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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

4.1.2.3 Stem cells - Plants

is pulled to each end of
the cell and the nucleus
divides

Meristem tissue in plants can 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

-
-~

(¢

— XXX — 3= — K\

7
\r_\ﬁ

Definitions

Microscopy

calibrate To set an instrument or scale against a standard.

field of view The area seen when looking through a microscope.

graticule The graticule has a scale ruled on it and is used to estimate

the size of a specimen when viewed with a microscope.

magnification The amount that an image of something is scaled up when

viewed through a microscope.

order of For each order of magnitude, a number is ten times the
magnitude previous one.
resolution The fineness of detail that can be seen in an image - the

higher the resolution of an image, the more detail it holds.

significant figure Giving a number to a specified number of significant figures
is a method of rounding.

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

A glass slide with a scale etched on it. It is used to calibrate

stage

disease resistance can be cloned to produce

large numbers of identical plants for farmers.

Treatment with stem cells

Stem cell ‘

4.1.2.3 Stem cells - animals

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 embryos can 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.

=8/

specialised cells

may be able to help conditions such as diabetes and paralysis.

more stem cells

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

medical treatment.

The use of stem cells has potential risks such as transfer of viral infection, and some

people have ethical or religious objections.

micrometer the eyepiece graticule of a microscope.

standard form A system in which numbers are written as a number greater
than 1 and less than 10 multiplied by a power of 10 (either

positive or negative. )

Required practical Eyepiece
activity: use a light
microscope to observe,
draw and label a
selection of plant and
animal cells.

A magnification scale

must be included

Objective lenses

Stage clip

Condenser

Science - Biology | 29



‘uoljeJidsas Joj poojq ay3
01Ul (UOI1eJIUIIUOI JDMO))
1n8 ay1 wouy pagJosge
s9|nddjow Jesdns -z 33
"|I0S 9Y3 Ul SUOIIN|OS

1
| Y s e 21Nn|1p AJSA Wouy §|[92
° e o _ o
uononuaduod | uonpsussuod 418y 1004 031 pSqJosqe
19MO] J0 DaIY | 43uBly jo pauy suol |eJ3ulAl -T 33

‘uoljedidsaus Joy

‘uoneJidsas wodj ADYINT SpPasau 3|

*(3us1peJd uoizesuaduod 3Y3 ISUIESE) UOIIN|OS PAILIIUIIUOD
9J0W € 03 31N|IP SJ0W B WOJ) SIIULISNS JO JUSWSAOW 3Y1 S|

Modsuea] ANy €€ TV

uonnjos uonnjos uonnjos uonnjos
isyem Jefns Jebns Jebns Jebns
painsia WSZ0 W 0s0 WSL0 Wol

uonn|os ul

Japuijfo oyejod

agn) Buiiog

T T T e

anssi} jue|d jo ssew ay3 uo suoinjos Jesns Jo
3]ES JO SUOIIBJIIUIIUO) JO dSue. B JO 193})3 3y} 31eS1Isanul :ydy

em 22
wouy Aeme sjnd proey swes p18amy
wsejdoihd =jj22 = uonnjos = uonnjos = uonnjos

peshjowselq pajenuaduod uj 21U030s! U| aanpip uj
- (. >

[ { )
, !

- "‘m. —— /p /! )

S|19D 1uejd Uo SiIsowsQ JO S1343
‘duesquiaw

9|qeawJad Ajjeirued e y8nouayjz uoian|os paleuaduod

e 0} UOIIN|OS IN|IP B WO} J2IEM JO UOISNYIP Y3 S| SISOWSO

sisowsQ ¢°'€'T'V

s[192 [JAydosaw
33 9pISUl UOIIBJIIUIIUOD MO| B 0} dJeds
JIe Y1 Ul UOI1BJIUDU0D Y1y Wol) SASNHIP 0D

1182 psenb \ Bwors siuuiapida somof
e x| b——y5
p— . .; 0 . LA o * feo ¥
18]n2SEAN “ Yo © N (e [liAydosaw
1o A o .2 ")~ buods

o
ouom% e

sofe =*
apesyed
. ,
m:EmE.“o _ ¢
? addn 8/2na Axem sysejdosojyo
1192 Py
poolq — ’,).. . 1l0aA|e 3]
pay & 7 xm _— A% 3
SN RIS N N2, Ul 93ueydx®
yvé N LR
.’x \Tv.,.,.w . .1.;'/ seo
= g A
pajeusSAxo |, = 15
g @\UM\M ' 0
)
L

&
'f‘

rA% V /., \_
nope (L)

ut ity snjoane |\ 24
pajeuagdAxoap

(S|lewiue) paje|ijuan Suldg .
(sjewiue) Aiddns poojq usniyy .
yied UOISNHIP 1IOYS B 10J SDUBIQUIBW UIY]
eaJe 2depns adue] .
‘wa3sAs
1Jodsuedy e pue saaepns a8ueydxa pasijerdads
paau Aay) 0S o11el SWN|OA 0] BdJe deyns
llews AjoAne|as e aney swsiuesio Jejn|@a213nAl

‘[]92 9Y3 4O INO pue U] S3|NIBJoW o Jodsuely
1U312144NS SuIMO||e ‘O13el BWN|OA 0} eaJe
doeyans 984e| e aney swisiuesio pa||22-9j3uls

sa|dwexa - uoisnyid T°S T’y

‘paiejiuan

3ulaq (a8ueyoxa snoased Joy ‘sjewue ul) .
Ajddns

poojq 1ad1Yd ue Suiney (sjewiue ut) .
yied uoisnyip 1oys

e 9pinoJd 03 Uy} S| 1Byl Suelquidw e .

eaJe adeyins asie| e Suiney .

:Aq paseaudul

S| 92e44NS 93UBYIXD U JO SSAUDAIIIDNS Iy |

‘dueIqUISW BY] JO BAJE 9IBLINS DY)
ainjesadwal ayl .

(2uaipeJs uonjesuaduod)
SUOI1BJ3UDIUOD U] DIUDIDMIP BYL
:aJe
UOISNJHIP JO S1BJ DY 109} YdIYyMm SJ030e4

“Asupny
9Y3 Ul uoI1a4Xa Jo4 ewse|d poo|q

9y} 01Ul S||92 WoJ) eaun 1onpoud a1sem .
‘@3ueyoxa

se3 ul apixolp uogsed pue uagAxo .

:2J4e uoisnyip Aq s||92 Jo Ino

pue ul pajJodsued) S9dULISgNS 3y JO SWOS

‘uoneJUIIU0I
19MO| JO B3JE UE 0} UOI}BIIUIIUOD
19yS81y Jo ease ue wouy JuUsaWAAOW
19U e ul 3uynsaJ ‘sed e jo sapilied

JO ‘uoin|os uj dueisqns Aue jo sajiped
9y3 JO 1no uipealds syl stuoisnyig e
‘uoisnyjip
BIA SQueIUIDdW ||9 Y] SSOJIE S||d
JO 1no pue oju] anow Aew saduelsqns

uoisnjjig T°€'T'v

S||19D ul J1odsued] €Ly — 19siuebiQ abpajmou))

30 | Science - Biology



Knowledge Organiser — 4.2 Organisation

4.2.1 Principles of organisation

Definitions

Cells The basic building blocks of all living
organisms. Eg. Muscle, skin, nerve, root
hair and palisade leaf cells

Tissue A group of cells with a similar structure
and function (job). Eg. Muscle, heart,
xylem and epidermal tissue

Organs A group of tissues performing a specific
function. Eg. Heart, liver, brain, roots,
stem, leaf & flower

Organ Groups of organs working together to

systems form an organism. Eg. circulatory,
nervous & transpiration systems

Digestive  Organ system in which several organs

system work together to digest & absorb food.

Produced Nutrients acted
upon

Carbohydrase Salivary glands Carbohydrate

Eg. Amylase Eg. starch

Protease Stomach, pancreas  Protein
Lipase Pancreas, small Lipid (fats &
intestine oils)

Enzymes are
biological catalysts
that breakdown
food into small,
soluble molecules

that can be

absorbed into the
bloodstream from
the digestive

system.

substrate
@ \ active site

=

enzyme
enzyme + substrate
entering active site

4.2.2 Animal tissues, organs and organ systems

4.2.2.1 The human digestive system

Salivary
glands e

Liver
Gall bladder

Lock & Key Theory

NN/

enzyme/substrate
complex

) i £ Pancreas
Small { j
intestine=—s==r= - |arge
Rectum \\ intestine
Anus
Products (smaller Optimum pH &
molecules) temperature
Simple sugars pH7 37°C
Eg. glucose
Amino acids pH2 37°C
Glycerol & fatty acids pH8 37°C

product

| ) 4
{

= =

enzyme/product
complex

enzyme + product
leaving active site

Denature. If the optimum conditions are not correct for an enzyme, it loses it’s shape and cannot
attach to the substrate (nutrient molecule). It is “denatured”.

bile Made in the liver, stored in gall bladder. Emulsifies fats to for
digestion and neutralises stomach acid.

carbohydrate Food consisting of sugars, starch and cellulose. Carbohydrates are
vital for energy in humans and are stored as fat if eaten in excess.

digestion The breakdown of large insoluble food molecules to smaller
soluble ones.

digestive Organ system involved in breaking food down so that it can be

system absorbed into the bloodstream.

egestion The process of passing out the remains of food that has not been
digested, as faeces, through the anus.

emulsify To mix water with lipids to produce a cloudy mixture called an
emulsion.

fats Naturally occurring compounds of carbon, hydrogen and oxygen.
They are esters made from fatty acids and glycerol.

fatty acids  Carboxylic acids with a long chain of carbon atoms. Fatty acids
react with glycerol to produce lipids (fats and oils).

gall bladder Stores bile before releasing it into the duodenum.

