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TWENTY FIRST CENTURY SCIENCE EQUATIONS

Useful relationships

The Earth in the Universe

distance = wave speed × time

wave speed = frequency × wavelength

Sustainable energy

energy transferred = power × time

power = voltage × current

efficiency = 
energy usefully transferred

total energy supplied
 × 100%

Explaining motion

speed =  
distance travelled

time taken
 

acceleration =  
change in velocity

time taken
 

momentum = mass × velocity

change of momentum = resultant force × time for which it acts

work done by a force = force × distance moved in the direction of the force

amount of energy transferred = work done

change in gravitational potential energy = weight × vertical height difference

kinetic energy = 1
2

 × mass × [velocity]2

Electric circuits

power = voltage × current

resistance = voltage
current

 

voltage across primary coil
voltage across secondary coil

 = number of turns in primary coil
number of turns in secondary coil

Radioactive materials

energy = mass × [speed of light in a vacuum]2
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TWENTY FIRST CENTURY SCIENCE DATA SHEET

Qualitative analysis

Tests for ions with a positive charge

Ion Test Observation

calcium
Ca2+ add dilute sodium hydroxide

a white precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

copper
Cu2+ add dilute sodium hydroxide

a light blue precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

iron(II)
Fe2+ add dilute sodium hydroxide

a green precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

iron(III)
Fe3+ add dilute sodium hydroxide

a red-brown precipitate forms; the 
precipitate does not dissolve in 
excess sodium hydroxide

zinc
Zn2+ add dilute sodium hydroxide

a white precipitate forms; the 
precipitate dissolves in excess 
sodium hydroxide

Tests for ions with a negative charge

Ion Test Observation

carbonate
CO3

2– add dilute acid

the solution effervesces; carbon 
dioxide gas is produced (the gas 
turns lime water from colourless to 
milky)

chloride
Cl –

add dilute nitric acid,
then add silver nitrate

a white precipitate forms

bromide
Br–

add dilute nitric acid,
then add silver nitrate

a cream precipitate forms

iodide
I–

add dilute nitric acid,
then add silver nitrate

a yellow precipitate forms

sulfate
SO4

2–

add dilute acid,
then add barium chloride or
barium nitrate

a white precipitate forms



4

© OCR 2012

Answer all the questions.

1 The way that atoms are held together in a substance affect its properties.

 (a) Here are some properties of five substances.

Substance Melting point Boiling point
Electrical

conductivity
of solid

Hardness 
at room 

temperature

1 high high poor very hard

2 high high good soft

3 high high good hard

4 high high poor hard

5 low low poor not applicable

 Fill in the boxes with the numbers 1, 2, 3, 4 or 5, to show which number represents ... 

  ... iron. 

  ... graphite. 

  ... diamond. 

  ... a compound of chlorine and oxygen. 

  ... sodium chloride crystal. 
 [3]

 (b) Nitrogen and oxygen have very low boiling points.

  Explain why.

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

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

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

 .............................................................................................................................................. [3]



5

Turn over© OCR 2012

 (c) Sodium chloride solution conducts electricity when electrodes are placed in the solution.

  Explain what happens.

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

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

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

 .............................................................................................................................................. [3]

[Total: 9]
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2 Read this article about lead mining.

Archaeologists have discovered a small lead mine that was used 4000 years ago.

The miners made a deep hole through soft ground until they reached the lead ore. They then dug out the ore 
and loaded it into baskets.

A second group of people lifted the ore out of the mine and put it into a wood fire. In the fire the ore reacted to 
make sulfur dioxide, carbon dioxide and melted lead. The melted lead was run into moulds and allowed to solidify.

soft ground

melted lead
running into
simple mould

 (a) Here is some information about three of the substances involved in the process.

Lead Lead ore Sulfur dioxide

Melting point in °C 327 1114 –73

Boiling point in °C 1744 1281 –10

Hazard prolonged exposure to 
dust or fumes is harmful

prolonged exposure to 
dust or fumes is harmful

acidic gas

  Use the information in the article and table above to suggest and describe at least four likely 
risks to people. Explain how each risk is created and who would be affected.

   The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (b) Two reactions take place when lead ore is heated in the fire.

  In reaction 1, lead sulfide reacts with oxygen to make lead oxide and sulfur dioxide.

  (i) Balance the equation for this reaction.

PbS + O2 PbO + SO2

 [2]

  (ii) In reaction 2, the oxygen is removed from the lead oxide.

   What do we call a reaction in which oxygen is removed?

 ...................................................................................................................................... [1]

  (iii) What is the relative formula mass of lead oxide, PbO?

   Use the Periodic Table to help you.

 ...................................................................................................................................... [1]

  (iv) Calculate the percentage mass of Pb in the PbO.

 ...................................................................................................................................... [1]

 [Total: 11]
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3 Anna uses this circuit to find out how the resistance of a thermistor depends on the power delivered 
to it.

V

A

 (a) (i) Put a ring  around the component which allows Anna to vary the current in the circuit.
 [1]

  (ii) State the property of that component which allows Anna to vary the current.

 ...................................................................................................................................... [1] 

 (b) Here are her results.

