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Year 10: How to use your Knowledge Organiser book

This book contains knowledge organisers for all of your subjects.

Each knowledge organiser has the key information which needs to be memorised to help you master your core subjects
and be successful in lessons.

Self- quizzing this key information promotes retrieval strength. This is your ability to quickly recall key facts related to
your subject or topic from your long term memory.

There are lots of different ways to learn the information in your knowledge organiser. You will be using your class books
to complete homework and write down and learn the information. You must bring your class books to school on each
day you have the lesson timetabled and so packing your school bag the evening before is important.

If you lose your knowledge organiser book you will need to talk to your Head of Year and order a new one at a cost of £1.
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CURRICULUM COMMAND WORDS

Knowing how to respond to a question, in any subject, is absolutely critical to successfully demonstrate your knowledge! Listed below, are the equally important but less frequent command words that

you are likely to face from across your subjects. It is important to know that quite often, a single question can have multiple commands embedded—which will all need your attention in your work.

Command

Acknowledge

Apply

Arrange

Change

Collate

Comment

Consider

Convert

Demonstrate

Design

Determine

Develop

Draw

Estimate

Evidence

Expand

Expand and
simplify

How do | respond in my writing ?

Music: To give credit for, recognise, and highlight something, such
as a selected source or the work of others.

Music: To use knowledge, skills and understanding and to employ
appropriate techniques when developing and progressing ideas.

History: Put the factors in an order and then justify your choices
Maths: Usually convert from one unit to another; either using
known metric unit conversions or the use of a conversion graph.

Gather and organise your ideas logically

Write an informed opinion

To think through, review, reflect on, and respond to given infor-
mation

Computing: change the form, character or function of something

Music: To show, exhibit, prove or express such things as subject
specific knowledge, understanding and sk

Computing: produce a plan, simulation or model

Science: Use given data or information to obtain an answer

Music: To take forward, change, improve or build on an idea,
theme or starting point.

Produce a diagram or picture. Note: this command is often linked
with ‘label’ or ‘annotate’.

Science: Assign an approximate value

To show, prove, support and make clear or verify something.

Maths:Remove brackets

Maths: Remove brackets and the collect like terms.

Command

Explore

Express

Factorise

Factorise fully

Find

Give

Give a reason

How far do you
agree...

How important
was...

Identify

Interpret

List

Match

Plan

Predict

Present

Produce

How do | respond in my writing ?

Music: To investigate, examine and look into with an open mind
about what might be found and developed.

Maths: Re-write in another form, some working may be needed.
Maths: Insert brackets by taking out common factors.
Maths: Insert brackets by taking out all the common factors.

Maths: Some working will be needed to get to the final answer.
Typically a very short, undeveloped answer Synonyms: state, name
and identify.

Maths: Must be clear and accurate reasons. If the reasons are
geometrical then make sure you: provide a reason for each stage of
working (if required), use correct geometric terminology

History: Examine the evidence and form a detailed opinion

History: Judge the importance of the factor and then compare
relative to others

Provide an answer from a number of possibilities

Dance: Translate information into recognisable form. Other sub-
jects: examine information for patterns and causation

Provide the information in a list rather than continuous writing
Link or pair-up a definition to the a key term

Science: Write a method used extended bullet point method —
unique to writing in Science!

Science: Suggest the most likely outcome

Music: To give a response to an idea, theme or starting point that
shows a personal, meaningful and organised fulfilment of inten-
tions.

D&T: Draw or design an isometric or orthographic drawing

Command
Produce

Prove

Prove algebraically

Realise

Recommend

Record

Refine

Research

Respond

Review

Show

Simplify

Simplify fully

Solve

State

Tick

Use

What

How do | respond in my writing ?

D&T: Draw or design an isometric or orthographic drawing

Maths: More formal than ‘show’, all steps must be present. In the case
of a geometrical proof, reasons must be given.

Maths: Use algebra in the proof.
Music: To achieve, attain and/or accomplish your intentions.
Put forward or suggest an answer that is suitable for the question

Music: To document ideas, thoughts, insights and responses to starting
points in visual and written annotated form.

Music: To improve, enhance and change elements of your work for the
better.

Music: To study in detail, discover and find information about.

Music: To produce personal work generated by a subject, theme,
starting point, or design brief.

Review is to explain/evaluate e.g. write about and assess the im-
portance, quality or value of the topic

Show structured steps or evidence or all workings needed to get to a
given answer

Maths: Simplify the given expression

Maths: Simplify the given expression. Answer must be given in its
simplest form

Maths: Find the solution of an equation or inequality. Computing:
Obtain the answer(s) using algebraic/numeric/graphical methods.

Music: to express clearly and briefly your intentions.

Put a mark to indicate that something is correct

Answer must be based on or include the information given w
question

Suggest a suitable idea

Introduction | 3
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THS Tier 2 Vocabulary -

100 Word List

find them when you are reading,

Tier 2 words are words that you wouldn’t normally use in your everyday speech and aren’t subject specific terminology. You are likely to
or you might use them in your writing. Our THS 100 Word List is made up of 100 words that are often
used in exam questions and texts. They are divided into sublists: sublist 1 has the most common words and sublist 10 has rarer words.

Recognising these words will help you to understand the texts that you might be given in your different lessons and exams.

O oSN EWN

=
= 0o

e R
No Uk wN

Sublist 1

process
individual
specific
source
identified
create
derived
factors
definition
interpretation
consistent
structure
analysis
indicate
response
context
significant

Sublist 2

LN AW

community
relevant
impact
consequences
participation
cultural

affect

effect
complex

Most common

©ONOUAWN RO
S
=
g
w

N
=0

convention
implies
dominant
constant
justification
alternative
initial

validity
sequence
corresponding
circumstances

Sublist 4

LN AEWNE

=
©

overall
emerged
approximate
implications
commitment
promote
access
contrast
resolution
adequate

Sublist 6

NoukwN e

presumption
enhanced
capable
revealed
explicit
underlying
exceed

Sublist 5

O ooNU W

energy
symbolic
decline
facilitate
logic
sustainable
equivalent
generated
conflict

Sublist 7

O 0N LA WD R

[EEN
©

intervention
definite
ultimately
converted
hierarchical
comprehensive
eliminate
contrary
successive
prohibited

Sublist 8
eventually
exploitation
virtually
predominantly
implicit
ambiguous
conformity
contemporary
deviation
10.  minimises
11. radical

12.  inevitably
13.  complement
14. manipulation

W ooNOUEWN e

Sublist 9

WoONOUAEWNE

commenced
anticipated
incompatible
integral
conversely
temporary
assurance
inherent
duration

Sublist 10

1.

2.
3.
4

convinced
persistent
integrity

conceived

Least common

Introduction | 5
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1. Rising action: the part of
the story where the plot

English Language GCSE: Creative Writing

3. Varying your sentence starts

5. Building detail

becomes increasingly
complicated.

2. Climax: the most
dramatic, exciting part
of a story.

3. Falling action:
diminishing tension,
leading towards a
resolution.

4. Foreshadowing: hints at
events to come.

5. Allusion: brief, indirect

reference to a person,
place, thing or idea of
historical/cultural,
literary/political
significance. It does not
describe in detail the
person/thing.

6. Juxtaposition: two
confrasting ideas put
next fo each to make
the difference clear.

It is important that your story
idea matches the title you

1. Adverbidals. E.g. Forcefully, the...

1. -ed words. E.g. Focused, challenged

2. -ing verbs. E.g. Vaulting, sprinting...

3. Simile starts. e.g. Like an uncoiled spring, the ...

4. Prepositions. e.g. Above the door...

5. List of adjectives. e.g. Strong, powerful, majestic...

6. Comparisons. €.g. Unlike the armoured opponent, the...
7. A noun to start. e.g. Quests are often...

8. When...

9. After...

10. Abstract noun. Eg Fear coiled inside her stomach like...

* Hook: a way in to the story. A way to grab the reader’s
interest — it can be one line.

+ Development: something changes — maybe a problem -
that complicates the story and builds towards the
climax.

« Climax: a dramatic or eventful moment.

+ Resolution: the fidying-up of loose ends, pulling the
threads of the story together. Remember to have a
strong final sentence.

1. Sensory description

What would you be able to hear? See?
Feel2 Smelle Taste?

2. SHOW don't tell

He wasbered slumped in his chair,
endlessly tapping his pencil.

3. Vary your sentences for pace
Short sentences slow the pace; long
sentences increase the pace.

4. Try figurative language Metaphor,
simile, personification

5. Use words with precise meaning
Bad Ugly Confusing Evil Uninspiring
Went Ran Slunk Ambled Crept

8. Descriptive vocabulary

Radiant Happy/beautiful

Gaudy Unpleasantly bright

Nauseating Makes you feel sick

Agonised Couldn’t decide —
painfully undecided.

Acrid Strong, bitter — causes a
burning feeling.

Rancid Tastes or smells

unpleasant as it's not
fresh —rotting.

6. Hook your reader

» Use ambiguous pronouns or
arficles: it, she, the, |, he, she, they,
it efc.

* Begin in the middle of the action

* Open with dialogue

* Mention an unusual event

* Address the reader

* Make a claim or state a moral

* Setf the scene in an infriguing way

Uncontrollable

Can't stop — cannot
control

7. Endings

choose. Example:
Write about a time
when...(eg you were
scared/ surprised/ at a
birthday party...)

Write a story that
starts/ends... (I had to
change my mind/ she
wasn't there...)

A statement (eg The Storm,
The Stranger, The Test)

Story Structure

Resclution Ending

Climax

Introduction Problem

 Circular structure - link back fo the
start of your story.

+ Areveal - make sure there are
hints along the way!

+ ‘Almost’ cliff hanger — hint at what
happens...leave the reader to fill in
the detail.

+ A moral message — what has your
character learnt?

Hurled Threw with forced

Aromatic A pleasant smell

Deviously Cunning

Console Comfort someone

Engulfed Covered

Jabber Chat annoyingly

Indecisively Cannot decide

Avoid Don’'t do something on
purpose.

Loomed Tower over
threateningly.

Infinitely Much more

Indifferently Don’'t care

Unapologetically | Noft sorry

Haughtily

Stuck up - looks down
on people.

English | 7
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English Language GCSE: Reading Papers

(Reading an extract and answering questions)

Component 1 Reading: read an extract from a story. Answer 5 Component 2 Reading: read two non-fiction texts,
questions, including quotations and showing you can analyse language linked by theme, and answer 6 questions.

: Useful vocabulary when answering the fiction and non-fiction reading papers
i A | Use [ itmeans. in 2 sentence
A: Unseen 20t Century A: Unseen 19th and 21 Century ' Highlights Makes something stand out The writer highlights the character m.”,mvu_:mmm by describing his beaming
Literature Reading (40 marks Non-Fiction Reading (40 marks ——
worth 20%) gl worth 30%) gl H Reinforces Strengthens or supports The writer uses repetition to reinforce the importance of hand washing.
B: Creati ? p Writing (40 BT “ | writing (40 H Contributes to Adds to The use of short sentences contributes to the rising tension.
: Creative Prose Writing (  Transactional writing ( Develops Grows/unfolds The writer develops a strong sense of fear as the character approaches
marks worth 20%) marks worth 30%) . —
' Reveals Shows something new The writer reveals the secret of the hero’s true identity at the very end of
- - . - —y the story.
_QWJ:J\M:Q _3+Q®_‘.ﬂQ¥®+ il el lnplie H Demonstrates Gives an example The use of exclamation marks demonstrates the writer’s enthusiasm .
lierrmerien el feisel 7 Ensures Makes sure The writer repeats the information to ensure that the reader is left in no
Select and synthesise evidence from different texts doubt.
Explain comment on and analyse how writers use H Portrays Describes At the start of the extract, the writer portrays this character as shy.
language and structure to achieve effects and Initially At first Initially, we are shocked at the character’s behaviour until we understand
influence readers, using relevant subject why they did this.
terminology fo support their views H Surprisingly Unexpected Surprisingly, the author withholds this information until the end.
H Contrasts Shows a strong difference The writer contrasts the behaviour of the two boys in this extract,
Compare writers' ideas and perspectives, as well revealing their differences.
as how these are conveyed, across two or more H Ultimately In the end, to sum up Ultimately, we are left satisfied with the outcome of the story.
texts H Ironic Saying the opposite of what you  The writer creates an ironic tone by pretending that everyone is happy
T - . mean, often to create humour. when they are really not.
m<Q_CQ+®. ++®X++m OM_:O_Q__«M and support this with E Humorous Funny The writer includes a humorous anecdote to engage the reader.
Sleiplteignielis 2o SlcIot=s Sarcastic Saying the opposite of what you  The writer is clearly sarcastic when he says “everything is perfect” after
Communicate clearly, effectively and mean to mock or show you describing the poor conditions.
imaginatively, selecting and adapting tone, style disagree.
and register for different forms, purposes and Cautious Careful After being misled by the character, the reader is cautious about believing
audiences his later claims.
— - - - 17 Courteous Polite The speaker is courteous as he ignores subjects which might offend the
Organise information and ideas, using structural audience
QJM @53330:0& dﬂmd,odfcqmm fo support coherences Nostalgic Thinking about the pastin a The writer evokes a nostalgic feeling when describing happy memories of
Celiel elnEiol CIf RS positive way a neglected playground.
Use a range of vocabulary and sentence structures H Detached No emotion — separate from the The detached tone confirms that the writer was not upset by the events.
for clarity, purpose and effect, with accurate S
spelling and punctuation H Flattering Praise and complement The writer is clearly flattering the reader when he says he knows that they
will understand what he is talking about.

English | 9
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1. The Exam (1 hour)

The anthology paper is 1 hour long, and you
have to write about two poems from the
anthology. One is given to you, and you
compare it to one from memory.

Answer both part (a) and part (b)sYou are
adyvised to spend about 20 minutes on part
(a) and about 40 minutes on part (b).

Read the poem below, (Poem title) by
(poet). Write about the ways in which (the
poet) presents (key theme) in this poem.[15]
Choose one other poem from the
anthology in which the poet also writes
about (Key theme). Compare the
presentation of (key theme) in your chosen
poem to the presentation of (key theme) in
(poem given in part a). [25]

English Literature GCSE: Poetry Anthology

Overview

Poem

London by William Blake (1794)

Blake describes the terrible conditions of 18™ century London, including child
labour, the 'corrupt’ Church and prostitution.

She Walks in Beauty by Lord Byron
(1814)

Byron describes the physical beauty and moral goodness of a woman, using
the imagery of night and darkness to suggest mystery and exoficism.

Ozymandias by Percy Bysshe Shelley
(1818)

Shelley describes a broken and abandoned statue of a once-powerful
Egyptian king, reflecting how all his arrogance and pride came fo nothing.

To Autumn by John Keats (1819)

Keats writes a lyrical description, personifying autumn as a romanticised
country labourer. He emphasises the beauty of the season and harvest-time.

Excerpt from The Prelude by William
Wordsworth (1850)

Wordsworth nostalgically describes ice skating on a winter's evening in his
youth, emphasising the rural setting with sensual imagery.

Romantic poems (1800-1850)

Sonnet 43 by Elizabeth Barrett Browning
(1850)

Browning writes a passionate description of her love, using religious imagery
to convey the strength of her emotion.

2. Form

* Sonnet (Sonnet 43; Ozymandias; The Soldier):
Written in iambic pentameter with a strong and
specific rhyme scheme. 14-line poems, usually
structured with an octave (8 lines) which poses a
problem and a sestet (6 lines) which answer the
problem.

* Dramatic monologue (London; Hawk Roosting):
First person, speaking passionately about a topic.
* Ode(To Autumn; Cozy Apologia- To Fred): A
poem in praise of something.

* Narrative poem (Death of a Naturalist; The
Prelude): Poems that tell a story.

* Elegy (Mametz Wood; As Imperceptibly as
Grief): a poem of serious reflection, typically a
lament for the dead.

As Imperceptibly as Grief by Emily
Dickinson (1865)

The poet writes an apparently simple elegy on time passing, which is in fact
very complexin its reflection on depression and human experience, using
summertime as a metaphor for grief.

Victorian
(1837-1901)

A Wife in London by Thomas Hardy
(1899)

This is a bleak and ironic comment on the tragedy of war: a woman learns of
her husband’s death, then gets a letter from him full of happy future plans.

The Soldier by Rupert Brooke (1914)

Brooke writes about how glorious it is fo die abroad fighting for England,
using happy, patriotic imagery which ignores the horrors of war.

WW1
(1914-18)

Dulce et Decorum Est by Wilfred Owen
(1917)

Owen describes death by gas in WW1 in vivid horrifying detail, comparing
this ironically to the Latin title which says it is sweet to die for your country.

3. Vocabulary to describe tone

)
(2]
O
S
O
3
5
admiring anar
appreciative ary o
PP arrogant Pry
assertive bitter o
i N
oo:a_nﬂ_, callous 2
m:wMS.mm H cautionary m
i s condescending o
impassioned > =
imploring critical c
intimate Q.Qmﬁmsmz.m =
nostalgic Isapproving .W
pensive m@Q._ﬂ_o.o_ s
reverent narcissistic
sincere regretful
solemn uneasy
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investigates

Eva Smith’s death

Mrs Birling refused
to help Eva

Eric was the father
of Eva’s unborn baby

Inspector Goole
is an imposter

Mr Birling

Adjectives: pompous,
stubborn, social-climber
Writer’s Intention: Used to

highlight the danger of selfish
capitalists who exploit
workers for profits. His flawed
views on WW1 and the Titanic
warn against having the same
irresponsible arrogance post
Wwwa2.

English Literature

— An Inspector Calls (45 mins: 1

Key Quotations

exploding extract)

Mr Birling

Mrs Birling

Sheila

Eric

Gerald

Inspector

Shelia feels

Mr Birling had
sacked Eva Smith

Gerald confesses
his affair with Eva

The police call the
Birlings to investigate

Mrs Birling Sheila
Adjectives: Cold, prejudiced,
supercilious, callous.
Writer’s intention: Mrs B
gnores any signs of trouble
n the family for the sake of
appearances. Her charity
work sounds impressive,
but allows her to enjoy
power. She feels above

| respons her parents’.

Adjectives: Spoilt,

candid, ashamed.

Writer’s intention: Sheila
accepts the Inspector’s
message and responsibility
for her actions with remorse,
creating hope for the
younger generation. Her
socialist views contrast with

“community and all that

nonsense” Mr B to Eric and

Gerald.[1]

“the Germans don’t want
war” to Gerald and Eric [1]

“She had a lot to say — far

too much - she had to go”

Mr B to the Inspector. [1]

“Now Sheila... you must
understand that a lot of

young men...” to Sheila,
defending Gerald. [2]

“There’ll be a public

scandal.” to Eric, furious. [3]

“[excitedly] By jingo! A
fake!” to Gerald [3]

“the famous younger

generation who know it al

about Eric and Sheila [3]

Eric

1”

“Men with important
work to do
sometimes have to
spend nearly all their
time and energy on
their business.” to
Sheila [1]

“1did nothing I'm
ashamed of” to
Inspector [2]

“l used my influence
to have it refused”
To Inspector about
Eva’s request for
help. [2]

“As if a girl of that
sort would ever
refuse money!” to
Inspector [2]

“You're behaving like
a hysterical child” to
Sheila [2]

“Look — mummy —isn't it
a beauty?” to Mrs B [1]

“Except for last summer
when you never came
near me” Sheila to Gerald

1]

“But these girls aren’t
cheap labour - they’re
people!” Sheila to Mr B
(1]

“ know I’'m to blame -
and I’'m desperately
sorry” to Inspector [2]

“we all started like that —
so confident, so pleased
with ourselves” to Mrs B

[2]

“You don’t seem to have
learnt anything”
to Mr B [3]

“Why shouldn’t they
try for higher
wages?” to Mr B.

(1]

“l was in that state
when a chap easily
turns nasty” to the
Inspector about his
first night with Eva.
(3]

“You're not the kind
of father a chap
could go to when
he’s in trouble” to Mr
B [3]

“(nearly at breaking
point])Then- you
killed her.” to Mrs B
when he finds out she
refused Eva help. [3]

“We all helped to kill
her- and that’s what
matters.” [3]

“(very much the
well-bred young
man-about-town)”
Description [1]

“1 didn’t feel about
her as she felt
about me” to
Sheila, about Daisy.
[2]

“I'm rather more -
upset — by this
business than |
probably appear to
be” to the
Inspector [2]

“Everythings’s all
right now, Sheila
[holds up the
ring]” [3]

Written in 1945 (Post the wars)— Set in 1912 (Pre the wars)
THEMES: SOCIAL RESPONSIBILITY — YOUTH V AGE — SOCIAL STATUS — GENDER INEQUALITY

Adjectives: Irresponsible,

which par

devastated, repentant,
frustrated.

Writer’s Intention: Priestley
shows the danger of privileged,
irresponsible young men. Like
Sheila, he is genuinely appalled
the consequences of his actions,
as well as his parents’ attitudes,
y redeems him.

Gerald
Adjectives:
bred”,

”

Writer’s intention: While
Gerald’s actions showed care
for Eva, he did take advantage
of her and left her broken-
hearted without hope of life
improving. His social status and
charm seem to mitigate his

attractive”, “we

Adjectives:

destitute, helpless.
Writer’s Intention: Eva
highlights the plight of the
working class, especially

“[a sharp ring of the
front door bell]”
interrupting Mr B’s
speech [1]

“she died in misery
and agony- hating life”
to Gerald and Sheila [2]

“(massively) Public
men, Mr Birling, have

as privileges.” to Mr
B[2]

“used her... as if she
was an animal, a
thing, not a person” to
Eric [3]

“We are members of
one body.” to the
Birlings [3]

“fire and blood and
anguish” to the
Birlings. [3]

The Inspector

principled,

women and how they are

superiors.

often victims of
circumstance and
prejudice from their social

Adjectives: Brusque,
assured, enigmatic,
righteous.
Writer’s Intention:
Priestley’s mouthpiece for
is soci
warni
to repeat the mistakes of
past generations and to

t message,
g his audience not

look after each other.

English | 13
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Geometry and Measures - Foundation

Trigonometry

S 0 C 4 T 0
H H A
Example — finding a side:
sin37 =2
5 5¢m
X
x =5 xsin 37° 370

Example — finding a side:
3.2
tany = -

7.1em

Angle Facts

4 a b \I/Amav
Vertically Angles in a triangle sum to 180°.

opposite angles

Angles on a straight line sum to
are equal: a=b

180°.

Angles in parallel lines

Correapandiag drghes Wismaie A

Corresponding angles are equal

Alternate angles are equal

3.2em = -1 i
e and m=n E.G: b=60° 50 a = 50° Co-interior angles add to 180.
y = tan A|v
7.1
Exact Trig values Simple vector notation Volume & surface area
a
Angle (0) | sin{6) cos(@) | tan(@) A@v Volume = area of cross section x length
- 0 " g a: movement along the x-axis (left or right)
" = " b: movement along the y-axis (up or down) Surface area = area of all the faces of a 3D shape
- - s —a: movement left —b: movement down
1 1
45° il T 1 Learn the cylinder
b - Operations with vectors 7=
60" ¢|Jm. w N ) ; 0 SA = 2nr? + ndl
= Amv + m|wv = va
a0° 1 0 urdefined

ifb= (%), then3b = (1?)

Types of triangles

Right angled Square

Isosceles Rectangle

Equilateral Parallelogram

Scalene Rhombus
Trapezium
Kite

Types of quadrilaterals

Area of key shapes
bxh

2

Triangle : A= (2 = perpendicular height)

Parallelogram: A=bx h (h = perpendicular height)

Trapezium: A = A%v x h (add together the parallel

sides, divide the total by 2, and then multiply by the
perpendicular height between the parallel sides)

Angles in regular polygons | crior

angle
} <«— Exterior
/I\!f[\ angle

Interior angle + exterior angle = 180°

n = number of sides

. 360
Exterior angle = —

n
_ 360
 Exterior angle

n
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Number Ratio and Proportion - Foundation

Estimate
Round each value to one significant figure

Standard form
ax 10", wherel <a <10

Simplifying Ratio
Divide both sides by the highest common factor

6 : 15
m@ M ;
2 5

Reciprocal
. 1 . 2. 3
Reciprocal of 7 is w.wmn%wog_ of 5 1s 5 etc

Simplifying Ratio 1:n
Divide both sides by the highest factor of the left hand
side

Sequences

2m: 180cm
Fibonacci sequence: 1, 1, 2, 3,5, 8, 13, 21 200cm: 180cm
Geometric Sequence: each term is multiplied but he 2:1.8
same constant to get the next number. 1:0.9
E.g. 3,12,48, 191, .... (x by 4 each time)
Squares and Cubes Fractions

Square numbers: 1, 4, 9, 16, 25, 36, 49, 64, 81, 100,
121, 144, 169, 196, 225 etc

Cube numbers: 1, 8, 27, 64, 125, 216, 343, 512, etc

Sharing in a given Ratio
A Add the ratio parts
D Divide the amount by the total parts
A and
M Multiply the ratio by the value of one part
e.g. share £420 in the ratio 2:5
2+5=7
420 +7 = £60
2:5
(x60) (x60)
£120: £300

Add and Subtract — ensure the fractions have the same

denominator before adding numerators
4 1 12 5 7

5 3 15 15 15

Multiply — multiply numerators and denominators
4 1 4

573 15

Divide — take reciprocal of the second fraction and then

multiply the new numerators and denominators
4 1 4 3 12 2

|+|”|X|”|”N|

5 3 5 1 5 5

Percentages

Finding percentages of an amount

1% +100
5% +20
20% =5
25% 4
50% 2
Multipliers:

To find the multiplier for a percentage, divide by 100

Use multipliers on a calculator paper
e.g. 35% of 370 = 0.35 x 370

Increasing and decreasing a given amount
Calculator:
Orginal Amount x mutiplier = new amount

Non-calculator: find the increase or decrease and add
to the original amount

Finding percentage increase or decrease (profit/loss)
value of increase/decrease
x 100

Original

Writing an amount as a percentage of the original
Amount
x 100

Original
Reverse Percentage — finding the original amount

New Amount
Orginal Amount = ——
multiplier
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Probability and Statistics - Foundation

Averages
Mode: most common piece of data

Mean: Sum of the data + total frequency
Median: order the data and find the middle value

Range: Highest value — lowest value

Reading and Drawing Pie Charts
Find the fraction of the
total

1000 people were
surveyed

. FARC Pok
// | ot /' Beef: 22 x 1000
= 360

(\\\ <mmm$_‘_m:ﬁB X 1000

Averages from a frequency table
Ifw

Mean: =—; where, w is the midpoint of the group.

i

Median group: find which group the
Where, n is the total frequency.

n+1 .
qg. value lies.

