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Knowledge Organisers
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As you move into Year 9, we would like you to continue to use
knowledge Organisers to support your learning and help you
achieve. Knowledge Organisers improve your confidence by
helping you to understand how to learn and revise. This is part of
our seven-year revision strategy that supports you to remember the s

Rate of Forgetting with Study/Repetition

core and powerful knowledge that is required to be successful in b \ i o £
each subject. -y

The Ebbinghaus Forgetting Curve demonstrates that knowledge is MHH.,,,,

lost over time if it is not revisited. A simple model for memory - Y

involves working memory and long term memory; working ]

memory is limited, and can very easily become overloaded, o

whereas long-term memory is effectively limitless. You can support 30%

your limited working memory by storing key facts and processes in %]

your long-term memory. Research evidence indicates that regular 10%]

recall activities, known as retrieval practice, are an effective way of ol ; ; Time ; ;
ensuring that knowledge is committed to long-term memory. L T = =

At the start of each term, you will receive a knowledge organiser that contains content for your core subjects of RE,
English, Maths and Science. Your option subject teachers will then give you knowledge organisers for their subject
depending on the subjects you have chosen, which you will add, to make it complete. You will continue to use your
knowledge organiser in your lessons, in tutor time, and during independent learning tasks. An important aspect of your
revision for assessments and end-of-year examinations will be to use the knowledge organisers for self-quizzing. If this
core knowledge is secured, you will be in a strong position to use and apply this knowledge in a range of contexts. You will
be given your knowledge organiser in a plastic wallet along with a homework booklet - the expectation is that you bring
this to school every day - it should be placed on your desk in every lesson, ready to use.

How to use your Knowledge Organiser

The best way to use your knowledge organisers is to regularly use one of our Core 4 Revision strategies as part of your
home learning.

O Flash Cards: Use the information from your knowledge organiser to create flashcards - these could be double sided,
with a question on one side and the answer on another, or a keyword on one side and the definition on the other.

O Self Quizzing: There are different ways you can self-quiz:

° Look, cover, write, (say), check
o Create gaps fills
o Create questions for the information you want to learn and then answer them from memory

O Brain dumps: These are a small but powerful revision strategy which
help makes the information ‘sticky’ so that it goes into your long-term
memory, ready for you to recall it into your working memory. They are
good to use at the end of topics. An effective brain dump involves you SELF
writing down everything you can about a topic you want to revise from
your memory. You then check the information against the information on QUIZZING
your Knowledge Organiser - you then mark your work and add any
missing information onto your brain dump in a different colour pen, so
that you know which information you need to revisit, either through
using flash cards or self-quizzing.

O Revision Clocks: Revision Clocks are a blank clock shape - divided into REVISION
12 segments. In each segment put a sub-heading and then include the
information linked to that. They are effective as they allow you to ‘chunk’ CLOCKS

up the core knowledge from the topic into the segments. You can use
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colours and pictures to make the information more ‘sticky".
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Homework Schedule
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In Year 9, you should aim to complete at least 1 hour 30 minutes of Home Learning per school day.
Your teachers will usually set you one homework per week, which should take you approximately 45
minutes to complete but may vary slightly depending on the task and subject. This may be a
knowledge organiser based task, something online, a research task or something else depending on
the subject. However, if you have no tasks set, please revisit your learning for that day and carry out
knowledge organiser activities or consolidate your learning for a specific subject. You should also aim
to continue to read for two periods of 20 minutes each week.

The following timetable illustrates how you could chunk up your time to ensure you cover all subjects
per week, whilst also giving you a free evening to revise a specific subject or topic of your choice.

Week 1
7o Minutes - Monda Tuesd Wednesday [ Thursd Frid
P Bl y uesday ednesday ursday riday
Subject 1 RE English Your Choice Maths Science
Subject 2 Option 1 Option 2 | Your Choice Option 3 Option 4
Week 2
7> Minutes 1 Monda Tuesd Wednesday | Thursd Frid
Par Suljset y uesday ednesday ursday riday
Subject 1 RE English Science Maths Your Choice
Subject 2 Option 4 Option 2 Option 3 Option 1 | Your Choice

Read 20 minutes
a day and you'll
read 1,800,000
words per year.

Reading for
6 minutes a day

reduces stress
by 68%.

Children learn
4,000 to 12,000
words per year
through reading,
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Homework Expectations
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Please remember that the same rules apply to the presentation of your homework as applies for your
class work: dates and titles (which should be the name of the subject) need to be underlined with a
ruler and you should present your work as neatly as you are able to.

Date written fully on the right-
hand side of the page and
underlined. This should be the day
you complete the homework.

Remember!

Subject written on the left-
hand side of the page and
underlined.

Research shows that homework and

For example: Food

Topic written on the centre
of the page and underlined.
For example: Sugars

One single straight line Y
between both pieces of SALLE SR VAT 5 T
homework. AR APALTES e S 22, R

tu._wD

|| m

SELF
QUIZZING

REVISION
CLOCKS
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revision are most effective when the
conditions support learning.

e Sit at a desk.

* Avoid distractions: NO PHONES/ MUSIC.
® Work in a quiet space i.e.,
bedroom/library.

Our library is open after school for revision

and homework.

Use CTK's Core 4!

Use one of our Core 4 revision techniques

to help you learn the information - remember
do not just copy out the knowledge organiser,
summarise and put into your own words.

N |

Where relevant try to include diagrams or
sketches to visually represent the topic.

If you are self-quizzing correctly, there should
be evidence of green pen on your page.
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THE CORE FOUR

How to Create Flash Cards
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1. Identify 2. Colour Coding 3. Designing
_A_..Oi_mﬂmm + Use different coloured * 1 Question per flash card
- Whatare you creating flash cards for different - make them concise and
flashcards on? topics. This helps with clear
organisation, NOT recall.

4. Using 5. Feedback
* Write your answers * How have you performed
down, then check, or say when you look back at
your answers out loud. your answers?
This clearly shows the
gapsin your knowledge. * s there anything you
need to revisitin more
Do not just copy and re- detail?
read.
* Use your book to look at
previous misconceptions * No extended answer + Is your knowledge
from whaole class * mr‘cm_m the cards each secure? If so, move on to
feedback. time you use them. applying knowledge in
* Number your cards for that area in specific
* Use the Leitner system to extended exam
use flash cards every day. questions.

Use a one-word prompt,
so that you canrecallas
much asyou can

+ Do you have your
knowledge organiser?

questions

self-quizzing.

THE CORE FOUR REVISION TECHNIQUES
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1. Identify 2. Write it Down 3. Organise 4. Check 5. Store and
* Take a blank piece of Information Understanding Compare
paper/white board and » Once complete and you + Compare your brain » Keep your brain dump
write down everything cannot remember any dump to your safe and revisit it.
yoal.can qm:._mi_n.umq about more, use different Knowledge Organiser or
that topic (with no colours to highlight / book and check your + Next time you attempt
prompts) underline words in understanding. the same topic, try and
. . groups. complete the same
) 0_<.m yourself m.ﬁ_:,.ma * Add any key information amount of informationin
limit (e.g 10 minutes) * This categorises / links you have missed (key a shorter period of time

words) in a different or add more information.
colour.

Knowledge
+ Identify the knowledge /
topic area you wantto
cover.

information

THE CORE FOUR REVISION TECHNIQUES




THE CORE FOUR

Revision Clocks
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1. Identify
Knowledge

Select a topic you wish to
revise. Have your class
notes, knowledge organiser
or revision books ready.

Self Quizzing

1. Identify

Knowledge
+ Identify knowledge /
content you wish to
cover

@

2. Designing

You can make your own
revision clock by drawing a

clock in the centre of a
page and dividing it into 12
chunks. You can also use an
existing template from your
teacher, or one you can find

online.

3. Manageable
Chunks

Organise your revision
notes into 12 sub-topics
and make brief notes for

each sub-topic into one of
the segments onthe page,
creating manageable
chunks of information.
Combine text with images
to help retain the
information.

X+

4. Using Revision
Clocks

Revise each segment for 5
minutes. Turn the clock over
and recite the sections out
loud or ask someone to
quiz you.

Alternatively, you can revise
certain sections for 5
minutes and use a blank
revision clock with
headings, recall as much
informationas you canin
the segments.

THE CORE FOUR REVISION TECHNIQUES

2. Review and

Create
* Spend around 5-10
minutes reviewing
content (knowledge
organisers / class notes /
textbook.)

+ Create 10 questions on
the content (if your
teacher has not provided
you with questions
already)

3. Cover and

Answer
+ Coverup your
knowledge and answer
the questions from
memory.

* Take your time and
where possible answer in
full sentences.

4, Self Mark and
Reflect

* Go back to the content
and self-mark your
answers in green pen.

THE CORE FOUR REVISION TECHNIQUES
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5. Check
Understanding

How have you performed
when you compare you
answers to what you have
written? Is your knowledge
secure?

