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A Christmas Carol

Key events (AO1) Associated quotes

A miserly old man called Ebenezer Scrooge is mean, selfish and cruel to all around him. One night when returning home he is visited by the ghost of his old friend and business partner Jacob Marley. Marley tells Scrooge he must change his 
ways and live a life of generosity or he will be punished and forced to walk the earth forever more. Scrooge is visited by three spirits (The Ghosts of Christmas Past, Present and Yet-to-Come) who all show him visions of his life and how his life 
will be if he doesn’t change. Filled with regret, sorrow but a determination to change, Scrooge is returned to his home on Christmas Day where he sets out to change his life and use his wealth to help others. He goes on to embody the 
Christmas spirit better than anyone else. 

Stave 1: Marley’s Ghost

We discover Jacob Marley, who was Ebenezer Scrooge's business partner, died seven years ago. Scrooge is working in his counter-house, along with his clerk - Bob Cratchit. Scrooge's nephew Fred arrives and 
wishes him a Merry Christmas, but Scrooge dislikes his enthusiasm for the festive and answers: "Bah! Humbug!" Scrooge argues that Christmas is like any other day when there is money to be paid through 
bills. Fred has a different attitude, proclaiming Christmas to be a "as a good time: a kind, forgiving, charitable, pleasant time: the only time I know of, in the long calendar of the year, when men and women 
seem by one consent to open their shut-up hearts freely.“ Fred invites his uncle to visit him and his friends for Christmas, but Scrooge refuses. Two portly gentlemen then come into Scrooge's counter house 
and ask Scrooge if he would donate money for the poor. Scrooge asks them if the prisons and workhouses are still open and dismisses them - saying he wishes to donate nothing and to be left alone. The 
weather is getting colder and colder. Outside, a Christmas caroler tries to sing a song through the keyhole of Scrooge's office door but Scrooge scares him off. After closing up the counting office and before he 
goes home, Scrooge tells his clerk Bob Cratchit that he wants him to work on Christmas Day, but eventually he is persuaded to allow him to have the day off - but Cratchit must turn up all the earlier the next 
day. 

Scrooge continues his usual routine of having dinner in a tavern and then returns home through awful, foggy London streets. As he arrives at his front door he thinks he sees Marley's face on the door knocker 
until it turns back into an ordinary knocker. He is surprised but refuses to accept what he has seen. Scrooge thinks he sees a hearse going up the stairs in front of him. He rushes into his room and locks the 
door behind him, putting on his dressing grown as well. He eats gruel by the fire, but suddenly the carvings on the mantelpiece change into pictures of Jacob Marley's face. Again, Scrooge is reluctant to accept 
what he has seen. All of the bells and in the room start ringing and Scrooge hears footsteps coming up the stairs. A ghost floats through the door - it is Jacob Marley - see-through and covered up in chains, 
cash-boxes, keys, padlocks, ledgers, deeds and heavy purses wrought in steel. Scrooge tries to deny Marley's Ghost exists, claiming he is just a symptom of food poisoning. The ghost explains to Scrooge that he 
has spent seven years wandering the world in his chains as a form of punishment for the way he lived his life. Marley's Ghost tells Scrooge he has come back to save Scrooge from the same fate he has 
suffered. He informs Scrooge that he will be visited by three different spirits over the next three nights. The first one will come at one o'clock, the next the same time and the final one will be there on the last 
stroke of midnight. The ghost moves towards Scrooge's window which opens by itself. Scrooge is terrified and full of fear. The ghost tells Scrooge to look out of the window and he sees many spirits, all 
covered in chains. They are all shouting about how they did not lead caring and honourable lives and did not help others. Marley disappears and Scrooge goes back to bed and falls asleep.

“Scrooge was his sole executor, 
his sole administrator, his sole 
assign, his sole residuary 
legatee, his sole friend and sole 
mourner.”

“But what did Scrooge care?  It 
was the very thing he liked. “

“Bah! Humbug!”

"Are there no prisons?" asked 
Scrooge.
"Plenty of prisons," said the 
gentleman, laying down the pen 
again.

“As a good time: a kind, 
forgiving, charitable, pleasant 
time” Fred on Christmas

Stave 2: The First of the Three Spirits

Scrooge wakes up at midnight and is confused. When he went to sleep it was 2am! To begin with he believes he must have slept through an entire day or it's noon and the sun isn't out. He remembers that 
Marley's Ghost told him the first spirit will arrive at 1am. Terrified and anxious, Scrooge waits. At one o'clock Scrooge's curtains on his bed are blown away by an unusual, child-like character who exudes 
wisdom and experience. The spirit has a cap to cover the light that comes from its head.  Scrooge is taken to the rural countryside where he was born and raised. He visits his old school, sees his young friends 
and remembers many parts of his childhood.  The effect of seeing these memories makes Scrooge cry. The ghost moves Scrooge into the school where a lonely little boy - Scrooge as a youngster - is all alone at 
Christmas time. Scrooge and the ghost continue to visit different Christmases of the past and eventually we see a little girl - Scrooge's sister Fan - who runs into the room and tells Scrooge she has come to 
take him home. She says their father has allowed Ebenezer Scrooge to come home. Young Scrooge hugs his sister. Scrooge reveals to the ghost that Fan died years ago and she is the mother of his nephew 
Fred.  The Ghost of Christmas Past and Scrooge visit other Christmases and see a party being held by Fezziwig, a merchant who had Scrooge as an apprentice when Ebenezer was younger. Scrooge sees an 
older version of himself in conversation with Belle - his fiancée. She tells Scrooge she is ending their engagement as his love of capital gain and greed has ruined their love that used to be everything to Scrooge. 
Scrooge is taken to see a more recent Christmas where an older Belle talks to her new husband about her former fiancé Scrooge. Her husband says that Scrooge is alone in the world. Scrooge is struggling to 
deal with these scenes and begs the ghost to allow him to go back home. Full of anger, sadness and loss, Scrooge grabs the ghost's cap and pulls it over the child's head, and the light begins to diminish. By the 
time he gets to the ground, Scrooge finds himself back in his bedroom, where he goes to bed again and falls asleep straight away.

"A solitary child, neglected by 
his friends, is left there still."
Scrooge said he knew it. And he 
sobbed.

"Scrooge sat down upon a form, 
and wept to see his poor 
forgotten self as he used to be."

"Why, it's old Fezziwig! Bless his 
heart; it's Fezziwig alive again!"

"Spirit!" said Scrooge in a 
broken voice, "remove me from 
this place."

Stave 3: The Second of the Three Spirits

In the distance the church clock strikes one and Scrooge wakes up in shock. He is glad to be awake and is waiting for the second spirit to arrive, but none seems to come. Scrooge waits 15 minutes and then 
suddenly a bright light beams down onto him. Scrooge moves into his other room where he finds the second spirit waiting for him. The Ghost of Christmas Present is very different to the first spirit. He is a 
giant, covered in green robes and sits on top of a throne made of a huge Christmas feast. He has a booming, loud voice and tells Scrooge he has more than 1800 brothers (one for each Christmas). He lives for 
only a single day. The spirit tells Scrooge to touch his robe, and when he does so the feast and room disappear. Scrooge finds himself in the middle of London on Christmas morning. It is very busy and full of 
life. He sees all sights of a joyful Christmas day as people shovel snow, take presents to each other and say to each other: "Merry Christmas!“  The ghost and Scrooge then move on to visiting Bob Cratchit's 
family - remember that Cratchit is Scrooge's clerk. Mrs Cratchit prepares a Christmas meal of goose and all the trimmings. They are poor and this meal is one of the few treats they set money aside for. The 
eldest daughter Martha comes back from her job at the milliner's. Peter, the eldest son, wears a stiff-collared shirt which he received from his father. Bob arrives carrying his young son Tiny Tim on his 
shoulders. Tiny Tim has a debilitating condition that makes him very weak. The family is happy even though they have little food to celebrate Christmas with. Scrooge begs the Ghost to know whether Tiny Tim 
will survive. The spirit replies that given the current conditions in the Cratchit house, there will be an empty chair at next year's Christmas dinner. They move on to other people celebrating Christmas, including 
an isolated community of miners, lighthouse workers celebrating, and a crew on board a ship. Next they move on to Fred's Christmas party, where Scrooge enjoys watching the many party games, although 
none of the party guests can actually see him. As the night carries on, the Ghost of Christmas Present grows older. Lastly they come to a huge expanse of emptiness. Scrooge sees a pair of starving children 
who travel with the Ghost beneath his robes; their names are Ignorance and Want. Scrooge inquires if nothing can be done to help them. Mockingly, the ghost echoes Scrooge's own words from Stave 1: "Are 
there no prisons? Are there no workhouses?“ The spirit vanishes as the clock strikes midnight and Scrooge sees a strange hooded ghost moving towards him.

“Oh, a wonderful pudding! Bob 
Cratchit said, and calmly too, that he 
regarded it as the greatest success 
achieved by Mrs Cratchit since their 
marriage. “

But even here, two men who watched 
the light had made a fire, that through 
the loophole in the thick stone wall 
shed out a ray of brightness on the 
awful sea. 

Fred on Scrooge: “I mean to give him 
the same chance every year, whether 
he likes it or not, for I pity him.”

"Are there no prisons?" said the Spirit, 
turning on him for the last time with 
his own words. "Are there no 
workhouses?"
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Character summary Key Quotes Associated themes or ideas:

Jacob 
Marley

Scrooge’s former business associate and friend. Marley passed away seven years ago on 
Christmas Eve. Marley inspired Scrooge to be selfish, greedy and utterly ruthless when dealing 
with other people. However, it is Marley that comes back to Scrooge as a ghost to tell him to 
change his ways or end up with the same fate as him, cursed to forever travel the world filled 
with regret and sorrow. 

"It is required of every man," the Ghost returned, "that the 
spirit within him should walk abroad among his fellowmen, and 
travel far and wide; and if that spirit goes not forth in life, it is 
condemned to do so after death. It is doomed to wander 
through the world -- oh, woe is me! -- and witness what it 
cannot share, but might have shared on earth, and turned to 
happiness!"
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Ebenezer 
Scrooge

The central protagonist (main character) of the novella, Scrooge is a selfish, greedy but 
ultimately isolated elderly man that has spent much of his life hoarding his wealth away from 
others despite being surrounded by poverty and suffering. He is initial cruel and callous to 
everyone else before the visits of Marley’s Ghost and the Three Spirits bring about his epiphany 
and the change in his character. Through the help of the narrator we follow Scrooge on his 
journey through his own past, present and potential future and celebrate his embracing of the 
Christmas spirit at the end.

“Bah! Humbug!”

"Since you ask me what I wish, gentlemen, that is my answer. I 
don't make merry myself at Christmas and I can't afford to 
make idle people merry.”

"I will honour Christmas in my heart, and try to keep it all the 
year. I will live in the Past, the Present, and the Future.”
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The Ghost of 
Christmas Past

The first of the three spirits to visit Scrooge, The Ghost of Christmas Past takes Scrooge on a 
journey through his memories – ones he enjoys remembering and others that bring up 
emotions that he has long since buried. We see his absolute joy at seeing Fan and Fezziwig 
again, but his immense sorrow and regret for what happened between him and Belle. The Ghost 
is presented as very unusual looking and re-reading and re-analysing the use of description of 
the character would be very useful to you as part of your revision. 

"It wore a tunic of the purest white, and round its waist was 
bound a lustrous belt, the sheen of which was beautiful."

“Why did his cold eye glisten, and his heart leap up as they 
went past? Why was he filled with gladness when he heard 
them give each other Merry Christmas, as they parted at cross-
roads and-bye ways, for their several homes? What was merry 
Christmas to Scrooge? Out upon merry Christmas! What good 
had it ever done to him?”
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The Ghost of 
Christmas 

Present

The second of the three spirits that is presented a giant representing all that is great and good about 
Christmas Day. He is more dominating than the previous spirit and mocks Scrooge’s own words from Stave 1 
when Scrooge previously asked about prisons and workhouses being in operation. This spirit shows to 
Scrooge how everyone across society takes joy from Christmas and celebrate together, they do not isolate 
themselves like Scrooge has done. In particular, the visit to the Cratchits and Scrooge seeing the love for 
Tiny Tim hits him hard.

"I am the Ghost of Christmas Present," said the Spirit. "Look 
upon me."

“[Tiny Tim] told me, coming home, that he hoped the people 
saw him in the church, because he was a cripple, and it might 
be pleasant to them to remember upon Christmas Day, who 
made lame beggars walk, and blind men see.”
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The Ghost of 
Christmas Yet-

to-Come

The final spirit is a dark, silent phantom that terrifies Scrooge and in some ways resembles the 
Grim Reaper, a classical symbol of death. This spirit shows Scrooge how the death of an isolated 
and friendless man sees vagabonds still his personal items, people celebrating his death and 
others suffering at his lack of compassion in life. Finally, the Ghost shows Scrooge his own 
gravestone and it is as this point that Scrooge has his epiphany.

“He lay, in the dark empty house, with not a man, a woman, or 
a child, to say that he was kind to me in this or that, and for the 
memory of one kind word I will be kind to him.”

“We may sleep to-night with light hearts, Caroline." 
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Fred Scrooge’s nephew and the son of Ebenezer’s sister Fan. Fred embodies everything good about Christmas 
and is filled with joy and happiness everywhere he goes. He is the antithesis of Ebenezer Scrooge. When 
Scrooge sees Fred spending Christmas with his friends Fred refuses to criticise Scrooge, only saying he pities 
him. Fred is delighted to see his uncle in Stave 5.

“He had so heated himself with rapid walking in the fog and 
frost, this nephew of Scrooge's, that he was all in a glow”
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Other 
characters

Bob Cratchit – An honourable man and a wonderful father. Scrooge comes to respect him very much. He is 
part of the Cratchit family including his wife, Martha, Belinder and Peter. Tiny Tim - Bob’s crippled son who 
everyone loves and everyone pities. Dickens was arguably trying to evoke immense sympathy from his 
readers for this weak but wonderful young boy. Tiny Tim survives his illness thanks to Scrooge’s financial 
help. Fan and Belle – Scrooge’s sister and former fiancée. They represent Scrooge’s past and his regrets. 
Fezziwig – Scrooge’s old boss who represents the Christmas Spirit.The portly gentlemen – Scrooge is rude to 
them but apologizes to one of them in Stave 5. They raise money for charity.

"Hilli-ho!" cried old Fezziwig, skipping down from the high desk, 
with wonderful agility. (Stave 2) 

"I have come to bring you home, dear brother!" said the child, 
clapping her tiny hands, and bending down to laugh. "To bring 
you home, home, home!“ Fan (Stave 3)

"God bless us every one!" said Tiny Tim, the last of all. (Stave 3)

C
h

ristm
as Sp

irit
Fam

ily
M

em
o

ry an
d

 th
e P

ast
G

u
ilt an

d
 B

lam
e

Em
o

tio
n

al W
arm

th
Iso

latio
n

R
egret

So
rro

w
Tran

sfo
rm

atio
n

C
h

arity

6



Stave 4: The Last of the Three Spirits

This new phantom is very different to the others spirits. He wears a black hooded robe and moves towards Scrooge. Scrooge cannot help but kneel before him and asks if he is The Ghost of Christmas Yet to 
Come. The phantom says nothing and Scrooge feels terrified. Scrooge is still hugely affected by the visits of the last two spirits and asks the phantom to share his lesson so he can avoid the fate of Jacob 
Marley. The ghost takes Scrooge to the London Stock Exchange, where he overhears a group of businessmen discussing the death of a wealthy man. Next they see a pawn shop in a poor part of London, where 
a group of low-lives sell personal items taken from a dead man. 

Scrooge sees the body of the dead man all alone and demands to be shown someone who feels sorry for this man who has passed. The ghost shows the dinner table of a poor family, where a husband and wife 
express relief at the death of a man to whom they owe money.  They move on to the Cratchit household again, where the family struggles to cope with the death of Tiny Tim. Scrooge is desperate to know the 
identity of the dead man, struggling to understand what point or lesson the ghost is trying to make. Suddenly, he finds himself in a rundown churchyard where the spirit points him toward a freshly dug grave. 
Scrooge approaches the grave and reads the inscription on the headstone: EBENEZER SCROOGE. Stunned, Scrooge grabs at the spirit and begs him to stop the events of his nightmarish vision. He promises to 
honour Christmas within his heart and to live by the lessons of Past, Present, and Future. The spirit's hand begins to tremble, and, as Scrooge continues to ask for mercy, the phantom's robe shrinks and 
collapses. Scrooge finds himself returned to the his bed once more.

"He felt that it was tall and 
stately when it came beside 
him, and that its mysterious 
presence filled him with a 
solemn dread."

"I will honour Christmas in my 
heart, and try to keep it all the 
year.“

I promised him that I would 
walk there on a Sunday. My 
little, little child!" cried Bob. 
"My little child!”

Stave 5: The End of It

Scrooge realises he has a chance to live the rest of life in a way that will make him truly happy. He praises of the three spirits and the ghost of Jacob Marley. When he realises he hs been returned back to 
Christmas morning, he begins shouting "Merry Christmas!" as loud as he can. Full of energy and excitement, Scrooge struggles to dress properly and dances while he shaves. As quickly as he can, Scrooge runs 
into the street and offers to pay the first boy he meets a colossal sum to deliver a great Christmas turkey to Bob Cratchit's family. He meets one of the portly gentlemen who in Stave 1 asked for donations to 
the poor. Scrooge apologises for his rudeness, and whispers into the man's ear the massive sums of money he promises to give to charity. Scrooge moves on to Fred's Christmas party and shows such joy and 
enthusiasm that the other guests cannot understand Scrooge's sea change in behaviour.

The next morning, Scrooge arrives at the office early and decides to put on his usual stern and serious expression when Bob Cratchit enters eighteen and a half minutes late. Scrooge, pretending to be 
disgusted, begins to criticize Bob, before suddenly telling Bob he will give him a large raise and will assist his family as much as he can. Bob cannot believe it, but Scrooge promises to keep his word. We are told 
by the narrator that Scrooge is as good as his word: He helps the Cratchits and becomes a second father to Tiny Tim who does not die as predicted in the ghost's dreadful vision. Many people in London are 
puzzled by Scrooge's new behaviour, but Scrooge merely laughs at them. Scrooge brings the Christmas spirit into every day, respecting the lessons of Christmas more than any man alive. The narrator finishes 
the story by saying that Scrooge's words and thoughts should be shared by of all of us ... "and so, as Tiny Tim observed, God bless us, Every one!"

“I don't know how long I've 
been among the Spirits. I don't 
know anything. I'm quite a 
baby. Never mind. I don't 
care. I'd rather be a 
baby. Hallo! Whoop! Hallo 
here!" 

"I'll send it to Bon Cratchit's!" 
whispered Scrooge, rubbing his 
hands, and splitting with a 
laugh. "He shan't know who 
sends it. It's twice the size of 
Tiny Tim. Joe Miller never 
made such a joke as sending it 
to Bob's will be!" 

Context key idea (AO3) Why is this significant?

Philanthropy and 
Dickens’ Sense of 
Social Justice

Although now in Britain we have what is known as the welfare state (which includes support for the neediest including the NHS, social housing, unemployment benefits and more), there is was little government 
support for the poorest in society during the Victorian era. 

Many wealthy Victorians who were socially conscious (meaning they felt a responsibility to help those who could not help themselves) became heavily involved in philanthropy. They used their own money to give 
to charities and to set up their own charities to help those that needed help. 
Charles Dickens was one such person and he used his own money to help others, as well as working with wealthy benefactors to make changes in society, too.

Dickens was philanthropic advisor to Angela Burdett-Coutts (1814-1906), known as ‘the richest heiress in all England’. Dickens used her wealth to give to social causes as well. In 1847 her money was used to 
create Urania Cottage for homeless women. Under his guidance she also supported the Ragged School Union, which was founded in 1844 to provide free education to poor children by Lord Shaftesbury.

Moreover, Dickens used his writing to act as a social commentator – bringing to the attentions of his middle and upper class readers the need for social upheaval. Some of his characters play a positive 
philanthropic role, such as Mr Brownlow in Oliver Twist, the Cheeryble brothers in Nicholas Nickleby, and Mr and Mrs Garland in The Old Curiosity Shop. 

Victorian 
Deprivation

Workhouses existed well before the Victorian era, but the 1834 Poor Law Amendment Act meant it a legal requirement for all able-bodied people to work in workhouses to get their 'poor relief' (financial 
support). Before this time the poorest in society had to rely on charity and hand outs to survive. However, Victorians saw poverty as a kind of illness or disease in society that needed to be eradicated. 
Governments were keen to move the poorest indoors, away from everyone.

However, those in charge of the country made workhouses places to be feared in order to prevent 'lazy' citizens thinking it was an easy option instead of going out to find work. 
Workhouses meant the poorest would work for food and a place to sleep, but many people saw it as a form of slavery. workhouses also took in orphans, abandoned children, the mentally ill, the disabled, 
unmarried mothers and the elderly. Despite their age or abilities, all were required to work long and demanding hours. 

Whenever someone entered a workhouse they were stripped, bathed whilst being supervised and then provided with a uniform. This uniform separated them from the rest of society. If those from workhouses 
were out in the streets everyone else would instantly know they were in a workhouse.  Often children were 'hired out' to wealthy business men and made to work in awful places such as mines. You were not 
allowed to try to contact your family and doing so could result in being punished. The standard of education provided was awful and would not help those within the workhouses get out of them. The food given 
to those in the workhouses was of a poor quality, simple and the same every day. Food was seen as a tool to keep you working, not as something to be enjoyed.

7



Form (AO2) Why is this significant?

Allegory An allegory is a type of story that has a hidden meaning, where characters represent bigger themes and ideas. For instance, Star
Wars is an allegory of good and evil. The Jedi represent good and the Dark Side represents evil. In the same way A Christmas Carol 
represents turning away from greed, selfishness and an obsession with money and turning towards helping others and using your
wealth to good for friends, family and society.

Frame Story Because A Christmas Carol begins with a narrator introducing the story and finishes with the narrator summing it up and ending it, 
this is known as a 'frame story'. At the beginning Scrooge's character is established by the narrator and at the end his dramatic shift 
in personality is explained by the narrator as well. In between these two parts of the plot we find out other stories from Scrooge's 
past, present and future in order for him to have his epiphany and change.

Cyclical Structure A cyclical structure to a text is where it begins and ends in the same way. In Stave 1 Scrooge is rude and unkind to Bob Cratchit, two 
portly gentleman raising money for charity, and his nephew Fred. In the final stave he sees all these people again and is able to 
apologise and show them his transformation. It’s a structure that works very well for emphasising Scrooge’s change in personality.

‘Staves’ instead of ‘Chapters’ A stave could refer to a wooden plank used to help in construction (a bit like scaffolding). It can also refer to a musical staff or 
symbol - used with sheet music.  Whilst Dickens most likely used 'staves' instead of chapters in A Christmas Carol because he 
wanted to associate the plot with a literal 'Christmas Carol' or song, it could be said that each chapter helps in the construction of 
Scrooge as a transformed man. Similarly, in two other novellas by Dickens he also used musical symbols instead of ‘chapters’ 
("quarters" in The Chimes and "chirps" in The Cricket on the Hearth).

Linguistic devices (AO2) Why is this significant?

Pathetic fallacy This is where a writer gives human feelings to non-human objects or places to get across a tone or emotion to readers. For 
instance, the weather is very foggy and dingy as Scrooge walks through London in Stave 1, indicating mystery and a lack of 
harmony in Scrooge’s world. In Stave 1 he is surrounded by the  "Piercing, searching, biting cold’”, echoing Scrooge’s cold heart and 
lack of human warmth. By Stave 5 after Scrooge has transformed into a joyful human being the weather has also changed:  "'No 
fog, no mist; clear, bright, jovial, stirring, cold; cold, piping for the blood to dance to'". 

Epiphany An epiphany is a sudden realisation of something. Scrooge has an epiphany as he reveals after seeing his own gravestone that he 
must love with Christmas in his heart (Stave 5). Because of this epiphany he is then able to go out at the end of the text and share 
his wealth with others and actually feel happy. 

Symbols Each of the ghosts acts as a symbol for something much greater. The Ghost of Christmas Past embodies Scrooge’s regrets that he 
changed so much from his past, that he did not make the most of his family and that he has lost his fiancée Belle. The Ghost of 
Christmas Present is a symbol of the happiness and joy all people feel at Christmas despite their often harsh and deprived 
conditions. The Ghost of Christmas Yet-to-Come symbolises what will happen to Scrooge and his friends and family if he does not 
change. 

