper while holding the paper up to the light.

Explanation
µ/DWHUDO�,QYHUVLRQ¶�LV�ZKHQ�DQ�REMHFW�LV�UHÀ�HFWHG�LQ�WKH�PLUURU��DQG�DSSHDUV�WR�EH�UHYHUVHG�IURP�OHIW�WR�ULJKW��
:KHQ�\RX�ORRN�LQ�WKH�PLUURU��DQG�ZLQN�\RXU�OHIW�H\H��WKH�ULJKW�H\H�RI�\RXU�UHÀ�HFWLRQ�ZLQNV�EDFN��:KHQ�\RX�
WU\�WR�ZULWH�VRPHWKLQJ�ZKHQ�ORRNLQJ�LQ�WKH�PLUURU��LW�LV�GLI¿�FXOW�EHFDXVH�\RX�DUH�IRUPLQJ�WKH�OHWWHUV�IURP�WKH�
RSSRVLWH�VLGH��6RPH�VFLHQWLVWV�VD\�WKLV�LV�MXVW�DQ�RSWLFDO�LOOXVLRQ��VLQFH�WKH�PLUURU�LV�MXVW�UHÀ�HFWLQJ�OLJKW�EDFN��,W�
is our brains that think the image is the wrong way around!

10.4. Refraction

Timing
About 20 minutes.

Materials
�� A transparent (see-through) cup or glass
�� A small coin or stone
�� A pencil or pen

Method
1. 3ODFH�WKH�FRLQ�RU�VWRQH�DJDLQVW�WKH�HGJH�LQVLGH�WKH�FXS�
2. 3ODFH�D�ERRN�EHWZHHQ�\RX�DQG�WKH�FXS�VR�WKDW�you can see the cup but 

not the coin.
3. *HW�\RXU�SDUWQHU�WR�VORZO\�¿�OO�WKH�FXS�ZLWK�ZDWHU�
4. What do you see happen?
5. Fill the cup with water, put a pencil or pen in, and look at it from 

different angles.
6. Does it appear to bend at the point where it enters the water?

Explanation
Light travels at different speeds in different materials. It travels faster in a 
vacuum than it does in air. It travels faster in air than in water and faster in water than in glass.

6LQFH�D�EHDP�RI�OLJKW�KDV�D�ZLGWK��ZKHQ�LW�VWULNHV�DQ�LQWHUIDFH�RI�DLU�DQG�ZDWHU�DW�DQ�DQJOH��WKH�HGJH�WKDW�VWULNHV�
¿�UVW�VORZV�GRZQ�DQG�WKH�OLJKW�FKDQJHV�GLUHFWLRQ��+HQFH�WKH�EHDP�DSSHDUV�WR�EHQG�DW�WKH�LQWHUIDFH�

Interesting Fact!
Small children learn to 

do this much more quickly 
than adults do.
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10.5. Curved Mirrors and Lenses

Concave and Convex Mirrors
For this advanced activity, if you don’t have a curved mirror, you can use a spoon. The outside is called the 
convex side, and the inside is called the concave side (remember, it’s the shape of a cave).

If you have a concave mirror, hold it close to your face and observe the image. Is it:

�� 0DJQL¿�HG or diminished, that is, do you look bigger or smaller?
�� Upright or inverted��WKDW�LV��LV�\RXU�UHÀ�HFWLRQ�WKH�ULJKW�ZD\�XS�RU�XSVLGH�GRZQ"

While someone else holds the mirror, move further back until the image changes dramatically. What happens 
to the image?

Do the same for the outside of the spoon, the convex mirror. What do you notice?

To draw a ray diagram, physicists usually imagine two rays coming from the top of the object. One goes 
through the focal point, labelled F, and one is drawn parallel to the line going through the middle of the mirror. 
Depending on how far away the object is from F, there will be different results. This explanation comes from: 
http://scioly.org/wiki/Optics. 

Trial 1: (Concave Mirror) The object (the black arrow) is located beyond the centre of curvature. The image 
�WKH�JUH\�DUURZ��LV�ORFDWHG�EHWZHHQ�WKH�FHQWUH�RI�FXUYDWXUH��&��DQG�WKH�SULQFLSDO�IRFXV��)���,W�LV�UHGXFHG�LQ�VL]H�
and inverted. 

Trial 2: (Concave Mirror) The object is located at the centre of curvature. The image is inverted. 

Trial 3: (Concave Mirror) The object is located between the centre of curvature and the principal focus. The 
LPDJH�LV�ORFDWHG�EH\RQG�WKH�FHQWUH�RI�FXUYDWXUH��,W�LV�HQODUJHG�LQ�VL]H�DQG�LQYHUWHG��

Trial 4: (Concave Mirror) The object is located at the principal focus. No image is formed. All rays are 
UHÀ�HFWHG�IURP�WKH�PLUURU�DV�SDUDOOHO�UD\V��

Trial 5: (Concave Mirror) The object is located between the principal focus and the mirror. The image 
DSSHDUV�WR�EH�ORFDWHG�EHKLQG�WKH�PLUURU��,W�LV�HQODUJHG�LQ�VL]H��

Trial 6: (Convex Mirror) All convex mirrors form a virtual image reduced in size��³9LUWXDO´�PHDQV�WKH�LPDJH�
FDQQRW�EH�SURMHFWHG�RQWR�D�VFUHHQ��LW�LV�QRW�LQYHUWHG�DQG�LW�FDQ�EH�PDJQL¿�HG�
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Magnifying Glass (Convex Lens)
A magnifying glass is an example of a 
FRQYH[�OHQV��5D\�GLDJUDPV�FDQ�EH�GUDZQ�WKH�
same way for lenses as for mirrors.

Experiment with holding the magnifying 
JODVV�FORVH�WR�DQ�REMHFW�WR�WU\�WR�¿QG�WKH�
focal point. 

Draw ray diagrams showing the positions of 
the object and images inside and outside the 
focal point.

Trial 1: (Convex Lens) The object is located 
beyond twice the focal length. The image is 
located between the focal length and twice 
the focal length on the opposite side of the 
OHQV��,W�LV�UHGXFHG�LQ�VL]H�DQG�LQYHUWHG��

Trial 2: (Convex Lens) The object is located 
at twice the focal length. The image is located at twice the focal length on the opposite side of the lens. It is 
LQYHUWHG�DQG�WKH�VDPH�VL]H��

Trial 3: (Convex Lens) The object is located between twice the focal length and the focal length. The image is 
ORFDWHG�EH\RQG�WZLFH�WKH�IRFDO�OHQJWK�RQ�WKH�RSSRVLWH�VLGH�RI�WKH�OHQV��,W�LV�HQODUJHG�LQ�VL]H�DQG�LQYHUWHG��

Trial 4: (Convex Lens) The object is located at the principal focus.�-XVW�OLNH�PLUURUV��QR�LPDJH�LV�IRUPHG�DW�
this position. All rays are refracted from the lens as parallel rays. 

Trial 5: (Convex Lens) The object is located between the principal focus and the lens. The image appears to 
EH�ORFDWHG�EHKLQG�WKH�REMHFW�RQ�WKH�VDPH�VLGH�RI�WKH�OHQV��,W�LV�HQODUJHG�LQ�VL]H��

Trial 6: (Concave Lenses) All concave lenses form a virtual image, the right way up, reduced in size. 

10.6. Pinhole Camera

Timing
30 minutes.

Materials
�� Empty aluminium can 

with the end cut off
�� .QLIH�RU�VFLVVRUV�ZLWK�

a pointed end
�� 3DSHU�WLVVXH�RU�QDSNLQ
�� 5XEEHU�EDQGV
�� 6KHHW�RI�$��SDSHU
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Method
1. :LWK�WKH�SRLQWHG�VFLVVRUV�RU�NQLIH��PDNH�D�VPDOO�URXQG�µSLQKROH¶�������PP�LQ�GLDPHWHU��LQ�WKH�HQG�RI�

the aluminium can.
2. Cover the other end with a single sheet of the tissue or napkin and fasten with a rubber band. This 

PDNHV�WKH�µVFUHHQ¶���
3. :UDS�WKH�$��VKHHW�DURXQG�WKH�HQG�RI�WKH�FDQ�ZLWK�WKH�VFUHHQ�WR�PDNH�D�µGDUNURRP¶���,Q�WKH�SLFWXUH�

above, the darkroom is on the left of the picture.) You will look through the other end.
4. From inside a room, point the pinhole at a window or doorway with the light shining through. Look 

through the darkroom tube and you should see an image of the window on the screen.
5. Get someone to stand in front of the window or doorway and wave their arms.
6. Are they upright or inverted?

10.7. After Images
The eye acts like a camera (or more accurately, a camera acts like the 
H\H���,QVWHDG�RI�D�SKRWRJUDSKLF�¿OP��RU�D�GLJLWDO�UHFHSWRU�VFUHHQ��WKH�OLJKW�
VHQVLWLYH�OD\HU�DW�WKH�EDFN�RI�WKH�H\H�FRQVLVWV�RI�FHOOV�WKDW�¿UH�RII�HOHFWULFDO�
impulses to the brain whenever light falls on them. If you keep looking at 
the same scene, the impulses get weaker and weaker.

Timing
About half an hour. 

Materials
�� %ODQN�VKHHWV�RI�SDSHU
�� %ODFN�PDUNHUV
�� Coloured pencils (red, blue, green and yellow)

Method
1. ,QVWUXFW�WKH�VWXGHQWV�WR�HDFK�GUDZ�D�VTXDUH�DERXW���FP�[���FP�DQG�GUDZ�D�VROLG�EODFN�FLUFOH�LQVLGH�LW�

2. Now each student looks at the centre of their circle for one minute.

3. Now they look at a blank sheet of white paper. What do they see?

4. )RU�SDUW�WZR��WKH�VWXGHQWV�GUDZ�D�VTXDUH�WKH�VDPH�VL]H�DV�DERYH�DQG�FRORXU�LW�HLWKHU�UHG��EOXH��JUHHQ�RU�
yellow.

5. 1H[W��WKH\�FRYHU�RQH�KDOI�RI�WKH�VTXDUH�ZLWK�D�SLHFH�RI�SDSHU�DQG�ORRN�DW�WKH�FRORXUHG�KDOI�IRU�D�
PLQXWH��7KHQ�UHPRYH�WKH�SDSHU�±�ZKDW�KDSSHQV"

6. 1RZ�ORRN�DW�WKH�ZKROH�FRORXUHG�VTXDUH�IRU�D�PLQXWH��WKHQ�DW�D�EODQN�VKHHW�RI�SDSHU��:KDW�FRORXU�GR�
you see?

Explanation
We have light receptors (photoreceptors) in our retinas that get tired if we stare at one colour for a long time. 
7KH\�UHVSRQG�E\�µUHVWLQJ¶�ZKHQ�\RX�ORRN�DW�WKH�ZKLWH�SDJH�DIWHUZDUGV��7KH�SKRWRUHFHSWRUV�IRU�WKH�RSSRVLWH�
colour, however, are still fresh, so your brain interprets their activity as though you are looking at that opposite 
FRORXU��,I�\RX�ORRN�DW�D�UHG�VTXDUH�IRU�D�PLQXWH��ZKHQ�\RX�ORRN�DW�D�ZKLWH�VKHHW�RI�SDSHU�\RX�ZLOO�VHH�D�JUHHQ�
µDIWHU�LPDJH¶���,I�\RX�ORRN�DW�EOXH�VTXDUH�\RX�ZLOO�VHH�D�\HOORZ�DIWHU�LPDJH��DQG�YLFH�YHUVD��7KLV�LV�EHFDXVH�
red and green have paired photoreceptors, while yellow and blue have paired photoreceptors, as do black and 
white.
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11. Heat

11.1. Conduction, Convection and Radiation
'H¿�QH�WKHVH�WKUHH�WHUPV�ZLWK�\RXU�FODVV�¿�UVW��7KH\�DUH�DOO�PHWKRGV�RI�KHDW�WUDQVIHU��,Q�conduction, the energy 
LV�WUDQVIHUUHG�WKURXJK�D�VROLG�RU�D�OLTXLG��7KH�PROHFXOHV�
have to be touching for conduction to work, but not 
all materials are good conductors. Convection, on the 
other hand, is heat transfer that can only occur in a 
OLTXLG�RU�D�JDV��7KH�PROHFXOHV�RI�PDWWHU�QHHG�WR�PRYH�
for convection to take place. Radiation can occur in 
any matter, or through space. This is the way energy is 
WUDQVIHUUHG�IURP�WKH�6XQ�WR�WKH�(DUWK��5DGLDWLRQ�LV�DQ\�
movement of energy in waves, including visible light, 
sound waves, nuclear radiation, and heat.

Timing
30 minutes.

Materials
�� Candles
�� Matches or a lighter
�� Coke-can burners
�� 3ODVWLF�FXSV�DQG�ZDWHU
�� 6FUHZGULYHU
�� 6PDOO�VWRQHV����SHU�JURXS�
�� 6RPH�IRRG�G\H�SRZGHU��QRW�HVVHQWLDO�

Method
1. 8VLQJ�WKH�FDQGOH�DV�D�KHDW�VRXUFH��JHW�WKH�VWXGHQWV�WR�KROG�WKHLU�KDQGV�EHVLGH�WKH�À�DPH�DQG�QRWLFH�WKDW�

WKH�KHDW�FDQ�EH�IHOW�DERXW����FP�DZD\��7KLV�LV�µUDGLDQW¶�KHDW�
2. Now set up the Coke can burner with the plastic cup half full of water on top. If you have food 

colouring you can sprinkle some in, but don’t stir it up.
3. /LJKW�WKH�FDQGOH�XQGHUQHDWK��DQG�ZKLOH�WKH�À�DPH�LV�KHDWLQJ�WKH�ZDWHU��\RX�FDQ�DOVR�WHVW�RXW�KRZ�

FRQGXFWLRQ�ZRUNV�ZLWK�WKH�VFUHZGULYHU��5HPHPEHU�WKH�PHWDO�ZLOO�EH�+27�
4. 6WLFN�WKUHH�VWRQHV�WR�WKH�VFUHZGULYHU�ZLWK�FDQGOH�ZD[�DV�VKRZQ�LQ�WKH�SLFWXUH���
5. Ask for a prediction about what is going to happen to the stones if you stick the pointed end of the 

VFUHZGULYHU�LQ�D�À�DPH��:K\"
6. 3XW�WKH�HQG�RI�WKH�VFUHZGULYHU�LQ�WKH�À�DPH�DQG�REVHUYH�ZKDW�KDSSHQV�WR�WKH�VWRQHV�
7. What happens to the water in the cup? Test the temperature of the surface of the water with your 

¿�QJHU�HYHU\�PLQXWH��2EVHUYH�ZKHWKHU�DQ\WKLQJ�LV�KDSSHQLQJ�WR�WKH�IRRG�G\H�

Explanation
7KH�ZDWHU�LQ�WKH�FXS�LV�EHLQJ�KHDWHG�IURP�WKH�ERWWRP�ZKHUH�WKH�À�DPH�LV��EXW�HYHQWXDOO\�WKH�VXUIDFH�RI�WKH�
water becomes warm too. The water is being heated by convection: as it warms, the density is reduced, so 
the warm water rises and the cooler, denser water sinks down. Convection currents in the ocean and the 
atmosphere work like this. The food dye helps to see the movement of the water. 

The screwdriver is being heated by conduction. The heat is transferred through the solid matter without 
PRYLQJ�WKH�PROHFXOHV��7KH�VWRQH�FORVHVW�WR�WKH�FDQGOH�ZLOO�IDOO�RII�¿�UVW�EHFDXVH�WKH�KHDW�WUDYHOV�DORQJ�WKH�
candle, but not through the plastic handle of the screwdriver because it doesn’t conduct heat as well as the 
metal. Metal is a good heat conductor. Wood and plastic, for example, are not.



Activities for the Science Classroom 41

11.2. Solar Oven
The instructions given here are for the most basic design, but more complicated designs are possible once you 
KDYH�WULHG�WKH�¿UVW�RQH��<RX�FDQ�JHW�PRUH�LQIRUPDWLRQ�DERXW�VRODU�RYHQV�DQG�GLIIHUHQW�GHVLJQV�KHUH��
KWWS���VRODUFRRNLQJ�ZLNLD�FRP��%HORZ�DUH�VRPH�H[DPSOHV�

Timing
About 1-2 hours to build an oven but you will need extra time to experiment with the best shape and make 
DGMXVWPHQWV��:KHQ�\RXU�RYHQ�LV�¿QLVKHG��\RX�FDQ�WU\�FRRNLQJ�ULFH�RU�FXUU\�LQ�LW��7KH�FRRNLQJ�WLPH�GHSHQGV�
RQ�KRZ�HI¿FLHQW�\RXU�RYHQ�LV�DW�WUDSSLQJ�KHDW�DQG�NHHSLQJ�WKH�KHDW�LQVLGH��&RRNLQJ�ULFH�LQ�D�JRRG�VRODU�RYHQ�
doesn’t take much longer than cooking rice on a stove, but in lots of places where people use solar ovens, they 
VWDUW�WKH�IRRG�FRRNLQJ�LQ�WKH�PRUQLQJ��DQG�OHDYH�LW�WR�FRRN�RYHU�WKH�KRWWHVW�SDUW�RI�WKH�GD\�±�ZKHQ�WKH�6XQ�LV�
directly overhead.

Preparation and Safety
'RQ¶W�HYHU�ORRN�GLUHFWO\�DW�WKH�6XQ�±�\RX�FDQ�GDPDJH�\RXU�H\HV�

6RPH�GHVLJQV�RI�VRODU�RYHQV�LQYROYH�SXWWLQJ�UHÀHFWLYH�PDWHULDO�OLNH�IRLO�RQ�WKH�LQVLGH�RI�DQ�XPEUHOOD�WR�PDNH�
a big mirror. If you experiment with this design, be careful because the heat generated can be more than you 
would expect!