Remember to repeatthe
process regularly, using
different techniques to
answer the questions.

Put it somewhere visible for
you to use again.

5. Next Time
* Revisitthe areas where
there were gaps in
knowledge and include
these same questions
next time.
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RE - Judaism Beliefs

Key Words Key Facts
1 Torah The first 5 books of the Hebrew Bible 1 God is One, Creator, Lawgiver and Judge
2 T kh The Hebrew Bible consisting of the Torah, Nevi'im .
ena and KethU\\/l;lm I 'sting Vi 2 The qualities of God are generally agreed upon by all Jews, although they
may interpret them in divergent ways
3 | Talmud The oral laws and traditions passed down from
Moses, eventually written down as the Mishnah and 3 God has many names in the Bible, which helps Jews understand some of the
Gemara. characteristics of God
4 | Shema The main Jewish declaration of faith 4 These characteristics and names of God are important in Judaism as they
help Jews understand something of the nature of God
5 Messiah The anointed one, the King sent from God
5 God is present in every aspect of life
6 | Messianic A time when the Messiah is ruling the world
Age 6 Some Jews try and connect with the Shekinah through the study of the Torah,
7 | Yeshiva Jewish school of Talmudic study in prayer and during worship
- : — 7 The idea of the Messiah is an ancient one in Judaism and is based around a
8 Rabbi Jewish teacher or religious leader great leader rather than a saviour
9 | Tikkun Olam | Acts of kindness performed to repair the world 8 The characteristic and tasks of the Messiah are described predominately in
The Nevi'im
1 Circumcision | Removing the foreskin of the penis; ‘Brit Milah’ is — - - — - -
0 the name of the Jewish ceremony of circumcision 9 Many Jews !lve in expectation of the Messiah or Messianic Age and live their
lives accordingly
1 Shekinah Means the presence of God
1 10 | In Judaism a covenant is an everlasting agreement between God and man
Key Sources of Authority
11 | God and Abraham entered into a covenant that promised many descendants,
1 Shema ‘Hear O Israel, the Lord is our God, the Lord is One’ a Promised Land, and a blessed nation
2 | Tamud ‘whenever ten are gathered for prayer, there the 12 | God showed that he would keep his promises; this remains important to Jews
Sanhedrin | Shekinah rests’ today
3 | Genesis ‘an everlasting covenant, to be a God to you and to 13 | Israel is the Promised Land which Abraham and Sarah settled
your offspring’
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Key Words Key Facts
1 | Pikuach Most Jewish laws can be broken to save a life - - -
Nefesh 1 The Jewish people entered into a covenant with God after Moses had led
them out of slavery in Egypt to the Promised Land

2 | Mitzvot Commandments which set rules or guide action
(singular = mitzvah) 2 Moses received the Torah or Law, which continues to play an important role in

3 | Halakhah Teaches Jews how to perform or fulfil the Mitzvot Judaism today

4 | Omniscience | God’s complete knowledge of all human actions, 3 The story of Creation in Genesis makes it clear that God is the giver of life, so
past, present and future life is sacred

5 [ Olam Ha-Ba | ‘The World to Come’; term used for both the : - : —
Messianic Age and a spiritual afterlife following 4 Pikuach Nefesh influences how Jews approach moral and ethical decisions
physical death such as abortions and euthanasia

6 [ Gan Eden Garden of Eden — not the same place where Adam

5 Jews follow the Mitzvot as they form part of the covenant between the Jewish

and Eve lived, but a pure spiritual heaven people and God

7 | Gehinnom A place for a set time of purification of the soul
6 Jews believe they have free will and a choice in following the Mitzvot
8 | Mishneh Maimonides’ compiled list of 613 Mitzvot
Torah

7 By carrying out good deeds towards other humans, Jews believe they are

9 | Sefer Madda One of the books of the Mishneh Torah ‘the Book of fulfilling an important part of Jewish life

Knowledge’ that explains the idea that the foundation

of everything is God, and therefore moral principles

should begin from the same point 8 Most Jews concentrate on living a righteous life rather than an afterlife

Key S f Authorit
ey Sources ot Authorlty 9 Jews do not agree on the nature or form of life after death, but are generally

convinced death is not the end

1 Genesis ‘'so God created Man in his Image’

10 | Some Jews believe that in the world to come (Olam Ha-Ba), there will be a

2 Maimonide | believe with perfect faith that there will be a revival heaven (Gan Eden) and a place of purification (Gehinnom)

s of the dead at the time when it shall please the

Creator

11 | There is little scripture on life after death and so most teaching comes from
3 | Deuterono | 7 present before you today a blessing and a curse ancient Rabbis such as Maimonides

my
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English - Speaking & Writing from a Viewpoint

Punctuation

When to use

Mark end of a
sentence

Mark end of a
question

Mark end of
an emotive
sentence

o u

Start and end
of speech

Persuasive Definition/example Text-type Features
Devices
: Persuasive letter *  Recipient’s address (top-right)
Direct Personal pronouns ‘you, +  Sender’s address (top-left)
address we,” used to speak directly «  Title (beginning) — Dear Sir,
to the audience/reader ¢  Direct address
. . . .. *  Salutation (ending) — Yours sincerely,
Alliteration Series of words beginning ( g K
with the same consonant
sound
- - Persuasive speech *  Greeting (Good morning/evening/ ladies
Facts Real information used as and gentlemen)
evidence in a letter or «  Direct address
speech *  Salutation (ending) — Thank you for
Opinion The personal and biased listening.
viewpoint of the
writer/speaker
Connectives Use to open
Repetition Repeating the same words paragraphs and link
or phrases them together
Rhetorical a question asked for Furthermore To develop a point
guestions dramatic effect or to make further
a point, rather than to get Person
an answer Therefore To explain an idea Ti...you move to a new period of
time
Emotive Words which evoke some P .. youmove to a different
. place/location
Language emotional response from on th her hand i p . —————
the listener/reader n the other han To introduce a arothar
countera r‘gument P ... you bring a new person into
. ] ] your writing, or change from one
Statistics numerical evidence used person to another - including
. dialogue (speech)
to support an idea e.g %
Triplets Using the same language ) .
P g. . 8 g. Firstly To introduce your
technique, three times, in .
first paragraph
a sentence

{

(apostrophe)

Indicate
possession or
omission

Separate lists,
subordinate
clauses

Start of a list

Separate two
independent
clauses

Enclose extra
information
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English - Poetry

1 Charge of The Crimean War was between the Russian and the | Alfred Tennyson

the Light British in 1854. The Russians were armed with Poem was based on a newspaper report that the

Brigade canons and the British had swords. The Russians poet saw in a newspaper.
had the advantage of surrounding the higher land The order to charge was a mistake and it cost the
around the valley. British in terms of casualties.
‘Into the jaws of Death, He was not directly involved in the war but wanted
Into the mouth of Hell’ everyone to recognise how brave the soldiers had

been.

2 Remains The poem is an account from Guardsman Tromans | Simon Armitage
about being one of a group of soldiers that kill a Wrote the poem to show the aftereffects of war on a
looter that is robbing a bank in Basra, Iraq. real soldier, who was interviewed for a documentary
‘probably armed, possibly not’ and collection of poems called ‘The Not Dead’.
‘his bloody life in my bloody hands’ Armitage wanted to raise awareness of PTSD being

experienced after war.

3 Poppies The poem is from the perspective of a mother who Jane Weir
sends her son off to fight. Commissioned to write Poppies by Carol Ann Duffy
‘the world overflowing/ like a treasure chest’ as a contemporary war poem.
‘hoping to hear your playground voice catching | Written from the perspective of a mother letting her
on the wind’ child go.

4 Bayonet The soldier in this poem is scared and worried. He is | Ted Hughes

Charge not ready to go to run and attack the enemy. Too young to have fought in the first world war but
‘Suddenly’ his father did.
‘A rifle as numb as a smashed arm’ It's only about a single soldier and suggests that war
Sweating ‘like molten iron’ is a terrifying experience.

5 War The poem is not about a soldier but a civilian: whose | Carol Ann Duffy

Photographer | job is to take photos of war situations without Knew a real war photographer (Don McCullin) and is

participating, or being able to help.

‘In his dark room he is finally alone’

‘Beneath his hands which did not tremble then /
Though seem to now’

interested in whether it is right to take pictures of
suffering like this.




		1 Charge of the Light Brigade

		The Crimean War was between the Russian and the British in 1854. The Russians were armed with canons and the British had swords. The Russians had the advantage of surrounding the higher land around the valley. 

‘Into the jaws of Death,

Into the mouth of Hell’

		Alfred Tennyson

Poem was based on a newspaper report that the poet saw in a newspaper.  

The order to charge was a mistake and it cost the British in terms of casualties.

He was not directly involved in the war but wanted everyone to recognise how brave the soldiers had been.



		2 Remains

		The poem is an account from Guardsman Tromans about being one of a group of soldiers that kill a looter that is robbing a bank in Basra, Iraq.