E.G. in this table 51.5" value which lies in group
8 < w < 12 (using the cumulative frequency

Frequency Polygons 360 - -
1. Plot frequency at the mid-point bkttt it B M ain
2. Join with straight lines 1
Welght w (ke) | F _— Hair colour People ) )
H“._.__. —— _in.w..:nq Blonds 8 Find the fraction of '
EDS W< 55 - Brown 12 the full circle. 29
Sesw<?s 10 Red 3 . 12<wg 16 26
TEsw <80 & > Grey 2 Size of Blonde sector:
80 = w < 100 4 8 o lo<ws< 20 20
. ~- Black B — X 360
31
Venn Diagrams Expected outcomes Tree diagrams
: : 2y2=4
E E Information given: red §%5°% 5
\\ﬁ 90 pupils were Expected outcome = probability x number of trials
surveyed
. 52 said they owned E.g. A biased spinner is spun 800 times. The | .
. a laptop. probabilities is lands on each colour is below. The blue Multiply along the
- 45 said they owned | | probability of it landing on red is the same as the branches to find eac
a tablet. probability of it landing on green. How many times red probability.
23 said they owned
would you expect yellow to come up.
16 both.
Result Red Green Brown Yellow
1—.O_Umwv=m.n< Definitions Probability 0.48 0.2 _ 5 blue

Total probability: adds to 1
Relative frequency: frequency - total trials

Independent events: one event doesn’t impact the other

P(Y)=(1-0.48-0.2)+2=0.32 +2=0.16

Expected yellow = 0.16 x 800 = 128

1. Probability that a red counter is picked both

times P(RR) uw X w = Mlm

2. Probability that the counters are different

colours = P(RB) + P(BR) nm X

3 3 2 12
= - X -= —
mn_vm 5 25
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Geometry and measure - Higher

Trigonometry

S 0 C 4 T 0
H H A
Example — finding a side:
sin37 =2
5 5cm
x =5xsin 37° A -

Example — finding a side:
3.2
tany = 1

y = tan™?! Amv

7.1em

Sine Curve Tangent Curve

¥

o5 ¥
F'Y
] -
X I 4 "
a% I [
1 1
i 1 3 [
i | [
2 -3nf2 o owf? D w2 o Iafl 2e 1 -] 1
1 1
i ' [
. i 1
Cosine Curve ! !
1 ¥t =i = ®
21 A 23
03 " i
1 2 1
o o 1 [
: 1 [
08 : 4 !
1 L]
1 I - 1
in e m owid 0 w2 oW 2 Im w

Angles in parallel lines

Conespmieg e Wismaie A rEenar Anghs

- r

48 .

N
./ .,

.._.. - -
&,. / x;ff

Corresponding angles are equal
Alternate angles are equal

Co-interior angles add to 180.

Exact Trig values

Angle () | sin[d) cos|0) tan(0)
o 0 1 0
1
o0 | 3| 2| %
2 2 43
. 1 1
45 ,.__m .___m 1
. 3 1 =
60 % 5 3
a0° 1 0 urdefined

Simple vector notation
a
()
a: movement along the x-axis (left or right)
b: movement along the y-axis (up or down)

—a: movement left —b: movement down
Operations with vectors

@+ =06

ifb= (%), then3b = (1?)

Volume & surface area

Learn the cylinder

V =nr?h
SA = 2nr? + ndl

Area of a trapezium

1
\—”MAQ.T@VF

........Ll\_‘ in ymais

reflection

y

[ s

reflection

L il

Sine rule P

sin A sinB sinC b
angles: = = | |

a b c ol .
. a b c |
sides: — A B e =, /
sin sin sin __....r .._. _. ﬁ]
- ““_

Cosine rule

a? = b? + c? — 2bccos A
Area of a triangle

Hw.n
> absin

Angles in regular polygons

Interior
angle

H_ 44— Exterior
/l\zﬂr.\ angle

Interior angle + exterior angle = 180°

n = number of sides

. 360
Exterior angle = —

n
360

n=
Exterior angle
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Number Ratio and Proportion - Higher

Estimate
Round each value to one significant figure

Standard form
ax 10" wherel <a< 10

Recurring Decimals

Form two equations where the digits following the
decimal point are the same, and therefore can be
cancelled

Reciprocal
: .1 : 2. 3
Reciprocal of 7 is = reciprocal of 5 1s - etc

Sequences

Fibonacci sequence: 1,1, 2, 3,5, 8, 13, 21
Geometric Sequence: each term is multiplied but he
same constant to get the next number.
E.g.3,12,48, 191, .... (x by 4 each time)

Upper and lower bounds
Look at the value above and below for the same place
value. LB and UB will be half way between these points

e.g. 17 rounded to the nearest integer

- -

e.g. 24.6 roudned to one decimal place.
LB = 24.55, UB = 24.65

Simplifying Surds
Find a factor that is a square number

V96 =16 X 6 = 4/6

Manipulating surds

Vab = vVa xVb
Va
Vb

S| Q

Rationalising Surds

Rationalise by removing any surds from the
denominator

E.G with surd.

2V3 2v3x+V5 2v3x5 2V15  2V15
V5  V5xv5 V5x5 V25 5

E.G with surd expressions multiply by top and bottom
by the denominator with the opposite sign.

5  5x(3-v2)  5(3-v2)
3+v2 (3+vV2)x(3-V2) 9-+&
um@l\&

7

Fractions

Add and Subtract — ensure the fractions have the same

denominator before adding numerators
4 1 12 5 7

5 3 15 15 15
Multiply — multiply numerators and denominators
4 1 4
— X == —
5 3 15

Divide — take reciprocal of the second fraction and then

multiply the new numerators and denominators

4 1_4 3 122
53 5°1 5 °5

Percentages

Finding percentages of an amount

1% +100
5% +20
20% =5
25% 4
50% =2
Multipliers:

To find the multiplier for a percentage, divide by 100

Use multipliers on a calculator paper
e.g. 35% of 370 =0.35 x 370

Increasing and decreasing a given amount
Calculator:
Orginal Amount x mutiplier = new amount

Non-calculator: find the increase or decrease and add
to the original amount

Finding percentage increase or decrease (profit/loss)
value of increase/decrease

x 100
Original
Writing an amount as a percentage of the original
Amount
—Fx 100
Original

Reverse Percentage — finding the original amount

) New Amount
Orginal Amount = ————
multiplier
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Probability and Statistics - Higher

Frequency Polygons
1. Plot frequency at the mid-point
2. Join with straight lines

Weight w (kg) | Frequancy —
s w50 3
50 < w < 55 7
E5Sw <75 10 \
[ 75sw<aD [
| #bsw< 100 | 4
Histograms

ap

FD = Frequency density

o Frequency
~ Class Width

FREQUENC Y DENMTY

Li] ¥ 103 WS

WIGHT oMl

Cumulative Frequency Diagrams and Box Plots

total comulative frequency

—

Uippsir Chufrtille T5% of cumidative fresg.

curmultive fraquessy

Fodian S0% cuamiulabive freag

I st cyLsartile FR% cumulative froo

i s

van
Intorquartile rango s

—

Lower guartile

Maodiain Ly Cluartile

Averages from a frequency table

Mean: MMFW“ where, w is the midpoint of the group.

Median group: find which group the %Qr value lies.

Where, n is the total frequency.

E.G. in this table 51.5%" value which lies in group
8 < w < 12 (using the cumulative frequency

Weight of box (w kg) Frequency
U=w= 4 11
4w § 16
Baws 12 29

12<w 16 26
16 <w< 20 20

Venn Diagrams

Information given:
90 pupils were
surveyed

52 said they owned
a laptop.

45 said they owned
a tablet.

23 said they owned
both.

£

A

Notation

A —all elementsin A

A’ —all elements notin A

B —all elementsin B

B’ — all elements not in B

A U B —all the elements in A or B or both
A N B - all the elements in both A and B

Expected outcomes
Relative frequency: frequency - total trials

Expected outcome = probability x number of trials

E.g. A biased spinner is spun 800 times. The
probabilities is lands on each colour is below. The
probability of it landing on red is the same as the
probability of it landing on green. How many times
would you expect yellow to come up.

Result Red Graen Brown Yellow

Probability 0.48 0.2

P(Y)=(1-048-0.2)+2=0.32 +2=0.16

Expected yellow = 0.16 x 800 = 128

Tree diagrams

blue Multiply along the
branches to find eac|
red probability.

blue

1. Probability that a red counter is picked both
. 2 2 _ 4
times P(RR) = SXZ= 5

2. Probability that the counters are different
2 3 3 2 12
colours = P(RB) + P(BR) =sxco+toxo= o
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Knowledge Organiser - 4.1.2 Cell Biology

4.1.2 Cell Division : MITOSIS

The cell begins

to divide
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.

Mitosis is cell division for growth & repair.
2 genetically identical daughter cells are
formed.

The DNA replicates
to form two copies
of each chromosome

The nuclear membrane
breaks down. The
chromosomes line up
across the centre of
the cell

One set of chromosomes

4,1.2.35temcells-Plants

is pulled to each end of
the cell and the nucleus

. . . . . divides
Meristem tissuein plantscan differentiate

into any type of plant cell, throughout the life
of the plant.

can be used to produce clones of plants
quickly and economically and to prevent
extinction.

Crop plants with special features such as

The cytoplasm and cell
membranes divide to

form two identical cells

-
A=

J

disease resistance can be cloned to produce

large numbers of identical plants for farmers.

4.1.2.35temcells -animals

Treatment with stem cells

S .

* A stem cell is an undifferentiated cell of an organism

which is capable of giving rise to cells of any type.

Stem cells from human embryoscan be cloned and

made to differentiate into most types of human cells. .
Stem cells from adult bone marrow can form many

types of cells including blood cells. Py @ _
.'

may be able to help conditions such as diabetes and paralysis.™"™"
In therapeutic cloning an embryois produced with the same genes as

RPA:

Microscopy

calibrate
field of view

graticule
magnification
order of

magnitude
resolution

significant figure

stage
micrometer

standard form

Definitions

To setan instrument or scale against a standard.

The area seen when looking through a microscope.

Science - Biology | 29

The graticule has a scale ruled on it and is used to estimate
the size of a specimen when viewed with a microscope.

The amount that an image of somethingis scaled up when
viewed through a microscope.

For each order of magnitude, a number isten timesthe
previousone.

The fineness of detail that can be seenin an image - the
higherthe resolution of an image, the more detail it holds.

Givinga number to a specified number of significant figures
is a method of rounding.

E.g., in the number 7483, the most significant, or important,
figureis 7, as itsvalueis 7000. To give 7483 correct to one
significant figure (1 sf), would be 7000. To 2 sf, itwould be
7500.

A glass slide with a scale etched on it. 1t is used to calibrate
the eyepiece graticule of a microscope.

A system in which numbers are written as a number greater
than 1 and lessthan 10 multiplied by a power of 10 (either
positive or negative. )

mane viem colls

Required practical

activity: use a light

microscope to observe,
draw and label a
selection of plant and
animal cells.
A magnification scale
must be included

Eyepieca

Coarse focus

¥ Cons o
L

the patient. Stem cells from the embryo are not rejected by the patient’ [Millimetre (mm)

0.001m

107%m

body so they may be used for medical treatment.

Micrometre (pm}0.000001m

10%m

The use of stem cells has potential risks such as transfer of viral infectior
and some people have ethical or religious objections.

MNanometre (nm) j0.000000001m

10%m




‘uoielidsal 10} poojq ay3
o3jul (UOI3BIIUBIUOD JBMOJ)
1nS ay3 wouy paglosqge
sa|naajow teSng -7 53
*|1OS 3Y3 uISUOIIN|OS
31n|Ip AuaA wioly |22

|
| e o »
o e 9@ J1eY 3001 03Ul PagJOSqe
uoRoAUdO> | uoposnusduod : :
Jamojjooasy -~ | J3ybiy jo DAy suol |esaulp -T 53

‘uoljesidsal 1oy

‘uoneaidsal woiy ADYINI spasu |

‘(JuaipeJs uoilei31ua2u0d Y3 JSUIESE) UON|OS P31LIIU3dU0D
3JOW B 0} 31N|Ip 3JOW B WO} S30ULISNS JO JUSWIAOW 3Y] S|

Hodsuel] SNV E'ET Y
uognjos uonmos uonanjos uoinios
Jarem sebns sebns sebns sebns
pamsg WNSZ0 WOos0 WSL0 nNo'L

_|—— vognjos ut
| sepuyfo ciejod
T aqm Buyog
L] [ ] ~ yoes oany s8]

anssi3 juejd o ssew ay3 uo suoiIn|os 1esns 1o
3jeS JO SUOI1EIIUBIUOD JO dSUBI B JO 0943 3y} a3eS13saAul Y dY

EO.-—-I»”:-:_-O ”__-Q proey awes —vm”-.-u
wsedoihd =192 = uonnjos = uonnjos = uonnjos
pesAjowselq peojenuUaduod u| 21U030s] Uj In|Ip uj

e

S1I®] Jue|d UOo SiSsowsQ jJO s33443
‘aueiquiaw
a|qeawuad Ajeijued e ySnoiyl uoizN|os pa3eIu3IU0d
2 0] UOIIN|OS 33N|IP B LIOJ) J1DIBM JO UOISNYIP 3] SI SISOWSO

sisowsQZ'e'T'v

s|122 ||Aydosaw
3] 3pIsul UOI1BIUBIUOD MO| B 0] 3dedS
J1e 3y} uj uonesauadu0d ysiy wody sasnyip 10D

snuwapida Jomo)

1joaAje 3yl
ul aueyoxa
seo

snjoanje

umumcomwxown
(slewiue) pajejauansulag .
(sjewiue) Aiddns poojq iuapiy3 .
yied uOISNYIP JIOYS B 10) SQURIQUIBW UIY]
ealje adepnsagie] .
1Wwia1sAs
yodsuel] e pue saoepns a3ueyoxa pasijenads
pa2au A3y] OS 0131 BWIN|OA 0} B3JE 0BUNS
|lews AjaAnie|a4 e aney swisiuesio Jejnj@a3|np

192 8Y1 JO 1IN0 pue ul S3|NJ3jow Jo Jodsueny
1u31YNS SUIMO||e ‘01381 BLUN|OA 0} B3JE
2oeqns adie| e aney swisiuesio pa||92-a|3uls

sa|dwexa - uoIsnyig1's'1'v

‘Pa3eji3uaA

Suiaq (a8ueyoxa snoasesd 10} ‘sjewiiue ul) .
Ajddns

pooj|q 3uapiys ue Suiaey (sjewiue ul) .
yied uoisnyip 1oys

e apinoid 0] Uyl Slleyl aueiquiaw e .

ease aoepuns asie| e Suiney .

:Aq paseasoul

SI 80eNS 33ULeYIX3 UB JO SSAUIAIIIBYS 3y

"aUBICIBW Y] JO BBJE JBUNS 3Y] .
aimesadwaiayl .

(3us1pess uonesuaduo0d)
SUOI1RJUIUOD Ul 3DUBIBYIP Y]
:ale
UOISNYIP JO 3184 3Y1 1238 Y2IYym S103084

"Asupiy
3Y3 Ul uo3IIX3 Jo) rwse|d poo|q

3yl 03ul S||32 WoJij eaan 1pnpoud a1sem .
‘a8ueyoxa

se3 ul apixolp uogJes pue usaSAxo .

:aJe uoisnyip Aq s||22 Jo 1no

pue ul pajiodsues] saourIsSqns 3yl JO SWOS

"UOI3BIIUDIUO0D
19MO| JO E3.JE UB 0} UOI3BIIUSIUO0D
J3Y31y Jo BJE UE WO JUBWBAOW
39U e ul Suynsal ‘sed e Jo sajoijued

Jo ‘uonnjos ul acueysqns Aue Jo sajpied

3y1Jo 1noSuipeaids ay3 St uoISNYIJ
‘uoisnyip

BIA SDUBICLUSW [|92 BY] SSOJOE §||32

30 1n0 pue o3jul aAow Aew saaueisqng

uolsngigr ety

s||2D ul yiodsued] €°L 'y — 19siuebiQ abpajmou)

30 | Science - Biology



Knowledge Organiser — 4.1.1.6 Culturing Microorganisms (Separate Biology RPA)

4.1.1.6 Culturing microorganisms

Bacterial Growth

The loop is sterilised by the Bunsen The base of the petri dish should be
flame as the microbes are killed by the labelled with date, sample etc just in : > 2 s o s 2
o ST COTREESTE Bacteria .Sc_cu_< by simple cell division if they have enough nutrients
and a suitable temperature
( Loopis @ Loop mwa\ (6 Loopis You can investigate the effects of disinfectants and antibiotics on
el _s\ et Ll o\ bacterial growth using agar plates and calculating the cross-sectional
o area of colonies grown or of clear areas of agar
Streak Plate Method BEFORE GROWTH > ﬂ.—.m AFTERGROWTH
(3) First set of
—, streaks made (5) Second set of
N : streaks made Growth Time
—~ Starting
- point E=——
& ~24 hours
Agar containing
nutrients
(7) Final set of (8) Isolated colonies
streaks made develop after
incubation
| No gmam__n.diz.
Antibiotic disks Agar media, spread {Zone of inhibition) |
on Petri dish Bacterial growth
Do not blow on the Replace the lid The lid must be taped onina The petri dish must be
loop as it cools— quickly after cross shape so air flow is not stored upside down to
this might transfer inoculation to stopped — this will prevent prevent condensation
microbes from you avoid harmful anaerobic bacteria dripping on the surface of
to the loop contamination. from growing. the agar.
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Knowledge Organiser — 4.2 Organisation

RPA: investigate the effect of pH on the rate of ~ *  Starch solution (CV) 4.2.2.2 The heart and blood vessels

reaction of amylase on starch * Amylase solution (CV) T [ Leftsideof the heart
Amylase breaks down starch. Starch turns * Buffer solutions of Right side of the e E sends oxygenated
blue/black when iodine (an orange solution) is « different pH (IV) heart receives I blood to the body.
added. «  Spotting tiles deoxygenated

blood from the Pulmanary
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Test tubes : Yeii
body and pumps it E
Water bath (temp CV) v pump
. . to the lungs.
lodine solution
Stop clock Pacemaker Honct
TToTTTTTT cTTTTTTT TTTTTTTT i Group of cells valve
DV is the time at which the | in the right
starch/ amylase solution no ! atrium that ki
_o:mmq turns blue/black. m control resting
........................... heart rate.
RPA: use qualitative reagents to test for
carbohydrates (starch and glucose), proteins and 4.2.2.2 The heart and blood vessels ventricle
lipids “Fragments of cells | ‘ :
ragments or cells N\
Food Reagent Positive result which collect at Transport oxygen to
cells for respiration.
Eroup wounds & trigger
: No nucleus, Trachea
Glucose  Benedict's Bright blue \ clotting. biconcave shape to
solution E.Em___mm.___. _u_mnm_m \ large surface area il Gty
{heated) brick red Red blood (filled with fluid)
Frotein Biuret's ¥+ Bright blus o . nm__.... Intercostal
solution - to lilac E ‘Protect the body - fuscies
from infection. qaswvo s no__m
. . hormones,
Starch lodine Orange to Phagocytosis. . o o Diaphragm
solution y ¥ blue/ black Antibody & White - antibodies, urea,
Lipid  Ethanol & Clear to antitoxin blood cells Plasma sﬁwg.n__o”_%m 4.2.2.3 Blood
(Fat/oll) water Milky/ ~ production, products o
cloudy : 4 e \ digestion. Py Red biood Platelots White blood
cells
4.2.2.3 Blood ha
* Blood away from heart * Blood towards from
. heart
e Thick muscular wall .
e Thinner wall
* Small lumen . Laree lumen -
* Under high pressure & Blood is a tissue consisting of plasma containing red
¢ Under low pressure .
blood cells, white blood cells and platelets
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4.3.1.1 Communicable (infectious) diseases

Pathogens are microorganisms that cause infectious
disease.

Pathogens may be viruses, bacteria, protists or fungi.

* They may infect plants or animals and 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
tissuesand make us feelill.

Viruses live and reproduce inside cells, causing cell

damage. Virusesare not considerad to beliving
arganismes.

Pathogen Example in

animals

Example in plants

Viruses Measles, Tobacco maosaic
HIV potentially virus
leading to AIDS

Bacteria  Salmonella Agrobacterium
Gonorrhoea

Fungi Athlete's foot Rose black spot

Protists

Malaria (Spread by Downy mildew
mosquitos)

Anti fungal medication &
Fungicides.

Anti malarial drugs,
prevention from vector
contact eg mosquito nets

Knowledge Organiser - 4.3 Infection and response

Treatment Tobacco
masaic virus
Vaccination
Rose Black
Antibiotics

Spot

Downy
mildew

4.3.1.2 Viral diseases

Measles is a viral disease

*  Symptoms: feverand a red skinrash.

* Measles can be fatal if complications arise.

*  Most young children are vaccinated against measles.

* The measlesvirusis spread by inhalation of droplets
from sneezesand coughs.

HIV initially causes a flu-like illness.

* Unless successfully controlled with antiretroviral drugs
the virus attacks the body'simmune cells.

* Late stage HIV infection, or AIDS, occurs when the
body's immune system becomes so badly damaged it
can no longer deal with other infections or cancers.

* HIVis spread by sexual contact or exchange of body

fluids such as blood which occurs when drug users
share needles.

Tobacco mosaic virus (TMV) is a widespread plant
pathogen

+ Affecting many species of plantsincluding tomatoes.
* Symptoms: Givesa distinctive ‘mosaic’ pattern of

4.,3.1.3 Bacterial diseases

Salmonella food poisoning

* Spread by bacteria ingested in food,
or on food prepared inunhygienic
conditions.

* Inthe UK, poultry are vaccinated against
salmonella to control the spread.

*  Symptoms: Fever, abdominal cramps,
vomitingand diarrhoea are caused by the
bacteria and the toxins they secrete.

Gonorrhoea is a sexually transmitted disease

(sTD)

* Symptoms: thick yellow or green discharge
from the vagina or penisand pain on
urinating.

*  Was easily treated with the antibiotic
penicillin until many resistant strains
appeared.

* Spread by sexual contact.

* The spread can be controlled by treatment
with antibiotics or the use of a barrier
method of contraception such as a

4.3.1.4 Fungal diseases

Rose black spot is a fungal disease

* Symptoms: purple or black spots develop onleaves,
which often turn yellow and drop early.

* |t affects the growth of the plantas photosynthesisis

reduced.

It is spread inthe environment by water or wind. Rose

black spot can be treated by using fungicidesand/or

removing and destroyingthe affected leaves.

4.3.1.5 Protist diseases : Malaria Life Cycle

parailes in parasites in
i_ﬂ Tharman
alrvary . i |
o WA, [ fl [
S l\.l\.” | f ) __
t { i1 |
.\vu_., A | | | parasites in
Y | P | red blood
L oA ] vl cells (RECH
Nl | | |
| .
parasiics in o |
s b gl \

i _ | VR
discolouration on the leaves which affects the growth condom. P ,rﬂv_ il AT
of the plant due to lack of photosynthesis. N el | | &

in a blood meal
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Knowledge Organiser - 4.3 Separate Biology

4.3.2.1 Producing monoclonal antibodies (HT) are identical copies of one type
of antibody produced in a laboratory. How to produce monoclonal antibodies:
1. A mouse isinjected with a pathogen

2. White blood cells called lymphocytes produce antibodies

3. Lymphocytes are removed from the mouse and fused with rapidly dividing
mouse tumour cells. The new cells are called hybridomas.

4. The hybridomas divide rapidly & release lots of antibodies which are then
collected

4.3.3.1 Detection and identification of plant diseases

Plants can be infected by a range of viral, bacterial and fungal
pathogens as well as insect pests. We can detect a plant is diseased by
looking for unusual growths, spots or discoloured leaves and
malformed leaves and stems. A disease can be identified by:

*  Gardening manuals & websites

*  Testkits containing monoclonal antibodies

*  Taking infected plants to a laboratory to 1D the pathogen

4.3.2.2 Uses of monoclonal antibodies: Used in treatment of diseases and
monoclonal antibodies have been developed against the antigens on cancercells.
Monoclonal antibodies are bound to radioactive substances (or toxie drugs and

chemicals) that stop cells growing and dividing. Monoclonal antibodies have side
effects and are not as widely used in cancer treatment.

Deficiency of Mineral lons

Nitrate ions --» Needed by plants for protein synthesis and growth. Lack of
nitrate ions results in stunted growth of plants.

Magnesium ions --> Needed by plants to produce chlorophyll. Lack of
magnesium ions results in chlorosis (yellowing of leaves due to lack of
chlorophyll)

4.3.3.2 Plant defence responses

Type of plant defence used What is the plant being defended Describe the defence being used
(mechanical, physical or chemical) against?
Mechanical Herbivores eating it Thorns or hairs
Chemical Pathogens/bacteria The chemical released is antibacterial or poisonous
Herbivores/animals
Physical Herbivores and pathogen entry Dead bark coating which falls off
Physical Insects such as aphids Waxy cuticle/cellulose cell walls are hard to penetrate
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Knowledge Organiser — 4.4 Bioenergetics

4.4.2 Respiration

* the chemical potential energy stored in food molecules is
released through oxidation reactions
* The energy released allows living cells to do work including:.

o Chemical reactions to build larger molecules from smaller

ones
o Movement.
o Keeping warm.
* There are two types of respiration: aerobic and anaerobic.