(DWLQJ�XQFRRNHG�PHDW�FDQ�PDNH�\RX�VLFN��,W�LV�LPSRUWDQW�WKDW�\RX�KHDW�IRRG�WR�RYHU����Û&�WR�NLOO�EDFWHULD��
6RODU�RYHQV�HDVLO\�UHDFK�WKLV�WHPSHUDWXUH��,I�\RX�DUH�VWLOO�H[SHULPHQWLQJ�ZLWK�\RXU�RYHQ��XVH�YHJHWDEOHV�XQWLO�
\RX�DUH�FRQ¿GHQW�ZLWK�FRRNLQJ�WLPHV�DQG�WHPSHUDWXUHV�

Materials
�� ��FDUGERDUG�ER[HV�RI�GLIIHUHQW�VL]HV
�� 6RPH�DOXPLQLXP�IRLO�±�\RX�FDQ�EX\�WKLV�RU�FROOHFW�LW�IURP�SDFNDJHV
�� 7KLFN��FOHDU�SODVWLF��RU�LI�\RX�FDQ¶W�¿QG�DQ\��SODVWLF�

wrap or a clear plastic bag
�� A metal cooking pot with a lid. The best type 

would be black, or you could paint the outside 
black

�� %ODFN�SDLQW�RU�IDEULF��,I�\RX�DUH�XVLQJ�EODFN�SDLQW��
WU\�WR�¿QG�µRYHQ�SDLQW¶�ZKLFK�LV�QRQ�WR[LF�DQG�
KHDW�SURRI��%ODFN�IDEULF�RU�EODFN�FDUGERDUG�ZRUNV�
just as well. 

�� 6FUDS�FDUGERDUG��QHZVSDSHU�RU�ZDVWH�SDSHU
�� Tape, glue, staples or small nails and thin pieces of 

timber
�� 6FLVVRUV�DQG�RU�D�NQLIH�IRU�FXWWLQJ�WKH�FDUGERDUG

If you 
have a thermometer, 

you could demonstrate the 
different rates of heat absorption 

by different colours. Find two containers 
that are the same - glass, metal or plastic. 

Paint the inside of one  container black, and the 
inside of the other container white. Measure 
the change in temperature over time inside  
the container when you put them both in  

the sun together. Which colour  
absorbs more heat?
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Method
1. 7KH�WZR�FDUGERDUG�ER[HV�QHHG�WR�¿W�WRJHWKHU��RQH�

inside the other. The inside of the smaller one 
(or at least the base) could be painted black, or 
FRYHUHG�LQ�UHÀHFWLYH�PHWDO�IRLO�WR�KHOS�GLUHFW�WKH�
heat into the pot. 

2. In between the two boxes, there should be 
newspaper, waste paper, or old pieces of fabric 
balled up and stuffed in. There should be air 
gaps (don’t pack it too tight) because this is the 
insulation.

3. The plastic lid for the inner box needs to be able 
to lift off when you put the saucepan in, so one 
idea is to make a frame out of thin pieces of timber 
DQG�VWUHWFK�VRPH�ÀH[LEOH�SODVWLF�RYHU�WKH�IUDPH��
This could then be placed on top of the inner 
ER[�ZKHQ�\RX�DUH�FRRNLQJ��EXW�UHPRYHG�HDVLO\��<RX�QHHG�WKLV�SODVWLF��RU�JODVV��OLG�WR�OHW�WKH�UHÀHFWHG�
radiant heat in, and then to trap it inside the oven. The simplest type of clear lid is a clear plastic bag 
stretched across the space and taped on, but then you might need new plastic every time you cook.

4. The outside box needs to be cut as shown in the diagram. The top parts, which are higher than the 
LQVLGH�ER[��DUH�WKH�µÀDSV¶�±�WKHVH�VKRXOG�EH�FRYHUHG�LQ�IRLO�WR�UHÀHFW�WKH�OLJKW�LQWR�WKH�RYHQ��&XW�DQG�
VWLFN�WKH�ÀDSV�RQ�HDFK�VLGH��H[SHULPHQW�ZLWK�GLIIHUHQW�DQJOHV�VR�WKDW�DV�PXFK�KHDW�DV�SRVVLEOH�LV�
UHÀHFWHG�LQWR�WKH�ER[�

5. 0DNH�VRPH�ZRRGHQµIHHW¶�IRU�WKH�FRRNLQJ�SRW�WR�VLW�RQ�LQ�WKH�RYHQ��RWKHUZLVH�D�ORW�RI�KHDW�ZLOO�EH�ORVW�
from the pot where it contacts the base of the oven.

Explanation
8VLQJ�WKH�KHDW�IURP�WKH�6XQ�LV�WKH�PRVW�UHOLDEOH��SRZHUIXO��HQYLURQPHQWDOO\�IULHQGO\�DQG�FKHDSHVW�ZD\�WR�
FRRN��0DQ\�VFKRROV�DQG�FRPPXQLWLHV�LQ�6RXWKHDVW�$VLD�KDYH�EHHQ�H[SHULPHQWLQJ�ZLWK�RYHQ�GHVLJQV�DQG�KDYH�
IRXQG�WKDW�WKH\�ZRUN�UHDOO\�ZHOO�LQ�WKLV�DUHD��.HHS�WU\LQJ�RXW�ZD\V�WR�PDNH�\RXU�RYHQ�PRUH�HI¿FLHQW�

%XLOGLQJ�WKLV�RYHQ�IROORZV�RQ�IURP�WKH�H[SHULPHQW�EHIRUH��DQG�OHVVRQV�\RX�KDYH�WDXJKW�DERXW�GLIIHUHQW�W\SHV�
RI�HQHUJ\�DQG�KHDW�WUDQVIHU��7KH�OLJKW�HQHUJ\�IURP�WKH�6XQ�SURYLGHV�D�SRZHUIXO��FRQVWDQW�VRXUFH�RI�HQHUJ\��
:KHQ�LW�LV�UHÀHFWHG�RII�WKH�ÀDSV�DURXQG�WKH�RYHQ��LW�LV�FRQFHQWUDWHG��DQG�WKH�OLJKW�LV�DEVRUEHG�E\�WKH�EODFN�
surfaces. The light energy is transferred to heat by this process, and the air in the oven, as well as the food 
LQVLGH�WKH�EODFN�SRW��ZDUP�XS�PRUH�DQG�PRUH��WKH�ORQJHU�WKH\�DUH�LQ�WKH�6XQ�

7KH�PRVW�HI¿FLHQW�RYHQV�ZLOO�WUDS�DOO�WKH�KHDW�DQG�GLUHFW�LW�LQWR�WKH�SRW�WR�FRRN�WKH�IRRG��EXW�LI�WKHUH�DUH�JDSV�
DURXQG�WKH�OLG�WKHQ�VRPH�RI�WKH�KRW�DLU�ZLOO�EH�DEOH�WR�HVFDSH�DQG�WKH�RYHQ�ZLOO�EH�OHVV�HI¿FLHQW��6RPH�KHDW�LV�
also lost through the cardboard, but the layer of insulation tries to make this as small as possible.

2WKHU�VKDSHV�DUH�SRVVLEOH�±�D�FXUYHG�VXUIDFH�OLNH�WKH�LQVLGH�RI�DQ�XPEUHOOD�FDQ�EH�XVHG�WR�PDNH�D�µSDUDEROLF¶�
FRRNHU��<RX�FDQ�DVN�WKH�VWXGHQWV�WR�GUDZ�UD\�GLDJUDPV�RI�WKH�GLUHFWLRQ�WKH�OLJKW�LV�UHÀHFWHG�IURP�WKH�RYHQ�
ÀDSV��DQG�WR�WKLQN�DERXW�KRZ�PXFK�PRUH�HI¿FLHQW�FXUYHG�UHÀHFWLYH�VXUIDFHV�ZRXOG�EH� 

aluminium foil 
covering flap -->

 <-- 2 cardboard 
boxes, one 

inside the other 
with insulation 

between 

plastic -->

set pot inside on 
“feet” -->
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CHEMISTRY
12. Chemical Reactions

12.1. Chemical Reaction Model
:KHQ�FKHPLFDOV�UHDFW��ERQGV�EHWZHHQ�DWRPV�PD\�EH�EURNHQ��ZKLFK�UHTXLUHV�
energy), or formed (which releases energy). Many reactions involve both the 
breaking and then the forming of bonds.

Timing
10 minute starter exercise to introduce chemical reactions.

Materials
�� 6WXGHQWV
�� 3DSHU�µ+¶�DQG�µ2¶�ODEHOV��\RX�FDQ�DOVR�GR�WKLV�ZLWKRXW�ODEHOV��

Method
1. 6HOHFW���ER\V�WR�EH�+\GURJHQ�DWRPV�DQG���JLUOV�

to be Oxygen atoms (or vice versa) and label 
them accordingly.

2. Explain that O and H both form molecules 
with two atoms, that is O2 and H2. The students 
have to pair up to represent these bonds. O2 has 
double bonds so they have to join both arms 
together. H2 has single bonds so they only need 
to join one arm to bond.

3. Have other students help to pull the molecules 
apart and put them back together. It takes energy 
to break the bonds so the bonded students should 
KROG�RQ�WLJKW�DQG�PDNH�LW�D�ELW�GLI¿�FXOW�

The O and H atoms then reform in a different pattern as shown.

,�ʹ�,����н��,�ʹ�,��н�K�с�K�����������J�����������,�����,�����,����,����K����K���������J��������� ,�ʹ�K�ʹ�,��н��,�ʹ�K�ʹ�,

Explanation
The above demonstration can be written as:

Ϯ,Ϯ�;ŐͿ�������н����� KϮ�;ŐͿ��� J����� Ϯ,�Ϯ�K�;ŐͿ
This is a good explanation of how chemical reactions work because it is obvious that the numbers of H and O 
DWRPV�UHPDLQV�WKH�VDPH�RQ�HDFK�VLGH�RI�WKH�UHDFWLRQ�±�L�H��PDWWHU�FDQ�QHLWKHU�EH�FUHDWHG�QRU�GHVWUR\HG�

You can do the same with:

� �,
4;ŐͿ���������н�������ϮKϮ�;ŐͿ��� J�������������K�Ϯ;ŐͿ��� �������н�������Ϯ,ϮK�;ŐͿ

You can also make molecules using ping pong balls and double-sided tape.
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12.2. Polarity of Molecules (or Art with Milk)

Timing
About 10 minutes for the class to watch the colours swirling, plus about 10 minutes for an explanation.

Materials
�� Milk
�� Dishwashing detergent
�� /DUJH�ÀDW�ERZOV�RU�GLVSRVDEOH�FRQWDLQHUV����IRU�HDFK�JURXS�RI�VWXGHQWV�
�� /LTXLG�IRRG�FRORXULQJ��LI�\RX�FDQ�RQO\�¿QG�SRZGHUHG�IRRG�FRORXULQJ��GLVVROYH�VRPH�LQ�ZDWHU�EHIRUH�

the class). Using two colours works really well.

Method
1. 3RXU�VRPH�PLON�LQWR�D�ÀDW�WUD\�DQG�GURS�LQ�D�FRXSOH�RI�GURSV�RI�IRRG�FRORXULQJ��,I�\RX�KDYH���FRORXUV��

put a drop of each colour at opposite ends of the container.

2. Drop in a couple of drops of dishwashing detergent and watch the coloured milk swirl around.

Explanation
The milk moves because it is made of polar (sugars and salts) and non-polar (fats) molecules and the detergent 
molecules have a polar and a non-polar end. The like (similar) ends of the molecules repel each other and so 
WKH�FRORXUHG�PLON�DQG�WKH�GHWHUJHQW�PRYH�DURXQG�TXLFNO\�WR�DYRLG�HDFK�RWKHU��

3RODULW\�RI�PROHFXOHV�¿WV�LQWR�FKHPLVWU\�DW�D�VHQLRU�KLJK�VFKRRO�OHYHO��EXW�WKLV�LV�D�IXQ�DFWLYLW\�HYHQ�LI�VWXGHQWV�
don’t completely understand it.
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13. Acids, Bases and Carbonates
Summary

Here are 5 experiments you can do in chemistry lessons about acids and bases. 

Teach students about the properties of acids (they taste sour, turn litmus paper red, and become less acidic 
when mixed with bases) and bases (bases feel soapy, turn litmus paper blue and have a high pH). List some 
common acids and bases and explain their uses (e.g. lemon juice is a weak acid that tastes sour that people 
like to drink and sodium hydroxide is a strong base that is used to clean drains). As a background to these 
H[SHULPHQWV��\RX�FRXOG�DOVR�FRYHU�FKHPLFDO�UHDFWLRQV�DQG�ZULWLQJ�EDODQFLQJ�FKHPLFDO�HTXDWLRQV��$FWLYLW\�13.3 
FRXOG�EH�DQ�LQWURGXFWLRQ�WR�WKH�FRQFHSW�RI�µUHDFWLRQ�UDWH¶�

8VH�WKH�H[SHULPHQWV�EHORZ�WR�GHPRQVWUDWH�±�

13.1 and 13.2�±�WKH�UHDFWLRQ�EHWZHHQ�D�FDUERQDWH�DQG�DQ�DFLG��WKHQ�KRZ�WR�WHVW�IRU�&22. 

13.3�±�WKDW�UHDFWLRQ�UDWHV�DUH�DIIHFWHG�E\�KHDW�

13.4�±�S+�DQG�LQGLFDWRUV��6WXGHQWV�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKH�S+�VFDOH�E\�XVLQJ�D�FKHDS��HIIHFWLYH�LQGLFDWRU�

13.5�±�DGYDQFHG�DFLG���FDUERQDWH�UHDFWLRQ�WR�GHPRQVWUDWH�WKH�VWRLFKLRPHWU\�RI�UHDFWLRQ�����

Encourage students to predict what will happen (make a hypothesis) before you start the demonstrations, 
observe what does happen, and then explain why they observed what they did.

13.1. Acid + Carbonate 

Timing
About 10 minutes for the demonstration plus 10 minutes if 
the students do their own experiments. Add 10-15 minutes for 
explanation and discussion of the results.

Materials
�� A teaspoon
�� 1 or 1.5 L plastic bottle
�� 3ODVWLF�FXS�RU�KDOI�RI�D�FOHDU�SODVWLF�ERWWOH�IRU�

measuring
�� 6RGLXP�ELFDUERQDWH��DOVR�FDOOHG�µEDNLQJ�VRGD¶��

NaHCO3
�� 9LQHJDU��ZKLFK�LV�GLOXWH�DFHWLF�DFLG��&+3COOH
�� Dishwashing detergent

Preparation and Safety
Make sure your plastic bottle is clean and dry with no label. 
You can use the measuring bottles from Activity 2.1. This 
experiment can be done as a demonstration in front of the class, or, if you have enough plastic bottles and 
other resources, the students can perform their own experiments. The mixtures may bubble over and spill on 
the table so perform this experiment on a clear bench or outside.

Method
1. Add 1 teaspoon of baking soda to a plastic bottle.
2. Add 1 drop of detergent.
3. Add about half a cup of vinegar, stand back and watch what happens.
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Explanation
When you add the vinegar, you should get lots of bubbles of CO2�±�D�YHU\�REYLRXV�FKHPLFDO�UHDFWLRQ��,I�\RX�
use too much baking soda the solution could bubble over and spill on the table, but it is not harmful so don’t 
worry. The salt, called sodium acetate, is dissolved in the water. 

The detergent is used to make the bubbles of carbon dioxide bigger and easier to see. If you don’t have 
detergent, you can do the experiment without it, but it won’t be as spectacular!

6FLHQFH�WH[WERRNV�RIWHQ�H[SODLQ�WKH�IROORZLQJ�UHDFWLRQV�
�ĐŝĚ�� н�� �ĂƐĞ�� � J�� ƐĂůƚ�� н�� ,ϮK
�ĐŝĚ�� н�� DĞƚĂů�� � J�� ƐĂůƚ�� н�� ,Ϯ

�ĐŝĚ� н�� �ĂƌďŽŶĂƚĞ�� J�� ƐĂůƚ�� н�� ,ϮK�� ����н� �KϮ�

Acids react with carbonates and bicarbonates to give the salt of that acid, water and carbon dioxide.
�� �Kϯ

ϮͲ� н� Ϯ,н������� � J��������� ^Ăůƚ������� н������� ,ϮK����������н���� �KϮ
Carbonate      Acid            Water     Carbon dioxide

)RU�WKH�UHDFWLRQ�LQ�WKLV�H[SHULPHQW��WKH�HTXDWLRQ�LV
EĂ,�Kϯ������н� �,ϯ�KK,���������J��������� �EĂ�,�KK���н�� ,ϮK�����������н������ �KϮ
^ŽĚŝƵŵ� ൰൰൰�ĐĞƟĐ�ĂĐŝĚ� ���൰൯^ŽĚŝƵŵ�ĂĐĞƚĂƚĞ� �
ďŝĐĂƌďŽŶĂƚĞ� � �������൶;ĐĂŶ�ďĞ�ĐĂůůĞĚ�ƐŽĚŝƵŵ�ĞƚŚĂŶŽĂƚĞͿ

Extension 
For advanced students, you could explain what’s really happening:

When dissolved in water, baking soda separates into sodium (Na�) and bicarbonate ions (HCO3
-):

EĂ,�Kϯ� Æ� EĂн
;ĂƋͿ� н� ,�Kϯ

-

;ĂƋͿ

9LQHJDU��D�ZHDN������VROXWLRQ�RI�DFHWLF�DFLG�LQ�ZDWHU��SDUWLDOO\�GLVVRFLDWHV�LQWR�K\GURJHQ��+�) and acetate ions 
(CH3COO-):  

�,ϯ�KK,�� IJ� � ,н
;ĂƋͿ� � н� �,ϯ�KK

-

;ĂƋͿ

The reaction between baking soda and vinegar is actually two reactions, an acid-base reaction followed by a 
decomposition reaction. When the two ingredients are mixed, hydrogen ions (H�) from the vinegar react with 
the bicarbonate ions (HCO3

-) from the baking soda to form a new chemical called carbonic acid (H2CO3). The 
carbonic acid formed then immediately decomposes into carbon dioxide gas and water:

H
н�� н� ,�Kϯ

Ͳ�� J� ,Ϯ�Kϯ

� � � ,Ϯ�Kϯ� J� ,ϮK� н� �KϮ
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13.2. Properties of Carbon Dioxide

Timing
An extra 5-10 minutes after Activity 13.1.

