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OUR VALUES
Be who  God meant you to be and you
will set the world on fire.

LOVE belief

integrity

knowledge

As we know we are loved by God, we
will learn to love ourselves and care
for our own body mind and soul.

We will show love to one another by
being patient and kind, not by being
rude, boastful or proud.

As one body in Christ, we will ensure
that no member of our community is
left out or left behind
 

We will encourage one another and
build each other up.

We will let our light shine, making the
world a better place for all.
 

We will always strive to make the right
choice even when this is the harder
path to take.

We will live and work sustainably.  

We will value knowledge: intelligent
hearts acquire knowledge, the ears of
the wise seek knowledge.  

At Saint Benedict
we develop the
character of  our
community through
our curriculum and
culture.
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Year 9 Biology 

1. Cells

2. Organisation of cells

3. Eukaryotic and prokaryotic cells

4. Animal specialised cells

5. Plant specialised cells

6. Nucleus

7. Stem cells and microscopes

8. Transport in and out of cells – diffusion

9. Levels of organisation

10.Organisation of cells in the digestive system 1

11.Enzymes in the digestive system

12.Organisation of cells in the breathing system

13.Organisation of cells in the circulatory system 1

14.Organisation of cells in the circulatory system 2

15.Cross section of leaf

16.Organisation of cells in plants

17.Coronary heart disease

18.Cell cycle: Mitosis

19.Cell cycle: Mitosis and cancer

20.Communicable disease: pathogens

21.Communicable disease: viruses

22.Communicable disease: bacteria, fungi and protists

23.Required Practicals 1: Microscopy & food tests

24.Required practical 2: Enzymes

1.  Cells Cell organelle Description

Cell membrane Controls what enters and leaves the cell.

Cell wall Made of cellulose, to strengthen the cell.

Chloroplast The site of photosynthesis.

Cytoplasm The site of chemical reactions.

Mitochondria To release energy during respiration.

Nucleus Contains chromosomes made of DNA molecules.  
Each chromosome carries a large number of genes.  

Permanent 
vacuole

Filled with cell sap (a weak solution of sugars and 
salts).

Ribosomes The site of protein synthesis (where proteins are 
made).

Both animal and plant cells contain a nucleus, cytoplasm, cell 

membrane, mitochondria and ribosomes. Plant cells also contain 

a cell wall, chloroplasts, and a permanent vacuole.

1



3.  Eukaryotic and prokaryotic cells
Prokaryotic cells (bacteria) are much smaller than eukaryotic cells.

They do not have a nucleus.  

They do not have mitochondria but do have ribosomes.

They have a single DNA loop and may also have small rings of DNA called 

plasmids.

1000nm (nanometres) = 1m

1000m (micrometres) = 1mm

1000mm (millimetre) = 1m

10mm = 1cm (centimetre) 3

Eukaryotic cells contain a nucleus.

Plant cells and animal cells are eukaryotic.

Mitochondria

Cytoplasm

Nucleus

ANIMAL CELL PLANT CELL

Cell wall

Chloroplasts

Permanent 
vacuole

Cell membrane

Ribosomes

2. Organisation of Cells

These three occur only in 

plant cells:

2



4.  Animal Specialised Cells

4

Type of specialised 

cell

Function Adaptations

Nerve cell Carry electrical impulses around 

the body

Lots of dendrites to make connections to other cells

A very long axon that carries the electrical impulse from one place to another

Contain lots of mitochondria to provide the energy needed to make special 

transmitter molecules, to carry impulses across gaps (synapses) between one 

nerve cell and the next 

Muscle cells Contract and relax to allow 

movement

Contain special fibres that can slide over one another to allow the muscle to 

contract and relax

Contain lots of mitochondria to provide energy for contraction

Store glycogen which can be converted into glucose for respiration

Sperm cells Fertilise an egg cell A tail for movement

Middle section full of mitochondria to provide energy for tail to move

Digestive enzymes in acrosome to digest a pathway into the egg

A large nucleus containing half the genetic information needed to make an 

organism

5.  Plant Specialised Cells

5

Specialised cell Function Adaptations

Root hair cell Absorb water and mineral ions Large surface area available for water to move into cell by osmosis

Large permanent vacuole that speeds up osmosis

Lots of mitochondria that carry out respiration to provide the energy 

needed for active transport of mineral ions

Xylem cells Transport water and mineral ions from the 

roots to the highest leaves and shoots - 

always upwards. 

