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TWENTY FIRST CENTURY SCIENCE EQUATIONS

Useful Relationships

Explaining Motion

speed  =
  

distance travelled
time taken

momentum  =  mass  ×  velocity

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

work done by a force  =  force  ×  distance moved by 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 Billy breathes air into his lungs.

 Oxygen moves from the air into his red blood cells.

 (a) How does the oxygen move into his red blood cells?

  Put a ring  around the correct answer.

active transport             diffusion             homeostasis             osmosis
[1]

 (b) Each sentence below has three options to link the beginning of the sentence to the end.

  For each sentence put a ring  around the correct phrase.

   The air Billy breathes in contains …

less oxygen than

the same amount of oxygen as

more oxygen than

… the air he breathes out.

   The blood going into Billy’s lungs contains …

less oxygen than

the same amount of oxygen as

more oxygen than

… the blood leaving his lungs.

   The air Billy breathes out contains more …

nitrogen

carbon dioxide

urea

… than the air he breathes in.

[2]
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 (c) Billy breathes air in through his nose.

  This warms the air.

  This helps to keep Billy’s body at a constant temperature.

  Why is it important for Billy’s body to have a constant temperature?

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

Molecules need energy to collide with proteins.
 

Chemical reactions go better when the temperature is high.
 

Enzymes need a specific temperature to work at their best. 
 

Cells change shape at low temperatures.
 

  [1]

[Total: 4]
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2 Carl runs in a race.

 His muscle cells take in oxygen and glucose from the blood.

 (a) Oxygen only enters muscle cells by diffusion.

  Glucose enters by either diffusion or active transport.

  Explain the difference between diffusion and active transport.

  Use ideas about concentration and energy in your answer.

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

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

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

 .............................................................................................................................................. [3]
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 (b) After the race Carl notices that he produces a small volume of concentrated urine.

  The concentration of urine is controlled by the hormone ADH.

  (i) Which gland releases ADH into the bloodstream?

   Put a ring  around the correct answer.

adrenal                 pancreas                 pituitary                 thyroid
 [1]

  (ii) Alcohol and Ecstasy are drugs that affect the production of ADH.

   Draw straight lines to join each drug to the correct effect on ADH production.

   Draw straight lines to join each effect on ADH production to the correct effects on the 
urine produced.

drug effect on ADH 
production effects on the urine

increased
ADH

production

greater volume 
and less dilute

alcohol

greater volume 
and more dilute

decreased
ADH

production

smaller volume 
and less dilute

Ecstasy

smaller volume 
and more dilute

[3]

[Total: 7]
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3 Sheila works in a bakery where it is very hot.

 Her body’s temperature control system detects that her blood temperature is rising. 

 (a) Where in her body are the receptors for this system?

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

 (b) Explain how vasodilation can help reduce her temperature.

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

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

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

[Total: 3]
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4 This question is about the element lithium.

 (a) Some students suggest why lithium is where it is in the Periodic Table.

  Who gives the best answer?

Alex
The elements are

arranged in groups.

Charles
The elements are
arranged in order

of number of
neutrons.

Brenda
The elements are
arranged in order

of number of protons.

Daisy
The elements are

arranged  in
order of mass.

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

 (b) Wrist watch batteries often use lithium metal as one of the electrodes.

  The lithium atoms in the battery give off electrons.

  (i) How many electrons does each atom of lithium give off when it reacts?

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

  (ii) The inside of the lithium battery contains compounds in a liquid that conduct 
electricity.

   Explain how these compounds conduct electricity.

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

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

 ...................................................................................................................................... [3]
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 (c) Lithium batteries should not be cut open.

  This is because lithium reacts with water.

  (i) Brenda’s teacher drops a small piece of lithium into a beaker of water. 

   Tick (✓) one box in each column to describe what happens to the lithium.

   The first one has been done for you.

tick one from 
this column

tick one from 
this column

tick one from 
this column

tick one from 
this column

it floats ✓
no 

movement 
at all

it gets 
smaller

no visible 
reaction

it sinks
some 

movement
it stays the 
same size

it produces 
bubbles

it sinks to 
the bottom 
then rises

violent 
movement

it gets 
larger

it catches 
fire

[2]

  (ii) Write a word equation for the reaction between lithium and water.