Materials
�� As in Activity 13.1
�� 3ODVWLF�FXS�RU�KDOI�RI�D�FOHDU�ZDWHU�ERWWOH
�� A taper such as a twisted piece of paper, a bamboo skewer or a thin piece of timber you can light
�� A lighter or box of matches (or you could use a gas cooking stove to light the taper)

Preparation and Safety
This experiment takes a bit of practice. You should have a student ready to light the taper once you have 
poured in the CO2��6LQFH�WKLV�H[SHULPHQW�LQYROYHV�¿UH��RQO\�WUXVWHG��VHQLRU�VWXGHQWV�VKRXOG�GR�WKLV�RQ�WKHLU�
own; otherwise, it is a good demonstration activity.

Method
1. 5HSHDW�$FWLYLW\�������EXW�ZLWKRXW�WKH�GHWHUJHQW��<RX�FDQ�XVH�WKH�VDPH�ERWWOH��MXVW�ULQVH�LW�WR�JHW�ULG�RI�

most of the detergent or else you will have bubbles instead of CO2 gas.

2. After the reaction between vinegar and baking soda has created lots of carbon dioxide in the bottle, 
carefully tip the bottle to pour the carbon dioxide gas into a plastic cup or another water bottle with 
the top cut off (you will have to guess whether it is happening).

3. :KHQ�\RX�WKLQN�\RX�KDYH�¿OOHG�WKH�FXS�ZLWK�FDUERQ�GLR[LGH��WHVW�ZLWK�D�WDSHU��,I�WKH�FXS�LV�IXOO�RI�
FDUERQ�GLR[LGH��WKH�ÀDPH�RQ�WKH�WDSHU�ZLOO�JR�RXW��L�H��extinguish.

You can also pour the carbon dioxide from one 
cup to the other (just imagine it is water), and 
compare what happens when you put a lighted 
WDSHU�LQWR�D�FXS�¿OOHG�ZLWK�QRUPDO�DLU�DQG�D�FXS�
¿OOHG�ZLWK�&22.

Explanation
CO2 is heavier than air, so when you pour it, 
it stays at the bottom of the cup. CO2 is also 
colourless and odourless, so you can’t see it 
being poured from one cup to another. 

CO2 does not support combustion, so it will 
extinguish a lighted match or taper. The oxygen 
in normal air supports combustion so if you put 
D�ÀDPH�LQWR�D�FXS�¿OOHG�ZLWK�QRUPDO�DLU�LW�ZLOO�
continue to burn. 

This is why CO2 is used
 in fire extinguishers.   
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13.3. Rates of Reaction

Timing
Around 10 minutes for the activity and 10 minutes for the explanation. Add 5 minutes if the students are doing 
this on their own in groups.

Materials
�� As in Activity 13.1
�� More plastic cups or half water bottles
�� A permanent marker that can write on plastic

Preparation and Safety
%RLO�VRPH�ZDWHU�EHIRUH�FODVV�VR�WKDW�\RX�KDYH�VRPH�KRW�
water available. You can prepare the two solutions of diluted 
vinegar in front of the class. For diluted cold vinegar, mix 
vinegar and cold water in a 1:1 ratio. For diluted warm 
vinegar, mix vinegar and hot water in a 1:1 ratio. If you have 
lots of cups and enough vinegar, this is a good experiment to 
have the students do in groups. It is not dangerous as long as 
you are careful with the boiling water. The mixtures might 
bubble over and spill so do the experiment on a cleared table 
or outside.

Method
6WXGHQWV�VKRXOG�SUHGLFW�ZKLFK�ZLOO�UHDFW�WKH�IDVWHVW��L�H���KDYH�
WKH�PRVW�EXEEOHV�DQG�¿QLVK�¿UVW���7KHQ�KDYH�WKHP�REVHUYH�ZKDW�GRHV�KDSSHQ��DQG�H[SODLQ�WKH�UHVXOWV��

1. Add half a teaspoon of baking soda to three plastic cups. 

2. /DEHO�WKH�FXSV�$��%�DQG�&�

3. To cup A, add half a cup of vinegar.

4. 7R�FXS�%��DGG�KDOI�D�FXS�RI�FROG�GLOXWHG�YLQHJDU��VHH�SUHSDUDWLRQ�DERYH��

5. To cup C, add half a cup of hot diluted vinegar (see preparation above).

Explanation
The rate of reaction (how fast the reactants are used up) depends on:

�� 7KH�VXUIDFH�DUHD��H�J��VKUHGGHG�SDSHU�EXUQV�PRUH�TXLFNO\�WKDQ�D�WKLFN�ERRN��
�� 7KH�FRQFHQWUDWLRQ�RI�UHDFWDQWV��H�J��IXOO�VWUHQJWK�YLQHJDU�UHDFWV�PRUH�TXLFNO\�WKDQ�GLOXWHG�YLQHJDU��
�� 7HPSHUDWXUH�±�KRW�YLQHJDU�UHDFWV�IDVWHU�WKDQ�FROG�YLQHJDU�
�� $�FDWDO\VW�±�VRPHWKLQJ�\RX�DGG�WR�VSHHG�XS�WKH�UHDFWLRQ�WKDW�GRHV�QRW�DFWXDOO\�SDUWLFLSDWH�DV�D�UHDFWDQW�

or a product.

([SODLQ�WKDW�WKLV�LV�DQ�H[DPSOH�RI�µIDLU�WHVWLQJ¶��$OO�WKH�YDULDEOHV�DUH�FRQWUROOHG�H[FHSW�IRU�WKH�LQGHSHQGHQW�
variables, which are the temperature of the vinegar, and the concentration of the vinegar. The rate of reaction 
is the dependent variable. Ask the students what would happen if you used hot, concentrated vinegar?

If 
your class made a 

mass balance in experiment 
2.1, you could measure out 

exactly 3g of baking soda in 
each cup. 
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13.4. Magic Sultanas/Raisins

Timing
About 5 minutes to set up, and then it will keep working for about an 
hour. You can explain how it works in the last 5 minutes of class.

Materials
�� 6XOWDQDV�RU�UDLVLQV
�� 3ODVWLF�ERWWOH�RU�FOHDU�SODVWLF�FXS
�� %DNLQJ�VRGD
�� 9LQHJDU

Method
1. Add a few sultanas or raisins to a plastic cup or bottle of 

water.

2. Add half teaspoon of baking soda

3. $GG�D�WHDVSRRQ�RI�YLQHJDU�DQG�ZDLW�IRU�D�FRXSOH�RI�PLQXWHV�±�
the sultanas start to move.

Explanation
%XEEOHV�RI�FDUERQ�GLR[LGH�DWWDFK�WKHPVHOYHV�WR�WKH�VXOWDQDV�RU�UDLVLQV�ZKLFK�WKHQ�ULVH�WR�WKH�VXUIDFH��$W�WKH�
surface the bubbles escape and the sultanas or raisins sink. They will keep doing this for a long time.

You could joke with your students that the sultanas need to come up to the surface to get air and then they sink 
again until they need more air!

13.5. Measuring pH

Timing
$ERXW�KDOI�DQ�KRXU�IRU�UHG�FDEEDJH�MXLFH�SUHSDUDWLRQ��SOXV����PLQXWHV�WR�SUHSDUH�WKH�WHVWLQJ�OLTXLGV��������
minutes to demonstrate or have groups of students perform the experiment, plus 15-20 minutes to explain the 
pH scale and other indicators.

Materials
�� A red cabbage or two.
�� 6DPSOHV�RI�GLIIHUHQW�OLTXLGV�DQG�

solutions that you can obtain easily 
such as soap, vinegar, lime juice, 
saliva, hair shampoo, toothpaste, 
tap water, bottled water, sodium 
bicarbonate, etc.

�� The same number of plastic cups or 
half water bottles as you have samples. 
If your students are doing their own 
experiments in groups, you will need 
more cups, or the experiment will 
take more time as they wash the cups 
between samples.

�� A colour chart to compare the samples.
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Preparation and Safety
To prepare the red cabbage juice indicator, chop 
a red cabbage into small pieces until you have 
DERXW���FXSV�FKRSSHG��3ODFH�WKH�FDEEDJH�LQ�D�
saucepan, cover with boiling water, and leave 
for at least ten minutes until all the colour has 
FRPH�RXW�RI�WKH�FDEEDJH��6WUDLQ�RXW�WKH�FDEEDJH�
DQG�NHHS�WKH�SXUSOH�OLTXLG��,I�SRVVLEOH��NHHS�
LW�FROG�VR�WKDW�LW�ODVWV�ORQJHU��5HG�FDEEDJHV�DUH�
seasonal so you will probably only be able to do 
this experiment at certain times of the year. 

You might want to prepare a printed version of 
a table and a colour chart similar to the ones on 
WKH�ULJKW�IRU�\RXU�VWXGHQWV�WR�¿OO�LQ��2WKHUZLVH�
they can copy them from the whiteboard.

Method
1. Add three or four drops of red cabbage 

indicator to samples of each of the 
OLTXLGV�\RX�DUH�WHVWLQJ��

2. &RPSDUH�WKH�FRORXU�RI�WKH�VROXWLRQ�WR�WKH�FRORXU�FKDUW�DQG�¿OO�LQ�WKH�WDEOH��3LQN�FRORXUV�DUH�DFLGLF��ORZ�
S+��DQG�JUHHQLVK�FRORXUV�DUH�EDVLF��KLJK�S+���%OXHV�DUH�QHXWUDO��S+�RI�a����

Explanation
<RX�VKRXOG�EH�DEOH�WR�¿QG�ORWV�RI�LQIRUPDWLRQ�DERXW�S+�DQG�LQGLFDWRUV��7KLV�LQGLFDWRU�LV�QDWXUDO��DQG�PDQ\�
others are made from natural plant dyes too). With senior students, you can discuss the relationship between 
the pH scale and H� concentration, i.e. pH = -log [H�].

13.6. Preparation of Sodium Acetate and Measuring its pH

Timing
6HH�DERYH�IRU�SUHSDUDWLRQ�RI�UHG�FDEEDJH�MXLFH��7KLV�H[SHULPHQW�VKRXOG�WDNH�DERXW����PLQXWHV�DQG�FDQ�EH�GRQH�
by individual students or in small groups.

Materials
�� 9LQHJDU
�� 6RGLXP�ELFDUERQDWH��EDNLQJ�VRGD�
�� Metal can burner (see Activity 2.2)
�� 3ODVWLF�FXS
�� 5HG�FDEEDJH�MXLFH�LQGLFDWRU

Method
1. Make a metal can burner as described in Activity 2.2. 
2. 3ODFH�ó�WHDVSRRQ�RI�VRGLXP�ELFDUERQDWH�LQ�D�SODVWLF�FXS�
3. 6ORZO\�DGG�HQRXJK�YLQHJDU�VR�WKDW�WKHUH�LV�MXVW�D�ELW�RI�XQGLVVROYHG�VRGLXP�ELFDUERQDWH�OHIW�LQ�WKH�

bottom of the cup.
4. Carefully tip the top of the solution onto the top of the metal can burner.
5. 3ODFH�D�OLJKWHG�FDQGOH�XQGHU�WKH�WULSRG�DQG�HYDSRUDWH�RII�WKH�ZDWHU��<RX�ZLOO�EH�OHIW�ZLWK�VROLG�VRGLXP�

acetate.
6. Dissolve the solid sodium acetate in a small amount of water. Add two or three drops of red cabbage 

indicator. What is the pH of the solution?

Substance Colour pH

Sodium bicarbonate solution

Vinegar

Soap solution

Tap water

Bottled water

Shampoo

Lime juice

Toothpaste
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Explanation
7KLV�LV�WKH�IRUPXOD�IRU�WKH�¿�UVW�UHDFWLRQ�

�,ϯ�KK,�н� �EĂ,�Kϯ�� � Æ� �,ϯ�KKEĂ�� ��н� ,ϮK
�ĐĞƟ�Đ��ĐŝĚ����^ŽĚŝƵŵ�ďŝĐĂƌďŽŶĂƚĞ� � ൰൰൯^ŽĚŝƵŵ�ĂĐĞƚĂƚĞ����൰൰൶൯൶tĂƚĞƌ

When sodium acetate dissolves in water, the acetate ion reacts with water to produce a slightly alkaline 
solution:

�,ϯ��KK
-��н� �,Ϯ�K� � Æ� �,ϯ�KK,� �н� K,-

The acetate ion removes a hydrogen ion from the water molecule to form an acetic acid molecule and leaves a 
K\GUR[LGH�LRQ�LQ�VROXWLRQ�±�ZKLFK�LV�DONDOLQH�

13.7. Advanced Acid + Carbonate: Stoichiometry

Timing
About 20 minutes plus another 20 minutes to explain 
and have students calculate the stoichiometry.

Materials
�� ��FOHDU�SODVWLF�ZDWHU�ERWWOHV��WKH�VDPH�VL]H
�� ��EDOORRQV��WKH�VDPH�VL]H
�� 1 L vinegar
�� %DNLQJ�VRGD
�� Teaspoon and 100 mL measuring cup from 

Activity 2.1
�� Marker pen

Method 
1. Label the balloons and the water bottles 1, 2 

and 3.
2. Measure and pour 100 mL of vinegar into 

each bottle. 
3. 3ODFH�����WVS�RI�EDNLQJ�VRGD�LQ�EDOORRQ������

tsp of baking soda in balloon 2, and 2 tsp of 
baking soda in balloon 3. 

4. 6WUHWFK�WKH�PRXWKV�RI�WKH�EDOORRQV�RYHU�WKH�
mouths of the bottles with the matching 
numbers, but do not let the baking soda pour 
into the bottle yet.

5. When all the bottles are ready, tip the 
contents of the balloons into the vinegar. The 
reactions will start and the balloons should 
blow up to different amounts. 

6. Discuss the reason the balloons are different 
VL]HV�DQG�KDYH�WKH�VWXGHQWV�FDOFXODWH�WKH�DPRXQWV�RI�JDV�WKDW�VKRXOG�KDYH�EHHQ�SURGXFHG��VHH�
explanation below). If you weighed a whole bottle with the balloon attached and the ingredients in 
place before and after the reaction, what would you discover? (The mass would be the same before 
and after, because mass is not created or destroyed by the reaction.)

7. ,I�\RX�KDYH�FRYHUHG�µOLPLWLQJ�UHDFWDQWV¶�LQ�FODVVHV�\RX�FRXOG�DOVR�DGG�D�SLQFK�RI�EDNLQJ�VRGD�DIWHU�
HDFK�UHDFWLRQ�KDV�¿�QLVKHG��DQG�VHH�ZKHWKHU�DQ\�RI�WKH�PL[WXUHV�FRQWLQXH�WR�UHDFW��
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Explanation
6WRLFKLRPHWU\�LV�WKH�EDODQFLQJ�RI�FKHPLFDO�UHDFWLRQV�XVLQJ�UHDO�QXPEHU�YDOXHV��,W�FDQ�EH�XVHG�WR�FDOFXODWH�
the amount of products produced by a chemical reaction. The law of conservation of mass says that “all 
DWRPV�WKDW�HQWHU�D�UHDFWLRQ�DV�UHDFWDQWV�PXVW�¿QLVK�WKH�UHDFWLRQ�LQ�WKH�SURGXFWV��DQG�QR�DWRPV�FDQ�H[LVW�LQ�WKH�
products if they were not in the reactants.”

Consider the example of decomposing water into hydrogen (H) and oxygen (O) gas:

� ,ϮK���� J���,Ϯ�н�KϮ

Reactants�J����Products

,V�WKLV�HTXDWLRQ�EDODQFHG"�1R��7KHUH�LV�RQO\�RQH�2�DWRP�RQ�WKH�UHDFWDQW�VLGH��ZLWK�WZR�2�DWRPV�LQ�WKH�
SURGXFWV��7KLV�ZRXOG�PHDQ�R[\JHQ�LV�IRUPHG�RXW�RI�QRZKHUH��7R�EDODQFH�WKH�2��ZH�LQFOXGH�D�FRHI¿FLHQW�RI���
RQ�WKH�OHIW�VLGH��2QFH�WKH���LV�DGGHG��ZH�DOVR�KDYH�WR�DGG�D�FRHI¿FLHQW�RI���WR�WKH�+�PROHFXOH�RQ�WKH�ULJKW�WR�
balance that:

� Ϯ,ϮK���ї���Ϯ,Ϯ�н�KϮ

7KH�FRHI¿FLHQWV�LQ�WKLV�HTXDWLRQ�LQGLFDWH�WKDW�H[DFWO\���ZDWHU�PROHFXOHV�DUH�QHHGHG�WR�IRUP���+�PROHFXOHV�DQG�
1 O molecule (and both H and O have 2 atoms in each molecule). 

)RU�EDNLQJ�VRGD��VRGLXP�ELFDUERQDWH��DQG�YLQHJDU��DFHWLF�DFLG���WKH�HTXDWLRQ�LV�

EĂ,�Kϯ�н��,ϯ�KK,��ї��KϮ�н�,ϮK�н��,ϯ�KKEĂ�

Check it is balanced with the same number of atoms on each side.