When first formed xylem cells are alive but due to build-up of 

lignin  the cells die and form long hollow tubes (vessels).

The lignin makes the xylem vessels very strong and helps them 

withstand the pressure of water moving up the plant.

Phloem cells Transport sugars up and down the plant End walls between cells break down to form sieve plates that allow 

water carrying dissolved sugars to move up and down the phloem.

Neighbouring companion cells are packed with mitochondria to 

provide their energy needs.



Magnification increases the size of the image.  

Resolution increases the detail of the image.

Electron microscopes have higher magnification 

and higher resolution than light microscopes.

They have allowed scientists to study cells in much 

finer detail.

They have increased our understanding of sub-

cellular structures such as mitochondria.

7. Stem Cells and Microscopes

Magnification = size of image

   size of real object

Type Description

Adult stem cells Adult cells which can form many types of cells, 
including blood cells.

Embryonic stem 
cells

Stem cells from embryos which divide and 
differentiate into specialised cells.

Differentiation Specialisation of cells

Stem cells Undifferentiated cells, capable of dividing to make 
lots of cells, and of differentiating to form specialised 
cells.

Meristem tissue Tissue made up of stem cells in plants.
It can differentiate into any type of plant cell, 
throughout the plant’s life.  
Can be used to produce plant clones quickly and 
economically.  
Can be used to clone rare species.  
Can be used to clone plants with useful features, 
e.g. disease resistance.

Therapeutic 
cloning

Scientists can use embryo stem cells to make 
different types of human cells. 
The cells are not rejected by the patient’s body, but 
some people have ethical or religious concerns.

Use the EVERY model to complete 

calculations:

E = equation

V = values

E = enter results

R = result

Y = units
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A gene is a section of 

DNA that codes for a 

protein.

Proteins make up all 

parts of our cells

Chromosomes 

are long 

strands of DNA 

that have been 

tightly wound 

together. 

Chromosomes 

in the nucleus 

are made of 

DNA molecules.

Nucleus is found in 

animal and plant 

cells.

6. Nucleus

The nucleus contains chromosomes made of DNA 

molecules.  

Each chromosome carries a large number of genes.

Gametes (sperm and egg cells) only have 1 set of 

chromosomes, so they have 23 chromosomes. 

When human gametes come together in fertilisation, they 

form a zygote (fertilised egg cell) with 23 pairs of 

chromosomes (46 chromosomes).

Human body cells contain 23 pairs of chromosomes. 

6

Biological structures in size order

Smallest    Gene 

Chromosome

Nucleus

Cell

Tissue

Organ

 

Largest    



Diffusion: The overall movement of particles from high 

concentration to low concentration – they spread out.

Examples

Oxygen and carbon dioxide diffuse in and out of cells in gas 

exchange.

Urea moves out of cells into the blood plasma.  It is a waste 

product.  It goes to the kidney to be excreted.

Factors that affect the rate of diffusion

• The bigger the difference in concentrations, the faster diffusion is.

• The higher the temperature, the faster diffusion is.

• The bigger the surface area of the membrane, the faster diffusion 

is.

Diffusion and single celled organisms

Single celled organisms have a large surface area compared with their 

volume.  

Diffusion is enough to get them all the molecules that they need.

Diffusion and larger organisms

Larger organisms have a small surface area 

compared to their volume.

They need exchange surfaces and transport 

systems to allow them to absorb enough oxygen 

and move it around the body.

Exchange surfaces in plants have:

1. a large surface area.  

2. thin membranes, to provide a short diffusion 

path.

Exchange surfaces in animals have:

1. a large surface area

2. thin membranes, to provide a short diffusion 

path.

3. a good blood supply

4. good ventilation (they breathe)

8. Transport in and out of cells - diffusion

8

Cell

9. Levels of organisation

TissueOrganOrgan 
system

Organism

Examples:
sperm cell
egg cell
liver cell
epithelial cell
nerve cell
root hair cell
leaf palisade cell

Examples:
epithelial tissue
endothelial tissue
muscle tissue

Examples:
stomach
heart
lungs
liver
pancreas
small intestine
root (plant)

Examples:
digestive system
immune system
nervous system
reproductive system
excretory system

Examples:
human
cat
ladybird
oak tree
aphids
sparrowhawk
tiger

Basics of organisation

Cells are the building blocks of all organisms.

A tissue is a group of cells with a similar structure and function.

An organ is a group of tissues performing similar functions.

An organ system is a group of organs, which work together to 

perform a particular function.

