
Science Lab 1.1
What is science ? 1.1.1

31.1.1. What is science?

Learning objectives:

To be able to explain how science works.

To be able to produce reliable information about the 
natural world.
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What is Biology, Chemistry and Physics ?

Biology

Biology, Chemistry and Physics are the major branches of science. These major branches can be further 
divided into many different sub branches like Genetics or Electromagnetism. 

Look at the pictures below and answer the following questions:
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Chemistry Physics

PPC, photo montage L. Pin PPC, photo montage S. Coté, WikipediaPPC, P. Waechter
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Science is different to other disciplines like 
languages or history. What do you think 
science is ?
.............................................................................................

.............................................................................................

.............................................................................................

.............................................................................................

.............................................................................................

.............................................................................................

What to you isn’t�VFLHQFH�RU�VFLHQWLÀF�"
..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

What do you think scientists do during their everyday work ?
..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

)LQDOO\��LV�VFLHQWLÀF�NQRZOHGJH�GLIIHUHQW�WR�DQ\�RWKHU�NLQG�RI�NQRZOHGJH"�-XVWLI\�\RXU�
answer. 
..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................
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Explain their 
ideas   accura-

tely

Scientists need to develop certain skills 
They need to be able to ……

Explain their 
data and 
share their 

results.

Develop 
explanations 
using models.

Explain 
 exactly how 

they did their 
investigations.

Challenge their 
own ideas and 

collaborate 
with other 
scientists

Be ready to 
change their ideas 

if new data has 
emerged.
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Read the following story about the stolen lunch and each time underline or highlight the suspect that 
you think did it. 

The Stolen Lunch !

SRPHRQH�KDV�WDNHQ�-XOLH·V�VDQGZLFK�DQG�GULQN��

It was right there on the table a minute ago but now it is 
JRQH«��8QIRUWXQDWHO\��-XOLH�GLGQ·W�VHH�ZKR�LW�ZDV��7KH�RQO\�
thing she can remember is that the culprit had a fake tattoo.

The class teacher wants to solve this incident. 

Three students were seen leaving the classroom at the time of 
the incident. They are….

Who do you think took the lunch?
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New Evidence!

The teachers have searched the lockers of 
Kate, Kevin and Kelly.

,Q�.HYLQ�DQG�.HOO\·V�ORFNHU�ZHUH�FRQVLGHUDEOH�
amounts of drinking bottles.

Who did it?

 Kate                Kevin                  Kelly

New Evidence!

7KH�VFKRRO·V�&&79�FDPHUD�VKRZV�WKDW�WKH�
culprit was not a boy.

Who did it?

 Kate                Kevin                  Kelly

New Evidence!

The teachers have found out some evidence. 

Kevin has recently been buying lots of drinks 
from the local supermarket and stored them in 
his locker.

Who did it?

 Kate                Kevin                  Kelly
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New Evidence!

The teachers have found out some evidence. 

.DWH·V�PXP�KDV�EHHQ�SUHSDULQJ�KHU�GULQNLQJ�
ERWWOHV�IRU�VFKRRO�ZKLOH�.HOO\·V�PXP�LV�ZDWFKLQJ�
79�RQ�WKH�VRID�

Who did it?

 Kate                Kevin                  Kelly

New Evidence!

The teachers have found out some evidence. 

Kate has been storing all of her drinking bottles 
her mum gave her in her locker. However, she 
has been supplying a friend with the drinks.

Who did it?

 Kate                Kevin                  Kelly
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New Evidence!

The teachers have found out some evidence. 

Kate has a fake tattoo.

Who did it?

 Kate                Kevin                  Kelly

New Evidence!

The teachers have found out some evidence. 

7KH\�VHDUFKHG�.DWH·V�ORFNHU�DJDLQ�DQG�IRXQG�
-XOLH·V�VDQGZLFK�DQG�GULQN�LQ�.DWH·V�VSRUW�EDJ��

Kate did it!

Version reserved for screening in class - use permitted only with paper versions



Science Lab

111.1.1. What is science?

1.1
.1.

  W
ha

t 
is 

sc
ie

nc
e 

? 

As you were reading through the story of the stolen lunch did the person 
you suspected change?

..........................................................................................................................................................................................

..........................................................................................................................................................................................

Why?

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

:KLFK�VFLHQWLÀF�VNLOO�GR�\RX�WKLQN�WKLV�VWRU\�KDV�WDXJKW�\RX"

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................
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Some Famous Scientists

Archimedes
(c.287-212 BCE) was 

an ancient Greek 
mathematician and 

inventor.

Leonardo da 
vinci

(1452-1519) was an 
Italian inventor 

and artist who lived 
during a period of 
history called the 

Renaissance.

Galileo Galilei
(1564-1642) was 
an Italian astro-
nomer and phy-
sicist. He was one 
RI�WKH�ÀUVW�SHRSOH�
to test his ideas by 

 experiment.

Benjamin 
 Franklin

(1706-1790) was an 
American inven-
tor and politician. 
His most exciting 
invention was the 

lightning rod.

Isaac Newton
(1642-1727) 

was an English 
 mathematician. He 

worked out how 
gravity works.

Carl Linnaeus
(1707-1778) was a 

Swedish botanist, a 
scientist who studies 
plants. He came up 

with the modern 
method of clas-

sifying living things. 

Mary Anning
(1799-1847) was 

a famous English 
fossil hunter. She 

GLVFRYHUHG�WKH�ÀUVW�
 Ichthyosaurus, which 
PHDQV�´ÀVK�OL]DUGµ��

Charles Darwin
(1809-1882) was an 
English naturalist 
who showed how 

animals can change 
over generations to 
form new species, 
a process called 

 evolution.
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Ada Lovelace
(1815-1852) 

was a British 
 mathematician 

whose work helped 
in the development 

of computers.

Gregor Mendel
(1822-1884) was an 
Austrian monk and 
botanist. He is the 
fathers of genetics.

Louis Pasteur
(1822-1895) was a 
French biologist 
who worked on 

 vaccinations to stop 
people getting ill.

Alexander 
 Graham Bell
(1847-1922) was 
a Scottish-born 

US inventor who 
SDWHQWHG�WKH�ÀUVW�

telephone.

Thomas Edison
(1847-1931) was an 
American  inventor. 
He improved the 

telephone and 
invented the light 

bulb.

Nikola Tesla
(1856-1943) was a 
Serbian- American 

inventor who 
 worked on electrics 
and radio techno-

logy.

Marie Curie
(1867-1934) was 
a Polish physicist 
who worked on 

 radioactivity. She 
pioneered using 

x-rays. 

Albert Einstein
(1879-1955) was a 
German  physicist 

whose  theory 
of  relativity 

 transformed our 
understanding of 

the universe.
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Rachel Carson
(1907-1964) was an 
American marine 
ELRORJLVW��+HU�ÀQ-

dings helped deve-
loping US laws to 

conserve the oceans.

Alan Turing
(1912-1954) was a 

British mathemati-
cian and computer 
scientist. He is most 
famous for solving 
the German naval 

enigma code during 
World War II.

Francis Crick
(1916-2004) was an 
English scientist who 
discovered the struc-

ture of DNA with 
-DPHV�:DWVRQ�

-DPHV�:DWVRQ
(1928-) is an English 
scientist who disco-
vered the structure 
of DNA with Francis 

Crick.

Rosalind Franklin
(1920-1958) was an 
English scientist who 
made X-ray images 

of DNA

-DQH�*RRGDOO
(1934-) is an  English 

scientist famous 
for her studies of 
chimpanzees. She 
discovered that 

chimpanzees are 
omnivores like 

 humans and that 
they make and use 

tools. 

Stephen 
Hawking

(1942-2018) was an 
English  physicist. 
He worked on 
 cosmology, the 
science of the 

 overall structure of 
the universe.

Source: rewritten from www.dk!ndout.com
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Notes:
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171.1.2.  Measurements and units

Learning objectives:

To be able to explain the need for a universal system 
of measurement in science.