We want to work out how much gas will be produced. The CO2 gas comes from the break-down of the sodium 
ELFDUERQDWH��)URP�WKH�EDODQFHG�HTXDWLRQ��ZH�FDQ�VHH�WKDW�WKH�UDWLR�RI�1D+&23 to CO2 is 1 mole NaHCO3/1 
mole CO2 or 1:1. This is called the mole ratio. To work out how many moles of gas are produced, we need to 
know how many moles of NaHCO3 we start with. 

tĞ�ǁŝůů�ƵƐĞ�ƚŚĞ�ĨŽƌŵƵůĂ͗�ŵ�с�Ŷ�ǆ�D� � tŚĞƌĞ� ŵ�с�ŵĂƐƐ�ŽĨ�ƐƵďƐƚĂŶĐĞ�ŝŶ�ŐƌĂŵƐ
� ƌĞǁƌŝƩĞŶ�ĂƐ͗���Ŷ�с�ŵͬD� � � � Ŷ�с�ŵŽůĞƐ�ŽĨ�ƉƵƌĞ�ƐƵďƐƚĂŶĐĞ
������� � � � � � D�с�ŵŽůĂƌ�ŵĂƐƐ�ŽĨ�ƚŚĞ�ƉƵƌĞ�ƐƵďƐƚĂŶĐĞ�ŝŶ�ŐͬŵŽů�

Balloon 2: We can assume that 1 tsp of sodium bicarbonate (baking soda) has a mass (m) of 4g (this is not 
exactly accurate, but it will work for our example).

To calculate molar mass, we need to add the atomic weight of each atom in the molecule. Find the atomic 
weights on the periodic table:

� � � � ���������Na           H           C             Oϯ �
DŽůĂƌ�ŵĂƐƐ�;DͿ�ŽĨ�EĂ,�Kϯ�с�;ϭǆϮϯͿ�н�;ϭǆϭͿ�н�;ϭǆϭϮͿ�н�;ϯǆϭϲͿ�с�ϴϰŐͬŵŽů
ZŽƵŶĚ�ƚŚĞ�ŶƵŵďĞƌƐ͕�Ğ͘Ő͘�ƚŚĞ�ĂƚŽŵŝĐ�ǁĞŝŐŚƚ�ŽĨ�EĂ�ŝƐ�ϮϮ͘ϵϴϵϴ͕�ƌŽƵŶĚĞĚ�ƚŽ�Ϯϯ

7KHQ�XVH�WKH�HTXDWLRQ�Q� �P�0� ������ ��������PROHV�RI�1D+&23 in 1 tsp baking soda

How many moles of CO2�ZLOO�EH�SURGXFHG"�5HPHPEHU�WKH�PROH�UDWLR�RI�����IRU�WKLV�HTXDWLRQ��6R�WKH�QXPEHU�
of moles of CO2 produced by 1 tsp of baking soda is also 0.0476 moles.

Do the same calculations for ½ tsp and 2 tsp to work out the n of CO2 in each balloon.

)RU�JDV�YROXPHV��\RX�QHHG�WR�XVH�WKH�,GHDO�*DV�/DZ��ZKLFK�KDV�WKH�HTXDWLRQ�SY� �Q57

�������Ɖ�� ��ǆ� ǀ�������с������Ŷ� ǆ� ������Z� ������������ǆ�����������d
;ƉƌĞƐƐƵƌĞͿ�ǆ�;ǀŽůƵŵĞͿ��с���;ŵŽůĞƐͿ���ǆ��;/ĚĞĂů�'ĂƐ��ŽŶƐƚĂŶƚͿ�ǆ�;ƚĞŵƉĞƌĂƚƵƌĞͿ
ǀ�с�ŶZdͬW���� � � Z�с�Ϭ͘ϬϴϮϭ�>ͲĂƚŵͬŵŽůͲ<�ŝƐ�ƚŚĞ�/ĚĞĂů�'ĂƐ��ŽŶƐƚĂŶƚ
ǀ�с�;Ϭ͘Ϭϰϳϲ�ǆ�Ϭ͘ϬϴϮϭ�ǆ�ϯϬϬͿͬϭ� d�с�ϯϬϬ�<�;Ăƚ�ƐƚĂŶĚĂƌĚ�ůĂď�ĐŽŶĚŝƟŽŶƐͿ
ǀ�с�ϭ͘ϭϳ�>�ĨŽƌ�ϭ�ƚƐƉ�EĂ,�Kϯ� Ɖ�с�ϭ�Ăƚŵ�;Ăƚ�ƐƚĂŶĚĂƌĚ�ůĂď�ĐŽŶĚŝƟŽŶƐͿ
ŝ͘Ğ͘��ĂůůŽŽŶ�Ϯ�ĐŽŶƚĂŝŶƐ�ϭ͘ϭϳ�>�ŽĨ��KϮ�ŝĨ�ŶŽŶĞ�ĞƐĐĂƉĞƐ�;ďƵƚ�ƌĞŵĞŵďĞƌ͕ �ƚŚĞ�ďĂůůŽŽŶ�ŝƐ�ŚŽůĚŝŶŐ�ƚŚĞ�ŐĂƐ�ŝŶ�
ƟŐŚƚ͕�Žƌ�compressing�ŝƚͿ͊

'R�WKH�VDPH�FDOFXODWLRQV�IRU�ò�WVS�DQG���WVS�WR�ZRUN�RXW�WKH�YROXPH�RI�&22 in balloons 1 and 3.
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14. Chromatography
&KURPDWRJUDSK\�LV�WKH�VFLHQFH�RI�VHSDUDWLQJ�PL[WXUHV��7KH�IROORZLQJ�H[SHULPHQW�XVHV�µSDSHU�FKURPDWRJUDSK\¶�
which separates the colours in a solution by using paper and a solvent.

14.1. Who Wrote the Blackmail Note?

Timing
About 40 minutes.

Materials
�� 3ODVWLF�FXSV�±�VHYHUDO�IRU�HDFK�JURXS
�� Water and alcohol mix (50:50). Use methylated spirits or rubbing alcohol.
�� 'LIIHUHQW�EUDQGV�RI�PDUNHUV�±�WU\�WR�XVH�WKH�VDPH�FRORXU�EXW�JLYH�HDFK�JURXS�

a different brand
�� %DPERR�VNHZHUV
�� 3DSHU�FOLSV

Method
1. 6SOLW�WKH�FODVV�LQWR�JURXSV�DQG�JLYH�

each group one of the marker pens. 
The group needs to discuss an evil 
blackmail plan and write a note to 
another group using their marker.

2. Hand out the blackmail notes to 
different groups, making sure none of 
the groups get their own note back, 
and none of the students tell each other 
which note was written by whom.

3. Distribute the plastic cups with a little 
of the water/alcohol mix in the bottom.

4. (DFK�JURXS�QHHGV�WR�WHDU�D�VWULS�RII�WKHLU�QRWH�DQG�¿�[�LW�RYHU�WKH�EDPERR�VNHZHU�ZLWK�D�SDSHU�FOLS�VR�
WKDW�MXVW�WKH�HQG�RI�WKH�SDSHU�VWULS�LV�WRXFKLQJ�WKH�OLTXLG�LQ�WKH�FXS�

5. They also need to get samples of the ink from each of the other groups’ pens. Each ink sample can be 
a dot on a strip of paper, or a letter signifying the name of the group. The ink sample papers are then 
¿�[HG�VR�WKDW�WKH\�WRXFK�WKH�ZDWHU�DOFRKRO�PL[�WRR�

6. The colours separate in different orders depending on the type of marker, so the students should be 
able to match up one of their ink samples with the ink on the blackmail note.

Explanation
As the solvent rises through the paper, it meets the sample mixture which starts to travel up the paper with 
the solvent. The paper is made of cellulose, a polar substance, and the compounds within the mixture travel 
IDUWKHU�LI�WKH\�DUH�QRQ�SRODU��0RUH�SRODU�VXEVWDQFHV�ERQG�ZLWK�WKH�FHOOXORVH�SDSHU�PRUH�TXLFNO\��DQG�WKHUHIRUH�
do not travel as far. Different inks have different amounts of these polar and non-polar substances, so they 
move up the paper at different speeds.
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15. Isotopes and Radioactivity
Summary

Isotopes are varieties of atoms of a particular chemical element 
which have different numbers of neutrons. All atoms of an element 
must contain the same number of protons, but they could have 
different numbers of neutrons. The mass number of an element is the 
number of protons plus neutrons in the nucleus, so this is different 
for two different isotopes of an element. For example, carbon-12, 
carbon-13 and carbon-14 are three isotopes of the element carbon 
with mass numbers 12, 13 and 14 respectively. The atomic number of 
carbon is 6 because every carbon atom has 6 protons; therefore, the 
numbers of neutrons in these isotopes are 6, 7 and 8 respectively. 

6RPH�LVRWRSHV�DUH�radioactive, which means they decay, or break 
GRZQ�LQWR�VPDOOHU�SDUWV��XVXDOO\�DQRWKHU�DWRP���VPDOOHU�VXE�DWRPLF�
SDUWLFOHV�OLNH�HOHFWURQV�RU�SURWRQV���6RPH�LVRWRSHV�DUH�VWDEOH��OLNH�12C 
(carbon-12), which means it does not decay (and is not radioactive). 
The concept of a radioactive half-life is demonstrated in this activity. 
To start with, explain that a half-life is the amount of time it takes a 
sample of a radioactive element to decay to half the original number 
of atoms.

15.1. Classroom Archaeology

Timing
About 1 hour, after a lesson explaining 
radioactivity.

Preparation
This experiment will take some time to set 
XS�±�\RX�QHHG�WR�FUHDWH�WKH�VDPSOHV��ZKLFK�
DUH�EDJV�RI�µDWRPV¶�ZKLFK�UHSUHVHQW�WKH�
decayed atoms. Write a label on each bag 
to explain where the sample is from. You 
can make up your own, they just have to 
be organic samples (used to be alive), and 
keep to an archaeological theme. Here are 
some examples of labels you could use: 

�� A dog leg bone found in an old 
¿�UHSODFH�GLVFRYHUHG�GXULQJ�WKH�
construction of the school

�� $�VFUDSLQJ�RI�IRRG�RII�WKH�LQVLGH�RI�DQ�ROG�FRRNLQJ�SRW�EXULHG�LQ�6KDQ�VWDWH
�� $�ZRRGHQ�DUURZ�IRXQG�LQ�WKH�JUDYH�RI�D�PDOH�VNHOHWRQ�LQ�.D\LQ�VWDWH
�� An ancient leaf preserved in a peat bog 
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Materials
�� %HDNHU�RU�ODUJH�MDU
�� Uncooked yellow beans, approximately 900 beans (you don’t have 

WR�FRXQW�H[DFWO\��±�WKHVH�UHSUHVHQW�DWRPV�RI�WKH�VWDEOH�LVRWRSH�
Legumium-600, or  600Lg. (This is not a real element! We have just 
invented to help demonstrate an idea.)

�� 1 type of small edible food items, e.g. dried peas, peanuts, grains 
of cooked rice, or popped popcorn. You will need about 200 
RI�RQH�W\SH�±�WKHVH�UHSUHVHQW�DWRPV�RI�WKH�UDGLRDFWLYH�LVRWRSH�
Legumium-602, or 602Lg. 100 go into the container with the yellow 
beans.

�� 4 plastic sample bags. You should prepare them with different labels 
DV�DERYH��6SOLW�WKH�RWKHU�����SHDQXWV��RU�ZKDWHYHU�IRRG�\RX�DUH�
using as 602Lg) between the 4 samples. For example you might put 
���SHDQXWV�LQ�6DPSOH�������SHDQXWV�LQ�6DPSOH���HWF��7KH�QXPEHUV�
don’t matter, as long as there are less than 100 in each bag). 

Method
1. 3XW�WKH�600Lg atoms (yellow beans) into the large jar. Tell the 

students there are 900 atoms in there, but you don’t have to count! 
Add the 100 radioactive 602Lg atoms (peanuts or whatever you 
decided to use).  

2. :LWK�WKH�FODVV��FRXQW�WKH�QXPEHU�RI�UDGLRDFWLYH�DWRPV��6XEWUDFW�
from 1000 to get the number of stable atoms (900). Determine the 
ratio of the radioactive atoms to the stable atoms (1:9). This is the 
UDWLR�IRXQG�LQ�QDWXUH�RI�WKH�HOHPHQW�µ/HJXPLXP¶�

3. Ask a student to start the radioactive decay by counting the years 
passing, and removing (and eating!) 1 radioactive atom every time 
10 years passes. Do this 10 times, which is 100 years. What is 
the decay rate as a percentage for a 100 year period? (10%) This 
percentage decay rate will continue.

4. )LOO�LQ�D�WDEOH�OLNH�WKH�RQH�VKRZQ��6RPH�GDWD�SRLQWV�DUH�DOUHDG\�
recorded for you. Continue eating 10% of the radioactive atoms 
every 100 years for 3000 years and record your results in the table.  

5. Have the students plot the data on a graph and draw the curve 
connecting them. Ask students to work out the half life from the 
graph (the point where half the original number of radioactive 
atoms is gone, about 650 years from the graph).

6. Create another graph for the 14C table provided. From the graph, 
work out:

 a. What is the half life of 14C? (5700 years)
 b. If an archaeologist detects 3000 radioactive atoms remaining in 
  a sample, how long since the organism died? (~10000 years old)
 c. If a sample is 2000 years old, how many radioactive atoms 
 would be remaining in the sample? (~8000)

7. 6KRZ�WKH�EDJV�RI�³UDGLRDFWLYH�DWRPV´�UHSUHVHQWLQJ�GLIIHUHQW�
archaeological samples. Each bag contains only the radioactive 
atoms from the sample that were found along with the 900 stable 
atoms, like you had in your original container. Any atoms that have 
already decayed have disappeared. Have the students count the 
number of atoms remaining in each bag and use the Legumium 
decay graph they have drawn to estimate how long ago the 
organisms died. 

Radioactive decay of Legumium-602

Years since 
death

No of radioactive atoms 
remaining

0 100

100 100 - (10% of 100) = 90

200 90 - (10% of 90) = 81

300 81 - (10% of 81) =           

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

Radioactive decay of Carbon-14

Years since death No of radioactive 
atoms remaining

0 10000

5700 5000

11400 2500

17100 1250

22800 625

28500 312

34200 156

39900 78

45600 39

51300 20

57000 10

62700 5

68400 2
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Explanation
7KLV�H[SHULPHQW�UHSUHVHQWV�KRZ�DUFKDHRORJLVWV�µGDWH¶�VDPSOHV�XVLQJ�UDGLRFDUERQ�DQG�RWKHU�UDGLRLVRWRSHV��7KH�
atoms in this experiment are MUCH bigger than atoms in real life. It is impossible to see real atoms; they have 
WR�EH�µGHWHFWHG¶�XVLQJ�D�VSHFLDO�PDFKLQH�FDOOHG�D�particle accelerator.

Example of 602Lg graph:

Example of 14C graph: 
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BIOLOGY
16. Animal Bodies

16.1. Human Organ Systems
Discuss with the students why we have a skeleton and what its main functions are:

ͻ� ^ŚĂƉĞ
ͻ� WƌŽƚĞĐƟŽŶ�ŽĨ�ŝŶƚĞƌŶĂů�ŽƌŐĂŶƐ
ͻ� ^ƵƉƉŽƌƚ�ŽĨ�ŽƵƌ�ŽƌŐĂŶƐ�ĂŶĚ�ŇĞƐŚ
ͻ� DŽǀĞŵĞŶƚ�ďǇ�ĂƩĂĐŚŝŶŐ�ƚŽ�

ŵƵƐĐůĞƐ
ͻ� ^ƚŽƌĂŐĞ�ŽĨ�ŵŝŶĞƌĂůƐ͕�ƐƵĐŚ�ĂƐ�

ĐĂůĐŝƵŵ�
ͻ� �ůŽŽĚ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ƚŚĞ�ďŽŶĞ�

ŵĂƌƌŽǁ
For an advanced class, use the diagram 
SURYLGHG�WR�WHDFK�VRPH�RI�WKH�VFLHQWL¿F�
names for the bones.

Timing
About 30 minutes to colour, cut out and 
put together the skeleton.

Materials
�� 6FLVVRUV
�� 6WDSOHU�RU�WDSH
�� 3KRWRFRSLHV�RI�DWWDFKHG�GLDJUDPV�

of the human skeleton and 
digestive system

Method
1. Have students cut out the shapes 

of the organs and staple or tape 
them together according to 
the numbering systems on the 
diagrams.

2. Use this as an introduction to your 
lessons about the human body. 

3. You can use any organ system to teach the students about how the smallest building blocks are the 
organelles, which make up the cells. Each different type of cell makes a different type of tissue, 
for example, bone cells make bone tissue. There are different types of bone tissue, for example the 
marrow inside is different to the strong bone material outside. Use a chicken bone to demonstrate. 
Different tissues combine to make organs, and different organs make up organ systems.
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10.
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16.2. Spiders and Insects
6SLGHUV�DQG�LQVHFWV�DUH�ERWK�DQLPDOV��7KH\�ERWK�KDYH�H[RVNHOHWRQV��VNHOHWRQV�RQ�WKH�
outside). This is because they are both in the Order Arthropoda.

6SLGHUV�KDYH�WZR�ERG\�SDUWV��KHDG�DQG�DEGRPHQ���HLJKW�MRLQWHG�OHJV��DQG�D�VSLQQHUHW�
(the organ at the tail that spins a web).

Insects have three body parts (head, thorax and abdomen) and six jointed legs on the 
thorax. If they have wings they are on the thorax.

Timing
About an hour to teach about classifying the different animals, giving the students 
plenty of time to sketch and describe their animals properly.

Materials
�� An insect or a spider in a jar
�� A magnifying glass (one per pair of students, if possible)

Preparation and Safety
The day before class, instruct the students to bring in an insect or a spider. To 
collect the animals, they should place the jar or cup over the top, and slide a piece 
of paper underneath. They should not try to catch animals with their hands since 
some can bite or sting.

