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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 Isaac knows that light is made of waves.

 (a) Draw a diagram of a wave.

  Show clearly on the diagram the wavelength of the wave.

distance 

[2]

 (b) Isaac shines a beam of white light at a glass prism.

light source

beam of
white light

glass prism
screen

red
orange
yellow
green
blue
indigo
violet

visible
spectrum

  (i) Isaac notices that the light changes direction as it enters the glass.

   He decides that this is because the wavelength of the light changes.

   Complete the sentences by putting a ring  around the best option.

   As the light enters the glass

   • its wavelength decreases

   • the speed of the light   decreases   /   increases   /   stays the same

   • the frequency of the light   decreases   /   increases   /   stays the same.
[2]
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  (ii) Isaac thinks that the white light contains many different photons.

   Different photons correspond to different colours.

   Here are some statements about the photons.

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

    Shorter wavelength photons have lower frequencies. 

    Red photons have the same energy as blue photons.  

    Longer wavelength photons move faster through empty space. 

    The intensity of the light depends on the number of photons arriving 
 on the screen each second. 

    The colour seen on the screen depends on the wavelength of the 
 photons which arrive. [2]

[Total: 6]
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2 Paul uses a radio microphone to record a song.

aerial

microphone

 (a) The diagram below shows the information in Paul’s sound.

  This information is carried by the radio wave leaving the aerial.

sound

radio wave

time

  Which of these words best describes the signal transmitted from the microphone?

  Put a ring  around the correct word.

analogue        digital        stereo [1]
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 (b) The radio wave picks up noise as it passes from the microphone to the receiver.

  The signal at the receiver passes through an amplifier.

  What is the effect of the amplifier on the signal?

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

   Only the amplitude of the radio wave is increased. 

   The amplitudes of both the radio wave and the noise are increased. 

   The information is removed from the radio wave. 

   The noise is completely removed from the radio wave. 
[1]

 (c) The quality of sound recording is not good.

  Paul decides to use a different type of microphone.

  The microphone encodes information as pulses.

  Explain why this should improve the quality of the sound recording.

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

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

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

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

[Total: 4]
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3 Thomas passes light from a laser through a small hole in a metal sheet.

light from a laser

metal sheet screen

 (a) Thomas sees a disc of light when he looks at the screen.

screen

disc of light

  The disc is much larger than the hole.

  Light that passes through the hole spreads out before it hits the screen.

  (i) What is the name of this effect?

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

  (ii) What does this observation suggest about light?

   Put a tick (✓) in the box next to each of the two correct explanations.

    Light has a wave nature. 

    Light is a longitudinal wave. 

    Light from the source has only one wavelength. 

    The size of the hole is similar to the wavelength of the light. 

    Photons carry the energy of the light from the source to the screen. 

    The amplitude of the light is much smaller than the size of the pinhole. 

[2]
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 (b) Thomas makes a second hole in the metal sheet just above the first hole.

light from a laser

metal sheet screen

disc of light

  Thomas looks at the screen for an interference pattern.

  Here are four possible patterns.

A B C D

  Which pattern, A, B, C or D, will Thomas see?

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

[Total: 4]
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4 Many animals rely on simple reflexes.

 (a) (i) Put a ring  around the correct word from each bold pair to complete the sentence.

   Simple reflexes produce   slow   /   rapid   and   

   involuntary   /   voluntary   responses.
[1]

  (ii) A reflex starts with a stimulus.

   Put a tick (✓) in the box next to the correct description of a stimulus.

   A stimulus is a change in an organism’s …

    … effectors. 

    … receptors. 

    … behaviour. 

    … environment. 
[1]
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 (b) Joe is having a check up at his doctor’s.

  The doctor tests Joe’s knee jerk reflex.

muscle

kneecap

tendon

hammer

  The hammer taps the tendon.

  This stretches the muscle.

  The muscle then contracts.

  The knee jerk reflex is described by statements A, B, C, D and E below.

  Put the statements in the correct order.

  The first one has been done for you.

  A The impulse goes to the spinal cord.

  B There is an impulse in the sensory neuron.

  C There is a change in the receptor.

  D The effector gives a response.

  E There is an impulse in the motor neuron.

C
[2]
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 (c) Part of Joe’s reflex arc is made up of a motor neuron like this one.

fatty sheath

A

  (i) Put a ring  around the correct name for the part of the motor neuron labelled A.

axon        synapse        nucleus [1]

  (ii) Part A is wrapped in a fatty sheath that insulates it from other neurons.

   What other benefit is there from the fatty sheath?

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

    It slows the impulse. 

    It keeps the nerve warm. 

    It speeds up the impulse. 

    It makes the impulse last longer. [1]

 (d) Reflexes such as the knee jerk reflex help an animal to survive.