Metaphors and Similes, 
Personification, Parallelism, and 
Descriptive Language

Dickens needs to use a lot of descriptive language to get across not only the Christmas London settings but also the unusual spirits 
that visit Scrooge. Marley's Ghost needs to be terrifying, the Ghosts of Christmas Past and Present are not human but supernatural. 
He uses numerous metaphors and similes to get across both characters and setting to his readers. Dickens was a master of 
description and this shines through in A Christmas Carol. Metaphor example: "But he [Scrooge] was a tight-fisted hand at the 
grindstone" Simile example: "It was a strange figure -- like a child: yet not so like a child as like an old man..." 
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Poem Key quotations

Ozymandias ‘Two vast and trunkless legs of stone/ Stand in the desert’ ‘Half sunk, a shattered visage lies’ ‘wrinkled lip, and sneer of cold command’ 'My name is Ozymandias, king of 
kings: Look on my works, ye Mighty, and despair!' ‘Nothing beside remains’ ‘colossal wreck’ 

Storm on the Island ‘The wizened earth had never troubled us’ ‘build our houses squat, Sink walls in rock and roof them’ ‘Exploding comfortably’ ‘salvo'/’strafe’/ ’bombarded’ ‘The very windows, 
spits like a tame cat Turned savage’ ‘Strange, it is a huge nothing that we fear’ 

Remains ‘probably armed, possibly not’ ‘I see every round as it rips through his life’ ‘sort of inside out, pain itself, the image of agony’ ‘tosses his guts’ ‘End of story, except not really.' 
‘blood-shadow stays on the street’ ‘but near to the knuckle, here and now, his bloody life in my bloody hands’ 

Bayonet Charge ‘running- raw In raw-seamed hot khaki’ ‘dazzled with rifle fire’ ‘Bullets smacking the belly out of the air’ ‘In what cold clockwork of the stars and the nations Was he the hand 
pointing that second?’ ‘The patriotic tear that had brimmed in his eye Sweating like molten iron from the centre of his chest' ‘shot-slashed furrows Threw up a yellow hare 
that rolled like a flame’ ‘King, honour, human dignity, etcetera Dropped like luxuries’

Charge of the Light Brigade ‘Half a league, half a league’ ‘valley of Death’ ‘Theirs not to make reply, Theirs not to reason why, Theirs but to do and die.’ ‘Stormed at with shot and shell’ ‘Cannon to right 
of them, Cannon to left of them' ‘Flashed’ ‘honour’ ‘Came through the jaws of Death, Back from the mouth of hell’ ‘When can their glory fade? O the wild charge’

War Photographer ‘spools of suffering set out in ordered row’ ‘as though this were a church’ ‘which did not tremble then though seem to now’ ‘Rural England. Home again to ordinary pain' ‘a 
half-formed ghost’ ‘The reader’s eyeballs prick with tears between the bath and pre-lunch beers’ 

London ‘chartered’  ‘Marks of weakness, marks of woe’  ‘In every cry’  ‘The mind-forged manacles'  ‘black’ning Church’ ‘blights with plagues the Marriage hearse’ 

The Prelude ‘A little boat tied to a willow tree’ ‘It was an act of stealth And troubled pleasure’  ‘Small circles glittering idly in the moon’ ‘She was an elfin pinnace; lustily I dipped my oars 
into the silent lake' ‘a huge peak, black and huge’ ‘grim shape Towered up between me…like a living thing, Strode after me’ ‘huge and mighty forms, that do not live Like 
living men, moved slowly through the mind’ 

Kamikazee ‘a shaven head full of powerful incantations’ ‘little fishing boats strung out like bunting on a green-blue translucent sea’ ‘dark shoals of fishes flashing silver’ ‘arcing in 
swathes like a huge flag waved first one way then the other in a figure of eight,’ ‘they treated him as though he no longer existed' ‘only we children still chattered and 
laughed till gradually we too learned to be silent’

Poppies ‘poppies’ ‘steeled the softening of my face’ ‘All my words flattened, rolled, turned into felt, slowly melting’ ‘the world overflowing like a treasure chest’  ‘released a song bird 
from its cage' ‘leaned against it like a wishbone’  ‘The dove pulled freely against the sky, an ornamental stitch’ 

Exposure ‘merciless iced east winds that knife us’ ‘But nothing happens’ ‘snow-dazed’ ‘sun-dozed’ ‘Shutters and doors all closed: on us the doors are closed'  ‘For God's invincible 
spring our love is made afraid’ ‘Pause over half-known faces. All their eyes are ice’  ‘We only know war lasts, rain soaks, and clouds sag stormy’ 

My Last Duchess ‘Looking as if she were alive’ ‘The depth and passion of its earnest glance’ ‘spot of joy’ ‘A heart—how shall I say?— too soon made glad' ‘My gift of a nine-hundred-years-old 
name’ ‘stooping’/’stoop’ ‘I gave commands; Then all smiles stopped together’  ‘Notice Neptune, though, Taming a sea-horse’ 

The Émigrée ‘There once was a country… I left it as a child but my memory of it is sunlight-clear’ ‘the bright, filled paperweight’ ‘it may be sick with tyrants, but I am branded by an 
impression of sunlight’ ‘That child’s vocabulary I carried here like a hollow doll, opens and spills a grammar' ‘white plane’ ‘white streets’ ‘I comb its hair and love its shining 
eyes. My city takes me dancing through the city of walls’

Tissue ‘Paper that lets the light shine through, this is what could alter things’ ‘If buildings were paper, I might feel their drift, see how easily they fall away on a sigh’ ‘The sun shines 
through their borderlines’ ‘what was paid by credit card might fly our lives like paper kites' ‘let the daylight break through capitals and monoliths, through the shapes that 
pride can make’ ‘of paper smoothed and stroked and thinned to be transparent, turned into your skin’ 

Checking Out Me History ‘Dem tell me Wha dem want to tell me’ ‘Bandage up me eye with me own history Blind me to me own identity’ ‘hopeful stream to freedom river’  ‘but what happen to de 
Caribs and de Arawaks too' ‘a healing star among the wounded a yellow sunrise to the dying’ ‘But now I checking out me own history I carving out me identity’ 

Key themes and ideas Comparative words and phrases

War, Conflict, Identity, Individual 
Experiences, Death, Power, 

Culture, Helplessness, Change, 
Honour, Shame, Pride, Arrogance, 

Social Responsibility, Patriotism 

• Similarly, Likewise, In the same way, This is similar to, Equally, Also
• On the other hand, Although, Whereas, However, In stark contrast, Contrastingly



Context and Subject Matter
Ozymandias Shelley was a Romantic poet who was well known as a 'radical' during his lifetime. He was expelled from university for writing about atheism which led to him to fall out with his father who 

disinherited him. Some people think Ozymandias reflects this side of his character. Although it is about the remains of a statue of Ozymandias (another name for the Egyptian pharaoh 
Rameses II) it can be read as a criticism of people or systems that become huge and believe themselves to be invincible.

Storm on the 
Island

Heaney was born in Northern Ireland to a farming family- much of his poetry is centred on the countryside and farm life that he knew as a child. In the late 60s, right up until the 90s, there 
was conflict in Northern Ireland between the Unionists (a group who wanted to remain in UK) and the Nationalists (a group who wanted to keep Ireland separate). This poem considers the 
power of nature. 

Remains Armitage made a film for Channel 4 in 2007 called The Not Dead and wrote a collection of poems of the same name. In preparation for this work, he interviewed veteran soldiers of 
different wars. The reference to ‘desert sand’ in this poem suggests that it is written about the Gulf War. The poem presents a dark and disturbing image of a soldier suffering post-
traumatic stress disorder after conflict.

Bayonet Charge Bayonet Charge is perhaps unusual for a Ted Hughes poem in that it focuses on a nameless soldier in the First World War (1914-18). It describes the experience of 'going over-the-top'. This 
was when soldiers hiding in trenches were ordered to 'fix bayonets' and climb out of the trenches to charge an enemy position. The aim was to capture the enemy trench. The poem 
describes how this process transforms a solider from a living thinking person into a dangerous weapon of war.

Charge of the 
Light Brigade

Alfred Tennyson was one of 11 children born to an upper-middle class country vicar. In 1850, he became poet laureate, meaning he had to write important poems about events that 
affected the British nation. This poem celebrates the heroism and bravery of soldiers in the Crimean War which was fought between Britain and Imperial Russia from 1853-1856. In the 
Battle of Balaclava, an order given to the British army's cavalry (the Light Brigade) was misunderstood and 600 cavalrymen ended charging down a valley straight into the fire of Russian 
cannons. Over 150 British soldiers were killed, and more than 120 were wounded.

War 
Photographer

Duffy was inspired to write this poem by her friendship with a war photographer. She was especially intrigued by the challenge faced by these people whose job requires them to record 
horrific events without being able to help. Duffy asks us to consider our own response when confronted with the photographs that we regularly see in our newspapers, and why so many of 
us have become desensitised to these images.

London Blake rejected established religion for various reasons. One of the main ones was the failure of the Church to help children in London who were forced to work. Blake lived and worked in 
the capital, so was arguably well placed to write clearly about the conditions people who lived there faced. This poem comes from his collection ‘Songs of Experience’ where he deals with 
various dangerous industrial conditions, child labour, prostitution and poverty. Blake alludes to the 1789 French Revolution in this poem where the French people revolted against the 
monarchy and aristocracy.

The Prelude Wordsworth grew up in the Lake District- his childhood experiences there, and the death of his mother, had a huge influence on his writing. Wordsworth is considered a Romantic poet as 
his poems deal with Nature. The poem shows the spiritual growth of the poet, how he comes to terms with who he is, and his place in nature and the world. 

Kamikaze During the Second World War, the term 'kamikaze' was used for Japanese fighter pilots who were sent on suicide missions. They were expected to crash their warplanes into enemy 
warships. The word 'kamikaze' literally translates as 'divine wind'. Pilots were revered for their heroism and remembered as martyrs. This poem perhaps prompts us to think about the 
consequences of suicide missions for families in the modern world as well as in past conflicts.

Poppies Weir grew up in Italy and Northern England, with an English mother and an Italian father. She has continued to absorb different cultural experiences throughout her life, also living in 
Northern Ireland during the troubled 1980s. The poem is concerned with Armistice Sunday, which began as a way of marking the end of WW1 in 1918. It was set up so people could 
remember the ordinary men who had been killed. When Poppies was written, British soldiers were still dying in wars in Iraq and Afghanistan. As a way of trying to understand the suffering 
that deaths caused, Carol Ann Duffy asked a number of writers to compose poems.

Exposure Owen used his writing to inform people about the horrors of life on the front line. It contradicted the glory portrayed in the British media. Owen joined the army in 1915 but was 
hospitalised in May 1917 suffering from ‘shell shock’ (Post-Traumatic Stress Disorder). He returned to the war but was tragically killed days before it ended; he was just 26. This poem deals 
with the winter of 1917 which was particularly cold- soldiers suffered from hypothermia or frostbite, and many died in the freezing conditions.

My Last Duchess Browning was heavily influenced as a youngster by his father's extensive collection of books and art. This poem reflects Browning's love of history and European culture as the story is based 
on real historical figures.  The narrator is Duke Alfonso II who ruled in Ferrara between 1559 and 1597. The Duchess of whom he speaks was his first wife, Lucrezia de' Medici, who died 
aged 17 in suspicious circumstances and might have been poisoned.

The Émigrée The poem deals with the dilemma of the emigree, forced by war or conflict to leave their home, and longing to return. The complex emotions and pain of exile are explored as well as the 
way that the media presents conflict abroad and the way that society understands it.

Tissue Dharker was born in Pakistan and grew up in Scotland. She has written numerous poems that deal with themes of identity, the role of women in society and the search for meaning. She 
draws on her multi-cultural experience in her work. The poet addresses some of the larger issues in society; greed, pride etc. and how we have built our world around them, at odds with 
our own existence. 

Checking Out 
Me History

John Agard was born in Guyana in the Caribbean, in 1949. He moved to the UK in the late 1970s. At school, he had to follow a curriculum biased towards whites, especially British whites, 
instead of learning about significant black figures. He uses non-standard phonetic spelling to represent his own accent, and writes about what it is like being black to challenge racist 
attitudes. 
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Language Structure Form

Alliteration- repetition of the same letter at the start 
of two or more words
Allusion- reference to another literary work
Assonance- repetition or pattern of the same vowel 
sounds
Connotation- associated meaning of word
Consonance- the partial or total identity of consonants 
in words whose main vowels differ
Diction- usually used to describe the level of formality 
that a speaker uses
Extended metaphor- a central metaphor that acts like 
an “umbrella” to connect other metaphors within it
Hyperbole- exaggerated statement
Imagery- visually descriptive language
Metaphor- saying one thing is another
Onomatopoeia- a figure of speech where words are 
used to imitate sounds
Oxymoron- two terms appear next to each other that 
contradict each other
Pathetic fallacy- weather to create mood
Personification- make object human
Pun- a a play on words
Satire- the use of humour or irony to mock, ridicule or 
criticise
Semantic field- words related in meaning
Simile- comparing using ‘like’ or ‘as’
Sibilance- the repetition of an‘s’ sound in two or more 
words
Synecdoche- a figure of speech in which a part is 
substituted for the whole
Tone- the implied attitude of a writer toward the 
subject and characters of a work
Theme- the  central idea of a literary work

Anapest- two unaccented syllables followed by an accented 
one
Anaphora- the repetition of the same word or phrase at the 
beginning of a line
Caesura- a piece of punctuation in the middle of a line 
creating a pause in rhythm
Dactyl- a stressed syllable followed by two unstressed ones
Elision- the omission of an unstressed vowel or syllable to 
preserve the meter of a line of poetry
End-stopped line- a line ending in a full pause
Enjambment- a sentence which continues, with no 
punctuation, into the line below
Foot- a metrical unit composed of stressed and unstressed 
syllables
Half rhyme- an imperfect rhyme where the ending 
consonant sound of a word is the same as another
Juxtaposition- two or more contrasted ideas placed side by 
side 
Meter- the measured pattern of rhythmic accents in poems
Parallelism- the similarity of structure in a pair or series of 
related words, phrases, or clauses
Quatrain- a four-line stanza in a poem
Refrain- a phrase, line or group of lines which is repeated 
throughout a poem
Repetition- a repeated word or phrase usually used to 
emphasise importance.
Speaker: the voice behind the poem – the person we 
imagine to be speaking. The speaker is not the poet. Even if 
the poem is autobiographical, you should treat the speaker 
as a fictional creation, because the writer is choosing what 
to say about himself. 
Rhyming Couplet- two lines of poetry that rhyme and have 
the same meter Rhyme- words that sound the same at the 
end
Sestet- a six-line unit of verse constituting a stanza or 
section of a poem
Stanza- two or more lines of poetry that form the divisions 
of the poem (paragraphs)

Allegory- a symbolic narrative which often takes the 
form of a story where the characters represent moral 
qualities
Ballad- a narrative poem written in four-line stanzas, 
characterized by swift action and narrated in a direct 
style
Blank verse – non rhyming lines written in iambic 
pentameter
Dramatic monologue- a type of poem in which a 
speaker addresses an internal listener or the reader
Elegy: An elegy is a poem about a dead person or thing
Epic- a long narrative poem that records the adventures 
of a hero
Free verse- poetry without a regular pattern of meter or 
rhyme
Lyric- a poem that expresses personal and emotional 
feelings.
Ode- a poem written in praise or celebration of a 
person, thing, or event
Pastoral- a poem about nature or simple, country life
Shakespearean sonnet- usually 14 lines which are 
formed by three quatrains with a rhyming couplet for 
the last two lines
Sonnet- a fourteen-line poem in iambic pentameter and 
regular rhyme scheme

Speaker: the voice behind the poem – the 
person we imagine to be speaking. The speaker 
is not the poet. Even if the poem is 
autobiographical, you should treat the speaker 
as a fictional creation, because the writer is 
choosing what to say about himself. 
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AQA GCSE English Language Paper 1 Explorations in Creative Reading and Writing

Question overviews: Useful terms  Reading question tips Exam breakdown 

Q1 Find and list 4 things from the 

text (4 marks) 

Alliteration 

Assonance 

Atmosphere  

Colloquialism 

Connotation 

Ellipsis 

Emotive Language

Foregrounding 

Foreshadowing

Figurative language 

Idiom 

Imagery 

Imperative 

Irony 

Juxtaposition 

Simile 

Simple sentence  

Minor sentence 

Metaphor 

Monosyllabic words 

Onomatopoeia 

Personification 

Word classes e.g. noun, adjective etc 

• Read the text carefully in full 

before answering any of the 

questions 

• If the question tells you to 

focus on specific sections, 

only focus on 
those sections for that 

question 

• Remember to use 

quotations throughout Q2-4 

• Remember to use 
terminology

• Make sure you comment on 

the 

effect of the language on the 

reader

1 hour 45 minutes 

Section A – Reading (45 mins) 

Section B – Writing (45 mins) 

Proof reading and checking 

(15 mins) 

Worth 50% of your GCSE grade

Q2 Look at an extract and 

analyse how the writer uses 

language for effect (8 marks) 

Q3 Consider the whole text. 

Analyse how the writer has 

structured the text (8 marks) 

Writing question tips 

• Plan your response so it has 

a clear structure, decide the 

tone and emotions you 

want to create

• Plan for structure – what do 

you want the reader to 

focus on at particular times?

• Try to ‘show not tell’ 

• Use devices and good 

vocabulary appropriately –

remember, no examiner 

wants to read a piece of 

writing that’s been written 

from a device checklist 

• Proof read for silly mistakes 

Q4 Evaluating the extent to 

which you agree with the 

statement given in the 

question (20 marks) 

Assessment objectives 

(Reading) 

AO1 - Identify and 
interpret explicit and 
implicit information and 
ideas, select and 
synthesise evidence from 
different texts 

AO2 - Explain, comment on 
and analyse how writers use 
language and structure to 
achieve effects and 
influence readers, using 
relevant subject terminology 
to support their views 
AO3 - Compare writers’ 

ideas and perspectives, as 

well as how these are 

conveyed, across two or 

more texts AO4 - Evaluate 

texts critically and support 

this with appropriate 

textual references 

Q5/6 Select ONE of the writing 
questions options. 
Produce a piece of original 
writing that meets the brief in 
the question (40 marks = 24 
content 
+ 16 technical accuracy) 

Assessment objectives 

(Writing) 

AO5 - Content and 

organisation of ideas in original 

writing 

AO6 - Technical accuracy e.g. 

spelling, punctuation and 

grammar 
Useful words Useful sentence structures: 

Conveys, suggests, implies, demonstrates, 

presents, shows, evokes

By using [TECHNIQUE], the writer shows… 
When the author says “EVIDENCE”, it 
creates a sense of…  

This creates a …. Effect on the reader 

because… 



40 marks (25% GCSE) – Two non-fiction texts – one from 19th Century & one from 20th/21st

century.

Question 1 
Pick four true or false statements 
from a list of 8.  

❑ 4 marks = 5 mins (4 boxes 
shaded)
❑Named lines
❑ AO1 – find & inference

Before you begin  - use the summary about both texts to help you understand the text.  These boxes provide 
clues.  Consider what the purpose, audience and form  of the texts is. 
To answer:
❑ Only look at lines named in question to in order to find answers. 
❑ Only shade 4 boxes (1 box = 1 mark) - this is not a trick question – it is easy. 

Question 2
Write a summary of the implicit* 
and explicit differences between 
Source A and B

❑8 marks = 8 mins  
❑Whole texts
❑AO1 – summarise differences

❑ Read and highlight key words in the question
❑ Start  your answer with an overview sentence then your summary of differences (similarities).
❑ E.g. “Clearly, the differences between Eddie and Henry are vast as Henry’s experience of school is much 

harsher than Eddie’s; we can see this when Henry complains about not being able to write freely as Mr. 
Smith, ‘would flog me if he knew it.’ This is in contrast to…”

❑ Use discourse markers: Clearly,…  However, … Notably, this is different/similar… In contrast, ….  
❑ Track through each text; space your shorter quotes out throughout the whole text. 

Question 3
How does the writer use language
to…” in one source only

❑ 12 marks = 12 mins 
❑ Selected lines
❑AO2 – Language (not 

structure)

❑ Read and highlight key words in the question
❑ Determine the big idea in the extract.  Which quotes demonstrate this effectively? 
❑ Refer to the language devices and ensure you write about the effects of the use of language
❑ Start  your answer with an overview sentence, then answer the question directly
❑ E.g. “The writer uses  harsh metaphors and violent verbs to emphasis the devasting effect of the storm.   

Consider what the words make you think, feel and imagine. Write a lot about a little - e.g.
“Personification is used in this phrase, ‘Death stood at my bedside,’ to create an intense feeling 
of fear for the reader, suggesting the writer felt death was imminent; it was a threatening being 
and about to take his life.”

❑ Use discourse markers: Notably,… As well as this,… Furthermore,… In addition… However, …
❑ Track through each text, space your quotes out throughout the whole text. 

Question 4 
Compare how the two writers
present/convey/convince/persuade
… in Source A and B

❑20marks = 20mins 
❑Whole texts
❑AO3 – compare 
language/structure/other 
methods used

❑ Read and highlight key words in the question
❑ Start your answer with an overview sentence then explain the differences/similarities in the writers’ 

viewpoints/purpose/perspective.
❑ e.g. The writers of Source A and Source B have wildly different views about parenting and education. The 

writer of Source A believes that education really is the job of parents and not schools, whereas the writer 
of Source B has sent both his boys off to a boarding school where he has little control and knows nothing 
about the standard of education they are receiving.”  Refer to both writers throughout. 

❑ What methods does the writer use? Does this capture their main attitude or is there a change elsewhere? 
❑ Use the bullet points to organise your answer (first bullet point content comparison, second bullet point 

comparison of techniques used)
❑ E.g. For example, the writer of Source A explains using expert opinion that…, however, the writer of 

Source B uses statistics to back up their argument. The effect on the audience is similar as both add 
weight to the arguments the writers are putting forward and convince their audience of their standpoint.

❑ Go back and forth between the texts.  Use comparison words or phrases to help you = Likewise, Similarly, 
In the same way, Different to...,  Unlike .....B, In contrast.......,However,  etc. 

Mark Scheme

Ban
ds1-

4

4 – DETAILED. 
PERCEPTIVE
3 - CLEAR, RELEVANT
2 - SOME,ATTEMPTS
1 – SIMPLE, LIMITED

Q2

• Perceptive inference 
and differences from 
both texts

• Well-judged
quotations

Q3

• Analyses the effects of 
writer’s choices

• Well-judged quotations
• Sophisticated subject 

terminology

Q4

• Same as Q2/3 AND…
• Detailed 

understanding of 
different perspectives 
& ideas

Methods 

Metaphor 

Alliteration 

Direct Address

Facts 

Anecdote 

Triple 

Hyperbole 

Emotive language

Repetition 

Simile 

Allusion

Rhetorical Question

Opinions

Synesthesia

Connotation

Humour

Imperatives 

Modal verbs

Statistics

Expert opinion

Tone

Personification 

Sibilance 

Onomatopoeia

Imagery

Symbolism 

Contrast

Juxtaposition 

GCSE English Paper 2 - READING NON-FICTION

AOs
AO1
• Identify and interpret explicit and 

implicit * information and ideas.
• Select and synthesise evidence

from different texts. 

AO2
• Explain, comment on and analyse

how writers use language and 
structure to achieve effects and 
influence readers

• Use relevant subject terminology
to support views.

AO3
• Compare writers’ ideas across two 

or more texts.

*Implicit – what you work out from 
what is stated in the text

Sentence starters to show inference.  
This suggests/suggesting . . . 
This creates/creating . . . 
It seems to the reader that… 
This possibly means… 
The connotations reinforce . . .  
This could indicate that… 
This evokes a sense of . . . 
This emphasises . . . 