9



Digestive 

Enzyme

Produced by Converts… Into…

Amylase 

(carbohydrase)

Mouth, small 

intestine, 

pancreas

Starch

(carbohydrates)

Sugar

Lipase Small intestine, 

pancreas

Lipid (fat) Glycerol + fatty 

acid
Protease Stomach, small 

intestine, 

pancreas

Protein Amino acids

11. Enzymes in the digestive system

Enzymes are specific.  

They have a specific shape (the active site) which works on a 

specific substrate – like a lock and key.

If the active site changes shape, it no longer works.

Changes in pH and temperature can denature – change the shape of 

the active site - so that it no longer works.

The products of digestion are used to build new carbohydrates, lipids 

and proteins.  

Glucose can also be respired.

Bile is made in the liver and is stored in the gall bladder.  

It is alkaline and neutralises the hydrochloric acid from the stomach.  

It emulsifies fat to form small droplets, increasing the surface 

area.  This makes fat digestion quicker.

Digestive enzymes break down food into small soluble molecules that 

can be absorbed into the blood stream.

11

10. Organisation of cells in the digestive system 

The human digestive system is an example of an 

organ system in which several organs work together 

to digest and absorb food.

Organ Function

Mouth First stage of digestion, teeth break up food with 
mechanical digestion and salivary amylase breaks 
down food in chemical digestion.

Oesophagus Transports food from the mouth to the stomach.

Stomach Churns food and adds acid.

Small intestine Adds digestive enzymes (amylase, lipase, and 
protease) and absorbs nutrients from the food.

Large intestine Absorbs water, producing waste.

Rectum Stores waste.

Anus Waste passes out of the anus.

Liver Produces bile. Bile neutralises stomach acid and 
emulsifies fats. Food does not pass through here.

Gall bladder Stores bile which has been produced in the 
liver. Food does not pass through here.

Pancreas Produces digestive enzymes: amylase, lipase, and 
protease. Food does not pass through here.

Oesophagus

10



Air enters the body through the mouth 
and nose.

Air enters the trachea.

The trachea divides into two bronchi. One 

bronchus enters each lung.

Each bronchus branches out into 

smaller tubes called bronchioles. 

Air travels through these bronchioles.

At the end of the bronchioles, the air 

enters one of the many millions of 

alveoli where gaseous exchange takes 

place

12. The breathing system

The lungs provide a good exchange surface for oxygen:

1. Large surface area provided by alveoli​.

2. Thin walls of alveoli (one cell thick) and blood supply (capillary), 

providing a short diffusion distance​.

3. Good blood supply to transport the oxygen away from the lungs​.

4. Well ventilated to supply more oxygen.

12

13. Organisation of cells in the circulatory system 1

The heart is an organ. 

The function of the heart is to pump blood around the body.

Humans have a double circulatory system, which means 

that blood must pass through the heart twice to complete a 

full circuit of the body.

Organ Function

Heart Organ that pumps blood around the body in 
a double circulatory system.

Vena cava Vein which brings blood from the body to the right 
atrium of the heart.

Right ventricle Chamber which pumps blood to the lungs where 
gas exchange takes place.

Pulmonary 
artery

Artery takes blood from the right ventricle to 
the lungs.

Left ventricle Chamber which pumps blood around the rest of 
the body

Pulmonary 
vein

Vein which brings blood from the lungs to the 
left atrium of the heart.

Aorta The aorta takes blood from the left ventricle to the 
body.

Pacemaker In the wall of the right atrium, controls heart rate.

13



15. Cross section of a leaf

Upper epidermis. Covers all surfaces.

Palisade mesophyll. Used in photosynthesis

Spongy mesophyll. Used in photosynthesis

Lower epidermis

Guard cells with chloroplasts

Cuticle. Waxy, waterproof layer

Stomata

Vascular bundle
Xylem and phloem cells found here

15

14. Organisation of cells in the circulatory system 2
The blood is a tissue.

14

Vena 
cava

Right 
atrium

Right 
ventricle

Pulmonary 
artery Pulmonary 

vein

Left 
atrium

Left 
ventricle

Aorta

Blood 
vessel

Role Description

Artery Carry blood 
away from 
heart

Walls contain lots of strong 
elastic tissue to withstand 
pressure

Capillary Allow 
substances to 
diffuse into and 
out of the blood

Walls are one cell thick 
and include small holes to 
allow substances to move 
in and out easily

Vein Carry blood to 
the heart

Have valves to keep blood 
flowing in one direction 
only

Blood 
component

Role

Plasma Solution in which cells are suspended; 
carries dissolved food and hormones 
around the body

Red blood 
cells

Carry oxygen

White blood 
cells

Involved in immune response to fight 
pathogens

Platelets Involved in blood clotting



16. Organisation of cells in plants

Transports water and 

mineral ions from the roots 

to the stems and leaves.  