  Give another example of a reflex response and explain how it helps an animal’s chances of 
survival.

reflex response  .........................................................................................................................

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

how it helps survival  ..................................................................................................................

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

[Total: 8]
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5 Colin plays his clarinet in a school concert.

 (a) He has to practise playing to be able to perform.

  Put ticks (✓) in the boxes next to the two statements that best explain what is happening in 
Colin’s brain as he learns some new music.

   Repetition causes neuron pathways to wear out. 

   New experiences cause new neuron pathways to form. 

   Repetition makes new pathways more likely to transmit impulses. 

   Repetition makes all new neurons more likely to transmit impulses. 

   New experiences cause neurons to make bigger electrical impulses. 
[2]

 (b) The cerebral cortex of Colin’s brain is concerned with memory.

  (i) Put a ring  around two other things that the cerebral cortex is concerned with.

consciousness        hormone release        language

temperature control        water balance
[2]

  (ii) Scientists use different methods to map the cerebral cortex.

   Write down two of these methods.

1. ........................................................................................................................................

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

[Total: 6]
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6 Ann has some alkali.

 It is a solid and she wants to know how pure it is.

 (a) She places a conical flask on a balance and adds some of the alkali.

  She adds water to the flask to dissolve the alkali.

  Ann makes four measurements, A, B, C and D.

  A mass of conical flask

  B mass of conical flask + alkali

  C mass of conical flask + solution

  D volume of water poured into the conical flask

  Which two of these measurements could be used to work out the mass of the alkali that she 
put into the flask?

 measurements  ........................  and  .......................  [1]
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 (b) Ann carries out an accurate titration to find out how much acid 
reacts with 25.0 cm3 of the alkali solution.

  She puts 25.0 cm3 of the alkali solution into a conical flask.

  She then adds a few drops of indicator solution.

  She puts the acid into a burette.

  Describe how Ann should carry out the rest of the titration.

  Include any measurements that she should make.

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

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

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

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

 ............................................................................................................................................  [4]

 (c) Ann’s titration uses sulfuric acid and sodium hydroxide.

  She knows that they react to make sodium sulfate and water.

  Fill in the two boxes to write a word equation for the reaction.

sulfuric
acid

+ + water

[1]

 (d) Ann knows that sodium hydroxide is an alkali.

  Two of the following chemicals are also alkalis.

  Put a tick (✓) in the box next to each of the two alkalis.

   potassium hydroxide 

   calcium hydroxide 

   potassium chloride 

   calcium chloride 
[1]

[Total: 7]

burette
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7 Bernie buys stomach powder from his supermarket.

AMAZING STOMACH
POWDER

Drink while it is still fizzing.

Empty into a glass of water 
and stir.

 The powder contains solid sodium hydrogencarbonate and a solid acid.

 (a) Put a ring  around the acid that is a solid at room temperature.

citric acid        ethanoic acid        hydrogen chloride        sulfuric acid [1]

 (b) What do we call the reaction between an acid and sodium hydrogencarbonate?

  Put a ring  around the best answer.

neutralisation        oxidation        reduction        titration [1]

 (c) A drug company measures the amount of impurities in the stomach powder.

  They do not need to remove all of the impurities.

  Explain why drug companies do not need to remove all of the impurities.

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

   The remaining impurities do not do any harm. 

   No one will know that impurities are there. 

   Medicines often contain more than one ingredient. 

   So they can charge more for medicines. [1]

 (d) The drug company rejects one sample of the stomach powder because it is not pure enough.

  100 g of the sample contains 98 g of stomach powder and 2 g of impurity.

  Put a ring  around the percentage purity of this stomach powder.

0.02 %        2 %        50 %        98 % [1]

[Total: 4]
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8 Carina has to dispose of a solution of a dangerous chemical.

 She knows that she can dispose of it by adding hydrochloric acid.

 Carina must add exactly the right amount of acid.

 She uses a pH meter while she adds the acid.

0 10 20
30

40
50

60
70

8090100

Off

Temp.°C

mVpH

pH Meter

Buffer

 (a) Carina adds the acid until the solution is neutral.

  (i) What do pH meters measure?

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

    whether a solution is neutral 

    how much acid to add 

    whether a solution is dangerous 

    how acidic or alkaline the solution is 
[1]

  (ii) Put a ring  around the pH of a neutral solution.

1        6        7        14
[1]

 (b) Carina needs to know the relative formula mass of the hydrochloric acid, HCl .

  The relative atomic mass of hydrogen = 1
  The relative atomic mass of chlorine = 35.5

  Put a ring  around the calculation for the relative formula mass of HCl .

1
35.5

        35.5
1

        35.5 – 1        35.5 + 1
[1]

[Total: 3]

END OF QUESTION PAPER
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