To be able to identify and use the most common SI 
SUHÀ[HV�DQG�KRZ�WR�FRQYHUW�WKHP�

1.1.2Measurements and units
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The Story of the Dizzy Dog

2QFH�XSRQ�D�WLPH�WKHUH�ZDV�D�GL]]\�GRJ�ZKR�
ZHQW�WR�WKH�ORFDO�EDNHU\�WR�GR�KLV�VKRSSLQJ��+H�
HQWHUHG�WKH�EDNHU\�DQG�VDLG�´*RRG�PRUQLQJµ�WR�
WKH�EDNHU��´,�ZRXOG�OLNH�WR�EX\�D�FXELF�FHQWLPHWUH�
RI�EUHDG�SOHDVH�µ

´2K��,�DP�HYHU�VR�VRUU\µ�VDLG�WKH�EDNHU�WR�WKH�
GL]]\�GRJ�´�EXW�WRGD\�,�GRQ·W�KDYH�DQ\�FXELF�FHQ-
WLPHWUH�RI�EUHDG�OHIW��:RXOG�\RX�OLNH�WR�JHW�D�OLWUH�
RI�FDNH�LQVWHDG"µ�´�1R��WKDQN�\RX��,�ZLOO�MXVW�WDNH�
DQ�KRXU�RI�ELVFXLWV�µ�´,Q�PLQXWHV�RU�VHFRQGV"µ�DVNHG�
WKH�EDNHU��´,Q�GHJUHHV�&HOVLXV�LI�\RX�SOHDVH�µ�VDLG�
WKH�GL]]\�GRJ��´,�ZLOO�DOVR�WDNH���(XURV�RI�EUHDG�
UROOV�SOHDVH�µ

´,�¶P�VRUU\µ�VDLG�WKH�EDNHU�DJDLQ�´WRGD\�,�RQO\�
VHOO�����9ROWV�RI�EUHDG�UROOV�µ�´2K�WKDW·V�WRR�PXFK�
IRU�PH�,�ZLOO�WDNH�WZR�DQG�D�KDOI�$PSV�RI�YDQLOOD�
VOLFHV�WKHQ�µ

´6KDOO�,�SDFN�WKHP�LQ�PHWUHV�RU�PLOOLPHWUHV�IRU�
\RX"µ�DVNHG�WKH�EDNHU��´:HOO��QRUPDOO\�,�EX\�
WKHP�LQ�FDORULHV�µ�

´2K�QR�µ�VDLG�WKH�GL]]\�GRJ��´,�DP�ODWH�IRU�P\�
PHHWLQJ�ª��©,�KDYH�WR�UXQ��WKH�PHHWLQJ�VWDUWV�LQ�
��NLORJUDPV��*RRG�E\Hµ�VDLG�WKH�GL]]\�GRJ�WR�WKH�
EDNHU�DQG�OHIW�WKH�EDNHU\��

7KH�GRJ�DQG�WKH�EDNHU�LQ�WKH�VWRU\�VHHP�WR�KDYH�D�SUREOHP��'HVFULEH�WKH�
SUREOHP�WKH�WZR�FKDUDFWHUV�LQ�WKH�VWRU\�VHHP�WR�KDYH�

Suggest a possible solution to their problem.

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................
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:KHUH�'RHV�WKH�(QJOLVK�V\VWHP�RI�
�0HDVXUHPHQW�&RPH�)URP"

3HRSOH�ZHUH�YHU\�FUHDWLYH�LQ�WLPHV�EHIRUH�
they had standardised measuring devices. 
7KH\�XVHG�IDPLOLDU�REMHFWV�DQG�SDUWV�RI�
their body as measuring devices.

)RU�H[DPSOH��SHRSOH�PHDVXUHG�VKRUWHU�
GLVWDQFHV�RQ�WKH�JURXQG�ZLWK�WKHLU�IHHW�
�RQH�IRRW��ZKLOH�WKH\�PHDVXUHG�ORQJHU�
GLVWDQFHV�E\�WKHLU�SDFHV���D�ÅPLOH´�ZDV�D�
thousand paces). 
To measure capacities or volume they used common household items such 
DV�FXSV��EXFNHWV�DQG�EDVNHWV��,Q�IDFW��WKH�ZRUG�JDOORQ�FRPHV�IURP�DQ�ROG�
QDPH�IRU�D�EXFNHW�

'R�\RX�WKLQN�WKLV�ZDV�D�JRRG�ZD\�RI�PHDVXULQJ"�:KDW�SUREOHPV�FRXOG�WKH\�
KDYH�XVLQJ�WKHVH�GHYLFHV"

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

(YHQWXDOO\��D�VWDQGDUG�ZDV�VHW�VR�WKDW�DOO�PHDVXUHPHQWV�UHSUHVHQWHG�WKH�VDPH�DPRXQW�IRU�
 everyone. 

International System of Units

SI
Le Système International d’unités

:K\�GR�\RX�WKLQN�LW�LV�LPSRUWDQW�IRU�SHRSOH��HVSHFLDOO\�VFLHQWLVWV��WR�XVH�D�
XQLYHUVDO�V\VWHP�RI�PHDVXUH"�-XVWLI\�\RXU�DQVZHU�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

One foot

Version reserved for screening in class - use permitted only with paper versions



20

1.1.2.  M
ea

su
rem

ents a
nd

 u
nits

1.1.2.  Measurements and units

Science Lab

:KDW�,V�$FFXUDF\�DQG�3UHFLVLRQ�"

:KHQ�WDNLQJ�VFLHQWLÀF�PHDVXUHPHQWV��LW�LV�LPSRU-
tant to be both accurate and precise. 

$FFXUDF\�UHSUHVHQWV�KRZ�FORVH�D�PHDVXUHPHQW�
comes to its true value. 
8VLQJ�EDG�HTXLSPHQW��SRRU�GDWD�SURFHVVLQJ�RU�
due to human error can lead to inaccurate results 
that are not very close to the truth. 

3UHFLVLRQ�LV�KRZ�FORVH�D�VHULHV�RI�PHDVXUHPHQWV�RI�
the same thing are to each other. 
If you do an experiment once the result could 
KDYH�RFFXUUHG�IURP�D�UDQGRP�HUURU��,I�KRZHYHU�
you do an experiment 50 times and you get the 
same or a similar result each time then your results 
are more precise.  

)RU�H[DPSOH��

,I�\RX�SXW�D����NJ�PDVV�RQWR�D�EDODQFH�DQG�\RX�
get a reading of 30.04 then your balance gives 
you an accurate reading because the value is close 
to the true value.

,I�\RX�SXW�D����NJ�PDVV���WLPHV�RQWR�WKH�EDODQFH�DQG�\RX�JHW�D�UHDGLQJ�RI��������������DQG�������
then your results are precise because each time you got a similar result.

������NJ

������NJ ������NJ ������NJ
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Units and Quantities that are Used in  Measuring

/RRN�DW�WKH�GLIIHUHQW�PHDVXULQJ��
REMHFWV�EHORZ��WKHQ�ÀOO�LQ�WKH�WDEOH�
underneath.

Measuring instrument
Quantity measured (What is 

PHDVXUHG"�
Units used
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Measuring Length

/HQJWK�LV�D�PHDVXUH�RI�KRZ�long or wide�VRPHWKLQJ�LV��5XOHUV��WDSH�PHD-
VXUHV�RU�WUXQGOH�ZKHHOV�FDQ�EH�XVHG�WR�PHDVXUH�OHQJWK�RU�GLVWDQFH��

7KH�FRPPRQO\�XVHG�PHWULF�XQLWV�RI�OHQJWK�LQFOXGH�

NLORPHWUHV��NP�

metres (m)

centimetres (cm)

millimetres (mm)

%HIRUH�\RX�PHDVXUH�VRPHWKLQJ�\RX�QHHG�WR�HVWLPDWH�KRZ�ELJ�LW�LV�EHFDXVH�
WKLV�ZLOO�WHOO�\RX�ZKLFK�PHDVXULQJ�GHYLFH�DQG�XQLW�ZRXOG�EH�WKH�EHVW�VXLWHG��

)RU�H[DPSOH��,I�\RX�ZDQW�WR�PHDVXUH�WKH�GLVWDQFH�EHWZHHQ�RXU�VFKRRO�DQG�
WKH�ORFDO�SDUN�\RX�VKRXOG�XVH�D�WUXQGOH�ZKHHO�DQG�PHDVXUH�LQ�NP��

+RZHYHU��LI�\RX�ZDQW�WR�ÀQG�RXW�KRZ�ORQJ�DQ�LQVHFW�LV�\RX�
should use a ruler and the unit mm unit. 

Alvesgaspar, Wikimedia

S. Coté

S. Coté

S. Coté
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8VLQJ�D�5XOHU�&RUUHFWO\

,GHQWLI\�WKH�FRUUHFW�YDOXH�ZKLFK�WKH�DUURZV�VKRZ�RQ�WKH�IROORZLQJ�UXOHUV��

'UDZ�DQ�DUURZ�WR�VKRZ�WKH�FRUUHFW�UHDGLQJ�RQ�HDFK�UXOHU����

.................................................................