4.4.2.1 Aerobic and anaerobic respiration

Aerobic respiration occurs when oxygen is used in the reaction
glucose + oxygen —» carbon dioxide + water
CcH,,0, + 60, — 6CO, + 6H,0

aerobic respiration releases much more energy than anaerobic
respiration.

Anaerobic respiration occurs when there is insufficient oxygen
available for complete oxidation of the glucose.

The reaction differs depending on the organism

In animals: glucose— lactic acid

In plants and yeast: glucose— ethanol and carbon dioxide
C¢H,,0,—>» 2C,H,OH + 2CO,

In yeast, anaerobic respiration is called fermentation. Used for:
* making bread (the CO2 makes it rise)
* making alcoholic drinks (since ethanol is a type of alcohol).

4.4.2.2 Response to exercise

During exercise, more energy is required

by the body than when resting, due to

increased muscle contractions.

The body reacts to this increased demand

for energy:

* heart rate, breathing rate, and volume
of each breath all increase.

* these increase the amount of
oxygenated blood reaching the muscles.

» oxygenated blood provides the extra
oxygen and glucose needed for
respiration in muscle cells, to transfer
more energy to meet demand.

If insufficient oxygen reaches muscles but

exercise continues, the muscle cells use

anaerobic respiration to transfer energy.

* incomplete oxidation of glucose takes
place

* lactic acid is produced which is a poison

* lactic acid builds up and causes an
oxygen debt causing fatigue.

* breathing deeply after exercise repays
the oxygen debt.

Key Terms Respiration Definitions

Aerobic Using oxygen

Anaerobic Not using oxygen

Oxidation A reaction with oxygen. In this case, food molecules like glucose reacting with oxygen.
Fatigue Tiredness. Fatigue in muscles is caused by a build-up of lactic acid, which is

produced during anaerobic respiration (when there is insufficient oxygen).

Oxygen debt After exercise, the lactic acid has built up and caused an extra need for oxygen —

called the oxygen debt.

Lactic acid Chemical produced by the incomplete oxidation of glucose (anaerobic respiration).

4.4.2.3 Metabolism
Metabolism is the sum of ALL the chemical reactions
happeningin a cell or in the
whole body.
* Metabolism relies on energy transferred by respiration.
» chemical reactions in cells are controlled by enzymes.

* Reactants are used to make products: new molecules
are synthesised.

metabolism includes these reactions:
» Conversion of glucose to glycogen (animals), or to
starch or cellulose (plants).

* Formation of lipid (fat) molecules ‘)\/\()}.))m;, -
from one molecule of glycerol and >>>>>>.)m5 "
three molecules of fatty acids

. _J _o_mi.@ the use of m_cn.Omm m.:o_ 3 Fatty Acids + m_ﬁ._,,_.ﬁ_
nitrate ions to make amino acids.

These amino acids are then used to
synthesise proteins.

* Respiration, both aerobic and
anaerobic.

* Breaking down excess proteins into
urea for excretion

o ¥

-

4.4.2.2 Response to exercise (HT)

HT: oxygen debt is the amount of extra oxygen needed to

react with lactic acid in muscles and remove it from cells.

* The blood flow through muscles removes lactic acid and
transports it to the liver to be converted back into
glucose.
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Knowledge Organiser—-4.5.3

Hormonal coordinationin humans

4.5.3.1 Human endocrine system

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

Pituitary gland in the brain

‘master gland” which secretes several
hormones into the blood in response to
body conditions.

These hormones acton other glands to
stimulate other hormones to be
released to bring about effects.

Thyroid gland

Produces
thyroxine

Produces insulin . ‘

Y
Produce
testosterone Female
—

W)

Differences between

Hormonal and Nervous

Pituita land . .
v coordination

The ‘master gland’,

Nervous

Hormonal

situated at the base Electrical
of the brain Type of signal (chemical at Chemical
synapses)

Transmission of signal

Adrenal glands

By nerve cells
(neurones)

By the bloodstream

Produce adrenaline

Target cellsin

Ovaries

Effectors Muscles or glands i .
particular tissues
Muscle
Type of response contraction or Chemical change
secretion
Speed of response Wery rapid Slower

Produce oastrogen

Duration of response

Short (until nerve
impulses stop)

Long (until hormone is
broken down)

4.5.3.2 Control of blood glucose
concentration

If blood glucose concentration
is too high:

Monitored and controlled by

the pancreas.

High blood glucose damages

cells due to a loss of water by
OSIMOsis.

Pancreas detects the
increase

Pancreas produces the
hormone insulin.

Increases glucose absorption
in liver and muscle cells.
Excess glucose is converted
to glycogen for storage in
liver and muscle.

f
glycogen, an

Hormal concentration

High

to
d respired

_...__._U..._.u_._._.nn_.mn_
CE i

If 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.

Negative feedback

Glucagon and Insulin interacting to
manage glucose levels in the blood is an
example of a negative feedback cycle.

Conditions in
the body change
from set point

Corrective
mechanisms
switched off

Change
detected

Corractive
mechanisms
activated

Conditions
returned to |
st point

Diabetes:

Type 1 diabetesis a disorder in

which the pancreas fails to

produce sufficient insulin. Itis

characterised by uncontrolled

high blood glucose level.

Treatment:

« normally treated with insulin
injections

Type 2 diabetes the body cells no
longer respond to insulin
produced by the pancreas.
Obesity is a risk factor for Type 2
diabetes.

Treatment:

= A carbohydrate controlled diet
= Exercise regime
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Knowledge Organiser— 4.5.2 Separate Biology

Outer wrinkly part, responsible for consciousness, intelligence, memory and

The eye key terms and parts

Refraction — the bending of light rays when they pass from one medium to another

language
[Medulla oblongata Controls unconscious activities e.g. breathing and heartbeat 5 —
Responsible for muscle coordination art unction
ing the brain (HT) 1 Retina Where an image forms at the back of the eye, contains rods and
tudy people with e 21 L e o tlyou whot =
brain damage t does 9 1 2 Sclera The white part, protects the eye
Electrically By observing what stimulating different parts 3 Optic nerve Send electrical impulses from the retina to the brain
imulate the  |of the brain does its possible to get an idea of m 4 Iris Coloured muscle controls the size of the pupil
orain what those parts do 5 Ciliary muscles | Contract and relax to change the shape of the lens
MPRI scans produce detailed pictures of the 7 3
MRI scan brain. Scientists can see which parts are 4
scans , , _u. 6 Suspensory Controls the shape of the lens to focus light rays on the retina
active when people are doing things 6 ligaments
IThe brain is complex and delicate - investigating and treating 5 : : :
it is difficult 7 Pupil Hole located in the centre of the iris of the eye that allows light to
strike the retina
Focusing on near and distant objects 8 Lens Refracts light to be focused on the retina
To look at near objects - dliary muscles comtract, suspensory ligaments 9 Comea Refracts light through the pupil
islacken, lens becomes fat, increasing amount of refraction Rods Light sensitive receptor cells that let you see in low light conditions
. . " . Cones Light sensitive receptor cells that let you see colour
ITo look at distant objects - ciliary muscles relax, suspensory ligaments 9 P !
Medulla Oblongata tighten, lens becomes thin, decreasing amount of refraction

Correcting vision problems

) Where the image focuses How to correct it Why it occurs

Long sighted (HYPEROPIA - - - -
959 ( ) Behind the retina Convex lens [The lens is too weak or the eyeball is too short
. How to correct it .
Short sighted (MYOPIA) Where the image focuses Why it occurs
In front of the retina Concave lens [The lens is too strong, or the eyeball is too long

IContact lenses Good for sports/activities, almost invisible. Could cause infection if not sterilised properly
Laser eye surgery Permanent correction of vision problems, however, surgery carries risks

Lens replacement

Permanent solution, risk of vision loss

P
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Knowledge Organiser — 4.5.3 & 4.5.4 Separate Biology

4.5.3.3 Maintaining water and nitrogen balance in the body

A kidney produces urine firstly by filtering the blood.

Selective reabsorption then occurs. This means that all of the
glucose is reabsorbed back into the blood, along with some of the
ions and some of the water depending on the concentration of
these within the body.

The kidney excretes urea in the urine along with any excess
water and ions.

Protein maolecules are too large to pass through the kidney filters so
remain in the blood and are not therefore excreted in the urine of a
healthy person.

4.5.4.1 - Plant Hormones — Coordination
and Control

Tropism — a plant's response to a stimulus
Phototropism — a plant’s response to light
Geotropism — a plant’s response to gravity

4.5.4.1 A plant's response to light

* Auxin (a plant hormone) redistributes
unequallyinthe shoot

* More auxin gathers on the dark side of the

4.5.4.2 — Use of Plant Hormones

cell

Auxin killing weeds, growing cuttings with

elongation/ rooting powder, growing cellsin tissue
plantgrowth  culture
Ethene ripening speed up ripening of fruit (sprayed

over fruitin shipping containers)

Gibberelli  seed controlling seed dormancy and

L n germination germination, inducing flowering,
—_— diaphragm shoot growing larger fruit
liver —1 * Auxin promotes cell elongation inthe shoot .
_— left kidney s If the plant cells on the dark side have mare RPA Most 8....8:58%... : Petri dish .
st b auxin they will grow more/faster & longer N Vi N
— renal artery- brings i _ N\ W
right - blood containing urea -.._.j_m causes the plant to bend towards the bean seed root — | . =] \ f . &\l
kidney & other substancesin light J..f.-riﬁ.. I . J
solution to thekidney | y W\ |
. ) A plant's response to gravity — \\. ) . \\\ .\
renal vein- carmies s Gravity produces unequal distribution of — T . [ -
blood away from the . . — S ;
bladder kidney, after ureaand auxin At start After 2 days
T other substanceshave # Auxinispulledto the lower side of the roots
e been removedfrom the (by gravity) Plant 2 days later
blood * In the root auxin inhibits cell growth shoot <
. <= Light
The cells on top elongate faster
* This causes the root to bend downward
: Eé:ﬂ&ﬁ _ Disadvantages : — 4.5.3.7 — Negative feedback - Thyroxine (HT)
Kidney + Patients can lead a more normal life without + Organ rejection by the patient's immune system - Hormone produced by the thyroid gland.
transplants having to watch what they eat and drink + Must take immune-suppressant drugs which increase the risk of . Thyroxinestimulatesthe metabolicrate.
+ Cheaper for the NHS overall infection

+ Shortage of organ donors
* Kidney only lasts 8-9 years on average
+_Any operation carries risks

* Important in growth and development.
* Controlled by negative feedback (HT)
+ If levels of thyroxine in blood fall, sensors in the brain

Kidney dialysis |+ Available to all kidney patients (no shortage) + Patient must limit their salt and protein intake between dialysis

+ Can buy valuable time until a donor is found

sessions

+ No need for immune-suppressant drugs + Expensive for the NHS

+ Reqular dialysis sessions — impacts on the patient’s lifestyle
* Can cause blood clots or infections

detect thisand T5H is released from the pituitary gland.
* TSH stimulates the production of thyroxine by the
thyroid gland.
* Asthe level of thyroxine goesup, it is detected by the
sensors and the level of TSH released falls.
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Knowledge Organiser — 4.6.1 Inheritance, variation and evolution

4.6.1.4 Genetic inheritance

Punnett square

Using Punnett Squares to Predict Phenotypic Ratios

Some characteristics are controlled by a single gene e.g: fur colour in —= ’ Phenotype Ratio: mm.._n.:_._um
mice; and red-green colour blindness in humans. @ o [e] S W._._ mu“_n.
* Each gene may have different forms called alleles. B L PP purple : white 25% PP
: : 50% Pp
* The alleles present (genotype), operate at a molecular level to . @ @ [F] " .
develop characteristics that can be expressed as a phenotype. ﬂw_ e 8b B 25% pp .
* A dominantallele is always expressed, even if only one copy is n__m. . ﬂu AM,\ P| PP | Pp ] 1:2:1 ratio
present. Bl b F, self-pollinates
* A recessive allele is only expressed if two copies are present. PLPe | PP

* Ifthe two alleles are the same the organism is homozygous for

that trait

* Ifthe alleles are different they are heterozygous.

Maost phenotype characteristics are a result of multiple genes

interacting, rather than a single gene.

Py V!

4.6.1.5 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.

Pedigree for Cystic Fibrosis

Roberts Family

Carson Family

T ET=
O

5 &

Ken

Sally o

C ¢ ®
Cc|CC|Ce O
c | Ce| cc m
m

Punnett Sguare

camer femake
allected fernale
unaffected femala
unaffocted mala
aflecied male
carmior mala

0O

4.6.1.6 Sex determination

* Human body cells contain
23 pairs of chromosomes
*+ 22 pairs control
characteristics only
* 1 pair carries the genes
that determine sex.
* Females: sex
chromosomes - XX
* Males: chromosomes
are different - XY

T
X

e o e o

X

4.6.2 Variation and evolution

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.

Usually extensive genetic variation within a population of a species

Allvariants arise from mutations and most have no effect on the phenotype; some
influence phenotype; very few determine phenotype.
Mutations occur continuously. Very rarely a mutation will lead to a new phenotype.
If a new phenotype is suited to an environmental change it can lead to a relatively

rapid change in the species.

Evolution:

The theory of evolution by natural selection states
that all species of living things have evolved from
simple life forms that first developed more than
three billion years ago.

Evolution occurs through natural selection of
variants that give rise to phenotypes best suited to
their environment.

If two populations of one species become so
different in phenotype that they can no longer
interbreed to producefertile offspring they have
formed two new species.
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Knowledge Organiser — 4.6.3 Development of understanding of genetics & evolution

Evidence for 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 by knowledge of how resistance to
antibiotics evolves in bacteria.

Fossils are the ‘remains’ of organisms from
millions of years ago, which arefound 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 thatthey 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.

Extinctions occur when there are no remaining
individuals of a species still alive.

4.6.3.4 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

Bacteria, including

{,

a resistant variety...

\
5

|
1

)
1

~-gat bathed in antibiotics.
Most of the normal

/
‘,
3%

resistant strain rises. - i Ml bacteria die
. P o 7 Py
= The resistantstrain will then spread because peopleare _— S
notimmune to it and there is no effective treatment. —— ..-I_..,I. — The resistant bacteria
—e el S multiply and become
E.g. MRSA is resistant to antibiotics. el gy "orv common

To reduce the rate of development of antibiotic resistant strains: - - -

= doctors should not prescribe antibiotics inappropriately, such as B I R infoction ovolves into
treating non-serious or viral infections e ° " ®etant strain

= patients should complete their course of antibiotics so no bacteria
survive to mutate and form resistant strains

= the agricultural use of antibiotics should be restricted. ., Normal bacterium

= The development of new antibiotics is costly and slow. Itis unlikely D. e

to keep up with the emergence of new resistant strains. [ oead vacterium

4.6.4 Classification of living organisms

» 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 thereis nowa ‘three-domain system’

A B C

developed by Carl Woese,

= Archaea (primitive bacteria usually living in extreme environments)

» Bacteria (true bacteria)

» Eukaryota (which includes protists, fungi, plants and animals). speciation

» Evolutionary trees are a method used by scientists to show how they believe organisms are ancestral

related. They use current classification data for living organisms and fossil data for extinct i
organisms. i S i

Science - Biology | 49



SEOUR 1504 U1 SOAIGRR [EIUSEN [ ™ — - = |
A Bnuerdsuen w pesgepads
2w030q g 2unog olsgua 133014
[FumE SuiiEas] B el g0 ’
[ ~J SO0
-Jueyd wared e unayy — o ot |
sjurgl mau pEwuape e annpod ~ .1....|..av. 52 P ey . .Fﬂ
EEHWWEEEE B H—, ..1IJ.[...| ._n..u.nl::\..lb...r....ﬂ.ri-l. ..IH.:...U.-.@.
‘s Ing 3P e sHumany =1 ., o
~BUsr 1 AEnsEwuKn ﬁﬁmmm_..._l-...-._-..m ‘.._mm-.-.ﬂ_:—u ., WNQ i
0 520008 weyd 2ues Bawuasand J0) | UOILR|SURL | YNy :nmu_.m.u_—_n_u_ﬂm
weyoduy 5 sy sued mau [Eanuse
weou 3 oq peeyd o jo 1eed mouy g0
0 sincus gews SusnTaIgno anss] || L0 B
SuonN £ 70 Cr A
—
il e 0 Oy S
PUCYE W An SMDE Sushos e Gr g S OB S 48 T
._-!.“__..-!H E"ﬁ_..-ﬂ.—w.n.lﬂ_.“ SuogaEp ..n_:”.n_-uﬂ__.n..nu dij. r T
=4 W~ N sodly vonepel Sumos/SEUE]SRS
peiang o al wao ap por pagasiiamn, vy Shececunp Aasgm [T —
513y wsepdogho S W ponog 2UE 0y SRMSOqU S w Roepd SjE & UDeSUes] © ’ - R sa%eq 5, 2U38 341 10 N0 3 uo Suipuadap “suagoud
WNG A Snidon sanous boRiiosue]| TEped 30 4L apsu - V—— | B T B0PL 0 SSaBo pausol 2ue spoe ounwe 3yl [
aceyd saye1y wenoad e Sumew o ss200ud 21 o wed sy g1 < wondinsuesy o || TR htﬂﬂi 2uad g u) soseq
uSogos oo Smoqosd [emINegs Sy SouslEes apnpou sopdwieag < oo g o 3amg) J020usnbas BAQ J0g PAPOS] PIE OUIE e [

SUL] A — [IH] SISSUURs U0l | (g P — . =] B 18 S OUILE 0 53

y . Sy sapoap eyl suad B LI SaEeq J0 BRI g S U [
"y v 4 “Hupied aseq Asejusan)|dmod B3 515
"8 MenEse 30npodau oge 1y Mjeres spess 2onpoad speed Moepy f uonees M“s]l ’ BI.. s dn suedshe =7 il i E.ﬁ.nm.__“ﬁ m._mm..E....w..
anE oy AemEs aonpoodan oge wed 1ng sasods Ag Agemeese aanpoudzn (Buny Auepy J ’ ) HE SR L .m__t_“.”_Mhm O

s3504) o s m fgereece poo sounboow i dgenes sonpoadzy ssaseeed susjepy N = .
1 e af— 4 = [ wE B Sl =S @
Juogon poudaa po S0 Igog 1N e JEY] SISIUESN JO SopdumEny H .TI...- > /H swsoddo 33 Bq B 0] S| 3520 el Loe

vosle ging A sapogep s siauuns b cauusqeens

“Hqeinose) 222 sooupuoo uaye (I - [ L N cpomol D))ty seeRgUSUSIp anol R0 SUD O

peoapond g wea Busdsso e beew | wonoeposdan [eroes uey sensed [ alew : P S Mo i dpegdsugd pur sl
O puny of Paou Jou 0P Juoeyss ASea pue e 200y [ ppacs wased e fpeg o T nll... U EDUELE WM UL 0] SOMNIeq & LUe0) S5 000S0nl
SN0y [ETESTY JO S JUENDY go_"c g soproajow ayeydsoyd puc selns g

womapod pony 25BN 0F SUpS3N] AIDHES I SUPWL) FFE] SUD pUE rISpow qeydsoyd
dg dn papaads ag wes vonoEs [Emgel)  LoEoSERs franeu kg aBsquespe Eaans Y o DL SN0 FEBNS S0 )0 SISISL00 SPR0S0NU el [
& van UouELER w3URE ususuad oyl ) [ By oys e UELER SSnposg _ H S \ﬂ SBproapnu pajie suun uneaday
OO e MO SaEEILEADY . 05304 0 SN Spew sisipod Sue spUEns NG O
wonpadan [pnease pup [Pxas po saSmueapesn poe sSEEueapy T | ® ampnns v ST

- Biology

(Abojoiq das) buluo|y §°z'9'f i1 24n3dN3s YNA S'L°9' — 49siuebig abpajmoun)

50 | Science



Knowledge Organiser — 4.6 Genetics & Evolution (sep biology)

4.6.3.1 Theory of evolution - Darwin vs Lamarck

Darwin's idea = Evolution by natural selection

Controversy at the time as people did not believe Darwin at the time

because: -

= Itwentagainst religious beliefs - DNA/genes/the mechanism of
inheritance was not understood at the time

» Therewasnot enough evidence to convince other scientists

Lamarck's idea = Evolution by acquired characteristics

Organisms that use a characteristic a lot during its lifetime would become

more developed e.g. a rabbit using its legs a lot to run would become longer.

Then the organisms offspring would inherit this characteristice.g. the

rabbits offspring would also have longer legs.

4.6.3.3 The understanding of genetics

= Mendel wasamonk who's research led to the foundation of modern
genetics

= ExperimentsInthe mid-19th century > Mendel carried out breeding
experimentson pea plants.

» Heobserved thatinheritance of each characteristicis determined by
‘units’ that are passed on from parents to offspring

= Rejection > Mendel’swork was rejected at the time as:

» he wasjust a monk (not a scientist), chromosomes / DNA/ genesnot
seen / discovered / known at the time, other theories accepted atthe

. and
MHMM_..@ - stretching until
stretching ... and mes w
Wiy neck to reach stretching
Original leaves higher
short-neck

Driven by inner “need”

time
4.6.3.3  Fiower Plant Seed Seed Pod Pod Flower
Colour  Height  Color  Shape  Colour  Shape  Position
0'
¥
o » 'a - -
eiiemy : e W - -~
Purple Tall Yelow  Round  Green _..Aa.u___“n Axial
] oy
: | -
-y ‘ () . o
‘
ftein e @ 9 Ty
White Short Green  Wrinkied  Yeliow no.hw.n%& Terminal

Results % of F, seeds

progeny seeds Sl Rust
5474 Round seeds \ 3/4 Round and ', were
wrinkled, a

3:1 ratio.

1850 Wrinkled seeds | \ /4 Wrinkled
= =

\v generation Homozygous Homozygous A
round seeds wrinkled seeds
P * D
Mendel’s first Mendel crossed
experiment Cross] two homozygous
o I | varieties of peas. i
J &
\ﬂ. generation « « « « 2
Self-fertilized : All F, seeds
‘ ‘ x ~ . were round.
Mendel’'s second Mendel allowed
experiment [Intercross | the plants to
& ¥ | self-fertilize. L/
\ﬂn generation 2)
Fraction of

. iy -
. ety
b
sty ©
arcewsi
rewd eatrg | :

i cacns ! ! f

et

Q’;@Q

4.6.3.2 Speciation

Species = A group of similar organisms
that can reproduce to give fertile
offspring

Speciation = The development of a new
species
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4.7.1.2 Abiotic factors
= light intensity

* lemperaboe

* maishure bevels

* ol pH amd mimeral

* warbon dioxide bevels. o
plants

* ooygen levels for aquatic
animals,

4.7.1.3 Biotic factors

*  awailability of food

*  mew predators

D,
il gl?

4.7.1.1 Communities

= An exosystem is the interaction of a commurity of ving

arganisms |(blothc) with the mon-ling [ablotic) parts of

their environment

* Tosurvive and repraduce, onganisms regquire @ cupply of
materials from their cumoundings and from the other

[wing organisms there.
na communily o habital oflen compete with

* Plamtsi
each other:
* for light, spac

miineral ions from the soil.

. hniﬂfﬂmaﬂ;ﬂiqiﬁ&ﬂiﬂlﬂ?ﬂﬁi

* for food, mates, temiftory
= Within a comemu E.-.ﬂ:ﬁn.ﬂ.iﬂ.!ﬁ

on ather species

* Haone species is nemowed it c

comeunity. This ic called m_..a_l.n__-m_.lil.!l.
= A stable communityis cne where all the species and

erwviromnmrenlal lactm

sizes remaln fabrly constamt

affect the wholz

2 and for weater and
!

s are in balance so that popdation

Knowledge Organiser— 4.7.1 Ecology Adaptations, interdependence and competition
4.7 Ecology —

abictic

Non-living elements of amewrsyslem, such as
climate, temperature, water, and soll type.
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bictic Living clements of an coosystem, og plants,
animals.
community Allthe organismsthat live ina habitat
coosystern  Tha lving crganisms in 2 particular ansa, together
with the nen-living compenents of the .
environment.
food chain A seguence (usually shown as a disgraen] of

feeding relationships betwesn onganisms,
showing which onganisms eal what and the
mivemenl of energy Buoosh b ophic lenels.,

ne The basic unit of genetic matemal inhemted from

nur parents. & gens s a sectnn of DN whech
ennkrals part ot a cellfschemishny - partindarky

indicator  The presenoe, abundance or abseroe of these
spocics  ofganisms provides infermaticn such as the lewel
of podlution in the environment.

4.7.1.4 Adaptations

* Drganisms are adapted tolive in

their natural environment

* QOrganisms hawve features

|adaptaticns) that enable them

to survive in the conditions in
which they normalby live.

* Theos adaptations may he

shructural, behaviowral or

functional.

* Extremophiles are organisms

thall live in ervirommenls. thal
e veny extreme, such as at high
.m._._.ﬁ.m_qu_ﬂ:.m pressung, or salt

mn“ Bacteria —._.._.__-_m
in deep seawents

AA

nce

interdepende Refersto the fact that all enganisms that liveinan

ecosystem depend upon each other, for food,
proledlion, shelter, ele, imoodes to survive.

interspecfic

The competreon wihich ooours Detwesn onganisms.

onmpetitinn of defferent specips Enra ormeman rescue.

inbraspecific

The competition beteeen organisrs within the

competition same species.

mitrate

The chemical absorbad froms the soil by plantsta
produce their protein

palhogen

Mitroonganizsm thal Guses dinesse.

population Al of the members ofa single spediesthat live
within a geographical area
predator  An animal that hents, kills & eats other animals
prey Organisms that predators kil for fooed.

producer

Plantsthat begin food chains by making energy
from carbon dicxide and water.

