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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 Arjun is swimming the English Channel.

 In the first part of the swim his core body temperature stays the same.

 (a) How much heat energy is he producing?

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

   less than the energy that he loses 

   the same as the energy that he loses 

   more than the energy that he loses 
[1]

 (b) The water is cold.

  What is Arjun’s core body temperature?

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

   the same as the temperature in his fingers 

   less than the temperature in his fingers 

   higher than the temperature in his fingers 
[1]

 (c) Arjun has receptors to sense the temperature of his blood.

  Where are they?

  Put a ring  around the correct answer.

brain      eye      kidney      liver
[1]
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 (d) The crew of the safety boat pull Arjun from the water.

  They think that he has hypothermia.

  (i) Arjun has hypothermia.

   What is his body temperature?

   Put a ring  around the correct answer.

42 °C      40 °C      38 °C      36 °C      34 °C
[1]

  (ii) Write about hypothermia.

   In your answer describe

     • two symptoms of hypothermia
     • how to treat it.

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

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

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

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

[Total: 7]
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2 Talesha loses water from her body when she excretes urine.

 (a) Put rings  around two other ways she loses water.

breathing out      eating      growing      sweating
[1]

 (b) Talesha’s kidneys balance the level of water and other chemicals in her blood.

  Her kidneys filter chemicals from the blood.

  Some of the chemicals are reabsorbed.

  Draw one straight line from each chemical to show how much her kidneys reabsorb.

chemical how much her kidneys reabsorb

sugar

all of it

water

as much as the body needs

salt

[2]

[Total: 3]
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3 Vikram is studying enzymes.

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

  Enzymes are …

   … carbohydrates that slow down chemical reactions. 

   … carbohydrates that speed up chemical reactions. 

   … proteins that slow down chemical reactions. 

   … proteins that speed up chemical reactions. 
[1]

 (b) Vikram does some experiments with enzymes.

  He measures the rate of reaction at different temperatures.

  Here is a graph of his results.

20 40 60 80
temperature in °C

ra
te

 o
f r

ea
ct

io
n

As the 
temperature …

… the frequency of 
collisions …

… and the rate 
of reaction …

A … increases … … decreases … … increases.

B … increases … … increases … … increases.

C … decreases … … increases … … increases.

D … decreases … … decreases … … increases.

  Which row, A, B, C or D, is the best explanation for his results?

 row  ...........................  [1]
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 (c) Vikram continues to increase the temperature in his experiment.

  What will happen?

  Put a ring  around the correct word in each sentence.

  The rate of reaction will  increase / decrease / stay the same.

  This is because the enzyme is  broken down / denatured / killed.

  The enzyme now has the wrong  shape / mass / chemicals  for the other molecules to 
fit.

[2]

[Total: 4]
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4 William’s teacher burns some hot iron wool in chlorine gas.

 

brown smoke

burning iron wool

 (a) The iron wool glows red-hot as it reacts. It makes a brown smoke.

  What is the brown smoke?

  Put a tick (✓) next to the best answer.

   chlorine 

   iron oxide 

   iron vapour 

   iron chloride 
[1]

 (b) William’s teacher then puts hot iron wool into iodine vapour.

  This time the iron wool does not glow as much.

  Explain why.

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

 ............................................................................................................................................  [2]
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 (c) William’s teacher then burns some sodium in a jar of chlorine gas.

  (i) Sodium is dangerous, and it is stored in a bottle of oil.

   Explain why it is stored in oil.

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

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

  (ii) When the sodium burns it makes sodium chloride.

sodium + chlorine  sodium chloride

   Write the chemical formula of sodium chloride.

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

  (iii) William draws a diagram of a chlorine molecule, Cl 2.

   Put a ring  around the correct diagram.

[1]

[Total: 7]
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5 Potassium bromide contains potassium ions, K+, and bromide ions, Br –.

 If an atom gains an electron it turns into a negative ion.

 If an atom loses an electron it turns into a positive ion.

 (a) Draw lines to link each symbol for an atom or ion to its correct electron arrangement.

  One has been done for you.

electron
arrangement

2.8.8

symbol

2.8.8.1

2.8.18.7

2.8.18.8

Br–

Br

K

K+

[2]

 (b) The potassium bromide forms ionic crystals.

  Matilda dissolves potassium bromide crystals to form a solution.

  What happens to the solid as it dissolves?

  Put a tick (✓) in the box to complete this sentence.

  As the solid dissolves …

   … the particles turn into ions. 

   … the particles stay as ions. 

   … the particles turn into molecules. 

   … the particles turn into atoms. 
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  Put a tick (✓) in the box to complete the next sentence.

  When the solid dissolves, the particles …

   … settle to the bottom. 

   … go into the air. 

   … move randomly through the solution. 
[2]

 (c) Matilda starts to draw a diagram of the ions in a potassium bromide crystal.

  Continue her diagram by drawing in four more of the ions.

[1]

[Total: 5]
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6 Stephen makes some sodium chloride in the laboratory.

 He looks at its flame colour through a spectroscope.

 Here is the spectrum for his sample.

 He finds the spectrum for sodium in a book. It looks like this.

 What can he tell about his own sample?

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

  All the lines for sodium are present.  

  Some of the sodium lines are missing.  

  All the lines in the sample are different from the lines in sodium.  

  This is not sodium, it is a different element.  

  The spectrum shows that sodium and at least one other element are present. 
[2]

[Total: 2]
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7 Jim enjoys playing croquet.

 (a) Jim hits the ball with the mallet.

  The diagram shows three forces acting on the ball when it is hit by the mallet.

C

A

B

ground

mallet
ball

  (i) Complete the table with A, B or C to show the names of the forces.

weight due to gravity

reaction from the ground

driving force from the mallet

 [2]
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  (ii) In this case, all three forces have the same size of 5 N.

   What is the size of the resultant force on the ball?

   Put a ring  around the correct answer.

0 N      5 N      15 N
[1]

 (b) The graph shows how the speed of the ball changes with time after Jim has hit it.

speed

time
0

0

  What happens to the speed of the ball after it is hit by the mallet?

  Give a reason for this change.

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

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

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

[Total: 5]
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8 Pete enjoys a short run.

 (a) Pete has a mass of 70 kg. He runs in a straight line at a steady speed of 5 m / s.

  What is the correct way of calculating his momentum?

  Put a ring  around the correct answer.

70
5

      70 × 5      5
70 [1]

 (b) He runs at a steady speed of 5 m / s for 40 s. How far does he run in this time?

 answer =  ........................  m [1]

 (c) Here are some distance-time graphs.

distance

A

time
0

0

distance

B

time
0

0

distance

C

time
0

0

  Which graph, A, B or C, shows Pete running forwards at a steady speed?

 answer  ..........................  [1]
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 (d) Complete the sentences. Choose from these words.

force      kinetic      momentum      work

  Pete runs forward at a steady speed.

  This is because a ............................ pushes him along in the direction of his motion.

  The force acting forwards on Pete does ............................ on him. [2]

[Total: 5]
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9 Reshma runs at a hurdle and jumps over it.

 (a) As Reshma moves over the bar, she is moving horizontally with a speed of 8 m / s.

  Her mass is 50 kg.

  What is the correct way of calculating her kinetic energy?

  Put a ring  around the correct answer.

50 × 8      50 × 82      1
2

 × 50 × 82      1
2

 × 50 × 8
[1]
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 (b) The diagram shows Reshma when she is moving forwards above the bar.

  At that instant, she has both kinetic energy and gravitational potential energy.

  Explain how their values change as she drops down towards the ground again.

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

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

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

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

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

[Total: 4]

END OF QUESTION PAPER
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