Paper 2, Q5 WRITING NON-FICTION
Example question and how to get top marks

‘Homework has no value. Some students get it done for them; some don’t 
do it at all. Students should be relaxing in their free time.’  Write an article 
for a broadsheet newspaper in which you explain your point of view on this 
statement.    (24 marks for content and organisation  16 marks for accuracy) 

Content 

❑ Register is convincing and compelling for audience 
❑ Assuredly matched to purpose 

❑ Extensive and ambitious vocabulary with sustained 
crafting of linguistic devices 

Organisation

❑ Varied and inventive use of structural features 
❑ Writing is compelling, incorporating a range of 

convincing and complex ideas 

❑ Fluently linked paragraphs with seamlessly 
integrated discourse markers  

Technical 
accuracy

16 Marks

❑ Wide range of punctuation is used with a high level 
of accuracy

❑ Uses a full range of appropriate sentence forms for 
effect

❑ Uses Standard English consistently and 
appropriately with secure control of complex 
grammatical structures

❑ High level of accuracy in spelling, including 
ambitious vocabulary

❑ Extensive and ambitious use of vocabulary

Possible layouts/types of text/formats
(P.A.F: Purpose, Audience, Form)

Letter

❑the use of an addresses & date
❑a formal mode of address e.g. Dear Sir/Madam 
or a named recipient 
❑effectively/fluently sequenced paragraphs
❑an appropriate mode of signing off: Yours 
sincerely/faithfully. 

Article

❑a clear/apt/original title 
❑a strapline & subheadings
❑an introductory (overview) paragraph 
❑effectively/fluently sequenced paragraphs. 

Leaflet
(text 
only)

❑a clear/apt/original title 
❑organisational devices such as inventive 
subheadings or boxes 
❑bullet points 
❑effectively/fluently sequenced paragraphs. 

Speech
(text 
only)

❑a clear address to an audience 
❑effective/fluently linked sections to indicate 
sequence 
❑rhetorical indicators that an audience is being 
addressed 
❑a clear sign off e.g. ‘Thank you for listening’. 

Essay

❑an effective introduction and convincing 
conclusion 
❑effectively/fluently linked paragraphs to 
sequence a range of ideas. 

The 
Basics
Capital letters

Full stops

Question 
marks

Commas

Apostrophes

Consistent
tense

Paragraphs

Homophone
spellings

Connectives

Semi colons 

Colons

Vary sentence 
starts/lengths

Vary 
paragraph
lengths

Topic 
sentences

Assessment Objectives
AO5 - Communicate clearly, effectively and imaginatively, 
selecting and adapting tone, style and register for different 
forms, purposes and audiences. 

A05 - Organise information & ideas, using structural & 
grammatical features to support coherence & cohesion

A06 - Candidates must use a range of vocabulary and 
sentence structures for clarity, purpose and effect, with 
accurate spelling and punctuation. 

Methods

Imperative
verbs

Rhetorical 
question

Alliteration
Emotive 
language/
expert opinion

Modal verbs Statistics + 
Facts

Appeal Triplets

Figurative lang. Exaggeration

Opinion Repetition

Possible writing purposes   (P.A.F)

Explain

Q - Explain what you think about.....
❑ Be factual
❑Give a balanced view
❑Use evidence to support your view
❑Use connectives of comparison
❑Write in 3rd or 1st person

Instruct/ 
Advice

Q - Advise the reader of the best way....
❑Be factual
❑Write in present tense
❑Use connectives 
❑Use technical terms
❑Write in 2nd person

Argue

Q - Argue the case for/against....
❑Rhetorical questions
❑Emotive language
❑Counter arguments 
❑ AFOREST (helpful in the planning stages)

Persuade
Q - Persuade the writer of the statement that...
❑ AFOREST (helpful in the planning stages)
❑One-sided argument, but recognise the counter argument

Sentence
starters
Verb – Running
quickly, she …

Adverb –
Frustratingly, 

Adjective – Bold 
and brave

Preposition –
Under 67% of 
teenagers . . . 

Connective –
Nevertheless, 

The Exam
45 minutes – 1 task – no choice

1. Read & highlight key words in 
question

2. Identify the P.A.F

3. Plan – use the five step model      

4. Write it showing clear 
organization and technical 
accuracy

5. Proofread your work

Consider:

A bold standpoint: hook/tone/style.  Also consider Cohesive 
devices: adverbials/pronouns/reference chains/ 
synonyms/rhetorical questions/discourse markers.

Audience (P.A.F)

An audience your age:
❑ Colloquial expressions and sayings and 

references to modern culture.
❑ Frequent use of direct address.
❑ Use of humour and sarcasm.

An older audience:
❑ Keep it formal. 
❑ Avoid references to modern culture, 

humour and sarcasm.
❑ Avoid using contractions (do not 

instead of don’t)
❑ Relevant expert opinion
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Which papers will the students be sitting in this 

preparation examination?

Edexcel GCSE Higher 

• Paper 1 is a non-calculator assessment and a 

calculator is allowed for Paper 2 and Paper 3.

• Each paper is 1 hour and 30 minutes long.

• Each paper has 80 marks.

OCR GCSE Foundation 

• Paper 2 is a non-calculator assessment and a 

calculator is allowed for Paper 1 and Paper 3.

• Each paper is 1 hour and 30 minutes long.

• Each paper has 100 marks.

Key knowledge and Skills

Higher Paper

A checklist with help links to each topic can be 

found here

Foundation Paper

A checklist with help links to each topic can be 

found here

Useful revision tools

Higher Paper

Past papers with model and video solutions. 

• https://www.mathsgenie.co.uk/papers.html

Practice papers with model solutions

• https://corbettmaths.com/2019/04/01/gcse-practice-papers/

Topic papers and video help

• https://www.youtube.com/playlist?list=PLCkAjxP1zN64-

Og902CF_gFybL20fsvM5

• https://www.mathsgenie.co.uk/gcse.html

• https://corbettmaths.com/contents/

Foundation Paper

Past papers with model and video solutions. 

• https://www.mathsgenie.co.uk/OCRpapers.html

Practice papers with model solutions

• https://corbettmaths.com/2023/02/15/ocr-gcse-foundation-

revision/

Topic papers and video help

• https://www.youtube.com/playlist?list=PLCkAjxP1zN67ktdbS7-

TpWCfQbiAsOQvS

• https://www.mathsgenie.co.uk/gcse.html

• https://corbettmaths.com/contents/

Mathematics

https://corbettmaths.com/wp-content/uploads/2019/03/Edexcel-Higher-Checklist.pdf
https://corbettmaths.com/wp-content/uploads/2019/04/OCR-Foundation.pdf
https://www.mathsgenie.co.uk/papers.html
https://corbettmaths.com/2019/04/01/gcse-practice-papers/
https://www.youtube.com/playlist?list=PLCkAjxP1zN64-Og902CF_gFybL20fsvM5
https://www.mathsgenie.co.uk/gcse.html
https://corbettmaths.com/contents/
https://www.mathsgenie.co.uk/OCRpapers.html
https://www.youtube.com/playlist?list=PLCkAjxP1zN67ktdbS7-TpWCfQbiAsOQvS
https://www.mathsgenie.co.uk/gcse.html
https://corbettmaths.com/contents/
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Cell Structures
Plant and animal cells (eukaryotic cells) have a cell membrane,
cytoplasm and genetic material enclosed in a nucleus. Bacterial
cells (prokaryotic cells) are much smaller in comparison. They
have cytoplasm and a cell membrane surrounded by a cell wall.
The genetic material is not enclosed in a nucleus. It is a single
DNA loop and there may be one or more small rings of DNA
called plasmids. Most animal cells have the following parts:
nucleus, cytoplasm, a cell membrane, mitochondria, ribosomes.
In addition to the parts found in animal cells, plant cells often
have: chloroplasts, a permanent vacuole filled with cell sap.
Plant and algal cells also have a cell wall made of cellulose,
which strengthens the cell.

Part Function

Nucleus Contains genetic material, which controls the 
activities of the cell

Cytoplasm Most chemical processes take place here, 
controlled by enzymes

Cell 
membrane

Controls the movement of substances into and out 
of the cell

Mitochondria Most energy is released by respiration here

Ribosomes Protein synthesis happens here

Cell wall Strengthens the cell

Chloroplasts Contain chlorophyll, which absorbs light energy for 
photosynthesis

Permanent 
vacuole

Filled with cell sap to help keep the cell turgid

An electron microscope has much higher magnification and
resolution than a light microscope. This means that it can be
used to study cells in much finer detail. This has enabled
biologists to see and understand many more sub-cellular
structures. Electron microscopes are more expensive and take
up more space. Light microscopes are easy to use and cheap.

Nerve Cell- Carry electrical impulses around the body of an animal
for rapid communication. Have long axons to carry information.
Synapses are adapted to pass impulse to another cell. Lots of
dendrites to make connections with other cells. Contain lots of
mitochondria to provide energy that is needed to make
neurotransmitters.
Sperm Cell
Contain the genetic information of the male parent and move to
reach an egg. Has an acrosome that contains enzymes for
breaking through the egg. Middle section has lots of mitochondria
to transfer energy needed for the tail to work. A long tail that
moves from side to side to help the cell move. A large nucleus
that contains genetic information. Streamlined shape.
Muscle Cell
Cells that contract and relax to bring about movement. Store
glycogen that can be used in respiration. Contain lots of
mitochondria to transfer energy needed for cells to contract and
relax. Contain proteins that slide over each other.
Palisade Cell
A photosynthetic cell that carries out photosynthesis. Have a
permanent vacuole to keep the cells rigid to keep the leaf spread
out and the stem supported. Contain chloroplasts containing
chlorophyll that absorb light for Found in layers in the leaf and
outer layers of the stem to absorb as much light as possible.
Regular shape so that cells can be closely packed together.
Root Hair Cell
Take up water and mineral ions from the soil. Have lots of
mitochondria to transfer energy for active transport of mineral
ions. Have a large permanent vacuole to speed up the movement
of water by osmosis. Have a large surface area for water to enter
the cell.
Phloem Cell
Cells that make up a tissue to transport food around the plant.
The cell walls between the cells break down to form sieve plates.
Have very few supporting structures. Supported by companion
cells. The mitochondria of these cells provide energy to the other
cell.
Xylem Cell
Cells that make up a tissue to transport water around the plant.
Have spirals and rings of lignin to make them very strong. The
cells die and form long hollow tubes.

B1: Cell Structure and Transport

Plant and animal cells (eukaryotic
cells) have a cell membrane,
cytoplasm and genetic material
enclosed in a nucleus. Most
animal cells have the following
parts: nucleus, cytoplasm, a cell
membrane, mitochondria,
ribosomes. In addition to the
parts found in animal cells, plant
cells often have: chloroplasts, a
permanent vacuole filled with cell
sap. Plant and algal cells also have
a cell wall made of cellulose,
which strengthens the cell.



B1.2: Cell Transport

Osmosis
Osmosis is the movement of water from a dilute
solution to a concentrated solution through a
partially permeable membrane.

Active transport
Active transport moves substances from a more
dilute solution to a more concentrated solution
(against a concentration gradient). This requires
energy from respiration. Active transport allows
mineral ions to be absorbed into plant root hairs
from very dilute solutions in the soil. Plants
require ions for healthy growth. It also allows
sugar molecules to be absorbed from lower
concentrations in the gut into the blood which has
a higher sugar concentration. Sugar molecules are
used for cell respiration.

Diffusion
Diffusion is the spreading out of the
particles of any substance in solution, or
particles of a gas, resulting in a net
movement from an area of higher
concentration to an area of lower
concentration. Some of the substances
transported in and out of cells by diffusion
are oxygen and carbon dioxide in gas
exchange, and of the waste product urea
from cells into the blood plasma for
excretion in the kidney. Factors which
affect the rate of diffusion are:
• the difference in concentrations

(concentration gradient),
• the temperature
• the surface area of the membrane.

Surface Area to volume ratio
A single-celled organism has a relatively large surface
area to volume ratio. This allows sufficient transport
of molecules into and out of the cell to meet the
needs of the organism.
In multicellular organisms, surfaces and organ systems
are specialised
for exchanging materials. This is to allow sufficient
molecules to be transported into and out of cells for
the organism’s needs. The effectiveness of an
exchange surface is increased by:
• Having a large surface area
• A membrane that is thin, to provide a short

diffusion path
• Having an efficient blood supply
• (in animals, for gaseous exchange) being ventilated

Small Intestine
In the small intestine sugar is absorbed by
diffusion in the first part and it is absorbed by
active transport in the later parts of the small
intestine. Adaptations that the small intestine
have include:

Adaptation Description 

Long Increase surface area

Villi Increase  surface area

Thin Membrane
Short diffusion 

pathway

Good Blood Supply
Maintain a steep 

concentration gradient

Lots of Mitochondria
Transfer energy from 

respiration

Lungs and Gills
In the lungs and gills oxygen diffuses into the
blood and carbon dioxide diffuses out of the
blood. Adaptations that the lungs and gills have
include:

Adaptation Description 

Lots of alveoli (lungs), 
lamellae (gills)

Increase surface area

Thin Membrane
Short diffusion 

pathway

Good Blood Supply
Maintain a steep 

concentration gradient

Good Ventilation
Maintain a steep 

concentration gradient

Adaptation Description 

Elongated Shape Increase surface area

Lots of Root Hair Cells Increase  surface area

Thin Membrane
Short diffusion 

pathway

Water/Minerals 
Removed Quickly

Maintain a steep 
concentration gradient

Lots of Mitochondria
Transfer energy from 

respiration

Root Hair Cells
In the roots water is absorbed by osmosis from
the soil and mineral ions are absorbed by active
transport. Adaptations that the root cells have
include:



The Cell Cycle
Cells divide in a series of stages called the cell cycle.
During the cell cycle the genetic material is doubled and
then divided into two identical cells. The three stages of
the cell cycle are:
Stage 1:
Before a cell can divide it needs to grow and increase
the number of sub-cellular structures such as ribosomes
and mitochondria. The DNA replicates to form two
copies of each chromosome.
Stage 2:
One set of chromosomes is pulled to each end of the cell
and the nucleus divides. This stage is known as mitosis.
Stage 3:
Finally the cytoplasm and cell membranes divide to form
two identical cells.

Information in the cells
The nucleus of a cell contains chromosomes made of
DNA molecules. Each chromosome carries a large
number of genes. In body cells the chromosomes are
normally found in pairs.

Uses of Stem Cells
Stem cells, directed to differentiate into
specific cell types, offer the possibility of a
renewable source of replacement cells and
tissues to treat diseases including macular
degeneration, paralysis, spinal cord injury,
stroke, burns, heart disease, diabetes,
osteoarthritis, and rheumatoid arthritis.

Embryonic Stem Cells
Undifferentiated cells found in an early
embryo that have the potential to
differentiate into lots of different cells in
the body.

Meristems
Meristem tissue in plants can differentiate
into any type of plant cell, throughout the life
of the plant. Stem cells from meristems in
plants can be used to produce clones of
plants quickly and economically.

Uses of Meristems
• Rare species can be cloned to protect from

extinction.
• Crop plants with special features such as

disease resistance can be cloned to
produce large numbers of identical plants
for farmers.

• Cloning allows growers to mass
produce plants that may be difficult to
grow from seed.

• Cloning allows growers to mass
produce plants that may be difficult to
grow from seed.

• All the plants are genetically identical,
which is useful because you can be sure of
their characteristics

Therapeutic Cloning
In therapeutic cloning an embryo is produced
with the same genes as the patient. Stem cells
from the embryo are not rejected by the
patient’s body so they may be used for
medical treatment.

B2: Stem Cells

Stem Cells
A stem cell is undifferentiated cell which is
able to make many more cells of the same
type through division and differentiation.
There are three types of stem cells:
• Adult Stem Cells
• Embryonic Stem Cells
• Meristems

Adult Stem Cells
They are stem cells are found throughout animals after
development. They multiply by mitosis to replenish
dying cells and regenerate damaged tissue. The cells can
be found in bone marrow and can form many types of
cells including blood cells.

Advantages Disadvantages

Consent can be given to 
collect cells.

Painful to collect cells.

Safe Risk of infection from 
collection of cells.

Does not sacrifice a life. Stem cells can only form a 
limited type of cell.

Advantages Disadvantages

Low chance of 
rejection

Unreliable

Can differentiate into 
lots of different types 

of cells

Causes death to the 
embryo

Painless Can’t give consent

Advantages Disadvantages

May cure diseases such 
as paralysis and diabetes.

Potential life is killed

Cells unlikely to be 
rejected.

Shortage of egg 
donors.

Cells and tissues of any 
type can be made.

May transfer viral 
infection.

Reduces waiting time for 
transplants

Poor success rate.

Many cells are produced.



B3: Organisation and the Digestive System
Principles of Organisation
Cells are the basic building blocks of all living
organisms. A tissue is a group of cells with a
similar structure and function. Organs are
aggregations of tissues performing specific
functions. Organ systems, which is a group of
organs that work together to form organisms.

Organs in the Digestive System
The organs in the digestive system work together to digest large insoluble molecules into smaller
insoluble molecules. Some of the organs include:

Organ Function

Pancreas Produces hormones to control blood sugar and enzymes that break down food.

The Digestive System
The digestive system is an example of an organ
system in which several organs work together
to digest and absorb food. The food you take
in and eat is made up of large molecules that
need to be digested to form smaller, soluble
molecules that can be absorbed and used by
your cells.

Small 
Intestine

Where the soluble food molecules are absorbed into the blood stream, so they can be
transported round your body. The small intestine is adapted to have a very large surface
area as it is covered in villi. It has a good blood supply and short diffusion distances to blood
vessels.

Chemistry of Food and Food Tests
There are different chemicals in food. You need to know what they are broken down into and how you
can’t test for some of the different substances.

The Stomach
An organ made up of muscular tissue, 
glandular tissue and epithelial tissue.

Substance in 
Food

What It Is Broken 
Down Into

Enzyme that 
Breaks it Down

Chemical To Test 
for Substance in 

Food

Positive Result for 
Test

Tissue Function Carbohydrate Small Sugars Carbohydrase N/A N/A

Muscular
Churn food and digestive juices 

together.

Starch Glucose Amylase Add Iodine Turns Black/Blue

Glucose N/A N/A Heat with Benedicts Brick Red Colour

Glandular
Produces digestive enzymes to 

break down food.
Protein Amino Acids Protease Add Biuret Turns purple colour

Fats
Fatty Acids and 

Glycerol
Lipase Add Sudan (III) Forms a red layer

Epithelial
Covers the inside and outside 

of the organ.
Lock and Key Model
Enzymes are biological catalysts which will only
speed up one type of reaction. Enzymes are
proteins. The enzyme has an active site which
matches the shape of a specific substrate
molecule. The substrate binds to the active site
and is broken down by the enzyme. The lock is the
enzyme and the key is the substrate. Only the
correctly sized key (substrate) fits into
the key hole (active site) of the lock (enzyme).

Enzymes
Digestive enzymes convert food into small soluble molecules
that can be absorbed into the bloodstream.

Bile
Bile is made in the liver and stored in the gall
bladder. It is alkaline to neutralise hydrochloric
acid from the stomach. It also emulsifies fat to
form small droplets which increases the
surface area. The alkaline conditions and large
surface area increase the rate of fat
breakdown by lipase.

Enzymes Where it Is Produced Optimum pH

Amylase Salivary Gland, Pancreas pH 7

Protease Stomach, Pancreas pH 1.5

Lipase Pancreas pH 7



Component Description

Plasma Yellow liquid that carries other blood cells and substances such as hormones 
and urea around the body.

Red Blood Cells Transport oxygen only around the body.  To do this they have a biconcave 
shape and a red pigment called haemoglobin.  For more space they have no 

nucleus.

White Blood 
Cells

Larger blood cells that have a nucleus.  They defend the body from infection.  
They carry out phagocytosis, produce antibodies and produce antitoxins.

Platelets Small fragments of cells that help to clot blood.

Components of the Blood
Blood is pumped around the body by the heart and it travels along blood vessels. Blood is a
tissue that is made up of plasma, red blood cells, white blood cells and platelets.

Heart
The heart is an organ that pumps blood around the body
in a double circulatory system. The right ventricle pumps
deoxygenated blood to the lungs where gas exchange
takes place. The left ventricle pumps oxygenated blood
under higher pressure around the rest of the body. The
heart is known as a double pump because it pumps
blood to the lungs from the right hand side and to the
body from the left hand side. Or you could say that on
one journey around the body blood enters the heart
twice.

Route of blood through the heart:
Body → Vena Cava→ Right Atrium→ Right Ventricle→
Pulmonary Artery → Lungs → Pulmonary Vein → Left
Atrium→ Left Ventricle→ Aorta→ Body

Pacemaker
The natural resting heart rate is controlled by a group
of cells located in the right atrium that act as a
pacemaker. Artificial pacemakers are electrical devices
used to correct irregularities in the heart rate

B4: Organisation of Animals: The Heart

A = Vena Cava
B = Pulmonary Artery
C = Pulmonary Vein
D = Aorta

LR

Atrium Atrium

Blood Vessels
Blood is pumped around the body by the heart and it
travels along blood vessels. There are three different
types of which include arteries, veins and capillaries.

Arteries
The arteries carry oxygenated blood away from the
heart to the organs of the body. The blood is under
very high pressure and so they have thick walls and
have a thick layer of muscle and elastic fibres to
withstand the pressure. The arteries are narrower
tubes and so we say that they have a small lumen.

Veins
The veins carry deoxygenated blood towards the heart
from the organs of the body. The blood is under low
pressure and so they have thin walls and a large
lumen. To stop the blood flowing backwards the veins
also have valves.

Capillaries
The capillaries are a network of blood vessels that
connect the arteries to the veins and get blood close to
all cells in the body. They are very narrow so that
blood vessels pass through them one by one and have
very thin walls so that substances are able to diffuse
easily through them.

Calculating Rate of Blood Flow
To calculate rate of blood flow you need to find the volume of blood that passes through the blood vessel and the time that this occurs over. To calculate
the rate of blood flow you would then use the following equation:

Rate of Blood Flow = Volume of Blood / Number of Minutes



Adaption Purpose

Thin, waxy cuticle
To protect the leaf without 

blocking out light

Thin epidermis
To allow more light to reach 

the palisade cells

Palisade cells on the top 
surface

To absorb light

Many chloroplasts in 
the palisade cells

To increase absorption of light

Spongy mesophyll 
inside the leaf

Air spaces allow carbon dioxide to 
diffuse through the leaf, and 

increase the surface area

Factor Description Explanation

Light
In bright light transpiration 

increases

The stomata (openings in the leaf) open wider to 
allow more carbon dioxide into the leaf for 

photosynthesis

Temperature
Transpiration is faster in higher 

temperatures
Evaporation and diffusion are faster at higher 

temperatures

Wind
Transpiration is faster in windy 

conditions

Water vapour is removed quickly by air movement, 
speeding up diffusion of more water vapour out of 

the leaf

Humidity
Transpiration is slower in humid 

conditions
Diffusion of water vapour out of the leaf slows 

down if the leaf is already surrounded by moist air

B4: Organisation of Plants

Plant Tissues
Plants are multicellular organisms, just like
animals. They also usually contain differentiated
cells, tissues and organs. The leaves, stems and
roots are all plant organs. They form a plant
organ system for the transport of substances
around the plant. Epidermal tissues cover the
surface and protect them. These cells often
secrete a waxy substance that waterproofs the
surface of the leaf. Palisade mesophyll tissue
contains lots of chloroplasts, which carry out
photosynthesis. Spongy mesophyll tissue
contains some chloroplasts for photosynthesis
but also has big air spaces and a large surface
area to make diffusion of gases earlier.

Structure of the Leaf

Phloem and Xylem
Plants have two different types of transport tissue. Xylem tissue transports water and mineral
ions from the roots to the stems and leaves. It is composed of hollow tubes strengthened by
lignin adapted for the transport of water in the transpiration stream.
Phloem tissue transports dissolved sugars from the leaves to the rest of the plant for
immediate use or storage. The movement of food molecules through phloem tissue is called
translocation. Phloem is composed of tubes of elongated cells. Cell sap can move from one
phloem cell to the next through pores in the end walls.

Transpiration
Transpiration explains how water moves up the
plant against gravity in tubes made of dead
xylem cells without the use of a pump.
Water on the surface of spongy and palisade
cells (inside the leaf) evaporates and then
diffuses out of the leaf. This is called
transpiration. More water is drawn out of the
xylem cells inside the leaf to replace what's lost.
As the xylem cells make a continuous tube from
the leaf, down the stem to the roots, this acts
like a drinking straw, producing a flow of water
and dissolved minerals from roots to leaves.

