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TWENTY FIRST CENTURY SCIENCE EQUATIONS

Useful Relationships

Explaining Motion

speed = distance travelled
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

change in energy = work done

change in GPE = weight × vertical height difference

kinetic energy = 1
2  × mass × [velocity]2

Electric Circuits

resistance = voltage
current

voltage across primary coil
voltage across secondary coil

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

energy transferred = power × time

power = potential difference × current

efficiency = energy usefully transferred
total energy supplied

 × 100%

The Wave Model of Radiation

wave speed = frequency × wavelength
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Answer all the questions.

1 In 2010 a volcano in Iceland erupted.

 It sent clouds of sulfur dioxide gas and volcanic ash into the atmosphere.

 Airports closed because planes could not fly through the ash from the volcano.

 (a) Sulfur dioxide has covalent bonds.

  Put a tick (✓) in each set of boxes to complete the sentence to explain how a covalent bond is 
made.

A covalent bond is made when

electrons

are

all in one atom.

ions shared between two atoms.

neutrons spread out between many atoms.

protons transferred from one atom to another.

 [2]

 (b) Volcanic eruptions are not the only way that sulfur compounds get into the air.

  The diagram shows how some sulfur compounds moved into and out of the air over a period 
of 4 weeks.

sulfur compounds in air

sulfur compounds in soil and rocks

sulfur compounds
in plants

volcanoes put
sulfur compounds

into the air

sulfur compounds
in acid rain fall on

soil and rocks

plants rot

uptake by
plant roots
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  Over the 4 week period, the mass of sulfur compounds in the air did not change overall.

  However, the mass of sulfur compounds moving into the air, from volcanoes and rotting 
plants, was not the same as the mass of sulfur compounds moving out of the air as acid rain.

  Put a tick (✓) in the box next to the best reason for this.

Rainfall varied over the 4-week period.

Volcanoes convert sulfur in rocks into other elements.

Not all processes are shown on the diagram.

Sulfur dioxide molecules are not as heavy as the 
sulfur-containing molecules taken up by plant roots.

 [1]

 (c) The volcanic ash also contained silicon dioxide.

  Silicon dioxide has a high melting point.

  Explain why silicon dioxide has a high melting point.

  Use your understanding of the structure and bonding of silicon dioxide in your answer.

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

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

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

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

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

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

 [Total: 6]
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2 Iron is extracted by heating iron oxide with carbon.

 During this reaction the carbon takes the oxygen away from the iron oxide.

 (a) What do we call a reaction in which a metal oxide loses oxygen?

  Put a ring  around the correct answer.

electrolysis               extraction               oxidation               reduction
 [1]

 (b) The formula of one oxide of iron is Fe2O3.

  What mass of iron is contained in 160 g of Fe2O3?

    [relative atomic masses: O = 16, Fe = 56]

  Put a ring  around the correct answer.

48 g               56 g               64 g               112 g
 [1]

 (c) Put numbers in the boxes to balance the equation for the formation of iron from iron oxide.

2Fe2O3 + C Fe + CO2 [2]

 (d) Other metals are also extracted by heating their oxides with carbon.

  Put ticks (✓) in the boxes next to two metals that are extracted in this way.

copper

magnesium

potassium

sodium

zinc

 [2]

 [Total: 6]
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3 Aluminium is made when melted aluminium oxide is electrolysed.

positive
electrode

negative
electrode

electrolyte of
melted

aluminium oxide

+ –

 The aluminium oxide, Al2O3, breaks down into aluminium and oxygen.

 Here is part of a description of what happens during electrolysis. 

 Put a ring  around the correct word in each pair to complete each sentence.

 Oxygen ions have a negative / positive charge.

 They move towards the negative / positive electrode where they lose / gain

 some electrons / protons and turn into neutral atoms / molecules.

 These then combine to form atoms / molecules of oxygen gas.

 [2]

 [Total: 2]
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4 Alan builds this circuit.

A

9 V

 (a) Alan uses a voltmeter to check that the potential difference across the battery is 9 V.

  Draw on the circuit diagram to show how the voltmeter should be connected.  [1] 

 (b) Alan measures the current in the LDR at different light intensities.

  Here is a graph of his results.

0.0
0 100 200 300 400 500

0.1

0.2

0.3

0.4

0.5

current
in A

light intensity in W / m2

  (i) Use data from the graph to calculate the resistance of the LDR at a light intensity of 
400 W / m2. The potential difference across the LDR is 9 V.

 resistance =  .....................................................  Ω  [1]
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  (ii) The pattern of the graph can be explained by the sentences below.

   Complete the sentences. Choose words from this list.

   You may use each word once, more than once or not at all.

decreases               increases               stays the same

   As the light intensity increases, the current ........................................... .

   This is because the number of charges that are free to move ........................................... .