Method
1. Each student should study their insect or spider using the magnifying 

glass. Count the number of legs and the segments of each leg. Does it have 
antennae? Does it have wings and, if so, how many? If it is a spider, is 
it a hunting spider (with big fangs) or does it catch its prey with a web 
�SRLQW\�µVSLQQHUHWV¶�DW�WKH�WDLO�"�

2. Examine and describe the mouth parts. 

3. ,GHQWLI\�WKH�µVSLUDFOHV¶�WKDW�WKH�LQVHFW�RU�VSLGHU�µEUHDWKHV¶�WKURXJK�±�
these are small holes mostly along the abdomen.

4. Each student should make a labelled drawing of their animal. 

5. Compare the drawings or draw somebody else’s animal.

6. 5HOHDVH�WKH�VSLGHUV�DQG�LQVHFWV�RXWVLGH�ZKHQ�\RX�DUH�¿�QLVKHG��GR�QRW�
kill them!

Extension
&RQGXFW�D�FODVVL¿�FDWLRQ�H[HUFLVH�ZLWK�WKH�VWXGHQWV�VR�WKH\�JURXS�WKH�SLFWXUHV�
depending on the characteristics of the animal.

You could also have the student collect other invertebrates and draw them and 
classify them, for example crabs, worms, snails, etc. This is a good experiment 
to have the students practise drawing a pie chart.
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17. Plants
Summary
There are lots of experiments you can do to demonstrate how plants grow, respond to stimuli, and produce 
their own food from sunlight through the process of photosynthesis. Here are just a few.

17.1. Plant Growth

Timing
3DUW�RI�D�OHVVRQ�RYHU�VHYHUDO�GD\V�RU�ZHHNV��<RX�FRXOG�KDYH�WKH�SODQWV�JURZLQJ�LQ�WKH�FODVVURRP�DQG�VSHQG�WKH�
¿UVW���PLQXWHV�RI�HYHU\�OHVVRQ�REVHUYLQJ�FKDQJHV�����PLQXWHV�IRU�VHWWLQJ�XS�WKH�H[SHULPHQW�LQ�WKH�¿UVW�OHVVRQ�

Materials
�� 3ODQW�VHHGV�OLNH�SHDV�RU�EHDQV
�� Clear plastic cups or half water 

bottles
�� 3DSHU�WRZHO�RU�FRWWRQ�ZRRO
�� Cardboard box
�� 6FLVVRUV
�� Marker pen
�� 6RLO�IRU�WKH�RSWLRQDO�VHFRQG�SDUW

Method
1. /DEHO���SODVWLF�FXSV�ZLWK�WKH�PDUNHU�SHQ�±�$��%��&��'
2. Make a table for the students to copy that explains the labels.
3. ,Q�HDFK�RI�WKH�FXSV�SODFH�VRPH�EXQFKHG�XS�SDSHU�WRZHO�RU�FRWWRQ�ZRRO��6SULQNOH�VRPH�ZDWHU�RQ�LW�VR�LW�

is just damp but not soaked. Do not put water on the paper towel in cup C.
4. 3XW�IRXU�VHHGV�LQ�WKH�SDSHU�WRZHO�LQ�HDFK�FXS��MXVW�QHDU�WKH�VXUIDFH��
5. &XS�$�LV�WKH�FRQWURO��LW�JHWV�ZDWHU��VXQOLJKW�DQG�IUHVK�DLU��3XW�LW�QHDU�D�ZLQGRZ�RU�VRPHZKHUH�LW�JHWV�

sunlight. 
6. &XS�%�JHWV�GDUNQHVV�VR�\RX�QHHG�WR�¿QG�D�FXSERDUG�RU�D�VPDOO�URRP�ZKHUH�LW�GRHVQ¶W�JHW�H[SRVHG�WR�

any sunlight.
7. Cup C needs to be beside the control, but never get any water (or if you want to, you can water the 

seeds until they germinate, and then stop watering it).
8. &XS�'�JRHV�LQWR�D�VSHFLDO�FDUGERDUG�ER[�WKDW�\RX�FDQ�PDNH��3XW�WKH�FXS�DW�RQH�VLGH�RI�WKH�ER[��DQG�

cut a hole in the lid at the other side of the box. When the seeds germinate, the plants should grow 
VLGHZD\V�WRZDUGV�WKH�OLJKW��3XW�WKLV�ER[�QH[W�WR�&XS�$�DV�ZHOO�

9. +DYH�WKH�VWXGHQWV�GHVFULEH�WKH�FRQGLWLRQV�LQ�WKH�WDEOH�XQGHU�µ2EVHUYDWLRQV�'D\��¶��(YHU\�OHVVRQ��
FKHFN�WKDW�$��%�DQG�'�DUH�VWLOO�GDPS��VSULQNOH�PRUH�ZDWHU�RQ�LI�QRW��DQG�KDYH�WKH�VWXGHQWV�REVHUYH�DQ\�
FKDQJHV�WR�WKH�VHHGV�DQG�VHHGOLQJV�±�WKHVH�REVHUYDWLRQV�ZLOO�EH�IRU�'D\����'D\����HWF��7KLV�LV�D�JRRG�
experiment for students to practise writing a lab report, with sections called Aim, Hypothesis, Method, 
5HVXOWV��'LVFXVVLRQ�DQG�&RQFOXVLRQ��7KH\�FDQ�DOVR�PHDVXUH�WKH�JURZWK�RI�HDFK�SODQW�HYHU\�OHVVRQ��
and draw a graph to compare the growth under the different conditions. The students can also gently 
remove the seedlings from the cups and examine them, draw them and label them.

10. Once the seedlings have grown a few leaves and the students have had a chance to observe the roots, 
you can move them into soil, and keep them growing under the same conditions. At this point, you 
could experiment with different fertilisers, different types of soil, or put some plants into soil and 
OHDYH�VRPH�LQ�WKH�GDPS�SDSHU�±�KRZ�ORQJ�FDQ�WKH\�JURZ�OLNH�WKDW"

Name Conditions Observations 
Day 0

Observations 
Day 1

A Control

B Dark

C Dry

D Light stimulus
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Explanation
Anything can happen in this experiment! You can adapt it depending on what you have been teaching, and the 
OHYHO�RI�WKH�VWXGHQWV��6RPH�RI�WKH�VHHGV�PLJKW�QRW�JHUPLQDWH��EXW�WKDW�LV�QRUPDO��7KH�¿�QDO�FRQFOXVLRQ�LV�WKDW�
SODQWV�DUH�JHWWLQJ�HQHUJ\�IURP�WKH�6XQ�WR�JURZ��QRW�VRPHWKLQJ�WKH\�DUH�DEVRUELQJ�IURP�WKHLU�URRWV��DOWKRXJK�
they also use nutrients from soil to help keep them healthy). They need water and carbon dioxide to conduct 
photosynthesis, so the seeds growing without water and the ones growing in the dark will not grow as well 
as the control. Cup D should demonstrate that plants respond to the stimulus of light. They can grow towards 
light. You can also show this by turning one of the cups upside down (but without blocking the plant’s access 
WR�OLJKW�DQG�DLU���DQG�LW�ZLOO�JURZ�LQ�D�EHQW�VKDSH�WRZDUGV�WKH�6XQ�

,I�\RX�DUH�XVLQJ�µGLFRW¶�VHHGV��\RX�ZLOO�EH�DEOH�WR�VHH�WKH�WZR�VHHG�FRYHULQJ�OHDYHV�ZKHQ�WKH�SODQW�¿�UVW�
JHUPLQDWHV��$�µPRQRFRW¶�ZRXOG�RQO\�KDYH�RQH�VHHG�OHDI��%HDQV��SHDV��WRPDWRHV��FXFXPEHUV��HWF��DUH�GLFRWV��
but grasses, coconuts and other palms are monocots. If you have studied this in class already, you will be able 
to get the students to observe the other characteristics of monocots and dicots, e.g.: Monocots have a tap root, 
SDUDOOHO�YHLQV�LQ�WKHLU�OHDYHV��DQG�DQ�RGG�QXPEHU�RI�SHWDOV�RQ�WKHLU�À�RZHUV��'LFRWV�KDYH�QR�WDS�URRW��D�QHWZRUN�
RI�YHLQV�LQ�WKHLU�OHDYHV��DQG�DQ�HYHQ�QXPEHU�RI�SHWDOV�RQ�WKHLU�À�RZHUV�

17.2. Starch and Photosynthesis
6WDUFK�JRHV�EODFN�LQ�WKH�SUHVHQFH�RI�LRGLQH��,I�
you can get some iodine from a pharmacy, you 
can test different materials for starch, which 
can tell you which materials are made by 
plants. 

Timing
About half an hour.

Materials
�� Iodine solution (iodine crystals 

dissolved in alcohol or potassium 
iodide solution)

�� Drinking straw
�� Dish or tray to test items on
�� 6HOHFWLRQV�RI�±�ULFH��EDQDQD��EUHDG��FDNH��ELVFXLW��RUDQJH�SHHO��SDSHU��VXJDU��SODVWLF��ZRRG�DQG�

anything else.

Method
1. Using the drinking straw as a pipette, add a drop of iodine solution to each of the samples you have.
2. Which ones turn black, showing the presence of starch?

Explanation
6WDUFK�LV�D�FRPSOH[�FDUERK\GUDWH�SURGXFHG�E\�JUHHQ�SODQWV��3ODQWV�SURGXFH�VWDUFK�WR�VWRUH�WKH�HQHUJ\�WKDW�WKH\�
produce through photosynthesis.
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18. Cells
Once the students know how to draw plant and animal cells, you can use the two experiments below to help 
them understand more about DNA, and explain how water is transported into and out of a cell through the 
process of osmosis.

18.1. DNA Extraction

Timing
45-60 minutes

Materials
�� 1 onion
�� A knife and chopping board
�� 6DOW
�� Warm water
�� Mortar and pestle
�� 3ODVWLF�IXQQHO�RU�VLHYH
�� &RIIHH�¿OWHUV�RU�D�SLHFH�RI�VFUDS�IDEULF
�� 'LVKZDVKLQJ�OLTXLG
�� Cold methylated spirits (store in fridge)
�� Glass beakers, plastic cups or water bottles with the tops cut off

Preparation
You can reduce the class-time for this experiment by chopping and mashing the onion before class, but the 
students enjoy participating in this as well, so if you have time, do the whole experiment in class and give 
different students different responsibilities.

Method
1. Finely chop half an onion. 
2. Dissolve 1 teaspoon of salt in 200 mL warm water (2/3 boiling, 1/3 cold). 
3. Add enough salty water to cover the onion.

Step 1 Step 2 Step 3
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4. Mash gently until onion pieces are pulped up. 
5. 3RXU�WKH�PL[WXUH�WKURXJK�WKH�FRIIHH�¿OWHU�SDSHU�LQ�D�IXQQHO��RU�XVH�IDEULF�DV�D�VWUDLQHU�WR�VHSDUDWH�WKH�

solid parts out of the onion mixture.
6. Measure 50 mL of onion mixture and pour it into a clear cup or beaker.

7. $GG���WVS�RI�GLVKZDVKLQJ�GHWHUJHQW�WR�WKH����P/�RI�RQLRQ�OLTXLG��6WLU�JHQWO\�
8. Measure out 100 mL of methylated spirits. Add it very slowly to the onion detergent mix.
9. :DLW�IRU���PLQXWHV�DQG�WKH�ZKLWH�µVQRWW\¶�VWUDQGV�RI�'1$�VKRXOG�ÀRDW�XS�LQWR�WKH�PHWK\ODWHG�VSLULWV.

10. .HHS�H[SHULPHQWLQJ�LI�LW�GRHVQ¶W�ZRUN�WKH�¿UVW�WLPH��,W�PLJKW�ZRUN�EHWWHU�LI�\RX�FRRO�WKH�ZDWHU�GRZQ�
after dissolving the salt, or mash the onion better. You can try different fruits and vegetables too!

Photos from http://museumvictoria.com.au/scidiscovery/dna/howto.asp

Explanation
Mashing onion�±�7R�EUHDN�XS�WKH�VWUXFWXUH�RI�RQLRQ�LQWR�DV�VPDOO�SLHFHV�DV�SRVVLEOH��HYHQ�VLQJOH�FHOOV���IRU�WKH�
DFWLRQ�RI�WKH�GLVKZDVKLQJ�OLTXLG�

Adding dishwashing liquid�±�'LVKZDVKLQJ�OLTXLG�LV�D�µGHWHUJHQW¶��ZKLFK�EUHDNV�GRZQ�WKH�VWUXFWXUH�RI�WKH�FHOO�
membrane (and the nuclear membrane around the nucleus), causing the cell contents, including the DNA, to 
VSLOO�RXW��%UHDNLQJ�XS�FHOOV�OLNH�WKLV�LV�FDOOHG�FHOO�µO\VLV¶�

Addition of salt�±�7KH�SRVLWLYHO\�FKDUJHG�LRQV�RI�VDOWV��1D���SURWHFW�WKH�QHJDWLYHO\�FKDUJHG�'1$��,Q�KLJK�
salt concentrations, alcohol (methylated spirits) causes a shape change in the DNA molecules, causing them to 
stick together.

Addition of alcohol�±�'1$�LV�VROXEOH�LQ�ZDWHU��7KH�DGGLWLRQ�RI�DOFRKRO�DQG�VDOW�FDXVHV�'1$�WR�SUHFLSLWDWH��
The precipitation reaction is better if the methylated spirits is cold. Other parts of the cell remain in solution in 
WKH�OLTXLG�XQGHUQHDWK�WKH�'1$�DQG�DOFRKRO�

Step 4 Step 5 Step 6

Step 7 Step 8 Step 9
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18.2. Egg Osmosis 
The following experiment can be used for demonstrating osmosis, a special type of diffusion that happens 
in cells. This is an important concept in biology but you can also teach diffusion and osmosis as a part of 
chemistry.

([SODLQ�WKDW�HJJV�DUH�D�VLQJOH�FHOO�±�WKH�IHPDOH�VH[�FHOO�RI�D�FKLFNHQ��,Q�IDFW�RQO\�WKH�\RON�LV�WKH�FHOO��WKH�UHVW�LV�
QXWULHQWV�WKDW�WKH�JURZLQJ�HPEU\R�ZRXOG�XVH�LI�WKH�FHOO�ZHUH�IHUWLOL]HG��EXW�LW�LV�HDVLHU�IRU�VWXGHQWV�WR�
understand osmosis using this experiment if they think of the whole thing as a cell.

Timing
About 15 minutes in class on 2 consecutive days, plus a 3rd day if you 
are going to do the extension as well. For advanced students you can 
explain what you will do and have them come up with a hypothesis 
about what will happen to the egg at each stage.

Materials
�� 1 egg
�� 1 half water bottle or large plastic cup
�� Marker pen
�� 300 mL of vinegar
�� A piece of string
�� The mass balance from Activity 2.1
�� 6XJDU�V\UXS��IRU�H[WHQVLRQ�RQO\�

Method
1. Day 1. Measure 300 mL of vinegar into an empty water bottle with 

its top cut off. Mark the level the vinegar is at.
2. Take a chicken egg and measure the circumference (distance around 

the middle) with a piece of string. If you have made a mass balance 
LQ�$FWLYLW\������\RX�FRXOG�DOVR�PHDVXUH�WKH�PDVV�RI�WKH�HJJ��3XW�WKH�
egg into the vinegar. You will see bubbles forming on the shell. This 
LV�WKH�ZHDN�DFLG��YLQHJDU��HDWLQJ�DZD\�DW�WKH�HJJ�VKHOO��%\�WKH�HQG�RI�
the day you’ll have just an egg and no shell.

3. Day 2. Carefully remove the egg from the vinegar with a spoon. It 
ZLOO�EH�¿UP�EXW�VRIW��/HW�WKH�VWXGHQWV�WRXFK�LW�EXW�EH�FDUHIXO�QR�RQH�
presses too hard and bursts the membrane.

4. Measure the amount of vinegar left in the bottle (it should have 
decreased). Have the students describe what has happened and re-
measure the circumference and mass. 

Explanation
The egg swells because of the process of osmosis. The concentration of water outside the cell (egg) is greater 
than inside, so the water from the vinegar moves into the egg (i.e. down a concentration gradient from highest 
WR�ORZHVW�FRQFHQWUDWLRQ���7KH�FKDQJH�LQ�VL]H�RI�WKH�HJJ�DQG�WKH�FKDQJH�LQ�OHYHO�RI�WKH�YLQHJDU�VKRXOG�FRQYLQFH�
the students that the water has gone into the egg.

Only water can move across the semi-permeable membrane of a cell. Other molecules are too big. You can 
H[SODLQ�WKDW�WKH�FHOO�PHPEUDQH�LV�OLNH�D�¿OWHU�RU�D�À\�VFUHHQ��RQO\�µpermeable’ to molecules that are small 
HQRXJK�WR�¿W�WKURXJK�WKH�KROHV�

If you measure the circumference, the volume of the egg (v) is proportional to the radius (r) cubed:
Vϭן���ƌϭϯ���������������������������������������������sϮן��ƌϮϯ

Did you know...
that the yolk 
of an Ostrich 

egg is the 
world’s largest 

single cell?
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Extension
To further demonstrate the process of osmosis, you can put the large, swollen egg from Day 2 into a strong 
solution of sugar: 

1. Make a very concentrated mix of sugar (lots of sugar in water, or you can buy sweet coloured drinking 
cordial) and again, measure 300 mL or some known amount of sugar mixture into the container.

2. Carefully place the swollen egg that you took out of the vinegar into the sugar syrup and leave for 
another 24 hours.

3. The egg will lose water to the sugar solution and shrink because the concentration of water inside the 
egg is higher than the concentration of water in the syrup. 