SNRTIR

A type of onganism that isthe basic unit of
classification Individuals of different spedies 2re
not ablefo interbread succeschully.
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Knowledge Organiser - 4.7.3 Biodiversity and the effect of human interaction on ecosystems

4.7.3.1 Biodiversity 4.7.3.2 Waste management
* Biodiversity is the variety of all the * Rapid growthin the human population and an increase in the standard of living
different species of organisms on earth, or mean that increasingly more resources are used and more waste is produced.
within an ecosystem. * Unless waste and chemical materials are properly handled, more pollution will
* Greater biodiversity ensures the stability be caused.

of ecosystems by reducing the dependencg
of one species on another for food, shelte
and the maintenance of the physical
environment.

* Many human activities are reducing
biodiversity

Pollution can occur:

* inwater, from sewage, fertiliser or toxic chemicals

* inair, from smoke and acidic gases

* on land, from landfill and from toxic chemicals.

* Pollution kills plants and animals which can reduce biodiversity.

4.7.3.3 Land use 4.7.3.5 Global warming

* Humans reduce the amount of land available for other animals and plants by

imans educ the amount of land avaable fr IMPLICATIONS FOR BIODIVERSITY 6% 4% 8%
B e OFRLIBALWARNG s vrebrstes pans

o V/r climate-determined geographic
* The destruction of peat bogs, and other areas of peat to produce garden L aggﬁgﬁvvﬁﬁs
compost, reduces the area of this habitat and thus the variety of different One lce-froe e 3.
plant, animal and microorganism species that live there (biodiversity). Arctic sunwner per . \ S ~
* The decay or burning of the peat releases carbon dioxide into the «.mm.m \_  ALPINE SPECIES
atmosphere. u_“_mumza:o_sshﬁna o migrate upwards on
would prevent the mountain slopes due
thawing over centuries towarming
4.7.3.4 Deforestation . e Hoplotes
* Large-scale deforestation in tropical areas has occurred to: . It u._.w“.m.n__mu: }
* provide land for cattle and rice fields _ L attitudes A
* grow crops for biofuels ' < m& v NQlWQOO
. ACeR P 2 N R decline of
4.7.3.6 Maintaining biodiversity H CORAL REEFS
Scientists and concerned citizens have put in place programmes to reduce the .k

negative effects of humans on ecosystems and biodiversity.

These include:

* breeding programmes for endangered species

* protection and regeneration of rare habitats

* reintroduction of field margins and hedgerows in agricultural areas where
farmers grow only one type of crop

reduction of deforestation and carbon dioxide emissions by some governments . Cﬂ ,
* recycling resources rather than dumping waste in landfill.
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Knowledge Organiser - 4.7.3 Biodiversity & 4.7.4 Trophic Levels (Separate Biology)

4.7.2.4 Impact of environmental change (HT) 4.7.4.1 Trophic levels
* Temperature: Asyou climb up a mountain the A simple food chain is:

temperature reduces. This reduction, together

algae - mosquito larvae - dragon fly larvae = perch

with other abiotic and bietic factors, determines

what species of plant are found at different

elevations.
+ Availahility of water: All life on Earth needs

4,7.4.2 Pyramids of biomass
Show the relative mass of each
trophic level, must be drawn to
scale Biomass The total quantity
efficiency =__biomass transferred to the next level x 100 or mass of organisms in a given

biomass available at the previous level area or volume

water. Too much and some species will drown or

Ene

rot. Too little and all species die. Numbers Blomass rey
* Atmospheric gases: Gases dissolve in liquids, L]

thus oxygen in the air dissolvesin water, It is this Sparrowhawk [

dissolved oxygen, together with that produced . |

by plants and algae, that support aquatic life. Bluetit [

When levels of pollution increase the levels of X

dissolved oxygenreduce. Caterpillar [
These changes may be seasonal, geographic or
caused by human interaction. Oak Tree
Key Terms Meaning Organism Biomass, dry mass (@) To calculate the % of the
Producers  Green plants - they make glucose during photosynthesis. Oak tree 100 000y w:mqm.m in the oak tree that

- is passed to the sparrow

Primary Usually eat plant material - they are herbivores. For Caterpillar 5000 v calculate hawk here’s what to do:
consumers example rabbits, caterpillars, cows and sheep. Blue tit 30 £ 3 =100 000 = 0.00003
Secondary  Usually eat animal material - they are carnivores. For Sparrow hawk 3 0.0003 x 100 = 0.003%

consumers example cats, dogs and lions.

Kill for food. They are either secondary or tertiary

Predators

CONsuUMmers.
Prey The animals that predators feed on.

Feed on dead animals. For example, crows, vultures and
Scavengers

hyenas are scavengers.

Feed on dead and decaying organisms, and on the
Decomposers

undigested parts of plant and animal matterin faeces.

4.7.4.3 Transfer of biomass
The amount of energy (in the biomass of organisms) is reduced at each
successive stage in a food chain because:
* All of prey organism is not consumed e.g. bones, teeth, hair

Energy is ‘lost’ as the organisms’ waste materials (faeces and urineg)
Energy is transferred / lost / released during respiration

Energy is transferred / lost as movement (kinetic energy)

Energy is transferred / lost as heat (thermal energy)

Energy is transferred / lost to the surroundings
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Knowledge Organiser — 4.7.2 Organisation of an ecosystem

4.7.2.1 Levels of organisation

¢ Photosynthetic organisms are the producers of biomass for life on Earth.

¢ Feeding relationships within 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 then tertiary consumers.

e 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.

—

Eparrwtoek

Tertlary Coemsie

Eeganlay conbpatas

Sus vonendod xusg

Spur

mean  The mean is calculated by adding all of the data and dividing by the number of items

Mode  The value that occurs most often.

median The ‘middle’ value in the list of numbers

quadrat A square frame of known area used for sampling the abundance and distribution of
slow or non-moving organisms.

transect A line created, for instance, with a tape measure, along which sampling occurs.

yield  The mass of product made in a chemical reaction. The percentage yield is a measure
of the yield obtained compared to the maximum possible yield.

RPA: measure the population size of a
common species in a habitat.

Use sampling techniques to investigate the effect of a
factor on the distribution of this species.

Quadrat Counting Method

Even
Spaced

Random Zoned
(Chance)

4.7.2.2 How materials are cycled
The water cycle

CARBON CYCLE

Photosynthesis
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Knowledge Organiser — 5.1 Atomic structure & the periodic table

5.1.1.4 Relative electrical charges of subatomic particles
& 5.1.1.7 Electron structure

Innermost, lowest energy level, shell has 2 electrons.

Next shell 8, next shell 8. (2,8,8)
Electronic structure an be shown as a diagram or a number
eg. oxveen (2.6)

Praton: Positive subatomic particle in
the nucleus. Relative mass 1, charge +1

Neutron: Neutral subatomic particle
in the nucleus. Relative mass 1, Charge
0 (no charge)

Electron: Negative subatomic
particle orbiting the nucleus. Very
small relative mass. Charge -1.
Can be represented by dots or crosses

Atomic radius: Nucleus: The centre of an atom in which most of

Sub-atomic Particles

5.1.1.6 Relative atomic mass

Isotopes are atoms of the same
element with different numbers of
neutrons in the nucleus.

Relative atomic mass: Average value
that takes account of the abundance
of the different isotopes of that
element.

3 protons, 3 electrons 3 protons, 3 electrons

3 neutrons 4 neutrons 5 neutrons

S (R

CUCUC

3 protons, 3 elections

0.1 nm the mass of the atom is concentrated
5.1.1.5 Size and mass of atoms Name of Relative
* Atoms are very small, having a radius smbric i

of about 0.1 nm (1 x 10-10 m). Proton 1
i MNeutron 1
* Atomic mass number: The sum (total) of
the protons and neutrons in the nucleus S i
of an atom of an element.
* Atomic (Proton) number: The number of 12
protons in an atom of an element. C
Balanced by number of electrons in an carbon
atom of that element. (so atoms have no 6

overall charge).

5.1.2 Periodic Table Shows the ~100 known elements in order of atomic (proton) number

5.1.2.2 Development of the periodic table

* Early versions organized by atomic mass

* Didn’t take account of isotopes

* Many elements missing

* Mendeleev ordered elements by atomic (proton) number

* Left gaps for undiscovered elements. Later discoveries proved him right.

H 0
.1 ? -
K i 12 34567% m.ﬂ._._.o.
.Wrm.u.mu A M ‘-ll--.-ul-.' 8 8 TN a8 TE Ne Noble Gases
tis tHE Period = E R Have ful
mmmpumvlu...rmm._r-rnrbm. Ew.l.wﬁw outer shells
u - ki 5] F - -
Mm.mou .IIM.I.HN.IHMIE._ 4“..:..“..“ mowﬁzm
v oo . M B = (i - T - an
WMMG" Elhﬂmﬂ..ﬂmﬂﬂﬂﬁﬁﬂﬂiﬂ unreactive.
S Y g [ HIH“HFHHEEHEER = Boiling
£ 8 S . | Ra UFWDF&W.E.?_@PD-.-. int
a5 E yHS S L3523 L-E3-FRY PN
s §3 increase
w 25 Group 1: Alkali Metals Group 7: Halogens going down
- e 1 electron on the outer 7 electrons on the outer the group.
m. shell. Reactivity shell. Non-metals. Exist
= INCREASES going down as diatomic (2 atoms)
the group. Vigorous molecules. Reactivity
reactions with oxygen, decreases going down
chlorine and water. the group.
Metals Non-metals

5.1.2.3 Metals & Non-metals

Elements that react
to form positive ions
are metals.

Elements that do NOT
form positive ions are | into wires
non-metals.

Good conductors of heat | Bad conductors of heat
and electricity and electricity

Malleable: can be Brittle: breaks easily if
beaten into thin sheets, |solid
hammered into shape

Ductile: can be stretched | Non-ductile: snap easily

Shiny (lustre) Dull
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Knowledge Organiser — 5.2 Structure & bonding

5.2.1.1 Chemical bonds
There are three types of strong chemical bonds: ionic, covalent and metallic.
lonic bonding: particles are oppositely charged ions. lonic bonding occurs in compounds formed from metals combined with non-metals

Covalent bonding the particles are atoms which share pairs of electrons. Covalent bonding occurs in most non-metallic elements and in compounds of non-metals
Metallic bonding the particles are atoms which share delocalised electrons. Metallic bonding occurs in metallic elements and alloys.

5.2.1.2 lonic Bonding

lonic Bonding
transfer of electrons
L=
R rd /..
“ Na ﬂ x . “
LW N y
L 1
. + Vahh 1-
iNa x| [§ c 8
*, !ﬁ...\ ..,,... y
.o

Between a metal atom and a non-metal atom
Metals lose electrons to form positive ions
Non-metals gain electrons & form negative ions
Electrons transferred (ions formed)

Strong electrostatic forces

Giant lattice structures

High melting /boiling points

If molten orin solution ions will conduct electricity .

5.2.1.4 Covalent Bonding
Sharing electrons

Ty
Ty
H H/

;\O.I.
H™H

. Between two non-metal atoms

*  Electrons are shared

* A covalent bond is one pair of shared electrons
*  Covalent bonds are ALWAYS STRONG

5.2.2.4 Properties of Small molecules

*  Usually gases or liquids with low
melting point & low boiling point.

* Weak intermolecular forces
(because they are small molecules)
which are overcome when
substance melts or boils.

* e.g.gases, water

* Do not conduct electricity as no
overall electric charge.

5.2.2.5 Polymers

* Long molecules with atoms linked
by strong covalent bonds.

5.2.2.1. The three states of matter

* Freezing take place at the melting point
* Boiling and condensing take place at the boiling point.
Particle theory can help to explain melting, boiling, freezing

and condensing.

5.2.1.3 lonic compounds

Eg: structure of sodium chloride

An ionic compound is a giant structure of ions.
lonic compounds are held together by strong

electrostatic forces of attraction between oppositely

charged ions.

These foreces act in all directions in the lattice and

* The amount of energy needed to change state from solid to
liguid and from ligquid to gas depends onthe strength of the
forces between the particles of the substance.

* The stronger theforces between the particles the higher
the melting point and boiling peoint of the substance.

* Solid at room temperature as
relatively strong intermolecular
forces.

* Repeating units
e.g. plastics

5.2.2.6 Giant covalent structures

Giant lattices

* High melting point and boiling point

*  Strong covalent bonds which must be
overcome to melt or boil.

* e.g. silicon dioxide, diamond, graphite

this is called ionic bonding.

O‘j‘ﬁuﬂﬂ Key *
[ s P e e’ -

L ag(e] | Ocr & .
L8 0%5e0 +

5.2.2.3 Properties of lonic compounds

have high melting points and high boiling points because of the large|
amounts of energy needed to break the many strong bonds.

When melted or dissolved in water, ionic compounds conduct
electricity because the ions are free to move and so charge can flow,

5.2.2.2. State symbols
In chemical equations, the | |

three states of matter are 5% Liguid Gas
shown as (s), (I} and (g].

(ag) for agueous solutions eg salt water or
acid solutions.

Science - Chemistry | 63



"INITYAOD =24 15NW SWole uogied Ussidaq spuod 2yl os |Blaw-uou e 5| uogied (210N

s2lucu3ea|s ‘Adojouyrazoueu
10) ngasn Auap cesupuljAa
3le S3QNIOUEU UOGIED)
"|eouayds

(989) suaus|npe1suIWRoNg
57 £ 40§ Jo sFul uleuoD

os|e Aew 1ng ‘sFup [euoFexay
sadeys moj|oH

sausJa||nd

SUq |MP Ul pasn ‘pleH .
"agieyd

ay1 Aused pue anow e

01 suoJda|a pasijedojap
ou sey se A112113|2
1INPU0I 30U S30(]  »
1dq/34W ysiy Asap
spuoq Jua|enod Suoals .
spuoq  swio} ) Yoeg .
B2111E| JUBIS) :puoLUEl]

% ()

A112113933 19Npuod 0}
SUDJ123|3 3314 Sulnes)
Spuo(g JU3|BADD €
salsodwios pue
$21U011I3|3 Ul [NY3s()
auydess

Jo 1ahe| sj8uis v

suaydeus

=3 (e)

puoweiq

*adaeyd ay3 Adied pue saoLl
Ued U0J133|3 pasi|elojap

3yl sey SeJ0JINpuod poog
L0J123|3 pasijedo|ap T SulAlD
(jpuad sjydesd ‘Juesugni|

se pasn) Ajisea Jo api|s o3
siahe| usamiag soalo eI
siahe|

U33M]3g SPUOG OU LYlIm
s5ull |euoZexay jo siakeq
spuoq g swioy J yaej
(stahe| ul) 231338 JUEID

ayydeln

uoqJed Jo 3ulpuoq %@ 3IN1INIIS £7°S

"S5U0.1323|3 pasi|eao|ap ays Aq pasiajsueay sj Adiaus
asnedaq ASJoua [Bwiayl J0 5J03NpU0d pood 3Ue S[E1IB[Y .

"|e1@2w @Y1 YSnoay

adiey2 |e21393]2 AllED [E13W 3] Ul SUCI303|2 PIsI|Ed0|3p
3Y1 25ne23g A3PLI303|3 JO SJ0PNPUOd pood 2UE S|E13JN .

51012NpuUOd SE S|BIBN B'Z° TS

s|eraw aund ueyldapaey ue sho|y .
sizfe] 2yl dnasip swoje Jusuaygip ‘shoje u] .
13pdeyade yaiym sho||e 3xyew 03 S|e3aW 13430 yHM
PaXiw ale 0s pue sasn Auew 10j Yos 0ol 2IES|EBW AING .
(=|ge=2||ew) ‘padeys pue juaqg 2q o] 5|E1=2W
sWo||E Yyorym ‘saahe| ul paduelde aie swoje ‘sjezaw aund up
‘sputod Sujlog pue Suizjaw
Y23y aney sje1=w 150w auojaiay | Sulpuog Jljjezaw
Suou3s Y SLIORE JO S3N3oNJ3s JuUBld aney S|E13IN .

sAo||e pue sjela3w jo saipadold /7S

laylo
yoea JaA0 3pI|s UBD SWole Jo sisde| lyos ale s|ElaW aung .

SUDI B

Aou1o3|3 pue 1eay
JONPUOD SUCIIDB[D PasIE0j2]
spuoqg 21)|e1@w Suoils wioy
SU0J1D3[3 PISI|BI0|2p pUBYS .
{am1s0d)
suol |e1aw g (aanesau)
suoujoa|s pasijeso|ag .
[El3wW
E 10 SWole uaamiaqg Sulpuog .

Buipuog )|ILIBN S'T'T'S

SWIDE |RFW J0 S0y S
Jaino En_h_-. SUDIDa|a add)

buipuoq 1@ 21njona)s 2°S — 19siuebi abpajmouy)

64 | Science - Chemistry



Knowledge Organiser - Structure & Bonding Separate Chemistry

Nanoscience

* Structures are 1 — 10Unm in size

« A few hundred atoms big

* Smaller than fine particles (PM; <)

» Coarse particles (PMyg) are also called “dust”

* As the side of a cube DFECRFASES hy a factorof 10, the
surface area to volume ratio INCRLASLS by a factorof 10

* Nanoparticies have a high SA to V ratio so they have
different properties than the same matenial in bulk.

* Smaller quantities are needed as they're mare effective.

Carbon Nanotubes are tiny carbon cylinders that
are very long compared to )
their width. Nanotubes can . ..’
conduct electricity as well A
as strengthening materials DN
without adding much B &%
weight. The properties of
carbon nanotubes make them

Molecules of carbon that are
shaped like hollow tubes or
balls, arranged in hexagons
of five or seven carbon atoms.
They can be used to deliver

drugs into the body.

Buckminsterfullerene has the formula Cp

useful in electronics and nanotechnology.

nanoparticle 1-100nm
fine particles (PM;s) 100-2500nm

As nanoparticles are so small, it makes it possible
for them to be inhaled and enter the lungs. Once
inside the body, nanoparticles may initiate harmful

/1 | reactions and toxic substances could bind to them

because of their large surface area to volume ratio.
Nanoparticles have many applications. These include
medicine, cosmetics, sun creams and deodorants.
They can also be used as catalysts.

Modern nanoparticles are a relatively new
phenomenon therefore it is difficult for scientists to

coarse particles (PMig) 2500-10000nm

truly determine the risks associated with them.
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Knowledge Organiser - 5.3 Quantitative Chemistry (Separate Only)

4.3.5 Volume of gases (HT)
The volume of one mole of ANY gas at room temperature
and pressure (20°C and 1 atmospheric pressure) is 24dm? 1!

Conversion: 24dm? = x 1000 = 24 000cm?

To calculate a known volume of gas:

Volume = amount in moles x molar velume
E.g. Determine the volume of 0.55 mol of carbon monoxide
(CO) at room temp and pressure.

Answer:

Volume = amount in mol x molar volume
=0.55 mol x 24 dm?
=13.2 dm’

Calculating a volume from a mass (HT)
When 3.5g of sodium reacts with water it
produces sodium hydroxide and hydrogen gas.

2Na + 2H,0 2 2NaOH + H,

a) Determinethe molar amount of sodium
(A,=23)

Amount in mol = mass (g) _

atomic mass
3.5g/23
0.15 mol of sodium

4.3.5 Rearranging the equation:

Number of moles of gas = volume of gas {dm? )

24 (dm? )

OR = volume of gas {en? )
24000 cni?
1) How many moles of gas are found in 48 dm? of COy(g?
Moles = 48dm?3 /24 dm? = 2 moles
2) Calculate the volume of gas (incm? ) in 1.5

moles of N,Oy
Volume = 1.5 mol x 24 000 cm> = 36000cm3

b) Determinethe melar amountof hydrogen.

According to the equation, the molar ratio
of sodium : hydrogenis 2:1
Therefore, 0.15 mol of Na produces
0.075 mol of hydrogen gas.

c) Determine the volume of hydrogen gas.
volume = amountin mol x molarvolume

0.075 mol x 24dm?
1.8dm?

Calculating a mass from a volume (HT)

Sodium reacts with chlorine to produce sodium
chloride.

2Na (s) + ﬁ_m ) ¢ 2NacCl (s)

Determine the mass of sodium chloride (M, 58.5)
That can be produced from 685¢m? of chlorine.

Amount of chlorine in 685cm? is:
Number of moles of gas = volume of gas {cni® |
24 000 cny

mol of chlorine=__ 685 ¢cm>
24000 cm?

=0.029 mol.

Mole ratio of chlorine : sodiumis 1:2
Therefore 0.029 mol of chlorine would produce
(0.029 mal x 2)= 0.058 mol of sodium chloride.

Mass of NaCl = moles of NaCl x Mr of NaCl
= 0.058 mol X 58.5

=3.393g
Answer: 3.393g of sodium chloride will be made

from 686cm3 of chlorine gas.

E.g. 1) Determine the amount of hydrogen gas that
occupies 198cm?®at room temp and pressure.

Number of moles of gas = volume of gas (dn¥

L

molar volume (dm?3)

198 cm?
24 000cm®= 0.0083 mol

Amountin mol =

Molar ratios: Hy + Cly = 2Hcl

When hydrogen reacts with chlorine, hydrogen
chloride is produced. In terms of the molar ratio,
10cm? of hydrogen would react with 10 cm?® chlorine:-
a molar ratio of 1:1.

The molar ratio between hydrogen and the hydrogen
chloride is, however, 1 : 2.

50 10cm? of hydrogen would make 20cm? of

hydrogen chloride.

volume

amount molar
inmoles x mass

amaount molar
inmoles x volume
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Question

Question

Knowledge Organiser — 5.3 Quantitative Chemistry

Answer

53.1.1  What s the law of The law of conservation of mass states that

conservation of mass?  no atoms are lost or made during a chemical
reaction so the mass of the products equals
the mass of the reactants.

53.1.1  What does the This means that chemical reactions can be
conservation of mass represented by symbol equations which are
mean in terms of balanced in terms of the numbers of atoms
chemical reactions? of each element involved on both sides of

the equation.

5.3.1.2  Whatis the relative The relative formula mass (Mr) of a
formula mass (Mr) ofa compound is the sum of the relative atomic
compound? masses of the atoms in the numbers shown

in the formula

5.3.1.2  What happens to the The sum of the relative formula masses of
sum of the relative the reactants in the quantities shown equals
formula masses of the  the sum of the relative formula masses of
reactants & products?  the products in the quantities shown.

5.3.1.3 How can we explain a This can usually be explained because a
change in mass? reactant or product is a gas and its mass has

not been taken into account.

5.3.1.3  Give 2 examples of ¢ when a metal reacts with oxygen the mass
reactions where there  of the oxide produced is greater than the
appears to be a change mass of the metal
in mass e thermal decompositions of metal

carbonates carbon dioxide is produced and
escapes into the atmosphere leaving the
metal oxide as the only solid product.

53.1.4  When thereis e represent the distribution of results and
uncertainty about a make estimations of uncertainty
result, what 2 things ¢ use the range of a set of measurements
should you do? about the mean as a measure of

uncertainty.

53.21  What are chemical Chemical amounts are measured in moles.

amounts measured in
and what is its unit?

The symbol for the unit mole is mol.

5.3.2.1 What is the mass of one The mass of one mole of a substance in grams is numerically equal
HT mole equal to? to its relative formula mass.
One mole of a substance contains the same number of the stated
particles, atoms, molecules or ions as one mole of any other
substance.
5.3.2.1 What is Avogadros The number of atoms, molecules or ions in a mole of a given
HT number, including its substance is the Avogadro constant. The value of the Avogadro
value? constant is 6.02 x 10?3 per mole
5.3.2.2 How many moles of one mole of magnesium reacts with two moles of hydrochloric acid
HT reactants and productsin: to produce one mole of magnesium chloride and one mole of
Mg + 2HCI MgCI2 + H2 hydrogen gas.
5.3.2.3 How are the balancing The balancing numbers in a symbol equation can be calculated from
HT numbers in a symbol the masses of reactants and products by converting the masses in
equation calculated? grams to amounts in moles and converting the numbers of moles to
simple whole number ratios.
5.3.24 What is a limiting reactant  The reactant that is completely used up is called the limiting reactant
HT and how does the limiting  because it limits the amount of products.
reactant affect the The effect of a limiting quantity of a reactant on the amount of
amount of products products it is possible to obtain in terms of amounts in moles or
produced? masses in grams.
5.3.2.5 How is the concentration  The concentration of a solution can be measured in mass per given
HT of a solution measured? volume of solution, eg grams per dm3 (g/dm3 ).
5.3.3.1 Why is it not always ¢ the reaction may not go to completion because it is reversible
HT possible to obtain the * some of the product may be lost when it is separated
calculated amount of * some of the reactants may react in ways different to the expected
product? reaction.
5.3.3.1 How do you calculate % Yield = Mass of product actually made
HT percentage yield? Maximum theoretical mass of product x100
5.3.3.2 How is percentage atom The percentage atom economy of a reaction is calculated using the
HT economy calculated? balanced equation for the reaction as follows:
= Relative formula mass of desired product from equation  x 100
Sum of relative formula masses of all reactants from equation
5.3.4HT What information doyou If the volumes of two solutions that react completely are known and
need to calculate the the concentration of one solution is known, the concentration of the
concentration of a soln? other solution can be calculated.
5.3.5HT What s the volume of one . The volume of one mole of any gas at room temperature and

mole of any gas at room
temp and pressure?

pressure (200C and 1 atmosphere pressure) is 24 dm3
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Knowledge Organiser- 5.4 Chemical Changes (Separate Chemistry)

Using the results from a titration experiment, it is possible
to calculate the concentration of a solution or the volume
of solution needed to neutralise the acid or alkali

Draw a table like this and fill it in with the information you
know from the question. Change cm® to dm

Titration caleulations RPA — Past paper question 1:

A student titrated hydrochloric acid with 25em?® of 0.10
mel/dm? sodium hydroxide solution. The equation for the
titration is:

IDEE - _.,.,__m_..,u__|_,.m__“:L\v _,.._mﬁ_,.m_n:+ ImD,.:
Titre 1 Titre 2 Titre 3 Titre 4 Titre 5
Volume 13.60 12.10 11.10 12.15 12.15
HCl em?

