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Instructions 

 

• Write your name clearly in the space above. 

 

• Answer on this paper. 

 

• Calculators are allowed. 

 

Answer ALL the questions in all sections. 

 

• You are expected to write clearly and accurately throughout each of your 

answers.  You should leave some time towards the end of the examination to 

check your work carefully. 

 

The maximum number of marks for this paper is 60. 
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SECTION ONE: PHYSICS  [20 marks] 
 

1. A car travels from Oundle to Rugby, which are 68km apart. The driver maintains an 

average speed of 80 km/hr. 

 

a. How long does the journey take? Give your answer in minutes. 
 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [2 marks] 

 

 

 

b. The same driver takes 69 minutes to make the return journey from Rugby to 

Oundle. 

 

What was the driver’s average speed on the return journey? Give your answer in 

km/hr. 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [2 marks] 

 

 

 

 

c. What is his average speed for the whole journey (there and back)?  

 

Give your answer in km/hr. 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [2 marks] 
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d. Average speed cameras are increasingly used in both towns and on faster moving 

roads, as well as on sections of motorways with roadworks that have a reduced 

speed limit imposed.  
 

To put it simply, an average speed camera system tracks how long it takes you to 

travel between two set points on a road placed 10km apart.  

 

The driver of a car notes that he has travelled 7.0km from the first camera at a speed 

of 110km/hr. 

 

Calculate the speed with which he has to travel the remaining 3.0km in order that 

his average speed for the whole 10km is 80km/hr.  

 

Give your answer in km/hr. 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [3 marks] 
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2. Christopher is a collector of old coins.  

 

One such coin is Queen Elizabeth II 1966 Scottish Shilling shown in Figure 1. 

 

 
Figure 1: Queen Elizabeth II 1966 Scottish Shilling 

 

Christopher wants to find out what the coin is made off.  

 

He uses the digital calliper shown in the photograph below (Figure 2.) to measure the 

diameter. 

 

 
Figure 2. Digital callipers measing a different coin 

 

The digital callipers give reading to the nearest 0.01mm 

 

Christopher measures the diameter of the coin 6 times. His reading are shown below: 

 

Measurement attempt Diameter / mm 

1 23.51 

2 23.59 

3 23.52 

4 23.49 

5 23.50 

6 23.52 

 

 
  

a. Circle the anomalous reading. 

 

[1 mark] 
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b. Calculate the average diameter of the coin. 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [2 marks] 

 

 

 
c. The height (thickness) of the coin is measured to be 0.145cm.   

 

 
 

Christopher wants to find the density of the coin. 

 

He uses his values for the diameter and height of the coin to calculate its volume. 

 

i. Calculate the volume, in m3 of the coin using the following equation: 

 

𝑽𝒐𝒍𝒖𝒎𝒆 = 𝟑. 𝟏𝟒 × (𝒓𝒂𝒅𝒊𝒖𝒔𝟐) × 𝒉𝒆𝒊𝒈𝒉𝒕 
  

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [3 marks] 
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ii. What else must Christopher do to find the density of the coin?  

 

Name any suitable apparatus that he might use. 

 
 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [2 marks] 

 

d. Christopher finds a very old coin and wants to repeat the process above but knows 

that he will need to find the volume a different way. 

 

Describe how he can accurately find the volume of the coin pictured above.  

You may draw a diagram to help your answer. 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 

_____________________________________________________________________  [3 marks] 
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SECTION TWO: CHEMISTRY  [20 marks] 

 
1. Hydrogen gas reacts with chlorine gas to form hydrogen chloride.  

 

a. Write a balanced symbol equation for this reaction. 

 
_____________________________________________________________________  [1 mark] 

 

  

  

b. When hydrogen chloride gas, HCl, is dissolved in water an acidic solution is 

formed.  

 

i. Give the name of the acid. 

  
_____________________________________________________________________  [1 mark] 

  

 

ii. What colour is seen when universal indicator is added to this acidic 

solution? Circle the correct answer. 

  

A    blue  

B    green  

C    pink-red  

D    orange  

 [1 mark] 

 

 

c. Acid is found in the stomach.  

 

Indigestion can occur when excess acid is present in the stomach.   

 

To relieve the pain caused by indigestion, people take indigestion tablets.  

 

Indigestion tablets in the stomach are used to neutralise this acid. 

 

Name the salt formed when magnesium hydroxide reacts with hydrochloric acid in 

the stomach. 

 
_____________________________________________________________________  [1 mark] 
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2. Barium hydroxide reacts with dilute nitric acid to form barium nitrate and water.  

 

Caroline wanted to investigate how the pH of the mixture changes as barium hydroxide is 

added to dilute nitric acid.  

 

She followed this method.  

step 1    measure out 50.0 cm3 of dilute nitric acid into a beaker using a measuring 

cylinder  

step 2    use a glass rod to place a drop of the acid onto a piece of universal indicator 

paper and record the pH  

step 3   add 0.2 g of barium hydroxide to the acid in the beaker and stir  

step 4   use the glass rod to place a drop of the mixture onto a new piece of universal 

indicator paper and record the pH again  

step 5   repeat steps 3–4 until there is no further change in the pH.  

 

a. Name a piece of equipment which could be used to measure out 50.0 cm3 of dilute 

nitric acid more accurately than the measuring cylinder.  

 

 
_____________________________________________________________________  [1 mark] 

 

 

 

b. Describe how the pH of the mixture is determined when a drop of it is placed on the 

universal indicator paper.  