4. Have the students measure the circumference and the mass of the shrunken egg. Have them describe 
what it looks like and try to explain what has happened.
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19. Ecology
1DWXUDO�VHOHFWLRQ�LV�WKH�HYROXWLRQDU\�SURFHVV�E\�ZKLFK�WKH�EHVW�DGDSWHG��RU�µ¿�WWHVW¶��LQGLYLGXDOV�LQ�D�SDUWLFXODU�
environment survive.  The longer an organism survives, the more likely it is to reproduce and pass on its 
LQKHULWHG�WUDLWV���6RPH�RUJDQLVPV�DUH�DGDSWHG�WR�WKHLU�HQYLURQPHQW�EHFDXVH�WKH\�KDYH�LQKHULWHG�WKH�DELOLW\�WR�
FDPRXÀ�DJH�WKHPVHOYHV��$�SUHGDWRU�RUJDQLVP�FDQ�DYRLG�EHLQJ�VHHQ�E\�LWV�SUH\��RU�D�SUH\�RUJDQLVP�FDQ�DYRLG�
being seen by its predator. Other organisms have specially adapted body parts that allow them to be very 
successful predators or defend themselves well against predators. The two activities demonstrate these 
adaptations.

19.1. Newsprint Camouflage 

Timing
About half an hour, not including the class time to 
explain natural selection and adaptation.

Materials
�� 1 newspaper
�� 1 sheet of coloured paper
�� 6FLVVRUV

Preparation
%HIRUH�WKH�FODVV��\RX�ZLOO�QHHG�WR�SUHSDUH�WKH�WZR�W\SHV�RI�µRUJDQLVPV¶��7R�GR�WKLV��FXW�RXW����VPDOO�VTXDUHV�RI�
newspaper, and 50 of coloured paper for each group of 8 students in your class. All the organisms should be 
DERXW�WKH�VDPH�VL]H��DERXW���FP�[���FP�

Method
1. 6SOLW�WKH�FODVV�LQWR�JURXSV�RI���DQG�DVVLJQ�HDFK�JURXS�PHPEHU�D�QXPEHU�IURP������,I�\RX�GRQ¶W�KDYH�

enough organisms for more than 1 group of 8, you can have the groups do the exercise one after the 
other, or have one group demonstrate and the others watch.

2. 3ODFH�D�VKHHW�RI�QHZVSDSHU�RQ�WKH�JURXQG�DQG�KDYH�DOO�WKH�JURXS�PHPEHUV�VWDQG�DURXQG�LW�ZLWK�
WKHLU�EDFNV�WR�WKH�QHZVSDSHU��([SODLQ�WKDW�WKH�QHZVSDSHU�LV�WKH�µhabitat’ and the students are the 
µSUHGDWRUV¶�

3. Arrange the 50 newspaper organisms and 50 coloured organisms randomly in their habitat, but make 
sure they are not overlapping.

4. When you are ready to start, the teacher calls 
out the numbers from 1-8 randomly. When a 
VWXGHQW¶V�QXPEHU�LV�FDOOHG�WKH\�KDYH�WR�TXLFNO\�
WXUQ�DURXQG�WR�IDFH�WKH�KDELWDW�DQG�JUDE�WKH�¿�UVW�
organism they see, then turn away again.

5. After each student has grabbed about 8 
organisms, have them count the number that are 
coloured and the number that are newspaper. 
Tally the results in a table and have the students 
explain their results. 

Explanation
%HFDXVH�WKH�QHZVSDSHU�SULQW�RUJDQLVPV�KDYH�WKH�VDPH�SDWWHUQ�DV�WKHLU�KDELWDW��WKH\�DUH�KDUGHU�IRU�WKH�SUHGDWRUV�
to see and they are taken less often than the coloured organisms. Over many generations, the number of 
newsprint organisms would increase and the number of coloured organisms would decrease, because fewer 
coloured organisms would survive long enough to pass on their genes.

Student Colour 
prey

News 
prey

Total

1

2

3

4

...
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19.2. Bird Beak Adaptation
%LUG�EHDNV�DUH�D�JUHDW�H[DPSOH�RI�KRZ�GLIIHUHQW�RUJDQLVPV�DUH�DGDSWHG�IRU�GLIIHUHQW�HQYLURQPHQWV��GHSHQGLQJ�
RQ�WKH�W\SH�RI�IRRG�DYDLODEOH��GLIIHUHQW�ELUGV�KDYH�HYROYHG�GLIIHUHQW�µWRROV¶�WR�DOORZ�WKHP�WR�KXQW�VXFFHVVIXOO\�

Timing
About an hour, depending on how involved the students get.

Materials
�� µ%HDNV¶�VXFK�DV�FKRSVWLFNV��VSRRQV��VWUDLQHUV�RU�VORWWHG�VSRRQV��SOLHUV�RU�QXWFUDFNHUV��H\HGURSSHUV��

straws, envelopes, tongs
�� µ)RRG¶�VXFK�DV�FRRNHG�ULFH��ORRVH�OHDI�WHD��D�FKLFNHQ�ERQH�ZLWK�VRPH�PHDW�RQ�LW��VXQÀRZHU�VHHGV��

SRSSHG�SRSFRUQ��VPDOO�GULHG�¿VK��VRPH�FRORXUHG�ZDWHU
�� µ+DELWDWV¶�VXFK�DV�D�VPDOO�WKLQ�WXEH�WR�FRQWDLQ�WKH�FRORXUHG�ZDWHU��QHFWDU���D�JODVV�RI�VXJDU�RU�VDOW�

�UHSUHVHQWLQJ�VRLO��WR�KLGH�WKH�JXPP\�ZRUPV�LQ��D�JODVV�RI�ZDWHU�WR�VRDN�WKH�¿VK�LQ�DQG�DQRWKHU�WR�
ÀRDW�WKH�WHD�LQ�

�� 3LFWXUHV�RI�UHDO�ELUG�EHDNV�WKDW�PDWFK�\RXU�DFWLYLW\�µEHDNV¶

+HUH�DUH�VRPH�H[DPSOHV�EHORZ��6WXGHQWV�VKRXOG�JHW�FUHDWLYH�DQG�FRPH�XS�ZLWK�PDQ\�PRUH�W\SHV�RI�EHDNV�WR�
match real bird beaks and habitats. 

The story of the peppered moths 

Peppered moths are a small speckled moth with two colour variants – dark and light. Researchers 
discovered at the start of last century that the dark coloured variant was becoming more 
common, until eventually there were hardly any light coloured 
moths at all. The explanation was that pollution as a result of the 
industrial revolution was making the bark of the trees darker, 
and so the dark coloured variants were able to hide better from 
predators. The light-coloured moths stood out from the dark 
tree bark and were eaten more often, which meant that they 
weren’t able to pass on their genes to the next generation. Later, 
when pollution was less of a problem, the light coloured moths 
were able to increase in numbers again.

“Beaks”

Real Birds

Habitats

Spoonbill Hummingbird
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Worms in dirt

Warbler
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Preparation and Safety
7KLV�H[SHULPHQW�FDQ�WDNH�D�ORQJ�WLPH�WR�VHW�XS��DQG�PD\�LQYROYH�VRPH�UHVHDUFK�WR�¿QG�SLFWXUHV�RI�GLIIHUHQW�
ELUG�EHDNV�WR�PDWFK�WKH�WRRO�µEHDNV¶�\RX�KDYH�DYDLODEOH��

For each food you will need to put it in a habitat so the beaks represent the way that birds gather their food. 

Method
1. 6HW�XS�HDFK�KDELWDW�ZLWK�RQH�W\SH�RI�IRRG�LQVLGH�LW��
2. Let the students experiment with using different tools to get the food out. 
3. 6WXGHQWV�VKRXOG�JHW�FUHDWLYH�DQG�FRPH�XS�ZLWK�PDQ\�PRUH�W\SHV�RI�WRRO�µEHDNV¶�WR�PDWFK�UHDO�ELUG�

beaks and habitats. 
4. <RX�FRXOG�VHW�XS�UDFHV�EHWZHHQ�GLIIHUHQW�VWXGHQW�µELUGV¶�DQG�JHW�WKH�RWKHU�VWXGHQWV�WR�KHOS�GHFLGH�

which beak is best adapted to each food type. 

19.3. Classroom Food Web

Timing
One lesson, 30-40 minutes depending 
on the class’s interest and how much 
information you have to discuss.

Materials
�� 6WULQJ�
�� Marker pens
�� Cardboard (stiff paper) or paper, 

cut into rectangles to make name tags

Method
1. Choose an ecosystem that you have worked on in class, for example, a marine ecosystem, or a forest. 

Discuss the terminology and the trophic level pyramid above.
2. $VVLJQ�HDFK�VWXGHQW�D�OHYHO��3URGXFHU���VW�RUGHU�FRQVXPHU��KHUELYRUH����QG�RUGHU�FRQVXPHU��FDUQLYRUH�

or omnivore), 3rd order consumer (carnivore or omnivore), decomposer (detritivores). 
3. +DYH�WKH�VWXGHQWV�GHFLGH�RQ�DQ�RUJDQLVP�LQ�WKH�IRRG�ZHE�WKDW�¿WV�LQ�WR�WKH�OHYHO�\RX�KDYH�DVVLJQHG�

WKHP��)RU�H[DPSOH��WKH�µSURGXFHUV¶�PXVW�DOO�EH�SODQWV��EXW�WKH\�FRXOG�EH�GLIIHUHQW�W\SHV�RI�SODQWV�WKDW�
become food for different types of animals. Each student writes his/her organism on the card and 
hangs it around their neck.

4. 1RZ�XVH�WKH�VWULQJ�WR�FRQQHFW�HDFK�SDUW�RI�WKH�IRRG�ZHE�WR�WKH�SDUW�WKDW�HDWV�LW��6RPH�SHRSOH�VKRXOG�
only be connected to one or two others, but some people might be connected to lots of other people. It 
should look messy and complicated!

5. Lead a discussion about what would happen if one of the organisms disappeared. Would the predators 
change to other foods? What would then happen to their alternative foods? What would happen if 
WKHUH�ZHUH�QR�DOWHUQDWLYH�IRRGV"�+RZ�GR�KXPDQV�LQÀXHQFH�WKLV�HFRV\VWHP"�:KDW�UROH�GRHV�WKH�6XQ�
KDYH�DQG�ZKHUH�ZRXOG�WKH�6XQ�¿W�LQ"�7KH�WHDFKHU�FRXOG�EH�WKH�6XQ�DQG�MRLQ�RQ�WR�WKH�ULJKW�SODFH�LQ�WKH�
food web (feeding the green plants and algae).
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Southern Ocean Food Web

Forest Food Web

http://www.coolantarctica.com/Antarctica%20fact%20file/wildlife/whales/food%20web.htm

http://king.portlandschools.org/files/houses/y2/animalmaineia/files/species/wfrogkm/foodweb/food%20web.html
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Glossary
Accurate, Accuracy�±ࠓࠤ࠱߻࠘ࠩ࠿࡮ࠓ࠱ߺࠥࠊ��ࠤ࠘ࠩࠤ࠱߻࠘ࠩ�࠿ࠤ࠘ࠩ࠱ߺࠥࠊ��±�$FFXUDF\�LV�D�PHDVXUH�RI�KRZ�FORVH�D�
PHDVXUHG�TXDQWLW\�LV�WR�LWV actual�YDOXH��3UHFLVLRQ�LV�D�PHDVXUH�RI�WKH�UHSURGXFLELOLW\�RI�UHVXOWV��RU�KRZ�FORVH�
UHSHDWHG�PHDVXUHPHQWV�RI�WKH�VDPH�TXDQWLW\�DUH�WR�HDFK�RWKHU�

Adaptation ±�ࠩ࠰ߺ࠳ࠊࠛ࠰ࠎࠕ࠯ࠣ࠳ࠏ࠯ࠫࠥ࠱ࠓ�࠰࠮߾࠴ࡵ࠰ࠎࠕ࠰ࠎ࠘࠰߾࠴ࠕ ࠯࠰߾߻࠲࠰߾ࠧࠥࠋࠎࠩ࡮ࠓࠫࠏ࠲�࠰߾ࠤࠛࠩࠤࠖࠥ࠴ࠕ࠳ࠋࠩࠦࠄࠤ࠴࠱ࠖࠩ࠰ߺࠧࠥࠖ࠮࠰߾࠴ࠎ࠰߾࠱ߺ࠯࠰ࠎࠗ࠰ࠊࠏ�࠿࠯࠰߾߻࠲࠯ࠤ߿࠯࠳ࠓ�
�RU�IHDWXUH��RI�WKH�ERG\�RU�EHKDYLRXU�RI�DQ��Q�DGDSWDWLRQ�LV�D�WUDLW$�±�ࠤࠉࡇߺࠖ�ࠤ࠘ࠩ߿ࠩࠤ࠱࠴ࠖࠩ࠰ߺࠧࠥࠖ�ࠏ࠲ࠩ࠰߾ࠀࠛ
organism that allows the organism to be better suited to its environment.

Aggregate ±ࠉࠤࠓࠏ�࠯࠰߾ࠣࠏࠩࠧ߿ࠧ߿�࠿࠯࠰߾ࠣࠏࠩࠧ߿ࠧ߿���DGM�±�±�7�ࠤ࠘ࠩ࠯ࠤࠋ࠯࠰߾ࠣࠏࠩࠧ߿�R�DJJUHJDWH�LWHPV�LV�WR�JURXS�WKHP�WRJHWKHU��
An aggregate can also be a joined group of separate parts. 

Attribute – ࠯ࠦࠞ࠰߿ࠊࠨࠖ�ࡀ࠰ࠄ࠘ࠏ࠲࠰ࠏ߿࠰ߺࠀ࠮࠰߾࠴ࠎ࠯࠰߾ࠕࠛ࠯࠰߾ࠤߺࡤࠩࠛࠧࠥߺ࠰ࠌࠖࠕ�ࡀ࠰ࠄ࠘࠰ࠊࠐ࠲࠯ࠧ࠭ࠀ�ࠧࠥߺ࠯࠳࠘ࠩࠛ࠰ࠄࠕࠛࡺࠪࠕ�ࠧ߻࠰߿ࠊࡺࠪ࠳ࠐ࠰߿ࠊ�
 �An attribute is a feature or trait. It can be physical±�ࡀ࠰ࠄ࠘ࠏ࠲ࡅࠐࠩࠨࠔ࠰ࠊ࠴ࠓ�࠰߿ࠐ࠲ࠛ࠯࠰߾ࠕ࠯࠰߾ࠤߺࡤࠩࠛ�ࡀ࠰ࠄ࠘࠰߾ࠧࠥࠀ࠰ߺ࠘�±
(appearance) or to do with a process.

Collate – ࠛࡀ࠰ࠄ࠘࠰ࠞ߿ࠦ߿࠯࠰ࠄ߿ࠧ߿�࠱ߺࠊ࠰߿ࠎ߿�ࡀ࠰ࠄ࠘࠰ࠞ࠴ࠔ࠯࠰߾ࠧࠥ࡮ࠎ�ࡀ࠰ࠄ࠘ࠦ߿࠯࠰߾ࠧࠥࠊࠛ࠰ࠞ߿ࠛࠦ߿�±�To collate a group of results is to 
collect and combine them because they are to be compared or analysed.

Compressing, Compressions�±�±�7ࡀ࠰ࠄ࠘ࠨࠔ࠯࠰߾࠳࠘ࠧ࠭ࠏ�࠰ࠎࠕ࠰߿ࠐ࠲࠭߿ࠧ࠭ࠏ�ࠤ࠘ࠩ࠰ࠏࠛࠧࠥࠖ�ࡂ࠰ࠏࠥ࠴ࡵࠥࠐ�ࡀ࠰ࠄ࠘࠰߿࠴ࠄࠥࠐ�ࡂ࠯࠰߾ࠣࠏࠩࠧ߿�KH�SURFHVV�
or result of becoming smaller or pressed together. In lateral waves, compressions are parts of the waves where 
WKH�PROHFXOHV�DUH�VTXHH]HG�WRJHWKHU�DQG�KDYH�KLJKHU�GHQVLW\�

Concave ±ࡀ࠰߾ࠏ࠲ࠤ࠴ࡵ࠰ߺ࠱ࠓ�࠿࠯࠰ࠄࡋ߿ࠏ�ࠤ࠘ࠩࠎࠩ࠰߾ࠗ࠰ߺ࠳߻��H�J��&RQFDYH�PLUURU�±࠰ߺ࠳߻࠯ࠨࠖࠦࠒ࠰ࠎ࠴ࠓ� Curve like the inner surface 
RI�D�VSKHUH�RU�ERZO��6RPHWKLQJ�FDQ�EH�PRUH�FRQFDYH�WKDQ�VRPHWKLQJ�HOVH�LI�LW�LV�PRUH�WLJKWO\�FXUYHG��L�H��D�
smaller sphere). The inside of a satellite dish is concave.

Concentration ±�ࠛ�±�7ࡀ࠰ࠎࠥ࠱߻࠯ࠖࠩࠛ�ࡄࠧ߻࠰߿ࠊ࡙ࠫࠊࠗࠤࠕࠛ�࠿࠯ࠤࠛ࠯࠰߾ࠏ࠲�࠿࠯࠰߾߻࠲࠰ߺࠧࠥ߿࠯ࠨ߿ࠧ࠭ࠕࠤKH�DPRXQW�RI�D�VROXWH�GLVVROYHG�LQ�D�
solvent. For example, if sugar is my solute and water is my solvent, if I disolve 1 kg of sugar in 2 L of water, I 
have a concentration of 0.5 kg/L. Dissolving more sugar gives a higher concentration (more concentrated) and 
adding more water “dilutes” the solution. 