‘probably armed, possibly not’

‘his bloody life in my bloody hands’

		Simon Armitage

Wrote the poem to show the aftereffects of war on a real soldier, who was interviewed for a documentary and collection of poems called ‘The Not Dead’. Armitage wanted to raise awareness of PTSD being experienced after war.



		3 Poppies

		The poem is from the perspective of a mother who sends her son off to fight. 

‘the world overflowing/ like a treasure chest’

‘hoping to hear your playground voice catching on the wind’

		Jane Weir

Commissioned to write Poppies by Carol Ann Duffy as a contemporary war poem.  

Written from the perspective of a mother letting her child go.



		4 Bayonet Charge

		The soldier in this poem is scared and worried. He is not ready to go to run and attack the enemy. 

‘Suddenly’

‘A rifle as numb as a smashed arm’

Sweating ‘like molten iron’

		Ted Hughes 

Too young to have fought in the first world war but his father did.  

It’s only about a single soldier and suggests that war is a terrifying experience.



		5 War Photographer

		The poem is not about a soldier but a civilian: whose job is to take photos of war situations without participating, or being able to help.

‘In his dark room he is finally alone’

‘Beneath his hands which did not tremble then / Though seem to now’

		Carol Ann Duffy

Knew a real war photographer (Don McCullin) and is interested in whether it is right to take pictures of suffering like this.
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Straight Line Graphs Sparx Codes M797 M932 M544

@ Key Words :

Y Pottingy =mx +c graphs @
Gradient: The steepness of a line. [ y=3x-1 -}_> 3 x the x coordnate then — |
Intercept: Where two lines cross. T v o bl to el Ui @

) x | -3 3 Draw o labke to dspiay t

Y-intercept: Where the line meets the y-axis. y | 10| -1] 3 } rformation
Parallel: Two lines that will never meet with the same ;( 1n" 2
gra dient. I‘rg i-zg;eser[s a coordrale pair : You ony megfr;:;:hlﬂch:f to form a
Co-ordinate: A set of values that show an exact position on a <
graph. Pottr ts helps you decid
Linear: linear graphs ( straight line)-linear common difference a o b

if your catulations are correct (f
by addition or subtraction. TYTEI: [ theydo make astraght ire)
Asymptote: A straight line that a graph will never meet.

Reciprocal: A pair of numbers that multiply together to give

1 Remember to jon the ponts fo moke
. a e
Perpendicular: Two lines that meet at a right angle. @
Find the equation from a graph
Uy=mx*c @ The equation of a ine %}{ilj_ / The Gradent — o+ 1
Tre coefficient of x (the rumber in front can be regrranged. Eg intercept { / oy y=
of x) teks vs the gradient of the e =p 4 a7
\ g0 g' L \‘G) : The drrection of the Ine ndcales a positive
The vale. of ¢ s the point at C=y—mx T . gradent
yY/=mx + ¢ e the ne crosses the y- dentify wheh coefficient 116 Dsg@(\\ 4%?&;@
\ / axs Y intercept uou are. identifung or N Q@‘\s‘g‘ &%&
Y and x are coordnales compang, 3 : ]
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Forming and Solving Equations Sparx Codes M509 M957 M118

Key Words @ @ M554

Inequality: An inequality compares who values

showing if one is greater than, less than or equal to IEqmtm with unknown on both sides | Form and solve inequaities @€

another. - —
Variable: A quantity that may change within the = Twomore hun lrebke my =
+=x ¢ oF mber & greater than |
context of the problem. 4}{3._ 4 511 S I E | 5 g \“*fllf_v_}ir_rf d_r__r:’;_'i]_.x//
Rearrange: Change the order - > XXX H Find the possible range. of valbes
Invgrse operation: The operation that reverses the x+5=2 1 3+ 25 ||
action. A -h 24 Solv
Substitute: Replace the variable with a numerical I €
value. x=19
Solve: Find a numerical value that satisfies an
equation.
_ Solve equations with brackets @ ©)
Rearranaing Formulge (ore step) @
P ETEET 3(Ax +4)- 30
- 30
X x=yre txpand the brockels
Rearronge. To moke u the subject INDEDODONNE
y z % 7 rL 50 bx + 12 = 30
y-x-z - )
wlxlxlrlxl:ﬁi ¥ - 1A st
Yy—">» —> b( Usng inverse operatiors or fact i :
familes wil aude. uou through [ [« [+ ox = 18
Y c X rearranang formulae 8 o x=3 [5
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Maths

Testing conjectures Sparx Codes M108 M227 M698
Key Words @ Q
Multiples: found by multiplying any number by positive Factors HUltIPIE.S and Primes e

integers.

Factor: Integers that multiply together to get another
number.

Prime: An integer with only 2 factors.

HCF: Highest common factor (biggest factor two or more
numbers share)

LCM: Lowest common multiple (the first time the times
table of two or more numbers match)

Verify: The process of making sure a solution is correct.
Proof: Logical mathematical arguments used to show the
truth of a statement.

Binomial: A polynomial with two terms.

Quadratic: A polynomial with four terms (often simplified
to three terms)

HCF — Highest common factor
. HCFofi8and 30 |

8|

Multivlcation part whoke

\ mooek

23169 13
Ol
*/ 30 ] 123506005 30
/—"\I \ Common factors are foclors Two or more rumbers share
o) 6 |
I\ LCM — Lowest common multivke
(D) r’ LCMof 4and 12
SIRCD,

9 9 18 A7, Be 45 54

A4, Bg 48 60

(2] 1

Commen mulliples are. muliples two or more nombers share.

Ol three. prime. factor
[rees represen (ne
came decomperslion

True or Fakse?

Conjecture

Counlerexampes -

The SEQUENCE BNt dul“i"MI
‘». addra A each r"d'

e .*.,-'——..
A
Ir -}

O pattern that & noticed for marny coses
ﬂﬂg one counterexample is needed
fo dsprove a coneciure

124
The nurmbers in the sequence
are doubling each e,

>

Olaus, Sometimes, Never {rue.
Every valbe abways supports the statement

Somelimes Examples show the. statement being true and - "
I + + r . roclions
counler examples 10 show when i s fafe . Neaiive
MUMCESs

[ Newer ] Noexampe supports the statement
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3D Shapes
Key Words @

3D: Three dimensions to the shape e.g. length, width
and height

Vertex: A point where two or more-line segments meet
Edge: A line on the boundary joining two vertex

Face: a flat surface on a solid object

Plan: a drawing of something when drawn from above
(birds eye view)

Surface Area: Total area of all faces om a 3D shape
Volume: The amount of space taken up by a 3D shape

Sparx Codes

Q675 M534 M765

&)

\Volumes

Yobme. & the 30 space | Tokes up — obo
bnown & copacity f veng lauick to il the
e
X Gourting cubes
‘ Sore. 30 shape. volmes con be.

' cakuiated by couriing the rumber of
cobes that i irade the dhape
[ Cubes/ Cuboids = base x width x heig ]

Femember muibiphealion & commutolive
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Constructions

Key Words @

Protractor: Piece of equipment used to
measure and draws angles

Locus: Set of points with a common
property

Equidistant: The same distance.
Perpendicular: Lines that meet at 90°
Arc: Part of a curve.

Bisector: A line that divides something into

two equal parts.
Congruent: The same shape and size.

Sparx Codes
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M565 M239
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Locus of a distance from a point @

Ol ponts ave. equdstarnt (the same
dstarce) from the fixed port n the
mycdde

sd4—>p

f the point i in the comer
it can only make o guarter

/ cicke

Tre rodis & the detarce
from the fied poirt

e =

Side, Onae, Onak B
(T
— | .
side, Oinge, Side. v
b ey
II-.- ..l!
Sde, Side, Sde

Constructing Trianges (&)

Maths

M253
@Cmstrwt a perpendcular from

©,

Draw and meadsure anaes (R

- Make o mark al 35° with a percl
Ll G 227 :

ange Ond jon o the ange ponl e
ruer)

-

’ -
- ff‘_ :
‘ //' ~  The arge

Congroent Trianges (s )

| Sdeside-se |

Ol Three sides on the Triangk. are. The. some. size
| Onge-side-ange |
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Animal and plant cells are eukaryotic. They have genetic material (DNA) that forms
chromeosomes and is contained in a nucleus.

Arimal cell cell membrane: contrals Plant cell
the mowement of peranent vacuole:
substances in and out of contzins cell zap
acell
nudeus: contzins DMNA chloroplasts:
conitain chlorophyll  to
mitnchondria: where absorb light energy for
energy is relezsed photosymthesiz
through respiration
i site of cell wall:
protein synthesis maf:le of celluloze,
which strengthens
oytoplaame jelly-like the cell
substance, where
chemical reactions
happen

Biology - Cell Biology and Transport

Bacteria have the following characteristics:
= single-celled

* no nucleus — have a single loop of DNA

= have small rings of DNA called plasmids
= smaller than eukaryotic cells.