Made of hollow tubes, 

strengthened by lignin.

Transpiration is the 

transport of water and 

minerals up the xylem of a 

plant, and the evaporation of 

water through the stomata. 

Transpiration is increased by

•Increased temperature

•Increased air movement

•Increased light intensity

•Decreased humidity 

Translocation is the transport 

of sugars in the phloem, to all 

parts of the plant.

The leaves make sugars 

through photosynthesis.

The phloem transports 

dissolved sugars from the 

leaves to the rest of the plant 

for respiration or for storage of 

starch.

Phloem is made of tubes of 

elongated cells.  

Cell sap (dissolved sugars) 

moves from one phloem cell to 

the next through pores in the 

end walls. 16

Water is absorbed (by osmosis) by root hair cells that have a large surface area.  
The root hair cells also absorb mineral ions (by active transport).

Xylem Cells

The stomata (small holes in the 

underside of the leaf) are needed 

for gas exchange in the leaf.

Water is also lost to the 

surroundings through the stomata.

To reduce water loss, guard cells 

can change the size of the 

stomata.  

Phloem Cells
Stomata and Guard Cells

17. Coronary Heart Disease

Term Definition

Disease dis-ease (not at ease; something 
in our body or mind is not 
working correctly)

Coronary Heart 
Disease

a non-communicable 
disease (you can’t catch it)

Coronary 
arteries

supply the heart muscle with 
oxygen and glucose

Coronary heart 
disease

The coronary arteries have 

layers of fatty material building 

up in them.  They get narrower.

Less blood can flow through the 

coronary arteries, so the heart 

muscle lacks oxygen.

17

Treatment Description

Statins Tablets used to reduce blood cholesterol.

They slow down the rate of fatty material build 

up.

Stents Used to keep the coronary arteries open.

Heart valve 
replacement

Valves keep blood flowing through the heart in 

the right direction.  Sometimes the valves don’t 

open fully or become leaky.  This prevents blood 

flowing through the heart properly.  The patient 

becomes out of breath and lacks energy.

Faulty heart valves can be replaced with new 

biological valves (from a donor) or mechanical 

valves.

Heart failure Can be treated with a new heart and lungs.

The heart would come from a donor.

Mechanical hearts can be used to keep the 

patient alive whilst waiting for a heart transplant.



Uses of cell division by mitosis

1. Growth

2. Repair of tissues

3. Asexual reproduction 

19. Cell Cycle: Mitosis and Cancer

Stage 
of the 
cell 
cycle

Events

1 The cell grows.
The DNA replicates to form two copies of 
each chromosome.
New mitochondria and ribosomes are made.

2 Mitosis: one set of chromosomes is pulled to 
each end of the cell.
The nucleus divides.

3 The cytoplasm and cell membranes divide.
There are now two identical cells.

19

Cancer is the result of uncontrolled growth and division of cells.  This is 

caused by a change in the genetic material of the cell.

Benign tumours are growths of abnormal cells.  

They are contained in one area, usually within a membrane.  They do not 

invade other parts of the body.

Malignant tumour cells are cancers.  

They invade neighbouring tissues and spread around the body in the 

blood, where they form secondary tumours.

Lifestyle factors and genetic factors can be risk factors for cancers.

Uses of cell division by mitosis

1. Growth

2. Repair of tissues

3. Asexual reproduction 

18. Cell Cycle: Mitosis 

Stage of 
the cell 
cycle Events

1 The cell grows.
The DNA replicates to form two copies of each 
chromosome.
New mitochondria and ribosomes are made.

2 Mitosis: one set of chromosomes is pulled to each end 
of the cell.
The nucleus divides.

3 The cytoplasm and cell membranes divide.
There are now two identical cells.

18



20. Communicable diseases: pathogens

Communicable diseases are diseases caused by pathogens – they 

can spread from one organism to another.

Pathogens are organisms that cause infectious disease.  

They can be viruses, bacteria, protists or fungi.

Pathogens may infect plants or animals.

Pathogens can spread by direct contact, water or by air.

Bacteria reproduce rapidly inside the body.