Use concordant results in the table to calculate:
a) The mean titre
b) Concentration of the hydrochloric acid solution

Answer:
a) Concordant results are those within 0.10 cm?® of each
other.
Mean titre = 12,10 + 12,15 + 12.15 = 12.13

3

No. of moles

Conc. (mol/dm?3)

volume (dm?)

Answer

b)

No. of moles Step 2 Step 1
Conc. (mol/dm?) Step 3 0.1
volume (dm?) Mean= 0.01213 0.025

Concentration N Volume
(mol/dm") (dm®)

Step 1- work out moles of alkali:
Moles = conc x volume = 0.1 x 0.025 = 0.0025 mol

Step 2 — work out moles of other reactant:
Mole ratio of 1NaCH to 1HCl so same number = 0.0025mol

Step 3- work out con of other reactant:
Conc = moles = 0.0025 mol = 0.206 mol/ dm?
volume  0.01213 dm?

b)
Mo. of moles 0.0025 mol 0.0025 mol
Conc. (mol/dm?) 0.206 0.1

volume (dm?) Mean=0.01213 0.025
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Knowledge Organiser — 5.4 Chemical Changes

5.4.1 Reactivity of metals

Metals react with oxygen to produce metal oxides.
The reactions are oxidation reactions because the metals gain oxygen.

5.4.1.2 The reactivity series pHtage i mostEsaciie K

. sodium Na
*  When metals react with other substances the calcium Ca
metal atoms form positive ions. magnesium Mg
* The reactivity of a metal is related to its s
tendency to form positive ions. aluminium Al
* Metals can be arranged in order of their carbon c
reactivity in a reactivity series. zinc Zn
* The metals potassium, sodium, lithium, iron Fe
calcium, magnesium, zinc, iron and copper tin &n
can be put in order of their reactivity from lead Ph
their reactions with water and dilute acids. hydrogen H
* A more reactive metal can displace a less copper Cu
reactive metal from a compound. .
gllver Ag
gold Au

platinum least reactive pt

5.4.2.1 Reactions of acids with metals
Acids react with some metals to produce salts and hydrogen.

acid + metal — salt + hydrogen
acid + alkali — salt + water
acid + carbonate —» salt + water + carbon dioxide

HCI - hydrochloric acid produces chlorides
HNO; - nitric acid produces nitrates
H,SO, - sulfuric acid produces sulfates

(HT only)

. explain in terms of gain or loss of electrons, these are redox reactions

. identify which species are oxidised and which are reduced in given
chemical equations.

5.4.1.3 Extraction of metals 5.4.1.4 Oxidation and reduction in terms of electrons
and reduction (HT only)

*  Oxidation involves gain of oxygen
* Reduction involves loss of oxygen
(eg gold) but mostare @

f\\\ﬂ > Oxidation Is Loss of electrons
compounds. e Reduction Is Gain of electrons
e Those below carbon can Oxidation
be extracted from oxides _w.

using carbon.

*  Those above carbon Loss of electrons
need to be extracted .
using electrolysis. Reduction

Is

Gain of electrons

*  Unreactive metals are
found as pure elements

5.4.2.2 Neutralisation of acids and salt production

* Acids are neutralised by alkalis (eg soluble metal hydroxides) and bases
(eg insoluble metal hydroxides and metal oxides)

2 3 4 5 6 7 8 9 1011 12 13 14

mn_n__n :mEﬁ_.m_ m___nm___._m_

5.4.2.4. The pH scale and neutralisation

* Acids produce hydrogen ions (H+) in aqueous solutions.

* Aqueous solutions of 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.

* In neutralisation reactions between an acid and an alkali, hydrogen ions
react with hydroxide ions to produce water.

HIGHER TIER
Strong acids (HCl, HNO,, H,SO,) fully ionise
Weak acids (ethanoic, citric, carbonic) partially ionise

Science - Chemistry | 73



OHZ + ‘0 ¢ -3 — HOY
10 3y + O°HZ + ‘0 ¢ HOY
pue

H <& 3T+ He
:9|dwexa 4oy ‘suonnenba jey Aq pajuasaidal
9 UEJ S9P0J1I3|3 1B SUOIIIEIY 'SUOIIEPIXO 3| 'SUOIIID|D
9s0| suol pasieyd AjpAnnesau ‘(apoa1da| aAnsod) apoue sy} 1y
SUOI19E3. SUOIIINPAI 3| 'SU0JIID ules suol pasieyd Ajaanisod
‘(apoJ1d3]2 aAe3au) apoyied ayi e ‘sisAjoa3dsla Suling
(Ajuo 1H)
suoilenba jjey se sapoJ123|a 1B SUOIIIeJ JO UOIIRIUISDIddY G €S

"pa34eydsip aJe 1eyl suol apIxoJpAy

pue suol uadoJpAy Supnpoud umop yeauq sajnasjow
Ja1em uolinjos snoanbe ay3 ul asnedaq suaddey siyy .

‘paonpoud

S| U980|ey Y3 UBYM SUOI 3pI|eY SUIBIUOD UOIIN|OS dY] SS3JUN
pasnpoud s| ua8Axo ‘(apoue) apoJ129|a aAIHSod Yl 1y .

‘ua04pAy uey) aAI10eD DI0W S| [BIDW Y] 4
paonpoud st usadolpAy ‘(spoyied) apotida|e aAlle3au 9yl 1y .

"POA|OAUL SIUBWIRID 3Y3 JO AYAloeal

9AI3E|34 3Y3 Uo puadap sap0J3d9|a 1aul Suisn pasA|oa1d9|d
S| uolln|os snoanbe ue uaym padieydsip suol ay | .

suolln|os snoanbe 4o sIsA|0J129|3 ‘¥ E'%'S

‘(9poue) apo41d9|a annusod ayi se uogied
Suisn 231j0A4d pue apixo wnjuiwnje

JO dINIX1W ud3jow e O SISA|04I3|D

9yl Aq paJnioejnuew s| winiuiwn|y
"1U2.44NDJ |B214393|3 3y} ddnpoud 03 pue
spunodwod 3y} 3w 03 $59204d UOIDRIIXD
9Y3 Ul pasn aJe AS19ua jo sjunowe agie
*U0QJEeI YlIM S10BDJ |BISW Y3 JI JO UOQIED
yim uoidnpad Aq paloesixa aq 01 dAnoeal
001 SI |e19W dY3 J1 Pasn SI SISA|04109)3
'sisAjo4323@ 3uisn spunodwod

U9}|OW WOJ} PRIIBIIXD 3] UED S|eIDNI

Ss|e1aW 10e41X3 03 SISA[0J123|2 SuIsN €€’

‘apoue ayy

1e paonpoud si (saulwouq) |elsw-uou ay3
9poy3ied ay3 1e pasnpoud si (pes|) |ersw ay3
$9p0J1039[9 1aul Sulsn a1el1s

ualjow ay3 ul pasA|04109|3 sI (Splwouq

pes| 33) punodwod ajuol ajdwis e Usymn

Spunodwod U0l Ud3|oW JO SISA|041I3|T T €S

—BpouiEd T

uoinjos snoanbe jo sisA|04399]3 VdY

9M[0AID

pue apIXo wnjulwn|e Jo 3JNIXIW e WoJ}
sIsAj0J129|9 Ag paloeJIxa S| wnjuiwn|y
(spoue) spourds|e

aA1lsod ay3 01 dA0W suol aAlle3aN
(apoyied) apoJ1d9|9

9AI1833U 9Y) 01 SAOW SUOI DAI}ISOd
91A|04129|9 3y}

y3nouyy passed S| Jua4und 2143233 Uy
9AOW 0} 9344 UdY}

9Je suol ay3 se ‘ualjow Jo pinbij usym
pasA|04129]2 2q ued spunodwod J1uo|

sISAj0J303]9 J0 ssa204d Y] T'EH'S

sIsAj0J199]3 "€

s|eysAuo aund ayy Auqg "osijjeasAio oy mojly  °g
91eJ0deAd 01 9ABI| UBY]L Y1BQ J9IBM JINO WIBAN

. r
podul -} -
[o— sayes Busog
R

Dugeindesy

p1|OS pa10eaJun o Jayl{ '€
Peay 7
ploe 0} pI|OS SS2IX3 ppyY T

Faded Jagpig —a

3jes 3|qn|os e jo uonesedald Vdy

‘syjes

p1jos @anpoJd 03 pasi||eIsAd aq Ued SUOIIN|OS }jeS .
"1jes ay3 o uojinjos e aanpoud
01 }JO PaJ33|1} S| PI|OS SS2IX3 dY} pue s3oeal

2JOW OU |13un pIoe 3yl 01 pPappe sI PIloS YL
"S912U0QJEeD JO SAPIX0IPAY ‘SIPIXO |RIBW ‘S|RIDW
Se |ons ‘saoueisqns a|gnjosul p1jos Yum wayl

guioeals Aq spioe woJy sapew aq ued s}jes 3|qn|os .

S}es 3|qn|oS €°T1'S

sabuey) |ed1wdY) 'S — 19siuebaQ abpajmou))

74 | Science - Chemistry



Knowledge Organiser - 5.5 Energy Changes (separate chemistry)

5.5.1.3 Energy change of reactions (HT only)
During a chemical reaction:

*  Energy must be putin
to break bonds in the
reactants.

* Energyisgiven out
when bonds in the
products are formed.

«-o
o=
FO ¢

*  If overall energy change is negative = exothermic reaction.
*  If overall energy change is positive = endothermic reaction.

In exothermic reactions, the energy released from forming new
bonds is greater than the energy needed to break existing bonds.
In endothermic reactions, the energy needed to break existing
bonds is greater than the energy released from forming new

bonds.

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. = _
Bond | Average bond energy (kJ mot) |

Example: H—H 436
O—H 463
0=0 498

Bonds broken:
» 2xH-H=2x436 =872 kI/mol

4.5.2.1 Cellsand Batteries

Chemical cells use chemical reactions to
transfer energy by electricity.

The voltage of a cell depends upon a
number of factors, including what

the electrodes are made from, and the
substance used as the electrolyte.

O Innon-rechargeable cells, eg alkaline
cells, a voltageis produced until one of
thereactantsis used up. When this
happens, we say the battery ‘goesflat’.

O Inrechargeable cells and batteries, like
theone used topower your maobile
phone, the chemical reactions can be
reversed when an external circuit is
supplied.

A simple cell can be made by connecting two different
metalsin contact with an electrolyte.

A number of cells can be connected in series to make a
battery, which hasa higher voltage than a single cel
If we connect different combinations of metals to make
acell, wefind that the voltage changes.

What affects the voltage of a cell?

Here is a simple reactivity series:

Magnesium
Zing
Increasing
reactivity
Copper
Silver

»  0=0 =498 kJ/mol

. Total=872 + 498 =1370 ki/mol | °  Exothermicenergy

change is negative

* Endothermic
energy change is
positive.

Bonds formed:
» AxH-0=4x463 =1852 ki/mal
*»  Total = 1852 kiJ/mol

4.5.2.2 Fuel cells

Fuel cells work in a different way than chemical cells. Fuel cells produce a voltage continuously, as long

as they are supplied with:
¥ aconstant supply of a suitable fuel
¥ oxygen, eg from the air

The fuel is oxidised electrochemically, rather than being burned, so the reaction takes place ata lower
temperature than if it was to be burned. Energy is released as electrical energy, not thermal

energy (heat).
Hydrogen-oxygen fuel cells:

Hydrogen-oxygen fuel cells are an alternative to rechargeahble cells and batteries. In a hydrogen-oxygen
fuel cell, hydrogen and oxygen are used to produce a voltage. Water is the only product. The overall

reaction in a hydrogen-oxygen fuel cell is:

hydrogen + oxygen = water
2Hag)+ Oz > 2H,0

4.5.2.2 Electrode half equations (HT)
2H, + 40H = 4H,0 +4e
0, +2H,0 + de > 40H

At the negative electrode:
At the positive electrode:

When you add these two half equations together, you get the following overall equation:

Total energy change = reactants - products:
1370 kif/mol — 1852 ki/mol = - 482 kI/mol

2H; +40H + 0, +2H,0 + 4 -> 4H,0 +4e + 4OH-
The hydroxide ions, electrons and two H,;O molecules will now cancel because they are on both
sides, leaving the overall equation: 2H;+ 0; = 2H,0
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Knowledge Organiser - 5.5 Energy Changes

5.5.1.3 Energy change of reactions (HT only)

During a chemical reaction:
*  Energy must be put in to break bonds in the reactants.
*  Energy is given out when bonds in the products are formed.

s @

e

* If overall energy change is negative = exothermic reaction.

* If overall energy change is positive = endothermic reaction.

In exothermic reactions, the energy released from forming new bonds is
greater than the energy needed to break existing bonds.

In endothermic reactions, the energy needed to break existing bonds is
greater than the energy released from forming new bonds.

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.

Example:
~ Bond _ Average bond energy (kJ mol™') |
H—H 436
g—H | 463 |
0=0 48

Bonds broken:

e 2xH-H=2x436=872kJ/mol

e 0=0=498 kJ/mol

e Total =872 +498 = 1370 kJ/mol

Bonds formed:
e 4xH-O0=4x463=1852kJ/mol
e Total = 1852 kJ/mol

Total energy change = reactants - products:
1370 kJ/mol — 1852 kJ/mol = - 482 kJ/mol
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Knowledge Organiser — 5.6 The Rate & Extent of Chemical Change

5.6.2.2 Energy changes and reversible reactions

The reaction between anhydrous copper(ll) sulphate and
water is used as a test for water.
The white solid turns blue in the presence of water.

endothermic

hydrated _  anhydrous
copper sulfate ~  copper sulfate

* exothermic _

+ water

Testing different catalysts

e

2H,0, w—  2H0 + o0

hydrogen peroxide water oxygen

2

Manufacturers can try different catalysts for reactions to find
the one that forms the products the quickest, therefore
making more profit. The results of a trial of 3 metals salts that
act as catalysts for the decomposition of H,O, are below.

ion - Oxide
glower rate of «mmnzh

m.r

5 Manganese(lV) :
B Oxide =

w A

m Copper(ll)
& Oxide
o

° Zinc
E

=

o

=

L

Time (s)

5.6.2.3 Equilibrium

If a reversible reaction takes place in a closed system
(where no reactants can enter and no products can
escape), the forwards and backwards reaction reach a
state of equilibrium, they occur at exactly the same
rate.

Example of a reversible reaction:

Nitrogen gas is reacted with hydrogen gas to make
ammonia gas. The forward reaction (making
ammonia) is exothermic.

N,(g) + 3H,(g) = 2NH;(g)

The backwards reaction (making nitrogen and
hydrogen gas is endothermic).

The equilibrium position is:

» to the left if the concentrations of N, and H, are
greater than the concentration of NH,

» to the right if the concentration of NH, is greater
than the concentrations of N, and H,

RPA Finding the rate of reaction by volume of a
gaseous product:

Gas syringe

T 3= '
7 )

- Plunger
lmmmmmrtiereremneaan |
— Camon doxide pushos
Synnge plunger out

Prediction
fask - the more concentrated
the acid, the faster the
reaction.
-the smaller the marble
chips, the faster the
reaction.

wre of caleium

The reaction is complete when no more gas is
being produced.

Hazard Possible harm Possible precaution

Hydrochloric | Causes skin and [Wear eye protection
acid |eve irritation

Fizzing in Em__f.“n_n spray or ._r.mm a large conical flask so there

reaction foam may is plenty of space inside; do not
mixture idamage skin look over the top when adding
and eyes the calcium carbonate

5.6.2.4 The effect of changing conditions on
equilibrium (HT Only)

Le Chatelier's principle

The equilibrium position can be changed by changing
the reaction conditions through:

* changing the pressure

* changing the concentration

e changing the temperature

The system will respond to counteract the change.

+* Industry uses this / ,,,
principle regularly to \ \
increase the amount of KE T\
product they make (for -
the best profits!).

RPA: Finding the rate of reaction by turbidity.
Sodium thiosulfate solution reacts with dilute
hydrochloric acid. The sulfur produced forms a
cloudy yellow-white precipitate during the
reaction. The time taken for this to achieve a given
cloudiness provides a way to measure the reaction

time.
Look «  add S0mil dilute acid to flask.
« = Add 10ml sodium thiosulphate to
Nask.
= Start timing.
*  Stop timing when
the cross can no
longer be seen,

- - - -
& - -~

Prediction — the reaction is faster if the reactants
are hotter or more concentrated.
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Knowledge Organiser - 5.7 Organic Chemistry (Separate Chemistry)
____ Keytems |

Functional An atom or group of atoms that give organic compounds their|
group characteristic reactions.

M_Mﬁm_omccm Family of organic compounds with the same functional group.
Double bond  [A covalent bond made by the sharing of two pairs of electrons.
Unsaturated |A hydrocarbon whose molecule contains at least one
hydrocarbon  |carbon-carbon double bond.

Alkene A hydrocarbon containing at least one double bond. They

follow the formula CyHan. Used to make polymers.

Bromine water

A chemical that is brown/orange in colour. If added to an
alkene it reacts and changes to colourless. Alkanes do not
produce a change in colour.

Addition

two molecules add together to form a single product with 100%
atom economy.

Oxidising agent

A substance that has the ability to oxidise other substances. Its
symbol is [O]

Structure of Alkenes
Alkenes are unsaturated hydrocarbons.

containing one double bond is C,H,,

The general formula of the alkenes

H H H
Butene

Propene
H H H

_._
| _
H—C—C—C—C=C
| _

H

_
H H H H
Pentene

Reactions of the alkenes

It is the C=C double bond that makes the alkenes far more
reactive than the alkanes. Alkenes will react with hydrogen, water
(steam) and the halogens, by addition of atoms across the C=C double
bond so that the double bond becomes a single carbon-carbon bond.
Alkenes will burn in oxygen to produce carbon dioxide
and water. C;Hs+ 30,2 2C0; + 2H;0
Combustion |Alkenes release less energy per mole in combustion
than alkanes hence the alkanes tend to be used as
fuels, whereas the alkenes are not.
Ethene reacts with bromine to form dibromoethane in an
addition reaction. CH,=CH; + Br> = CH:BrCHBr
When you test ethene with orange bromine water it
turns the bromine water from orange to colourless.
[ | B
Reaction
with 2 u
halogens
Alkane Alkene Alkane  Alkene (has reacted
with the bromine
water decolorising it)
The alkenes also react in a similar way with the other
halogens, chlorine and iodine.
Alkenes reacts with hydrogen in the presence of a
Reaction nickel catalyst at a temperature of about 150°C to
with produce an alkane. C;Hs+ H; 2 CiHe
hydrogen |[This reaction is used to add hydrogen across double
bonds in unsaturated oils making margarine.
Ethene reacts with steam in the presence of a
Reaction catalyst to :l,_.m_nm ethanol.
with water [c2He 20 = CoHsOH .
(steam) The _wmmn_.uc: also requires heat and high pressure. The
reaction is reversible so unreacted steam and ethane
are recycled over the catalyst.
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Knowledge Organiser - 5.7 Organic Chemistry (Separate Chemistry)

Section 1: Key terms
Very large covalently bonded molecules with many

Polymer repeating units (poly means many).
Small reactive molecules which join together to make a
Monomer
polymer (mono means one).
Plastics Made of very large covalently bonded molecules called
polymers
ban_ﬁ_o:. ) The reaction between alkene monomers to form a polymer
polymerisation
Condensation |Usually involves a small molecule released in the reaction

polymerisation

(like water or HCI), as the polymer forms.

Monosaccharide

Simple carbohydrates made from one sugar unit e.g.
glucose.

Polysaccharide

A polymer made from monosaccharide monomers e.g. starch
or cellulose).

Protein Polymers of amino acids
Deoxyribonucleic acid is made up from monomers called
DNA .
nucleotides
. Monomers used to make DNA. There are four different types
Nucleotides

that can react to form DNA polymers.

make polymers.

Section 2: Addition poly:
One of the most important ways that chemicals from crude oil are used is to

and poly(propene) by addition polymerisation.

Alkenes can be used to make polymers such as poly(ethene)

MM (M H In addition polymers the repeating unit has the
nC=C —+ +C—C— same atoms as the monomer because when
BN '" H/n the C=C bond "opens up” in polymerisation,
no other molecule is formed in the reaction.
ethene poly(ethena)
Polyethene is very useful as it is strong, transparent and
easily shaped. Used to make drinks bottles, washing up bowls,
Uses dustbins and cling film.

Polypropene forms a very strong tough plastic. Used to make
carpets, milk crates and ropes.

Section 3: Condensation ation (HT)
As well as addition polymerisation (which requires monomers with a
C=C), chemists can also make polymers from another type of reaction
called condensation polymerisation.
Condensation polymerisation involves monomers with two
functional groups. When these types of monomers join together,
they usually lose small molecules such as water or HCl, and so the
reactions are called condensation reactions. Two products are usually
formed.
Polyester (used to make clothing) and nylon (used to
Examples .
make rope and stockings).
Requires an diol (dialcohol) monomer and a
|dicarboxylic acid monomer.
T 1
n HO—C—{_1+—C—0H + NnHO—_1—0H
Forming a dicarboxylic acid diol
polyester R
xﬁn|ﬂ_|n —0—1—0 + M:IND
polyester " water
Requires a diamine monomer and a dicarboxylic acid
monomer.
. 9 .
N HO—C—(CH,),-C—OH + N H,N~(CH,)e—NH, { /
dicarboxylic acid diamine
Forming % 251
nylon 0 g H H _—
xﬁnuﬁxur-nlz-_ﬁxmvm-z% + 2nH,0 _
Nylon r water ] ] foor
Nylon thread can be made using the -
apparatus shown in the diagram Sk
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Knowledge Organiser — 5.7 Organic Chemistry

Science - Chemistry | 85

4.3.1.1 Crude oil & hydrocarbons 4.3.1.1 Alkenes n_.——-—N_.- 5.7.1.3 Properties of Hydrocarbons: Alkenes || 5.7.1.4 Cracking & Alkenes
) I<aqnnmh_oM=m are non“_.:uo::nm that * Unsaturated hydrocarbons + Hydrocarbons can be broken ’\
contain hy Smm:_ an + ContainHand C B R e o octane | | doWn (cracked) to produce | T
carbon m.;w:_m only. ) * Adouble covalent bond between ~ 100 J  points of the hydrocarbon i smaller, more useful molecules.
* Crude oil is a finite resource that is some carbon atoms so they are & heptane
. , . . - ® hexane
_‘.o:zﬁ in the mm&., s crust. _ﬁ. is the more reactive. £ s | s Cracking products
%ﬁm_:m_& o_.mw:_m-:m that __<m.a w:g * Formed from alkanes during a ] e include alkanes and
ied millions of years ago - mainly cracking. £ , an alkene. o
plankton which was buried in mud. H H H H H 3 0 4 W omane
° o . _ _ — (o0 v |
Crude oil is a complex mixture oﬁ. _ _ | H—C—C=cC R There is a high demand
hydrocarbons. The carbon atoms in c=c ~100-9 [
Y ) . I ___ _.__ 7 for small molecules and e < |
”%mwm .30_mn%_w.n. are joined together H H 150 ¥ A 50 some of the .
n ¢ m_s.m_ anc rings. ‘ sthene propene o ) ) products of cracking
Crude oil is an _BUOWEE source o C,H, C,H, =¥t are useful as
fuels such as petrol, diesel, kerosene, NG of o ks fo tha ke fuels
heavy fuel oil and liquefied H HH H HHHHH - ;
petroleum gases, & feedstock for the :In_wln_uln_uun_u _._Imlm.ln_uln_unm
petrochemical industry I I [ |
H H H H H H H :
butene pentene 5.7.1.3 Properties of Hydrocarbons: Alkanes
4.3.1.1 Alkanes . ; : o
ns—-_N-.-.N C,Hg CsHyo _ﬁﬂm mxccmwm”.nmx_m w:n_u.ﬂ_m viscous _M is « Flammability is
*  Saturated hydrocarbons ._n andsticky. >olids are mos © measure of how
. contain H and C atoms 5.7.1.2 Petrochemical :JQCM.H—J\ viscous. . . . o) ..hL % easy the
+  Single covalent bonds between Petrochemical: a substance made from " Ifa .mc_”mﬁm:nm _M_mmm <_mno_cw _ﬁﬁ 'S . : s m m hydrocarbon is to
carbon atoms crude oil using chemical reactions m.mm_mq O pour. Lases are [eas m m m :m_m m ignite and burn.
. . . . . . . . (= =
*  Majority of compounds in crude Solvent: The liquid in which the solute viscous o= & S2s
. . . v & - o X
oil are alkanes dissolves to form a solution. 8 £ 4 * Small
icant: i i i i -\Hé 5 s c® hydrocarbons
methane ethane Lubricant: A Ecq._nm:ﬁ is anything which ~— methane S .m g 2 £§5E y
CH, C,H, reduces the friction between two e ohe m 2 € such as methane
surfaces. 0 23 o 3£ | aremorevolatile.
H o Detergent: A mixture of chemicals which ethane S m g .W, 2 This means they
. . . &= = - . .
H—C—H H—C—C—H have cleaning properties when dissolved u o o 0 w g evaporate easily.
h T__ ._* in water, and are able to dissolve grease. a : S3¢ RN
. i 3 . = ] R Ry . i
oropane butane _"mmn.mSn_A. A raw Bm.ﬁ.m:m_ Cm.ma to bropane i 5 m < Sz o This Bmm:.m that
CH, CiHyg provide reactants for industrial J Yoo 5|8 e they turninto a
reactions. g 2 £ 2 g = gas at a lower
o
H q +__ MM o Polymer: A large molecule formed from 298 ,..M_uu.. m 2 temperature and
. . © o . .
H=C=C=C—H He=C = C o G many identical smaller molecules known = = L= = € o can ignite easily
___ T__ T__ p q__ __* T__ as monomers.
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Knowledge Organiser — 5.8 Chemical analysis (Separate Chemistry)
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4,8.3.1Flame Tests 4.8.3.2 Metal Hydroxides 4,8.3.3 Metal Carbonates
Metal ions when heated produce a variety To identify metal ions, sodium hydroxide solution * To identify carbonate ions, place a small volume of
of flame colours. These colours are usedto || should be added to the sample. This causes a limewater into test tube.
identify the metal ions present ina sample. | | precipitate to form: * Add the sample and a few drops of hydrochloric acid
1. Dip wire loop into sample. + Calcium or magnesium = white (doesn't dissolve) (source of H+ ions) using a pipette.
2. Place loop into roaring Bunsen flame * Aluminium = white (dissolves in excess NaOH ) * Seal the test tube with a bung and delivery tube.
3. Observe colour of flame and cross * lIron (11)=> green - * Place end of the delivery tube into the limewater.
reference * Iron (1) = brown = Ifthe limewater turns milky-white, the gas produced is
Mixtures sometimes make it difficultto + Copper (Il) = blue CO; and the sample is a carbonate.
isolate just one colour 0.2 + 2HY = CO, + H,O
, 3 2 2
+ Magnesium sulfate + sodium hydroxide 2*magnesium hydroxide + sodium sulfate \ 4.8.3.4Halides
Li D * Using a pipette, add a few drops of nitric acid solution
Tom Colour of the Precipitate Produced Ton Colonr of the Precipitate Produced to the sample, then a few drops of silver nitrate
AP Cu* solution.
crimson *  (Observe the colour of the precipitate.
N cl- = Chloride 2  white precipitate
Na D white blue Br- = Bromide =  cream precipitate
y colourless sodium - 2 lodide —  yellow precipitate
.\uuru copper
yellow hydroxide 4.8.3.5Sulfates
+ - — * Using a pipette, add a few drops of barium chloride
K / - e solution to the sample, then a few drops of hydrochloric
acid.
* A positive result for sulfate ions will produce a white
lilac white green ! precipitate.
7 50,2- + Ba®™ = BaS0,
_Hmm+
D . 4.8.3.2 Half Equations
] = — These can show what happens in precipitation reactions but
Mg " do not show spectator ions (those not involved)
arange-red Copper (I1
Cut Cu®* + 20H = Cu(OH), Cu®* means atom lost 2 electrons,
white brown therefore must gain 2 electrons; 1 from each OH" ion.