W.:nOmm A simple sugar used by cells for respiration.

7m_<nomm= Animals store glucose as glycogen in their liver and muscle tissues.

gut The digestive system.

lipid Fat or oils, composed of fatty acids and glycerol.

liver The large organ, beside the stomach, which has many functions,
including processing substances absorbed by the digestive system
and a role in the storage of the body's carbohydrate.

metabolism All the chemical reactions in the cells of an organism, including
respiration.

microvilli Projections from the surface of an epithelial cell of the small
intestine wall.

pancreas Large gland located in the abdomen near the stomach which
produces digestive enzymes and the hormone insulin.

protein Organic compound made up of amino acid molecules. Proteins are
needed by the body for cell growth and repair.

starch A type of carbohydrate. Plants can turn the glucose produced in
photosynthesis into starch for storage

sugar A simple carbohydrate that is sweet to the taste.

villi Finger-like projections in the small intestine that provide a large
surface area for the absorption of food.
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Knowledge Organiser — 4.2 Organisation

4.2.2.4 Coronary heart disease: a non-communicable disease

Coronary heart disease layers of fatty material build up
inside the coronary arteries, narrowing them.

Reduces the flow of blood through the coronary arteries,
resulting in a lack of oxygen for the heart muscle.

Stents are used to keep the coronary arteries open.
Statins are widely used to reduce blood cholesterol levels
which slows down the rate of fatty material deposit.

Heart valves may become faulty, preventing the valve from
opening fully, or the heart valve might develop a leak.
Faulty heart valves can be replaced using biological or
mechanical valves.

Heart Transplants: the case of heart failure a donor heart, or
heart and lungs can be transplanted.

Artificial hearts are occasionally used to keep patients alive
whilst waiting for a heart transplant, or the heart to rest as

Healthy

an aid to recovery.
— Blocked

Better

blood flow blood flow

4.2.3.1 Plant tissues

upper
nEanmﬂm waxy ¢ :ﬂ&m mt_.%w:im

/

" |palisade
o layer

R ‘e e

o air space '+ |
spongy -~ v | el N v.
mesophyll % . O -, vascular

rECTEEL ,ﬁ._ € bundle

lower oE.Qms.::.m stom, /ecmi cell
Epidermis  Covers outer leaf surface for protection
Palisade Main site for photosynthesis. Many
mesophyll  chloroplasts
Spongy Air spaces between cells allow gases to
mesophyll  diffuse

4.2.2.5 Health issues & types of disease

communicable, can be transferred from one organism to
another, e.g. measles, food poisoning and malaria
non-communicable, which are not transferred between people
or other organisms, e.g.

cancer
diabetes

genetic diseases and conditions
heart disease

neurological disorders

Other factors that can effect physical and mental health include:

diet

lifestyle factors such as alcohol and other drugs
stress

situations that may occur in a person’s life

4.2.2.6 lifestyle on non-communicable disease

Risk factors are linked to increased rate of a disease.

aspects of a person’s lifestyle

. substances in the body or environment.

. The effects of diet, smoking and exercise on
cardiovascular disease.

. Obesity as a risk factor for Type 2 diabetes.

. The effect of alcohol on liver & brain function.

. Effect of smoking on lung disease & lung
cancer.

. Effects of smoking & alcohol on unborn babies.

. Carcinogens, including ionising radiation, as
risk factors in cancer.

4.2.2.7 Cancer

Benign tumours are abnormal cell growths
contained in one area, usually within a membrane.
They do not invade other parts of the body.
Malignant tumour cells are cancers. Invade
neighbouring tissues and spread to different parts
of the body where they form secondary tumours.

4.2.3.2 Plant organ system

Roots, stem, leaves form plant transport organ
system.

* Root hair cells are adapted for
the efficient uptake of water by
osmosis, and mineral ions by GEz=
active transport.

* Xylem tissue transports water

and mineral ions from the roots .
to the stems and leaves. uﬂ
* Made of hollow tubes S
strengthened by lignin adapted e
for the transport of water in the ﬂ..
transpiration stream. )
e Phloem tissue transports XYLEW
dissolved sugars from the leaves ..o(,.v,.
to the rest of the plant for y 1
immediate use or storage. This | Y
transport is called translocation. D
* Phloem is composed of tubes of =1
elongated cells. Cell sap can —
move from one phloem cell to - ]
the next through pores in the T\OMMUU_
end walls.
PHLOEM

e Stomata and guard cells control gas
exchange and water loss.

Stoma closed
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Knowledge Organiser - 4.3.1.6 Human defence systems

4.3.1.6 Human defence systems

Humans have a variety of specific and non specific
Human defences against invading pathogens.

Non-specific: Specific via white blood cells
Skin (physical barrier) Phagocytosis

Nose (mucus) Antibodies

Trachea and bronchi (cilia) Antitoxins

Stomach (acid)

First Lines of Defence

saliva tears
antibacteria antibacterial
enzymes enzymes

skin 504
prevent mucus linings
entry traps dirt and
microbes
stomach acid " .
g good” gut
_%i vﬂ "c__m bacteria out
armfu compete bad
microbes

4.3.1.7 Vaccination 4.3.1.8 Antibiotics and pain killers
¢ Introducing small quantities of dead or inactive * Antibiotics, such as penicillin, are
pathogens to stimulate antibody production. medicines that help to cure bacterial
* This leads to a quicker response in future infections. disease by killing infective bacteria inside
the body.
* Specific bacteria should be treated by
Antibody  Antigen specific antibiotics
* Emergence of antibiotic resistant bacteria
A different antibady will is of great concern.
be made for this antigen * Antibiotics CANNOT kill viral pathogens
* Painkillers and other drugs are used to
Pathogen treat the symptoms of disease, but do not

kill pathogens.

Non-resistant Some mutations Drug resistant
bacteria (ELCROCRET ClT] bacteria multiply
exist the billions drug resistant and thrive.

Afew of these In the presence of drugs,
bacteria will only drug resistant

4.3.1.9 Discovery and development of drugs

Have traditionally been extracted from
Plants and microorganisms.

Digitalis — Foxgloves

Aspirin — Willow

Penicillin — Penicillium mould

* Most new drugs are synthesised by chemists in
pharmaceutical industry

* New drugs have to be tested and trialled before use to
check they are safe and effective.

* New drugs tested for toxicity, efficacy and dose

DISCOVERY & Clinical trials use healthy volunteers and

PRE-CLINICAL patients.

* Very low doses of the drug are given
at the start of the clinical trial.

e If the drug is found to be safe, further
clinical trials are carried out to find the
optimum dose for the drug.

* In double blind trials, some patients
are given a placebo

PHASE|
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Knowledge Organiser — 4.5.3

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.

e Compared to the nervous system the
effects are slower but act for longer.

Pituitary gland in the brain
* ‘master gland’ which secretes several

Pancreas Q -

Pituitary gland

The ‘master gland’,
situated at the base
of the brain

Thyroid gland

Produces
thyroxine

Adrenal glands

Produces insulin Produce adrenaline

hormones into the blood in response to Y

body conditions. E|o
* These hormones act on other glands to Produce fomale

stimulate other hormones to be Lot i) — F—

released to bring about effects. J\ i

1 Produce .umﬂ-—.oﬂm:
4.5.3.2 Control of blood glucose If blood glucose
. concentration is too low:

concentration e + the pancreas

* Monitored and controlled
by the pancreas. M bvsasotii s

* High blood glucose
damages cells due to a loss
of water by osmosis.

If blood glucose concentration

is too high:

* 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.