Conducted ±�IURP�µFRQGXFWLRQ¶±��ࠛ࠯࠰߾߻࠲࠯ࠨߺ࠰ࠊࠐ࠲ࠨࠏ�࠰ࠔ࠳࠘࠰ߺࠀ�࠿࠰ࠄ࠘࠭ࠀ࠰ߺࠀࡺ࠳ࠊࠩࠥࠋ��ࡺࡰࠕࠩࠓ࠯ࠤ࠱ࠓ࡙ࠫࠋࠗࠤࠕࠛ�
�ࡀ࠯࠰ࠄࡋ߿ࠏ�࠰࠮ࠄ࠘࠯ࠤࠋ࠯ࠏࠩ࠰ࠔ࠳࠘࠰ߺࠀ�࠰ߺ࠳ࠊࠛ�࠰ࠎࠕ࠰߾ࠧࠥࡵ࠯ࠨߺ࠰ࠊࠐ࠲࠰߿߿࠰ࠏ࠱࠴ࠖ��ࡹࠧࠥ࠘�ࠨࠏࠛ�±��Ğ͘Ő͘�ĐŽŶĚƵĐƚŽƌࡀ࠰ࠄ࠘�࠯ࠤࠋ࠯ࠏࠩ
±�Conduction is the transfer of heat from a warm place to a cool place. It occurs through matter, but doesn’t 
UHTXLUH�PRYHPHQW�RI�WKH�PDWWHU��XQOLNH�LQ�³FRQYHFWLRQ´�ZKLFK�UHTXLUHV�WKH�SDUWLFOHV�RI�PDWWHU�WR�PRYH�WR�
WUDQVIHU�WKH�KHDW��DQG�WKHUHIRUH�FDQ�RQO\�KDSSHQ�LQ�D�OLTXLG�RU�D�JDV��

Convex ±ࡀ࠰߾ࠏ࠲ࠤ࠴ࡵ࠰ߺ࠱ࠓ�࠿࠯࠰ࠄࡋ߿ࠏ�ࠤ࠘ࠩࠎࠩ࠯ࠧ࠭߻��H�J��&RQYH[�PLUURU�±ࡀ࠰ߺ࠳߻࠯ࠨࠖࠦࠒ࠰ࠎ࠴ࠓ� Curved surface like the outside of a 
sphere or bowl. The back of a spoon is convex.

Detergent ±�ࠛࡀ࠯ࠫࠥ࠱ࠓ࠰߿ࠊ࠯ࠀࠩ�ࠌࠑࠩࠧࠊࠣࠍ�ࠤ࠘ࠩࠕ࠯ࠧ࠭࠘�ࡂࠤࠕࠩ�࠰࠮߾ࠐ࠲ࠕࠩ�࠰߾࠳ࠊࠤࠕ࠰ࠊࠧࠋ࠰ࠔࠐ࠯ࠤ࠱ࠓ࠯ߺࡤࠩࠛ࠰߿ࠄࠛ�࠿࠯ࠀࠩ࠰ࠊ࠳ࡣ߻࠯࠰ࠎ࠳߿�A 
type of chemical that is used for cleaning. A molecule chain of detergent has one end that attracts water and 
one end that attracts fats and oils. This allows the fats and oils to mix with the water so they can be rinsed 
away. 

Diminished ±ࡀ࠰ࠄ࠘࠯ࠤ࠳࠘࠯ࠣࠏ࠮ࠤ࠱࠴ࠖࠩ�࠰ࠔ߾࠯࠘ࠩࠧࠥࠓࠧࠥࠏ��±�To be made smaller, but to retain the same basic shape. 

Displaced –ࡀ࠰ࠄ࠘ࠕ࠭߻࠯࠰߾߻࠲ࠨࠔࠤࠕࠎࠩ࠰߾ࠗ࠯ࠤ߿ࠛ�ࡀ࠰ࠄ࠘ࠕ࠭߻࠰ࠊࠧࠋ࠰ࠔࠐ�ࡀ࠰ࠄ࠘ࠕ࠭߻࠯࠰߾߻࠲࠯ࠤ࠴ࠕ࠰ࠔࠐ�࠴ࠓࠤࠕࠎࠩ�ࡀ࠰ࠄ࠘࠰ࠊࠧࠋ࠰ࠔࠐ��±�To be 
moved out of the way by something else.

Elastic – ࡀࠤ࠘ࠩ࠰߾ࠧࠥࠎࡺ࠭࡮ࠕ�ࡀࠤ࠘ࠩ࠰߾ࠧࠥࠎࡺࠫ࠭࠱ߺ࠰߾ࠧࠥࠎࡺ࠰ࠎࠀ�±�A property of matter that allows a substance to regain its shape. 
E.g. when you stretch a rubber band and then release it, it will return to its original shape, so it is elastic.

Estimate  – ࠛ࠰ࠌࠖࠕ࠯ࠫࠥ࠱ߺ�ࡀ࠰ࠄ࠘࠰ߺ࠱߻࠰ߺ࠳ࠊ࠯࠰ࠎ࠴ࠓࡹ࠰ࠎ߻�ࠧࠥߺ࠰ࠊࠥࠕ࠯ࠤ߿࠱ߺ࠰ࠎࠧߺ��ࡺࠧࠥ࠘�±�A prediction about a result. It is 
VRPHWLPHV�FDOOHG�DQ�µHGXFDWHG�JXHVV¶��EXW�DQ�HVWLPDWH�FDQ�DOVR�EH�YHU\�DFFXUDWH�LI�\RX�NQRZ�D�ORW�DERXW�ZKDW�
you are expecting in the results.

Expand – ࠯࠰߾߻࠲ࠤࠖ࠰ࠔ࠱ߺ�࠿࠯࠰߾߻࠲ࠤࠖ࠯ࠤߺࡺ࠰ࠎࠏ࠲��±�The process of growing bigger, but retaining the same shape.

Extinguish – �±�7ࡀ࠰ࠄ࠘߿ࠩ࠰ࠊ࠘࠯ࠧ࠭ࠀࠛ�ࡀ࠰ࠄ࠘࠯࠰ࠓࠥ߾࠲࠯ࠦࠓ�ࡀ࠰ࠄ࠘࠯࠰ࠓࠥ߾࠲࠯ࠦࠓ�ࡀ࠰ࠄ࠘࠰ࠊࠧࠋ࠰ࠔࠐR�SXW�RXW�D�ÀDPH�
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Gradient ±࠰ߺࠤ߿ࠩࠤ࠱࠴ࠖࠩ�࠿ࠤ࠱࠴ࠖࠩ߻࠲ࠩ࠰߾ࠀ��±�The slope between two points, measured as rise/run. In maths, if you 
think about two points on an x/y graph, the gradient is the (change in y)/(change in x).

Habitat – ࠓ࠲ࠩ࠰ࠏࠕ�ࠥࠊࠤࠁࠗࠤࠒ࠘�ࡀࠤࠕࠎࠩࠤࠕ࠰߾ࠧࠥࠋࠎࠩ࠯࠰߾ࠊࠦ࠴ࠓ࠯ࠤ࠱ࠓ࠰ࠎࡌࠤ߿ࠥࠕࠊ�± The environment in which an organism lives.

Immersed ±ࡀ࠰ࠄ࠘࠰߿࠴ࡵ࠯ࠖࠩࠧ࠭ࠕ࠰ࠏ࠴ࠓ࠲��±�&RPSOHWHO\�GLSSHG�RU�VXEPHUJHG�LQ�OLTXLG���

,Q¿QLWH�± ࠤ࠘ࠩࠕࠓࡂࠤࠊ࠯࠰߾ࠧࠥࠊ��±�6ࡀࠤ࠘ࠩࠥ࠴ࠕࠓ࠯ࠧ࠭ࠀࠛ�࠿ࠤ࠘ࠩࠥ࠴ࠕࠓ࠰ࠊ࠘ࠛࡹ࠰ࠎߺࠛ��ࠤ࠘ࠩ࠯ࠤࠓ࠯ࠦߺࡤ࠰߾ࠤࠛࠩ࠰ߺࠤࠖࠩࠕࠓRPHWKLQJ�
WKDW�LV�LQ¿QLWH�KDV�QR�HQG��RU�QR�PD[LPXP�VL]H�

Insulation ±�ࠛࡀ࠯࠰߾߻࠲࠯ࠏࠩ࠰ࠔ࠳ߺࠤߺ�ࠧࠥߺ࠰߿߿࠰ࠏ࠱࠴ࠖ�࠰࠮߾࠴ࡵࠨࠏ�,QVXODWRU�±�ࠛ�±�3࠯࠰ࠄࡋ߿ࠏࠤߺ࠰ࠏ࠱࠴ࠖ࠿ࠨࠏURWHFWLRQ�DJDLQVW�KHDW�RU�
electricity. A substance that is an insulator is a bad conductor of heat or electricity. 

Inverted ±�ࠩࡀ࠰ࠄ࠘߿ࠩ࠰߿ࠐ࠲࠰ࠎࠏ࠲࠯࠰߾ࠤࠏ࠲ࠩ�ࠧࠥߺ࡮ࠓ࠰ࠔ࠳࠘࠰ߺࠀ�ࡀ࠰ࠄ࠘߿ࠩ࠰߿ࠐ࠲࠰ࠎࠏ࠲࠯࠰߾ࠤࠏ࠲ࠩ�࠯ࠧࠥࠋ࠰ߺࠤࠁ�±�Upside down or reversed. 

Laterally – ࠩࡀࠤ࠘ࠩ࠰߿ࠐ࠲࠰ߺࠧࠥࠊ࠯ࠒ�±�relating to the side of something. In the context of something being laterally 
LQYHUWHG�LW�PHDQV�EHLQJ�ÀLSSHG�DORQJ�WKH�ODWHUDO�SODQH��DV�RSSRVHG�WR�WKH�YHUWLFDO�SODQH���

0DJQL¿HG�±ࡀ࠰ࠄ࠘߿ࠩ࠰ࠎࠋ࠯࠰߾ࠏ࠲�ࡀ࠰ࠄ࠘ࡺࠪ࠱߻࠯ࠦߺࡦࠧ࠭ࠏ��±�When something appears larger than it actually is. 

Mass ±�ࠛ࠯࠰߾ࠣࠏࠩࠛࠧ߿ࠛ�࠿ࠪ߻ࠛ࠯࠭ࠧࠊࠛ�࠿ࠪ߻ࠛ࠰߾ࠧࠥ߿�±�$�SURSHUW\�RI�PDWWHU�WKDW�LV�PHDVXUHG�LQ�NLORJUDPV��,Q�HYHU\GD\�
(QJOLVK��ZH�RIWHQ�UHIHU�WR�PDVV�DV�µZHLJKW¶��EXW�LW�LV�PRUH�DFFXUDWH�WR�WKLQN�DERXW�PDVV�XVLQJ�WKH�HTXDWLRQ�
F=ma (see 6.2). The higher an object’s mass (the heavier it is) the more inertia it will have.

Mass Balance –ࡀ࠯࠰ࠄࡋ߿ࠏ�ࠤ࠘ࠩ࠰ࠔ࠳ࠊ࠰ࠎࠥ࠱߻�ࠧࠥߺࠉࠤࠓࠏࠧࠋ࠰ࠑࠌ࠲�ࡄ࠯ࠤ࠱ࠓ࡙ࠫࠊࠗࠤࠕࠛ�࠿࠰߾࠳߻࠰ࠎࠥ࠱߻��±�Instrument for measuring mass 
that works by balancing two plates hanging from a central support. To operate the balance, you put a known 
PDVV�RQ�RQH�VLGH�DQG�VORZO\�DGG�WKH�XQNQRZQ�PDVV�WR�WKH�RWKHU�SDQ�XQWLO�WKH�VXSSRUW�LV�KRUL]RQWDO�EHWZHHQ�
the pans.

Odourless –  ࠛࡀࠤ࠘ࠩࠥ࠴ࠕࠓࡺ࠭ࠎ�±�Does not have a smell (odour).

Organic ±�࠘ࡀࠤ࠘ࠩ߿ࠩ࠰߿ࠐ࠲࠱ߺࠛ࠰߿ࠎ߿�࠿ࠤ࠘ࠩ࠰߾ࠧࠥࠀ࠰ߺ࠘࠰࠮߾࠴ࡵࠣࡊ߼ࠛ࠰ࠔࠧࠥߺ�ࡄ࠯ࠤ࠱ࠓࠥ࠴ࠕ࠰ߺ�±�A carbon-based substance, i.e. any 
material derived from a living organism.

Permeable – ࡀࠉࠤࠓࠏ�ࠤ࠘ࠩ࠰߾ࠧࠥࡵ࠰ߺ࠳ࠋ࠰࠮ࠓࠥ߿�࠿࠰߾ࠗ࠰࠮ࠓࠥ߿�±�$�VXEVWDQFH�WKDW�FDQ�EH�SHQHWUDWHG��SHUPHDWHG��±�LW�KDV�KROHV�
WKDW�DOORZ�VRPH�JDVHV�RU�OLTXLGV�WR�SDVV�WKURXJK��6RPHWKLQJ�LPSHUPHDEOH�ZRXOG�QRW�DOORZ�DQ\�JDVHV�RU�
OLTXLGV�WR�SDVV�WKURXJK�

Pipette –࠰ࠎ࠳ࠏ࠲࠰ࠎࠐ࠯ࠧ࠭࠘࠯࠰ࠎ߻ࠪ࠳߻࠰ࠊࠤࠍ��±�D�SODVWLF�RU�JODVV�WXEH�WKDW�FDQ�VXFN�LQ�DQG�KROG�D�OLTXLG��,W�LV�RIWHQ�SRVVLEOH�WR�
PHDVXUH�DQ�H[DFW�DPRXQW�RI�OLTXLG�ZLWK�WKH�SLSHWWH��

Plane ±ࡀࠤ࠘ࠩࠥ࠴ࠕࠓ࠴ࠓࠤࠒ�ࡀࠤࠕࠎࠩࠤ࠘ࠩࠥ࠴ࠕࠓ࠴ࠓࠤࠒ��±�$�SODQH�LV�D�ÀDW��WZR�GLPHQVLRQDO�VSDFH��7KLQN�DERXW�WKH�
KRUL]RQWDO�SODQH�DQG�WKH�YHUWLFDO�SODQH�RI�\RXU�ERG\�±�WKH\�DUH�LPDJLQDU\�VXUIDFHV�WKDW�ZRXOG�EH�SHUSHQGLFXODU�
WR�HDFK�RWKHU��:KHQ�\RX�DUH�VWDQGLQJ�XS��WKH�KRUL]RQWDO�SODQH�ZRXOG�EH�SDUDOOHO�ZLWK�WKH�JURXQG��DQG�WKH�
vertical plane would be parallel with your spine and perpendicular to the ground.

Preserved ±ࡀ࠰ࠄ࠘࠯ࠤࠋ࠯࠰ࠓࠥ࠘࠯࠰ࠓࠥࠋ�࠰ࠎࠕ߿ࠩࠎࠩࠥ࠴ࠕ࠯࠰߾ࠧࠥࠊࠛ࠯ࠤࠋࠛࠎࠩࠛ�ࠖࠨࠓ��±�to maintain in a perfect or unaltered 
condition; to save for later.

Rarefactions ±�ࠛࠖ�±�7࠯࠰߾߻࠲࠰ࠎࠏ࠲࠯࠰߾KH�SDUWV�RI�D�ZDYH�ZKHUH�WKH�PROHFXOHV�DUH�VSDFHG�IDU�DSDUW�±�WKH\�DUH�WKH�
opposite points in the wave to the compressions.

Saturated ±࠰ࠄࠕ࠰ࠤ࠱ࠏࠩࠗ࠮࠰ࠄࠏ࠲��–�A solution that is at its maximum capacity for a solute. For example, a solution of 
salt and water is saturated when no more salt will dissolve in the water.

SI unit�±�±�7࠰߿ࠎࠨࠔࠤࠊࠛ࠯࠰߾ࠧࠥࠊࠛ�࠯ࠧ࠭࠘ࠤߺࠊ࠭߾࠰߾ࠧࠥࡵ ࠯ࠤ࠱ࠓࠤࠊࠛ࠯࠰߾ࠧࠥࠊࠛ࠯ࠧ࠭࠘ࠤߺࠊ࠭߾࠰߾ࠧࠥࠎ�KH�,QWHUQDWLRQDO�6\VWHP�RI�8QLWV�
�DEEUHYLDWHG�6,�IURP�WKH�)UHQFK�Système international d’unités). This system provides international standards 
IRU���XQLWV�RI�PHDVXUHPHQW��0HWUHV��P��IRU�/HQJWK��.LORJUDPV��.J��IRU�0DVV��6HFRQGV��V��IRU�WLPH��$PSHUHV�
�$��IRU�HOHFWULFDO�FXUUHQW��.HOYLQ��.��IRU�WHPSHUDWXUH��&DQGHOD��FG��IRU�OXPLQRXV�LQWHQVLW\�DQG�0ROHV��PRO��IRU�
amount of a substance.

Stimuli ±�ࠖࡀ࠰ࠄ࠘࠯ࠏࠩ࠳ࠀ࠯࡮ࠥࡵ�ࡀ࠰ࠄ࠘࠰ࠤࠀࠩࡺࠫ࠭࠴�±�A stimulus (plural stimuli) is something that causes a response. For 
example, touching something hot is a stimulus that triggers you to move your hand away.

Superimposed ±�ࠛࠩࡀ࠰ࠄ࠘࠯ࠤࠋ࠰ࠏࠧࠛ࠯ࠧ࠭ࠐ�࠭ࠓ࠰ࠏࠋ�࠴ࠓࡅࠏࠩࠛ�ࠧࠥߺࠧ߻ࠧ߻࠰߿ࠊ�࡙ࠫࠊࠗࠤࠕࠛ�ࡀ࠰ࠄ࠘࠯࠰߾ࠣࠏࠩ࠰ࠏࠋࠤ࠴ࠓࡅࠏ�±�When something 
is placed or lain over the top of something else. 