Bacteria produce poisons/toxins that damage tissues and make us 

feel ill.

Viruses reproduce rapidly inside the body.

Viruses live and reproduce inside cells, causing cell damage.

Pathogens

Viruses Bacteria Protists Fungi
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21. Communicable diseases: viruses 

Pathogen Disease Transmission Symptoms Treatment or prevention

Virus Measles Sneezing and coughing 
produces droplets 
containing the virus; these 
droplets can be inhaled by 
others.

Fever and red skin rash.

It can be fatal if there are complications.

Most young children are 
vaccinated against measles.

Virus HIV/AIDs Sexual contact or exchange 
of body fluids such as 
blood.

Flu-like illness, which then attacks the body’s 
immune cells.
Late stage HIV, known as AIDS, happens 
when the immune system is so damaged that 
it cannot deal with infections or cancers

treated with antiretroviral 

drugs.

Virus Tobacco 
mosaic virus 
(TMV)

By direct contact A distinctive mosaic pattern of discoloration on 

the leaves.

The leaves can’t photosynthesise as well, 

which affects the growth of the plant.

Remove infected plants; 
wash hands when handling 
plants to prevent transfer 
from one to another

21



23. Required Practicals 1 – Microscopy and Food Tests

Using a Microscope 

1. Light on

2. Platform (stage) high

3. Lowest magnification objective lens first

4. Coarse focus first, then fine focus

23

Food Test Positive result

Starch add iodine solution turns black

Sugars add Benedict's 
solution → heat 

makes (orange) 
precipitate

Protein add Biuret solution turns purple

Fats 
(lipids)

add ethanol → shake 
→ add water → shake 

cloudy white emulsion

Food tests

Rules for Biological Drawings

• Sharp pencil

• Smooth lines

• Ruler for label lines

• No arrowheads

• Add magnification (multiply eyepiece lens by objective lens)

22. Communicable diseases: bacteria, fungi and protists

Pathogen Disease Transmission Symptoms Treatment or prevention

Bacterium Salmonella (food 
poisoning)

Undercooked 
chicken, or 
contamination of 
surfaces from 
raw chicken

Fever, abdominal cramps, vomiting 
and diarrhoea, caused by the 
bacteria and the toxins from the 
bacteria.

Poultry (chicken, turkey and ducks) are 
vaccinated against salmonella to control the 
spread

Bacterium Gonorrhoea sexually 
transmitted 
disease

Thick yellow or green discharge 
from the vagina or penis; as well as 
pain when urinating.

Antibiotics, although there are many resistant 

strains.

Barrier methods of contraception can reduce 

the spread.

Fungus Rose black spot by wind or water Purple or black spots develop on 

leaves.  The leaves turn yellow and 

drop off. The leaves don’t 

photosynthesise well, which affects 

the growth of the plant.

Fungicides and removing and destroying the 
affected leaves.

Protist Malaria Spread by 

mosquito bites.

Recurrent (repeating) episodes of 
fever.  It can be fatal.

Prevented by stopping mosquitos from 
breeding, and by avoiding being bitten e.g. 
with a mosquito net.
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Investigate the effect of pH on the reaction of amylase 

enzyme

IV: pH (change using at least 5 different buffer solutions)

DV: time taken to digest starch (measured as the time it 

takes for a sample of the mixture not to turn black when 

mixed with iodine solution)

CV: volume and concentration of amylase solution; volume 

and concentration of starch solution; temperature; time for 

samples

24. Required Practical 2 - Enzymes
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Method:

1. Place known volume of starch solution into a boiling tube.

2. Place known volume of amylase solution into the boiling 

tube.

3. Stir using a glass rod.

4. Take a sample of mixture and place onto a spot tile.

5. Add a drop of iodine solution to the spot tile; repeat every 

30s; record the time taken for the mixture not to turn 

black.

6. Repeat steps 1 – 5 for at least 5 different pHs.
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26. Structure of the Atom

Calculating Relative Isotopic Abundance

Isotopes:

Atoms of the same element that have different numbers of 

neutrons but the same number of protons and electrons. 

They have the same chemical properties but different physical 

properties.

7                      Top number

    Li
3                    Bottom number

Proton      = bottom number

Electron    = bottom number

Neutron    = top number – bottom number
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39

18
Ar

38

18
Ar

18 protons
18 electrons
21 neutrons

18 protons
18 electrons
20 neutrons

Electronic Configuration

Electrons are arranged in shells.