.................................................................

.................................................................

5 cm

11 cm

9 cm

���FP
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&RQYHUWLQJ�EHWZHHQ�8QLWV

10 mm     =   1 cm

100 cm    =   1 m

�����P���� �����NP

&KRRVH���REMHFWV��OLVW�WKHP�EHORZ��DQG�PHDVXUH�WKHP�LQ�FP�WKHQ�XVH�WKH�
table to convert them into mm and m.

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

mm cm m

2EMHFW��

2EMHFW��

2EMHFW��

2EMHFW��

2EMHFW��
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&RQYHUWLQJ�3UDFWLVH

&RQYHUW�WKH�IROORZLQJ�PHDVXUHPHQWV�LQWR�
FHQWLPHWUHV�

a)   2 m = ............................

b)   5 m = ............................

c)   1.3 m = ............................

d)   4.6 m = ............................

H��������P� �����������������������������

f)   2.64 m = ............................

J���������P� �����������������������������

h)   5 m 15 cm = ............................

i)   21 m 6 cm = ............................

M�����������P� �����������������������������

&RQYHUW�WKH�IROORZLQJ�PHDVXUHPHQWV�LQWR�
PHWUHV�

a)   150 cm = ............................

b)   124 cm = ............................

c)   365 cm = ............................

G�������FP� �����������������������������

e)   1324 cm = ............................

I����������FP� �����������������������������

g)   52.1 cm = ............................

K������FP� �����������������������������

i)   6.2 cm = ............................

M����������FP� �����������������������������

([WHQVLRQ�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���7KRPDV�LV������FP�WDOO��$OLFH�LV����FP�VKRUWHU��+RZ�WDOO�LV�$OLFH�LQ�PHWUHV"

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���2QH�ERRN�LV����FP�ORQJ��$QRWKHU�ERRN�LV����FP�ORQJ��:KDW�LV�WKHLU�WRWDO�OHQJWK�LQ�
PHWUHV"�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���6WXGHQWV�RI�D�FODVV�KDYH�PHDVXUHG�WKH�OHQJWK�RI�RQH�ZLQGRZ��,W�LV����FP�ORQJ��
7KHUH�DUH���ZLQGRZV�LQ�WKH�FODVV�URRP��:KDW�LV�WKHLU�WRWDO�OHQJWK�LQ�PHWUHV"
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Measuring Mass

0DVV�LV�D�PHDVXUH�RI�KRZ�heavy something is. Scales  of different sizes can be used to measure mass.

7KH�FRPPRQO\�XVHG�PHWULF�XQLWV�RI�PDVV�LQFOXGH�

Milligrams (mg)

*UDPV��J�

.LORJUDPV��NJ�

Tons (t) 

/LNH�ZLWK�WKH�OHQJWK�LW�LV�D�JRRG�LGHD�WR�HVWLPDWH�WKH�ZHLJKW�EHIRUH�\RX�ZHLJK�LW��$JDLQ�WKLV�ZLOO�WHOO�
\RX�ZKLFK�VL]H�VFDOH�DQG�XQLW�ZRXOG�EH�WKH�EHVW�VXLWHG��

)RU�H[DPSOH��,I�\RX�ZDQW�WR�ÀQG�RXW�WKH�PDVV�RI�D�
letter you could use a letter balance and use the g 
XQLW��,I�KRZHYHU�\RX�ZDQW�WR�ÀQG�RXW�\RXU�PDVV�\RX�
VKRXOG�XVH�D�EDWKURRP�VFDOH�DQG�WKH�NJ�XQLW��
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0HDVXUH�0DVV�LQ�6FLHQFH�8VLQJ�DQ��$QDO\WLFDO�
Balance 

There are three possibilities of measuring mass using an analytical balance. 

 1. You can measure the mass directly. 

6ZLWFK�WKH�EDODQFH�RQ�

PDNH�VXUH�LW�UHDGV�´�µ

DGG�\RXU�REMHFW

read the mass.

2. You can measure the mass in a container and deduct the mass of the  container.

6ZLWFK�WKH�EDODQFH�RQ�

PDNH�VXUH�LW�UHDGV�´�µ

add your container

note the mass of the container

DGG�\RXU�REMHFW

read the mass

deduct the mass of the container from the total mass

 ���<RX�FDQ�DGG�WKH�FRQWDLQHU�EHIRUH�\RX�VZLWFK�RQ�WKH�EDODQFH�

$GG�\RXU�FRQWDLQHU�RQ�WRS�RI�WKH�EDODQFH

6ZLWFK�WKH�EDODQFH�RQ�

PDNH�VXUH�LW�UHDGV�´�µ

DGG�\RXU�REMHFW

read the mass

6KRXOG�WKHUH�EH�D�UHDGLQJ�RQ�WKH�EDODQFH�DIWHU�\RX�VZLWFKHG�
it on before 

you add anything press the tare button. Then the balance 
VKRXOG�UHDG�´�µ�
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&RQYHUWLQJ�EHWZHHQ�8QLWV

1000 mg   =   1 g

�����J����� �����NJ

�����NJ���� �����W

&KRRVH���REMHFWV��OLVW�WKHP�EHORZ��DQG�PHDVXUH�WKHLU�PDVV�LQ�JUDPV��J��
XVLQJ�D�EDODQFH��7KHQ�XVH�WKH�WDEOH�WR�FRQYHUW�WKHP�LQWR�PJ�DQG�NJ�

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

2EMHFW�������������������������������������������������

mg g NJ

2EMHFW��

2EMHFW��

2EMHFW��

2EMHFW��

2EMHFW��
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&RQYHUWLQJ�3UDFWLVH

&RQYHUW�WKH�IROORZLQJ�PHDVXUHPHQWV�LQWR�
grams

D�����NJ� �����������������������������

E������NJ� �����������������������������

F�������NJ� �����������������������������

G��������NJ� �����������������������������

H��������NJ� �����������������������������

I��������NJ� �����������������������������

J��������NJ� �����������������������������

K�����NJ����J� �����������������������������

L������NJ���J� �����������������������������

M������NJ���J� �����������������������������

&RQYHUW�WKH�IROORZLQJ�PHDVXUHPHQWV�LQWR�
NLORJUDPV�

a)  2000 g = ............................

E��������J� �����������������������������

c)  6400 g = ............................

d)  12000 g = ............................

e)  21400 g = ............................

f)  340 g = ............................

g)  52.1 g = ............................

h)   4930 g = ............................

L��������J� �����������������������������

M���������J� �����������������������������

([WHQVLRQ�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���$�EDNHU�ZDQWV�WR�EDNH�FRRNLHV��+H�QHHGV���SDFNV�RI�ÁRXU�HDFK�ZLWK�D�PDVV�RI�
���J��:KDW�LV�WKH�WRWDO�PDVV��LQ�JUDPV�DQG�NLORJUDPV��RI�WKH�ÁRXU�DOO�WRJHWKHU"

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���$�EXWFKHU�QHHGV�����JUDPV�RI�VSLFHV�WR�PDNH����VDXVDJHV��+H�KDV�D���NJ�SDFN�
VSLFHV��:LWK�WKDW�KRZ�PDQ\�VDXVDJHV�FDQ�KH�PDNH"�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

���$�JDUGHQHU�ZDQWV�WR�ÀOO�SODQW�FRQWDLQHUV�ZLWK�VRLO��(DFK�FRQWDLQHU�QHHGV���NJ�RI�
VRLO��+H�KDV�WR�ÀOO���FRQWDLQHUV��+RZ�PXFK�VRLO��LQ�JUDPV�DQG�NLORJUDPV��ZLOO�KH�QHHG�
DOO�WRJHWKHU"�
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0HDVXULQJ�&DSDFLW\

&DSDFLW\�RU�volume�LV�D�PHDVXUH�RI�KRZ�PXFK�space�VRPHWKLQJ�WDNHV�
up. 

0HDVXULQJ�F\OLQGHUV��PHDVXULQJ�VSRRQV�RU�PHDVXULQJ�MXJV�FDQ�EH�XVHG�WR�
 measure capacity.

0HWULF�8QLWV�RI�&DSDFLW\

&DSDFLW\�LV�PHDVXUHG�LQ�millilitres (ml) and litres (l).

1 l = 1000 ml

(VWLPDWLQJ�FDSDFLW\�

 5 ml is about the capacity of a teaspoon.