Stimutales giycogen
breakdown

Sumulates
n formation >
s \ Stimuiates

\ @)%l uptake
e RS | Tissuo colls from

promotes Produces the
. e, hormone glucagon
that causes glycogen
to be converted into
glucose and released
into the blood.

glucose

Promotes
blood
roloase

 Lowblood sugar |

Hormonal coordination in humans

Differences between

Nervous Hormonal

Hormonal and Nervous
coordination

Electrical (chemical at

Chemical
synapses)

Type of signal

Transmission of signal By nerve cells By the bloodstream

Target cells in

Effectors . .
particular tissues

Muscles or glands

Muscle contraction or

Type of response .
yp P secretion

Chemical change

Speed of response Very rapid Slower

Long - Until hormone
broken down

Short (until nerve impulses

Duration of response
P stop)

Diabetes:

Type 1 diabetes is a disorder in which the pancreas fails to
produce sufficient insulin. It is 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

Negative feedback (HT Only)

* when a stimulus produces an
output which can dampen
the original stimulus and
prevent or reduce further
output.

*  Body controlling outputs
once an appropriate response
has been effected.

* Maintenance of blood sugar
is an example of negative
feedback loop.

Sensor

L

Control

L 2

Negative feedback loop
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Knowledge Organiser — 4.6 Inheritance, variation and evolution

Sexual reproduction involves the joining (fusion) of male and female gametes:

* sperm and egg cells in animals
e pollen and egg cells in flowering plants.

* No fusion of gametes.
* No mixing of genetic information.

Asexual reproduction involves only one parent

* mixing of genetic information which leads to variety in the offspring. * leads to genetically identical offspring (clones).

* The formation of gametes involves meiosis.

Meiosis: non-identical offspring

*  Only mitosis is involved.

Mitosis: identical offspring

Cell division

Two daughter bacterial
cells with identical DNA

4.6.1.2 Meiosis

Sexual reproduction uses the process of meiosis, which
creates gametes. The process of meiosis happens in the male
and female reproductive organs.

Meiosis halves the number of chromosomes in gametes
Fertilisation restores the full number of chromosomes.
Cells in reproductive organs divide by meiosis to form
gametes:

* copies of the genetic information are made

* the cell divides twice to form four gametes, each with a
single set of chromosomes (haploid)

* all gametes are genetically different from each other.

* Gametes join at fertilisation to restore the normal
number of chromosomes.

* The new cell divides by mitosis.

* The number of cells increases.

* Asthe embryo develops cells differentiate.

— [
/ Fertilisation

23 chromosomes

Egg (Ovum)

-
—_—

23 chromosomes

46 chromosomes
in 23 pairs

46 chromosomes
in 23 pairs

4.6.1.3 DNA and the genome

T

Cell Chromosome DNA

DNA Deoxyribonucleic acid

* The genetic material in the nucleus of a cell is composed
of a chemical called DNA.

* DNA is a polymer made up of two strands forming a
double helix.

Chromosome
* The DNA is contained in structures called chromosomes.
* Codes for all the characteristics of an organism.

Gene

* Ageneis asmall section of DNA on a chromosome.

* Each gene codes for a particular sequence of amino acids,
to make a specific protein.

Genome

* genome of an organism is the entire genetic material of
that organism.

* The whole human genome has now been studied and this
will have great importance for medicine in the future.

diploid

Definitions

A cell that contains two sets
of chromosomes.

double
helix

shape of the DNA molecule
with two strands twisted
together in a spiral.

gamete

Sex cell (sperm in males and
ova/eggs in females).

haploid

A sex cell (gamete)
containing one set of
chromosomes.

heredity

Genetic information that
determines an organism's
characteristics, passed on
from one generation to
another. To do with passing
genes to an offspring from
its parent or parents.

mitosis

A type of cell division which
produces daughter cells
identical to the parent.

nucleus

The central part of an atom.
It contains protons and
neutrons, and has most of
the mass of the atom. The
plural of nucleus is nuclei.

organism

Living entity, eg animals,
plants or bacteria.
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Knowledge Organiser — 4.6.2 Selective breeding & Genetic Engineering

4.6.2.3 Selective breeding or Artificial selection

Selective breeding (artificial selection) is the human breeding of

plants and animals for particular genetic characteristics.

Involves:

* choosing parents with the desired characteristic from a
mixed population.

* They are bred together.

*  From the offspring those with the desired characteristic are
bred together.

* continues over many generations until all the offspring show
the desired characteristic.

Characteristics might include:

* Disease resistance in food crops.

* Animals which produce more meat or milk.

* Selective breeding can lead to ‘inbreeding’ where some
breeds are particularly prone to disease or inherited defects.

. 5
selection for é
flower buds _ g

Cauliflower

Brassica oleracea
(a common wild mustard)

Kohlrabi

Turnips

4.6.2.4 Genetic engineering

Genetic engineering involves modifying the genome of an organism by introducing a gene from

another organism to give a desired characteristic.

* Plant crops have been genetically engineered to be resistant to diseases or to produce bigger
better fruits.

e Bacterial cells have been genetically engineered to produce human insulin to treat diabetes.

* Genes from the chromosomes of humans and other organisms can be ‘cut out’ and transferred
to cells of other organisms.

GM Crops

* Crops that have had their genes modified in this way are called genetically modified (GM) crops.

*  GM crops include ones that are resistant to insect attack or to herbicides.
*  GM crops generally show increased yields.

Negatives
* Concerns about GM crops include the effect on populations of wild flowers and insects.

* Some people feel the effects of eating GM crops on human health have not been fully explored.

Positives

* Modern medical research is exploring the possibility of genetic modification to overcome some
inherited disorders.

*  Much faster than selective breeding

* More productive crops, resistant to climate change and other environmental challenges

Process of genetic engineering insulin gene

(HT only): !

* enzymes are used to isolate
the required gene

e this geneis inserted into a
vector, usually a bacterial
plasmid or a virus

* the vector is used to insert the
gene into the required cells “an enzyme

e genes are transferred to the ,
cells of animals, plants or ool
microorganisms at an early ,
stage in their development so
that they develop with desired
characteristics.

insulin gene
inserted into

Figure 1 The principles of genetic B /4
2 : & 3 \ insulin: )/
engineering. A bacterial cell receives a S
human gene so it makes a human protein -

in this case, the hormone insulin
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Knowledge Organiser — 4.7.1 Ecology Adaptations, interdependence and competition

4.7 Ecology 4.7.1.1 Communities
* An ecosystem is the interaction of a community of living organisms
Sun (biotic) with the non-living (abiotic) parts of their environment.
Energy

* To survive and reproduce, organisms require a supply of materials from
their surroundings and from the other living organisms there.
Eaton * Plants in a community or habitat often compete with each other:
dioxide (CO,) * for light k
( * space,
» for water and mineral ions from the soil.
wooﬂuﬁh« * Animals often compete with each other:
= for food
* mates
e Territory

* Within a community each species depends on other species

* If one species is removed it can affect the whole community. This is
called interdependence.

* A stable community is one where all the species and environmental
factors are in balance so that population sizes remain fairly constant.

4.7.1.2 Abiotic factors _ 4.7.1.4 Adaptations

Sun _:mo“m:o:

¢ light intensity . _

* temperature '_ .
* moisture levels ABIOTIC COMPONENTS! 4t
¢ soil pH and mineral content
* wind intensity and direction

¢ Organisms are adapted to live in their
natural environment

Organisms have features
(adaptations) that enable them to

BIOTIC COMPONENTS .

S ; survive in the conditions in which they
. .
carbon dioxide levels or _o_m.:ﬂm \zﬁ . " N normally live.
. utrien . .
oxygen levels for aquatic animals. PR~ S —peteresl |« These adaptations may be structural,

behavioural or functional.
« Extremophiles are organisms that live

in environments that are very

extreme, such as at high temperature,

pressure, or salt concentration.

Eg Bacteria living A

in deep sea vents

4.7.1.3 Biotic factors

. availability of food
. new predators arriving
. new pathogens
. one species outcompeting another
so the numbers are no longer
Heat en:

sufficient to breed. released at
each stage

Definition

abiotic Non-living elements of an ecosystem, such as climate,
temperature, water, and soil type.
biotic Living elements of an ecosystem, such as plants and animals.
community  All the organisms that live in a habitat (plants and animals).
ecosystem The living organisms in a particular area, together with the
non-living components of the environment.
food chain A sequence (usually shown as a diagram) of feeding
relationships between organisms, showing which organisms
eat what and the movement of energy through trophic levels.
gene The basic unit of genetic material inherited from our parents.

A gene is a section of DNA which controls part of a cell's
chemistry - particularly protein production.

indicator species

The presence, abundance or absence of these organisms
provides information such as the level of pollution in the
environment.

interdependence

Refers to the fact that all organisms that live in an ecosystem
depend upon each other, for food, protection, shelter, etc, in
order to survive.

interspecific
competition

The competition which occurs between organisms of
different species for a common resource.

intraspecific

The competition between organisms within the same species.

competition
nitrate The chemical absorbed from the soil by plants to produce
their protein.
pathogen Microorganism that causes disease.
population All of the members of a single species that live within a
geographical area.
predator An animal that hunts, kills and eats other animals for food.
prey Organisms that predators kill for food.
producer Plants that begin food chains by making energy from carbon
dioxide and water.
species A type of organism that is the basic unit of classification.