Guard Cells
The role of stomata and guard cells are to control gas
exchange and water loss. The opening and closing of
the stomata is controlled by the guard cells. In light,
guard cells take up water by osmosis and become
turgid. Because their inner walls are rigid they are
pulled apart, opening the pore. In darkness water is lost
and the inner walls move together closing the pore.



Disease
Type of 
Microbe

Symptoms How its Spread
Ways of Preventing 

Disease
Ways of Treating 

Disease

Salmonella Bacterial
Fever, abdominal cramps, 
vomiting and diarrhoea 

Bacteria in food and food 
prepared in unhygienic 

conditions

Vaccinating chickens 
and washing hands 

and surfaces.

Normally goes without 
treatment needed

Gonorrhoea Bacterial
Thick yellow or green 

discharge from the vagina or 
penis and pain on urinating

Sexual Contact
Barrier method of 

contraception
Antibiotics

Measles Virus Fever and red skin rash
Inhalation of droplets 

from sneezes and coughs
Vaccination -

HIV Virus
Flu like illness to start before 

immune system becomes 
weakened.

Sexual contact or 
exchange of body fluids

Barrier method of 
contraception and not 

sharing needles
Antiretroviral Drugs 

Tobacco 
Mosaic Virus

Virus
Mosaic pattern of 

discoloration on leaf
Contact between plants - Remove infected plants

Black Spot Fungi
Purple or black spots on 

leaves
Contact between plants -

Fungicides and removing 
dead leaves

Malaria Protist
Episodes of fever that can be 

fatal
Mosquitos (vectors)

Preventing mosquitos 
from breeding and 

using nets
Antiviral Drugs

Communicable Disease
Pathogens are microorganisms that cause infectious disease, in
animals and plants. Pathogens may be viruses, bacteria, protists
or fungi. They depend on their host to provide the conditions
and nutrients that they need to grow and reproduce. They
frequently produce toxins that damage tissues and make us feel
ill. They can be spread by direct contact, by water or by air.
Bacteria and viruses may reproduce rapidly inside the body.
Bacteria may produce poisons (toxins) that damage tissues and
make us feel ill. Viruses live and reproduce inside cells, causing
cell damage.

B5: Communicable Diseases

Human Defence System
The skin covers the whole body, protecting against physical damage, microbe infection
and dehydration. Its dry, dead outer cells are difficult for microbes to penetrate, and the
sebaceous glands produce oils that help kill microbes. The respiratory system is
protected in several ways. Nasal hairs keep out dust and larger microorganisms. Sticky
mucus traps dust and microbes, which are then carried away by cilia. The stomach
contains hydrochloric acid, which destroys microorganisms.
If a pathogen enters the body the immune system tries to destroy the pathogen. White
blood cells help to defend against pathogens by; phagocytosis (ingesting pathogens),
antibody production and antitoxin production.



B6: Preventing and Treating Disease and B7: Non-Communicable Disease

Vaccination
Vaccination involves introducing small quantities of dead or
inactive forms of a pathogen into the body to stimulate the
white blood cells to produce antibodies. If the same pathogen
re-enters the body the white blood cells respond quickly to
produce the correct antibodies, preventing infection. If a large
proportion of the population is immune to a pathogen the
spread of the pathogen is much reduced. This is known as herd
immunity.

Development of drugs
New drugs are tested for toxicity, efficacy and dose. Toxicity is the degree to which a chemical substance
can damage an organism. Efficacy is a measure of how effectively they work. Dose is the quantity of
medicine that should be prescribed to be taken at one time. Preclinical testing is done in a laboratory
using cells, tissues and live animals. Then clinical trials are carried out which involves testing the drugs on
healthy volunteers and then patients to find out about safety and efficacy. Very low doses of the drug
are given at the start of the clinical trial. If the drug is found to be safe, further clinical trials are carried
out to find the optimum dose for the drug. In double blind trials, some patients are given a placebo.
Neither the doctor or the patient will know who has been given the placebo. This is done to avoid bias.

Antibiotics and Painkillers
Antibiotics, such as penicillin, are
medicines that help to cure bacterial
disease by killing infective bacteria
inside the body. The use of antibiotics
has greatly reduced deaths from
infectious bacterial diseases.
However, the emergence of strains
resistant to antibiotics is of great
concern. Antibiotics cannot kill viral
pathogens. Painkillers and other
medicines are used to treat the
symptoms of disease but do not kill
pathogens. It is difficult to develop
drugs that kill viruses without also
damaging the body’s tissues.

Non-communicable Diseases
A non-communicable disease cannot be
passed from on individual to another. Risk
factors are aspects of a person’s lifestyle, or
substances present in a person’s body or
environment, that have been shown to be
linked to an increased rate of a disease. For
some non-communicable diseases, a casual
mechanism for some risk factors has been
proven, but not in others. A casual mechanism
explains how one factor influences another
through a biological process. Correlation does
not prove causation and doctors have to do
lots of research to prove a casual mechanism.

Diet, Exercise and Disease
Regular exercise and a balanced diet are needed to keep the body healthy. Too little food leads to a
person being underweight and prone to illness, while too much food and not enough exercise leads to a
person being overweight and prone to other illnesses. Excess cholesterol increases the risk of heart
disease. Excess salt causes high blood pressure and increases the risk of heart disease and stroke.
Obesity is a strong risk factor for type 2 diabetes.

Smoking
Smoking can cause cardiovascular disease,
lung cancer, and lung diseases such as
bronchitis and COPD. A foetus exposed to
smoke has restricted oxygen, which can lead
to premature birth, low birthweight and even
stillbirth. Tobacco smoke contains many
harmful substances. These include: tar,
nicotine and carbon monoxide. Tar
causes cancer of the lungs, mouth and throat.
It coats the surface of the breathing tubes and
the alveoli. Nicotine is addictive - it causes a
smoker to want more cigarettes. Carbon
monoxide is a gas that takes the place of
oxygen in red blood cells. This reduces the
amount of oxygen that the blood can carry.

Alcohol
Alcohol can damage the liver and cause
cirrhosis and liver cancer. Alcohol can cause
brain damage and death. Alcohol taken in by a
pregnant woman can affect the development
of her unborn baby.

Drugs in the Past
Traditionally drugs were extracted from plants and
microorganisms.
• The heart drug digitalis originates from foxgloves.
• The painkiller aspirin originates from willow.
• Penicillin was discovered by Alexander Fleming from the

Penicillium mould.



B8: Photosynthesis
Photosynthesis
Plants harness the Sun’s energy in photosynthesis in order to
make food. This process liberates oxygen which has built up
over millions of years in the Earth’s atmosphere. Both
animals and plants use this oxygen to oxidise food in a
process called aerobic respiration which transfers the energy
that the organism needs to perform its functions.
Photosynthesis is an endothermic reaction in which energy is
transferred from the environment to the chloroplasts by
light.

Photosynthesis is represented by the equation:

Plants absorb water through their roots, and carbon dioxide
through their leaves. Some glucose is used for respiration,
while some is converted into insoluble starch for storage.
The stored starch can later be turned back into glucose and
used in respiration. Oxygen is released as a by-product of
photosynthesis. Leaves are adapted to perform their
function e.g. they have a large surface area to absorb
sunlight and lots of chloroplasts in the palisade cells.

Factors limiting photosynthesis
Three factors can limit the speed of photosynthesis - light intensity, carbon dioxide 
concentration and temperature.

Without enough light, a plant cannot
photosynthesise very quickly, even if there is
plenty of water and carbon dioxide. Increasing
the light intensity will boost the speed of
photosynthesis.

Sometimes photosynthesis is limited by the
concentration of carbon dioxide in the air. Even if
there is plenty of light, a plant cannot
photosynthesise if there is insufficient carbon
dioxide.

If it gets too cold, the rate of photosynthesis
will decrease. Plants cannot photosynthesise
if it gets too hot.

Making the most of Photosynthesis
Limiting factors are important in the economics of
enhancing the conditions in greenhouses to gain
the maximum rate of photosynthesis while still
maintaining profit. Farmers can use their
knowledge of these limiting factors to increase
crop growth in greenhouses. They may use
artificial light so that photosynthesis can continue
beyond daylight hours. The use of paraffin lamps
inside a greenhouse increases the rate of
photosynthesis because the burning paraffin
produces carbon dioxide, and heat too.

These factors interact and any
one of them may be the factor
that limits photosynthesis.

Uses of glucose from photosynthesis
The glucose produced in photosynthesis may be:
• Used for respiration
• Converted into insoluble starch for storage
• Used to produce fat or oil for storage
• Used to produce cellulose, which strengthens the cell  wall
• Used to produce amino acids for protein synthesis.

To produce proteins, plants and algal cells also use nitrate ions
that are absorbed from the soil or water to make the amino
acids used to make proteins.



Respiration
Cellular respiration is an exothermic reaction which
is continuously occurring in living cells. The energy
transferred supplies all the energy needed for living
processes. Respiration in cells can take place
aerobically (using oxygen) or anaerobically (without
oxygen), to transfer energy. The equation to
represent respiration is:

Organisms need energy for: chemical reactions to
build larger molecules, movement and keeping
warm.

B9: Respiration

Anaerobic respiration
Anaerobic respiration does not require oxygen to
transfer energy. During vigorous exercise the human
body is unable to supply the cells with sufficient
oxygen and it switches to anaerobic respiration. This
process will supply energy but also causes the build-
up of lactic acid in muscles which causes fatigue.

Anaerobic respiration in muscles is represented by
the equation:

glucose → lactic acid 

As the oxidation of glucose is incomplete in
anaerobic respiration much less energy is
transferred than in aerobic respiration.

Metabolism
Metabolism is the sum of all the reactions in a cell or the body. The energy transferred
by respiration in cells is used by the organism for the continual enzyme controlled
processes of metabolism that synthesise new molecules.
Metabolism includes:
• Conversion of glucose to starch, glycogen and cellulose
• The formation of lipid molecules from a molecule of glycerol and three molecules

of fatty acids
• The use of glucose and nitrate ions to form amino acids which in turn are used to

synthesise proteins
• Respiration
• Breakdown of excess proteins to form urea for excretion.

Oxygen Debt
Blood flowing through the muscles transports
the lactic acid to the liver where it is converted
back into glucose. Oxygen debt is the amount of
extra oxygen the body needs after exercise to
react with the accumulated lactic acid and
remove it from the cells.

Fermentation
Anaerobic respiration in plant and yeast cells is represented by the equation:

glucose → ethanol + carbon dioxide
Anaerobic respiration in yeast cells is called fermentation and has economic importance in the manufacture of bread and alcoholic drinks.



Combined Science: 
Biology Paper 2 

Higher

Summary Sheets

Biology Paper 2
1h 15min

Topics in the Paper:

B10 Human Nervous System

B11 Hormonal Coordination

B13 Reproduction

B14 Variation and Evolution

B15 Genetics and Evolution

B16
Interdependence and 
Competition

B17 Organising an Ecosystem

B18
Biodiversity and 
Ecosystems

34



B10 Part 1 – Human Nervous System

The Nervous System
The nervous system enables humans to react to
their surroundings and to coordinate their
behaviour. Cells called receptors detect stimuli
(changes in the environment). Information from
receptors passes along cells (neurones) as electrical
impulses to the central nervous system (CNS). The
CNS is the brain and spinal cord. The CNS
coordinates the response of effectors which may
be muscles contracting or glands secreting
hormones.
stimulus → receptor → coordinator → effector →
response

Homeostasis
Homeostasis is the regulation of the internal
conditions of a cell or organism to maintain optimum
conditions for function in response to internal and
external changes. Homeostasis maintains optimal
conditions for enzyme action and all cell functions. In
the human body, these include control of:
• blood glucose concentration
• body temperature
• water levels.
These automatic control systems may involve
nervous responses or chemical responses. All control
systems include:
• cells called receptors, which detect stimuli
(changes in the environment)
• coordination centres (such as the brain, spinal cord
and pancreas) that receive and process information
from receptors
• effectors, muscles or glands, which bring about
responses which restore optimum levels.

Neurones
Neurones are nerve cells. They carry
information as tiny electrical signals.
There are three different types of
neurones, each with a slightly
different function:

1. sensory neurones carry signals
from receptors to the spinal
cord and brain.

2. relay neurones carry messages
from one part of the CNS to
another.

3. motor neurones carry signals
from the CNS to effectors.

The axon is surrounded by a fatty layer known as
the myelin sheath. This helps to protect the
neurone and allow impulses to travel faster.

Synapses
Where two neurones meet, there is a tiny
gap called a synapse. Signals cross this gap
using chemicals released by a neurone. The
chemical diffuses across the gap makes the
next neurone transmit an electrical signal.
1. An electrical impulse travels along an

axon.
2. This triggers the nerve-ending of a

neuron to release chemical messengers
called neurotransmitters.

3. These chemicals diffuse across the
synapse (the gap) and bind with receptor
molecules on the membrane of the next
neuron.

4. The receptor molecules on the second
neuron bind only to the specific
chemicals released from the first neuron.
This stimulates the second neuron to
transmit the electrical impulse

Reflex actions
When a receptor is stimulated, it sends
a signal to the central nervous system,
where the brain co-ordinates the
response. But sometimes a very quick
response is needed, one that does not
need the involvement of the brain. This
is a reflex action.
Reflex actions are rapid and happen
without us thinking. For example, you
would pull your hand away from a hot
flame without thinking about it.

This is what happens:
1.receptor detects a stimulus - change
in the environment
2.sensory neurone sends signal to relay
neurone
3.motor neurone sends signal to
effector
4.effector produces a response



B11 Hormonal Coordination

The Pituitary gland
The pituitary gland in the brain is a ‘master gland’
which secretes several hormones into the blood in
response to body conditions.

Endocrine System
The endocrine system is composed of glands
which secrete chemicals called hormones
directly into the bloodstream. The blood
carries the hormone to a target organ where it
produces an effect. Compared to the nervous
system the effects are slower but act for
longer.

Gland - Hormone Effect

Adrenal gland -
adrenalin

It increases the heart rate and 
boosts the delivery of oxygen and 
glucose to the brain and muscles, 
preparing the body for ‘flight or 
fight’.

Thyroid gland –
thyroxine 

Stimulates the basal metabolic 
rate. It plays an important role in 
growth and development.

Ovary - oestrogen Controls puberty and the 
menstrual cycle in females; 
stimulates production of LH and 
suppresses the production of FSH 
in the pituitary gland.

Ovary -
progesterone

Maintains the lining of the womb -
suppresses FSH production in the 
pituitary gland.

Pancreas - insulin Controls blood sugar levels.

Pituitary gland -
anti-diuretic 
hormone

(ADH) Controls blood water level 
by triggering uptake of water in 
kidneys.

Pituitary gland -
follicle stimulating 
hormone

(FSH) Triggers egg ripening and 
oestrogen production in ovaries.

pituitary gland -
luteinising hormone

(LH) Triggers egg release and 
progesterone production in 
ovaries.

Testes -
testosterone

Controls puberty in males.

Blood Glucose Levels
Blood glucose concentration is monitored and
controlled by the pancreas. If the blood
glucose concentration is too high, the
pancreas produces the hormone insulin that
causes glucose to move from the blood into
the cells. In liver and muscle cells excess
glucose is converted to glycogen for storage.
If the blood glucose concentration is too low,
the pancreas produces the hormone glucagon
that causes glycogen to be converted into
glucose and released into the blood.

Diabetes
Type 1 diabetes is a disorder in which the
pancreas fails to produce sufficient insulin.
It is characterised by uncontrolled high
blood glucose levels and is normally treated
with insulin injections. Type 1 diabetes can
be treated by Injecting insulin into the
blood before meals. The extra insulin
causes glucose to be taken up by the liver
and other tissues. Cells get the glucose they
need for respiration, and the blood glucose
concentration stays normal.
In Type 2 diabetes the body cells no longer
respond to insulin produced by the
pancreas. A carbohydrate controlled diet
and an exercise regime are common
treatments. Obesity is a risk factor for Type
2 diabetes. A treatment for type 2 diabetes
is a carbohydrate controlled diet, regular
exercise and insulin infections if this fails to
work.

Negative Feedback
Negative feedback systems work to
maintain a steady state. An important
example of a negative feedback loop is
seen in control of thyroid hormone
secretion. Adrenaline however, is not
controlled by negative feedback.



Puberty
During puberty reproductive hormones cause
secondary sex characteristics to develop.
Testosterone is the main male reproductive
hormone produced by the testes and it stimulates
sperm production. The time when the physical
changes and emotional changes happen is
called adolescence.
Boys
Here are some changes that happen only to boys:
voice breaks (gets deeper)
testes and penis get bigger
testes start to produce sperm cells
shoulders get wider
hair grows on face and chest.
Girls
Here are some changes that happen only to girls:
breasts develop
ovaries start to release egg cells (periods start)
hips get wider.

Control of Fertility
Fertility can be controlled by a variety of hormonal and
non-hormonal methods of contraception. These
include:
• oral contraceptives that contain hormones to inhibit
FSH production so that no eggs mature
• injection, implant or skin patch of slow release
progesterone to inhibit the maturation and release of
eggs for a number of months or years
• barrier methods such as condoms and diaphragms
which prevent the sperm reaching an egg
• intrauterine devices which prevent the implantation
of an embryo or release a hormone
• spermicidal agents which kill or disable sperm
• abstaining from intercourse when an egg may be in
the oviduct
• surgical methods of male and female sterilisation.

Menstrual Cycle
Oestrogen is the main female reproductive
hormone produced in the ovary. At puberty eggs
begin to mature and one is released approximately
every 28 days. This is called ovulation. During days
1-7 of the menstrual cycle the uterus lining is shed
and the woman has her period.
Several hormones are involved in the menstrual
cycle of a woman.
• Follicle stimulating hormone (FSH) causes
maturation of an egg in the ovary.
• Luteinising hormone (LH) stimulates the release
of the egg.
• Oestrogen and progesterone are involved in
maintaining the uterus lining.

B11 Hormonal Coordination

Fertility Treatment
FSH and LH can be used as a
fertility drug to stimulate
ovulation in women with low
levels of FSH.
In vitro Fertilisation
• IVF involves giving a mother
FSH and LH to stimulate the
maturation of several eggs.
• The eggs are collected from
the mother and fertilised by
sperm from the father in the
laboratory.
• The fertilised eggs develop
into embryos.
• At the stage when they are
tiny balls of cells, one or two
embryos are inserted into the
mother’s uterus (womb).
Although fertility treatment
gives a woman the chance to
have a baby of her own it is
very emotionally and
physically stressful. The
success rates are not high,
IVF is expensive, not always
free on the NHS and it can
lead to multiple births which
are a risk to both the babies
and the mother.
Some religious groups
disagree with IVF as embryos
are destroyed during the
process and they believe that
life begins at conception.



B13 Part 1 - Reproduction

Sexual and Asexual Reproduction
Sexual reproduction involves the joining
(fusion) of male and female gametes:
• sperm and egg cells in animals
• pollen and egg cells in flowering plants.
In sexual reproduction there is mixing of
genetic information which leads to variety
in the offspring. The formation of gametes
involves meiosis. Asexual reproduction
involves only one parent and no fusion of
gametes. There is no mixing of genetic
information. This leads to genetically
identical offspring (clones). Only mitosis is
involved.

Meiosis
Meiosis leads to non-identical cells being
formed while mitosis leads to identical
cells being formed. In meiosis the number
of chromosomes in gametes halves and
fertilisation restores the full number of
chromosomes. Cells in reproductive
organs divide by meiosis to form gametes.
When a cell divides to form gametes:
• copies of the genetic information are
made • the cell divides twice to form four
gametes, each with a single set of
chromosomes
• all gametes are genetically different
from each other. Gametes join at
fertilisation to restore the normal number
of chromosomes. The new cell divides by
mitosis. The number of cells increases. As
the embryo develops cells differentiate.

DNA
The genetic material in the nucleus of a cell is
composed of a chemical called DNA. DNA is a
polymer made up of two strands forming a
double helix. The DNA is contained in structures
called chromosomes. A gene is a small section of
DNA on a chromosome. Each gene codes for a
particular sequence of amino acids, to make a
specific protein.

The Genome
The genome of an organism is the entire genetic
material of that organism. The whole human
genome has now been studied and this will have
great importance for medicine in the future.
By studying the human genome we can:
• search for genes linked to different types of
disease
• understand and treat inherited disorders
• trace human migration patterns from the past.

Inheritance
Some characteristics are controlled by a single
gene, such as: fur colour in mice; and red-green
colour blindness in humans. Each gene may have
different forms called alleles. The alleles present,
or genotype, operate at a molecular level to
develop characteristics that can be expressed as a
phenotype. A dominant allele is always expressed,
even if only one copy is present. A recessive allele
is only expressed if two copies are present
(therefore no dominant allele present). If the two
alleles present are the same the organism is
homozygous for that trait, but if the alleles are
different they are heterozygous. Most
characteristics are a result of multiple genes
interacting, rather than a single gene.

Inherited Disorders
Some disorders are inherited. These disorders
are caused by the inheritance of certain alleles.
• Polydactyly (having extra fingers or toes) is
caused by a dominant allele.
• Cystic fibrosis (a disorder of cell membranes) is
caused by a recessive allele.

Sex Determination
Ordinary human body cells contain 23 pairs of
chromosomes. 22 pairs control characteristics
only, but one of the pairs carries the genes that
determine sex.
• In females the sex chromosomes are XX.
• In males the chromosomes are different (XY).
For your exam you need to be able to construct a
Punnett square diagram and use it to calculate
the probability of a child inheriting a disorder or
being male or female.

Embryo Screening
Embryos can be screened for the alleles that
cause polydactyly, cystic fibrosis and other
genetic disorders. Note that you do not need to
know or understand how embryo screening
works for the examination. But you do need to
know the risks associated with embryo screening.



B14: Variation and Evolution

Variation
Differences in the characteristics of individuals in a
population is called variation and may be due to
differences in:
• the genes they have inherited (genetic causes)
• the conditions in which they have developed
(environmental causes)
• a combination of genes and the environment.
There is usually extensive genetic variation within a
population of a species. All variants arise from
mutations and most have no effect on the phenotype.
Some influence phenotype and very few determine
phenotype. Mutations occur continuously. Very rarely
a mutation will lead to a new phenotype. If the new
phenotype is suited to an environmental change it can
lead to a relatively rapid change in the species.

Evolution
Evolution as a change in the inherited characteristics of
a population over time through a process of natural
selection which may result in the formation of a new
species. The theory of evolution by natural selection
states that all species of living things have evolved
from simple life forms (single cell organisms) that first
developed more than three billion years ago.

Natural selection
The theory of evolution states that evolution
happens by natural selection. Here are the key
points:
•Individuals in a species show a wide range of
variation.
•This variation is because of differences in genes.
•Individuals with characteristics most suited to the
environment are more likely to survive and
reproduce.
•The genes that allowed the individuals to be
successful are passed to the offspring in the next
generation.

Speciation
A species is a group of organisms that
reproduce to produce fertile offspring.
If two populations of one species
become so different in phenotype that
they can no longer interbreed to
produce fertile offspring they have
formed two new species. For example,
a horse and a donkey both evolved
from a common ancestor to become
two separate species.

Selective Breeding
Selective breeding (artificial selection) is
the process by which humans breed
plants and animals for particular genetic
characteristics. Humans have been
doing this for thousands of years since
they first bred food crops from wild
plants and domesticated animals.
Selective breeding involves choosing
parents with the desired characteristic
from a mixed population. They are bred
together. From the offspring those with
the desired characteristic are bred
together. This continues over many
generations until all the offspring show
the desired characteristic.
The characteristic can be chosen for
usefulness or appearance:
• Disease resistance in food crops.
• Animals which produce more meat or
milk.
• Domestic dogs with a gentle nature.
• Large or unusual flowers.
Selective breeding can lead to
‘inbreeding’ where some breeds are
particularly prone to disease or
inherited defects.

Genetic Engineering
Genetic engineering is a process which involves
modifying the genome of an organism by
introducing a gene from another organism to give a
desired characteristic. In genetic engineering, genes
from the chromosomes of humans and other
organisms can be ‘cut out’ and transferred to cells
of other organisms.
Plant crops have been genetically engineered to be
resistant to diseases or to produce bigger better
fruits. Crops that have had their genes modified in
this way are called genetically modified (GM) crops.
GM crops include ones that are resistant to insect
attack or to herbicides. GM crops generally show
increased yields. Concerns about GM crops include
the effect on populations of wild flowers and
insects. Some people feel the effects of eating GM
crops on human health have not been fully
explored.
Modern medical research is exploring the
possibility of genetic modification to overcome
some inherited disorders. Bacterial cells have been
genetically engineered to produce useful
substances such as human insulin to treat diabetes.