��O�LV�DERXW�WKH�FDSDFLW\�RI�D�PLON�FDUWRQ�

Temperature

7HPSHUDWXUH�LV�D�PHDVXUH�RI�KRZ�hot or cold things are. In order to measure tem-
perature you need a thermometer.

7HPSHUDWXUH�LV�PHDVXUHG�LQ�GHJUHHV�&HOVLXV���&��

,FH�PHOWV�DW�H[DFWO\���&�

$�KRW�EDWK�LV�DERXW����&

:DWHU�ERLOV�DW�H[DFWO\�����&

+HDW�DOZD\V�WUDYHOV�IURP�D�ZDUPHU�DUHD�WR�D�FRROHU�RQH��6R�D�KRW�GULQN�OHIW�LQ�D�
FROG�SODFH�ZLOO�DOZD\V�ORVH�KHDW�WR�WKH�VXUURXQGLQJV��,W�ZLOO�JHW�FRROHU�XQWLO�HYHQWXDOO\�
it is at the same temperature as its surroundings.
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Build a Thermometer

:KDW�\RX�QHHG�

 Small plastic bottle

 Modelling clay

�&OHDU�SODVWLF�VWUDZ

�&RORXUHG�ZDWHU

:KDW�\RX�GR�

���)LOO�WKH�VPDOO�SODVWLF�ERWWOH�ZLWK�OXNHZDUP�FRORXUHG�ZDWHU�WR�WKH�WRS��

���,QVHUW�WKH�VWUDZ�D�IHZ�FHQWLPHWUHV�LQWR�WKH�ERWWOH�DQG�WLJKWO\�VHDO�WKH�ERWWOH�ZLWK�WKH�PRGHO-
OLQJ�FOD\��7KH�PRGHOOLQJ�FOD\�VKRXOG�KROG�WKH�VWUDZ�LQ�SODFH�DQG�VRPH�ZDWHU�VKRXOG�JR�XS�WKH�
VWUDZ��

���8VH�D�PDUNHU�WR�PDUN�WKH�OHYHO�RI�WKH�ZDWHU�LQ�WKH�VWUDZ�

���6HW�WKH�ERWWOH�LQ�D�ERZO�RI�KRW�ZDWHU��:DWFK�WKH�ZDWHU�OHYHO�IRU�DZKLOH�DQG�WKHQ�PDUN�WKH�
level again.

���6HW�WKH�ERWWOH�LQ�D�ERZO�RI�LFH�DQG�ZDWFK�ZKDW�KDSSHQV��WKHQ�PDUN�WKH�OHYHO�

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

:KDW�GLG�\RX�REVHUYH"

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

..........................................................................................................................................................................................

:K\�GR�\RX�WKLQN�WKLV�KDSSHQHG"
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Measuring Time

7LPH�LV�PHDVXUHG�LQ�KRXUV��PLQXWHV�DQG�VHFRQGV��

7KHUH�DUH�

 60 seconds in 1 minute

 60 minutes in 1 hour

 24 hours in 1 day

Time experiment

)LQG�D�SDUWQHU�ZKR�ZLOO�WDNH�WKH�WLPH�ZKLOVW�\RX�GUDZ�WKHQ�VZDS�DQG�WDNH�\RXU�SDUWQHU·V�
WLPH��5HFRUG�\RXU�UHVXOWV�DW�WKH�ERWWRP�DQG�FRPSDUH�WKH�WLPH�\RX�QHHGHG�WR�GUDZ�ZLWK�\RXU�
class mates. 

,Q�WKH�ER[�EHORZ�GUDZ�D�KRXVH�ZLWK�WZR�ZLQGRZV�DQG�D�GRRU��,Q�IURQW�RI�WKH�
KRXVH�LV�D�URDG�ZLWK�D�FDU�GULYLQJ�RQ�LW�DQG�D�GRJ�VLWV�QH[W�WR�WKH�GRRU��$OVR�WKHUH�
LV�RQH�WUHH�VWDQGLQJ�RQ�WKH�VWUHHW�DQG�WKHUH�DUH�FORXGV�DUH�LQ�WKH�VN\�

7LPH�WDNHQ��..........................................................................
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1RWHV�
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1RWHV�
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A science lab 1.1.3

351.1.3. A science lab

Learning objectives:

7R�EH�DEOH�WR�LGHQWLI\�EDVLF�VFLHQWLÀF�LQVWUXPHQWV�

7R�EH�DEOH�WR�ZRUN�VDIHO\�LQ�D�ODE�

7R�EH�DEOH�WR�GHVLJQ�D�FRQWUROOHG�H[SHULPHQW�

Version reserved for screening in class - use permitted only with paper versions



36

1.1.3.  A
 science la

b

1.1.3.  A science lab

Science Lab

&RPPRQ�/DERUDWRU\�(TXLSPHQW

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������

��������������������������������
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5HDGLQJ�9ROXPH�&RUUHFWO\

3ODFH�PHDVXULQJ�F\OLQGHU�RQ�D�ÁDW�VXUIDFH�OLNH�D�WDEOH�

(\HV�VKRXOG�EH�OHYHO�ZLWK�WKH�OLTXLG�

7KH�OLTXLG�FXUYHV�GRZQZDUGV�WKLV�LV�FDOOHG�WKH�PHQLVFXV�

5HDG�WKH�YROXPH�DW�WKH�ORZHVW�SRLQW�RI�WKH�PHQLVFXV
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8VLQJ�D�%XQVHQ�%XUQHU

)ODPH��2XWHU�&RQH�
)ODPH��,QQHU�&RQH�

&KLPQH\

$LU�+ROH

5XEEHU�WXELQJ

Base

$LU�KROH�closed $LU�KROH�KDOI�RSHQ $LU�KROH�RSHQ

7\SH�RI�)ODPH 6DIHW\�)ODPH %OXH�)ODPH 5RDULQJ�)ODPH

:KHQ�GR�ZH�QHHG�WR�
XVH�WKLV�ÁDPH"

:KHQ�ZH�DUH�QRW�XVLQJ�
WKH�%XQVHQ�EXW�ZDQW�WR�

NHHS�LW�RQ��
7R�KHDW�WKLQJV�VORZO\� 7R�KHDW�WKLQJV�IDVW�

6WHSV�WR�/LJKW�D�%XQVHQ�%XUQHU

���7LH�EDFN�\RXU�KDLU��)L[�ORRVH�FORWKLQJ�

���3ODFH�WKH�%XQVHQ�EXUQHU�ÁDW�RQ�WKH�WDEOH�

���&RQQHFW�WKH�UXEEHU�WXELQJ�RQ�WKH�%XQVHQ�EXUQHU�WR�D�JDV�WDS�RQ�\RXU�GHVN��'R�QRW�
WXUQ�WKH�JDV�WDS�RQ�\HW�

���0DNH�VXUH�WKH�DLU�KROH�LV�FRPSOHWHO\�FORVHG�RQ�\RXU�%XQVHQ�EXUQHU�DQG�WKHQ�OLJKW�D�
PDWFK�

���7XUQ�RQ�WKH�JDV�WDS�WKDW�LV�FRQQHFWHG�WR�\RXU�%XQVHQ�EXUQHU�DQG�KROG�WKH�OLW�VSOLQW�DW�
WKH�WRS�RI�WKH�%XQVHQ�EXUQHU��7KLV�VKRXOG�OLJKW�LW��
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Bunsen Burner Licence
7KLV�FHUWL¿HV�WKDW

,V�DEOH�WR�VHW�XS�D�%XQVHQ�%XUQHU�FRUUHFWO\��VDIHO\�OLJKW�D�
%XQVHQ�%XUQHU�DQG�VDIHO\�DGMXVW�WKH�ÀDPHV�

'DWH��� � � 6LJQHG��

�������������������������������������������������������������������������������������������������������������������������������������������������������
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:K\�GR�\RX�WKLQN�ZH�QHHG�/DERUDWRU\�6DIHW\�5XOHV"

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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7KLQN�DERXW�ZKLFK�/DERUDWRU\�6DIHW\�5XOHV�FRXOG�EH�XVHIXO"