L J
a4

Iron (1N
Fe* + 30H” = Fe[OH); Fe™ means Fe atom lost 3 electrons,
green therefore must gain 3 electrons; 1 from each OH" ion.
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Knowledge Organiser — 5.8 Chemical analysis

5.8.1.1 Pure substances 5.8.2 Identification of common gases ;%
* In chemistry a pure substance contains only one type of element or Oxveen Lit splint = Chlorine .‘“...

one type of compound. SXyeen I h P # /

) The test for oxygen The test for Chlarine oot PN
» Example: pure water only contains H,0. is to put a glowing - / chlorine is to put g / /

*  Pure mccmﬁmsnmm._sm_ﬁ and boil at mvmn;_n.ﬁ.mivm_.mﬁc_.mm which can splint in a test tube Glowing | damp litmus paper ........f!

be used to identify a substance and test if it is pure. of gas. The splint in the gas. The F. ry
. . . . . . -. I --n-

In everyday life, a pure substance is something that has had relights in oxygen. A chlorine will bleach W

nothing else added to it and is in its natural state.
» Example: ‘pure’ orange juice is not chemically pure but
doesn’t have any chemicals added that aren’t from oranges..

the paper white.

Hydrogen

Carbon dioxide
The test for carbon
dioxide is to bubble
the gas through

5.8.1.2 Formulations The test for hydrogen -
is to put a burning el

A formulation is a mixture that has been designed as useful product. splint at the end of a

Many products are complex mixtures in which each chemical has a test tube of gas. | ———— | ) .
. Hvd b m limewater (calcium
particular purpose. ydrogen burns A _ hvdroxide). Th
rapidly with a squeaky I ydroxi e). he
All the ingredients must be mixed in the right quantities so the pop. A ) limewater will turn
product has the correct properties. milky (cloudy).
For example: Fuels, medicine, paint
5.8.1.3 Chromatography RPA : Chromatography ]
*  Chromatography separates mixtures and R. of bl -8 _
g . h h ¢ of blue spot=—= 0.8
can identify substances. . .‘oz_wﬂwvomqov y r y \ 10
. . Salvent
Two phases are _\._mmo_. . 5 _ ; P front R, of purple spot = 5 _06
1. The mobile phase (moves) is the e \ 10
X Blue 2
solvent. == =
X e ) . . Direction of \ R; of red spot o 0.2
: es m. ionary phase (doesn motion of 10cm O Furple
move) is the paper. solvent B .a
. Separation depends on the distribution N sen . R, must between 0 and 1.
between _o@mmmm. The more m.o_:c_m a L= ””M: f @ | Red * Inanexam you may be asked to
m:cﬂm:n.m is, the more time it spends in Solvent — 1| ,._H-._._ origin measure these so have a ruler
the mobile phase. and measure to the nearest
* TheR;value is a ratio of how far the substance has travelled with regard to the mm!
solvent. e The start line must be drawn in pencil
Rf = distance travelled by the component because ink will run. Chromatography can identify
*  The solvent must start below the line what substances are in a mixture.

distance;trvelad by thewslyent otherwise your substances will leech into

*  Each pure substance has a unique R; value in each solvent which can identify it. the solvent.
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Knowledge Organiser — 5.9 Chemistry of the Atmosphere

5.9.2.3 Global Climate Change

An increase in average global temperatures is a major cause of

climate change. Climate change could cause:

¢ Melting ice which could cause rising sea levels and flooding.

e Ocean acidification which could damage sea life.

*  More extreme weather which could lead to housing damage,
wildfires, droughts, flooding etc.

*  Changing climate temperatures could mean different crop
seasons and migrating species.

=G » IMPACT

OF CLIMATE CHANGE

felcation of o @
whole towns "

Shrinking
productivity
of harvests

Prices of basic loogstuits
and Consumer goods
will rige

SOCIAL AND ECO

The cost of adapting
2 coastal areas b rising
&3 leweis

Less of e capachy 10
work due 1 heat

More wars 20 gain
O access to imited
ik Bareme metoorcsegical
pnenomena wil causs
Widesprean poverty
= Freshwater wil b

In shoet Supply in
gome areas

Diseanes will 3pread gue .—_
higher ipmperatures

5.9.2.4 The carbon footprint and its reduction

The carbon footprint is the total amount of CO, and other greenhouse gases emitted over the full
life cycle of a product, service or event. To reduce a carbon footprint you need to reduce the
amount of CO, and methane you produce.

Find out yours 2>

https://footprint.wwf.org.uk/#/

TRACKING CARBON EMISSIONS AT EACH STEP OF THE VALUE CHAIN

RAW MATERIALS

food

GOODS &
. mfunol, SERAVICES
Equusgimsant,

EMPLOYEE
TRANSFORT
s Mhghis,
aE

BUILDINGS &
FACILITIES Hoad, T
Energy

DISTRIBUTION

5.9.3.1 Atmospheric
pollutants and their
sources

Most pollutants come
from combusting fuels.

Products released can be
CO,, H,0, carbon
monoxide, sulphur
dioxide, and nitrogen
oxides.

Fuels may also produce
solid particulates of carbon
(soot).

5.9.3.2 Properties and effects of atmospheric pollutants

Product | Carbon Sulphur dioxide and Particulates
monoxide nitrogen oxides
Problem | Colourless, | Cause acid rain and Cause global
? odourless, | respiratory problems. dimming
toxic gas. and health
problems.
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Knowledge Organiser - 5.10 Using resources (Separate Chemistry)

The properties of polymers
The properties of polymers depends on what monomers

made.

are made from the conditions under which they are

polymers

qumqaomonmaao because

n or melt easily
n heated
their
intermolecular

es between the
chains are weak.

Thermosetting
|polymers

ntain crosslinks
(strong covalent
bonds) cmgmm:_

ains so they do
not soften or melt
easily.

W) ol

High density
polyethene

Made using very
high pressures and
ace of oxygen.
Polymer chains are
randomly

branched, can't
pack closely
ogether resulting in|
a low density.

branched

Low density
polyethene

[Made  using a
catalyst at 50°C and
a slightly raised
|[pressure. Made of
straight chain|
molecules which are
osely  packed,
stronger and more
|dense.

Straight chain

Glass, ceramic and composites
e most common form of glass is Soda Glass which is made by heating
3 mixture of sand (Si0:), limestone (CaCO0;) and sodium carbonate
(soda) at 1500°C. As it cools down the glass turns into a solid.
Different types of glass exist depending on amounts of each of the
reactants; borosilicate glass involves an extra compound- B20s.
* Atoms arranged irregularly
* _Transparent, brittle, high melti int, keeps its shape (not fliexible
Wet clay is moulded into a desired shape, then heated in a furnace to
1000°C
« Used in bricks, tiles, crockery, bathroom furniture

|Glass

[Ceramics » Atoms are held together in a giant covalent lattice, generally in a
regular pattern
» Hard but brittle, electrical insulators
|[Materials made from two or more different materials, with one material
acting as a binder for the other material, reinforcing it.
[Usually fibres or fragments of one material are held in a ‘matrix’ (network
Icomposites of atoms) by the other.

» Glass-ceramic composites are very hard and tough (not brittie)
» Fibreglass (polymer-ceramic) is a low density, tough, fiexible material-
e.g. used in kayaks

» Plywood, carbon fibres and cement are other examples

The Haber process
The Haber process is used to manufacture ammonia, which can be used to produce

_:.Qo@m:.cmmma ﬁm&_mmma.qzmiiaugzu_nmaacdog:333mm5m=n
hydrogen (from natural gas, mainly methane).

The nitrogen and hydrogen are purified then passed over an iron catalyst at a high|
temperature of 450°C and a high pressure (200 atmospheres) to make ammonia NH;.

Nagy + 3Hyg# 2NHyg

The reaction is reversible so ammonia can break down again into nitrogen and hydrogen.
The ammonia is removed by cooling the gases so that the ammonia liquefies. It can then|
|be separated from the unreacted nitrogen and hydrogen gas.

The unreacted nitrogen and hydrogen gases are recycled back into the reaction mixture so|

[that they can react again on the surface of the iron catalyst.

Science - Chemistry | 93



ajeydsoyd wnpjed ¢ poe duoydsoyd + 3001 ajeydsoyd
2jeyns wnpjed + ajeydsoyd wnpjed & poe dunydins + 204 3jeydsoyd
2Jeniu wnpied + pre cuoydsoyd & pe JIu + X004 ajeydsoyd

(Poe Jjiu 9xew 1PIXO S|
J3(eH 3y} WOy BIUOWIWE) SIS 3jeniu njew 03 paunbal si pe JUIN
'$Ja51|043) Se pasn AjpaJip 2q ued 0s a|gnjos a.e pue bBujuiw Ag pauieyqo|
a1e eyns wnissejod pue IPUOJY WNISSeI0d "spunodwod ajeydsoyd
2IqNIOS 2] ANEW O) SPIIE YYM 1edl INq ‘SI9s)|4ey Se Ajgaulp pasn
2 Jued 0S JIGNIOSuUl 2Ue SHPO0J YL  “'Od uol ajeydsoyd a3 surejuod)
1B S04 ajeydsoyd ‘sd04 ajeydsoyd woly pauieiqo ase sajeydsoyd

%201

aou___to‘_
eydsoyd

s|euajew
Mels
buuieqo

2JeJjnS  WNUOWWE & pioe Junydjns + eluowiwy]

aeydsoyd wnuowiue & pe Jupoydsoyd + eluowwy

jeniu WNIUOWWE & Pe JUJIU + BIUOWWY

'6°2 Joy3ab60) aseq pue pe ue bupeas AQ spew ase SIasI a4

SISLIUAS

"SISayjuAsoloy
POAIOAUI  SSWAZUS IjeW 0] pPIpesU  winisseljod
VNGO 23ew o) papaau snioydsoyd
syuejd ur suiosd bupjew pue ymosb (|90 J0j uabosIN

lpue uonendsas ul

SI3SIILD
MdN

| [oya Paye jusa0p ) 2dUY

Ul JNSas S0P NG eOWWE JO plol
‘Ajjen

uoDea) SPpIeAMORq PuR SPIeMIO) JY
jO 3jes 3y dn spaads jsAjeied uoa ayy]

"39)2Inb paonpo.d buiaq m_coEM

1sAe3en)|

‘Sa|noajow
seb ssS9| 2.2 DY Se aIpis puey
Wwbu a3 03 Bumow wnuqnba ay

ainssasd
ay) buibuey

JIULIDYIOXD 3} 0] Saaow wnuqinb
A ‘pesedanap S aumesndws
ay 41 (eanebou st HY) ssadoud
DIULIRYIOXa Ue S| ssadoud JaqeH Ayl

aimesdw)
buibuey)

(UORDJIP SPJEMIO) Ul JILLISLI0X3) 2AReDaU Si
+ Oz :ssa00ud JaqeH ay) 2105 uonenby
$Sa20.4 J2qeH ay3 ul suoipuod buibuey)

OXHNZ = RYHE

(1LH) @siwosdwod JoqeH aylL

"SJUDLLDIR 324 || JO SpunOdLU0D UIBIU0D SIASIIUB) NdN -abuey )
| AARPNPOIT [BINYMOLIDE! 15 3no |@oued 03 Se 05 SIYs wWnuqgyIn ajdpuLg
PAoadwr 03 siesHiua) se pasn ase wnissejod pue snioydsoyd ‘uabosu jo spunodwo)) |o uomisod 3y ‘wnuqiEnba je waysks e oy  sJaRley
I I |>onroau s SuoRipuod uj dBueyd © U 2
————“ D05 JO 31mesadwayl "J9UIRJUOD pajeas e saiinbay
oov oot 00z o0 0 e pue saseydsoune Q0Z JO aunssaud y| [quesuod uewas Juasasd  spnposd (1H)
&. ‘umop nuuoo_ pue SjuePeas JO SJUNOWE 3| 'Ijes aw wnuqinb3
o o buidaay ajym dweydwy I|RUOSER 5y ARJeXa 12 JNDD0 SUOIPEDS SpIemydeq L
o S, sz Y i [B U PP ozsuon...ou ue Bunailpel Ipue piemio ayy usyM paydeal st wnuqyINb3
055 | m poyoeas S1 osmuosdwod e DudH|
e \\ I~ 172 St irers ) wouy ABsaud ul saye) umwpﬂc_p_.uo.__ﬁmm._:“ Jluiapopul)
o] \_ SW bupnposd jo 3s00 3y sasea.nul Syl 5 .
o J ‘papaau 51 Juawdinba aalsuadxa asow| sbujpunouns| o cox3l
7~ % % |iabuons sueaw ainssaid oy Buiseanu| [P ©3 ABseus sigjsuen jey uopeal v
- ® "paonpoud aq 03 ejuowwe| QG+ O % g +ViSe UMOYS uordeal
et | - 0j Jo6uo] Hupje] ‘uoneas Jo el 3 = S| |OQUIAS S]] "SIURPRIS Y W0y SAQISIATY
951W02dW0) JIGRH L uMOp smojs aimesadwa) ay) Buuamo| [osie ued spPnpoad 3yl YoIym Ul UoRIRIL Yy .

SwIa) A9) ssa00.4d 1aqeH 9y

(Ansiway) ajesedag) saoinosas Suisn QL°G - J3siuediQ adpsjmou)

94 | Science - Chemistry



Knowledge Organiser - 5.10 Using resources

the Earth's resources

Humans use the Earth’s resources to provide warmth, shelter, food and
transport. Matural respurces provide food, timber, clothing, and fuels.

Finite (non-renewable) respurces are processed to provide energy and materials.
These include fossil fuels and metals.

Renewable resources can provide energy and materials as well. These include
solar power and sustainable crop growth.

5.10.1.3 Waste water

Urban life and industry produces a lot of waste water. This water must be treated
(cleaned) before going back into the environment.
*  Sewapge waste requires removal of organic matter and harmful microbes.
This treatment includes:
" Screening and grit removal.
" Sedimentation to produce sewage sludge and effluent.
" Anaerobic digestion of sewage sludge.
& Aerobic biological treatment of effluent.
*  Industrial waste require removal of organic matter and harmful chemicals.

3.10.1.2 Potable water
Water is essential for life. Humans need water with low levels of dissolved salts
and microbes. Safe water is called potable water (not the same as pure water. In
the UK rain collects in lakes and rivers. Potable water is produced by:
®*  Choosing the right body of fresh water.
®  Passing the water through filter beds.
*  Sterilising using chlorine, ozone, or UV light.
If there isn"t much fresh water, sea water can be desalinated by distillation or
reverse 0smosis but this takes a lot of energy.

Potable water RPA

This practical involves testing a sample of water then purifying the sample.

Step 1: To analyse the water, you use universal indicator to test the pH of 10 om?® of
the water samples. You then evaporate 10 cm?® of the samples and record the mass
of solids that were dissolved in the water.

Step 2: Distilling the water. Set up the distillation equipment and gently boil the
water. Collect the distilled water in a cooled tube. Test the purity of this water by
finding the boiling point.

5.10.2.1 Life

Life cycle assessments [(LCAs) are done to assess the environmental impact of

products in each of the following stages:

*  Extracting and processing raw materials.

*  Manufacturing and packaging.

*  Use and operation during its lifetime.

®  Disposal at the end of its useful life, including transport and distribution at
each stage.

It's easy to put numbers on the

use of water, resources, energy

Prave materials Ml actusirg

& e

sources, and some waste /
production. However, it is less

easy to giving numbers to — _—
pollutant effects, so it is down to o a @ m o
This means that LCA is not a - 'y

purely objective process, there is [T i

a little guesswork. Use Distribetion

LCAs can be used to evaluate a product but companies may leave parts out
to give & misleading representation for advertising (biased)

5.10.2.2 How to reduce resource use

By using less limited materials, the impact on the environment can be reduced.

There are three ways to lessen environmental impact:

Reduce use of limited resources. Metals, glass, building materials, clay
ceramics and most plastics come from limited raw materials. The fuels for
the processes come from limited resources. Mining from the Earth causes
environmental impact.

.:x:m:mm. Some products, such as glass bottles, can be reused. Glass bottles
can be crushed and melted to make different glass products. Other
products cannot be reused so are recycled.

.:x:mm..__m_m. Metals, plastics, glass and other materials can be melted and
recasted imto new products meaning no new materials are needed. Some
materials need a lot of separation.
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Knowledge Organiser — 6.1 Energy

joule (J) = unit of energy

6.1.1.1 Energy stores and systems

Energy store Description

Magnetic The energy stored when
repelling poles have been
pushed closer together or
when attracting poles

have been pulled further

Examples

Fridge magnets,
compasses, maglev
trains which use

magnetic levitation.

object.

apart.

Internal Total kinetic and potential|[Human bodies, hot

(thermal) energy of the particles in |coffees, stoves or
an object, eg the hobs. Ice particles
vibrations - also known |vibrate slower, but
as the kinetic energy - of [still have energy.
particles. In hotter
objects, the particles
have more internal
energy & vibrate faster.

Chemical The energy stored in Foods, muscles,
chemical bonds, such as |electrical cells.
those between molecules.

Kinetic Energy of a moving Runners, buses,

comets.

Electrostatic [The energy stored when

Thunderclouds, Van

* When a force causes a body to
move, work is being done on
the object by the force.

*  Work is the measure of energy
transfer when a force (F) moves
an object through a distance
(d).

*  When work is done, energy has
been transferred from one
energy store to another.

e Therefore Energy transferred =
work done

Work Done

Work done (J)

Distance
(m)

repelling charges have  |De Graaff generators. | Current A
been moved closer Energy J
together or when Mass ke
attracting charges have Power W
been pulled further apart. o~ .
Elastic The energy stored when |Drawn catapults, Temp o
potential an object is stretched or |compressed springs, -
. Height m
squashed. inflated balloons.
— - - Velocity m/s
Gravitational |[The energy of an object at|Aeroplanes, kites, i
. . Extension m
potential height. mugs on a table.
Spring constant N/m
Nuclear The energy stored in the [Uranium nuclear Force N
nucleus of an atom. power, nuclear Gravitational field strength ~ N/kg
reactors. Specific heat capacity J/kgeC

6.1.1.2 Changes in energy

Kinetic energy of a moving object
can be calculated using the
equation:

kinetic energy = 0.5 x mass x speed? =~
Ek=% m(v)?

Kinetic

.f‘_c

_.H._\ _/ =

i -

P energy (J
__m__n.\ MW / m< A v

/

/ \
* kinetic energy, Ek, in joules, J \o.m m A<u~ /.

f
* mass, m, in kilograms, kg /

* speed, v, in metres per second,
m/s

Elastic potential energy stored in a

stretched spring can be calculated

using the equation (assuming the

limit of proportionality has not been

exceeded:

elastic potential energy = 0.5 x

spring constant x extension?

Ee=Y% ke?

* elastic potential energy, Ee, in
joules, J

* spring constant, k, in newtons per
metre, N/m

e extension, e, in metres, m

Gravitational potential energy
gained by an object raised above
ground level can be calculated using

the equation: ...m..

g.p.e. = mass x gravitational field

.,.em. A
'S / mm / ()

/05 k_e?

! o velocity
mass (kg) (m/s)

\),m_mm:.“ .
/ \, potential
<7 energy

extension
—(m)

03 k. &\

Spring constant (MN/m)

strength x height m g h o
Ep =mgh R
 gravitational potential energy, Ep, * \ —
inioules. J mass (kg) gravitational field
In joules, strength (N/kg)

* mass, m, in kilograms, kg

* gravitational field strength, g, in
newtons per kilogram, N/kg

* height, h, in metres, m

Gravitational field strength is

9.8N/kg on Earth.

(g will be given in the exam).

Science - Physics | 97



‘S3ljewoue 3dNpaJ JuawWaJinseaw 1eadal AJaAs oy pasn s Joje|nsul Jo adA) pue ssaud DIy} SWEeS 9y} Insul .
‘s8uipeaJ 1eadaJ Ul 10443 BY3 32NpaJ 01 a4njeladwal WooJ e UiSaq 3I0|q pue Ja1eay Uoisiawwl 3y} ainsug
"sa0e|d |ew|d3p SJ0W ppe 3 J0JJD WOpPUEJ BY} 30NPaJ 03 J912WOWIaY} e uey3 Jayied Jo850| erep e asn »

:uoisaad Suinoadw)

"ssew ay3 Jo SuipeaJ d1eJnddk Ue 198 01 9IBINS [9AJ] ‘1BJ} B UO dUB[R( JIUOJIID|D Y1 adk|d
*Jle Y31 03 350| A8Jaua [ewJay3 3Y3 90npadJ 03 JOIB|NSU [BWISY] B U] 20|q [B}oW Y3 dedpy

‘uondNpuod

Aqg 22e4ins 3|ge1 ay1 03 350| A8Jaua [BWIBY] DY) 9dNPaJ 0} 1ew jooidieay e uo }20|q [eloW a3yl dde|d

"\ Jojow se |npamod se aoim) s1 g JoJop

o sob 3 5
ME=T0E = M=d M3=T0E = M=d
:g Jojow Jo4 *\ Jojow Jo4

ME=WIXNS=PXd=M
'SI BUOP MIOM 8U) SJ0J0W jog Jo4

"'SpUo23as (| Ul sIY) saop g Jolojy
"SPUO28S G Ul SIY] Ss0p Y J0J0

‘w g jo Jybiay [eoipan e ybBnoiy) Jyblam N g
B }JI| 0] pasn ale SI0joLW 2933 oM ]

ajdwex3
(5) wryes = (M) 1amod
([) pasaajsueny A81aua
..H_____ﬂ\.:
3 (uoNEaWn _ o og
= () auop yiom
1nem 1

J0 Jomod e 01 |enba s| puodas Jad a|nol T Jo Jajsuesy ASisus uy

[ ‘sa|nof ur ‘41 ‘sauop yJom

S ‘SpuoJas ul ‘7 ‘Wil .

[ ‘soinofl ul ‘3 ‘passajsuesy ASisus

M ‘s1iem ul ‘4 ‘4amod .

'3UOP SI3JOM UdIYM 1e 31ed 3y}

J0 paJJajsuedy st A3uaua yoiym 1e d1ed syl se paulap st Jamod

19Mod ¥7'1T°T°9

:Adeandoe Suinoadw

Jajawowsay]

4209 |eIBN—+
J31e3H uoISIaWwW|

RUETIBELE]

9Y1 Sulinp as14 aunlesadwal ayl 9le|ndjed pue
sayoeau 11 1ey) adnjesadwal 3say3iy oyl pJoday ‘9
*|002 01 U183q ||IM } USY]1 PUE }JO pauinl uaaq sey
J91e3y 3yl y3noy UsA3 IS ||13S ||Im danlesadwal
931 S9INUIW U} J3)YY 'SIINUIW U] Ja1e J40
11 uiny pue Ajddns Jamod ayj 03 J91e3y dY3 199UU0)
"20|q ®Y3 Jo aunjesadwal a8yl p1oday ‘v

‘|ooMm U03102
yum Ajasoo| 1 uiddeam Aq d0o|q ayi aiejnsut Ajin4 ¢

‘leld91ew 1oy Aq papunouins

S| J919WOWI3Y] 9INSUD 03 3|0y ay3 03ul |10 jo sdoup
ppe pue 9|0y J3||eWS 01Ul J919WOWIBYl Y1 dde|d ¢

o)

d0|q jo
doj 1e 3joy [eJ3UdD OjU] J91B3Y UOoISISWWI] 3y} 3de|d  °T
‘poyIaN

paJols A8iaua |ewiayl ul 3sealdul

1uanbasqns pue ainjesadwal Ul 9seaJdul ay3 03 (duop
340M J0) 24015 ABJaua BUO JO 3SeasI3P Byl SuUI| SA|OAUI
uonesiisaAul 8y ‘s|jelralew aiow 10 auo jo Aydeded
1e3y d14199ds ay) aulwialap 0} uoijesiisanul ue :ydy

() (2:31/1)
amjesadway  AHIROE) () ssely
uadueyy FEEM 31yoads

3, T AG PURIewW B o 33T o aunesadwa) ay)
asies o) papasu ARISUS JO JUNCLUE 3U) 51 51] .