In genetic engineering:
• enzymes are used to isolate the required gene;
this gene is inserted into a vector, usually a
bacterial plasmid or a virus
• the vector is used to insert the gene into the
required cells
• genes are transferred to the cells of animals,
plants or microorganisms at an early stage in their
development so that they develop with desired
characteristics.
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Extinction
Extinctions occur when there are no remaining individuals of
a species still alive. This is caused by new diseases, climate
change, urbanisation, deforestation, predators, hunting,
poaching and natural disasters.
Mass extinction is when there is a permanent loss of several
species in a similar time frame. For example when the
dinosaurs became extinct. Extinction on a large scale is
caused by changes to the environment and catastrophic
events such as massive volcanic eruptions or collisions with
asteroids.

The theory of evolution
The theory of evolution by natural selection is now widely
accepted. Evidence for Darwin’s theory is now available as it
has been shown that characteristics are passed on to
offspring in genes. There is further evidence in the fossil
record and the knowledge of how resistance to antibiotics
evolves in bacteria.

Fossils
Fossils are the ‘remains’ of organisms from millions of years
ago, which are found in rocks. Fossils may be formed:
• from parts of organisms that have not decayed because
one or more of the conditions needed for decay are absent
• when parts of the organism are replaced by minerals as
they decay
• as preserved traces of organisms, such as footprints,
burrows and rootlet traces.
Many early forms of life were soft-bodied, which means that
they have left few traces behind. What traces there were
have been mainly destroyed by geological activity. This is why
scientists cannot be certain about how life began on Earth.
We can learn from fossils how much or how little different
organisms have changed as life developed on Earth.

Resistant Bacteria
Bacteria can evolve rapidly because they reproduce at a fast rate. Mutations of
bacterial pathogens produce new strains. Some strains might be resistant to
antibiotics, and so are not killed. They survive and reproduce, so the
population of the resistant strain rises. The resistant strain will then spread
because people are not immune to it and there is no effective treatment.
MRSA (recent superbug out break) is resistant to antibiotics.
To reduce the rate of development of antibiotic resistant strains:
• doctors should not prescribe antibiotics inappropriately, such as treating non-
serious or viral infections
• patients should complete their course of antibiotics so all bacteria are killed
and none survive to mutate and form resistant strains
• the agricultural use of antibiotics should be restricted. The development of
new antibiotics is costly and slow. It is unlikely to keep up with the emergence
of new resistant strains.

Classification
Traditionally living things have been classified into groups
depending on their structure and characteristics in a system
developed by Carl Linnaeus. Linnaeus classified living things into
kingdom, phylum, class, order, family, genus and species.
Organisms are named by the binomial system of genus and species.
As evidence of internal structures became more developed due to
improvements in microscopes, and the understanding of
biochemical processes progressed, new models of classification
were proposed. Due to evidence available from chemical analysis
there is now a ‘three domain system’ developed by Carl Woese.
In this system organisms are divided into:
• archaea (primitive bacteria usually living in extreme
environments)
• bacteria (true bacteria)
• eukaryota (which includes protists, fungi, plants and animals).



Biotic Factor How it Affects a Community

Availability of 
Food

For example, if food is plentiful then the numbers of organisms in
the community should increase. The number of organisms that eat
the food will increase first, followed by the predators that eat them.

New Predators 
Arriving

The arrival of new predators in an ecosystem can have a devastating
effect to the entire ecosystem. Normally, in a balanced ecosystems,
predators and prey have evolved together, their numbers increasing
and decreasing in a cycle, there is a balance. A new predator arriving
can destroy this balance. There could be a huge decline in the
numbers of prey, which then reduces the food supply for the
original predators.

New 
Pathogens

It is very common for organisms that are new to an ecosystem to
bring pathogens with them. The organisms that live in the
community may not have come across the pathogen before and so
will not have immunity which can have huge consequences for them
and can cause death. An example of this in recent human history is
the death of Native Americans from flu when Europeans first
colonised North America.

One Species 
Outcompeting 

Another

The introduction of a new species into an ecosystem can result in it
out-competing another native species. This can lead to the native
species struggling to survive and resource. For example, red
squirrels are native to the UK while grey squirrels were introduced a
few hundred years ago. The grey squirrels outcompeted the red
squirrels and so the numbers of red squirrels has really decreased.

B16: Adaptations, Interdependence and Competition
Organisation of Ecosystems

An ecosystem is the interaction of a
community of living organisms and their
environment. A community is made up of
two or more different species that live in the
same place. The organisation and feeding
relationships in a community can be
represented by food chains. All food chains
begin with a producer which synthesises
molecules. This is usually a green plant or
alga which makes glucose by photosynthesis.
Producers are eaten by primary consumers,
which in turn may be eaten by secondary
consumers and they are then eaten by
tertiary consumers. Consumers that kill and
eat other animals are predators, and those
eaten are prey.

Competition
Competition is when different
organisms within a community are
seeking the same limited resource. It
is important that organisms are able
to compete for their survival. If an
organism is unable to compete
successfully then it will struggle to
survive, will be unlikely to reproduce
and so its numbers in the community
will fall. Plants in a community or
habitat often compete with each
other for light and space, and for
water and mineral ions from the soil.
Animals often compete with each
other for food, mates and territory.

Interdependence
To survive and reproduce, organisms require a supply of materials from their surroundings and from
the other living organisms there. Within a community each species depends on other species for
food, shelter, pollination, seed dispersal etc. If one species is removed it can affect the whole
community. This is called interdependence. A definition for interdependence is that it is the
relationships between different species in a community in which changes to one population will
cause a change to another population. A stable community is one where all the species and
environmental factors are in balance so that population sizes remain fairly constant.

Abiotic and Biotic Factors
Abiotic factors are nonliving while biotic factors are living. They are both able to affect the organisms
that live in a community.

Abiotic 
Factor

How it Affects a Community

Light 
Intensity

Typically, when light intensity increases the rate of photosynthesis increases and
so there will be more growth. There are however some plants that prefer shade,
they will not grow as well when light intensity increases.

Temperature
Animals and plants are adapted to survive in particular temperatures. If they are
moved to a different temperature, they will struggle to survive.

Moisture 
Levels

Too little water and plants and animals will die. If plants are overwatered and the
moisture levels are too high the roots are unable to get oxygen from the soil, are
unable to respire, die and then rot which kills the rest of the plant.

Soil pH and 
Mineral 
Content

Some plants and aquatic organisms are adapted to survive in different pH’s. Some
survive in acidic conditions while others will survive in alkaline conditions. If the
pH changes, the organism will struggle to survive.

Wind 
Intensity and 

Direction

Lots of organisms prefer more sheltered locations. Plant seeds are more likely to
settle and germinate there, and animals which depend upon these are more likely
to live close to where they grow.

CO2 Levels 
for Plants

Carbon dioxide is required for photosynthesis. This means that areas with high
levels of carbon dioxide have high rates of photosynthesis which results in healthy
plants.

Oxygen 
Levels for 
Aquatic 
Animals

Water contains oxygen. This is a combination of oxygen produced by aquatic
plants and oxygen that has dissolved in from the air. This oxygen is vital for
organisms that live underwater as they need it for respiration. Without it aquatic
animals would suffocate and die. Healthy bodies of water such as lakes and rivers
have high levels of oxygen while polluted waters often have low levels of oxygen.
Only certain species such as sludge worms can survive in polluted bodies of water.
This pollution means that only certain species can survive there such as sludge
worms. Sludge worms are a bioindicator species because their presence or
absence informs us about the condition of the habitat. If they are present the
habitat is polluted.
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Ecosystems
An ecosystem is a community of animals, plants and micro-
organisms, together with the habitat where they live. A habitat a
place where plants and animals live. A population is all the
members of a single species that live in a habitat. An environment is
all the conditions that surround any living organism - both the other
living things and the non-living things or physical surroundings.
Photosynthetic organisms are the producers of biomass for life on
Earth. A range of experimental methods using transects and
quadrats are used by ecologists to determine the distribution and
abundance of species in an ecosystem. Environment - all the
conditions that surround any living organism - both the other living
things and the non-living things or physical surroundings.

Feeding Relationships
Feeding relationships within a community can be represented by
food chains. All food chains begin with a producer which
synthesises new molecules. On land this is usually a green plant
that makes glucose by photosynthesis.
Producers are eaten by primary consumers, which in turn may be
eaten by secondary consumers and then tertiary consumers.
Consumers that kill and eat other animals are predators, and those
eaten are prey. In a stable community the numbers of predators
and prey rise and fall in cycles.

Recycling Materials
Recall that many different materials cycle through the abiotic and biotic
components of an ecosystem. All materials in the living world are
recycled to provide the building blocks for future organisms.
The water cycle provides fresh water for plants and animals on land
before draining into the seas. Water is continuously evaporated and
precipitated.

The carbon cycle returns carbon from organisms to the atmosphere as
carbon dioxide to be used by plants in photosynthesis. The decay of dead
plants and animals by microorganisms returns carbon to the atmosphere
as carbon dioxide.

The main 
stages of the 
water cycle 

are: 
condensation, 
precipitation, 
evaporation, 
transpiration 

and 
respiration. 

The main stages of 
the carbon cycle 
are: burning of 

fossil fuels, feeding 
on plant life, death 

of plants and 
animals, 

respiration, 
photosynthesis. 



Air 
Pollutant

How the Pollutant is Produced Problem the Pollutant Causes

Carbon 
Dioxide

Complete combustion of fuels Causes global warming

Carbon 
Monoxide

Incomplete combustion of fuels 
due to a lack of oxygen in the air

Toxic gas. It reduces oxygen content 
in the blood. It is not easily detected 

as it is colourless and odorless. 

Carbon 
Particulates

Incomplete combustion of fuels 
due to a lack of oxygen in the air

Global Dimming and health problems 
for humans.

Sulfur 
Dioxide

Some fuels such as coal can 
contain sulfur. When the fuel 
burns the sulfur reacts with 

oxygen also producing sulfur 
dioxide. 

Dissolves in water to form acid rain. 
This damages buildings and can 

damage plants as well as organisms in 
bodies of water such as ponds. It can 

also cause respiratory problems.

Oxides of 
Nitrogen

The conditions in a car's engine is 
very hot and high pressure. This 
causes the nitrogen in the air to 

react with oxygen forming oxides 
of nitrogen.

Dissolves in water to form acid rain.  
It can also cause respiratory 

problems.

B18: Biodiversity and Ecosystems
Global Warming

This is the increase in the
mean temperature of the
Earth. Even a small average
increase of temperature of
1°C over the last 100 years
has had huge consequences
all over the world.

Greenhouse Effect
The greenhouse effect traps some of the energy from the
sun and keeps our planet at a suitable temperature for
life. The greenhouse gases in the atmosphere absorb
some of the energy radiated by Earth and this is
reradiated leading to global warming. Carbon dioxide,
methane and water vapour are all example of greenhouse
gases. Over the years there has been an increased release
of these greenhouse gases.

Land Pollution
Any rubbish that is thrown out and not recycled goes to landfill. These are large holes in the
earth where rubbish is dumped. Sometimes people dump rubbish in public places to avoid
paying for it to be disposed of. This is known as fly tipping.

Why There is More Waste
Rapid growth in the human population and an increase in the standard of living mean that
increasingly more resources are used and more waste is produced. Unless waste and chemical
materials are properly handled, more pollution will be caused. Pollution is the contamination of
the air, water or ground with harmful substances while waste is unwanted or unusable material.

Water Pollution
Water can become polluted by
different sources including
residential areas, industry and
agriculture. Sewage from
residential areas can
contaminate water while rivers
can also be contaminated from
nearby farmland. Chemicals
that farmers add to their fields
can wash into nearby water.
Examples of chemicals include
pesticides, herbicides and
fertilisers. When fertilisers and
sewage enter a water source
such as a river there is a growth
of algae due to increased
mineral ions. The algae die and
microorganisms feed on the
decaying matter, the
microorganisms that do this
respire using up oxygen and so
the organisms that live in the
water die due to lack of
oxygen. This is called
eutrophication. Sometimes in
industrial areas toxic chemicals
can be released illegally.

Human Use of Land
Humans reduce the amount of land available for other
animals and plants by:
• Building
• Quarrying
• Farming
• Dumping waste
By using this land we remove habitats for the plants and
animals and reduce biodiversity. More and more land is
being lost as the human population is increasing so quickly
and there is an increased standard of living.

Peat Bogs
Bogs are very wet area of land without trees that usually
have many types of moss growing in them. They are very
acidic and are often low in nutrients. Decay is very slow and
the peat in the bog is made from partially decayed plants.
Because of how long peat takes to form it is a non
renewable energy resource like other fossil fuels. Peat is
removed from bogs to burn which release carbon dioxide
gas. It is also removed for gardeners to add to their soil.
When peat is added to soil it is mixed with air. Microbes
begin to decay the peat, as they do this they respire using
the oxygen mixed into the soil which releases carbon
dioxide gas. The destruction of peat bogs, and other areas of
peat to produce garden compost, reduces the area of this
habitat and thus the variety of different plant, animal and
microorganism species that live there (biodiversity). The
decay or burning of the peat releases carbon dioxide into
the atmosphere.
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C1: Atomic Structure
Atoms
All substances are made of atoms. An
atom is the smallest part of an
element that can exist. Atoms of
each element are represented by a
chemical symbol for example the
symbol for magnesium is Mg.

Conservation of Mass
The law of conservation of mass says
that no atoms are lost or made
during a chemical reaction. This
means that the mass of the products
equals the mass of the reactants, so
symbol equations must be balanced.

Compounds
Compounds are formed from
elements by chemical reactions.
Compounds contain two or more
elements chemically bonded
together. They can be separated into
elements by chemical reactions.

Mixtures
A mixture consists of two or more elements or
compounds not chemically joined together. This
means that they still have the same chemical
properties and they can be separated using
different separation techniques. These techniques
include filtration, crystallisation, distillation,
fractional distillation and chromatography. These
techniques do not involve chemical reactions.Crystallisation

This is a separation technique to separate
a soluble substance from a solvent. For
example it can be used to separate salt
from water or other substances that have
dissolved. It involves adding the solution
to an evaporating dish and heating it with
a Bunsen Burner to get the water to
evaporate. Heating is stopped when
crystals form and the rest of the water is
left to then evaporate at room
temperature. To heat the salt more
gently you can use a water bath which
involves placing the evaporating dish on a
beaker of water that is being heated with
a Bunsen Burner.

Filtration
This is a separation technique to separate an insoluble substance from a
solvent. For example it can be used to separate sand from water or other
solids that have not dissolved. It involves a funnel and filter paper and
pouring the solution through the filter paper. The insoluble substance
collects on the filter paper and this can then be washed and dried.

Chromatography
This is a separation technique to separate different
soluble substances from each other. It can be used
to separate food colourings. It involves getting a
piece of chromatography paper and drawing an
origin line in pencil. A spot of the substance to be
separated is then added to this origin line and the
paper is then place in a solvent with the origin line
above the solvent. The solvent moves up the
chromatography paper and the substance dissolves
into it. The more soluble the substance the further
up the paper it moves. As different substances
have different solubility's they move up the paper
different amounts and so are separated.

Fractional Distillation
This is a separation technique to separate mixture of miscible liquids such
as ethanol and water that have different boiling points.. It involves adding
the mixture to round bottom flask connected fractioning column that
usually contains glass beads. This is then fitted to a condenser. The
mixture is then heated with a Bunsen Burner to get the liquids to
evaporate. The substance with a higher boiling point will condense more
readily and fall back into the solution, while the substance with the lower
boiling point will rise up the column and into the condenser.

Development of the Model of the Atom
Dalton suggested that atoms were tiny spheres that could not be divided. JJ Thompson then discovered the electron.
He also suggested the Plum Pudding Model. This was the idea that the atom was a ball of positive charge with negative
electrons embedded in it. Then due to results from the alpha particle scattering experiment the nuclear model of the
atom was suggested. Discovered the electron. Suggested the Plum Pudding Model. This was the idea that the atom was
a ball of positive charge with negative electrons embedded in it. Niels Bohr then adapted this model by suggesting that
electrons orbit the nucleus at specific distances and then James Chadwick proved the existence of neutrons.

Structure of the Atom
The atom has protons and neutrons in its nucleus
with electrons orbiting in shells on the outside.
Protons and neutrons have a mass of 1 while
electrons have a very small mass. Protons have a
positive charge, electrons are negative while
neutrons are neutral. Atoms are small, having a
radius of about 0.1 nm and the radius of a nucleus
is less than 1/10 000 of that of the atom. An atom
is neutral because it has the same number of
electrons and protons.

Mass number
Number of protons and
neutrons an atom has.
It is an average value
that takes into account
the abundance of the
isotopes.

Ion
An atom that has lost
or gained electrons and
so has a charge.

Chemical Reactions
Reactants are what go into a
chemical reaction while
products are what are made.
For example in the word
equation hydrogen and oxygen
are the reactants while water is
the product.:

Hydrogen + Oxygen→Water 
Overall in any equation:

Reactants → Products

Electron Configuration
The electrons in an atom
occupy the lowest available
energy levels. The
electronic structure of an
atom can be represented by
numbers or by a diagram. 2
electrons fill the first shell,
and 8 fill the second and
third shell. Once shell 3 is
full the 4th begins to fill.

State Symbols Elements
Elements are made up
of just one type of
atom. In the periodic
table there are about
100 different elements.

Isotope: Atoms with
the same number of
protons but different
number of neutrons.
They have different
mass numbers.

Solid (s)

Liquid (l)
Atomic Number
The number of protons 
an atom has.

Gas (g)

Solution (aq)



C2: The Periodic Table
Group 7
Elements in Group 7 are called the
halogens and they have similar reactions
because they have 7 electrons in their
outermost shell. The halogens are non-
metals and are molecules made of pairs
of atoms. At room temperature F2 is a
yellow gas, Cl2 is a green gas, Br2 is a
brown liquid while when in solution is it
yellow and I2 is a shiny black solids while
when in solution it is a dark brown/red
colour. When they form compounds with
metals they form white solids.

Groups
Groups are the vertical
columns in the periodic
table. Elements in the
same group have the
same number of
electrons in their
outermost shell and so
they have similar
properties. Every atom
in group 1 has 1 electron
in its outermost shell,
while everything in
group 7 has 7 electrons
in its outermost shell.

Periods
Periods are the horizontal rows on the
periodic table. Every element in the
same period has the same number of
shells. For example all elements in
period 3 have 3 shells while all
elements in period 4 have 4 shells.

Group 0
Elements in Group 0 are called the noble gases. They are
unreactive and don’t easily form molecules because their
atoms have stable arrangements of electrons because
they all have full outermost shells. The noble gases have
eight electrons in their outer shell, except for helium,
which has only two electrons. Down the group the boiling
point increases and the gases become more dense.

Metals
Metals form
positive ions and
are found on the
left side of the
periodic table and
towards the
bottom.

Non Metals
Non Metals form
negative ions.
They found on
the right side of
the periodic table
and towards the
top.

Group 1
Elements in Group 1 are called the alkali metals and they
have similar properties because they all have 1 electron
on their outermost shell. They all react with oxygen,
chlorine and water and down the group the metals
become more reactive.

Metal + Oxygen →Metal Oxide
Lithium + Oxygen → Lithium Oxide

4Li (s) + O2 (g) → 2Li2O (s)

Metal + Chlorine →Metal Chloride
Sodium + Chlorine → Sodium Chloride

2Na (s) + Cl2 (g) → 2NaCl (s)

Alkali Metal + Water →Metal Hydroxide + Hydrogen
Potassium + Water → Potassium Hydroxide + Hydrogen

K (s) + H2O (l) → KOH (aq) + H2 (g)

Trends in Group 7
Down the group the elements in group 7
become less reactive. This is because the
atoms are bigger and so the outermost
electrons are further away from the
nucleus. This means that there is a
weaker attraction between the electrons
and the nucleus and so it is harder to gain
an electron to the outermost shell.

Development of the Periodic Table
Before the discovery of protons, neutrons and electrons, scientists
grouped the elements by arranging them in order of their atomic
weights. This posed some problems. Firstly, the early periodic tables
were incomplete as not all elements had been discovered and
secondly, some elements were placed in the wrong place if the order
of atomic weights was followed. Mendeleev overcame these
problems by firstly leaving gaps for undiscovered elements and he
swapped the position of some elements when arranging them by
atomic weight put them in the wrong groups. Overtime Mendeleev's
periodic table was accepted because elements with properties
predicted by Mendeleev were discovered and filled the gaps that he
had left. Knowledge of isotopes made it possible to explain why the
order based on atomic weights was not always correct and proved
that Mendeleev was right to swap the position of some elements.

The Periodic Table
The elements in the periodic table are
arranged in order of atomic number. This
means that elements with similar
properties are in the same groups. The
table is called a periodic table because
similar properties occur at regular
intervals.

Trends in Group 1
Down the group the elements in group 1 become more
reactive. This is because the atoms are bigger and so the
outermost electrons are further away from the nucleus.
This means that there is a weaker attraction between the
electrons and the nucleus and so the outermost electron
is lost more easily.

Displacement
A more reactive halogen can displace a
less reactive halogen from an aqueous
solution of its salt. For example:
Chlorine + Potassium Iodide → Potassium 

Chloride + Iodine
Cl2 (aq) + KI (aq) → KCl (aq) + I2 (aq)

Chlorine is green when in solution and
will displace the iodine. At the end of the
reaction the iodine will be displaced and
so the solution will be a brown colour.

Comparing Metals and Non Metals

Metals Non Metals

Conduct Electricity Do not conduct electricity.

Higher melting and 
boiling points

Lower melting and boiling 
points

Ductile Not ductile

Malleable Brittle



C3: Structure and Bonding
States of Matter
The three states of matter are solids, liquids and
gases. The symbols are (s), (l), (g) and (aq) for
aqueous solutions. The boiling point of a
substance is the temperature at which boiling
and condensing happen. The melting point of a
substance is the temperature at which freezing
and melting happen. Different substances have
different melting and boiling points due to the
strength of the forces between the particles of
the substance. The stronger the force the higher
the melting and boiling point of the substance.

Chemical Bonds
There are three types of chemical bonds. Ionic
bonds occur in compounds formed from metals
combined with non-metals. Covalent bonds are
found in in non metal elements and compounds
that are made of non metals. Metallic bonding
occurs in metallic elements and alloys.

Ionic Bonding
When a metal reacts with a non metal electrons from the
metal ion are transferred to the non metal ion. The metal
atom loses electrons to become a positive ion while the
non metal atom gains electrons to become a negative ion.
Atoms in group 1 lose 1 electron from their outermost shell
and form +1 ions while atoms in group 2 lose 2 electrons
from their outermost shell and form +2 ions. Atoms in
group 7 gain 1 electron and form -1 ions while atoms in
group 6 gain 2 electrons and form -2 ions.

Ionic Compounds
An ionic compound is a giant structure of ions that are
held together by strong electrostatic forces of attraction
that act in all directions between oppositely charged ions.
Ionic compounds have giant ionic lattices which means
they have a regular structure. They have high melting and
boiling points due to the strong bonds between the ions.
When solid ionic compounds cant conduct electricity
because the ions are not able to move. When molten or
dissolved ionic compounds can conduct because the ions
are able to move freely.

Covalent Bonding
When atoms share pairs of electrons they form covalent
bonds. These bonds are very strong. Covalent bonds are
found in small molecules such as oxygen, water, carbon
dioxide and ammonia and are also found in very large
molecules such as diamond, graphite and silicon dioxide.

Small Covalent Molecules
Small molecules are usually gases or liquids with low
melting and boiling points. This is because there are
weak forces between the molecules. These are known
as intermolecular forces. As the molecule increases in
size the intermolecular forces increase and so they have
higher melting and boiling points. Small molecules do
not conduct because the molecules do not have an
overall electric charge.