Individuals of different species are not able to interbreed
successfully.
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Knowledge Organiser - 4.7.3 Biodiversity and the effect of human interaction on ecosystems

4.7.3.1 Biodiversity

« Biodiversity is the variety of all the different species
of organisms on earth, or within an ecosystem.

* Greater biodiversity ensures the stability of
ecosystems by reducing the dependence of one
species on another for food, shelter and the
maintenance of the physical environment.

* Many human activities are reducing biodiversity

4.7.3.2 Waste management

Rapid growth in the human population and an increase in the standard of living mean that

increasingly more resources are used and more waste is produced.

Unless waste and chemical materials are properly handled, more pollution will be caused.

Pollution can occur:
in water, from sewage, fertiliser or toxic chemicals

in air, 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

¢ Humans reduce the amount of land available for other animals and plants by
building, quarrying, farming and dumping waste.

For example:

¢ The destruction of peat bogs, and other areas of peat to produce garden
compost, reduces the area of this habitat and thus the variety of different
plant, animal and microorganism species that live there (biodiversity).

¢ The decay or burning of the peat releases carbon dioxide into the atmosphere.

4.7.3.5 Global warming

One ice-free
Arctic summer per

4.7.3.4 Deforestation

e Large-scale deforestation in tropical areas has occurred to:
* provide land for cattle and rice fields
* grow crops for biofuels

4.7.3.6 Maintaining biodiversity

Scientists and concerned citizens have put in place programmes to reduce the :mmm:<m

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 ﬁm:jma m8<<

only one type of crop
* reduction of deforestation and carbon dioxide emissions by some governments
¢ recycling resources rather than dumping waste in landfill.

Limiting warming to
1.52C rather than 2°C
would prevent the
thawing over centuries
of 1.5 — 2.5 million km
of permafrost

decline of

IMPLICATIONS FOR BIODIVERSITY
OF GLOBAL WARMING:

\ (wrr

r(

Ranges of
MARINE

SPECIES
shifted to higher
uz_n:nmm

70-90%

[-) O, O,
6% 4% 8%
insects vertebrates plants
Over half of their
climate-determined geographic
range, species adapt more slowly,
J new ecosystems may appear

nv..

g
ALPINE SPECIES

migrate upwards on
mountain slopes due
to iw:ﬁ_:m
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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. oxvgen (2.6)
Proton: 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)

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 S neutrons

Li| |ILi| |iLi

3 protons, 3 electrons

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

Nucleus: The centre of an atom in which most of
the mass of the atom is concentrated

Atomic radius:
0.1 nm

Sub-atomic Particles

5.1.1.5 Size and mass of atoms Name of Relative
. . particle mass
e Atoms are very small, having a radius S
of about 0.1 nm (1 x 10-10 m). roton 1
. Neutron 1
e Atomic mass number: The sum (total) of e Y -
the protons and neutrons in the nucleus ectron ery sma
of an atom of an element.
e 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.

. 0
C - 12 = 3456 7% Groupo:
WWM *Hl ‘-lllll.lllllv M M“W W,J.o. Noble Gases
EEY Period SR | ave full
a3g = B A si P S G Ar
v S5 - — E—— || | | L outer shells
i3 HENENEEEENEENSSEEE sosuoe
= = = L ]
838 5" B L e e e ke G S S e § % and
§ B e e e e e e unreactive
S L= .nl W To W Re O ir P Autg T Fo B o At e -
Sgg = EEmEssss @R £ soing
B S - Rt Db Bh Hs Mt Ds Nh FL Mc Lv T i
85t ‘nl R AR RSN kLRS points
S s increase
S§gw Group 1: Alkali Metals Group 7: Halogens  80ing down
S 1 electron on the outer 7 electrons on the outer the group.
m, shell. Reactivity shell. Non-metals. Exist
2 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
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 easi
beaten into thin sheets, | solid
hammered into shape

y if

NOT

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

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

5.2.1.5 Metallic Bonding

free electrons from outer
Bonding between atoms of a shells of metal atoms
metal

Delocalised electrons
(negative) & metal ions
(positive)

Shared delocalised electrons
form strong metallic bonds
Delocalised electrons conduct
heat and electricity

metal ions

Pure metals are soft: layers of atoms can slide over each
other

5.2.2.7 Properties of metals and alloys

Metals have giant structures of atoms with strong
metallic bonding. Therefore most metals have high
melting and boiling points.

In pure metals, atoms are arranged in layers, which allows
metals to be bent and shaped. (malleable)

Pure metals are too soft for many uses and so are mixed
with other metals to make alloys which are harder.

In alloys, different atoms disrupt the layers

Alloys are harder than pure metals

5.2.2.8 Metals as conductors

Metals are good conductors of electricity because the
delocalised electrons in the metal carry electrical charge
through the metal.

Metals are good conductors of thermal energy because
energy is transferred by the delocalised electrons.

5.2.3 Structure & bonding of carbon

Graphite

Giant lattice (in layers)

Each C forms 3 bonds

Layers of hexagonal rings with no
bonds between layers

Giving 1 delocalised electron
Good conductor

tube
(3} Can

Graphene

Diamond: Giant lattice

* Each Cforms 4 bonds

e Strong covalent bonds

* Very high mpt/bpt

* Does not conduct electricity

®

Diamond

(o) Bucky

Fullerenes

* Hollow shapes

* Hexagonal rings, but may
also contain rings of 5 0or 7 Cs

* Buckminsterfullerene (Cg,)
spherical.

e Carbon nanotubes are
cylindrical. Very useful for

A single layer of nanotechnology, electronics

graphite
Useful in electronics
and composites

Note: carbon is a non-metal so the bonds between carbon atoms must be COVALENT.
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Question

Knowledge Organiser — 5.3 Quantitative Chemistry

Answer

Question

53.1.1 Whatis 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 e 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.
5.3.5 HT 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

5.4.2.3 Soluble salts

* Soluble salts can be made from acids by reacting
them with solid insoluble substances, such as
metals, metal oxides, hydroxides or carbonates.

* The solid is added to the acid until no more
reacts and the excess solid is filtered off to
produce a solution of the salt.

* Salt solutions can be crystallised to produce solid
salts.

RPA Preparation of a soluble salt

‘e, o Filter paper
Y
*% .
O

-
>
o

Solid and
solution

Filter funnel

1. Add excess solid to acid
2. React
3.  Filter off unreacted solid

Evaporating
basin

Boiling water

Bunsen burner

4. Warm over water bath then leave to evaporate
5. Allow to crystallise. Dry the pure crystals

5.4.3. Electrolysis

5.4.3.1 The process of electrolysis

e lonic compounds can be electrolysed
when liquid or molten, as the ions are
then free to move

* Anelectric current is passed through
the electrolyte

e Positive ions move to the negative
electrode (cathode)

*  Negative ions move to the positive
electrode (anode)

e Aluminium is extracted by electrolysis
from a mixture of aluminium oxide and
cryolite

RPA Electrolysis of aqueous solution

ﬁm:oﬂw B — L.E?Mom -

5.4.3.2 Electrolysis of molten ionic compounds

*  When a simple ionic compound (eg lead
bromide) is electrolysed in the molten
state using inert electrodes

* the metal (lead) is produced at the cathode

* the non-metal (bromine) is produced at
the anode.

5.4.3.3 Using electrolysis to extract metals

* Metals can be extracted from molten
compounds using electrolysis.

* Electrolysis is used if the metal is too
reactive to be extracted by reduction with
carbon or if the metal reacts with carbon.

* Large amounts of energy are used in the
extraction process to melt the compounds
and to produce the electrical current.

* Aluminium is manufactured by the
electrolysis of a molten mixture of
aluminium oxide and cryolite using
carbon as the positive electrode (anode).

5.4.3.4. Electrolysis of aqueous solutions

. The ions discharged when an aqueous solution is
electrolysed using inert electrodes depend on the relative
reactivity of the elements involved.

. At the negative electrode (cathode), hydrogen is produced
if the metal is more reactive than hydrogen.

. At the positive electrode (anode), oxygen is produced
unless the solution contains halide ions when the halogen is
produced.

. This happens because in the aqueous solution water
molecules break down producing hydrogen ions and
hydroxide ions that are discharged.

5.4.3.5 Representation of reactions at electrodes as half equations

(HT only)
During electrolysis, at the cathode (negative electrode),

positively charged ions gain electrons. le reductions reactions
At the anode (positive electrode), negatively charged ions lose
electrons. le oxidations. Reactions at electrodes can be
represented by half equations, for example:

2H +2¢" > H,

and

40H > 0, +2H,0 + 4e” or

40H —4e- > 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.