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

[Total: 8]
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5 Chlorine gas is highly reactive.

  (a) Chlorine gas reacts with sodium hydroxide solution. 

  (i) Write state symbols, s, l, g, aq, to complete the equation for this reaction.
 
   Some have been done for you. 

 aq aq   Cl2 (……)  +  2NaOH (……)    NaOCl  (……)   +   NaCl  (……)   +  H2O (……) [2]

  (ii) NaOCl  is ionic. What is the charge on the OCl  ion?

   Put a ring  around the correct answer.

OCl2+              OCl+              OCl –               OCl2– [1]

 (b) (i) Chlorine gas, Cl2, will also react with sodium.

   Write a balanced chemical equation for this reaction.

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

  (ii) Chlorine is a gas.

   Bromine and iodine can easily be turned into gases.

   Put one tick (✓) in each table to show how well these gases might react with sodium.

chlorine bromine iodine

highly reactive highly reactive highly reactive

reactive reactive reactive

less reactive less reactive less reactive

unreactive unreactive unreactive
[1]

[Total: 6]
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6 Sylvia tries out her motorbike on a race track.

 From a standing start, she gets to her top speed in a distance of 200 m. 

 Her motorbike has to exert a constant horizontal force of 600 N for her to do this.

 Sylvia and her motorbike weigh 1500 N.

 (a) Calculate the work done on her motorbike as it travels 200 m. 

 work done =  ......................................................  J [2]

 (b) Work done on a motorbike increases its kinetic energy.

  The work done on Sylvia’s motorbike is more than its final kinetic energy.

  Write about

  • why the work done is more than the kinetic energy
  • what happens to the missing energy.

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

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

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

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

[Total: 4]
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7 Mel goes bowling.

 (a) Mel stands on one foot to deliver the ball.

  Two forces act on her foot from the floor.

  Put rings  around the two forces.

friction                mass                momentum

reaction                velocity                weight  [2]

 (b) Mel gives the ball 20 kg m/s of momentum in a time of 0.5 seconds. 

  Put a ring  around the average force she exerts on the ball.

0.025 N              10 N              20 N              40 N
[1] 
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 (c) The ball leaves her hand and rolls along the lane. 

  The ball slows down gradually as it moves along the lane.

  (i) Which of these distance-time graphs shows the ball slowing down?

distance

time

A

distance

time

B

distance

time

C

distance

time

D

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

  (ii) Here are some statements about the ball as it rolls along the lane.

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

The momentum of the ball remains constant.
 

The reaction from the track slows the ball down.
 

There must be a force pushing it along the track.
 

The average speed will be less than the initial speed.
 

  [1]

[Total: 5]
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8 Matt hits a ball with his bat.

 (a) Put a ring  around the correct phrase to complete each sentence.
 
   The force of the bat on the ball is …

greater than

smaller than

the same as

… the force of the ball on the bat.

   The force of the bat on the ball acts …

in a direction at right angles to

in the same direction as

in the opposite direction to

… the force of the ball on the bat.
 [1]

 (b) Here are some statements about the ball after it has left the bat.

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

The velocity of the ball increases as it rises up.
 

The reaction force from the bat slows the ball down.
 

The weight of the ball increases its downwards momentum.
 

The total energy of the ball will stay the same if there is no friction.
 

The counter force will be less than the driving force as it moves forward.
 

  [2]
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 (c) The ball gains 100 J of gravitational potential energy before it starts to fall back to the ground. 

  The ball has a weight of 5 N.

  How high did it rise after leaving the bat? 

  Put a ring around the correct answer.

20 m                50 m                200 m                500 m
[1]

 (d) Which of these speed-time graphs is for the ball as it rises through the air and falls back to the 
ground?

speed

time

A

speed

time

B

speed

time

C

speed

time

D

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

[Total: 5]

END OF QUESTION PAPER
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