Alioeded 1eal J1J12adg

i1} Adizug

D, ‘snis|a) saa43ap ul ‘gy ‘©@8ueyd aunjesadwal .
D, 3/r ‘snis|a) 9a.3ap
J9d wedsdo|y 4ad sajnof ui ‘2 ‘Ajpeded jeay o1y109ds .
33 ‘swesdo|y ul ‘w ‘ssew
[ ‘sanofl ul ‘v ‘A31aus jewuayy ul aueyd .

juanlg AV 2= HY
98ueyd ainjesadwal x
Apededs jeay oiy1dads x ssew = ASiauad jeway) ul a8ueyd
:uonenba ayi 8uisn
pale|ndjed ag ued sagdueyd ainiesadwal S se walsAs
B WOJ} PAsSea|aJ JO U] paJols ASJaus Jo Junowe ay

swo3sAs ul sadueyd A3uau3z € T°T'9

ABiduz |9 — 1asiuebiQ abpajmouyy

98 | Science - Physics



Knowledge Organiser — 6.1 Energy

joule (J) = unit of energy

6.1.1.1 Energy stores and systems

Energy store Description

Examples

*  When a force causes a body to
move, work is being done on

Magnetic The energy stored when |Fridge magnets, the object by the force
repelling poles have been|compasses, maglev « Work is the measure odh eneray
pushed closer together or|trains which use transfer when a force (F) moves
when attracting poles magnetic levitation. an object through a distance
have been pulled further (d)
apart. *  When work is done, energy has

Internal Total kinetic and potential|Human bodies, hot been transferred from one

(thermal) energy of the particles in |coffees, stoves or energy store to another.
an object, eg the hobs. Ice particles « Therefore Energy transferred =
vibrations - also known [vibrate slower, but work done
as the kinetic energy - of [still have energy.
particles. In hotter Work Done
objects, the particles
have more internal Work done (J)
energy & vibrate faster.

Chemical The energy stored in Foods, muscles, .
chemical bonds, such as |electrical cells. Force Distance

(N) (m)
those between molecules.

Kinetic Energy of a moving Runners, buses,
object. comets.

Electrostatic [The energy stored when [Thunderclouds, Van
repelling charges have  |De Graaff generators. | Current A
been moved closer Energy J
together or when Mass ke
attracting charges have Power W
been pulled further apart. o~ .

Elastic The energy stored when |Drawn catapults, Temp oc

potential an object is stretched or |compressed springs, -

. Height m
squashed. inflated balloons.
— - - Velocity m/s

Gravitational [The energy of an object at|Aeroplanes, kites, i

. . Extension m
potential height. mugs on a table.
Spring constant N/m

Nuclear The energy stored in the |Uranium nuclear Force N
nucleus of an atom. power, nuclear Gravitational field strength ~ N/kg

reactors. Specific heat capacity J/kgeC

6.1.1.2 Changes in energy

Kinetic energy of a moving object

can be calculated using the

equation:

kinetic energy = 0.5 x mass x speed?

Ek=% m(v)?

* kinetic energy, Ek, in joules, J

* mass, m, in kilograms, kg

* speed, v, in metres per second,
m/s

Elastic potential energy stored in a
stretched spring can be calculated
using the equation (assuming the
limit of proportionality has not been
exceeded:
elastic potential energy = 0.5 x
spring constant x extension?
=% ke?
* elastic potential energy, Ee,
joules, J
* spring constant, k, in newtons nmq
metre, N/m
* extension, e, in metres, m

Gravitational potential energy

gained by an object raised above

ground level can be calculated using

the equation:

g.p.e. = mass x gravitational field

strength x height

Ep =mgh

* gravitational potential energy, Ep,
in joules, J

* mass, m, in kilograms, kg

* gravitational field strength, g, in
newtons per kilogram, N/kg

* height, h, in metres, m

/ /_
> AR Kinetic
o/ A~
P ener, J
.,_.mﬂq\ E, { gy (9)
\\
05 m 3~/

<m_0n#<

mass (kg) (m/s)

/% Elastic
A
., \ potential
S £ X energy

&

S

3 x.\ E, \ O
extension

—(m]

/05 k e

m_u:_._m_. constant ﬁz___,_._.__.._

\ Gravitational
potential

o~ \ n_..oai:
£/ / >
X7 \|_g/ A
/ \ ht (m)
Smgn
L N
Bunm.‘—xn. gravitational field
strength (N/kg)

Gravitational field strength is
9.8N/kg on Earth.
(g will be given in the exam).

Science - Physics | 99



‘S3ljewoue 3dNpaJ JuawWaJinseaw 1eadal AJaAs oy pasn s Joje|nsul Jo adA) pue ssaud DIy} SWEeS 9y} Insul .
‘s8uipeaJ 1eadaJ Ul 10443 BY3 32NpaJ 01 a4njeladwal WooJ e UiSaq 3I0|q pue Ja1eay Uoisiawwl 3y} ainsug
"sa0e|d |ew|d3p SJ0W ppe 3 J0JJD WOpPUEJ BY} 30NPaJ 03 J912WOWIaY} e uey3 Jayied Jo850| erep e asn »

:uoisaad Suinoadw)

"ssew ay3 Jo SuipeaJ d1eJnddk Ue 198 01 9IBINS [9AJ] ‘1BJ} B UO dUB[R( JIUOJIID|D Y1 adk|d
*Jle Y31 03 350| A8Jaua [ewJay3 3Y3 90npadJ 03 JOIB|NSU [BWISY] B U] 20|q [B}oW Y3 dedpy

‘uondNpuod

Aqg 22e4ins 3|ge1 ay1 03 350| A8Jaua [BWIBY] DY) 9dNPaJ 0} 1ew jooidieay e uo }20|q [eloW a3yl dde|d

"\ Jojow se |npamod se aoim) s1 g JoJop

o sob 3 5
ME=T0E = M=d M3=T0E = M=d
:g Jojow Jo4 *\ Jojow Jo4

ME=WIXNS=PXd=M
'SI BUOP MIOM 8U) SJ0J0W jog Jo4

"'SpUo23as (| Ul sIY) saop g Jolojy
"SPUO28S G Ul SIY] Ss0p Y J0J0

‘w g jo Jybiay [eoipan e ybBnoiy) Jyblam N g
B }JI| 0] pasn ale SI0joLW 2933 oM ]

ajdwex3
(5) wryes = (M) 1amod
([) pasaajsueny A81aua
..H_____ﬂ\.:
3 (uoNEaWn _ o og
= () auop yiom
1nem 1

J0 Jomod e 01 |enba s| puodas Jad a|nol T Jo Jajsuesy ASisus uy

[ ‘sa|nof ur ‘41 ‘sauop yJom

S ‘SpuoJas ul ‘7 ‘Wil .

[ ‘soinofl ul ‘3 ‘passajsuesy ASisus

M ‘s1iem ul ‘4 ‘4amod .

'3UOP SI3JOM UdIYM 1e 31ed 3y}

J0 paJJajsuedy st A3uaua yoiym 1e d1ed syl se paulap st Jamod

19Mod ¥7'1T°T°9

:Adeandoe Suinoadw

Jajawowsay]

4209 |eIBN—+
J31e3H uoISIaWwW|

RUETIBELE]

9Y1 Sulinp as14 aunlesadwal ayl 9le|ndjed pue
sayoeau 11 1ey) adnjesadwal 3say3iy oyl pJoday ‘9
*|002 01 U183q ||IM } USY]1 PUE }JO pauinl uaaq sey
J91e3y 3yl y3noy UsA3 IS ||13S ||Im danlesadwal
931 S9INUIW U} J3)YY 'SIINUIW U] Ja1e J40
11 uiny pue Ajddns Jamod ayj 03 J91e3y dY3 199UU0)
"20|q ®Y3 Jo aunjesadwal a8yl p1oday ‘v

‘|ooMm U03102
yum Ajasoo| 1 uiddeam Aq d0o|q ayi aiejnsut Ajin4 ¢

‘leld91ew 1oy Aq papunouins

S| J919WOWI3Y] 9INSUD 03 3|0y ay3 03ul |10 jo sdoup
ppe pue 9|0y J3||eWS 01Ul J919WOWIBYl Y1 dde|d ¢

o)

d0|q jo
doj 1e 3joy [eJ3UdD OjU] J91B3Y UOoISISWWI] 3y} 3de|d  °T
‘poyIaN

paJols A8iaua |ewiayl ul 3sealdul

1uanbasqns pue ainjesadwal Ul 9seaJdul ay3 03 (duop
340M J0) 24015 ABJaua BUO JO 3SeasI3P Byl SuUI| SA|OAUI
uonesiisaAul 8y ‘s|jelralew aiow 10 auo jo Aydeded
1e3y d14199ds ay) aulwialap 0} uoijesiisanul ue :ydy

() (2:31/1)
amjesadway  AHIROE) () ssely
uadueyy FEEM 31yoads

3, T AG PURIewW B o 33T o aunesadwa) ay)
asies o) papasu ARISUS JO JUNCLUE 3U) 51 51] .

Alioeded 1eal J1J12adg

i1} Adizug

D, ‘snis|a) saa43ap ul ‘gy ‘©@8ueyd aunjesadwal .
D, 3/r ‘snis|a) 9a.3ap
J9d wedsdo|y 4ad sajnof ui ‘2 ‘Ajpeded jeay o1y109ds .
33 ‘swesdo|y ul ‘w ‘ssew
[ ‘sanofl ul ‘v ‘A31aus jewuayy ul aueyd .

juanlg AV 2= HY
98ueyd ainjesadwal x
Apededs jeay oiy1dads x ssew = ASiauad jeway) ul a8ueyd
:uonenba ayi 8uisn
pale|ndjed ag ued sagdueyd ainiesadwal S se walsAs
B WOJ} PAsSea|aJ JO U] paJols ASJaus Jo Junowe ay

swo3sAs ul sadueyd A3uau3z € T°T'9

ABiduz |9 — 1asiuebiQ abpajmouyy

100 | Science - Physics



Knowledge Organiser — 6.1

Energy

6.1.2.1 Energy transfers in a system

20°Cinside

house

Energy cannot be created or
destroyed, only transformed from one
form to another (Law of conservation
of energy).

“Work done” is another way of
describing energy transfer.

where there are energy transfersin a
closed system, 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 often
described as being ‘wasted’.

Unwanted energy transfers can be
reduced, eg. through lubrication and the
use of thermal insulation.

The higher the thermal conductivity of a
material the higher the rate of energy
transfer by conduction across the
material.

The rate of cooling
High Heat Loss g .
— of a building is
Ll affected by the
= thickness and
thermal
conductivity of its
walls.
Higher thermal
conductivity =
higher rate of
energy transfer
= house cools
down quicker.

Lower Heat Loss

=

0°C outside
house

lation

Insu

6.1.2.2 Efficiency

Useful energy output

total energy input

OR

Useful power output

total power input

Efficiency can be represented as a decimal or

percentage. It has to be <100% (or <1.0) as all energy
transfers involve wasted energy.

Filament Lamp LED light
Light 0.8
joules 5 Light
x 100% H_.\\___ ) Electrical Electrical 0.8 Joules
K8 Erey
e ._..wmo...ma_ b Thermal
x 100% foules 3.2 joules
(1]
0.8 x 100= 2% 0.8 x100= 20%

40 4

In a closed system
there is no net

change to the total

Increase efficiency by
insulating or streamlining/
lubricating to reduce

The LED is 10 x more efficient than the filament lamp

total OUT
energy otal ot friction.
Investigate thermal 6.1.3 National and Global energy resources
conductivity using rods * Main energy resources available for use on Earth include: fossil fuels (coal, oil and gas),
of different materials nuclear fuel, biofuel, wind, hydro-electricity, geothermal, the tides, the Sun and water
(NOT RPA) waves. . _ . .
* Arenewable energy resource is one that is being (or can be) replenished as it is used.
Whichever rod gets * A Non-renewable energy source cannot be replaced after it has been used. It is finite
hottest first at the other * The uses of energy resources include: transport, electricity generation and heating.
end is the best Pociti Negati
conductor. The material Fossil fuel Reliakble, ch c”_::mm d mi . Finite, at heri __umm._.___,.wmr (C0O,, 50, NO)
. . ossil fue cliable, cheap to run and mine inite, atmospheric pollution .
that heats the quickest is d d d B T
idtoh high {coal/oil/gas) |
saldtohavea Lmh Muclear Reliable, Mo CO,, lots energy released Long-lasting toxic waste, finite
thermal conductivity - . . . : . . .
Wind Infinite, free, no atmosphernc pollution Unreliable (not always windy), visual pollution,
ST costly to build, sometime noisy
e\ Different — . . - . .
— tal Sun Infinite, free, pul on buildings/ in fields Costly to set up, pollution from batteries
== metais 1
. g = Geotharmal Infinite, free, no atmaspheric pollution Products from ground may contain toxic elements
| ! Tidal | Bar rages reduce flooding eg Thames, Disturb ecology and shipping lanes, costly to build
free, no pollution, reliable|? tides/day)
_ 1 Biofuel Can be regrown, cheap, carbon neutral Use up land that could grow food/ livestock
) Hydroelectricity Mo atmosphenc pollution, free High rainfall needed, loods valleys therefore
hahitats/ villages destroved
4 Water Waves Mo atmospheric pollution, free Disturb ecology and shipping lanes, costly to

build, unreliable [sea does not always have waves)
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Knowledge Organiser — 6.2 Electricity

6.2.1.2 Electrical charge and current

Electric current is a flow of electrical charge.
Size of current is rate of flow of electrical charge.

Charge flow, current and time are linked by the
equation:
charge flow = current x time

Charge in Coulombs
(C)

Currentin
Amps
(A)

Time

(s)

e Current has same value at any point in a single
closed loop.
*  Measured with Ammeter

6.2.1.1 Standard circuit diagram symbols

—4. > switch (open) JMW_I lamp

Lo Switch T
T fuse

(closed)
I.*T cell i
— v — voltmeter
A
battery
Im...ﬂl ammeter
WA
diode

- H thermistor
resistor o=
-+
g LDR (light
Variable "y amvmrc_mm:ﬁ
J&I resistor \ i
resistor

~" LED (light
W emitting diode)

RPA: use circuit diagrams to set up and check

appropriate circuits to investigate the factors

affecting the resistance of electrical circuits.

* the length of a wire at constant temperature

* combinations of resistors in series and
parallel.

IV: Length of a wire

IV: resistors
in series or parallel

&

.I._.

Hazard Consequences Control measures
Heating Minor burns  Set up circuit before
of wires closing the switch

R S T

* |n series, the

resistance of the
network is equal to
the sum of the
other resistances.

* In parallel, the
resistance of the
network is less than
either of the other
resistances.

6.2.1.3 Current, resistance and potential difference

* Potential difference is the amount of
work energy required to move an electric
charge (Coulomb) from one point to
another

e Current (/) through a component depends
on the resistance (R) of the component
and the potential difference (V) across
the component.

* The greater the resistance of the
component the smaller the current for a
given potential difference (pd) across the

Current, potential difference and resistance
can be calculated using the equation:

potential difference = current x resistance

Potential
Difference in
Volts

_ﬂclm:ﬁ (V)
A Resistance
ﬁ%ﬂ in Ohms
(Q)

Resistance

* Metal atoms (ions) in a wire have delocalised electrons which are

free to move and carry the charge.

* Electrons moving around the circuit collide with the ions.

* This is called resistance.
Units of resistance = ohms, Q

Components with high resistance often get hot (e.g. filament lamp).
* Electrons colliding with the ions transfer energy as heat and light.
* Causes the ions to vibrate more, increasing the resistance even

more.

* This makes it harder for the electrons to pass through without

collisions.

component.

* Measured with Voltmeter
* Voltmeter must be connected in parallel

= 12V/2A = 6Q

E.g. What is the resistance of a component if 12 V causes a current of 2 A through it?
R=V/I
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6.2.3 Domestic uses and safety

6.2.3.1 Direct and alternating potential difference

A A
a.c. Alternating current
In the UK, electricity
has a p.d. of 230V
oV >t oV >t g frequency of 50Hz

d.c. Direct current
One direction only.
Eg Car batteries

(it changes direction
50 times a second).

6.2.4 Energy Transfers

Knowledge Organiser — 6.2 Electricity

6.2.3.2 Mains electricity

neutral wire, close to OV.

earth wire, 0V, only carries current if
there’s a fault, stops appliance becoming
live.

C= live wire, 230V between earth and live.
D= Fuse, internal wire melts when current
is too big so breaks the circuit.

@ >
[Tl

E= cable grip

F=three-core cable, copper wire = flexible

and good conductor, plastic coating.

G= brass pins, hard wearing, good conductor

H= plastic casing is an insulator H

* alive wire may be dangerous even when a
switch in the mains circuit is open

6.2.4.3 The National Grid

Power plant  Step-up
transformer

* Network of cables and transformers linking
power stations to consumers

* Step-up transformers = higher potential
difference

* Reduced energy loss because resistance is
lower in cables (high volts = fewer amps for
same power)

e Step-down transformers = decrease potential
difference to safe level for domestic use
(about 230V in UK)

e Underground cables protected from bad
weather but get damaged by diggers in
building projects

High-voltage
transmission line

E.g. What is the potential difference between
two points if 5 C of charge shifts 10 J?
V=E/Q

Step-down
transformer
6.2.4.1 Power power = potential
AN difference x current
J N Power
/ N
*__“p..__:.m:.m_m V\. Patential
T _ < E:.n:..-nh
ﬂ.... ..
.....u.—.
.x ' Power ower =
W) P
— 1 current? x
1] .
Hpv_m!r.l,wm.m_:wﬁ resistance
TRXRCT e
.._..

* power, P, in watts, W
* potential difference, V, in volts, V

 Itis dangerous to provide any connection =10J/5C . Q:._.msﬁ l,in amps, A
between the live wire and earth. =2 volts * resistance, R, in ohms, Q
6.2.4.2 Energy transfers in everyday appliances 5
. . nergy
* The rate at which energy is transferred by an transferred Energy
appliance is called the power. () transfer Potential * energy transferred, E, in joules, J
\ m N Difference * power, P, in watts, W

* Also known as “work done” by the components

in the circuit when charge flows. Power/

* The energy transferred by an appliance
depends on how long it is switched on for and
the power of the appliance.

:__iv H%

()

Charge (V)

time, t, in seconds, s
charge flow, Q, in coulombs, C
potential difference, V, in volts, V
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Knowledge Organiser — 6.3 Particle model of matter
I S

6.3.1.1 Density of materials

The particle model can be used to explain the different
states of matter differencesin density.
Calculation

Equation Symbol

equation

Density

RPA: Measuring volume of irregular objects and
caleulating density

Solid Liquid Gas
Particlesclosely Particlestouching, | Particlesveryfar
packed - Move pasteach apart
-yibrate other - Mowve very fast
-Little energy -Some energy - Lots of energy
-Verystrong -Relativelystrong | - Weak forcesof
forces of farces of attraction
attraction attraction

o= -®

‘@

condensation

energy
evaporation

freeze

A change of state in which gas becomes liguid
by cooling.
The capacity for doingwork

The process in which a liguid changes state and|
turns into a gas.
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A change of state in which liquid becomes solid
by cooling.

Method 1: Regular solid volume
Length x width x height

3 '2
Method 2: Stone or other irregular shaped object volume
Displacementcan or measuring cylinder P

sphere: 4 dys

I\- +— Displacement
(== " =
I| || Beaker .r
p— |.c.l|| Irrergular
object . -

Read from —_-—
bottam of
maniscus

Measure mass of object and then use density equation.

6.3.1.2 Changes of State

Conservation of mass
* The number of particles does not change
during a change of state, only their spacing
and arrangement.
* Total mass does NOT nrmjmnh_.“

* Change of state is physical.
* The material recovers its original properties
if the change is reversed.

Internal energy

Kinetic energy
Melting

Specific heat
capacity
Specific latent
heat

Sublimation

Temperature

Thermal energy

The total kineticenergy and potential energy of
the particlesin an object. Heating changes the
energy stored within the object by increasing
the energy of the particles that make up the
system.

Energy which an object possesses by beingin
motion

The process that occurs when a solid turns into|
a liguid whenitis heated

The amount of energy needed to raise the
temperature of 1 kg of substance by 1°C

The amount of energy needed to melt or
vaporise 1 kg at its melting or boiling point

When a solid turns straight into a gas on
heating, without becoming a liquid first, or
whena gas turns straight into a solid, without
becominga liquid.

How warm or cold somethingis

Scientificterm for heat energy

6.3.1.3 Internal Energy

* Internal Energy: Energy is stored inside a system by
the particles that make up the system. Internal
energy is the total kinetic energy and potential
energy of all the particles that make up a system.

* Heating increases the energy of the particles

* Either raises the temperature of the system or
produces a change of state.

6.3.2.2 Temperature changes in a system and specific heat capacity

The change in temperature of a system depends on:

* the amount of thermal energy transferred to the system
* the mass of the substance
* the nature of the substance itself

change in

thermal energy

AE=mcA@8

mass % specific heat capacity x temperature change

Units Used:-

* change inthermal energy,
AE, in joules, ]

* mass, m, in kilograms, kg

* specific heat capacity, c,

* injoules per kilogram per
degree Celsius, J/kg °C

* temperature change, AS, in
degrees Celsius, °C.
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Knowledge Organiser — 6.4 Atomic Structure

6.4.1.1 The structure of an atom

Atoms are very small, having a radius of about 1 x 100 metres.
They make up all of the matter around us. The basic structure of
an atom consists of a positively charged nucleus composed of
protons and neutrons surrounded by negatively charged
electrons.

ELECTROMN
NEUTRON

PROTON

NUCLEUS

The electrons are arranged at different distances from the
nucleus known both as shells and energy levels. They are the
represented by the circles around the nucleus on the diagram.

Electron arrangements can change with absorption of
electromagnetic radiation or emission of electromagnetic
radiation.

6.4.1.2 Mass number, atomic number and isotopes

The numbers on the periodic table are called the mass number and the atomic number.

The atomic number (proton number): Smaller number, tells you the number of protons are in an atom
of that element. There will be the same number of electrons as protons.

Mass number: larger number, tells you how many neutrons and protons combined are in that atom.
Calculate neutrons by taking away the atomic number from the mass number.

yd » ) f. »
Key [ 7o /._ / \Mﬂ/ /r 4 .\hw;-/,
= - - = I f Yy \ | i ata \ | f f_t . %
relative atomic mass __/m_.....n\.__ ] \ Au..ﬁ \.__ ] ¢ _-.unmvh.. ]
atomic symbol "/ \ ¥y T/
name o~ 8. I_ ~g—
| atomic (proton) number | Carbon Carbon-13 Carbon-11

@ b ['rotons
& S Neulrons

@ b I'rotons
# 7TMeutrons

& b I'rotons
@ & Neutrons

Isotopes: Versions of same element (same number of protons) with different numbers of neutrons in
their nuclei.
Atoms turn into positive ions, if they lose one or more outer electron(s)

* Experimental evidence may lead to a scientific

* The discovery of the electron led to the plum

* Rutherford’s alpha particle scattering

6.4.1.3 The development of the model of the atom *  Niels Bohr adapted the nuclear

model by suggesting that electrons
orbit the nucleus at specific

model changing over time. Atoms were originally .
distances.

thought to have been solid spheres of matter.

*  Later experiments identified positive

pudding medel which suggested a positive ball particles which were called protons.

of charge containing negative particles.
* The experimental work of James

Chadwick provided the evidence to
show the existence of neutreons
within the nucleus.

experiment (using gold leaf) led to the conclusion
that the mass of an atom was concentrated with

a positively charged nucleus. Sub-atemic

Mass Charge Position in Atom

particle
* This nuclear model replaced Proton Proton 1 +1 Nucleus
* the previous one. Electron o.v Meuton . 0 Nucteus
* " Neutron Electron 000 | Orbiting in shells
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Knowledge Organiser- 6.5 Forces (Sep Physics 4.5)

6.5.4.1.5 Acceleration

Average acceleration can also be calculated using:
Acceleration [m/s?) = change in velocity [m/s) + time (s)
a=Av-+t
= acceleration, g, in metres per second squared, m/s2

= change in velocity, Av, in metres per second, m/s
= time, t,in seconds, s

= An object that slows down is decelerating.
= The acceleration of an object can be calculated from
the gradient of a velocity—time graph.

Uniform acceleration can also be calculated using:

(final velocity)® —(initinl velocity)*®
=2 x acceleration = distance
= final velocity, v, in metres per second, m/s
= initial velocity, u, in metres per second, m/s
= acceleration, g, in metres per second squared, m/s2
- distance, 5, in metres, m

The skydivar accalarates
as they begin to fall

,....? As thi skydiver speeds

Speed

The parachute opens which
Increases the al

Time air resistance

wright are equal again
(80 a vew terminal
wologity is reached)

6.5.4.2.1 Newton's first law

An object will not move or change speed unless a force

acts on it.
= A stationary object will stay stationary.

= A moving object will continue at a constantspeed.

speed is inertia.

(HT) The tendency of
an object to stay still
or stay at a constant

6.5.4.2.2 Newton's second law

Force (M) = mass (kg) x acceleration
F=mxa

The acceleration of an object umnm_.._umn.:

massand force.

* |fthe massincreases and
the force stays the same;
the acceleration decreases.

+ |f the mass stays the same
and theforce increases;
the acceleration increases.

6.5.4.2.3 Newton's third law

When two objects interact, the
forces they exerton each other
are equal and opposite.

[HT) inertial mass:

* measure of how difficult
the velocity of an object

» the ratio of force over acceleration.

it is to change

6.5.4.1.5 Acceleration [HT)

The distance travelled by an object (or
displacement of an object) can be
calculated from the area under a velocity-
time graph.