—
&

* 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
e TS 463
0=0 498

Bonds broken:

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

e 0=0=498 kJ/mol

e Total =872 +498 = 1370 kJ/mol

Bonds formed:
e A4xH-O0=4x463=1852klJ/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.

hydrated _ anhydrous
copper sulfate ~  copper sulfate

@

* exothermic _

endothermic

+ water

Testing different catalysts

2H,0, m—  2H0 + o,

hydrogen peroxide water oxygen

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,0, are below.

A

E] Manganese(lV) -

0 Oxide

m A \O

g \.\.\..w.a.oo Copper(ll)

8 s Oxide

Q / »@f@ »

5 /ot .

m /& Zinc
7 tion - Oxide

m Slower rate of reactiy

[
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,

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

e 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
product they make (for
the best profits!).

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

Gas syringe

=1

=P Carbon dioxide pushes
syringe plunger out

|
. Prediction

& il - the more concentrated
the acid, the faster the
reaction.
-the smaller the marble
chips, the faster the
reaction.

Mixture of calcium
carbonate and

hydrochloric acid

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

Hazard Possible harm Possible precaution

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

Fizzing in the|Acidic spray or |Use a large conical flask so there

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

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 50ml dilute acid to flask.
« * Add 10ml sodium thiosulphate to
flask.
*  Start timing.
*  Stop timing when
the cross can no
longer be seen.
- - -

-

Se .
& T~ - -~

Prediction — the reaction is faster if the reactants
are hotter or more concentrated.
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Knowledge Organiser — 5.7 Organic Chemistry

4.3.1.1 Crude oil & hydrocarbons

* Hydrocarbons are compounds that
contain hydrogen and
carbon atoms only.

e Crude oil is a finite resource that is
found in the Earth’s crust. It is the
remains of organisms that lived and
died millions of years ago - mainly
plankton which was buried in mud.

e Crude oil is a complex mixture of
hydrocarbons. The carbon atoms in
these molecules are joined together
in chains and rings.

e Crude oil is an important source of
fuels such as petrol, diesel, kerosene,
heavy fuel oil and liquefied
petroleum gases, & feedstock for the
petrochemical industry

4.3.1.1 Alkanes

ns_._~=+~

e Saturated hydrocarbons

e contain Hand C atoms

* Single covalent bonds between
carbon atoms

*  Majority of compounds in crude
oil are alkanes

methane ethane
CH, C,Hg
H H H
| [
H o n_nl H H |ﬁ_| m':
H H H
propane butane
ﬁwIm ﬁ»IHo

T
|
T=—0=—1I
|
I—0—I
|
:|:—(|3—I
T
I
|
L= ) =—T
|
I—T—I
T—0O—T
|
T—0—I
|
T

4.3.1.1 Alkenes

CnH2n

Unsaturated hydrocarbons
ContainHand C

A double covalent bond between
some carbon atoms so they are
more reactive.

Formed from alkanes during

cracking.
H H H H H
il m-c-c=c
b oo
ethene propene
GH, CHe

H HH H H

H HHH
[ | [
H—=C—C—C—-C=C
I | [ |

H H H H H H H
butene pentene
ﬁAIw ﬁmIHo

5.7.1.3 Properties of Hydrocarbons: Alkenes

O

150 - Graph to that as the number of carbon
atoms increases, so does the boiling
points of the hydrocarbon

@ octane

100 ® heptane

_® hexane

\,
_® pentane

04 _ butane

-50 - \.\ propane
/

\.\mﬂ:m:m

150
® methane

T T T T T T Y T
1 2 3 4 5 6 7 8

No. of carbon atoms in the chain

5.7.1.4 Cracking & Alkenes

4

Hydrocarbons can be broken ’
down (cracked) to produce | ~
smaller, more useful molecules.

4

Cracking products
include alkanes and
an alkene. Ethene
There is a high demand
for small molecules and
so some of the
products of cracking
are useful as (&)
fuels.

CALOR

kg Propane

5.7.1.2 Petrochemical industry

Petrochemical: a substance made from
crude oil using chemical reactions
Solvent: The liquid in which the solute
dissolves to form a solution.

Lubricant: A lubricant is anything which
reduces the friction between two
surfaces.

Detergent: A mixture of chemicals which
have cleaning properties when dissolved
in water, and are able to dissolve grease.
Feedstock: A raw material used to
provide reactants for industrial
reactions.

Polymer: A large molecule formed from
many identical smaller molecules known
as monomers.

5.7.1.3 Properties of Hydrocarbons: Alkanes

viscous.
If a substance is less viscous, it is
easier to pour. Gases are least = g
viscous. .m = 3
o g 3
m. S o £
&'\ S c >
"~ methane v S E
: I v 28
o} >
— £e5
, M @ n -
. - u —
89¢
— O O
© 4 =
1o
v un
= O
07 o v
- Elg §
Vv g O
1= (]
E S o

If a substance is more viscous it is
thick and sticky. Solids are most

* Flammability is
measure of how
easy the
hydrocarbon is to
ignite and burn.

* Small
hydrocarbons
such as methane
are more volatile.
This means they
evaporate easily.

te. Its flammability increases.

igni

* This means that
they turninto a
gas at a lower
temperature and
can ignite easily

The fewer carbons there are in the chain, the
more volatile the hydrocarbon is, therefore the

easieritis to
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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 Lit spli : s
one type of compound Oxygen s D l Chlorine W
: . The test for oxygen The test for Chlarene gas
» Example: pure water only contains H,0. is to put a glowing . / chlorine is to put g .
*  Pure mc_umﬂsnmm.-:m_n and boil at mumn_:mnwivmqmﬁc_ﬁm which can splint in a test tube Glowing | damp litmus paper :.....J..r ;
be used to identify a substance and test if it is pure. of gas. The solint in the gas. The F s
* Ineveryday life, a pure substance is something that has had m L P hlori ill bleach |
. . o relights in oxygen. Oxygen gas chlorine will bleac o
nothing else added to it and is in its natural state. the paper white
» Example: ‘pure’ orange juice is not chemically pure but
doesn’t have any chemicals added that aren’t from oranges..
Hydrogen I
5.8.1.2 Formulations The test for hydrogen o M”_,_uﬁo:h_ox_amc
L ) . is to put a burning ne test forcarbon
A formulation is a mixture that has been designed as useful product. splint at the end of a dioxide is to bubble
. . . . th through
Many products are complex mixtures in which each chemical has a test tube of gas. —— — i N mmmﬁ o:m .
particular purpose. Hydrogen burns LBQmEm.qu ?.”_m:n_cB
rapidly with a squeaky .< roxide). ) €
All the ingredients must be mixed in the right quantities so the pop. limewater will turn
product has the correct properties. milky (cloudy).
For example: Fuels, medicine, paint
5.8.1.3 Chromatography RPA : Chromatography ]
. m:qn.vBmﬂm_.mnr,\ separates mixtures and e — R, of blue spot = == 0.8
can identify substances. paper \
. . Solvent
Two phases are used: X _ - ponen R, of purple spot = 5 _06
1. The mobile phase (moves) is the ® , \ 10
B
solvent. I ue R, of red spot == = 0.2
. , Direction of f 10
2. The stationary phase (doesn’t wioticiiof 10.m © | Purple \
move) is the paper. solvent 8am
. Separation depends on the distribution 6cm . R, must between 0 and 1.
between phases. The more soluble a AERAIECES | ‘Start @ | Red «  Inan exam you may be asked to
substance is, the more time it spends in Solvent — line’ MMB measure these so have a ruler
; r Origin
the mobile phase. , I and measure to the nearest

*  The R;value is a ratio of how far the substance has travelled with regard to the

solvent.
Rf = distance travelled by the component

distance travelled by the solvent

* Each pure substance has a unique R; value in each solvent which can identify it.

e The start line must be drawn in pencil
because ink will run.
¢ The solvent must start below the line

mm!

Chromatography can identify
what substances are in a mixture.

otherwise your substances will leech into

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:

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

*  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.

SOCIAL AND ECONOMIC IMPACT

OF CLIMATE CHANGE

Relocation of @ P
The cost of adapting whole towns .\

coastal areas t0 :m_:o
Shrinking ;
productivity
of harvests

sea levels
Prices of basic foodstuffs

4  Lossof the capacity to
work due to heat

More wars to gain
access to limited
resources

widespread poverty

Fresh water will be
@ In short supply in Diseases will spread due to
some areas higher temperatures

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

TRACKING CARBON EMISSIONS AT EACH STEP OF THE VALUE CHAIN

RAW MATERIALS GOODS &
Glucose, ethanol, SERVICES

plastic, glass
food

Equipment, IT,

EMPLOYEE BUILDINGS &
TRANSPORT FACILITIES
Business flights, Energy
company cars

DISTRIBUTION PRODUCT
Road, air, sea WASTE

and consumer goods q
will rise

Extreme meteorological
phenomena will cause

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.

b by e
gases combine with M\
water droplets to
form acids

acidic gases
releas

acid rain destroys plants,
pollutes water sources and
soil and erodes buildings
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Knowledge Organiser - 5.10 Using resources

Comparative LCASs

Used to evaluate which of two alternative products will have a lower negative
impact on the environment. For example, we can compare plastic carrier bags

and paper carrier ba

gs:

Life cycle stage

Raw materials

Manufacture

Lse

Disposal

Plastic carrier bags

Crude oil is a finite
resource; fractional
disfillation, cracking and
polymerisation all require a
lot of energy.