Light microscope

Electron microscope

uses light to form images

uses a beam of electrons to form images

living samples can be viewed

samples cannot be living

relatively cheap

cell wall

I
mop;asm lowmagnification

expensive

high magnification

low resolution

high resolution

4, Specialised cells

Cells in animals and plants differentiate to form different types of cells. Most animal cells
differentiate at an early stage of development, whereas a plant’s cells differentiate throughout
its lifetime.

Electron microscopes allow you to see sub-cellular structures, such as
ribosomes, that are too small to be seen with a light microscope.

i v To calculate the magnification of an image:
flagellum bacterial DNA plasmid DA
loop (ne nuclews) rings—bacteria image size
may have more magnification = _—
than one of these achual size
5. Diffusion Dsmosis Active Transport

The spreading out of particles, resulting in a nat The diffusion of water from a dilute The movement of particles frem a more

movement from an area of higher concentration to solution to a concentrated solution dilute solution to a more concentrated

an area of lower concentration. through a partizlly permeable solution using energy from respiration.

Definition membrane.

out of the leaves through the stomata.

Specialised cell Function Adaptations Factors which affect the rate of diffusion: difference
— in concentration, temperature, and surface area of
Jpff Mk fertilise an * tail to swim to the cvumand fertilise it the membrans.
= owum (egg) * |ots of mitochondria to release energy from
respiration, enabling the sperm to swim to the ovum Particles mawve down the concantration gradient — Water moves from an area of lower Particles move against the concentration
transport * nonucleus so more om to carry oxygen Maverrjent of | from an area of high concentration to an area of low | solute concentration to an area of gradient — from an area of low concentration
oxygenaround | . . ] Particles Concentration. higher solute concentration. to an area of high concentration.
contains a red pigment called haemoglobinthat
the body binds to oxygen molecules - - —
i ) . Energy Mo — passive process Mo — passive process Yes —energy released by respiration
* flat bi-concave disc shape to increase surface area- .
) Required?
to- volume ratio
contract and | ® contains protein fibres, which can contract to make Humans Plants Humans
relax to allow . Mutrients in the small intestine diffus2 into the | = Water moves by osmosis from a = Active transport allows sugar molecules to
the cells shorter
movement . ) . . capillaries through the villi. dilute sclution in the soil to a be absorbed from the small intestine
cont_am.s lots of m|tochondna to release energy from . Oxygen diffuses from the air in the alveoli into concentrated solution in the root when the sugar concentration is higher in
ti Il th les to contract
- | respiration, aTowing the muscles 1o contra the blood in the capillaries. Carbon dioxide hair cell. the blood than in the small intestine.
rerve cél _carrvelectncal * branched endings, called dendrites, to make diffuses from the blood in the capillaries into Plants
%—ﬂ-‘—"\? impulses connections with other neurones oreffectors the air in the alveoli. = Active transport is used to absork mineral
around the * myelin sheath insulates the axon to increase the . Urea diffuses from cells into the blood for ions inte the root hair cells from more
body transmission speed of the electrical impulses e excretion in the kidney. dilute solutions in the soil_
t hair absorh mineral | o jecti i = . o 0 ek
(o0 e ions and water Io['g pnl:uljechon .speeds_up t:E ab.:Forpton ufﬁerarﬁj Examples *  Ouwygen from water passing over the gills diffusas 4
P mineral ions by increasing the surface area of the cel into the blood in the gill filaments. : »
romthe sol * |ots of mitochondria to release energy for the active * Carbon dioxide diffuses from the blood in the gill Make sure you can write a definition for these key terms.
) transport of mineral ions from the soil filaments irto the water. cell membrane  cell wall chloroplast chromosome
- ! ) ] i
v Sade cdl enable * |ots of chloroplasts containing chloroghyll to absorb Plants concentration cytoplasm i dilute ) ?NA i eq._lkaryulu:
photosynthesis light enerzy * Carbon dioxide used for photosynthesis diffuses gill filaments  gradient magnification  mitochondria
inthe leaf ] into leaves through the stomata. nucleus partizlly permeable membrane  passive process
* located at the top surface of the leaf whereit can +  Owygen produced during photosynthesis diffuses permanent vacuole plasmid prokaryotic resolution
ahsorb the most light energy ribosome root hair cell stomata
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w

The nucleus of a cell contains m A stem cell is 2n undifferentiated cell that can develop into one or more types of specialized cell.
el
chromasomes, There are two types of stem cell in mammals: adult stem cells and embryonic stem cells.
Each chromosome carries a Stemn cells can be cloned to produce large numbers of identical cells.
large number of genes made the nucleus of a cell
. Type of Where are What can they .
tar Advan Disadvantages
of DNA molecules. E?I:Or:gsm]es stem cell | theyfound? | differentiate into? tages .
cananly « fewerethicalissues —adults can
spacific differentiate consent to have their stem cells | requires a donor, potentially
/’: ; parts of to form certain remaoved and used meaning & long wait time to find
DNA LE e thebodyin | typezofcells—for | . an already estzblishad someone suitable
r \ ells SEM  dulisand | exemple, stem cells technique for treating diseases . can only differentizte into
children—for | in bone marrow can such as leukaemia certain types of specizlized
example, onlydifferentizte | rajatively safe touse as a cells, socan be used to reat
hucleus bonemarrow | into types of blood treatment and donors recover fewer diseases
gene< each chromosome cell quickly
carries a large . [ . ethical issues a5 the embryois
number of genes « £an treat a wide range of 3
early human can differentiate dizeases 3z can form any dﬁ"md &nd eth embryois =
embryos h alizad cell potentizl human life
into any type of speqalized ce ek o transferring virsl
L 1 embryonic E‘?:tnf;l tark;n specialized cell « may be possible to grow whale ’ ;;feniu::ts::enga::r:m
in normal body cells stem cells embwtas inthe body—for replacement organs P i
= the chmmmomt_as are from Fertii example, 2 nerve cell || usually no donor neaded as « newer treatment so relatively
el normally found in ar | ora musclecell thew are obtained from spare under-researched —natyet
pairs clinics) = Pe clearifthey can cure as many
OmEs e made embryos from fertility clinics "
of DMA molecules disezses a5 thought
. rarespecies of plantzs can be
2. The cell cvde cloned to prevent extinction
meristem can differentiate . . . X
Body cells divide to form two identical daughter cells by going through a series of regions in intaallcalltypes + plants with desirable traits, + tloned plants are genetically
stages known as the cell cycle plant such as disease resistance, identical, 503 whole cropis at
g - N the raots —they can be uzed . N
meristemn andshoots | to creats clones of can be cloned to produce large riskof being destroyed by a
Cell division by mitosis is important for the growth and repair of cells, for example, the sfpls | numkbers of identical plants zingle disezse argenetic defect
replacement of skin cells. Mitosis is also used for asexual reproduction. plants wholeplants . fast and low-cost production of
There are three main stages in the cell cycle: large numbers of plants

stage 1

= DNA replicates sub-cellular structures, 3- Blnaw flss“,n 5. Therapeutn: cloni I'Ig
(chromosomes are such as ribosomes E| T In therapeutic cloni
duplicated) and mitochondria h Cell division in bacteria is called binary fission. In optimum pe "

« cells from a patient’s own body are used to create a cloned early embryo of themzelves

temperatur_e a"d nutrlems, bacte_rla can murtlph_.r -35 DﬂEn as . stem cells from this embryo can be used for medical treatments 2nd growing
stage 2 (mitosis) every 20 minutes. In a lab, bacteria can be grownin sterile new organs
= | of chi i . . -
Zjﬁ;iztéztengor::;:i:res's conditions on an agar g(:_ll p|EtE arin a nutrient broth. « these stem cells have the same genes as the patient, so are less likely to be rejected

= the nucleus divides to form two when transplanted.