 

 
_____________________________________________________________________________ 

 

____________________________________________________________________  [2 marks] 
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c. Caroline’s results are below:  

 

  

 

On the grid on the following page:  
 

• Add suitable scales to the vertical and horizontal axes.  
 

• Plot a graph of the pH of the mixture against the mass of barium 

hydroxide.   

[3 marks] 
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d. Use your graph to work out the mass of barium hydroxide needed to completely 

neutralise the acid. 

 
_____________________________________________________________________  [1 mark] 
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3. This question is about dragons. 

 

Dragons are able to breathe fire because the parasitic bacteria that live in their intestines 

and lungs produce flammable gases. If a dragon exhales sharply, the gas can ignite due to 

the friction against the rough walls of the larynx. There are several different species of 

dragons, each of which plays host to a different species of parasitic bacteria.  

 

• The gas exhaled by the Black Dragon contains 25% of hydrogen. 

• The gas exhaled by the Red Dragon contains 30% of methane (CH4). 

• The gas exhaled by the Gold Dragon contains 20% of hydrogen sulphide (H2S).  

 

The gas exhaled by all species of dragon contains 15% of oxygen.  

 

The average volume of a dragon’s lungs is 510000 cm3 and, due to the high pressures 

experienced when a dragon exhales, the volume of gas contained in their lungs is 15000 cm3 

per 6,000,000,000 (6 billion) particles. 
 

 

a. Calculate the total number of gas particles contained in a dragon’s lungs. 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 

____________________________________________________________________  [2 marks] 

 

 

 

 

b. Calculate the number of oxygen particles contained in a dragon’s lungs. 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________  [1 mark] 
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c. The balanced chemical reaction for the combustion of gas exhaled by the Black, Red 

and Gold dragons respectively is as follows: 

 

Black Dragon:   2H2      +   O2           →   2H2O 

 

Red Dragon:   CH4     +    2O2          →  CO2 + 2H2O 

 

Gold Dragon:   2H2S     +    3O2          →  2SO2 + 2H2O 

 

 

i. How many particles of hydrogen are there in the Black Dragon’s lungs? 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________  [1 mark] 

 

 

d. Using your answer to parts b. and c. decide if there is enough oxygen particles to 

react with all of the hydrogen particles. 

 

Hint: Look at the ratio of particles in your combustion equation for H2 

 
_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 
____________________________________________________________________  [3 marks] 

           

 

   

 

e. Calculate the energy released in kJ during the combustion of one exhalation for the 

Black dragon given that the energy change for the combustion of H2 is 240 kJ per 

6,000,000,000 particles. 

 
_____________________________________________________________________________ 

 

_____________________________________________________________________________ 

 
_____________________________________________________________________________ 

 
____________________________________________________________________  [2 marks] 
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SECTION THREE: BIOLOGY  [20 marks] 
 

This is an exercise in comprehension about science. You are not expected to have been taught this 

information already. 

 

Read the following paragraphs, then answer the questions that follow them. 

 

Enzymes are important molecules found in all cells. They speed up chemical reactions in cells. The 

chemical reactions are collectively called the metabolism of the cell. Enzymes can speed up synthesis 

as well as the breakdown of molecules. Enzymes work by reducing the amount of energy needed 

for a reaction to occur. They do this by interacting with substrate molecules – the molecule or 

molecules that are being altered.  

 

Enzymes are very specific, they have an area called the active site that fits the substrate perfectly. 

This means that each reaction has a specific enzyme. For example, starch , which is a very large food 

molecule, is broken down into sugars by the enzyme amylase but proteins are digested by 

proteases. Each enzyme has a different structure and specific active site for the substrate. 

 

In order for the reaction to take place, the enzymes and substrates must collide and do so with 

enough energy for the enzyme to catalyse the reaction.  

 

• Heat gives molecules kinetic energy. 

• Too much heat damages the enzyme’s structure. 

• The more enzymes, the faster the rate of reaction. 

• The more substrate, the faster the rate of reaction. 

 

1. Suggest why human body temperature stays constant at around 37oC. 

 

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 

 

 

 

2. When we eat food, our intestines produce more enzymes. 

 

Suggest why. 

 

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 
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3. The graph below shows enzyme activity with changing temperature. 

 

Describe and explain the shape of the graph. 

 
 

 

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [4 marks] 

 

 

 

 

4. Name the substrate for amylase. 

 

________________________________________________________________________  [1 mark] 
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5. Suggest why saliva contains amylase. 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 

 

 

 

6. Suggest why we need enzymes that synthesise new molecules. 

. 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 

 

 

 

7. Name two metabolic reactions that occur in plants that you think require enzymes. 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 

 

 

 

 

 

8. The coefficient of reactions is often measured by investigating the rate of reaction across a 

range of temperatures.  

 

In enzyme-controlled reactions, this is done every 10oC and is known as the Q10. Most 

enzyme reactions have a Q10 = 2.   

 

If the rate of a reaction is 5 units per second at 15 oC, what is the rate of reaction at 35 oC in 

units per second? 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 

_________________________________________________________units per second  [3 marks] 
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9. Respiration is controlled by enzymes.  

 

Respiration uses different molecules to release energy for cell reactions.  

 

The ratio between the oxygen used in aerobic respiration and the amount of carbon dioxide 

is called the Respiratory Quotient (RQ).  

 

Suggest a Respiratory Quotient value for the aerobic respiration of glucose. 

 

_________________________________________________________________________________ 

 
_________________________________________________________________________________ 

 
________________________________________________________________________  [2 marks] 

  

 

 