Cheaper to make large
quantities of bags from
plastic.

Lower impact on the
environment because
plastic bags are usually
sironger 50 they can be
reused many times.

Can somefimes be
collected and recycled; if
disposed of as litter, they
do not biodegrade; in
landfill, may take decades
or centuries to degrade.

Paper carrier bags

Can be made from recycled
paper, or from trees. Making
paper from trees requires
more energy than recycling
paper, but much less than
making plastics.

IMore expensive to make bags
from paper because the
handles must be glued on.

Relatively short lifetime; can
only be reused a limited
number of times.

Can be recycled easily; if
disposed of in landfill, they
biodegrade guickly.

Biological methods of metal extraction (HT)

The Earth's supply of metal ores iz limited. Eg, high-grade copper ores are becoming harder to
find and mine. There are some alternative methods to extract metals from low-grade copper
ores that use living organisms.

Thesze have advantages and disadvantages compared to the usual extraction methods.

Plants absorb mineral ions through their roots. Phytoextraction makes use of this:

= plants are grown on a low-grade ore

= the plants absorb metal iong through their roots and concentrate these ions in their cells
* the plantz are harvested and burmt

* the ash left behind contains metal compounds

Phytoexiraction is slow but it:

* reduces the need to obiain new ore by mining

* conserves limited supplies of high-grade ores

* reduces the amount of rock waste that must be disposed of after traditional mining
* (Can be used to “clean up” industrial wasielands

Bioleaching
Certain bacteria can break down low-grade ores to produce an acidic solution containing
copper ions_ The solution is called a leachate and the process is called bioleaching.

Eioleaching does not need high temperatures but if produces toxic substances, including
gulfuric acid, which damage the environment.

Processi

the metal compounds
Iron iz more reactive than copper. i can displace copper from the leachate. For example:
iron + copper sulfate — iron{ll) sulfate + copper

Fe(s) + CuS04(aq) — FeS04(aqg) + Cu(s)

Since iron is cheaper than copper, the use of scrap iron is a cost-effective way to produce
copper from the leachate.

Altematively, the copper compounds can be dizsolved and the soluticn electrolysed to
produce copper metal.
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Knowledge Organiser — 6.1 Energy

6.1.1.3 Energy changes in systems

The amount of energy stored in or released from a
system as its temperature changes can be calculated
using the equation:

change in thermal energy = mass x specific heat capacity
x temperature change

AE =mc AH Given!

* change in thermal energy, AE, in joules, J

Specific heat capacity

« Thisis the amaount of energy needed to raise
the temperature of 1kg of a material by 1°C

* mass, m, in kilograms, kg Energy () .
fic t ' i Change in
* specific heat capacity, ¢, in joules per kilogram per Specific heat &
degree Celsius, J/kg °C Mass (kg) Capacity  temperature

* temperature change, AU, in degrees Celsius, °C

(1/kgec) (')

RPA: an investigation to determine the specific heat
capacity of one or more materials. The investigation
involve linking the decrease of one energy store (or work
done) to the increase in temperature and subsequent
increase in thermal energy stored

Method:

1. Place the immersion heater into central hole at top
of block.

2. Place the thermometer into smaller hole and add
drops of oil into the hole to ensure thermometer is
surrounded by hot material.

3. Fullyinsulate the block by wrapping it loosely with
cotton wool.

4. Record the temperature of the block.

5. Connect the heater to the power supply and turn it
off after ten minutes. After ten minutes the
temperature will still rise even though the heater
has been turned off and then it will begin to cool.

6. Record the highest temperature that it reaches
and calculate the temperature rise during the
experiment.

Stopwatch

Immersion Heater
Metal Block

Thermometer

Improving accuracy:

6.1.1.4 Power

Power is defined as the rate at which energy is transferred or
the rate at which work is done.

* power, P, in watts, W

* energy transferred, E, in joules, J

* time, t, in seconds, s

* work done, W, in joules, J

An energy transfer of 1 joule per second is equal to a power of
1 watt
work done (])

power (W) = time taken ()

~.
5
'/
~
energy transferred (])
time taken (3)

power (W) =

Example

Twao electric motors are used to lift a

5 N weight through a vertical height of 6 m.
Motor A does this in 5 seconds.

Motor B does this in 10 seconds.

For both motors the work done is:
W=Fxd=5Nx6m=30J

For motor A: For motor B:
P=W =30J =6W P=W = 30J =3W
t 5s t 10s

Motor B is twice as powerful as motor A.

* Place the metal block on a heatproof mat to reduce the thermal energy lost to the table surface by

conduction.

*  Wrap the metal block in a thermal insulator to reduce the thermal energy lost to the air.
* Place the electronic balance on a flat, level surface to get an accurate reading of the mass.

Improving precision:

* Use a data logger rather than a thermometer to reduce the random error & add more decimal places.
* Ensure the immersion heater and block begin at room temperature to reduce the error in repeat readings.
* Ensure the same thickness and type of insulator is used for every repeat measurement reduce anomalies.
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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

~,
N Charge in Coulombs
& ()
~
Currentin
Amps
(A)

Time

(s)

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

(closed)

l,,tl cell

battery

-+

L+

diode
resistor

Variable
resistor

LED (light

R P

6.2.1.1 Standard circuit diagram symbols

A switch (open) ®! lamp

o v Switch

g — fuse

voltmeter

ammeter

thermistor

LDR (light
dependent
resistor

|@|
@
|ﬂ|
<8

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

._.|z.|@‘

| S|
R4

o

3

Thin resistance wire

Crocodile

clips

o 1o |20 |0 |0 [s0 [s0 |70 [so o0

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

* |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

in

Current

Amps

.
N
4
~

(A)

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

potential difference = current x resistance

Potential
Difference in
Volts
(V)
Resistance
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 R=V/I

= 12V/2A = 6Q

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

6.2.3.1 Direct and alternating potential difference

6.2.4 Energy Transfers

Knowledge Organiser — 6.2 Electricity

A A

a.c. Alternating current
In the UK, electricity
has a p.d. of 230V

>t g frequency of 50Hz
(it changes direction
50 times a second).

oV >t OV

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

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

6.2.4.3 The National Grid

- Imo_.._-<o=.m©o

Power plant Step-up Step-down
transformer transmission line transformer
Network of cables and transformers linking
6.2.4.1 Power

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)

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

e Step-down transformers = decrease potential

H= plastic casing is an insulator H

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

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

power = potential
difference x current
P=VI

Potential
difference
V)

power =
current? x
resistance
P=I2R

* 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 c
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
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.

(W) _J (s) ()

()

Charge (V)

time, t, in seconds, s
charge flow, Q, in coulombs, C
potential difference, V, in volts, V

Science - Physics | 71



"7, ‘snis|a0 sea48ap gvauw=3gv
‘gv ‘aBueyd aunjesadway AZiaua [ewaays

2, B/ ‘snis|aD 8a188p adueysaumesadwaz x Ayoedes jeay oydads x ssew = ur aZueyo
Jad wesSo|y sad sanolul .

‘2‘Ayoedesieayoyoads

8y ‘swesfo| ul ‘W ‘ssew
[ ‘sapnolul 3y

‘ABiaua jeuusyl vl aBueys

}J|2511 20UBISgNS 3Y] JO 3UNjEU 3] .
2IUBISONS 31 JO SSEW 3L .

walsAs ayl o] pausjsuen Afiaua jewaayl Jo JUNoWe 3yl .
o spuadap walsAs e Jo aunjesadwal vl aBueyd syl

*33835 Jo adueys e saanpoud

Jo walshs 3yl joaunjesadwag ay3 sasied 2yl .

sa|oived ayl jo ASisus syl seseadoul Sullesy .
‘waishs e dn axew jeyl sapined sy e jo AZiaus
[ezuziod pue ASiaua a13aury 2303 3yl s1 ASisus
|eusziu] “waisAs 3yl dn axew jeyl s=|21ped 3yl

Ag welsAs e apisul palols sl ASiu] :ASlaug [eudaiu] .