The lid of the petri dish must be sealed but not all the way so
that oxygen can still get in. This is so that harmful bacteria
that do not need oxygen aren't able to grow.

stage 3
cytoplasm and cell membrane
divide to form two identical daughte
cells

adult stem cell binary fission cell cycle
‘- chromosome  clone  daughter cells embryonic stem cell

gene  meristem  mitosis nucleus  therapeutic doning
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Communicable diseases can be spread from one organism to another. Signs that aplant is diseased Ways of identifying plant diseases
+ stunted growth + gardening manuals and websites
Viruses live and reproduce rapidly inside an organism’s cells. This can damage or destroy the cells. - spots on leaves - laboratory testing of infected plants
. @S Spread by Symptoms = areas of rot or decay = testing kits containing monoclenal antibodies
\"“US 1 . fover +  growths (Chapter 3 Monoclonal antibodies)
inhalation of droplets Liced
) pletsprod . + redskinrash *  maltormed stems or [eaves
measles by infected people when sneering e ) )
and coughing +  complications can befatal — young children are vaccinated to « discolouration
:mu-ikense' them again;t measles - pest infestation
. t first
HIV {human sexual contact _ Symptorms & R "
immunodefic ; of bady fuids (e, bh . \-'lmsattack_stm bmi{sw‘ecels,mﬁﬁmlead_toﬁ[ﬁ— Physical barriers
) where the immure system & so damaged that it cannot ¥s
virus) when drug users share needles)
fight off infections or cancers = cellulose cell walls — provide a barrier to infection
direct contact of plants with = tough waxy cuticle on leaves
TMV (tobacco infected plant material . ;xge-n: pf;tlte:: o-fdisccéouat‘lon onthe leaves— where plant diseases can also be = bark on trees — a layer of dead cells that can fall off
mosaic virus — animal and plant vectors is destroye directly caused by insects.
ED ] soil: the pathogen canremainin soil for | = reduces plant's ability to photosynthesise, affecting growth Chemical barriers
decades Aphids are insects that = many plants produce antibacterial chemicals
suck sap from the stems of . i . i
* plants. This results in = poison production stops animals eating plants
Bacteria reproduce rapidly inside organisms and may produce toxins that damage tissues and cause illness. + reduced rate of growth Mechanical adaptations
spread by F—— e P —— * ""f"t'“g ] HH = thorns and hairs stop animals eating plants
salmonella bacteria and the = discolouration of leaves. = leaves that droop or curl when touched to scare
touins they produce cause Ladybirds can be used to control aphid infestations as herbivores or dislodge insects
bacteriainoronfoodthatis |« fayer poultry are vaccinated against lacybird larvae eat aphids. = some plants mimic the appearance of unhealthy
beingingested +  abdominal cramps Solmonella bacteria to control spread or poisonous plants to deter insects or herbivores
+  vomiting
o 5. Controlling the spread of communicabledisease
direct sexual contact — - thickyelowor green * treatment "'"_“h a”t'-b-'“t_i“ (marty
gonorhioea is a sexually discharge from the vagina or antibiotic-resistant  strains have There are a number of ways to help prevent the spread of communicable diseases from one organism to another.
onorrhoea . . . appeared A
B “;’[‘;5“““9" disease ) penis Arinatin . bgfner mt]aﬂmds of contraception, Hygiene : Isolation ¢ Controlling vectors  * Vaccination
(STD) pain € such as condoms Hand washing, disinfecting =  Isolation of infected . If avectorspreadsa = Vaccination can protect
surfaces and machinery, =  individuals — people, = disease destroyingor = large numbers of
* keeping raw meat separate, = animals, and plants can be = controlling the population = individuals against
i ® isolated to stop the spread ® of the vector can limit the *® diseases.
\ Spread b e— = tion and treatment covering mouth when iso p p
T‘Uﬂg g—| preac by ymploms FEVEHON and HEaHmen coughing/sneezing, etc. " of disease. " spread of disease. "
+  purple or blackspots onleaves, . - . . .
black spot ter and wind which turn yellowand drop early fungicides
rose black spof water and win - reduces plant's ability to " ;;ffected k{ajaﬁra‘lnedmd
photosynthesise, affecting growth estroye

Spread by Symptoms Prevention and treatment
mosquitos feed onthe blood of infected people

aphid bacterium communicable disease fungicide fungus

recurrent prevent mosquito vectors isolation mimic pathogen protist

episodes of breeding
fever mosquito nets to prevent bites
can befatal anti-malarial medicine

and spread the protist pathogen when they feed on
another person— organisms that spread disease by
carrying pathogens between people are called
vectors

sexually transmitted disease (STD) toxin vaccination vector virus
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w

g Hioeiew n

o | Elements s substanies made of ane o | Electros inan atom are plsced in ficed
Dalton’s model The plum pudding model s @+ it o | ype of stom, Each storm of an element will o | sheslls Yo can put e K{’:‘x\‘.
John Daltan thought of Scientists’ experiments resulted in the discovery of RN - * | hewe the same rumiber of pratons. Yol upto e electronsin the firs shel :'r,‘::\]‘] i |:"|"'-:. 1]
. - . . - N i 1 4 d 1 I
theatom as asalid sub-abamic l:.hargud palirtldci.'l'hbl'lr:t I:I:'n e discione red were . Ei ., B e gl e made of differsnt types of |+ sighitelertrons sach inthe sscand Rl o ___.-"'
sphere that could nct be slectrans —tiy, negatively charged particles. @ % e . | stomschemically banded tagether. The | andthidshens —_— e
. g h E
d"ﬂi‘ﬁ,'"‘“‘;:’:‘:’ . —} The distene ry af slectros led e the plum pudding madel of the ‘e o ot * o | atomsinacompoundhavedifferent o | Yow w2 il sh ol beten mening o
!“I p . i stom —a cloud of pasitive change, with negative elsctrons * * g ¢ | mumbers of pretons. * | the nextame,
irlude pratons, embeddedin it. Frotans and newtrons had not yet been e : "
neutrong, o electrons, dise L eheusd of pestihve cha e i
l : = Arnisiure cors 5t of taso ar mone Separating mixiures
Alpha scattering experiment ks et [ — i Eh‘_‘rl'lt:rll‘.%l:‘r mm|5|nl.|m:|: that are mat + filtration—insolublesoids and a Fquid
1 Scientists fired §mal, pusil:'n.v:h- :harga_d particles ol atirs gedd oo : chemicallfcombiined toget her. + erystalisation —soluble sofid from asalution
(called alpha partides) st apiece of gold foil anly afew ) “ | = Theudstances in & misturecan be i o )
ateensthick . . . + sirnple distillstion —solvent fromasolution
. ) separated isng physical procesies: ) T o T - !
I Theyexpected thealoha partices botravel - * : + Thessprocasses donotuse + Fractional distillation —teo liquids with similsr bailing points
straight through the gold ] -] E“-\. ehemnieal ieacting. +  paper chromatography —identiby substances fram a mixture in
3 Theywere surprised that some of the alpha partices a . saluticn
baunced back and many wers deflected [alpha o i L&) .
sraktering]. — (=] __,H"; - .
4 Toexplainwihy the alpha particles wers repelied the - N 5. Atoms and particles
sriertists suppested that the pasitive charge and o B .
rmas af an atom must be concentrated ina smal . — B - Raative chargs
ey Gl Ehies space the a o ‘ 1 = abamic nurmber
' 4] 1 = mass numiber — atamic number
) -1 0 fwery zmall} = Zame: 35 thee umiber of pratans
Electron shell [Bohr] model The proton | Al stoens B egual numbers of protansand ekectrans, meaning they Bave no averall charge:
— i ls Bk r caleLitst Further experiments prowided i total negative charge from electrons = total positive change from protons
plurm puddingmade that et rans must evidante that the mickus :
with the nuckear q orhit the nudeus cantamed amalker partiches called ! S
rmiodeland suggested at fieed distances protans. A probon b an oppodibe N G Isotopes
thattheslactrans Thes=se arbits ane charpeto an electran. .
arbit the ks, but called shalls o Atomes of the same Mement can have adifferent number of neutrons, giing them a different overall mass number. Stoms of
- energy bevels. | thesame elementwith diferent numbers of neutrans are called isotopes.
o | Therelative abomic mass is the average mass of all the atoms of an element:
| rekative stomic mass = of 1 = mass of isotope 1 )+ of isotope 2 = mass of i
Size Relative mass The neutron ’ Loe
The= gt has & radiis One property of prabons, neutrons, and Ramas Chisdwick carriad aus .
af 1=10=m. Nuckei ebectrons is relative mass —their mases experiments that giee evidence .
iplural of nuckeus)are compared b each other. Prabans and newtrons farapartiche with nochange. . @_
araund 10000 times Frapvie thee same mass, S0 ane given a relative h Srieritits called this the neutron and . Make sure you can write a definithon for these key terms.
simesller than atomes rmiassal 1 takes almost 2000 eledtrons to tamtlusded that the protons and ' .
i hinve a radius of sjuesl the mass of asingle praton—their neutraong are in the nucews, and the . abundance atom atomic numbear auecus compound electron
arouind 1104 m. redatie s is sa sl that wecan considerit lectronsarbi the nucksin shells . element energy level isotope neutron nucleus orhit
&0, ) product proton resctant relative atomic mass

. relative charge relative mass shell
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4. Development of the Periodic Table T - pRCERE R