Giant Covalent Structures
Giant covalent structures are solids with high melting
and boiling points. This is because all of the atoms are
bonded together with strong covalent bonds. In
diamond each carbon atom is covalently bonded to 4
others so it is very hard. It does not have delocalised
electrons so cant conduct electricity. In graphite each
carbon atom is covalently bonded to 3 others forming
layers of hexagonal rings with no covalent bonds
between the layers, this means the layers can slide over
each other. In graphite, for each covalent atom, there is
one delocalised electron so it can conduct electricity.

Graphene and Fullerenes
Graphene is a single layer of graphite. It is useful in
electronics and composites. It has a very low density and
for its mass is very strong. Fullerenes are molecules of
carbon with hollow shapes. They also have hexagonal
rings or carbon, but can also have rings made up of 5 or 7
carbon atoms also. The first to be discovered with
Buckminsterfullerene which was a sphere. Carbon
nanotubes are cylindrical fullerenes with high length to
diameter ratios. They are useful in electronics. They all
have delocalised electrons and so can conduct electricity.
They also have high tensile strength.

Metallic Bonds
Metals are giant structures of atoms arranged in
a lattice. The electrons in the outermost shell of
the metal atoms are delocalised are are free to
move through the whole structure. This is why
metals can conduct electricity. Strong
electrostatic attractions between the negative
electrons and the positive metal ions bond the
metal ions together.

Properties of Metals
The bonds in metals are very strong and so
metals have high melting and boiling points. In
pure metals the atoms are arranged in layers
which means metals can be bent and shaped.
Metals can conduct electricity due to the
delocalised electrons. They are also good
conductors of thermal energy because energy
can be transferred by the delocalised electrons.
To make metals harder they can be mixed with
other metals. This forms an alloy.

Polymers
Polymers are very large molecules. The atoms in the
polymer molecules are linked to other atoms by covalent
bonds which are very strong. The intermolecular forces
between the polymer molecules are strong and so the
substances are solids at room temperature.



C4: Chemical Calculations
Conservation of Mass
The law of conservation of mass says that no
atoms are lost or made during a chemical
reaction. This means that the mass of the
products equals the mass of the reactants.

Using Moles to Balance Equations
In a chemical reaction involving two reactants you would use an
excess of one of the reactants to make sure that all of the other
reactant is used up. The reactant that is completely used up is called
the limiting reactant because it limits the amount of products that
can be made.

Relative Formula Mass
The relative formula mass is represented by
the symbol Mr. RFM is the sum of the relative
atomic masses of the atoms in the formula.
In a balanced chemical equation, the total of
the relative formula masses of the reactants
equals the total of the relative formula
masses of the products in the quantities
shown.

Amount of Substances in Equations
The masses of reactants and products can be calculated from
balanced symbol equations and chemical equations can be
interpreted in terms of moles. For example:

2H2 + O2→ 2H2O
This shows that 2 moles of hydrogen react with 1 mole of oxygen to
make 2 moles of water.

Concentration of Solutions
Lots of chemical reactions take place in solutions. The concentration
of a solution is measured in mass per given volume of solution and so
the units are g/dm3.

Mass Changes when Products or Reactants
are Gases
Some reactions may appear to have a change
in mass but this can is because a reactant or
product is a gas and its mass has not been
taken into account. For example if a gas is
made in a chemical reaction and escapes into
the atmosphere the mass will appear to
decrease.

Moles
Chemical amounts are measured in moles. The symbol for mole is
mol. The mass of 1 mole of a substance in grams is equal to its
relative formula mass. For example water has an RFM of 18 and 1
mole of water has a mass of 18g. 1 mole of any substance contains
the same number of particles as one mole of any other substance.
This number is known as the Avogadro constant. The value of the
Avogadro constant is 6.02 x 1023 per mole.

Number of Moles = Mass / RFM

Use of amount of substance in relation to
volumes of gases
1 mole of any gas occupy the same volume
under the same conditions of temperature
and pressure. The volume of one mole of any
gas at room temperature (20°C) and pressure
(1 atmosphere pressure) is 24dm3. The
number of mole of gas can be calculated
using the formula:

No of moles of gas = volume of gas (dm3) / 
24dm3

Or
No of moles of gas = volume of gas (cm3) / 

24000cm3



C4: Chemical Calculations: Worked Examples
Relative Formula Mass
To calculate RFM of a substance you:
1. Identify the different types of atoms.
2. Identify how many of these atoms you

have.
3. Identify the atomic mass for each of

these atoms.
4. Multiply the atomic mass for each atom

by the number of atoms.
5. Add the totals together.

For example: RFM of C2H6

C x 2 = 12 x 2 = 24
H x 6 = 1 x 6 = 6

RFM  = 30

Percentage Yield
To calculate the percentage yield you:
1. Calculate the RFM of the substances involved.
2. Use this to calculate theoretical yield.
3. Write in the formula % Yield = (Actual Yield / Theoretical

Yield) × 100
4. Substitute numbers.
5. Do the working out.
6. Round to appropriate number of s.f and add units.

For example:
Calcium Carbonate → Calcium Oxide + Carbon Dioxide

CaCO3 → CaO + CO2

100kg of calcium carbonate is broken down and 45kg of
calcium oxide is made. Calculate the % yield.
Step 1:

RFM of CaCO3 = 100
RFM of CaO = 56

Step 2:
10kg of CaCO3 should make 56kg of CaO

Steps 3 to 6:
% Yield = (Actual Yield / Theoretical Yield) × 100
% Yield = (45/ 56) × 100
% Yield = 0.8035714286 × 100
% Yield = 80.3571428571

% Yield = 80%

Moles
To calculate number of moles you:
1. Calculate the RFM of the substance.
2. Write in the formula Number of Moles = Mass / RFM
3. Substitute numbers.
4. Do the working out.
5. Round to appropriate number of s.f and add units

For example: How many moles of hydrochloric acid
molecules are there in 8.2g of acid?

RFM of HCl is = 36.5
Number of moles = mass / RFM
Number of moles =8.2 / 36.5
Number of moles =0.2246575342
Number of moles =0.25mol



C5: Chemical Changes
Metal Oxides
Metals react with oxygen to produce metal
oxides. Oxidation is when substances gain oxygen
while reduction is when substances lose oxygen.
This means that the reactions between metals
and oxygen are oxidation reactions. For
example:

Iron + Oxygen → Iron Oxide
Fe + O2→ Fe2O3

Neutralisation
Acids are neutralised by alkalis and bases such as metal hydroxides
and metal oxides to makes salts and water. For example:

Lithium Hydroxide + Hydrochloric Acid → Lithium Chloride + Water
2LiOH + 2HCl → 2LiCl + 2H2O 

Magnesium Oxide + Sulfuric Acid →Magnesium Sulfate + Water
MgO + H2SO4 →MgSO4 + H2O

Acids can also react with metal carbonates to make salts, water and
carbon dioxide. For example:
Calcium Carbonate + Hydrochloric Acid → Calcium Chloride + Water 

+ Carbon Dioxide
CaCo3 + HCl → CaCl2 + H2O + CO2

In neutralisation reactions between an acid and an alkali, hydrogen
ions react with hydroxide ions to make water. This can be
represented by the equation:

H+ (aq) + OH- (aq) → H2O (l)

Metals and Water
To determine the reactivity of metals you could
add them to water and record your
observations. Most metals do not react very
quickly with water, while may don’t react at all.
However the alkali metals do react with water.
This means that they are more reactive than
other metals. When the alkali metals are added
to water they form a alkaline solution and
hydrogen. Potassium reacts the quickest and
so is the most reactive, this is followed by
sodium and then lithium.

Soluble Salts
Soluble salts can be made from acids by reacting
them with solid insoluble substances, such as
metals, metal oxides, hydroxides or carbonates.
The solid is added to the acid until no more
reacts and the excess solid is then filtered off to
produce a solution of the salt. The salt solutions
can then be crystallised to produce solid salts.
To make copper chloride salts you could add
copper oxide to warm hydrochloric acid and stir
it. You would then filter the solution to remove
the excess copper oxide and you would be left
with a copper chloride solution. To remove the
water you would then crystallise it using a
Bunsen burner and evaporating dish.

pH Scale
Acids produce hydrogen ions H+ in solutions
while alkalis contain hydroxide ions OH-. The
pH scale, from 0 to 14, is a measure of the
acidity or alkalinity of a solution, and can be
measured using universal indicator or a pH
probe. A solution with pH 7 is neutral while
solutions below 7 are acidic and solutions with
a pH above 7 are alkalis.

Extraction of Metals
Most metals are found as compounds in the Earth’s crust and so
chemical reactions are needed to extract the metal. Gold is
unreactive and so is found as a pure metal. Metals less reactive than
carbon they can be extracted by reduction with carbon. The metals
will lose the oxygen joined to them. For example:

Iron Oxide + Carbon → Iron + Carbon Dioxide
Fe2O3 + C → Fe + CO2

Strong and Weak Acids
A strong acid such as hydrochloric, nitric and
sulfuric acids is completely ionised in aqueous
solution. A weak acid such as ethanoic, citric
and carbonic acids is only partially ionised in
aqueous solution. This means that if you have a
strong and weak acid of the same
concentration, the strong acid will have a lower
pH. As the pH decreases by one unit, the
hydrogen ion concentration of the solution
increases by a factor of 10.

The Reactivity Series
When metals react with other
substances the metal atoms
form positive ion and the
reactivity of a metal is related to
its tendency to form positive
ions. Metals can be arranged in
order of their reactivity in a
reactivity series. We can do this
by observing their reactions
with acids and water. The non-
metals hydrogen and carbon are
often included in the reactivity
series. A more reactive metal
can displace a less reactive
metal from a compound.

Most Reactive

Potassium
Sodium
Calcium

Magnesium
Aluminium

Carbon
Zinc
Iron
Tin

Lead
Hydrogen

Copper
Silver
Gold

Least Reactive

Oxidation and Reduction
Oxidation is the loss of electrons and reduction is the gain of
electrons. For example:
Magnesium + Hydrochloric Acid →Magnesium Chloride + Hydrogen

Mg (s) + 2HCl (aq) →MgCl2 (aq) + H2 (g)
This equation can be summarise with the ionic equation:

Mg (s) + 2H+ (aq) →Mg2+ (aq) + H2 (g)
This equation can then be divided into two half equations:

Mg (s) →Mg2+ (aq) + 2e-

This half equation show that a magnesium atom is becoming a
magnesium ion by losing electrons. This means it is being oxidised.
The other part of the half equation is:

2H+ (aq) +2e-
→ H2 (g)

This half equation show that 2 hydrogen ions are becoming a
hydrogen molecule by gaining electrons. This means they are being
reduced. Overall in this reaction electrons and lost and gained and
so this is a called a redox reaction.

Metals and Acids
Acids react with some metals to produce salts
and hydrogen. For example:
Zinc + Sulfuric Acid → Zinc Sulfate + Hydrogen

Zn + H2SO4 → ZnSO4 + H2

Sulfuric Acid has the formula H2SO4 and makes
sulfates. Hydrochloric Acid has the formula HCl
and makes chlorides.



C6: Electrolysis
Process of Electrolysis
When an ionic compound is dissolved in water or
melted, the ions are free to move about. This
means that the liquid ionic compounds and
solutions are able to conduct electricity. These
melted ionic compounds and solutions containing
the ionic compounds are called electrolytes.
Passing an electric current through electrolytes
causes the ions to move to the electrodes.
Positively charged ions move to the negative
electrode, and negatively charged ions move to
the positive electrode. The negative electrode is
called the cathode and the positive electrode is
called the anode. Ions are discharged at the
electrodes producing elements. This process is
called electrolysis.

Using Electrolysis to Extract Metals 
Metals can be extracted from molten compounds using
electrolysis. Electrolysis is used if the metal is too reactive
to be extracted by reduction with carbon or if the metal
reacts with carbon. Large amounts of energy are used in
the extraction process to melt the compounds and to
produce the electrical current. This means the process is
expensive.

Extracting Aluminium Using Electrolysis
Aluminium is extracted from the ore bauxite using
electrolysis. Bauxite contains the compounds aluminium
oxide which has the formula Al2O3. Aluminium oxide has a
high melting point and so is mixed with cryolite to lower it.
The aluminium oxide mixture is then melted so that the
ions are free to move. The Al3+ ions are attracted to the
cathode while the O2- ions are attracted to the anode.

At the cathode the Al3+ ions gain 3 electrons and become
aluminium atoms. The positive aluminium ions are
attracted to the negative charge of the cathode. When
the ions form atoms they then sink to the bottom of the
electrolysis tank. As the ions have gained electrons they
have been reduced. What happens at the negative
electrode can be represented with the following half
equation:

Al3+ +3e-
→ Al

At the anode the O2- lose two electrons. The negative ions
are attracted to the positive charge of the anode. The
oxygen atoms then bond together to form oxygen
molecules O2. As the ions have lost electrons they have
been oxidised. What happens at the positive electrode
can be represented with the following half equation:

O2-
→ O2 + 4e-

Overall:
Aluminium Oxide → Aluminium + Oxygen

Al2O3 → Al  +  O2

The anode needs to be replaced because the carbon it
contains reacts with the oxygen made to make carbon
dioxide.

Aqueous Solutions
An aqueous solution is one in which a substance is
dissolved in water. When ionic compounds dissolve in
the water there will be ions from the compounds as well
as hydrogen ions (H+) and hydroxide ions (OH-) from the
water.

H2O (l) ⇌ H+ (aq) + OH- (aq)

Electrolysis of Molten Ionic Compounds
When a ionic compound is melted we say it is
molten. When a simple ionic compound is
electrolysed in the molten state using inert
electrodes, the metal is produced at the cathode
and the non-metal is produced at the anode. For
example if molten lead bromide were to be
electrolysed, lead would form at the cathode and
bromine would form at the anode. If molten zinc
chloride were to be electrolysed, zinc would form
at the cathode and chlorine would form at the
anode.

Oxidation and Reduction
Oxidation is the loss of electrons while reduction
is the gain of electrons. This can be remembered
using the phrase OIL RIG. Oxidation Is Loss,
Reduction Is Gain.

During electrolysis, at the cathode (negative
electrode), positively charged ions gain electrons
and so the reactions are reductions. At the
anode (positive electrode), negatively charged
ions lose electrons and so the reactions are
oxidations.

Electrolysis of Aqueous Solutions
The ions discharged when an aqueous solution is
electrolysed using inert electrodes depend on the
relative reactivity of the elements involved. In a
solution containing a dissolved ionic compound there
will be positive and negative ions from this compound as
well as positive hydrogen ions and negative hydroxide
ions from the water.

At the cathode hydrogen is produced if the metal in the
solution is more reactive than hydrogen. If the metal is
less reactive than hydrogen then a solid layer of pure
metal will be produced instead.

At the positive electrode (anode), if halide ions are
present in the solution then molecules of halogens will
form. For example if the solution contains Cl- ions then
chlorine molecules will form at the anode while if F- ions
are present then fluorine molecules will form at the
anode instead. If there are no halide ions in the solution
then oxygen gas will be formed instead. This is because
OH- ions are attracted to positive electrode and are
discharged making oxygen.

Half Equations
Half equations show the reactions at the electrodes.

For example when hydrogen forms at the cathode:

2H+ + 2e- → H2

And when oxygen forms at the anode:

4OH- → O2 + 2H2O + 4e-



C7: Energy Changes
Energy Changes
In a chemical reaction energy is conserved. This
means that the amount of energy of energy that
goes into a chemical reaction comes out of the
reaction.

Reaction Profiles
Chemical reactions occur when reacting particles collide with each
other with enough energy. The minimum amount of energy that
particles must have to react is called the activation energy. This
activation energy is needed for a reaction to occur. Reaction
profiles can be used to show the relative energies of reactants and
products, the activation energy and the overall energy change of a
reaction. You need to be able to draw simple reaction profiles.

Endothermic Reactions
An endothermic reaction takes in energy from the
surroundings so that the temperature of the
surroundings decreases. This means that the
products have more energy than the reactants.
Examples of endothermic reactions include thermal
decompositions and the reaction of citric acid and
sodium hydrogencarbonate. Uses of endothermic
reactions include some sports injury packs cool
packs.

Exothermic Reactions
An exothermic reaction transfers energy to the
surroundings so the temperature of the
surroundings increases. This means that the
products have less energy that the reactants.
Examples of exothermic reactions include
combustion, oxidation reactions and
neutralisation. Uses of exothermic reactions
include self-heating cans and hand warmers.

Exothermic Reaction Profile
An exothermic reaction can
be represented with the
following reaction profile:

This shows that the reactants
have more energy than the
products. This is because
energy is released into the
surroundings.

Endothermic Reaction Profile
An endothermic reaction can be
represented with the following
reaction profile:

This shows that the reactants
have less energy than the
products. This is because energy
is taken in from the surroundings.

Energy Changes Calculations
During a chemical reaction energy must first be
supplied to break the bonds in the reactants. When
bonds in the products are formed energy is then
released. The energy needed to break bonds and
the energy released when bonds are formed can be
calculated from bond energies. The difference
between the sum of the energy needed to break
bonds in the reactants and the sum of the energy
released when bonds in the products are formed is
the overall energy change of the reaction. In an
exothermic reaction, the energy released from
forming new bonds is greater than the energy
needed to break existing bonds while in an
endothermic reaction, the energy needed to break
existing bonds is greater than the energy released
from forming new bonds.How to Calculate Energy Changes

1. Check the symbol equation is balanced. If not balance it.
2. Identify the different bonds in the reactants.
3. Identify how many of each type of bond there is.
4. Calculate the energy needed to break these bonds.
5. Identify the different bonds in the products.
6. Identify how many of each type of bond there is.
7. Calculate the energy released when these bonds are formed.
8. Calculate the overall energy change using the formula:

Energy Change = Bonds Broken – Bonds Made
9. Add the units kJ.

An endothermic reaction will have an energy change that is a
positive number, while an exothermic reaction will have an energy
change that is a negative number. You will be given a table of
common bond energies to use in your calculations.

Energy Changes Worked Example:

2H2 + O2→ 2H2O

Bonds Broken
H-H x 2 = 436 x 2 = 872
O=O x 1 = 498

= 1370 kJ 

Bonds Made
H-O x 4 = 464 x 4

=1856 kJ 

Overall Energy Change = Broken – Made
= 1370 – 1856 = -486kJ

This is an exothermic reaction.
The values in bold are the bond energies that will be
given to you in the exam paper!
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C8: Rates and Equilibrium: Trilogy Specification: Higher 
Calculating Rates of Reaction
The rate of reaction is can be found by measuring the
amount of reactant used or the amount of product
formed over time. It can be calculated using:

Rate of Reaction = Quantity of Reactant Used/Time
Rate of Reaction = Quantity of Product Formed/Time

The quantity can be measured by mass in grams and if
so the units for rate of reaction will be g/s. The
quantity can also be measured by volume in cm3, if so
the unit for rate of reaction will be cm3/s. If the
quantity is measured in moles then the units for rate of
reaction will be mol/s.

Collision Theory and Activation Energy
Chemical reactions can only occur when reacting
particles collide with each other and with enough
energy.

Factors Which Affect the Rates of Chemical Reactions
There are different factors that affect rate of reaction
including concentration of reactants, pressure of
reacting gases, the surface area of solid reactants, the
temperature and the presence of a catalyst.

Rate of Reaction and Temperature
When temperature is increased the amount of
collisions between reactants increases, and the
collisions have more energy. This increases the rate of
reaction.

Rate of Reaction and Pressure
When the pressure of reacting gases is increased the
amount of collisions between reactants increases and
so the rate of reaction increases.

Rate of Reaction and Concentration
When concentration is increased the amount of
collisions between reactants increases and so this
increases the rate of reaction.

Rate of Reaction and Surface Area
When the surface area of reacting solids is increased
the amount of collisions between reactants increases
and so the rate of reaction increases.Measuring Rate of Reaction

To measure the rate of reaction you could add the
reactants together and:
• Measure the decreasing mass at regular time

intervals. This method works if one of your
products is a gas. You will need a conical flask to
put the chemicals in, a balance to measure the
mass a stopwatch and cotton wool to bung the top
of the flask to prevent any of the reactants being
lost.

• Measure the volume of gas produced at regular
time intervals. Again this method works if one of
your products is a gas. You will need a conical flash
connected to a gas syringe and a stopwatch.

• Measure the time it takes for a cross to disappear.
This method works if one of your products is a
solid.

Catalysts
Catalysts increase the rate of reaction without being used up themselves. They do this by lowering the activation
energy by providing an alternative pathway for the reaction to take place. Different reactions need different
catalysts and enzymes are examples of biological catalysts. If a catalyst is involved with a chemical reaction it is
not included in the chemical equation. When drawing a reaction profile to show a reaction with a catalyst, draw
the activation energy for the reaction with the catalyst below the activation energy for the reaction without the
catalyst.

Reversible Reactions
In some reactions the products can react with each
other to make the original products again. These are
reversible reactions. They are represented by:

A + B   ⇌ C + D

Reversible Reactions and Energy Changes
If a reversible reaction is exothermic in one direction
then it will be endothermic in the opposite direction.

Equilibrium
When a reversible reaction happens in a closed system
in which reactants and products are unable to escape,
equilibrium is reached. This is when the forward and
reverse reaction happen at exactly the same rate. If a
change is made to the conditions then the system will
respond to counteract these changes. The effect of
changing conditions can be predicted using Le
Chatelier’s Principle.

Changing Concentration and Equilibrium
If the concentration of a reactant is increased more
products will be made. If the concentration of a
product is decreased more reactants will react until
equilibrium is reached again.

Changing Pressure and Equilibrium
If pressure is increased the equilibrium will shift
towards the side of the reaction with the smaller
number of molecules. This can be determined from
the symbol equation. If pressure is decreased the
reaction will shift towards the side of the reaction with
the larger number of molecules.

Changing Temperature and Equilibrium
If the temperature is increased the endothermic reaction will happen at a faster rate and the products of this reaction will increase. There will be fewer products made for
the exothermic reaction in the opposite direction. If the temperature is decreased the endothermic reaction will happen at a slower rate and the products of this reaction
will decrease. There will be more products made for the exothermic reaction in the opposite direction.



C9: Crude Oil: Trilogy Specification: Higher
Crude Oil
Crude oil is a finite resource found in rocks. It is
the remains of an ancient biomass consisting
mainly of plankton that was buried in mud.
Crude oil is a mixture of a very large number of
compounds. Most of the compounds in crude oil
are hydrocarbons. Hydrocarbons are molecules
made up of only hydrogen and carbon atoms.
Most of the hydrocarbons found in crude oil are
alkanes.

Butane
Butane is an alkane that contains 4 carbon atoms. It
has the chemical formula C4H10 and can be
represented using the structural formula below.

Fractional Distillation
The many hydrocarbons in crude oil may be
separated into fractions, each of which contains
molecules with a similar number of carbon atoms,
by fractional distillation. In this process the crude oil
is heated until most of it turns into gas. The gases
enter a fractioning column which is cooler at the top
and hotter at the bottom. The gases rise up the
column and as they rise they cool and condense
back into liquids. The longer hydrocarbons have
higher boiling points and so condense into liquids
lower down the column while the smaller
hydrocarbons have lower boiling points and so
condense further up the column. The end result is
crude oil separated into different fractions. Each
fraction contains hydrocarbons with a similar
number of carbon atoms and so they all have similar
boiling points.

Properties of Hydrocarbons
Some properties of hydrocarbons depend on the size of their
molecules, including boiling point, viscosity and flammability.
As the size of alkanes increase the boiling point increases. This
is because when the molecule is larger there are stronger
intermolecular forces between the molecules. The longer the
alkane chain the more viscous the alkane is also. As the alkane
chain becomes longer the flammability of the alkane decreases.
This means that methane is the most flammable of the alkanes.
As short chain polymers are the most flammable this means
that they are the most useful to use as fuels.

Methane
Methane is an alkane that
contains 1 carbon atom. It has
the chemical formula CH4 and can
be represented using the
structural formula to the right.

Combustion
The combustion of hydrocarbon fuels releases energy. During
combustion, the carbon and hydrogen in the fuels are oxidised.
The complete combustion of a hydrocarbon produces carbon
dioxide and water.

For example:
Methane + Oxygen → Carbon Dioxide + Water

CH4 + 2O2 → CO2 + 2H2O

Cracking
Hydrocarbons can be broken down to produce smaller, more
useful molecules. This process is called cracking. Cracking can
be done in different ways including catalytic cracking and
steam cracking. In cracking a long chain hydrocarbon is broken
down into smaller alkane molecules and alkenes which are
another kind of hydrocarbon.