1st shell – maximum of 2 electrons

2nd shell – maximum of 8 electrons

3rd shell – maximum of 8 electrons

Mass number Abundance (%)

39 93.1

41 6.9

= (39 x 93.1) + (41 x 6.9)
       93.1 + 6.9

= 39.1

Structure of the atom (Nuclear model)

Subatomic 

particle

Relative charge Relative mass

Proton +1 1

Neutron 0 1

Electron -1 1/1840

25. Atoms, Elements, Compounds and Mixtures

Radius of an atom = 0.1nm (1 x 10-10m).

Radius of a nucleus is less than 1/10 000 of that of an atom. 
This is  1 x 10-14m.

Keyword Definition

Atom smallest part of an element

Element made up of only one type of atom

Compound made from at least two elements, chemically 
combined

Mixture made of two or more elements or compounds not 
chemically combined together

Atoms are neutral (no electrical charge) because: 
-The number of protons and electrons are the same. 
-The charges cancel out

Atomic number    =   Proton number

Mass number = Number of protons and neutrons

Number of electrons = Number of protons

25



27. Separating Mixtures

Process Filtration Distillation Fractional 
distillation

Chromatography

Diagram

Physical property Difference in solubility Difference in boiling 
points

Difference in boiling 
points

Difference in solubility

Example Sand and salt Ink and water Ink, water and oil Different colours in dyes
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Atomic 
model

Plum pudding 
model

Nuclear model

Diagram

Discovery Electron Positive nucleus in the centre of the 
atom

Electrons occupy shells
Electrons are at 
specific distances from 
the nucleus

Neutrons • Atomic radius: 1 × 10-10 

m

• Radius of a nucleus is 

less than 1/10 000 of the 

radius of an atom.

• Most of the mass of an 

atom is concentrated in 

the nucleus.

• The electrons are 

arranged at different 

distances from the 

nucleus.

Description The atom is a ball of 

positive charge with 

negative electrons 

embedded in it.

Positively charged alpha particles 

were fired at thin gold foil. Most alpha 

particles went straight through the foil. 

A few were scattered in different 

directions by the atoms in the foil.  It 

showed that the mass of an atom was 

in the centre (the nucleus) and the 

nucleus was positively charged.

Proved the 
existence of 
isotopes

Discovered 
by

Thompson Rutherford Bohr Chadwick

28. History of the Atom

28



Simple Molecules 

(2 x non-metals, covalent bonding)

Simple molecules (small  molecules) 

e.g. H2, Cl2, O2, N2, HCl, H2O

Covalent Bonding (2 x non-metals)

Covalent bond: Pairs of electrons are shared between the atoms.

Sharing one pair of electrons = single bond

Sharing two pairs of electrons = double bond

30. Ionic and Covalent Bonding

Ionic Bonding (metal & non-metal)

Structure: Giant ionic lattice

Electrons are lost or gained to achieve a full outer shell.

Ionic bond: Electrostatic attraction between oppositely charged ions.

Ions held in a fixed lattice. 

Charge of ion: +2 (loses 2 electrons) and -2 (gains 2 electrons)

Describing the formation of an ionic compound

Example 1: NaF

Na atom loses 1 electron to form Na1+ ion.

F atom gains 1 electron to form F1- ion

Example 2: Na2O

Two Na atoms each lose 1 electron to form two Na1+ ions.

One O atom gains 2 electrons to form O2- ion.
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29. Comparing Atomic Models

Ball of positive 
charge with 
electrons 
embedded in it

Contains 
protons

Contains 
electrons

Has a nucleus

Has shells with 
electrons on it

Space between 
the shells

Has neutrons

Plum
Pudding 

Model

Nuclear
Model



Diamond Graphite Silicon dioxide

Bonding Giant covalent Giant covalent Giant covalent

Made of Carbon Carbon Silicon and oxygen

Structure Each carbon atom forms four C-C 
covalent bonds.

Each carbon atom forms three 
covalent bonds with three other 
carbon atoms, forming layers of 
hexagonal rings . The 4th electron is 
delocalised

Each silicon atom forms four 
covalent bonds with oxygen atoms

Diagram

31. Giant Covalent Bonding
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Metallic Bonding

Metallic bond: Attraction 

between the positive metal ion and delocalised electrons.

Structure: Layers of metal positive ions surrounded by 

delocalised electrons

32. Metallic Bonding and Alloys

Alloy

Mixtures of metals with metals or a non-metal

e.g. stainless steel is a mixture of iron and carbon

Structure: Irregular layers
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34. Acids and Alkalis
The pH Scale

It can be measured with a pH probe, or universal indicator.