The Periodic Table has changed over time as scientists have organised it differenthy. Mendsl=sy was able to « | Group 1 elements react with oeygen, chloring, Grogml
acourately predict the properties of undiscovered elements based on the gaps in the table. « | andwater, forexample: thalealimetal IT' ™
.| lithium + ceygen = lithium cxdde i se el lnlalsln
| Tithium + dhiorine =+ lithivm chioride
= | lithiumn + water = Fthium hydroedde + hydrogen sl Algjejsjalw
- normialy by stomic mass but some ) be . K |Ca|S |T|W |o|m|F|ct|M|cu|n |G| Ge|as|Se| 6|k
b abomic mass ekzments wers swapped around byatomic number Group 1 elements are called alkali metals becauss
L] ) ) . Rb s | v |z |Mo|ma|Tc |Ru|[Rh | Pd|ng |cd|m|sn || Te| 1 |xe
| theyreactwithwatertoforman alkali [asolution of
.| theirmetal ydrocdde). Cz [Ba|Lla |Mf[Ta|W |Re (O |Ir |Pt (AufHg | T |Ph | B |[Po| A |Rn
— all elements upto acertai .
rogaps £ Ieft for Undissovered alements i e e e FrBajacinfjonfs|on |t jm)os )R
. . grouped by the number of electrons in N 3.G jes
not grouped grouped by chemical properties the outar shells ) 3. Group 1 properties
.| Growp Lelements 3ll have one electron in their outer shell. ——
. | Reactivity increases dovmn Group 1 becauss 25 you move down the :__:_; —
o . metak ta the left, non-metsls to « | group: o Ff’“nr:—“\{:g —
noclear distinction nodear distinction the right | - the stomsincressein sze |'¢|¢I'r‘0'\'l¢ll¢'¢ II;‘{ H\i"# I."‘.‘r b
« | = theouterelecron is further away from the nucleus, and there are RN _::'a}-;. | I"I\R\: ﬁ'}a '\\\\_h >
. with . . mareshells shielding the outer electron from the nucleus &\_ - y Rigeir iy —
sorme elements grouped ! pless, har:t be ;:'E = | = theelectrostatic sttraction betwesn the nudeus and the outer — -
inappropriately he . N ¥ in - N electron is wasksr soit is easierto lose the one outer electron _ ]
) groups | = themelting point and boiling point deoreases down Group L ’ il
Elements in Group 0 sre czlled the noble gases. Moble gases have the & - "
fallawi g ‘Group 7 elements are czlled the halogens. They are non-metals that exist as moleoules made up of peirs of atoms.
%l ]
= full outer shells with eight electrons, so donot need tolose or gain @ & @ e * %o
slectrons flucrine F; gas
o - 1
- areveryunreactive (inert) so exist as single atoms a5 they do not bond toform ) oe chlarine cl, | gas |.
motecues helium © nesn bromine B, liquid inoreases down the group decreases downthe group
= bailing points that increzss down the group. :E_, o r,.:z ioding L solid
&8 angan
X
8. Transition metals (Separate only) Heamﬂf:bnamdmunGmp?bEﬂseasymmdu‘nnmegmup T
3 } L . L the atoms increase in size e
ElemEl.'nslnihEm|.d|:|.IEI:llol:lmfthep-enudlctahlearEl:nuwnasmeuansmmn'lelals.MEtaIsmﬂ'nshluckgenemllvha'uethe . the rshellisfurther fram the nudeus, and are shalls n': fpﬁ—-‘\\ﬂ\ 1; Jf;:u:t\\g
following properties: v Used a5 cats betwesn the nudews and the cuter shell [ 8¢ e be | 4 8]
* Hard Lo m e alysts S - theelectrostatic straction from the nucleus tothe outer shell i wesker saitis harder 5 \n J )]s 8\ W )
* Strong Variable onl.jatlnnm{futm izns with different charges) togainanaeh tofillthe shell. '-.\ &_;___P/f N
* Malleable [can be bent inta shape) *  Good electrical and thermal conductors — s
*  Ductile [drawn out inta wires) *  Less reactive than Group 1 and 2 metals * I:—
rom e ompans TGow? diplacement m..,,
m IWiore reactive (Group 7 elements can ke the place of less reactive ones ina
Make sure you can write a definition for these key terms. compound. Thisis called displacement.
. . . . : : Forexampls, fluorine displaces chiorine as it is more resctive:
alkali metals chemical properties displacement Eroups halogens  inert isotopes fluorine + potassium chioride — potassium fluoride + chlorine

noble gas organised Periodic Table  reactivity undiscovered unreactive
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L. Particle model 20  (lonboding  A4Gntionicktice

The thres states of matter can be represented in the particle madel.

‘When metal atoms react with non-metal atoms they transfer When metal atoms ) [ ———
alectrans b the non-metal atom. tramsfer electrons to chioideien O
non-metsl stoms you

= Atoms can gain or lose slectrans to give them a Full outer
sl g peant saxdlivgg e = shall The number of pratons & then different from the
® mumber of electrans. The resulting particle has & charge

“mawdy b hiis i Sora i oy

- B A end up with positive

G : o [ ¥ and i called an Won. Jeri 1 prewen Hun ehect oy .
toling ) . and negative jonk.

- . J These are attracted to
/1-’:‘_)\[\\ H each other by the strong !
[@] electrostatic foroe M
| o gl @ of atsraction. This is
M called ionic banding.

iguid i = The electrostatic force of attraction warks in
- all directions, 2o many billions of ions can be bonded
[HT anly) This model assumes that: = godium atom, No sodiumi fon, Hae tagether ina 30 structure.
+ thers are no forces betwean the particles - |1-|1 Eﬂsz'u:ﬂ_-ﬁ |1:.1 Ewkz-;:; “wwds b hi e o
= that all particles in @ substance are spherical ° owerall charge = 0 owerall crange = 1+ jpuin 1 i
The amaunt of energy needed to change the state of & substance depends | = _ ik s e 3 “u::um:n:;un
on the foroes hetween the particdes. The stronger the farces between the = Solid ORIt SUBSEaRCs dn ROt conduct electricity hecaise The farmula of ur! iuniF subitance can be worked oug
particles, the higher the melting ar bedling paint of the substance, L] he fixed in pasition and nat free to carry charge 1 from its banding dlagr.arn:. .
T o o o o o o o o o o o o o T T T T T T T T T the fans ars ¥ L ﬂ o every cne magnesium ien there are bwo fluoride
. = | When melted or dissolved in water, lanic substanoes do ions — 5o the farmula for magnesivm fluoride &
8. Covalent bonding " | conduct electricity because the jons are free to move and FgF,

carry charge. 2 from alattice diagram:

Atoms can share or transfer electrans to form strong chemical bands. 5 . §

. thera are nine Fa® | N |
A covalent bond is when electrons are shared bebwesn non-metal atoms. - . ) Sinm Fine

ions and 18 5 ions —

The number of electrons shared depends on how many extra electrons : simplifying this ratia -
an atom Aeeds b make o full auter shell = | lenic substances have high malting points because the kit swiedi b gives a farmala of Fes, 1\"Ir
If you include electrans that are u | electrostatic force of attraction between oppositely Baind gEini o A
shared between atoms, sach — = | charged fons i strang and sa requires lats of energy Metal atoms lose alectrons to become positive ions. Nan- - \ X,
atom hias a full outer shell o “ [[to break. metal atoms gain electrons o become negative lons.
Single bond = each atom shares L o F .
ane Pmrqf Elg:!mn;\, E " ¥ W "n L LI L] L] L L LI ] L LI ] L LI LI L L : LI ] L LI ] L] LI LI ] L LI ] L LI L] L] L L LI ] L LI ] L LI L] L] L L LI ] L LI )
bord = each stam shares bwo 2 -
pairs of electrons. -

9, Covalent structures s

The atams that make up metals Form layers. The electrans in the suter shells of
the atoms are defocalised - this means they are free to move through the whale
structure.

Giant covalent Smill molecules Large molecules oty 20

The positive metal ions are then attracted to these delocalsed electrans by the

There are three main types of covalent structure:

Many billions of atoms, each Each malecule contains onky a few atams Miany repeating units joined by covalent honds " | epectrastatic fanes af sttesctian.
one with a strong covalent with strong covalent bonds between o farm a chain. -
band ta & number af others. these atoms. Different molecules are held | o0 se 0 b banded o many identical ® | Some impartant properties of metals are:
intermolecular ; | i . .
An example of a giant tagether by weak farces sections to the left and right. The ' represents a o | * purs metals are malleable because the ayers can shide aver each ather
tivealent structune is diamond.  For example, water & made of small large number. o | = they are good conduchors af electricity and of thermal energy because

=3 malecules. delocalised electrons are free to mave through the whole structure
they have high melting and boiling peints becsuse the electrostatic force af
attraction betwesn metal ions and delocaliced electrans & ctrong o lots af

energy & needed to break it

Separate chaing are held together H
by intermelecular farces that ane J
t

stranger than in small molecules.

L ] @ i q
I..:I. N ® 3 ‘bi Palymers are examples of lang '_!

an
=
=
=
=]
=]
m
-F)
=
=
T
feed
=
-
=
A

malecules,

1 : I
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High melting and boiling
points because the strong
covalent bonds betweaen the
atams must be broken to
melt ar bail the substances.

This reguires a lot of enengy.

Salid at raam temperature.
Wk

Low melting and bailing paints
because anly the intermolecular
forces mead to be overoome ta melt

Thi does not reguire a lot of energy
a5 the intermalecular farces are

Melting and bailing points are low

but higher than for small malecules.

ar hail the substances, not the
bBonds between the stams,

Large molecules have stronger
intermaodecular forces than small
molecules, which require mange enargy
bo avencomee.