   Therefore the resistance of the LDR ........................................... .
 [2]

 [Total: 4]
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5 Sal rubs a glass rod with a silk cloth.

 This gives the rod a negative charge.

 (a) Here are some statements about the rod and the cloth.

  Put ticks (✓) in the boxes next to the two correct statements.

Electrons transfer from the cloth to the rod.

Negative atoms transfer from the cloth to the rod.

Positive electrons transfer from the rod to the cloth.

The cloth gains a positive charge as it loses electrons.

The rod and cloth both end up with the same negative charge.

 [2]
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 (b) Sal holds the charged rod near to a balloon. The rod repels the balloon.

  Her friends discuss why this happens.

Alan 
The rod has fewer
electrons than the

balloon.

Carlos
The rod charges
up the balloon as

it gets near.

Bess
The balloon and the

rod both have
extra electrons.

Davina
The balloon is

a conductor but the rod
is an insulator.

  Who correctly explains why the rod repels the balloon?

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

 [Total: 3]
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6 Zabu builds this circuit with two coils of insulated copper wire and an iron ring.

switch

coil A

coil B

A

iron ring

 (a) Here are some properties of the materials used in the circuit.

  Choose the correct word from this list to complete the statement.

a conductor               an insulator               magnetic               a solid

  The ring is made of iron because iron is .............................................. . [1]

 (b) She closes the switch.

  The ammeter shows that there is a brief pulse of current in coil B.

  Explain why there is a brief pulse of current.

  Your answer should include what happens

 • in coil A

 • in the iron ring

 • in coil B.

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

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

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

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

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

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

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

 [Total: 4]
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7 Celina builds this circuit.

 She uses a battery, wires, a resistor and a lamp.

12 V

3 V

 (a) The current in the lamp is 0.5 A when the potential difference across it is 3 V.

  Calculate the power of the lamp.

 power =  ..................................................... W  [1] 

 (b) The potential difference across the battery is 12 V.

  The resistor ensures that the potential difference across the lamp is 3 V.

  Suggest how the resistor does this.

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

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

 (c) The potential difference across the lamp is 3 V.

  The potential difference across the battery is 12 V.

  What is the resistance of the resistor if the current in the lamp is 0.5 A?

  Put a ring  around the correct answer.

6 Ω               18 Ω               24 Ω               30 Ω
 [1]

 [Total: 3]
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8 Roy is a farmer.

 He breeds pigs.

 The sperm from his male pig is used to fertilise a female pig.

 (a) Each sperm cell from the male pig contains 19 chromosomes.

  How many chromosomes are in each unfertilised egg cell of the female pig?

  Put a ring  around the correct answer.

9               19               36               38               54
 [1]

 (b) Once the sperm fertilises the egg, a zygote is formed.

  How many chromosomes are in the zygote nucleus?

  Put a ring  around the correct answer.

9               19               36               38               54
 [1]
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 (c) The zygote develops into an embryo.

  As the embryo develops, the cells become specialised and form different tissues.

  Five people suggest how this can happen.

Angela
All of the genes are

switched on and
become active.

Beth
 Some of the genes are

lost from the cells as
they become
specialised.

Ed
 Some genes are added
to the cells so that they

can make specific
proteins.

Charlie
 Specialised cells make

specific proteins.

Di
 Some of the active

genes are switched off.

  Which two people give correct explanations?

answer ............................................................. and ............................................................. [2]

 [Total: 4]
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9 Red blood cells produce a protein called haemoglobin.

 Mature red blood cells do not have a nucleus.

 Put ticks (✓) in the boxes next to the two correct statements about red blood cells.

Red blood cells make haemoglobin all of the time.

Red blood cells have a nucleus at an early stage.

Red blood cells collect haemoglobin in the lungs.

Red blood cells only have a nucleus at the end of their life.

Red blood cells make haemoglobin only when they have a nucleus.

 [2]

 [Total: 2]
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10 Doctors can replace a patient’s damaged windpipe.

windpipe

 A windpipe is collected from a dead donor.

 All of the donor’s cells are removed to leave a protein framework.

 Stem cells from the patient’s bone marrow are placed in the framework.

 Once the stem cells have developed, the windpipe is transplanted into the patient.

 Explain why stem cells and not muscle cells are used to grow the new cells for the windpipe.

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

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

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

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

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

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

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

 [Total: 3]
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11 A gene is a length of DNA.

 How do different genes make different proteins?

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

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

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

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

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

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

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

 [Total: 3]
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12 A plant is grown in a pot.

 The shoot grows towards the light.

 Put a tick (✓) in the box next to the correct word to complete each sentence.

This curve is caused by a change in

auxin

concentration.meristem

xylem

There is an increase in concentration on the

lit

side of the shoot tip.shaded

leafy

Its effect is to make cells on this side become

longer.

greener.

smaller.

 [2]

 [Total: 2]
END OF QUESTION PAPER
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