Acid: pH 0-6

Neutral: pH 7

Alkali: pH 8-14

Neutralisation

Acids contain hydrogen ions (H+)

Alkalis contain hydroxide ions (OH-)

acid        +     alkali → water   

Ionic equation: H+ (aq)  +  OH- (aq) → H2O (l)

Acid Chemical 
formula

Sulfuric acid H2SO4

Nitric acid HNO3

Hydrochloric acid HCl

Alkali Chemical 
formula

Sodium hydroxide NaOH

Potassium hydroxide KOH

Acid​ Salt name ending​

Hydrochloric​ -chloride​

Nitric acid​ -nitrate​

Sulfuric​ -sulfate
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Red Orange

Green

Blue Purple

Relative formula mass (RFM or Mr)

This is the mass in grams of 1 mole of the substance. 

To calculate Mr (top number) you need to add up the atomic mass 

(Ar) of all of the atoms in the molecule. 

Example1. NaCl = Na + Cl = 23 + 35.5 = 58.5

Example 2. MgF2 = Mg + (2 x F) = 24 + (2 x 19) =  62

% Mass of an Element in a compound

Remember:  part     x    100

                    whole

Conservation of Mass

During a chemical reaction, no atoms are made, no 

atoms are destroyed.

Decrease in mass: 

CaCO3 (s)         CaO (s)      +          CO2 (g)

Carbon dioxide  is a gas which is a product

Carbon dioxide escapes into the air.

Increase in mass: 

2Mg(s)  +  O2 (g)          2MgO (s)

Mg reacts with oxygen in the air

Oxygen has added to the magnesium

Concentration of a solution

 dm3  cm3

Concentration (g/dm3) = mass (g) ÷ volume (dm3)

33. Quantitative Chemistry

% mass of =
an element

Atomic mass of element x number of atoms
Relative formula mass of compound

X 100

X 1000

÷ 1000
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35. Reactions of Acids to Make a Salt (Neutralisation)

Reaction 1 Reactions of Acids with Metals (Neutralisation)

Rule  acid  +  metal  →  salt  +  hydrogen

Example hydrochloric acid +  magnesium  →  magnesium chloride  +  hydrogen 
 

Reaction 2 Reactions of Acids with Metal Oxide (Neutralisation)

Rule  acid  +  metal oxide  →  salt     +  water

Example sulfuric acid +  magnesium oxide  →  magnesium sulfate  +  water 
 

Reaction 3 Reactions of Acids with Metal Hydroxide (Neutralisation)

Rule  acid  +  metal hydroxide  →  salt  +  water

Example nitric acid  +  magnesium hydroxide  →  magnesium nitrate  +  water 
 

Reaction 4 Reactions of Acids with Metal Carbonate (Neutralisation)

Rule  acid  +  metal carbonate  →  salt  +  water  +  carbon dioxide

Example nitric acid  +  magnesium carbonate  →  magnesium nitrate  +  water  +  carbon dioxide
  35

Weak acid

Partially ionised (breaks down) in aqueous solution.  

CH3COOH → CH3COO-   +   H+

Examples: Ethanoic acid, citric acid and carbonic acid.

Higher pH numbers (pH 4-6)

36. Strong and Weak Acids

Strong acid

Completely ionised (breaks down) in aqueous 

solution.  

HCl  →      H+  +    Cl-

Examples: Hydrochloric acid (HCl), nitric acid (HNO3) 

and sulfuric acid (H2SO4).

Lower pH numbers (pH 1-3)

The stronger the acid, the more it ionises in solution, 

and the more hydrogen ions there are in the solution.

Concentrated acid

More hydrogen ions (H+) per volume

36

pH
If the hydrogen ion concentration in a 
solution increases by a factor of 10, the pH of the 
solution decreases by 1.

Volume of acid (cm3) pH

10 3

1000 5



38. Types of Chemical Reactions

Chemical Reactions

Thermal decomposition
The breakdown of a compound 
using heat

Reactants: Potassium carbonate
Products: Potassium oxide and 
carbon dioxide

Oxidation
A chemical reaction where oxygen 
is added.

iron + oxygen → iron oxide

Reactants: iron and oxygen
Products: iron oxide

Combustion (burning) – FO COW
A reaction where oxygen is burned with a 
fuel to make heat and light. 
Combustion must have fuel, heat and oxygen.