Narmally solid at room temperature,

Marmally gaseaus or liguid at room

tEmperature,

Most covalent structures do not conduct electricity because they do nat have delomiived dectrons or jons that are free to

miove ta carry charge.

compared to giant covalent substances

Chemistry - Bonding

-
I.-" Fan T T ai ."x.-'"l.-" ."x.-'"\L."x.-"\I_
SRS,
. : S s
Pure metals are aften tao soft to use as they are. Adding atoms of a different element \ Pl P P P P
can make the resulting mikture harder because the new atoms will be a different siee .
to the pure metals atoms. This will disturb the regular arrangement of the layers, PR ¥ 1 Vg ——
presenting them from sliding over each other. 'x,:’w%w#aﬁ
! !
Thee harder mikture is called an alloy. I.-"';:}‘ . ".“"-\‘.- -f::“:r"“?-&‘.l'.e-ﬁ"{t*;
b e
-"\--l‘f“k..-f"‘ - = J“\-ﬂr
| [
i alioy
L] L L] L L] L L] L L] L - ] - ] L ] L L L] L L] L L] L L] L L] L L] ] - ] L ] L ] L] L L] L L] L L] L L] L ]

& 15. Measuring particles [SEPARATE ORLY)

Graphite & & giant covalent structure, but i different to
pther giant covalent substances,

Structure

.o % ot
iade only of carban — sach L :: k et Ty
carbon atom bonds to three E E e E
others, and farms hexaganal o l: g :"
rings in kayers. Each carbon atom ™ s o¥

hias ane spare electran, which is delocalsed and
therefare free to mave around the structure.

Hardness

Thie layers can slide ower each other because they are
nat covalently bonded. Graphite is therefore softer
than diamand, even though both are made only af
carbon, as each atom in diamond has four strong
covalent bands,

Conductivity

The delocalised electrons are fres ta move thraough
graphite, 5o can carry charges and allow an electrical
current to flow. Graphite is therefore a condwctor

af ebactricity.

Graphene consists of only a single layer of graphite. Its
strang cosalent bonds make it a strong material that can
also conduct electricity. It could be used in composites
and high-tech electronics.

hallow cages of carbon atoms bonded together
in one malecule

can be arranged as a sphere ar a tube (called a
nanotubae)

moletules held together by weak intermaolecular
farces, socan shide over sach ather

conduct lectricity

Spheres

Buckminsterfullerens was the
First fullerens to be discaverad,
and has 80 carbon atoms.
Other fullerenss axist with
different numbers of carbon
atoms arranged in rings that
farm hollow shapes.
Fulleranes like this can be used as lubricants and in
drug deldrvery.

FTTele:

- -l
ot & of % o &
The carbion atoms in nanotubes are arranged in
cylindrical tubes.

Their high tensile strength {they are difficult o break
when pulled) makes them useful in electronics,

We use different units and scales to measure the size of particles.

Particle Paticulate matter Size Standard form Fll form

gratin af sand LI 0.1 mm 1=10"m 0.0001 m
coarse particles jeg, dust) PM,, 10 pm 1=10"m 0.00001 m
fine particles PR, 100 nm 1=10""m 0.0000001 m
. 0. 0000030001 m
- " i
nianaparticles PR, 1 ta 100 nm 1=10"to 1=10"m b 0. DOODD0

Pl stands for particulate matter and is another way of measuring very small particles.

MNanaparticles aften have very different properties ta bulk materiaks of the same substance, caused by their high surface
area-to-volume-ratio.

MNanaparticles have many uses and are an important area of research. They are used in healthcare, electronics,
casmetics, and as catalysts,

However, nanoparticles have the potential to be hazardous ta health and to ecasystems, sa it is important that they
are researc hed further.

conductivity conductor deloclised electron electrostatic force of attraction
ion lattice layer malleable nanoparticle particulate matter surface
area to volume ratio transfer
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A system is an object or group of objects.

Whenever anything changes in a system, energy is
transferred between its stores or to the surroundings.

A closed system is one where no energy can escape to or
enter from the surroundings. The total energy in a closed
system never changes.

3. Energy transfers

energy an object has because it is

kinetic ;

moving
gravitational  energy an object has because of its
potential height above the ground
elastic energy an elastic object has when it is
potential stretched or compressed

energy an object has because of its

thermal [or temperature (the total kinetic and

internal) potential energy of the particles in the
object)
energy that can be transferred by
chemical chemical reactions involving foods,
fuels, and the chemicals in batteries
energy stored in the nucleus of an
nuclear
atom
. energy a magnetic object has when it
magnetic B A -
is near a magnet or in a magnetic field
electrostatic  ©NE"8Y @ charged object has when

near another charged object

Energy can be transferred to and from different
stores by:

Heating

Energy is transferred from one object to another
object with a lower temperature.

Waves

Waves (e.g., light and sound) can transfer energy.

Electricity
An electric current transfers energy.

Forces (mechanical work)

Energy is transferred when a force moves or
changes the shape of an object.

An object’s gravitational potential energy store depends
on its height above the ground, the gravitational field
strength, and its mass.

gravitational gravitational
potential = mass (kg) x field strength = height (m)
energy (1) (N/kg)
E,=magh

S5 5 B W ® E W E E W oE B E N E S EE W R EEEEEEEAE WS

An object’s kinetic energy store depends only on its mass
and speed.

kinetic energy (1) = 0.5 x mass (kg) = (speed)? (m/s)
E = :—Lzm v

The elastic potential energy store of a stretched spring can
be calculated using:

elastic potential _ 0.5 x spring constant
energy (J) (N/m) x (extension)? (m)

%k e? (assuming the limit of proportionality
has not been exceeded)

E =

-

¥

7. Power is how much work is done (or how much energy is
transferred) per second. The unit of power is the watt [W).

1 watt = 1 joule of energy transferred per second

power (W) = energy transferred (1)

Physics - Conversation & Dissipation of Energy

B. Useful and dissipated energy

Energy cannat be created or destroyed — it can anly be
transferred usefully, stored, or dissipated (wasted].

armrgy Eanilersed
oy g wadas

bz &
ipget
LR 1]

L rrifies m

arvngy trass b

o tha
il dtoee ol hi

wirrediage

Energy is neveer entirely transferred usefully — some
energy is ahways dissipated, meaning it is transfarrad to
le=s useful stores.

Al energy eventually ends up transferred ta the thermal
energy stare of the surroundings.

In machines, work done against the force of friction
wsually causes enengy to be wasted because energy is
transferred to the thermal store of the machine and it
surraundings.

HT ONLY:
Lubrication is a way of reduding unwanted energy
transfer due to frickion.

StreambBining ic & way of reducing energy wasted dus
to air resistance or drag in water,

Lse af thermal insulation is a way of reducing energy
_wastr_-l:l due ta heat dissipated to the Lurruuudirhg'_-.
Efficiency & a measune of how much energy is

transferred usefully. You must know the equation ta
calculate efficiency as a decimal:

4. Examples of energy transfers time (s) sfficiency = l.ligflélln;utmgm ma_'ggﬁtm;fsfer}“
When you stretch a rubber band, energy from your chemical The electric current in a kettle transfers energy to the heating p= E“ mp,-_., snesgy traneter ]
store is mechanically transferred to the rubber band’s elastic element's thermal energy store. Energy is then transferred by ‘i;wk done () efficiency = ws=ful power output 4

potential store. heating from the heating element’s thermal energy store to power (W) = 4thime <) total power mput %;

We ® m B s m B s s s wom B s moE s s EowomoEaomowoasEowow s the thermal energy store of the water. W Ta give efficiency as a parcentage, just multiply the
When a block is dropped from a height, energy is P="% result from the above calculation by 100 and add the %

sign to the answer.

@w 9. Make sure you can write a definition for these key terms. h

mechanically transferred (by the force of gravity) from the
block’s gravitational potential store to its kinetic store.

When an object slows down due to friction, energy is
mechanically transferred from the object’s kinetic store to
its thermal store, the thermal store of the object it is rubbing
against, and to the surroundings.