Alkanes
Alkanes are compounds with the general formula
CnH2n+2 Examples of alkanes include methane,
ethane, propane and butane.

Ethane
Ethane is an alkane that
contains 2 carbon atoms. It
has the chemical formula
C2H6 and can be represented
using the structural formula
to the right.

Propane
Propane is an alkane that contains 3 carbon
atoms. It has the chemical formula C3H8 and can
be represented using the structural formula
below.

Petrochemicals
Different fractions of crude oil have many uses
including as fuels that we depend for our modern
lifestyle. Fuels from crude oil include petrol, diesel
oil, kerosene, heavy fuel oil and liquid petroleum
gases. Crude oil is also important for modern
lifestyles as many useful materials including
solvents, lubricants, polymers and detergents are
produced by the petrochemical industry from crude
oil. There is a huge selection of natural and
synthetic carbon compounds due to the ability of
carbon atoms to form families of similar
compounds.

Catalytic Cracking
In catalytic cracking the long chain hydrocarbons are heated to
vaporise them. Then the vapour is passed over hot powdered
aluminium oxide which is a catalyst. The long chain molecules
split apart on the surface of the catalyst.

Steam Cracking
In steam cracking the long chain hydrocarbons are heated to
vaporise them. Then the vapour is mixed with steam. The long
chain molecules then split apart.

Testing For Alkenes
Alkenes are more reactive than alkanes and can react with
bromine. This means that if an alkene is present the bromine
will turn colourless.



C12: Chemical Analysis: Trilogy Specification: Higher 
Pure Substance
In chemistry, a pure substance is a single
element or compound, not mixed with any
other substance. However, in everyday
language, a pure substance can mean a
substance that has had nothing added to it.
We say it is unadulterated and in its natural
state. An example of this is pure milk. In
terms of chemistry this is a mixture, but in
terms of everyday language it is a pure
substance as no sugar etc. has been added to
it. In chemistry you can tell if a substance is
pure by melting or boiling it. This is because a
pure element or compound melts and boils at
specific temperatures.

Testing Gases Setting Up Chromatography
Draw an origin line in pencil on the paper and put a spot of the sample
on this along with other known pigments to be used used as a
comparison. Place this in the solvent with the line kept above and
leave for the solvent to rise up the paper. Remove when the solvent
front is near the top and compare the position of your different
samples.

Testing Hydrogen
The test for hydrogen
uses a burning splint
held at the open end
of a test tube of the
gas. Hydrogen burns
quickly with a
squeaky pop sound.

Test for Carbon
Dioxide
The test for
carbon dioxide
uses a solution of
calcium hydroxide
known as lime
water. It turns
cloudy when
carbon dioxide is
present.

Chromatography
Chromatography can be used to separate mixtures and can be used to
help identify substances. It involves a stationary phase
(chromatography paper) and a mobile phase (solvent). Separation
depends on the distribution of substances between the phases. If a
substance is more soluble it will send more time dissolved in the
solvent and so will move further up the paper while if a substance is
less soluble it will spend more time on the stationary phase and will not
move as far up. Different compounds have different Rf values in
different solvents, which can be used to help identify the compounds.
The Rf value is calculated using the formula:

Rf = distance moved by substance / distance moved by solvent front.

The Rf value is always a number less than 1. If a substance is a mixture
if will separate into different spots depending but if the substance is
pure will produce a single spot in all solvents. If a substance is insoluble
it will not move from the origin line.

Formulations
A formulation is a mixture that has been
designed as a useful product. They are made
by mixing its different components in carefully
measured amounts to make sure that the
product has the properties that are wanted.
Examples of formulations include fuels,
cleaning agents, paints, medicines, alloys,
fertilisers and foods.

Test for Oxygen
The test for oxygen
uses a glowing splint
inserted into a test
tube of the gas. The
splint relights in
oxygen.

Test for Chlorine
Litmus paper is
used to test
chlorine uses
litmus paper.
Chlorine bleaches
the litmus paper
and turns it white.



C13: The Earths Atmosphere: Trilogy Specification: Higher 
Gases in the Atmosphere
For the last 200 million years the proportion of
different gases in the Earth’s atmosphere have been
around 80% nitrogen and 20% oxygen with small
amounts of other gases including carbon dioxide,
water vapour and noble gases.

Changes in Oxygen
When plants and algae evolved they produced oxygen
through photosynthesis.

Carbon Dioxide + Water → Glucose + Oxygen
CO2 + H2O → C6H12O6 + O2

Once oxygen increased in the atmosphere animals
were able to evolve.

Carbon Footprint
This is the total amount of carbon dioxide and other
greenhouse gases emitted over the life cycle of a
product, service or event. This can be reduced by
reducing emissions of carbon dioxide and methane.

Pollutants
The combustion of fuels is a huge source of
pollutants. Many of these fuels contain carbon
hydrogen and some sulfur. Pollutants include:
• Carbon Monoxide – this is made during the

incomplete combustion of fuels. It is a toxic
colourless and odourless and so not easily
detected if it is around. This is a toxic gas.

• Sulfur Dioxide – this is made during the
combustion of fuels. It can cause acidic rain when
it dissolves in water and it can cause respiratory
problems.

• Nitrogen Oxides – this is made when burning fossil
fuels. The nitrogen in the air reacts with the
oxygen in the air due to the high temperatures. It
can cause acidic rain when it dissolves in water
and it can cause respiratory problems.

• Soot – these are also called particulates and they
can causes global dimming and health problems
for humans.

Earth Atmosphere
The theories about what the Earth’s early
atmosphere was like and how it formed have changed
over the years and evidence is very limited because of
how long ago the atmosphere formed. It is thought
that the Earth had lots of volcanic activity in the first
billion years and this released gases such as water
vapour and carbon dioxide. The atmosphere may
have been like the atmosphere of Mars and Venus
today. The volcanoes also made nitrogen which built
up in the atmosphere and there may have been small
amounts of methane and ammonia. As the Earth
cooled the water vapour condensed and the oceans
formed. The carbon dioxide dissolved into the water
and the dissolved carbonates formed sediments.

Changes in Carbon Dioxide
Firstly carbon dioxide dissolved into the oceans to
make carbonate ions. Sedimentary rocks formed.
Once plants evolved carbon dioxide was further
removed from the atmosphere and over time the
carbon became locked within fossil fuels.

Changes in Greenhouse Gases
Human activity increase the amount of greenhouse
gases in the atmosphere. The increased combustion
of fuels and increased deforestation are causing an
increase in carbon dioxide levels while the production
of human waste, increase in agriculture and increase
in rice fields is leading to the increase in methane.Greenhouse Gases

Greenhouse gases maintain temperatures on the
Earth high enough to support life. Examples of
greenhouse gases include water vapour, carbon
dioxide and methane. The molecules of a greenhouse
gas absorb the energy radiated by the Earth as it
cools down at night. This increases the store of
energy of the gases in the atmosphere and causes the
Earth to warm up.

Climate Change
It is difficult to model climate change due to the 
complex systems and this had led to oversimplified 
models causing onions to be formed that are biased.  
Due to peer reviewed evidence many scientists 
believe that human activities will cause an increase of 
the Earth’s atmosphere.

Climate Change
An increase in average global temperature is a major cause of climate change and there are some serious consequences of it. These consequences include rising sea
levels which is caused by melting ice caps and the expansion of warmer oceans. This has increased flooding and has caused coasts to erode. Also extreme weather is
becoming more frequent and there are changes to rainfall. Dry areas will get dryer while wet areas will become wetter. Climate change has also been linked to changes
in the distribution of animals. This means that some ecosystems will be put under stress and some animals may become extinct.



C14: The Earths Resources: Trilogy Specification: Higher 
Using the Earths Resources
Humans use the Earth’s resources to provide warmth,
shelter, food and transport. There are some
resources with are natural and others which are
finite.

Waste Water Treatment
Waste water is produced through urban lifestyles and
industrial processes. This water needs treatment
before it is released into the environment. Waste
water will need the removal of organic matter and
harmful microbes while industrial waste water may
require removal of organic matter and harmful
chemicals also. This is done by screening and grit
removal followed by sedimentation. This makes
sewage sludge (more solid) and effluent (liquid
sewage). The sewage sludge is digested anaerobically
(without oxygen) by bacteria and the effluent is
digested aerobically (wit oxygen) by bacteria.

Extracting Metals (Alternative Methods)
The Earth’s resources of metal ores are limited and
copper ores in particular are becoming scarce and so
new ways of extracting copper from low-grade ores
are being developed and used. Methods to extract
metal from low-grade ores include phytomining, and
bioleaching. Both of these methods avoid traditional
mining methods of digging, moving and disposing of
large amounts of rock.

Potable Water
Water that is safe to drink is called potable water.
This water is essential for life. Drinking water needs
low levels of dissolved salts and microbes in it. This
water is not pure because it does still contain
dissolved substances. In the UK, rain, which has low
levels of dissolved substances collects in the ground,
in lakes and rivers, and most potable water is
produced from this by selecting an appropriate
source of fresh water, passing it through filter beds
and then sterilising it. Water can be sterilised using
chlorine, ozone or UV light. If supplies of fresh water
are limited, desalination of salty water or sea water
will be done. Desalination can be done by distillation
or by processes that use membranes such as reverse
osmosis. These processes require large amounts of
energy.

Phytomining 
In this process plants are used to absorb metal
compounds from the earth that contain low grade
ores. The plants are harvested and then burned to
make ash. Sulfuric acid is added to this to make a
solution of copper sulfate called leachate.

Life Cycle Assessment
These assessments are carried out to assess the
environmental impact of products when extracting
and processing the raw materials, when
manufacturing and packaging them and in their use
and operation during its lifetime. The disposal at the
end of its useful like including transport and
distribution at each stage is also assessed. Within the
assessments the use of water, resource, energy
sources, production of waste and pollutants is all
considered.

Bioleaching
In this process bacteria feed on low-grade metal ores
and they produce leachate solutions.

Finite Resources
Finite resources from the Earth, oceans and
atmosphere are processed to provide energy and
materials. These are resources that are used up at a
faster rate than they can be replaced. Examples of
finite resources include metal ores and crude oil.Electrolysis of Copper Sulfate Solution

A circuit can be set up with a power supply and a
cathode and an anode. These are put into a solution
of copper sulfate. The anode can be made of impure
copper while the cathode can be made of pure
copper. The positive copper ions are attracted to the
cathode (negative electrode) and over time the
impure copper anode gets smaller and smaller. At
the electrodes the following reactions take place:

Anode (positive electrode made of impure copper)
Cu (s) → Cu2+ (aq) + 2e-

Cathode (negative electrode made of pure copper)
Cu2+ (aq) + 2e-

→ Cu(s)

Sustainable Development
This is development that meets the needs of current
generations without compromising the ability of
future generations to meet their own needs.

Natural Resources
Natural resources are used to provide food timber,
clothing and fuels. These natural resources can be
supplemented by agriculture. Examples of natural
resources include wool, cotton, silk, linseed oil,
rubber and wood. Many of these resources are
supplemented or replaced by agricultural and
synthetic products. For example an alternative
product to cotton is polyester, nylon is an alternative
product to silk and PVC is an alternative product to
wood.

Reducing Use of Resources
Reducing the use of resources reduces the use of
limited resources, use of energy sources, waste and
environmental impacts. Materials such as metals,
glass building materials, clay ceramics, plastics are all
made using limited raw materials and use energy
from limited resources also. Some products can be
reused. For example, glass bottles can be crushed
and melted to make other glassware. Other materials
are recycled for a different used. For example, metals
can be melted and recast into different products.
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P1: Conservation and Dissipation of Energy
Energy Stores and Systems
A system is an object or group of objects.
There are changes in the way energy is stored when a
system changes. You need to be able to describe all the
changes involved in the way energy is stored when a
system changes, for common situations. For example:
An object projected upwards by a slingshot: Elastic
potential energy is transferred to gravitational potential
energy and kinetic energy.
A moving object hitting an obstacle: Kinetic energy is
transferred to thermal energy and sound waves.
An object accelerated by a constant force: There will be
an increase in kinetic energy.
A vehicle slowing down: There will be a decrease in
kinetic energy.
Bringing water to a boil in an electric kettle: The current
in the kettles heating element transfers energy to the
thermal store of the water and kettle.

Quantity Symbol Unit

Kinetic Energy Ek J

Elastic Potential 
Energy

Ee J

Gravitational Potential 
Energy

Ep J

Change in Thermal 
Energy

𝚫E J

Energy Transferred E J

Work Done W J

Mass m Kg

Speed v m/s

Spring Constant k N/m

Extension e m

Height h m

Gravitational Field 
Strength

g N/kg

Weight w N

Specific Heat Capacity c J/kg°C

Temperature Change 𝚫θ °C

Power P W

Time t s

Kinetic Energy
Kinetic energy stores describe the energy that an object has
because it is moving. It is calculated using the formula:

Kinetic Energy = 0.5 x mass x (speed)2

Elastic Potential Energy
Elastic potential energy stores describe the energy that is
stored in a springy object when you squash or stretch it. It is
calculated using the formula:

Elastic Potential Energy = 0.5 x spring constant x (extension)2

This assumes the limit of proportionality has not been
exceeded.

Gravitational Potential Energy
Gravitational potential energy stores describe the energy that
is stored in an object because of its position above the ground.
It is calculated using the formula:

g.p.e = Mass x Gravitational Field Strength x Height

Objects with mass have weight due to gravitational field
strength. It can be calculated using the formula:

Weight = Mass x Gravitational Field Strength

This means that:
g.p.e = Weight x Height

Change in Thermal Energy
Thermal energy stores describe the energy a substance has
because of its temperature. It is calculated using the formula:

Change in Thermal Energy = Mass x Specific Heat Capacity x 
Temperature Change

The specific heat capacity of a substance is the amount of
energy required to raise the temperature of 1kg of the
substance by 1°C.

Power
Power is the rate at which energy is transferred or the rate at which work is done. It is calculated using the
formulas: Power = Energy Transferred / Time

Power = Work Done / Time

An energy transfer of 1 joule per second is equal to a power of 1 watt.

Energy Transfers in a System
Energy can be transferred usefully, stored or dissipated,
but cannot be created or destroyed. When there are
energy transfers in a closed system, that there is no net
change to the total energy. In all system changes energy
is dissipated, so that it is stored in less useful ways. This
energy is described as being ‘wasted’. For example, in a
car engine chemical energy from the fuel is transferred to
increase the kinetic energy of the car. However, the rest
of the energy is wasted as the engine and surroundings
heat up and some of the energy is transferred as sound
waves created by the engine vibration. To reduce
unwanted energy transfers in you could use lubrication to
reduce the friction between moving parts, could tighten
loose parts to reduce vibrations to reduce noise and you
would streamline the shape of an object.

Efficiency
The energy efficiency for any energy transfer can be
calculated using the equations:

Efficiency = useful output energy / total input energy
Efficiency = useful power output / total power input



P2: Energy Transfer By Heating
Specific Heat Capacity
The specific heat capacity of a substance is the amount
of energy required to raise the temperature of one
kilogram of the substance by 1°C. The amount of energy
stored in or released from a system as its temperature
changes can be calculated using the equation:

Change in Thermal Energy = Mass × Specific Heat 
Capacity × Temperature Change 

Determining Specific Heat Capacity
Heat a metal block of a known mass. The mass
can be measured using a balance. Record the
temperature of the metal block before heating
and then use an energy meter (or Joulemeter) to
measure the energy supplied to the block.
Measure the temperature again and use this to
calculate the temperature change. To then find
the specific heat capacity of the block use and
rearrange the equation:

Change in Thermal Energy = Mass × Specific Heat 
Capacity × Temperature Change 

Conduction
This is the process by which energy is transferred
through a material. The higher the thermal
conductivity of a material the higher the rate of
energy transfer by conduction across the material.
Metals are good conductors while non metals are
poor conductors.

Insulators
Materials that are poor conductors are known as
insulators. The energy transferred through them is
low. The energy transfer per second through a layer
of insulating material depends on the temperature
difference across the material, the thickness of the
material and its them conductivity.

Quantity Symbol Unit

Change in Thermal Energy 𝚫E J

Mass m Kg

Specific Heat Capacity c J/kg°C

Temperature Change 𝚫θ °C

Insulating Buildings
To reduce the energy transfers in buildings they can be insulated. Insulation can include:
• Loft insulation – this reduces energy transferred through the roof. The air between the fibres in the insulation also reduces the energy transferred even more.
• Cavity Wall Insulation - this reduces energy transferred through the walls. This in insulation placed between the outer wall and the bricks of the inner wall.
• Double Glazing -these are windows made of two glass panes with a space in-between. This can be a vacuum or filled with dry air. Both of these reduce the energy

transferred through the window.



P3: Energy Resources
Renewable Energy
This is a resource that is replenished at the same rate as it is used. 

Non Renewable Energy
This is a resource that is replenished slower than the rate as which is used. 

Energy Resource Description
Renewable/ Non 

Renewable
Way Used Reliability Environmental Impact

Fossil Fuel
Coal, oil and natural gas that are
extracted from the Earth and burned.

Non-Renewable
Transport, electricity 

generation and 
heating. 

Reliable Produce greenhouse gases.

Nuclear Fuel
Energy from atoms. Uranium is a nuclear
fuel and transfers energy when the
nucleus splits in two.

Non-Renewable
Electricity 

generation.
Reliable

No greenhouse gases, but
radioactive waste is made.

Biofuel
A fuel taken from living or recently living
things. An example of a biofuel is animal
waste.

Renewable
Transport, electricity 

generation and 
heating. 

Reliable It is carbon neutral.

Wind
The force of wind turns blades and a
generator at the top of a narrow tower.

Renewable
Electricity 

generation.

Unreliable as when 
there is no wind they 

don’t work.

Unsightly and make a noise.
Don’t produce greenhouse
gases.

Hydroelectricity
Can be generated when rainwater
collects behind a reservoir and flows
downhill. This turns a turbine.

Renewable
Electricity 

generation.

Affected by droughts 
if the reservoirs dry 

up.

Large reservoirs of water
needed and habitats can be
flooded to do this. Don’t
produce greenhouse gases.

Geothermal
Water is pumped under the Earth and
turns to steam. This turns a turbine to
turn a generator.

Renewable
Electricity generation 

and heating.
Reliable

Don’t produce greenhouse
gases.

Tidal
Water is trapped from high tide behind a
barrage and then released into the sea
through turbines.

Renewable
Electricity 

generation.
Reliable

Affect river estuaries and the
habitats of animals. Don’t
produce greenhouse gases.

The Sun
Transfers energy from the Sun using solar
panels. They can be used to generate
electricity or heat water.

Renewable
Electricity generation 

and heating.

No energy produced 
at night and affected 

by windy weather.

Cover large areas to
generate enough power.
Don’t produce greenhouse
gases.

Water Waves
The waves make a floating generator
move up and down to generate
electricity.

Renewable
Electricity 

generation.

Affected by storms 
and don’t make a 
constant supply of 

electricity.

Can spoil the coastline and
affect habitats. Don’t
produce greenhouse gases.



P4: Electric Circuits

Component Symbol Component Symbol

Open 
Switch

LED

Closed 
Switch

Lamp

Cell Fuse

Battery Voltmeter

Diode Ammeter

Resistor Thermistor

Variable 
Resistor

LDR

Quantity Symbol Unit

Charge Q C

Current I A

Time t s

Potential Difference V V

Resistance R Ω

Current, Resistance and Potential 
Difference
The current through a component
depends on the resistance of the
component and the potential difference
across the component. The greater the
resistance of the component the
smaller the current for a given potential
difference across the component. They
are linked with the equation:

Potential Difference = Current x 
Resistance

Electrical Charge and Current
For electrical charge to flow
through a closed circuit the circuit
must include a source of potential
difference. Electric current is a
flow of electrical charge. The size
of the electric current is the rate of
flow of electrical charge. Charge
flow is calculated using the
formula:

Charge Flow = Current × Time 

Filament Lamp
The resistance of a
lament lamp increases
as the temperature of
the lament increases.

Resistors
for some resistors, the value of R remains constant but
that in others it can change as the current changes. The
current through an ohmic conductor (at a constant

temperature) is directly
proportional to the potential
difference across the resistor.
This means that the resistance
remains constant as the current
changes. The resistance of
components such as lamps,
diodes, thermistors and LDRs is
not constant; it changes with the
current through the component.

Diode
The current through
a diode flows in one
direction only. The
diode has a very high
resistance in the
reverse direction.

Thermistors and Light 
Dependent Resistors
The resistance of a
thermistor decreases as
the temperature
increases. Thermistors can
be used in thermostats.
The resistance of an LDR
decreases as light
intensity increases. The
application of LDRs in
circuits includes switching
lights on when it gets
dark.

Series Circuits
For components connected
in series there is the same
current through each
component and the total
potential difference of the
power supply is shared
between the components.
When in series the total
resistance of two
components is the sum of
the resistance of each
component: R total = R1 +
R2

Parallel Circuits
For components connected
in parallel the potential
difference across each
component is the same
and the total current
through the whole circuit is
the sum of the currents
through the separate
components. In a parallel
circuit the total resistance
of two resistors is less than
the resistance of the
smallest individual resistor.

Static Charge
When some insulating materials are rubbed against each
other they become charged. This is because electrons are
rubbed off one material and on to the other. The material
that gains electrons becomes negatively charged while
the material that loses electrons is left with an equal
positive charge. When two charged objects are brought
close together they exert a force on each other. Two
objects that have the same charge repel while objects
that have opposite charges attract each other.

Electric Fields
A charged object creates an electric field around itself. The electric field is strongest close to the
charged object and when you move the object further away the field becomes weaker. If a second
charged object placed in the field it experiences a force. The force gets weaker as the distance
between the objects increases.



P5: Electricity in the Home
Direct and Alternating Potential Difference
Mains electricity is an ac supply. In the United
Kingdom the domestic electricity supply has a
frequency of 50 Hz and is about 230 V.

Energy Transfers in Everyday Appliances
Everyday appliances are designed to transfer energy.
The amount of energy an appliance transfers
depends on how long the appliance is switched on for
and the power output of the appliance. The amount
of energy transferred by an appliance can be
calculated using the equations:

Energy Transferred = Power x Time

Energy Transferred = Charge x Potential Difference

Often the power of a domestic appliance is measured
in kW. There are 1000W in 1kW.

National Grid
The National Grid is a system of cables and
transformers that links power stations to consumers
(homes, factories, schools, businesses). Electrical
Power is transferred from power stations, where
electricity is generated, using the National Grid.
Step-up transformers increase the potential
difference from the power station before reaching
the transmission cables. Increasing the potential
difference decreases the current, meaning less
energy is wasted as heat in the wires. This increases
the efficiency of the National Grid. The transmission
cables have a low resistance, meaning less energy is
wasted as heat. This increases the efficiency of the
National Grid. Step-down transformers decrease the
potential difference. This must happen before the
supply reaches consumer for safety. For domestic
homes the potential difference is decreased to 230V.

Mains electricity
Most electrical appliances are connected to the
mains using three-core cable. The insulation
covering each wire is colour coded for easy
identification:

• Live Wire – Brown
• Neutral Wire – Blue
• Earth Wire – Green and Yellow Stripes

The live wire carries the alternating potential
difference from the supply. The neutral wire
completes the circuit. The earth wire is a safety wire
to stop the appliance becoming live. The potential
difference between the live wire and earth (0 V) is
about 230 V. The neutral wire is at, or close to, earth
potential (0 V). The earth wire is at 0 V, it only carries
a current if there is a fault.

Power
The rate of energy transfer (power) in any circuit is
related to the potential difference across the circuit
and the current through it. It can be calculated using
the formulas:

Power = Potential Difference x Current

Power = (Current)2 x Resistance

Quantity Symbol Unit

Energy Transferred E J

Power P W

Charge Q C

Potential Difference V V

Current I A

Resistance R Ω



P6: Molecules and Matter
Quantity Symbol Unit

Density ⍴ kg/m3

Mass m kg

Volume V m3

Change in Thermal 
Energy

𝚫E J

Specific Heat Capacity c J/kg°C

Temperature Change 𝚫θ °C

Energy E J

Specific Latent Heat L J/kg

Pressure p Pa

Volume V m3

Constant constant

Measuring the Density of a Solid Object
Measure the mass using a balance. If the object is a
regular shape measure its dimensions and calculate the
volume. For an irregular shaped object lower it on a
thread into a measuring cylinder partly filled with water
and record the displacement. This is the volume.