Swells – ࠄ࠘ࠤࠖ࠰ߺࠊ࠳ࠏ�ࡀ࠰ࠄ࠘ࠤࠖ࠳ࠏ – Grows larger.
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Taper – ࡀ࠰ࠄ࠘࠯ࠤ࠳࠘࠰ࠎ࠱࠳߻ࡺࠧࠥ࠘࠰ߺࠐ࠰߿ࠊ�Q�±࠰࠮ࠄ࠘࠯ࠤ࠱࠴ࠖ࠰ࠄ࠴ࠕ࠯࠰߾ࠤࠏ࠲ࠩ࠰ࠔ࠳࠘�࠿ࠤ߿࠯ࠦࠓ࠰࠮ࠄ࠘࠯ࠤࠋ࠯ࠨࠖ࠯࠰߾ࠤࠔࠩࠐ�࠰ࠎࠕ࠯ࠨߺ࠰ߺࠤࠊࠩ࠯ࠦࠓ��
��RU�WUDGLWLRQDOO\��D�FDQGOH�ZLFN���SLHFH�RI�ZRRG�RU�SDSHU$�±�ࡀ࠰ࠄ࠘࠯ࠤ࠳࠘࠯࡮ࠕ࠯ࠤ࠱ࠐࠛ�ࡹࠧࠥ࠘࠰ߺࠐࠊ࠯࠰ࠎ࠳߿ࠛ�±��Yࡀ࠰߾ࠧࠥࠊ࠯࠰߾ࠤࠔࠩࠐ
WKDW�LV�XVHG�WR�PRYH�¿UH�IURP�RQH�SODFH�WR�DQRWKHU��IRU�H[DPSOH�WR�OLJKW�RQH�FDQGOH�IURP�DQRWKHU��

Tripod – ࠩ࠰߾߿࠰ߺࠤࠋࠩ࠯࠰߾ࠤ࠱߻ࠩ࠯ࠧ࠭࠘߻࠲��ࠪ࠳ࠏ࠯ࠤ߿�࠰ߺࠤࠋࠩ࠯࠰߾ࠤ࠱߻ࠩ࠯࠭ࠧ࠘߻࠲ࠩ�ࡹࠥࠧ࠘�±�$�IUDPH�ZLWK�WKUHH�IHHW�WKDW�VXSSRUWV�WKH�
weight of some other object.

Thermometer –�ࠛࠤࠔࠥࠕࠥߺ࠯࠰߾ࠧࠥࠊ࠰ࠎࠥ࠱߻ࠨࠏ�– Instrument for measuring temperature, usually made out of glass with a 
bulb containing alcohol or mercury which expands a known amount when heated.

Valid – ࡀࠤ࠘ࠩ࠰߾ࠧࠥࡵ࠭߻࠰ߺࠖࠕࠛࠌࠩࠏࠞ�ࡀࠤ࠘ࠩ࠰߾ࠧࠥࡵࠫࠏ࠲࠰ࠔ࠳ߺࠛࠤߺࠛ�ࡀࠤ࠘ࠩࠤࠓ࠰߾ࠧࠥ߻�ࡀࠤ࠘ࠩ࠰ࠎߺ࠰ࠎ࠴ࠓ࠱ߺࠥࠊ�
.When an idea or result is sound, well-founded and logical ±�ࡀࠤ࠘ࠩ࠯࠘ࠩ࠯ࠧ࠭ࠀ࠰ࠎࠧߺࠓ࠯࠰ࠓࠊ࠰ߺ࠘

Velocity ±�ࠛࠖ࠰߾࠱�±�$�PHDVXUHPHQW�RI�WKH�VSHHG�RI�DQ�REMHFW�DQG�LWV�GLUHFWLRQ�RI�PRWLRQ��9HORFLW\�LV�PHDVXUHG�
LQ�PHWUHV�SHU�VHFRQG�VTXDUHG��P�V-2).

Weight ±࠰ࠎࠥ࠱߻࠯ࠖࠩࠛ�ࡀ࠯ࠤࠛࠪ࠳ࠀ࠯ࠦߺࡦࠓ࠲ࠩࠤࡡࠓߺ� - Mass times gravity, measured in newtons. An object with a mass of 
1 kg will have a weight of 9.8 N on Earth, but a lower weight on Mars where gravity is weaker.
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Materials List
General Materials Needed for all Sections

ͻ� �ĂŶĚůĞƐ
ͻ� WĂƉĞƌ�ĂŶĚͬŽƌ�ĐĂƌĚďŽĂƌĚ�;ǁŚŝƚĞ�ĂŶĚͬŽƌ�ĐŽůŽƵƌĞĚͿ
ͻ� WĂƉĞƌ�ĐůŝƉƐ
ͻ� WĞŶƐ
ͻ� WůĂƐƟĐ�ďĂŐƐ
ͻ� WůĂƐƟĐ�ďŽƩůĞƐ
ͻ� �ůĞĂƌ�ƉůĂƐƟĐ�ĐƵƉƐ
ͻ� ^ĐŝƐƐŽƌƐ
ͻ� ^ƚƌŝŶŐ
ͻ� dĂƉĞ�ĂŶĚͬŽƌ�ŐůƵĞ
ͻ� tĂƚĞƌ

General Science
ͻ� �ůƵŵŝŶŝƵŵ�ĐĂŶƐ
ͻ� �ŽŽŬŝŶŐ�ƉůĂƚĞƐͬĚŝƐŚĞƐ
ͻ� /ĐĞ�ďůŽĐŬƐ�;Žƌ�ůĂƌŐĞ�ŝĐĞ�ĐƵďĞƐͿ
ͻ� >ŝŐŚƚĞƌ
ͻ� ZƵůĞƌƐ�Žƌ�ŽƚŚĞƌ�ĐĞŶƟŵĞƚƌĞ�ŵĞĂƐƵƌŝŶŐ�ĚĞǀŝĐĞ
ͻ� dŚŝŶ�ƉŝĞĐĞƐ�ŽĨ�ďĂŵďŽŽ
ͻ� �ŽůŽƵƌĞĚ�ƉĞŶĐŝůƐ�;ŽƉƟŽŶĂůͿ
ͻ� 'ƌĂƉŚ�ƉĂƉĞƌ�;ŽƉƟŽŶĂůͿ
ͻ� dŚĞƌŵŽŵĞƚĞƌ�;ŽƉƟŽŶĂůͿ
ͻ� ^ƚŽƉǁĂƚĐŚ�;ŽƉƟŽŶĂůͿ

Physics
ͻ� ϮϬϬ�ŵ>�ŵĞĂƐƵƌŝŶŐ�ĐƵƉƐ�Žƌ�ďŽƩůĞƐ
ͻ� �ůƵŵŝŶŝƵŵ�ĨŽŝů�
ͻ� �ĂůůŽŽŶƐ
ͻ� �ĂƩĞƌǇ�ƉĂĐŬƐ
ͻ� �ĞĂŵ�ŝŶ�ĐĞŝůŝŶŐ�Žƌ�Ă�ŚŽŽŬ�ŽŶ�Ă�ĚŽŽƌ�ĨƌĂŵĞ
ͻ� �ůĂĐŬ�ƉĂŝŶƚ�Žƌ�ĨĂďƌŝĐ
ͻ� �ůŽĐŬƐ�ŽĨ�ǁŽŽĚ�Žƌ�ŇĂƚ�ƐƚŽŶĞƐ
ͻ� �ĂƌĚďŽĂƌĚ�ďŽǆĞƐ�ŽĨ�ĚŝīĞƌĞŶƚ�ƐŝǌĞƐ
ͻ� �ĂƌĚďŽĂƌĚ�ŝŶƐĞƌƚƐ�ĨƌŽŵ�ƚŽŝůĞƚ�ƌŽůůƐ
ͻ� �ĂƌĚďŽĂƌĚ�Žƌ�ƉůĂƐƟĐ�ƚƌĂǇ�ǁŝƚŚ�ƌĂŝƐĞĚ�ĞĚŐĞƐ
ͻ� �ůŽƚŚĞƐ�ƉĞŐƐ
ͻ� �ŽŬĞ�ĐĂŶ�ďƵƌŶĞƌ�;ĐĂŶ�ďĞ�ŵĂĚĞ�ŝŶ�Ϯ͘ϮͿ
ͻ� �ŽŶĐƌĞƚĞ�ǁĂůů�Ăƚ�ůĞĂƐƚ�Ϯ�ŵĞƚƌĞƐ�ŚŝŐŚ
ͻ� �ŽŶĚƵĐƟŶŐͬ/ŶƐƵůĂƟŶŐ�ĚŽƵŐŚ�;ƚĂƉ�ǁĂƚĞƌ͕ �ďŽƩůĞĚ�

ǁĂƚĞƌ͕ �ŇŽƵƌ͕ �ƐĂůƚ͕�ǀŝŶĞŐĂƌ͕ �ǀĞŐĞƚĂďůĞ�Žŝů͕�ƐƵŐĂƌͿ
ͻ� �ŽƉƉĞƌ�ĨƵƐĞ�ǁŝƌĞ�Žƌ�ĂŶǇ�ŝŶƐƵůĂƚĞĚ�ĞůĞĐƚƌŝĐ�ǁŝƌĞ
ͻ� �ƌŝŶŬŝŶŐ�ƐƚƌĂǁƐ
ͻ� �ŐŐƐ
ͻ� �ŵƉƚǇ�ĂůƵŵŝŶŝƵŵ�ĐĂŶƐ
ͻ� &ůĂƐŚůŝŐŚƚ�ǁŝƚŚ�ďĂƩĞƌŝĞƐ
ͻ� &ŽŽĚ�ĚǇĞ�ƉŽǁĚĞƌ�;ŽƉƟŽŶĂůͿ
ͻ� ,ĞĂǀǇ�ŐůĂƐƐĞƐ�Žƌ�ďŽǁůƐ�ĞǆĂĐƚůǇ�ƚŚĞ�ƐĂŵĞ�ƐŝǌĞ

ͻ� <ŶŝĨĞ�Žƌ�ƐŬĞǁĞƌ
ͻ� >ĂƌŐĞ�ďĂƐŝŶ
ͻ� >���ůŝŐŚƚƐ
ͻ� DĂƌďůĞƐ�;ŽĨ�ĚŝīĞƌĞŶƚ�ƐŝǌĞƐͿ
ͻ� DĂƚĐŚĞƐ�Žƌ�ůŝŐŚƚĞƌ
ͻ� DĞƚĂů�ĐŽŽŬŝŶŐ�ƉŽƚ
ͻ� WĂƉĞƌ�ƚŽǁĞů�Žƌ�ŶĂƉŬŝŶ
ͻ� WĞŶ�ůŝĚ
ͻ� WŝĞĐĞƐ�ŽĨ�ďĂŵďŽŽ
ͻ� WŝŶŐ�ƉŽŶŐ�ďĂůůƐ
ͻ� WůĂŶĞ�ŵŝƌƌŽƌ
ͻ� WůĂƐƟĐĞŶĞ�Žƌ�͚ƐƟĐŬǇ�ƚĂŬ͛�Žƌ�͚ďůƵĞ�ƚĂŬ͛
ͻ� ZƵďďĞƌ�ďĂŶĚƐ
ͻ� ZƵůĞƌƐ�Žƌ�ŽƚŚĞƌ�ĐĞŶƟŵĞƚƌĞ�ŵĞĂƐƵƌŝŶŐ�

ĚĞǀŝĐĞ
ͻ� ^ĐƌĞǁĚƌŝǀĞƌ
ͻ� ^ƚŽŶĞƐ
ͻ� ^ǁĞĞƚƐ�Žƌ�ĐŽŽŬĞĚ�ƌŝĐĞ
ͻ� tŽŽĚĞŶ�ĚĞƐŬ
ͻ� ^ƚŽƉǁĂƚĐŚ�;ŽƉƟŽŶĂůͿ
ͻ� dŚŝĐŬ�ĐůĞĂƌ�ƉůĂƐƟĐ�;ŽƉƟŽŶĂůͿ
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Chemistry
ͻ� ϮϬϬ�ƐŵĂůů�ĞĚŝďůĞ�ĨŽŽĚ�ŝƚĞŵƐ�;ƉĞĂŶƵƚƐ͕�ƉŽƉĐŽƌŶͿ
ͻ� ϵϬϬ�ǇĞůůŽǁ�ďĞĂŶƐ
ͻ� �ůĐŽŚŽů
ͻ� �ĂŬŝŶŐ�ƐŽĚĂ
ͻ� �ĂůůŽŽŶƐ
ͻ� �ŝīĞƌĞŶƚ�ŬŝŶĚƐ�ŽĨ�ŵĂƌŬĞƌƐ
ͻ� �ŝīĞƌĞŶƚ�ůŝƋƵŝĚƐ�ĂŶĚ�ƐŽůƵƟŽŶƐ�;Ğ͘Ő͘�ƐŽĂƉ͕�ǀŝŶĞŐĂƌ͕ �ůŝŵĞ�ũƵŝĐĞ͕�ƐĂůŝǀĂ͕�ƚŽŽƚŚƉĂƐƚĞ͕�ƐŚĂŵƉŽŽ͕�ĞƚĐͿ
ͻ� �ŝƐŚǁĂƐŚŝŶŐ�ĚĞƚĞƌŐĞŶƚ
ͻ� >ĂƌŐĞ�ŇĂƚ�ďŽǁůƐ�Žƌ�ĚŝƐƉŽƐĂďůĞ�ĐŽŶƚĂŝŶĞƌƐ
ͻ� >ĂƌŐĞ�:Ăƌ
ͻ� >ŝŐŚƚĞƌ�Žƌ�ŵĂƚĐŚĞƐ
ͻ� >ŝƋƵŝĚ�ĨŽŽĚ�ĐŽůŽƵƌŝŶŐ
ͻ� DĞƚĂů�ĐĂŶ�ďƵƌŶĞƌ
ͻ� DŝůŬ
ͻ� WĞƌŵĂŶĂŶƚ�ŵĂƌŬĞƌƐ
ͻ� ZĞĚ�ĐĂďďĂŐĞ
ͻ� ^ƵůƚĂŶĂƐ�Žƌ�ƌĂŝƐŝŶƐ
ͻ� dĞĂƐƉŽŽŶ
ͻ� dǁŝƐƚĞĚ�ƉĂƉĞƌ͕ �ďĂŵďŽŽ�ƐŬĞǁĞƌ�Žƌ�ƚŚŝŶ�ƉŝĞĐĞ�ŽĨ�ƟŵďĞƌ
ͻ� sŝŶĞŐĂƌ

Biology
ͻ� ͚�ŝƌĚ�ďĞĂŬƐ͛�;ƐĞĞ�ƉĂŐĞ�ϲϵͿ
ͻ� ͚�ŝƌĚ�ĨŽŽĚ͛�;ƐĞĞ�ƉĂŐĞ�ϲϵͿ
ͻ� ͚�ŝƌĚ�ŚĂďŝƚĂƚƐ͛�;ƐĞĞ�ƉĂŐĞ�ϲϵͿ
ͻ� �ĂƌĚďŽĂƌĚ�ďŽǆĞƐ
ͻ� �ŽīĞĞ�ĮůƚĞƌ�Žƌ�ƉŝĞĐĞ�ŽĨ�ƐĐƌĂƉ�ĨĂďƌŝĐ
ͻ� �ŽůĚ�ŵĞƚŚǇůĂƚĞĚ�ƐƉŝƌŝƚƐ
ͻ� �ŝƐŚͲǁĂƐŚŝŶŐ�ůŝƋƵŝĚ
ͻ� �ƌŝŶŬŝŶŐ�ƐƚƌĂǁƐ
ͻ� �ŐŐƐ
ͻ� /ŶƐĞĐƚ�Žƌ�ƐƉŝĚĞƌ�ŝŶ�Ă�ũĂƌ
ͻ� /ŽĚŝŶĞ�ƐŽůƵƟŽŶ
ͻ� <ŶŝĨĞ�ĂŶĚ�ĐŚŽƉƉŝŶŐ�ďŽĂƌĚ
ͻ� DĂŐŶŝĨǇŝŶŐ�ŐůĂƐƐĞƐ
ͻ� DĂƐƐ�ďĂůĂŶĐĞ�;ĐĂŶ�ďĞ�ŵĂĚĞ�ŝŶ�Ϯ͘ϭͿ
ͻ� DŽƌƚĂƌ�ĂŶĚ�ƉĞƐƚůĞ
ͻ� EĞǁƐƉĂƉĞƌ
ͻ� KŶŝŽŶƐ
ͻ� WĂƉĞƌ�ƚŽǁĞůƐ�Žƌ�ĐŽƩŽŶ�ǁŽŽů
ͻ� WŚŽƚŽĐŽƉŝĞƐ�ŽĨ�ĚŝĂŐƌĂŵƐ�ŽĨ�ŚƵŵĂŶ�ƐŬĞůĞƚŽŶ�ĂŶĚ�ĚŝŐĞƐƟǀĞ�ƐǇƐƚĞŵ�ĨƌŽŵ�ŚĂŶĚďŽŽŬ
ͻ� WŝĐƚƵƌĞƐ�ŽĨ�ďŝƌĚ�ďĞĂŬƐ�;ƐĞĞ�ƉĂŐĞ�ϲϵͿ
ͻ� WŝĞĐĞƐ�ŽĨ�ƌŝĐĞ͕�ďĂŶĂŶĂ͕�ďƌĞĂĚ͕�ĐĂŬĞ͕�ďŝƐĐƵŝƚ͕�ŽƌĂŶŐĞ�ƉĞĞů͕�ƉĂƉĞƌ͕ �ƐƵŐĂƌ͕ �ƉůĂƐƟĐ͕�ǁŽŽĚ�ĂŶĚ�ĂŶǇƚŚŝŶŐ�ĞůƐĞ
ͻ� WůĂŶƚ�ƐĞĞĚƐ�ŽĨ�ƉĞĂƐ�Žƌ�ďĞĂŶƐ
ͻ� WůĂƐƟĐ�ĨƵŶŶĞů�Žƌ�ƐŝĞǀĞ
ͻ� ^Ăůƚ
ͻ� sŝŶĞŐĂƌ
ͻ� ^Žŝů�;ŽƉƟŽŶĂůͿ
ͻ� ^ƵŐĂƌ�ƐǇƌƵƉ�;ŽƉƟŽŶĂůͿ
ͻ� ^ƚĂƉůĞƌ�;ŽƉƟŽŶĂůͿ