AZisuz |euwsaju| £ TE'9

-Ipas) suun Aypedes jeay sipasds pue wagsAs e ul sadueys sunjeladwsa) 7'2'e'9
AB1sua 188y 10) wE1aynuans  ABlsus |ruuayl "pasianal 5| 5ueyd 3 Y
| saipadoad [eulZiio 531 5190031 [BUS1EW 3] .
S1SUIYIaWOs PO 10 WIBM MOH aimeladway |ea1sAyd s| 31815 Jo 35uEY)
‘pinbi| e Sulwooag
oYM ‘pijos e olul 1ySiens suiny sed B uaym
10 “ysa14 pinbip e Sulwoosag Inoym ‘Fuileay \\l/
uo se8 e 01Ul 1YBiens sUIN1 pIjos B US uoIEWI|gn
Ul Jyolery 1R um NeWgns || == p =3
iod Suljiog Jo Suiyjaw s 1e 3y T asuodea jeay —_— ; ¥ ) —
1o ljaw ol papasudliaus jounowe syl Juale] apads y ! m,
3,1 Ag 30uelsgns Jo 8y 1 o aunesadwal Apedes p — 9 9 ¥
341 asie) 01 papaau ABiaus Jo Junowe 3] 1e3y ay1nads - = =]
paleaysiyuaympinbi e Emmcm;u LON S20p SSEW [E10]
O1UI SWINT PIjOS B UaYm SIna00 1eul ssaooad ay) Bunjaw -uawaSueue pue
uoIIow Suioeds nayl Ajuo ‘21e1s Jo aBueyo e Buunp
u ulag Ag sassassod 103lgo ue uoiym Afisug ASisus JBuny a8ueya Jou saop s3|dIMed Jo J3gUWNU Y] .
-washs SSELU JO UOIIEAIISUD)
3yl dn ayew 1eylsajined syl jo Aisus a4yl a3e35 o saduey) T E9
Buiseasour Ag 1palgo syl uiylim paiols ABisus
3yl sadueyd Buneay -slgo ue v sapiued sul ®
Lo ASi1aus |eiqualod pue ASisuaonaury e101 3yl ASIaua [euiaju| W
-Buijooo Ag @- @
b g
Pljos 53W0234 pInbi| yaiym Ui 33e3s yo 38ueyd v azaaly Jomeme Jomame
*SEF B 01U SUAN] uoipeme 10 5a310) 10 530l
pue a1e1s safueyd pinbip e yaigm ul sseooad sy uonelodena josanolyeam - | SuossAlange|ay - Suonshiap -
I 1 ASlaua jo 5107 - ASlmua awos - ASlBua 3 -
yiomBulop 1oy Aoeded sy Aiaua . 1523 AlSh 3hOp - Jau0 S
“Bujooa Ag uede | yesisedanop - payed
pinbisawodag se8 yarym ul 31815 J0 38UBYD Y UOIIBSUIPUOD imphiansapiled | BULINOISBINEY | ARSDIS2|3iled

‘uonenba Alsusp asn Uayl pue 1020go JO SSEW 2INSES|Y

LLEL T ST

o waneq
-_— —_—— AU pERY
00 =
=
= - 1algoe
1enfiasy |I‘ —_ e
)- 1ayeag - -
= - —_ ]
= —
—- ued _\
wawasedsi]) —e —

—— == 1gpunjfoBuunseaw Jo ueajuawale|dsig
awnjon 1algo padeys Jepn8auy Jaylo 1o 3U0ls 7 POy

z, £
el p Chuu :31ayds

B2y X yIpim X yydua
IWn|on pIjos Jenday T poyian

Ayisuzp 3unenajes
pue spalqo aen3s.141 jo awnjoa ulinseap] 'y dy

 svomua euewsoopowopira  swiLhon = o o

By = sse|y A awnjoa
cw/by = Aysuag) W=d SSEW = Aysuag Aysuag
uonenba

|oquiAs uoienby uonenaje)

*AlIsUsp Ul SE0USIAIP 1311BWU JO 531R1S
1uslaylp syl uiejdxs o1 pasn 3 ued |spow 3piued sy

s|ela3ew jo Ayisuag T'T°E9

13)jew jo [epow 3Ipied €9 —IasiuebiQ abpajmou)

72 | Science - Physics



Knowledge Organiser — 6.3 Particle model of matter

6.3.2.3 Changes of heat and specificlatent heat 6.3.3.1 Particle motion in gases

If a change of state happens: * Molecules of gas in constant random

* The energy needed for a substance to change state is motion
called latent heat. * Temperature of gas related to

* When achange of state occurs, the energy supplied average kinetic energy of the
changes the energy stored (internal energy) but does not molecules
change the temperature. * Changing the temperature of a gas,

* specific latent heat of a substance isthe amount of held at constant volume, changes the
energy required to change the state of one kilogram of pressure exerted by the gas

the substance with no change in temperature.

energy for a change of state = mass x specific latent heat
E=mL

energy, E, in joules, ]

mass, m, in kilograms, kg

specific latent heat, [, in joules per kilogram, J/kg

specific latent heat, L, in joules per kilogram, J/kg

o o o o0

Specific latent heat of fusion — change of state from solid to
liquid

Specific latent heat of vaporisation — change of state from
liquid to vapour

L |

140

120

RRECEELELEL

100

BO
&0

Liguid
40

0

Temperature ("C)

T . - r T . - T -+

b
=]

Time (s)
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_Asos___ma_mw O_.mmsmmm_. — 6.4 Atomic Structure

6.4.2.1 Radioactive decay and nuclear radiation

Some atomic nuclei are unstable, radiation is given out and
the nucleus becomes more stable. This is a random process
called radioactive decay.

*  Alpha particles consist of two neutrons and two protons
(same as a helium nucleus)

* Beta particles consist of a high speed electron ejected
from the nucleus as a neutron turned into a proton.

* Gamma rays are electromagnetic radiation form the
nucleus.

* Meutron emission is a decay process where one or more
neutrons are ejected from a nucleus. It can occur in
nuclei that are neutron rich/proton poor. As only one or
more neutrons are lost, the atom becomes a different
isotope of the original element.

Each type of radiation has a different range and
penetration power; Alpha has the highest ionising power
although having the shortest range and is least penetrating.

Alpha
=2
Beta
-
.Uq:...._a._n.

Paper Aluminium

* Activity isthe rate at which a source of unstable
nuclei decays.

*  Activity is measured in becquerel (Bg)

* Count-rate isthe number of decays recorded each
second by a detector (e.g. Geiger-Muller tube).

6.4.2.2 Nuclear equations

Are used to represent radioactive decay. 4 He MumC J _u_.u_‘ _.m__mm.m_ ___—_ﬂ. L 231 Th
Alpha decay causes both the mass and charge 2 92 an alpha particle 2 20
of a nucleus to decrease.

; 0 14 releasi 0 14
Beta decay causesthe charge to increase _m + N
But does not change the mass of the nucleus =1 € mO an beta particle -1 7
Gamma ray emission does not cause a change 235 235

in the mass or charge of a nucleus.

92

U n_mnn_.____uwa_wnm_:nm c,__, + U

a gamma wave 0 92

6.4.2.3 Half-lives and the random nature of radioactive decay

1.8
16 Draw a horizontal line from y
' axisto curve, intersecting at
14 halfthe count rate/ activity so
g 12 the examiner knows how you
% 1 gotyour answer
£
g 08
W 1st half-life
0.6
0.4
0.2 2nd half-life
0 3rd half-life
0 200 400 600 800 1000 1200 1400
time (sec)

(HT Only]) Calculating half life.
Question:
The half-life of cobalt-60 is 5 years. If there
are 100 g of cobalt-60 in a sample, how
much will be left after 15 years?
15 years is three half-lives so the fraction
remaining will be

8 Hw_wnw"_m.m__
As a ratio of what was present originally
compared to what was left, this would be
100:12.5 or 1:0.125

A& half-life is either:-

O the time ittakes for the number of nuclei of a
radioactive isotope in a sample to halve

or

3 the time is takes for the count rate from that
campleto fallto half of its initial level.

6.4.2.4 Radioactive contamination

TRPTIR. Radioactive
__m:mn_%. Irradiation Contamination |nc_.=”m_.==..mﬂc_._.
Xposing an :
. QOccurs when an object is exposed to a source  Occurs if the radicactive source is on or in the u
bl : : : nwanted
objectto of radiation outside the object object
nuclear presence of
radiation. the Doesn't cause the object to become A contaminated object will be radicactive for as terial
object doespot  "odioactive leng as the source is on or in it materials
= = = P - . containin
become Can be blocked from the object with suitable  Once an object is contaminated, the radiation . . £
radicactive byt $hielding cannot be blocked from the object radioactive
. . — atoms on other
it can still . It can be very difficult to remove all of the
Stops as seon as the source is removed corbamination materials.

damage cells.
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Knowledge Organiser — 6.5 Forces

6.5.2 Work Done and Energy Transfer

When a force causes an object to move a distance, work is
done on that object.

Work done (J) = Force (N) x distance (m)
W=Fxs

* work done, W, in joules, J

* force, F, in newtons, N

* distance, s, in metres, m

* One joule of work is done when a force of one newton
causes a displacement of one metre.