When this block hits the ground, energy from its kinetic
energy store is transferred mechanically and by sound waves
to the thermal energy store of the surroundings.

chemical closed system dissipated efficiency elastic potential electrostatic
gravitational potential kinatic lubrication magnetic nudear power
streamlining system thermial work done

5. Work done

When an object is moved by a force work is done on the object. The farce transfers energy to the object. The amount of energy
transferred is equal to the work done. You can calculate the work done (and the energy transferred) using the equation:

work done (1) = force (N) x distance moved along the line of action of the force (m)
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substance (a medium) to travel
Waves transfer energy from one place to another without through. Frequency and period are related by the equation:
transferring matter. Waves may be transverse or longitudinal. l 1
Examples of mechanical waves period (s) = —Hz T= —
" = ® E ® §F E N S N N N N N N N N N N N N N N N N ®N »Y include sound wi ,WEtEFW, ﬁ"EqIJEﬂC}"I{} _f ! !
For waves in water and air, it is the wave and not the substance that moves. waves on springs and ropes, LT T I R B O DL R B D T D D U U SR, A S S, TN S S, S S,
= When a light object is dropped into still water, it produces ripples -D and seismic waves produced by All waves obey the wave eguation:
[waves) on the .waterw_hich spread out, but neither the object nor the earthquakes. wave speed (m/s) = frequency (Hz) * wavelength (m)
water moves with the ripples. ‘When waves travel through a v=fl
= ‘When you speak, your voice box vibrates, making sound waves travel substance, the particles in the
through the air. The air itself does not travel away from your throat, substance oscillate {vibrate) and pass
otherwise a vacuum would be created. energy on to neighbouring particles. J7
l 6. When waves travel from one medium to N - 7. Reflection of waves [HT m'-v].
anather, their speed and wavelength may change -
but the frequency always stays the same. = | When waves arrive at the boundary between two
3.Transversewaves  4longitudinalwaves |t canroppem T retelowe
p e L ] L ] L L] | ] | u L | L ] L u L] L ] L L] | ] | u L “ .
® | things can happen:
The oscillations of a transverse wave The oscillations of a longitudinal wave are parallel to the direction in The speed c:-f ripples on water can be slow enou_gh to : Absorption — the energy of the waves is
are perpendicular (at right angles) which the waves transfer energy. nr':easure L_.lsmg 2 stopwatch and ruler, and applying . | transferred to the energy stores of the
to the direction in which th the equation: substance they travel into (for example,
o [TECEION I Which the waves Longitudinal waves cause particles in a substance to be squashed . N ) = . .{ P
transfer energy. : distance {m]} . | when food is heated in a microwave)
closer together and pulled further apart, producing areas of @ speed (m/fs) =" Reflecti h b back
Ripples on the surface of water are an compression and rarefaction in the substance. time (s) " Ed'_m — the waves bounce bac
example of transverse waves. sound o le of longitudinal The speed of sound in air can be measured by using R Rfaﬁa'_:h“" — the waves change speed and
- und waves in air are an example of longitucinal waves. a stopwatch to measure the time taken for a sound . | direction as they cross the boundary
dmdf direction of to travel a known distance, and applying the same . | Transmission — the waves carry on mowving
|t ) ‘ ENeTgy transfer equation. = | once they've crossed the boundary, but may
L/'_“'\ ’ — rarefaction » + | be refracted
.. l ‘\ /7‘ | [ ] ] | ] 1 ] | | ] 1 ] | | [ ] ] | [ ] ] | ] 1 ] | | ] ] | | L )
- Tl i
each peinton the rope cscilatesup ot o an iy stz compression 8. Ray diagrams can be used to show what happens
and down repeatedly badewards and forwands repestedly when a wave is reflected at a surface.

To correctly draw a ray diagram for reflection:

9. \Wave motion is described by a number of properties. 1 use a ruler to draw all lines for the rays incident ray
Pr . Unit 2 draw a single arrow on the rays to show the direction froma rey box
Rerty T the wave is travelling
amplitude A | maximum displacement of & point on a wave from its undisturbed position metre (m) 3 draw a dotted line at right angles to the surface at the |
fr ber of - fixed poi 4 b point of incidence (this line is normal to the surface) + B e paint of incidznce
equency f | number of waves passing a point per secon eriz {Hz) 4 label the normal, angle of incidence (i), and angle of
period T time taken for one complete wave to pass a fived point second (s) reflection ().
- - - . When reflection happens at a surface, the angle of i=r
wavelength .| distance from one point on a wave to the eguivalent point on the next wave metre (m) incidence i< al equal to the angle of reflaction: refiecred ray urfae
distance travelled by each wave per second, and the speed at which energy is metres per i=r
wave speed 0|y oed by the wave second (m/s)

absorption  amplitude compression frequency incidence |ongitudinal mechanicalwave oscllate period raydisgram reflection  rarefaction transmission transwverse  wawelength  wewespeed
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[ L]

1. The electromagnefic spectrum B [seopericsorsio WO N
Electromagnetic [EM) waves are transverse waves that transfer [HT anly) Different substances may absarb, " Ebd weaves af a wide range of WWES :HT D“'?} = | EM wanes have many practical
ENErgy Frl.'tn'l I:::u suur:e I:Dl:.n ahsnrb:r. F:r l:xarlnnle. infrared + transmit, uﬁ-._-t .-._” reflect EM waves in ways . TMILUEEES\.“: be ah?nrlll:;rd or Radio waves can be producad by . :;phl:ﬂ!l\'.ll‘::}. h:t eninwrl:h'tu same
waves emitted from a hat object transfer thermal energy. thist vary with their wavelength. s praduc changes inside an ascillations in an electrical creit. | wwef s:.u: s b -nsje! at are
s e n w s m s m e e e eeE e Fefracti her th _— L] atom ar nuclews. Far axample, = | forme of ionising radistion) can hawve

f & :ﬂ: II:;I1 I-.'FI'-‘C IJ:S w [:: ETE_“- :ml Erence = gamma rays are produced by ‘When radio wawes are absarbed = | hazardous effects,
EM wiaes farm a continuous spectrum, and are grouped by their im the welacity of an EM wave in diferent " changes in the nueleus of an atam. by & receiver aerial, they may " _— o ) )
wavelengths and frequenciss. substances. . craate an alternating current « | Radiation dose {in sieverts) is the rsk
] ) - ‘When slectrons in an atom mave with Hie same fraquency as the = | of harm fram exposure af the body ta
EMll wawes all travel at the same velacity through air or a vacuum. - dawn batwesn energy levels, they T = | a particular radiation.
They travel all at a speed of 3 = 10° m/s thraugh & vacuwm. - ernit B waves. . -
+ (o L L] L L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L *
2 it | - 7.Type oo Why s it suable Hozords
. I . of EM for this vse? [HT only)
‘arkn vy MErn- nirired bl ulrinsolet A-rinfi PR e ] Wave
v iy ingnt (117} B = can trawvel long distances through air
crmaning £1e0gy . . tebevizian and = langer wavelengths can bend around
radio waves . i .
[F—— - radia signals abstructions ta allaw detection af
-:‘_':;:'”':"" . o nORCRCR RN l - signals when nat in line of sight
! A v nonnn N (FLTLT: | -
// \ .!/ \/{ I'ulf\.!( I'J( I 'IIIII /'I{Illx Ilr IU{I' Ay I:-..r 1AV, TATATAY ] 1) « can pass thoough Carth's stmosphere to | S0 PEOEITAtE the hady and
L \ IELVIRY v TTIRTRTRTRTRR - i cause internal heating
satelline reach sateliites
g s lengh L] . -
. mitrawaves Communsstans = can penetrate into food and are
i N and cooking foed absorbed by water mabecules in faad,
. heating it
- = all hat obhjects emit infrared wawes —
- elactrical heaters, sensors can detect these to Burn Ehem 4 il ki ”
. ) ; . can damage ar kil skin e
. . ! into an image

3. Infrared radiation (required prac . nfrared cooking faad, and ¥ _ due to heating
. infrared cameras = can transher energy guickly to heat

Thiis practical investigates the rates of absorption amd P Pa— . raams and fand
radiation of infrared radiation from different surfaces. Mital ke - - —

- A fikre aptic = short wavelength means visible light d —
. wisible - . . . can damage the retina

You should be able ta plan a method to determine the rate 1 oy - b Comimunicatians carries more informatian §

af cooling due ta emission of infrared radiation and evaluate " can damage skin cells,

wour method. Sansot b energy efficient lights | = carries more energy than visibhe ght causing skin to age

Using finfrared d ars to measure the radistion emitted . ultravialet (L] :nd .ar!i‘l'll:ial sun « some chemical used i.nsi-de- Iigh? bulbs :hrerr!a:ur:ri.and incrl:asirll:'g

by diff ¥ Siif: — - anming can abzark UV and emit visibde hight & nsk af & .II'I Cancer, an

- . can cause blindness
Manitering the rate of cooling in cans with different -~ -
s rfaees . = pass eakily through flech, but not denser . o
Telutulaggie ) Horays et sl Eke bons farm af janising radiation
To be accurate and preciss in your investigation you need to: - . medical imaging and | high doses kil living cells, to can be - can :Iarnaglr ar kill cells,
. . . - =nsulir 1o . B treatments . cause mutation of genes,
= use an infrared detector with a suitable meter, where ' g e ! wied to kill cancer cells — gamma rivys # lead
i L Safpera Uyl - BAMIMA ray= h i and lead to cancers
passibile sk can also be used to kill harmful bacteria
i B -
= ensure that you abways put the detescbar the same ook .
distance fram the surface o
= repeat measurements and calculate an average. -
. alternating current elactromagnatic wave electromagnetic spectrim

oscillation radiation dosa reflaction refraction transwerse
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