Density
Density is the measure of the mass per unit
volume of a substance. It is calculated using
the formula: Density = Mass/Volume

Solids Liquids Gases

Measuring the Density of a Liquid
Use a measuring cylinder to measure the
volume and measure the mass of the liquid by
place a beaker on scales, set it to zero and add
the liquid.

Changes in State
When substances change state mass is conserved. Changes
of state are physical changes which are different from
chemical changes because the material recovers its original
properties if the change is reversed. Melting is when
substances change from a solid to liquid while freezing is
when a substance changes from a liquid to a solid. These
changes take place at the substances melting point. Boiling
is when a substance changes from a liquid to a gas while
condensation is when a substance changes from a gas to a
liquid. These changes take place at the boiling point.

Internal Energy
Internal energy is the energy that is stored inside a
system by the particles that make up the system. Internal
energy is the total kinetic and potential energy of all the
particles that make up a system. When you heat
something the energy stored by the particles in the
system increases. This will raise the temperature of the
system or will cause a change in state.

Temperature Change
When the temperature of the system increases, how much it
increases depends on the mass of the substance heated, the
type of material and the energy input to the system.
Change in Thermal Energy = Mass x Specific Heat Capacity x 

Temperature Change
The specific heat capacity of a substance is the amount of
energy required to raise the temperature of 1kg of the
substance by 1°C.

Changes of Heat and Specific Latent Heat
The energy needed for a substance to change state is called
latent heat. When a change of state occurs, the energy
supplied changes the energy stored but not the temperature.
The specific latent heat of a substance is the amount of
energy required to change the state of one kilogram of the
substance with no change in temperature. The formula to
calculate this is:

energy for a change of state = mass × specific latent heat 
Specific latent heat of fusion is the change of state from solid
to liquid while specific latent heat of vaporisation is the
change of state from liquid to vapour.

Particle Motion in Gases
The molecules of a gas are constantly moving randomly.
The temperature of the gas is related to the average
kinetic energy of the molecules. Changing the
temperature of a gas, held at constant volume, changes
the pressure exerted by the gas. The pressure of a gas on
a solid surface is caused by the impact of the gas particles
with the surface. When a gas is heated the particles gain
kinetic energy and so pressure increases.

Particles in a Solid
In a solid particles are arranged in a regular structure.
There are strong forces of attraction between the
particles and they vibrate about fixed positions. When a
solid is heated the particles energy increases and vibrate
more. If the solid is heated up enough, it will melt.

Particles in a Liquid
In a liquid there are weaker forces of attraction between
the particles and so they are not held together in a regular
structure, but the forces are strong enough to stop them
moving away from each other completely. When heated,
particles obtain enough energy to break away from other
particles and they become a gas.



P7: Radioactivity
The Structure of an Atom
Atoms are very small and they have a radius of about
1×10-10m. The basic structure of an atom is a
positively charged nucleus made of protons and
neutrons surrounded by negatively charged electrons.
The radius of a nucleus is less than 1/10000 of the
size of the radius of an atom. Most of the mass of an
atom is concentrated in the nucleus. The electrons
are arranged at different distances from the nucleus.
The electron arrangements may change with the
absorption of electromagnetic radiation. When they
absorb radiation electrons move further from the
nucleus to a higher energy. When electrons emit
radiation they move closer to the nucleus to a lower
energy level.

Radioactive Decay and Nuclear Radiation
Some atomic nuclei are unstable. A nucleus can give
out radiation in order to become more stable. This is a
random process called radioactive decay. The nuclear
radiation emitted can be in the form of alpha, beta or
gamma radiation.

Contamination
Contamination is the
unwanted presence of
materials containing
radioactive atoms
ending up on other
materials. The hazard
from contamination is
due to the decay of the
contaminating atoms.
The type of radiation
emitted affects the
level of hazard.

Irradiation
Irradiation is the process
of exposing an object to
nuclear radiation. The
irradiated object does
not become radioactive.
Suitable precautions
must be taken to protect
against any hazard that
the radioactive source
used in the process of
irradiation may present.

Half-Life
The half-life of a radioactive isotope is the time it takes
for the number of nuclei of the isotope in a sample to
halve, or the time it takes for the count rate from a
isotope sample to fall to half its start level. Different
radioactive substances have different half lives. Those
with longer half lives are more hazardous because they
are radioactive for longer. Background radiation

Background radiation is around us all of the time. It
comes from:
• Natural sources such as rocks and cosmic rays

from space.
• Man-made sources such as the fallout from

nuclear weapons testing and nuclear accidents.
The level of background radiation and radiation
dose may be affected by occupation and/or
location.

Mass Number and Atomic Number
In an atom the number of electrons is equal to the
number of protons in the nucleus and atoms have no
overall electrical charge. Atomic number is the
number of protons in an atom while the atomic mass
is the total number of protons and number of
neutrons.

Alpha Decay
An alpha particle (helium nucleus) is emitted from the
nucleus. It can be represented by equations such as:

The is the symbol for the alpha particle. Notice
that the mass number and atomic number are
balanced on each side.

Isotopes
An isotope is an atom of
the same element with a
different number of
neutrons.

Ions
A positive ion can be
created is an atom loses
one or more electrons.

Beta Decay
A beta particle (electron) is emitted from the nucleus
when a neutron turns into a proton. It can be
represented by equations such as:

The is the symbol for the beta particle. Notice
that the mass number and atomic number are
balanced on each side. The element has mutated
because it now has an extra proton.

Development of the Model of the Atom
Dalton suggested that atoms were tiny spheres that
could not be divided. JJ Thompson then discovered
the electron. He also suggested the Plum Pudding
Model. This was the idea that the atom was a ball
of positive charge with negative electrons
embedded in it. Then due to results from the alpha
particle scattering experiment the nuclear model of
the atom was suggested. Discovered the
electron. Suggested the Plum Pudding Model. This
was the idea that the atom was a ball of positive
charge with negative electrons embedded in
it. Niels Bohr then adapted this model by
suggesting that electrons orbit the nucleus at
specific distances and then James Chadwick proved
the existence of neutrons.

Gamma Decay
The emission of a gamma ray does not cause the
mass or the charge of the nucleus to change.

Radiation Symbol Consists of.. Blocked By.. Range in Air Ionising Power

Alpha α 2 neutrons and 2 protons Paper 5cm High 

Beta β High speed electron Thin Aluminium 1m Medium 

Gamma γ Electromagnetic Radiation Thick Lead/Concrete Infinite Low
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P8: Forces in Balance: Trilogy Specification: Higher
Newtons First Law
If the resultant force acting on an object is zero and
the object is stationary, the object will stay stationary.
However, if the object is moving, the object continues
to move at the same speed and in the same direction.
This means the object continues to move at the same
velocity. The velocity of an object will only change if
there is a resultant force acting on the object. The
tendency of objects to continue in their state of rest
or of uniform motion is called inertia.

Scalar and Vector Quantities
Scalar quantities have magnitude only while vector
quantities have magnitude and an associated direction.
Scalars include time and speed while vectors include
velocity. A vector quantity may be represented by an
arrow. The length of the arrow represents the
magnitude, and the direction of the arrow the direction
of the vector.

Distance
Distance is how far an
object moves. Distance
does not involve
direction. Distance is a
scalar quantity.

Displacement
Displacement includes
both the distance an
object moves, measured
in a straight line from
the start point to the
finish point and the
direction of that straight
line. Displacement is a
vector quantity.Newtons Third Law

Whenever two objects interact, the forces they exert
on each other are equal and opposite. For example a
man pushes on a wall with 100N and experiences a
force of 100N in the opposite direction from the wall.

Contact and Non contact Forces
A force is a push or pull that acts on an object due to
the interaction with another object. All forces
between objects are either contact forces in which
the objects are physically touching or non-contact
forces in which the objects are physically separated.
Examples of contact forces include friction, air
resistance, tension and normal contact force.
Examples of non-contact forces are gravitational
force, electrostatic force and magnetic force. Force
is a vector quantity as it acts in a direction.

Determining Centre of Mass of a Symmetrical
Object
For a flat object that is symmetrical its centre of
mass is along the axis of symmetry. If the object
has more than one axis of symmetry than its centre
of mass is at the point that these axis meet.

Resultant Force
A single force that has the same effect as all the forces
acting on the object. For example if there is a force of
100N to the right and 50N to the left then overall there
will be a resultant force of 50N to the right. If forces
are acting in the same direction add them together, if
they are acting in opposite directions subtract them
from each other.

Centre of Mass
The weight of an object acts at a single single point
called the centre of mass. This idea is very important
for designers and engineers to make sure that they
design something that wont tip over. The centre of
mass of an object is the point at which its mass can be
concentrated. If you suspend any object it will come
to rest with its centre of mass directly below the point
of suspension.

Resolution of Forces
You need to be able to draw vector diagrams to
illustrate resolution of forces and determine the
magnitude and direction of this force. You will need a
protractor and a ruler. Use a ruler to draw the the
forces to scale and use a protractor to measure the
accurately the angle between these forces. Draw the
resolving force line to complete the diagram. This
should make a triangle. Measure the size of this line to
measure the magnitude of this force.

Determining Centre of Mass of an Irregular Shaped
Piece of Card
Put a hole in one corner of the card and suspend the
card from a rod. Use a plumb line to draw a vertical
line on the card from the rod. Repeat this again
hanging the object from different corners. The
point at which the lines meet is the centre of mass.

Friction
A force that acts in the opposite direction of a moving
object. Examples include air resistance and water
resistance.



P9: Motion: Trilogy Specification: Higher
Speed
Speed is a scalar quantity as it does not involve
direction. The speed of a moving object is normally
changing and so is rarely constant. The speed a
person travels at can depend on their age, terrain (is
it hilly or flat) fitness and distance travelled. Typically
people travel at 1.5m/s when walking, 3m/s when
running and 6m/s when cycling. The speed of sound
and of the wind may change also. Sound typically
travels at 330m/s. The formula to calculate the speed
of an object is:

Distance Travelled  = Speed x Time

Velocity
The velocity of an object is its speed in a particular
direction. This means velocity is a vector quantity. If
you are travelling around a roundabout (in a circle)
your speed may be constant, but the velocity will be
changing as you are constantly changing direction.

Quantity Symbol Unit

Speed v m/s

Distance s m

Time t s

Change in Velocity 𝚫v m/s

Initial Velocity u m/s

Acceleration
This is a measurement of the rate in which an objects
velocity changes. If an object is slowing down than it
is said to be decelerating. It can be calculated using
the equation:

Acceleration = change in velocity / time taken.

Be careful when calculating change in velocity. For
example if you are told an object from standing
accelerates to 12m/s then the change in velocity is
12m/s. However if you are told that the object was
moving at 5m/s and accelerates to 12m/s the change
in velocity is now 7m/s.

Uniform Acceleration
The following equation applies to uniform acceleration
(you are given this one on your data sheet):

(final velocity)2 – (initial velocity)2 = 2 x acceleration x
distance

Near the Earth’s surface any object falling freely under
gravity has an acceleration of about 9.8m/s2

Final Velocity v m/s

Acceleration a m/s2

Drawing a Tangent on a Point of Acceleration of a
Distance Time Graph

Distance Time Graphs
If an object moves along a straight
line, the distance travelled can be
represented by a distance–time
graph. The speed of an object can
be calculated from the gradient of
its distance–time graph. If an
object is accelerating, its speed at
any particular time can be
determined by drawing a tangent
and measuring the gradient of the
distance–time graph at that time.

Velocity Time Graphs
The acceleration of an object can
be calculated from the gradient of
a velocity–time graph. The
distance travelled by the object
can be calculated by measuring
the area underneath the line of a
velocity time graph.



P10: Force and Motion: Trilogy Specification: Higher
Newtons Second Law
This is the rule that the acceleration of an object is
proportional to the resultant force acting on an
object, and inversely proportional to the mass of the
object. The equation for this is:

Resultant Force = Mass x Acceleration

Inertial mass is a measure of how difficult it is to
change the velocity of an object and is defined as the
ration of force over acceleration.

Changing Speed
The velocity of an object increases if the resultant force
is in the same direction as the velocity while an object
will slow down if the resultant force acts in the opposite
direction to its velocity.

Quantity Symbol Unit

Resultant Force F N

Mass m kg

Acceleration a m/s2

Terminal Velocity
An object falling through a fluid initially accelerates due
to the force of gravity. Eventually the resultant force will
be zero and the object will move at its terminal velocity.

Weight W N

Gravitational Field 
Strength

g N/kg

Stopping Distance
The stopping distance of a vehicle is the sum of the
distance the vehicle travels during the driver’s
reaction time (thinking distance) and the distance it
travels under the braking force (braking distance). For
a given braking force the greater the speed of the
vehicle, the greater the stopping distance.

Reaction Times
People have different reaction times. Typically people
have a range between 0.2s and 0.9s. A persons reaction
time can be affected by a persons tiredness and their use
of drugs and alcohol. Distractions can also affect a
drivers reaction time. To measure a persons reaction
time in the science lab you could use a ruler. You would
place the ruler just the finger and thumb of a friend and
without warning drop the ruler. You would record the
distance the ruler dropper before your friend caught it.
You can then use this to find a reaction time.

Velocity v m/s

Momentum p Kg m/s

Spring Constant k N/m

Extension e m

Hooke's Law
The extension of a spring is directly proportional to
the force applied as long as the limit of
proportionality is not exceeded.

Force Applied = Spring Constant x Extension

Momentum
Momentum can be calculated using the equation:

Momentum = Mass x Velocity

In a closed system, the total momentum before an
event is equal to the total momentum after the
event. This is called conservation of momentum.

Symbol for Proportionality

∝

Braking
Braking distance of a vehicle can be affected by the road and weather
conditions as well as the condition of the vehicle. Poor road conditions
include wet or icy conditions while poor condition of the vehicle could
include the brakes or tyres. of a vehicle, work done by the friction force
between the brakes and the wheel reduces the kinetic energy of the vehicle
and the temperature of the brakes increases. The greater the speed of a
vehicle the greater the braking force needed to stop the vehicle in a certain
distance. The greater the braking force the greater the deceleration of the
vehicle. Large decelerations may lead to brakes overheating and/or loss of
control.

Forces and Elasticity
To change the shape of an object
(by stretching, bending or
compressing), more than one force
has to be applied. If an object is
elastic it will return to its original
shape when the forces deforming
it re removed.

Weight
The weight of an object can be calculated using the
equation:

Weight = mass x gravitational field strength

The weight of an object and the mass o an object
are directly proportional and weight is measured
using a calibrated spring-balance otherwise known
as a newtonmeter.



P12: Wave Properties: Trilogy Specification: Higher
Transverse and Longitudinal Waves
Waves can be either Transverse or Longitudinal.
Transverse Waves. All waves transfer energy.

In a transverse waves the particles oscillate
perpendicular to the direction of energy transfer.
Examples of transverse waves include water waves
and electromagnetic waves.
In a longitudinal wave the particles oscillate parallel
to the direction of energy transfer. Examples of
longitudinal waves include sound waves.

Reflection of waves
Waves can be reflected at a boundary between two
different materials. They could also be transmitted or
absorbed at a boundary between two different
materials.
A ray diagram illustrates the reflection of a wave at a
boundary. All ray diagrams should be drawn with a
pencil and arrows clearly indicate the direction the
light is travelling. These arrows must be included in
all ray diagrams.

Sound Waves
Sound waves can travel through solids causing
vibrations in the solid.
In the human ear, sound waves cause the ear drum to
vibrate which allows us to detect sound. The
conversion of sound waves to vibrations of solids only
works over a limited frequency range. This restricts
the range of human hearing. The range of human
hearing is from 20Hz to 20kHz.

Waves for detection and exploration
Ultrasound waves are waves that have a higher
frequency than 20kHz. This is a wave with a
frequency above the range of human hearing.
Ultrasound waves are partially reflected when they
meet a boundary between two different media. The
time taken for an ultrasound detector to pick up
these reflections can determine the distance of the
boundary. This allows ultrasound waves to construct
an image and they are used in medicine.
Seismic waves are produced by Earthquakes. P-waves
are longitudinal seismic waves. S-waves are
transverse seismic waves. S waves cannot travel
through a liquid. P-waves and S-waves both provide
evidence for the structure and size of the Earth’s
core.
Echo Sounding uses high frequency sound waves to
detect objects deep underwater and can also
measure the depth of water.

Wave Properties
The frequency of a wave is the number of waves
passing through a fixed point each second.
The amplitude of a wave is the maximum
displacement of a point on a wave from its
undisturbed position.
The wavelength of a wave is the distance from a
point on one wave to the equivalent point on the
adjacent wave.
The wave speed is the speed at which the wave
moves through the medium. This is also the speed at
which the energy is transferred through the medium.

Wave Equation

Period = 1/frequency (you do not need to recall)

Wave speed = frequency x wavelength

Quantity Symbol Unit

Frequency f Hz

Wave Speed v m/s

Wavelength ƛ m

period T s



P13: Electromagnetic Waves: Trilogy Specification: Higher
Types of Electromagnetic Waves
Electromagnetic waves are transverse waves that transfer energy from the source to an absorber. All
electromagnetic waves travel at the same speed, 3x108m/s. Electromagnetic waves form a continuous
spectrum . The spectrum is grouped by order of their wavelength and frequency. Humans can only detect the
visible light part of the spectrum with their eyes.

Properties of Electromagnetic Waves

Radio waves can be produced by oscillations in
electric circuits. When radio waves are absorbed they
can create an alternating current with the same
frequency as the radio wave itself, so radio waves can
themselves induce oscillations in an electrical circuit.

Changes in atoms and the nuclei of atoms can result
in electromagnetic waves being generated or
absorbed over a wide frequency range. Gamma rays
originate from changes in the nucleus of an atom.

Ultraviolet waves, X-rays and gamma rays can have
hazardous effects on human body tissue. The effects
depend on the type of radiation and the size of the
dose. Radiation dose is a measure of the risk of harm
resulting from an exposure of the body to the
radiation.

Ultraviolet waves can cause skin to age prematurely
and increase the risk of skin cancer. X-rays and
gamma rays are ionising radiation that can cause the
mutation of genes and cancer.

Properties of Electromagnetic Waves
Electromagnetic Waves can be absorbed, transmit, refract or reflect.
Refraction is due to the difference in velocity that the waves travel in
the different substances. A ray diagram can be used to illustrate
refraction.

A wave front diagram can also be used to explain the change of speed
that happens when the wave travels from one medium into another.

Component Use

Radio Waves
Television and 

radio signal

Microwaves
Satellite 

communication, 
cooking food

Infrared

Electrical 
heaters, cooking 

food, infrared 
cameras

Visible Light
Fibre optic 

communication

Ultraviolet
Sun tanning, 

detecting forged 
notes

X-Rays
Medical imaging 
and treatment

Gamma Rays
Kill cancer cells, 

sterilization.



P15: Electromagnetism: Trilogy Specification: Higher
Poles of a Magnet
The poles of a magnet are the places where the
magnetic forces are strongest. When two magnets
are brought close together they exert a force on each
other. Two like poles repel each other. Two unlike
poles attract each other. Attraction and repulsion
between two magnetic poles are examples of non-
contact force.

Permanent Magnets
A permanent magnet
produces its own
magnetic field.

Induced Magnets
An induced magnet is a
material that becomes a
magnet when it is placed
in a magnetic field.
Induced magnetism always
causes a force of
attraction. When removed
from the magnetic field an
induced magnet loses
most/all of its magnetism
quickly.

Electromagnetism
When a current flows through a conducting wire a
magnetic field is produced around the wire. The
strength of the magnetic field depends on the
current through the wire and the distance from the
wire. Shaping a wire to form a solenoid increases
the strength of the magnetic field created by a
current through the wire. The magnetic field inside
a solenoid is strong and uniform. The magnetic
field around a solenoid has a similar shape to that
of a bar magnet. Adding an iron core increases the
strength of the magnetic field of a solenoid. An
electromagnet is a solenoid with an iron core.

Motors
A coil of wire carrying a current in a magnetic field tends to rotate. This is the basis
of an electric motor. The size of the force can be increased by increasing the current
or using a stronger magnet. The size of the force depends on the angle between the
wire and the magnetic field. The force is greatest when the wire is perpendicular to
the magnetic field and zero when the wire is parallel.

Magnetic Fields
The region around a magnet where a force acts on
another magnet or on a magnetic material (iron,
steel, cobalt and nickel) is called the magnetic field.
The force between a magnet and a magnetic material
is always one of attraction. The strength of the
magnetic field depends on the distance from the
magnet. The field is strongest at the poles of the
magnet. The direction of the magnetic field at any
point is given by the direction of the force that would
act on another north pole placed
at that point. The direction of a magnetic field line is
from the north (seeking) pole of a magnet to the
south(seeking) pole of the magnet.

Plotting a Magnetic Field
Mark a dot near the north pole of a bar magnet and
place the tail of the compass needle above the dot and
mark a second dot at the tip of the needle. Repeat this
with the tail of the next compass over the new dot until
you reach the south pole. Repeat this with further lines.

Solenoids
A solenoid is a long coil of insulating wire and they
are used in lots of electrical devices where a strong
magnetic field is needed. When a current is passed
through the wire the magnetic field increases in
strength if the current is increased and reverses in
direction if the current is reversed.

Flemings Left Hand Rule
When a conductor carrying a current
is placed in a magnetic field the
magnet producing the field and the
conductor exert a force on each
other. This is called the motor effect.
You need to be d be able to show that
Fleming’s left-hand rule represents
the relative orientation of the force,
the current in the conductor and the
magnetic field.

Magnetic Flux Density
For a conductor at right
angles to a magnetic
field and carrying a
current:

Force = Magnetic Flux
Density x Current x
Length

Quantity Symbol Unit

Force F N

Magnetic Flux 
Density

B T

Current I A

Length l m
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“Nobody ever left an exam wishing they’d revised less!”.

Need to start revising, but not sure what the best way is?

There are many different revision strategies to help you 

achieve the grades you deserve!

Revision misconceptions

Don’t do hours of ‘cramming’. 20 minute stints are recommended.

Re-reading,  highlighting material and watching videos are popular BUT…
your brain needs to ‘DO’ something with this info! (build the muscle – make it work)

Don’t just stick with one technique – if it doesn’t work for you try something else!

Review what the priorities for revision are. What is it that you struggle with the 

most? Start with this!

Create a revision timetable and start early.

Remove distractions, such as TV and mobile phone. Reward yourself with these 
for doing a stint of revision.

Stay healthy. Chunk revision, exercise, eat well, sleep well and drink lots of 
water.

Revision Made Easy
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How to plan your 
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Top tips for planning your 

revision

• Start by blocking out the time 
you spend doing hobbies or 
commitments.  E.g., you might 
have football training on a 
Saturday morning.

• Block out time for relaxation and 
down time – you need time to 
relax and recharge.

• Break your revision into 
manageable chunks with short 
breaks in between.  So, you 
could revise for 25 minutes on 
one subject with a 5-minute 
break.  

• Colour code your timetable by 

subject so it's easy to see at a 
glance what subjects you are 
revising when.

• Don’t just revise the subjects you 
enjoy – make sure you revise the 

ones you find tricky too!

Need some more support in planning your 

revision?  

Have a look at this information on BBC 

bitesize by scanning the QR code



Time Monday Tuesday Wednesday Thursday Friday Time Saturday Sunday

8:30-4pm School School School School School 9am-11am

4-5pm 11am-1pm

5-6pm 1pm-3pm

6-7pm 3pm-5pm

7-8pm 5pm-7pm

8-9pm 7pm-9pm

Revision timetable: School week



Time Monday Tuesday Wednesday Thursday Friday Time Saturday Sunday

9am-11am 9am-11am

11am-1pm 11am-1pm

1pm-3pm 1pm-3pm

3pm-5pm 3pm-5pm

5pm-7pm 5pm-7pm

7pm-9pm 7pm-9pm

Revision timetable: School holiday week
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Getting through your GCSEs can feel 
overwhelming and challenging at times.

You should always tell someone about the things 
you are worried about.  You can tell a friend, 
parent or a trusted adult at school. 

Below are some other support services that you 
can also access.

If you need some support…
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