Power delivered in W Resistance of thermistor in Ω

0.10 10

0.50 8.0

3.20 5.0

  What is the correlation between the resistance and the power?

  Use ideas about thermistors to explain the correlation.

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

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

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

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

 .............................................................................................................................................. [3]
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 (c) Anna takes an extra pair of readings to provide more evidence for the correlation. 

  She finds that when the voltage is 3.0 V, the resistance is 6.0 Ω.

  Does this support the correlation shown in the table? 

  Justify your answer with calculations.

 .............................................................................................................................................. [2]

[Total: 7]
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4 Sanjay wants to run a low voltage lamp off the mains supply.

 He decides to use a step-down transformer to reduce the mains voltage to a lower voltage supply.

 (a) Describe the structure of a step-down transformer and explain how it works.

    The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6] 

 (b) Sanjay’s transformer has 20 000 turns in its primary coil, but only 1000 turns in its secondary 
coil. Show that he can use it to run a 12 V lamp safely off the 230 V mains supply.

 .............................................................................................................................................. [2] 

[Total: 8]
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5 The diagram shows a simple electric motor.

N

+ –

S

commutator brush

coilmagnet

 Here are some statements about the simple electric motor.

 Put a tick (✓) in the box next to the correct statement.

  The magnet exerts a force on all parts of the coil. 

  The commutator converts the d.c. from the supply into a.c. for the brushes. 

  The wires next to the poles of the magnet are pushed in opposite directions. 

  The forces on the coil are caused by the p.d. induced by its motion in the field. 
 [1]

 [Total: 1]
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6 Bill assembles this circuit.

V

A

25 

1.2 V

 The current in the circuit depends on the lighting level of the room. 

 (a) At one instant the current in the ammeter is 0.04 A.

  What is the reading of the voltmeter?

  Put a ring  around the correct answer.

0.20 V      1.0 V      1.2 V      2.2 V
 [1] 

 (b) Complete the sentences. Choose words from this list.

decreases        increases        stays the same

  When the amount of light increases, the resistance of the LDR ............................................... .

  The potential difference across the battery ............................................... .

  The current in the battery ............................................... .

  The potential difference across the 25 Ω resistor ............................................... .
 [3] 

 [Total: 4]
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7 Scientists analysed a sample of DNA from a muscle cell.

 DNA is made up of four different bases, A, T, C and G.

 (a) It is found that 21% of the bases are A.

  Calculate the percentage of bases that are G.

 answer =  .....................................................  % [1]

 (b) The genetic code uses the four different bases.

  Calculating the percentage of each base present is not enough to determine the genetic code 
for a particular protein.

  Explain why.

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

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

 .............................................................................................................................................. [1]

 (c) Myosin is a protein which is found in muscle cells, but not in nerve cells.

  Explain the processes which lead to myosin being made and why it is only produced in muscle 
cells.

   The quality of written communication will be assessed in your answer.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (d) A scientist claims to have found a gene that makes stronger muscles.

  The stronger muscle cells have a particular protein.

  He tested 23 young men who had strong muscles to find out if they had the gene. 

  Suggest three ways the scientist could improve his investigation.

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

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

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

 .............................................................................................................................................. [3]

 [Total: 11]
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8 Mary studies the development of human embryos.

 (a) Complete the table to compare two differences between the 4 cell stage and 32 cell stage.

4 cell stage 32 cell stage

Difference 1

Difference 2

 [1]

 (b) Mary knows that a fertilised egg cell (zygote) develops into an embryo.

  There are 46 chromosomes in the fertilised egg cell.

  How many chromosomes are there in each cell of the embryo?

 answer  .......................................................... [1]

 (c) Mary hopes that her research will lead to embryonic stem cells being available to replace 
damaged tissues in accident victims.

  Four of her friends discuss her work with her.

       Cameron
It’s worth the risk
because thousands
of people could
benefit.

           Fiona
You should stop work
on embryos, there are
too many risks.

           Liza
You shouldn’t try this
on patients until you
know it’s completely
risk free.

             Jeff
This risky treatment
should be kept for
special cases.

  Which person wants something which is not possible to achieve?

 answer  .......................................................... [1]

 [Total: 3]
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9 Tony works on a tree plantation.

 Each tree is grown for forty years, then it is cut down for timber.

 He records the height of one tree every year for its first five years after planting.

0
0

0.5

1

1.5

2
height in m

2.5

3

3.5

2

years since tree was planted

4 6

 (a) (i) The tree is under telephone cables.

   The cables are 15 m above the ground.

   Tony predicts that the tree will have to be cut down 28 years after planting to avoid 
damaging the cables.

   Explain how he made this prediction.

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

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

 ...................................................................................................................................... [2]

  (ii) Use your knowledge of plant growth to explain why this prediction may not be accurate.

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

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

 ...................................................................................................................................... [2]
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 (b) Tony finds a bush growing in the plantation.

  He takes a cutting of the bush to grow in his garden.

  As the cutting grows it develops tissues and organs.

  Explain the difference between a tissue and an organ.

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

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

 .............................................................................................................................................. [2]

 [Total: 6]

END OF QUESTION PAPER
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