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

Version reserved for screening in class - use permitted only with paper versions



Science Lab

411.1.3.  A science lab

1.1
.3

.  
A

 sc
ie

nc
e 

la
b

/DERUDWRU\�6DIHW\�5XOHV

�*R�LQWR�WKH�ODE�TXLHWO\�DQG�VHQVLEO\�ZKHQ�WROG�WR�E\�WKH�WHDFKHU�

�3XW�\RXU�FRDW�DQG�EDJ�DZD\�LQ�WKH�FRUUHFW�SODFH��

�'R�QRW�HDW�RU�GULQN�LQ�WKH�VFLHQFH�ODE�

�$OZD\V�ZHDU�JRJJOHV�ZKHQ�H[SHULPHQWLQJ�

�/RQJ�KDLU�PXVW�EH�WLHG�EDFN��7DNH�H[WUD�FDUH�LI�\RX�KDYH�JHO�RU�KDLU�VSUD\�RQ�\RXU�KDLU�

�6WDQG�XS�WR�GR�H[SHULPHQWV�

�'R�QRW�SRLQW�D�ORDGHG�WHVW�WXEH�DW�DQ\RQH��GR�QRW�ORRN�GRZQ�RQ�LW�

�2QO\�XVH�HTXLSPHQW�DQG�FKHPLFDOV�WKDW�\RXU�WHDFKHU�DVNV�\RX�WR�XVH�

�0RYH�VHQVLEO\�DQG�TXLHWO\�DURXQG�WKH�ODE�

�,I�VRPHRQH�JHWV�KXUW��WHOO�D�WHDFKHU�

�,I�VRPHWKLQJ�JHWV�EURNHQ��WHOO�D�WHDFKHU�

�1HYHU�SXW�DQ\WKLQJ�LQ�\RXU�PRXWK�

�1HYHU�VPHOO�DQ\WKLQJ�

�1HYHU�WKURZ�DQ\WKLQJ�LQ�WKH�ODE�

�:KHQ�\RX�KDYH�ÀQLVKHG��FOHDQ�DQG�SXW�DZD\�DSSDUDWXV�

�$IWHU�H[SHULPHQWLQJ��DOZD\V�ZDVK�\RXU�KDQGV�

:KDW�LV�ZURQJ�LQ�WKH�IROORZLQJ�SLFWXUHV�"
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7KH�GUDZLQJ�EHORZ�VKRZV�D�ODE�ZKHUH�WKHUH�DUH�QR�VDIHW\�UXOHV�

+LJKOLJKW�RU�FLUFOH�DOO�WKH�WKLQJV�JRLQJ�ZURQJ�LQ�WKLV�ODE�
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+D]DUG�6\PEROV

'HVLJQ�\RXU�RZQ�KD]DUG�V\PERO�IRU�D�JLYHQ�KD]DUG�

'DQJHURXV�WR�WKH�HQYLURQPHQW

7R[LF

*DV�XQGHU�SUHVVXUH

&RUURVLYH

([SORVLYH

)ODPPDEOH

&DXWLRQ

2[LGLVLQJ

/RQJHU�WHUP�KHDOWK�KD]DUGV

([SODLQ�ZK\�\RX�KDYH�FKRVHQ�WKLV�GHVLJQ�
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2OG�+D]DUG�6\PEROV 1HZ�+D]DUG�6\PEROV

Radioactive

You must wear 
eye protection

You must not 
drink this water
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/DE�5HSRUW

:KHQ�ZH�GR�H[SHULPHQWV�LW�LV�LPSRUWDQW�WR�UHFRUG�HYHU\WKLQJ�DERXW�WKLV�H[SHULPHQW�

:ULWH�GRZQ�ZKDW�\RX�ZRXOG�LQFOXGH�LQ�D�ODE�UHSRUW�DQG�ZK\"

$�ODE�UHSRUW�QHHGV�D«�� %HFDXVH«�
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+RZ�WR�:ULWH�D�/DE�5HSRUW"

/DE�UHSRUWV�DOZD\V�PXVW�LQFOXGH�WKH�IROORZLQJ�

Title

3XUSRVH�RI�WKH�H[SHULPHQW��

+\SRWKHVLV

(TXLSPHQW�/LVW

5LVN�$VVHVVPHQW

0HWKRG

'UDZLQJ�RI�WKH�([SHULPHQW

5HVXOWV

&RQFOXVLRQ

(YDOXDWLRQ

Title
*LYH�WKH�H[SHULPHQW�D�FOHDU�WLWOH�

3XUSRVH�RI�WKH�H[SHULPHQW� 
:KDW�GR�\RX�ZDQW�WR�LQYHVWLJDWH"

+\SRWKHVLV
:KDW�GR�\RX�WKLQN�ZLOO�KDSSHQ"

(TXLSPHQW�/LVW
/LVW�DOO�WKH�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�GXULQJ�WKH�H[SHULPHQW��0DNH�VXUH�\RX�OLVW�HYHU\�SLHFH�
RI�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�

5LVN�$VVHVVPHQW
,GHQWLI\�DOO�WKH�HTXLSPHQW��FKHPLFDOV�RU�SURFHGXUHV�ZKLFK�FRXOG�SRVH�D�ULVN�WR�\RX�DQG�GHVFULEH�
ZKDW�\RX�GR�WR�SUHYHQW�DQ\�DFFLGHQWV�

0HWKRG
:ULWH�LW�OLNH�D�UHFLSH��1HYHU�LQFOXGH�KH�VKH�LW�ZH�\RX�RU�,�

'UDZLQJ�RI�WKH�([SHULPHQW
'UDZ�DQG�ODEHO�WKH�VHWXS�RI�WKH�H[SHULPHQW��

5HVXOWV
5HVXOWV�VKRXOG�EH�SUHVHQWHG�LQ�WKH�HDVLHVW�ZD\�WR�UHDG�DV�SRVVLEOH��)RU�H[DPSOH��WDEOHV��GUDZLQJV��
VHQWHQFHV�RU�JUDSKV�

&RQFOXVLRQ

:ULWH�KHUH�ZKDW�KDSSHQHG�DQG�ZKDW�\RX�IRXQG�RXW�LQ�D�VFLHQWLÀF�ZD\��,QFOXGH�WKH�6&,(1&(�
KHUH��&RPPHQW�RQ�LI�WKLV�LV�ZKDW�\RX�H[SHFWHG�

(YDOXDWLRQ
:ULWH�KHUH�KRZ�\RXU�H[SHULPHQW�ZHQW��'LG�LW�JR�ZHOO�RU�QRW�DQG�ZK\"�$OVR�FRPPHQW�RQ�ZKDW�
\RX�ZRXOG�FKDQJH�WKH�QH[W�WLPH�LI�\RX�ZHUH�WR�GR�WKH�H[SHULPHQW�DJDLQ�WR�PDNH�LW�EHWWHU�
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3ODQ�DQ�LQGLYLGXDO�H[SHULPHQW�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQ�

+RZ�ORQJ�GRHV�LW�WDNH�WR�ERLO����PO�RI�ZDWHU"

6HW�XS�WKH�H[SHULPHQW�DQG�GR�\RXU�LQYHVWLJDWLRQ�

/DERUDWRU\�5HSRUW

Title��*LYH�WKH�H[SHULPHQW�D�FOHDU�WLWOH�

3XUSRVH�RI�WKH�H[SHULPHQW��:KDW�GR�\RX�ZDQW�WR�LQYHVWLJDWH"

+\SRWKHVLV��:KDW�GR�\RX�WKLQN�ZLOO�KDSSHQ"

(TXLSPHQW�/LVW  /LVW�DOO�WKH�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�GXULQJ�WKH�H[SHULPHQW��0DNH�
VXUH�\RX�OLVW�HYHU\�SLHFH�RI�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�

-

-

-

-

-

-

-
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5LVN�$VVHVVPHQW��,GHQWLI\�DOO�WKH�HTXLSPHQW��FKHPLFDOV�RU�SURFHGXUHV�ZKLFK�FRXOG�SRVH�D�
ULVN�WR�\RX�DQG�GHVFULEH�ZKDW�\RX�GR�WR�SUHYHQW�DQ\�DFFLGHQWV�

(TXLSPHQW�3URFHGXUH 'DQJHU 3UHFDXWLRQV��:KDW�ZLOO�\RX�
GR�WR�SUHYHQW�DQ�DFFLGHQW"�

0HWKRG��:ULWH�LW�OLNH�D�UHFLSH��1HYHU�LQFOXGH�KH�VKH�LW�ZH�\RX�RU�,�
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'UDZLQJ�RI�WKH�([SHULPHQW��'UDZ�DQG�ODEHO�WKH�VHWXS�RI�WKH�H[SHULPHQW�

5HVXOWV��5HVXOWV�VKRXOG�EH�SUHVHQWHG�LQ�WKH�HDVLHVW�ZD\�WR�UHDG�DV�SRVVLEOH��)RU�H[DPSOH��
WDEOHV��GUDZLQJV��VHQWHQFHV�RU�JUDSKV�
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&RQFOXVLRQ��:ULWH�KHUH�ZKDW�KDSSHQHG�DQG�ZKDW�\RX�IRXQG�RXW�LQ�D�VFLHQWLÀF�ZD\��,QFOXGH�WKH�
6&,(1&(�KHUH��&RPPHQW�RQ�LI�WKLV�LV�ZKDW�\RX�H[SHFWHG�

(YDOXDWLRQ��:ULWH�KHUH�KRZ�\RXU�H[SHULPHQW�ZHQW��'LG�LW�JR�ZHOO�RU�QRW�DQG�ZK\"�$OVR�
FRPPHQW�RQ�ZKDW�\RX�ZRXOG�FKDQJH�WKH�QH[W�WLPH�LI�\RX�ZHUH�WR�GR�WKH�H[SHULPHQW�DJDLQ�WR�
PDNH�LW�EHWWHU��
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)RU�DOPRVW�D�KXQGUHG�\HDUV��WKH�DQFLHQW�*UHHN�
FLW\�RI�6\UDFXVH�KDG�EHHQ�DW�ZDU�ZLWK�&DU-
WKDJH��7KH\�IRXJKW�HDFK�RWKHU�IRU�WKH�WKURQH�
XQWLO�LQ�����%&�ZKHQ�WKH�6\UDFXVDQ�WURRSV�HOHF-
WHG�FRPPDQGHUV�IURP�DPRQJVW�WKHPVHOYHV��
2QH�RI�WKHVH�ZDV�D�\RXQJ�JHQHUDO�FDOOHG�+LHUR��

�+LHUR�KDG�D�QDWXUDO�ÁDLU�DQG�WDOHQW�IRU�OHD-
GHUVKLS�DQG�SROLWLFV��+H�PDQDJHG��WKURXJK�KLV�
FRQQHFWLRQV��WR�HQWHU�WKH�FLW\�DQG�WDNH�RYHU�LWV�
JRYHUQPHQW��EXW�VR�VPRRWKO\�DQG�HIÀFLHQWO\��
WKDW�WKH�FLWL]HQV�RI�6\UDFXVH��ZKR�XVXDOO\�GLG�
QRW�DSSURYH�RI�VROGLHUV�FKRRVLQJ�WKHLU�RZQ�
FRPPDQGHUV��GLG�VR�LQ�WKLV�FDVH��$IWHU�D�JUHDW�
EDWWOH�LQ�����%&��LQ�ZKLFK�+LHUR�OHG�WKH�6\-
UDFXVDQV�WR�YLFWRU\�DJDLQVW�WKHLU�HQHPLHV��WKH�
SHRSOH�RI�6\UDFXVH�FKRVH�+LHUR�WR�EH�WKHLU�NLQJ��

+LHUR�ZDV�JUDWHIXO�WR�WKH�JRGV�IRU�KLV�VXFFHVV�
DQG�JRRG�IRUWXQH��DQG�WR�VKRZ�KLV�JUDWLWXGH��
KH�GHFLGHG�WR�SODFH�D�JROGHQ�FURZQ�LQ�LQ�WKHLU�
WHPSOH��7KH�FURZQ�ZDV�WR�EH�VKDSHG�OLNH�D�
ODXUHO�ZUHDWK��+LHUR�ZHLJKHG�RXW�D�SUHFLVH�
DPRXQW�RI�JROG�DQG�DSSRLQWHG�D�JROGVPLWK�WR�
IDVKLRQ�D�FURZQ�RXW�RI�WKH�JROG��ZRUWK\�RI�WKH�
JRGV��

7KH�JROGVPLWK�GLG�DV�KH�KDG�EHHQ�RUGHUHG��
DQG�RQ�WKH�DSSRLQWHG�GD\��KH�GHOLYHUHG�WKH�
FURZQ�WR�WKH�NLQJ��7KH�FURZQ�VHHPHG�WR�ZHLJKW�
H[DFWO\�DV�PXFK�DV�WKH�JROG�WKDW�WKH�NLQJ�KDG�
JLYHQ�WKH�JROGVPLWK��+LHUR�ZDV�SOHDVHG�DQG�
SDLG�WKH�JROGVPLWK�KDQGVRPHO\��7KH�JROGVPLWK��
UHFHLYLQJ�KLV�SD\PHQW��ZHQW�DZD\��

+LHUR�PDGH�SUHSDUDWLRQV�IRU�WKH�FHUHPRQ\�WR�
SODFH�WKH�FURZQ�LQ�WKH�WHPSOH��%XW�D�IHZ�GD\V�
EHIRUH�WKH�FHUHPRQ\��KH�KHDUG�UXPRXUV�WKDW�
WKH�JROGVPLWK�KDG�FKHDWHG�KLP��DQG�JLYHQ�KLP�
D�FURZQ�QRW�RI�SXUH�JROG��EXW�RI�JROG�WKDW�KDG�
VLOYHU�PL[HG�LQ�LW��7KH�JROGVPLWK��WKH�UXPRXUV�
VDLG��KDG�UHSODFHG�VRPH�RI�WKH�JROG�WKDW�+LHUR�
KDG�JLYHQ�KLP��ZLWK�DQ�HTXDO�ZHLJKW�RI�VLOYHU�

+LHUR�ZDV�IXULRXV�WR�OHDUQ�WKDW�KH�PLJKW�KDYH�
EHHQ�WULFNHG��%XW�KH�ZDV�D�IDLU�PLQGHG�PDQ�
DQG�ZLVKHG�WR�GHWHUPLQH�WKH�WUXWK�EHIRUH�KH�
SXQLVKHG�WKH�JROGVPLWK��

�,I�WKH�JROGVPLWK�KDG�LQGHHG�FKHDWHG�KLP�DQG�
PL[HG�VLOYHU�LQWR�WKH�JROG��WKHQ�WKH�JROGVPLWK�
ZRXOG�KDYH�WR�EH�SXQLVKHG��DQG�WKH�FURZQ�
FRXOG�QR�ORQJHU�EH�JLYHQ�DV�DQ�RIIHULQJ�WR�WKH�
JRGV��%XW�LI�WKH�JROGVPLWK�KDG�EHHQ�KRQHVW��
WKHQ�WKH�FURZQ�UHPDLQHG�ZKDW�LW�KDG�EHHQ�
LQWHQGHG�WR�EH��D�VDFUHG�RIIHULQJ��DQG�LW�ZRXOG�
EH�SODFHG�LQ�WKH�WHPSOH�DV�SODQQHG��6R�LW�ZDV�
LPSRUWDQW�WKDW�+LHUR�ÀQG�RXW�WKH�WUXWK�TXL-
FNO\��EHIRUH�WKH�GD\�À[HG�IRU�WKH�FHUHPRQ\��
DQG�ZLWKRXW�GDPDJLQJ�WKH�FURZQ�LQ�DQ\�ZD\��

(XUHND����WKH�6WRU\�RI�$UFKLPHGHV�DQG�WKH�
*ROGHQ�&URZQ
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Science Lab

+LHUR�EHOLHYHG�WKHUH�ZDV�RQO\�RQH�PDQ�LQ�
6\UDFXVH�FDSDEOH�RI�GLVFRYHULQJ�WKH�WUXWK�DQG�
VROYLQJ�KLV�SUREOHP��7KLV�ZDV�KLV�FRXVLQ��$UFKL-
PHGHV��D�\RXQJ�PDQ�RI�����ZKR�ZDV�DOUHDG\�
UHQRZQHG�IRU�KLV�ZRUN�LQ�PDWKHPDWLFV��PHFKD-
QLFV�DQG�SK\VLFV��

'HHS�LQ�WKRXJKW��SRQGHULQJ�KRZ�EHVW�WR�VROYH�
WKH�NLQJ·V�SUREOHP��
$UFKLPHGHV�ZDONHG�
WR�WKH�SXEOLF�EDWKV�
IRU�KLV�GDLO\�EDWK��6WLOO�
WKLQNLQJ�DERXW�WKH�
JROGHQ�FURZQ��KH�ZHQW�
WKURXJK�WKH�ULWXDOV�RI�
FOHDQVLQJ�DQG�ZDVKLQJ��
DQG�VWHSSHG�LQWR�D�WXE�
RI�FRRO�ZDWHU�IRU�KLV�
ÀQDO�GLS��$V�KH�EHJDQ�
WR�ORZHU�KLPVHOI�LQWR�
WKH�ZDWHU��WKH�ZDWHU�
LQ�WKH�WXE�EHJDQ�WR�VSLOO�RXW�RYHU�WKH�VLGHV��
&XULRXV��$UFKLPHGHV�FRQWLQXHG�WR�ORZHU�KLPVHOI�
VORZO\�LQWR�WKH�ZDWHU��DQG�KH�QRWLFHG�WKDW�WKH�
PRUH�KLV�ERG\�VDQN�LQWR�WKH�ZDWHU��WKH�PRUH�
ZDWHU�UDQ�RXW�RYHU�WKH�VLGHV�RI�WKH�WXE��+H�UHD-
OLVHG�WKDW�KH�KDG�IRXQG�WKH�VROXWLRQ�WR�+LHUR·V�
SUREOHP��

+H�ZDV�VR�H[FLWHG�E\�KLV�GLVFRYHU\�WKDW�KH�MXP-
SHG�RXW�RI�WKH�WXE�DW�RQFH��DQG�UDQ�DOO�WKH�ZD\�
KRPH�ZLWKRXW�UHPHPEHULQJ�WR�SXW�KLV�FORWKHV�
RQ��DQG�VKRXWLQJ�¶(XUHND��(XUHND�·���ZKLFK�LQ�
*UHHN�PHDQV��¶,�KDYH�IRXQG�LW��,�KDYH�IRXQG�LW�·�

:KDW�$UFKLPHGHV�KDG�IRXQG�ZDV�D�PHWKRG�
IRU�PHDVXULQJ�WKH�YROXPH�RI�DQ�LUUHJXODU-
O\�VKDSHG�REMHFW��+H�UHDOLVHG�WKDW�DQ�REMHFW��
ZKHQ�LPPHUVHG�LQ�ZDWHU��GLVSODFHG�D�YROXPH�
RI�ZDWHU�HTXDO�WR�LWV�RZQ�YROXPH��DQG�WKDW�E\�
PHDVXULQJ�WKH�YROXPH�RI�WKH�GLVSODFHG�ZDWHU��
WKH�YROXPH�RI�WKH�REMHFW�FRXOG�EH�GHWHUPLQHG��
UHJDUGOHVV�RI�WKH�REMHFW·V�VKDSH��6R��KH�FRXOG�
PHDVXUH�WKH�YROXPH�RI�WKH�FURZQ�E\�PHD-
VXULQJ�WKH�YROXPH�RI�WKH�ZDWHU�VSLOOHG�IURP�D�
FRQWDLQHU�ÀOOHG�ZLWK�ZDWHU�WR�WKH�EULP�ZKHQ�
WKH�FURZQ�ZDV�IXOO\�GLSSHG�LQ�LW��

+RZ�WKHQ��ZRXOG�WKLV�UHDOLVDWLRQ�KHOS�KLP�WR�

DQVZHU�+LHUR·V�TXHVWLRQ���KDG�WKH�JROGVPLWK�
PL[HG�VLOYHU�LQ�WKH�JROGHQ�FURZQ�RU�QRW"�/HW�XV�
VHH�KRZ�$UFKLPHGHV�XVHG�KLV�GLVFRYHU\�WR�VROYH�
WKH�NLQJ·V�SUREOHP��

,Q�SK\VLFV��ZKHQ�ZH�VSHDN�RI�WKH�GHQVLW\�RI�
DQ�REMHFW��ZH�DUH�FRPSDULQJ�LWV�PDVV�ZLWK�LWV�
YROXPH��RU��LQ�VLPSOHU�ZRUGV��FRQVLGHULQJ�KRZ�

KHDY\�LW�LV�LQ�UHODWLRQ�WR�LWV�VL]H��)RU�H[DPSOH��
LURQ�LV�GHQVHU�WKDQ�FRUN��6R�D�OXPS�RI�LURQ�LV�
PXFK�KHDYLHU�WKDQ�D�SLHFH�RI�FRUN�RI�WKH�VDPH�
VL]H��RU�PXFK�VPDOOHU�WKDQ�D�SLHFH�RI�FRUN�RI�
WKH�VDPH�ZHLJKW��

$UFKLPHGHV�NQHZ�WKDW�JROG�ZDV�GHQVHU�WKDQ�
VLOYHU���VR�D�SLHFH�RI�JROG�ZHLJKLQJ�D�FHUWDLQ�
DPRXQW�ZRXOG�EH�VPDOOHU�WKDQ�D�SLHFH�RI�VLOYHU�
ZHLJKLQJ�WKH�VDPH��

7KXV��LI�WKH�JROGVPLWK�KDG�VWROHQ�VRPH�RI�WKH�
JROG�WKH�NLQJ�KDG�JLYHQ�KLP��DQG�UHSODFHG�LW�
ZLWK�DQ�HTXDO�ZHLJKW�RI�VLOYHU�LQ�WKH�FURZQ��
WKHQ�WKH�WRWDO�YROXPH�RI�WKH�JROG���VLOYHU�FURZQ�
ZRXOG�EH�JUHDWHU�WKDQ�WKH�YROXPH�RI�WKH�RULJL-
QDO�DPRXQW�RI�JROG��

6R�QRZ��DOO�WKDW�UHPDLQHG�IRU�$UFKLPHGHV�WR�
GR�ZDV�WR�FRPSDUH�WKH�YROXPH�RI�WKH�FURZQ�WR�
WKH�YROXPH�RI�WKH�DPRXQW�RI�JROG�WKDW�+LHUR�
KDG�JLYHQ�WKH�JROGVPLWK��
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7KH�VLPSOHVW�PHWKRG�RI�
GHWHUPLQLQJ�WKH�YROXPH�
RI�WKH�FURZQ�ZRXOG�KDYH�
EHHQ�WR�PHOW�LW�GRZQ��
VKDSH�LW�LQWR�D�FXEH�DQG�
PHDVXUH�LWV�YROXPH��
%XW�+LHUR�KDG�JLYHQ�
VWULFW�LQVWUXFWLRQV�WKDW�
WKH�FURZQ�ZDV�QRW�WR�EH�
GDPDJHG�LQ�DQ\�ZD\��
6R�KRZ�ZDV�WKH�YROXPH�
WR�EH�GHWHUPLQHG"�7KLV�LV�
ZKHUH�$UFKLPHGHV·�GLV-
FRYHU\�FDPH�LQ�XVHIXO��

)LUVW��$UFKLPHGHV�WRRN�D�OXPS�RI�JROG�DQG�D�
OXPS�RI�VLOYHU��HDFK�ZHLJKLQJ�H[DFWO\�WKH�VDPH�
DV�WKH�FURZQ��DQG�ÀOOHG�D�ODUJH�YHVVHO�ZLWK�ZD-
WHU�WR�WKH�EULP��SUHFLVHO\�PHDVXULQJ�KRZ�PXFK�
ZDWHU�ZDV�FRQWDLQHG�LQ�WKH�YHVVHO��

+H�WKHQ�JHQWO\�ORZHUHG�WKH�OXPS�RI�VLOYHU�LQWR�
LW��7KLV�FDXVHG�DV�PXFK�ZDWHU�WR�VSLOO�RXW�RYHU�
WKH�VLGHV�RI�WKH�YHVVHO�DV�ZDV�HTXDO�LQ�YROXPH�
WR�WKH�OXPS�RI�VLOYHU��$UFKLPHGHV�WRRN�WKH�
OXPS�RI�VLOYHU�RXW�RI�WKH�ZDWHU�DQG�FDUHIXOO\�
PHDVXUHG�WKH�DPRXQW�RI�ZDWHU�OHIW�LQ�WKH�YHV-
VHO��WKXV�DUULYLQJ�DW�WKH�DPRXQW�RI�ZDWHU�WKDW�
KDG�EHHQ�GLVSODFHG�E\�WKH�VLOYHU��

'RLQJ�WKH�VDPH�H[SHULPHQW�ZLWK�WKH�OXPS�RI�
JROG��KH�IRXQG�WKDW�D�VPDOOHU�TXDQWLW\�RI�ZDWHU�
KDG�EHHQ�GLVSODFHG�E\�WKH�JROG�WKDQ�WKH�VLOYHU��
DQG�WKH�GLIIHUHQFH�ZDV�HTXDO�WR�WKH�GLIIHUHQFH�
LQ�YROXPH�EHWZHHQ�D�OXPS�RI�JROG�DQG�D�OXPS�
RI�VLOYHU�RI�WKH�VDPH�ZHLJKW��

+H�ÀOOHG�WKH�ERZO�ZLWK�ZDWHU�WR�WKH�EULP�D�
ÀQDO�WLPH��WDNLQJ�FDUH�WR�ÀOO�LW�ZLWK�H[DFWO\�WKH�
VDPH�DPRXQW�RI�ZDWHU�DV�EHIRUH��7KLV�WLPH�KH�
ORZHUHG�WKH�FURZQ�LQWR�WKH�ZDWHU��+H�NQHZ�
WKDW�LI�WKH�FURZQ�ZDV�SXUH�JROG��LWV�YROXPH�
ZRXOG�EH�WKH�VDPH�DV�WKDW�RI�WKH�OXPS�RI�JROG�
�ZKLFK�KH�KDG�PDGH�VXUH�ZHLJKHG�WKH�VDPH�
DV�WKH�FURZQ���UHJDUGOHVV�RI�VKDSH��DQG�WKDW�LW�
ZRXOG�GLVSODFH�WKH�VDPH�DPRXQW�RI�ZDWHU�DV�
WKH�JROG��,I�WKH�JROGVPLWK�KDG�UHSODFHG�VRPH�
RI�WKH�JROG�ZLWK�VLOYHU��WKHQ�WKH�YROXPH�RI�WKH�
JROG���VLOYHU�FURZQ�ZRXOG�EH�JUHDWHU�WKDQ�WKH�

YROXPH�RI�WKH�JROG��DQG�VR�WKH�FURZQ�ZRXOG�
GLVSODFH�PRUH�ZDWHU�WKDQ�WKH�JROG��

$UFKLPHGHV�IRXQG�WKDW�WKH�FURZQ�GLG��LQ�IDFW�
GLVSODFH�PRUH�ZDWHU�WKDQ�WKH�OXPS�RI�JROG�RI�
HTXDO�ZHLJKW��7KXV�KH�FDPH�WR�WKH�FRQFOXVLRQ�
WKDW�WKH�FURZQ�ZDV�QRW�SXUH�JROG��DQG�WKDW�
WKH�JROGVPLWK�KDG�LQGHHG�PL[HG�VRPH�VLOYHU��RU�
RWKHU��OLJKWHU�PHWDO��LQWR�WKH�JROG�LQ�DQ�DW-
WHPSW�WR�FKHDW�WKH�NLQJ��
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1.1.3.  A science lab

Science Lab

3ODQ�D�JURXS�H[SHULPHQW�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQ�

+RZ�FDQ�ZH�ÀQG�RXW�WKH�GHQVLW\�RI�D�VWRQH"

6HW�XS�WKH�H[SHULPHQW�DQG�GR�\RXU�LQYHVWLJDWLRQ�

/DERUDWRU\�5HSRUW

Title��*LYH�WKH�H[SHULPHQW�D�FOHDU�WLWOH�

3XUSRVH�RI�WKH�H[SHULPHQW��:KDW�GR�\RX�ZDQW�WR�LQYHVWLJDWH"

+\SRWKHVLV��:KDW�GR�\RX�WKLQN�ZLOO�KDSSHQ"

(TXLSPHQW�/LVW��/LVW�DOO�WKH�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�GXULQJ�WKH�H[SHULPHQW��0DNH�
VXUH�\RX�OLVW�HYHU\�SLHFH�RI�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�

-

-

-

-

-

-

-
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5LVN�$VVHVVPHQW��,GHQWLI\�DOO�WKH�HTXLSPHQW��FKHPLFDOV�RU�SURFHGXUHV�ZKLFK�FRXOG�SRVH�D�
ULVN�WR�\RX�DQG�GHVFULEH�ZKDW�\RX�GR�WR�SUHYHQW�DQ\�DFFLGHQWV�

(TXLSPHQW�3URFHGXUH 'DQJHU 3UHFDXWLRQV��:KDW�ZLOO�\RX�
GR�WR�SUHYHQW�DQ�DFFLGHQW"�

0HWKRG��:ULWH�LW�OLNH�D�UHFLSH��1HYHU�LQFOXGH�KH�VKH�LW�ZH�\RX�RU�,�
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1.1.3.  A science lab

Science Lab

'UDZLQJ�RI�WKH�([SHULPHQW��'UDZ�DQG�ODEHO�WKH�VHWXS�RI�WKH�H[SHULPHQW�

5HVXOWV��5HVXOWV�VKRXOG�EH�SUHVHQWHG�LQ�WKH�HDVLHVW�ZD\�WR�UHDG�DV�SRVVLEOH��)RU�H[DPSOH��
WDEOHV��GUDZLQJV��VHQWHQFHV�RU�JUDSKV�
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&RQFOXVLRQ��:ULWH�KHUH�ZKDW�KDSSHQHG�DQG�ZKDW�\RX�IRXQG�RXW�LQ�D�VFLHQWLÀF�ZD\��,QFOXGH�WKH�
6&,(1&(�KHUH��&RPPHQW�RQ�LI�WKLV�LV�ZKDW�\RX�H[SHFWHG�

(YDOXDWLRQ��:ULWH�KHUH�KRZ�\RXU�H[SHULPHQW�ZHQW��'LG�LW�JR�ZHOO�RU�QRW�DQG�ZK\"�$OVR�
FRPPHQW�RQ�ZKDW�\RX�ZRXOG�FKDQJH�WKH�QH[W�WLPH�LI�\RX�ZHUH�WR�GR�WKH�H[SHULPHQW�DJDLQ�WR�
PDNH�LW�EHWWHU��
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1.1.3.  A science lab

Science Lab

3ODQ�D�JURXS�H[SHULPHQW�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQ�

+RZ�SUHFLVHO\�ZLOO�D�JURXS�RI�VWXGHQWV�FDOFXODWH�WKH�WLPH�RI�D�UXQQHU"

6HW�XS�WKH�H[SHULPHQW�DQG�GR�\RXU�LQYHVWLJDWLRQ�

/DERUDWRU\�5HSRUW

Title��*LYH�WKH�H[SHULPHQW�D�FOHDU�WLWOH�

3XUSRVH�RI�WKH�H[SHULPHQW��:KDW�GR�\RX�ZDQW�WR�LQYHVWLJDWH"

+\SRWKHVLV��:KDW�GR�\RX�WKLQN�ZLOO�KDSSHQ"

(TXLSPHQW�/LVW��/LVW�DOO�WKH�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�GXULQJ�WKH�H[SHULPHQW��0DNH�
VXUH�\RX�OLVW�HYHU\�SLHFH�RI�HTXLSPHQW�WKDW�\RX�KDYH�XVHG�
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-
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5LVN�$VVHVVPHQW��,GHQWLI\�DOO�WKH�HTXLSPHQW��FKHPLFDOV�RU�SURFHGXUHV�ZKLFK�FRXOG�SRVH�D�
ULVN�WR�\RX�DQG�GHVFULEH�ZKDW�\RX�GR�WR�SUHYHQW�DQ\�DFFLGHQWV�

(TXLSPHQW�3URFHGXUH 'DQJHU 3UHFDXWLRQV��:KDW�ZLOO�\RX�
GR�WR�SUHYHQW�DQ�DFFLGHQW"�

0HWKRG��:ULWH�LW�OLNH�D�UHFLSH��1HYHU�LQFOXGH�KH�VKH�LW�ZH�\RX�RU�,�
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1.1.3.  A science lab

Science Lab

'UDZLQJ�RI�WKH�([SHULPHQW��'UDZ�DQG�ODEHO�WKH�VHWXS�RI�WKH�H[SHULPHQW�

5HVXOWV��5HVXOWV�VKRXOG�EH�SUHVHQWHG�LQ�WKH�HDVLHVW�ZD\�WR�UHDG�DV�SRVVLEOH��)RU�H[DPSOH��
WDEOHV��GUDZLQJV��VHQWHQFHV�RU�JUDSKV�
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611.1.3.  A science lab
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&RQFOXVLRQ��:ULWH�KHUH�ZKDW�KDSSHQHG�DQG�ZKDW�\RX�IRXQG�RXW�LQ�D�VFLHQWLÀF�ZD\��,QFOXGH�WKH�
6&,(1&(�KHUH��&RPPHQW�RQ�LI�WKLV�LV�ZKDW�\RX�H[SHFWHG�

(YDOXDWLRQ��:ULWH�KHUH�KRZ�\RXU�H[SHULPHQW�ZHQW��'LG�LW�JR�ZHOO�RU�QRW�DQG�ZK\"�$OVR�
FRPPHQW�RQ�ZKDW�\RX�ZRXOG�FKDQJH�WKH�QH[W�WLPH�LI�\RX�ZHUH�WR�GR�WKH�H[SHULPHQW�DJDLQ�WR�
PDNH�LW�EHWWHU��
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