Vilocity (mis)

HE- S
Time ()

e.g. for graph above ..

Area of triangle= 4 x8=32m

Area of rectangle = 6 x 8 = 48m

Total distancetravelled=32 + 48 = 80m

RPA

Version 1- Irvestigate the effect of varying the force onthe
acceleration of an object of constant mass, AND

Version 2- the effect of varying the mass of an object onthe
acceleration produced by a constant force.

Possible
apparatus:

Light
& Bench
Glider ._.a.,m.:n I\w mj.r E:H_&O\E:_“a._

I

_______q_m.:..q
Stack

Zomething iz a fair test when only the independent variable
has been allowed to affect the dependent variable.

g.g. forversion 1-The IV was force. The DV was acceleration.

The CV were:

» zame total mass

» zame surface/glider/string/pulley [ friction
» zame gradientifyou used 2 ramp
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Knowledge Organiser- 6.5 Forces (Sep Physics 4.5)

4.5.4 Moments
A moment isthe turning effect produced by a force.
To find the size of 2 moment, use the equation:

moment (Nm) = force [N) = distance (m)

Remember thatthe distanceisthe perpendicular distance
from the pivot to the line of action of the force.

4.5.4 Worked example
force applied
A crowbar is being used 10N
to lifta manhole cover.
Calculate the moment
produced.

M=Fxd

P = 10N = 0.4m

M= 40Nm

distamce = 0.4m

To increase the turning affect achieved without increasing
the amount of force applied, you would need to increase
the distance between the force and the pivot.

For example, ifthe crowbarinthe example above was
0.5m, then the moment would be:

M=F=d

P = 10N = 0.5m

P = S0Nm

4.5.4 Gears

o A force multiplier makesit o
easier to dowork becausethe
same force applied at a greater
distance from the pivot incresses
the moment produced. _ L

o Agearisawheelwhich has ‘teeth’ around the circumference.

o Theteethof different gears lock together and thegear can
turn on an axle, turningthe other gears it isconnectedto.
Where theteeth meet, they must move inthesame
direction.

o This meansthat thegearsrotate in opposite directions. If one
gear isturning clockwise, itwillturnthe connected gear
anticlockwise.

o When gears are connected, the same force is applied to each;
however, if they aredifferent sizes, theywill produce
different moments.

o Thisizsbemusethe moment is calculated using thedistance
from the pivot (the radius ofthegear) andifthegearis
smaller, itwill move a shorter distance.

o Ifthe gear islarger, itwill move a greater distance.

4.5.4 Levers

Levers can be used to increasethe effect of a force
applied, acting as a force multiplier. Some everyday
examples include:

Spanmer wheelbarrow pair of scissors

- G- ..lﬂ”.l

Gear X rotates
clockwise at
1.0 rotations
per secand

Gear rotates
anticlockwise
at 4.0 rotations
per secand

Gear Z rotates clockwise
at 2.0 rotations persecond

4.5.4 Balancing Moments

When the anticlockwise moment on an object isequal to
the clockwise moment, the resultant moment is zero and
the ochject does not move orturn.

To balance moments:

total anticlockwise moments = total clockwise moments

Worked example:

An elephant sits on a seesaw. It has a weight of 750N and
issat 2.5m from the pivot. A mouse with a weight of 60N
issitting onthe other side ofthe seesaw. The seesawis
balanced.

Lﬁ/)uhm

What distance is
the mouse from
the pivot?

Step 1: Step 2 Step 3

Calculate the total anticlockwise Use the value calculated

anticlockwise maments = total for the moment to find

FTSCAmIERL, clockwise moments the distance on the
1 wl
1875Nm = 1875Nm elockwise side.
MeFud
rearrange:d = M + F
= TSON = 2.5m
d= 1875 + &0
= 1B75N
LE7ENm d=31.25m

4.5.4 Worked example

A pear hasaradiusof 3.25m. It turns a second gear with a radius of 1.5m. The moment of the smallest gear is 30Mm.

Calculatethe moment of the largest gear.
Step 1: calculatethe force using

Step 2: use the force to calculate the moment of the larger gear.

M=F=d

Rearrangeto F=M+ d M=Fxd
F=30+025 M=120x1.5
F=120M M = 180Nm
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Knowledge Organiser — 6.5 Forces

6.5.1.1 Scalar and vector quantities

Scalar quantities have magnitude (size) only.
= Represented by a number.
Example: speed and distance.
Vector quantities have magnitude and direction.
= Represented by a number and an
arrow.
Example: velocity and displacement.

N

e
Bl

2z

otark

s~ \w__

%,
P, .H /-
End

6.5.1.4 HT only

6.5.1.2 Contact and non-contact forces

A force is a push or pull that acts on an object when
it interacts with another object.
A force is a vector quantity.

*  Contact forces — the objects are touching each
other.
Example: friction, air resistance, and tension.
* Non-contact forces — the objects are separated.
Example: magnetic and gravitational force.

6.5.1.3 Gravity

Weight is the force acting on an object due to gravity.
This can be calculated by:

Weight (N) = mass (kg) x gravitational field strength

(N/kg)
W=mxg

The weight of an object acts at an object’s ‘centre of
mass’.
The weight and mass of an object are directly
proportional.
Weight is measured using a newtonmeter.

6.5.1.4 Resultant forces

= 90N to the right

SZAII —3 30N

20N to the right

Forces acting in opposite directions will leave
behind an overall force called a resultant force.
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Free body diagram: models the forces
acting on an object. The object or 'body'
is usually shown as a box or a dot. The
forces are shown as thin arrows pointing
away from the centre of the box or dot.

Resolving forces: Two forces can be added together
to find a resultant force. A single force can be
resolved (broken down) into two component

forces at right angles to each other.

In the diagram of a toy trailer below, when a child
pulls on the handle, some of the 5 newton (N) force
pulls the trailer upwards away from the ground and
some of the force pulls it to the right.

Vector diagrams: can be used to resolve the pulling force into a

horizontal component acting to the right and a vertical
component acting upwards.

Draw a right-angled triangle to scale, in which each side
represents a force.

For the toy trailer example above, draw:

e aline representing the 5 N force at 37°

e ahorizontal line ending directly below the end the first line

e avertical line between ends of the two lines

¢ arrow heads to show the direction in which each force acts
Measure the lengths of the horizontal and vertical lines. Use the

scale for the first line to convert these lengths to the
corresponding forces.

Child’s pulling
force, 5 N
Vertical

component,
3N

Horizontal

component,
4N
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Knowledge Organiser — 6.5 Forces

6.5.4.1.5 Acceleration

Average acceleration can also be calculated using:
Acceleration (m/s2) = change in velocity (m/s) + time (s)
a=Av=+t
* acceleration, a, in metres per second squared, m/s2

* change in velocity, Av, in metres per second, m/s
* time, t, in seconds, s

* An object that slows down is decelerating.
* The acceleration of an object can be calculated from
the gradient of a velocity—time graph.

Uniform acceleration can also be calculated using:

(final velocity)?—(initial velocity)?
= 2 X acceleration X distance

 final velocity, v, in metres per second, m/s

* initial velocity, u, in metres per second, m/s

* acceleration, a, in metres per second squared, m/s2
* distance, s, in metres, m

The skydiver accelerates
as they begin to fall

| I? As the skydiver speeds
up the air resistance
force increases

At terminal velocity the
air resistance force and
weight are equal so
speed is constant

Speed

The parachute opens which
—— - increases the air resistance
and slows the skydiver

The skydiver continues to
* slow down until the new
Time air resistance force and
weight are equal again
(so a new terminal
velocity is reached)

6.5.4.2.1 Newton’s first law

An object will not move or change speed

unless a force acts on it.

e Astationary object will stay stationary.

* A moving object will continue at a
constant speed.

(HT only) The tendency of an object to stay
still or stay at a constant speed is inertia.

6.5.4.2.2 Newton’s second law

The acceleration of an object depends on mass

and force.

* If the mass increases and the force stays
the same; the acceleration decreases.

e If the mass stays the same and the force
increases; the acceleration increases.

Force (N) = mass (kg) x acceleration
F=mxa

(HT only) inertial mass:

6.5.4.2.3 Newton’s third law

When two objects interact, the forces they
exert on each other are equal and opposite.

* measure of how difficult it is to change the
velocity of an object
* the ratio of force over acceleration.

6.5.4.1.5 Acceleration (HT Only)

HT only: The distance travelled
by an object (or displacement of
an object) can be calculated
from the area under a velocity-
time graph.

|
ey e
)

Wislocity (mis)

RPA investigate the effect of varying the force
on the acceleration of an object of constant
mass, and the effect of varying the mass of an
object on the acceleration produced by a
constant force.

Vacsum Caner
Blowing oo s
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Knowledge Organiser— 6.6 Waves (4.6 Separate Physics)

RPA — Reflection of light
Aim: Investigate the reflection of light by different types of surface and the refraction of light
by different substances. Method:
1. In a darkened room, set up the ray box on a flat surface and insert the filter to produce a
single ray of light.
. Place a glass block in the centre of a piece of plain A3 paper.
Draw a line around the glass block.
Drawa line at30°C to the glass block and label the line normal, as shown in the diagram.
Position the ray box so the ray of light hits the glass atan angle.
. Using a pencil, draw the incidence, reflected and emergent rays as shown in the
diagram.
7. Remowve the glass block and draw the refracted ray going through the block
g. Using a protractor, measure the angles of incidence, reflection and refraction. Record
your results,
9. Repeatthe experiment by placing aclear acrylic block on the A3 paper in the same
position as the glass block.
10. Theincident ray must follow the same line as before. Draw the reflected and refracted
rays and measure using a protractor.
11.  Collect four sets of results from other members of the class.

[= R, QR =Sy Y

4.6.1.3 Reflection of Waves

o When a wave comes into contact with a surface or a boundary between two
media (different materialz), it can be reflected orit can be absorbed.

o What happens depends on the properties of the surface the wawve hits.

o Specular reflection occurs when a wave is reflected in a single direction from a
perfectly smooth zurface.

4

", incident ray relected ray

barrier

The law of reflection states: RPA Risk assessment:
angle of incidence = angle of reflection O The ray box will become hot
during use and may cause minor
Incident Ray burns. To prevent this, you should

not touch the lamp and ensure
you allow time for the ray box to
cool after use.
3 You will be working in a semi-dark
environment which means there is
Normal — == == o a higher risk of trips or falls. You
Angle of Refraction should ensure your working space
is clear of bags and coats, and
that stools are tucked under

f desks before you startyour
Reflected Ra
Y investigation.

Angle of Reflection

Emergent Ray

Reflect The wave bounces off a surface; the angle of incidence is equalto
the angleof reflection.

Refract Thewavechangesdirectionwhen it entersa medium of different
densitywhereit has adifferent speed.

Maormal The normal at a point ona mirror isa linedrawn perpendicular

tothe mirror at the point of inddence.
Law of reflection The law of reflection states that the angle of incidence=the
angleof reflection.

Plane mirror A mirrorwitha fla [ planar) reflective surface.
Real image An imagethat canseen onascreen because it isformed by focussing
light raysontothescreen.

Virtual image Animageformed at a placewherethe light rays appear to
come from after they've beenreflected (or refracted.)

Specular Reflectionfrom asmooth surface, parallelrays are reflected
in a=singledirection.

Diffuse Reflectionfrom arough surface, parallel rays are scattered in
different directions.

Transparent A transparent object lets all light that enters it passthrough
(and doesn't scatter or refract the light.)

Translucent A translucent object lets light passthough but it scatters [or

refracts) the light inside it
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Knowledge Organiser- 6.6 Waves (4.6 Separate Physics)

4.6.2.5 Lenses

Lenses userefraction inorder to work.

Projectors, microscopesand telescopes all use lenses
to allow an cbject or imageto be enlarged or viewed
more easily.

The human eyecontains a lenswhich enables us o see
objects at a range of distances.

Depending onthetype of lens, the light waveswill be
refracted differently to produce a different image.
The twao main lenses areconvex lenses and concave
lenses

The table below compares them briefly.

comvex lens Lens concawe lens
-_— Ray Diageam —
Thustration
Causes parallel waves Causes parablel waves
to conwerge at the Action o diverge from the
principal focus. principal focws.
real or virtual Type of Image abways virtual

A real image is when light reflected from an object
converges to form an image on a surface. For eample,
on the retina of the human eye.

A virtual image occurs whenthe light waves are
diverging and soappeasto becoming froma
different place. A virtual image cannot be projected
onto a screen. For example, a mirror producesa
virtual image.

A magnifying glass uses acorverging (comvex) lens. It
produces avirtual image which appears largerthan
the actualobject.

The magnification can be calculated usingthe
equation:

image height (mm)

ification =
magniieaten object height (mm)

4,6.2.5 Lenses — Key Terms 1 ) 1 . 1
Convex lens = Focuses parallel raysto a point facal length  distance between lens and chject  distance between lens and image
nm_.__m.n_ H:mnﬂ._:n.ﬁm_:n_un_._m.. # Focal length depends on two factors: the refractive index of a material
Principal focus = The point where parallel rays
are forussed o, and how curved the surfaces ofthe lenses are.
Concave lens > Aconcave |ens (or diverging # A higher refractive index makes the lens flatterinshape.
lens) makes parallel rays spread out as if they # Tomake a powerful lens thinner, a material with a higher refractive index
had comefrom a point called the principal focus. can be used.
Magnification — The image height = the object # Objectswhich are a distance greater than one focal length away from a
height. converging lens will produce a real image.
Focal length -> Distancefrom thecentreof a = Objects which are closer than one focal length from the converging lens
lensto the pointwhere light rays paralkel to the will produce a virtual image.
E._:n._um_._ auisarefocussed. # The lensequation can be used to show the relationship between focal
_..___mmz_?_zm_mzw Ivb_”_u:qu_m:m_._mmaﬁn:“n._.:._m_ length, position of the ohject and position of the image: 1 1 1
virtual image ofanobject. T - m + m
3 An imaginary horizontal line through the middle of the linesis 4.6.2.6 Visible Light

called the axis and this iswhere the principalfocusforms. The colours of the visible spectrum can be
3 Ina convex lens, the light rays enter the lens parallel to one remembered with the rhyme:

another and then converge atthe principalfocus after the

lens.

3 Ina concave lens, the light rays enter the lens parallel to one

another and then diverge.

3 The principalfocus isthe virtual source of the divergingrays

hefore the lens

conmegs lens

principal focus

1

power (D) = focal length (m)

CONCawe lens

Richard Of York Gave Battle In Vain

(red — orange — yellow —green —blue — indigo—violet)

— N ¥ These are all the wavelengths which are vizible and

focal
lengih

detectable bythe human eye.

5 ¥ Each colour has a narrow range of wavelength and

frequency within the spectrum.

¥ White light is the combination (full spectrum) of
wavelengths in the visible light region of the
electromagnetic spectrum.

* D standsfor dioptreswhich is the unit of measurement for lens power. ¥" The Bunis & natural source for visible light waves

* |In a converging lensthe power is a positive value.
* In a diverging lensthe power isa negative value.

and our gyes see the reflection of this sunlight off
the objects around us.
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Knowledge Organiser — 6.6 Waves

6.6.1.1 Transverse and longitudinal waves

Waves can either be transverse or longitudinal.

1) Transverse waves

In transverse waves, the particles in the wave move perpendicular to
the direction of the wave.

An example is a ripple on water or an electromagnetic wave.

It is the wave that travels NOT the water.

Q«mmﬁ Wavelength 4

Remember: the
waves move
not the
particles!

— ;

2) Longitudinal waves

In longitudinal waves, the particles in the wave move parallel to the direction of the wave. An
example is a sound wave.

Wavelength
_ Amplitude _
Remember: the
waves move
not the
particles!

Compression Rarefaction Compression

6.6.1.2 Properties of waves
Amplitude: the maximum displacement of a point on a wave from the
undisturbed point.

Wavelength: the distance between a point on a wave and the same
point on the next wave. Measured in metres (m).

Frequency: the number of waves passing a point each second.
Measured in Hertz (Hz)

Period: time span of one wave in seconds
1
Frequency (f)

period, T, in seconds, s
frequency, f, in hertz, Hz

Period (T) =

Wave speed is the speed at which the energy is transferred (or the
wave moves) through the medium. Measured in m/s

Wave speed (v) = frequency (f) X wavelength(})

RPA: Measuring frequency, wavelength and speed of waves in solid
and a liquid

= Wavelength: Measure the length of a
number of waves then divide by the number
of waves to calculate the wavelength. It may
be more practical to take a photograph of
the card.

S Frequency: Count the number of waves
e e T W ) Ty passing a point in ten seconds then divide by
I ten to record frequency.

Wave speed: Calculate the speed of the waves using

Wave speed (v) = frequency (f) X wavelength())

Science - Physics | 123



*)sea| ay3 SHW JaAjis Aulys ay |
"uollelped Y| ISow Y3 HW S3JeYINS }oejq aew ay|

"92B44NS YoB WO} PIRIWS uonelpel
paJeljul Jo AJSUSIUI BY} INSeaW 0} 10323313 pPaJsesjul 3yl 3SN'E
‘dn 13y 03 S32BJINS BY} MO||E 0} dINUIW DUO 10} DARDT'Z

‘pI| @Y1 22e|daJ pue Ja1em Suljioq YIM aqnd 31137 ay3 ||i4 T

et e pocsilieay

_ﬂ (RS o o

BTy ET

saoeyuns jo ainjeu Aq uoneipel
Y| Jo uoissiwa 10 uondiosge ayy Sunesisanu| :vdy’

(319emns st anem jo adAy yoes Aym uiejdxs 01 paau noA uany Jaysiy 4|)

juswiealy pue Suidew [e2Ip3IA — ewwen pue Aes-xX .
Sujuuey uns pue sdwe| Juaiiyd ASIoua —19j0INRIYN .
uollealunwwod 213do auqi4 — 3IqISIN

seJawed [ewJayl pue ‘Supjood ‘SuilesHy — paJesyul .

poo4 SuUI}00I puUE SUOIIEIIUNWWOD 9} |[91ES — SOABMOMIN
OlpeJ pue A] —S9Aem Olpey

:s9sh Auew aAey uolieiped 2132udewo04329|9 Jo sadAl JuaIaIg

SaAeM D[19udewo043129|3 Jo suolied|jdde pue sasn #°2°9°9

"}IN2412 |BJ14199[D UE U] SUOII.||IISO dNPUI SDA|DSWDY] UBI SDABM Olpe. 0S ‘}|9S} dABM OlpeJ dY] se
Aouanbauy swes ayl yum juasind Suijeusalje ue ajeald Aew Asyi pagJlosqge ate sanem olpeds usaypn (Ajuo 1H)
"S1IN2412 |B214399]9 Ul suonle||19so Ag pasnpoud aq ued sanem oipey (Ajuo | H)

"J92Ued 3sned pue saud3 aleInw ued sAel-X pue sAes ewwes .

*J32UBD UD|S JO YSI4 3seaJou] pue Ajaaniewsasd upjs a8e uedshes AN o

‘uonielped o adAl pue asop sy3 uo spuadap

109449 9y 'sanssil Apog uewny uo $39344d snopaezey SAey ued pue SuiS|uol 34e SSABM 19|0IABJYN pue
sAes-x ‘sAes ewwen "uolle|ped 2119U3ewWwoJ4109|d qJosge JO 91eJaUd3 ued 19]aNU djwole pue swoje ul saduey)

Z uollelped 2139udewo04123|9 Jo saladold £°7°9'9

4By Jo Buipuag

*uoI1o.AYD SI SIY] "UOI1IJIP 940424941 pue paads aSueyd Asyl Ayisuap
JUDIDYIP € JO JB1IJeq B 199W SIARM J[12uSewo.1d|d Usypn (Ajuo 1H) .
‘yrSuajanem yum Aien jeyy shem ui sanem o131oudew oo
109|424 10 10B4JD4 ‘UWISULL] ‘glosqe Aew saduelsqns uIda (Ajuo 1H) .

YE

AN

ABisus Jamo| ABisus Jaybly
fousnbayy jomo] b = fouanbay Jayby
yiGusjanem sabug pBusjasem Japoys
E
SABMOIDIW 2|qISIA Rei-x
| - ¥ |
o|pel padeljul 12]01ABAIN Kel ewiweh

*Jle 10 wnnaeA e ySnoayy Jay3o yoea se paads awes Yy} 1e [dAeI} SOABM J[}DUSew 04393 ||V
"J2gJOSge Ue 0} 924n0S e WoJ) ASIaUa Ja)sued) 1ey) SOABM 3SI9ASUEI) 918 SOARM d)}duSewo.1d3)|3

T S9AEM 2139uUewoJ1dd|3 Jo saluadold 2°2°9°9 S9ABM J119udewo.3d3)9 Jo sadAl 1299

SAABN\\ 9°9 — J3siuebiO abpajmou))

124 | Science - Physics



Knowledge Organiser — 6.7 Magnetism and Electromagnetism

6.7.1.1 Poles of a magnet

The poles of magnet are where the magnetic forces are strongest. Two
close together magnets will exert a non-contact force on each other.

*  Two opposite poles will attract (north and south).

*  Two similar poles will repel (north and north or south and south).

A permanent magnet produces its own magnetic field.
An induced magnet becomes a magnet when inside a magnetic field.
Induced magnets lose their magnetism easily.

~

6.7.2.1 Electromagnetism

When a current flows through a wire a magnetic field
is produced. The higher the current, the stronger the
field.

Al
VS

If the wire is wrapped into a coil called a solenoid

.~ the magnetic field becomes strong and uniform.

N The magnetic field around a solenoid has a similar
shape to that of a bar magnet.

Adding an iron core to a solenoid

increases the strength of the ~u
magnetic field and turns it into an ~
electromagnet. _

How can we increase the strength of an

electromagnet? s N
* Increase the current

* Increase the size and number of coils.

6.7.1.2 Magnetic field

magnetic field : the region around a magnet where a force acts on another magnet

or on a magnetic material (iron, steel, cobalt and nickel)

The field of a magnet always flows from the north pole to the south pole.

The strength of the field increases as the distance from the magnet decreases.

Magnetic materials always attract a magnet and include iron, cobalt, nickel, and steel.

A compass is a small bar magnet that is attracted to the Earth’s magnetic field. A compass can be used to draw a magnets field.
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Knowledge Organiser 4.8 Space Physics (Sep Physics)

4.8.1.1 Our Solar System ;

-

-

Our Sun is the only star in our solar system.

There are 8 planets in our solar system.

Moons are natural satellites.

Our solar system is part of a galaxy called the Milky Way.
The Sun formed from a cloud of gas called a nebula.

The gas particles were attracted to each other by
gravitational attraction.

The start of our Sun was with gravity and fusion reactions
which made an equilibrium between gravitational collapse
and expansion due to fusion.

4.8.1.2 Life cycle of a star

-

Gravity and nuclear fusion reactions drive the
formation and development of stars.

Nebula: A star forms from massive clouds of dust and
gas in space, mostly composed of hydrogen.

Gravity begins to pull the dust and gas together.
Protostar: As the mass falls together it gets hot enough
for the hydrogen nuclei to fuse together to make
helium. Fusion process releases energy, keeping the
core of the star hot.

Main sequence star: Gravity holding the star together
is balanced by higher pressure due to the high
temperatures. The Sun is at this stable phase in its life.
Red giant star: When all the hydrogen has been used
up in the fusion process, larger nuclei begin to form and
the star may expand to become a red giant.

White dwarf: When all the nuclear reactions are over, a
small star like the Sun may begin to contract under the
pull of gravity. In this instance, the star becomes a
white dwarf which fades and changes colour as it cools.
Supernova: A larger star with more mass will go on
making nuclear reactions, getting hotter and expanding
until it explodes as a supernova.

Neutron star or black hole: Depending on the mass at
the start of its life, a supernova will leave behind either
a neutron star or a black hole.

Universe - about 13.8 billion years ago all the
matter in the Universe was concentrated into a
single incredibly tiny point.

Galaxy - cluster of billions of stars

Star - large ball of burning gas

Planet - a celestial body moving in an elliptical orbit
round a star.

Moon - natural satellite of a planet

Dwarf planet - a planetary-mass object that does
not dominate its region of space (as a planet does)
and is not a satellite.

Asteroid - A rock in space. Asteroids orbit the Sun
but sorme may cross the Earth's orbit, producing a
risk of collision.

= Stars about the same size as our Sun:

follow the left hand path

main sequence star =» red giant =» white dwarf = black dwarf

= Stars much bigger than our Sun:

follow the right hand path

main sequence star = red super giant = supernova = neutron star or
black hole

Main sequence stars

For most of its lifetime, a star is a main sequence star. It is stable, with

balanced forces keeping it the same size all the time. During this

period:

1. gravitational attraction tends to collapse the star

2. radiation pressure from the fusion reactions tends to expand the
star

3. forces caused by gravitational attraction and fusion energy are
balanced

The Sun is expected to be a main sequence star for billions of years.

4.8.1.2 Life cycle of a star

Cloud of dust and gas -
Mebula

About the
same size Bigger and
and mass of Protostar more massive
the Sun than the Sun

Main Sequence Star

‘White Dwarf

Supernova (pl. supernovae)

All the naturally eccurring elements in the Universe are produced
by nuclear fusion reactions in stars. The heavy elements found on
Earth, such as gold, came from material thrown out in previous
supernova explosions.

For example, beryllium and carbon nuclei can be produced from

helium nuclei: . o
(two helium nuclei join to

mmm |Tm He |vm Be form a beryllium nucleus)
(a helium nucleus and a
beryllium nucleus join to

4 o] 12
NH.H_W .TL_ ww |vm O form a carbon nucleus)

Fusion reactions

In a main sequence star, hydrogen nuclei fuse together to form
helium nuclei. This happens in several stens. hut nne wav ta simnlify

the overall change is: 2 3 4 1
Hml_l —Hl_ |vm mml_l n__..—u

Two hydrogen nuclei fuse to produce a helium nucleus and a neutron.
The Big Bang produced hydrogen and helium. All the other elements
have been produced by nuclear fusion reactions in stars and supernova
explosions.
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