* 1joule =1 newton-metre

By adding more weight to a spring and measuring its extension; the
extension of a spring can be found.
You may also have to use the equation in the equation sheet to find the

xv>“_=<mmzmmﬁm§m_,m_mzo:m:icmzzmm:*oqnmm:amxﬁm:mmozﬁoqmmu::m
E:m:mﬁoﬂnmmnﬁmo:m:m_mmzno_e.mnﬁ%moE.man:__mxﬁm:o_mQonon_o:m_
mBOchsz__:mum«Bm:mﬁng?_‘BmgAs\o::ﬁﬂmﬁcﬂ:ﬁoo:m_:m_mrmumv. ,
elastic potential energy. )

6.5.3 Forces and elasticity

* To change the shape of a stationary object (by stretching,
bending or compressing), more than one force has to be
applied

* The extension of an elastic object, such as a spring, is
directly proportional to the force applied, provided that
the limit of proportionality is not exceeded.

Force (N) = spring constant (N/m) x extension (m)
F=kxe
* Force, F, in newtons, N
* spring constant, k, in newtons per metre, N/m
e extension, e, in metres, m
* Also applies to the compression of an elastic object,
where ‘e’ would be the compression of the object.

» Aforce that stretches (or compresses) a spring does work
and elastic potential energy is stored in the spring.
Provided the spring is not inelastically deformed, the
work done on the spring and the elastic potential energy
stored are equal.

elastic potential energy = 0.5 x spring constant x extension?

l.Ee="% ke-2

6.5.4.1.1 Distance and displacement

Displacement is how far an object moves in a straight
line from start to finish. It is vector.
Distance is how far an object moves. It is scalar.

6.5.4.1.2 Speed 6.5.4.1.4 Distance-time relationship

* Speed is a scalar quantity. The speed of
moving objects often varies greatly.

* The typical speed of sound is 330 m/s.

* The speed at which a person can walk, run
or cycle depends on many factors
including: age, terrain, fitness and distance
travelled.

e Typical values may be taken as:

walking- 1.5 m/s
running- 3 m/s
cycling- 6 m/s.

* If an object moves along a straight line, the distance
travelled can be represented by a distance—time
graph.

* The speed of an object can be calculated from the
gradient of its distance—time graph

Stationary
Moving back to start

Moving forward (faster)

Distance from home (km)
N
g

Moving forward (slowly)
For an object travelling at a constant speed:

B

17:00 1715 17:30 17:45 18:00 18:15
Speed (m/s) = distance (m) + time (s) Time
v=s+t

6.5.4.1.3 Velocity (HT only) If an object is accelerating, its speed at
any particular time can be determined by
drawing a tangent and measuring the gradient of
the distance—time graph at that time

Velocity is the speed in a direction.
It is a vector.

(HT only) Motion in a circle involves constant
speed but changing velocity.
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Knowledge Organiser — 6.5 Forces
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6.5.4.3.1 Stopping distance 6.5.4.3.3 Factors affecting braking distance 1
The stopping distance of a vehicle is the sum of the The braking distance of a car can be
drivers reaction time (thinking distance) and the affected by:
braking distance. o * wet or icy road conditions
Greater speed = greater stopping distance « faulty tires or brakes. = .
2
6.5.4.3.2 Reaction time g =]
(0]
Reaction times vary from person to person but 2 =
. E 2]
are usually in the range of 0.2 s t0 0.9 s. W
g
A drivers reaction time is affected by tiredness, @
distractions, drugs and alcohol.
There are different ways to measure reaction 4 50 60 7 80 90 100
times. Distance (m)
* One simple method involves dropping a ruler - ULTILTIE) SIS EEE nT (=51 IS AT
Umﬁs\.mms someone’s open thumb and 6.5.4.3.4 Factors affecting braking distance 2
forefinger.
* The higher the reaction time needed to grasp When a force is applied to the brakes of a vehicle, work done between the brakes and the wheel reduces the
the falling ruler, the further the ruler falls kinetic energy of the vehicle.
before being stopped.
* This would increase the temperature of the brakes.
* Large decelerations may lead to brakes overheating and maybe the loss control.

6.5.5. Momentum (HT only)

In a closed system, the total momentum before an

Momentum is a property of moving oEmnﬁn”. event is equal to the total momentum after the
Momentum can be calculated by the equation: event; this is called conservation of momentum.
Momentum (kg m/s) = mass (kg) x velocity (m/s)
p=mxv * Conservation of momentum explains why a gun or cannon recoils backwards
when it is fired.
« momentum, p, in kilograms metre per second, *  When a cannon is fired, the cannon ball gains forward momentum and the
kg m/s mass, m, in kilograms, kg cannon gains backward momentum.
+ velocity, v, in metres per second, m/s » Before the cannonis fired (the ‘event’), the total momentum is zero. This is

because neither object is moving.
* The total momentum of the cannon and the cannon ball after being fired is
also zero, with the cannon and cannon ball moving in opposite directions.
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Knowledge Organiser — 6.6 Waves

6.6.2.1 Types of electromagnetic waves

Electromagnetic waves are transverse waves that transfer energy from a source to an absorber.
All electromagnetic waves travel at the same speed as each other through a vacuum or air.

gamma ray ultraviolet infrared radio

I S ] f
X-ray visible microwave

shorter wavelength
higher frequency g
higher energy

I

e lower frequency

lower energy

longer wavelength

6.6.2.2 Properties of electromagnetic waves 1

* (HT only) Different substances may absorb, transmit, refract or reflect
electromagnetic waves in ways that vary with wavelength.

* (HT only) When electromagnetic waves meet a barrier of a different
density they change speed and therefore direction. This is refraction..

bending of light

air water

light

6.6.2.3 Properties of electromagnetic radiation 2

Changes in atoms and atomic nuclei can generate or absorb electromagnetic radiation. Gamma rays, X-rays
and ultraviolet waves are ionising and can have hazardous effects on human body tissues. The effect

depends on the dose and type of radiation.
* UV rays can age skin prematurely and increase risk of skin cancer.
*  Gamma rays and X-rays can mutate genes and cause cancer.

(HT only) Radio waves can be produced by oscillations in electrical circuits.

(HT only) When radio waves are absorbed they may create an alternating current with the same frequency
as the radio wave itself, so radio waves can themselves induce oscillations in an electrical circuit.

_RPA: Investigating the absorption or emission of IR
radiation by nature of surfaces

Leslie cube @ Shiny 'silver

Infrared detector

6.6.2.4 Uses and applications of electromagnetic waves

Different types of electromagnetic radiation have many uses:
* Radio waves — TV and radio

*  Microwaves — Satellite communications and cooking food
* Infrared — Heating, cooking, and thermal cameras

e Visible — Fibre optic communication

*  Ultraviolet — energy efficient lamps and sun tanning

*  X-ray and Gamma — Medical imaging and treatment

(If higher tier you need to explain why each type of wave is suitable)

[ vocr SR S
[ o SRS
!
S

1. Fill the Leslie cube with boiling water and replace the lid.
2.Leave for one minute to allow the surfaces to heat up.

3.Use the infrared detector to measure the intensity of infrared
radiation emitted from each surface.

The matte black surfaces emit the most IR radiation.
The shiny silver emits the least.
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Knowledge Organiser — 6.7 Magnetism and Electromagnetism

6.7.2.2. Fleming’s left-hand rule (HT)

The motor effect when a conductor carrying a current is placed in a magnetic field the magnet
producing the field and the conductor exert a force on each other.

The force on a given length of wirein a Force ’\_m@:mgo field
magnetic field increases when:
«  The currentin the wire increases. F B
e  The strength of the magnetic field
increases.

The force is greatest when the direction of the
current is 90° to the direction of the magnetic
field.

Current
|

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

F=BXxIxl

F = force measured in Newtons (N)
Magnetic flux density in tesla (T)

| = current in amperes (A)
| = Magnetic flux density in tesla (T)

los)
1]

6.7.2.3 Electric motors (HT)

A coil of wire carrying a current in a magnetic field tends to
rotate. This is the basis of an electric motor.

Coil rotation

/
o o
N.LTE

+|1 -

Starting from the position shown in the diagram of the dc motor:

1. currentin the left hand part of the coil causes a downward
force, and current in the right hand part of the coil causes an
upward force

2. the coil rotates anti-clockwise because of these forces

3.  When the coil is vertical, it moves parallel to the magnetic
field, producing no force. This would tend to make the
motor come to a stop, but two features allow the coil to
continue rotating:

* the momentum of the motor carries it on round a
little
* asplit ring commutator changes the current
direction every half turn

4. Once the conducting brushes reconnect with the
commutator after a half turn:

5. current flows in the opposite direction through the wire in
the coil

6. each side of the coil is now near the opposite magnetic pole

7. This means that the motor effect forces continue to cause
anti-clockwise rotation of the coil.
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