FUEL + OXYGEN → CARBON + WATER
                                   DIOXIDE
methane + oxygen → carbon  +   water
 dioxide

Reactants: methane and oxygen
Products: carbon dioxide and water

potassium → potassium +carbon
carbonate oxide         dioxide

Incomplete Combustion 
Burning with not enough 
oxygen
Products: carbon monoxide, 
soot, carbon dioxide and 
water.

Complete Combustion 
Burning with plenty of oxygen
Products: carbon dioxide and 
water.

Test for carbon dioxide
Test: Bubble through limewater
Result: Limewater turns cloudy

Examples of fuels: propane and butane
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37. Energy Changes

Exothermic Reaction. Energy is transferred from particles to the 

surroundings. Temperature increases.

Examples: Combustion, many oxidation reactions, neutralisation.

Every day uses: self-heating cans and hand warmers.

Endothermic reaction. Energy is transferred from the 

surroundings to the particles. Temperature decreases.

Example: Thermal decomposition and the reaction between citric 

acid and sodium hydrogencarbonate.

Every day uses: sports injury packs.

Exothermic energy 

profile: 

Reactants are higher in 

energy than the 

products.  

Energy is released to 

the surroundings.

.

Activation energy: minimum amount of energy required for the 

reaction to start.

.

Endothermic energy 

profile: 

Reactants are lower in 

energy than the 

products.  

Energy is absorbed by 

the surroundings.

.
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39. Conservation of mass

In a reaction, the atoms you start with are the same as those that you make.  

mass of the reactants = mass of the products.

             H2 + Cl2 →               2HCl

Reactant side has 2 H and 2 Cl atoms.           
The product side has 2 H and 2 Cl atoms.           
If one side has a mass of 25g, the other side will have a mass of 25g

Loss in mass 

calcium carbonate  →  calcium oxide + carbon dioxide

Explanation:

- Carbon dioxide is a gas

- It escapes into the atmosphere

Gain in mass

magnesium + oxygen →  magnesium oxide

Explanation:

- Oxygen gas is added

- Oxygen comes from the air
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40. Calculating Bond Enthalpy

Energy IN

Total energy

needed to break

the bonds in

the reactants

Energy OUT

Total energy needed 

to form the bonds in 

the products

Energy CHANGE

Overall energy change

Exothermic reaction. 

Negative value 

Endothermic reaction.

Positive value. 
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C–H C–O O–H O=O C=O

Bond 
energy in 
kJ / mol

412 360 464 498 805

6 x (C-H) = 6 x 412 = 2472
2 x (C-O) = 2 x 360 = 720
2 x (O-H) = 2 x 464 = 928
3 x (O=O) = 3 x 498 = 1494
TOTAL = 5614

4 x (C=O) = 4 x 805 = 3220
8 x (O-H) = 8 x 464 = 3712
TOTAL = 6932

5614 – 6932= -1318

Total energy
needed to break

the bonds in
the reactants

Total energy 
needed to form the 

bonds in 
the products

Total energy
needed to break

the bonds in
the reactants

Total energy 
needed to form the 

bonds in 
the products



The Sun’s 

rays enter the 

Earth’s

atmosphere.

42. The Greenhouse Effect

Heat is 

emitted back 

from the 

Earth’s

surface.

Some heat 

passes 

back out 

into space

But some heat is 

absorbed by carbon 

dioxide, a 

greenhouse gas, 

and becomes 

trapped within the 

Earth’s atmosphere. 

The Earth 

becomes 

hotter

Carbon dioxide levels have increased due to 

human activities:

- Burning fossil fuels (coal, oil and natural gas)

- Deforestation

Global warming:

- Icebergs melt increasing 

sea levels

- Severe weather

Greenhouse gases:  

- methane

- carbon dioxide

- water vapour
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41.  The Carbon Cycle

Earth’s atmosphere: 78 % nitrogen, 21 % oxygen, <1 % carbon 

dioxide, plus small amounts of other gases.

How carbon is recycled: By photosynthesis (COW GO) and 

respiration (GO COW).

Reasons why CO2 levels have increased:

Human activities such burning fossil fuels (FO COW) and 

deforestation.

Greenhouse effect:

Greenhouse gases are carbon dioxide, methane, water vapour 

and ozone. 

Scientists have evidence that global warming caused by human 

activity is causing changes in the climate.

The carbon cycle shows how carbon moves 

through organisms and as carbon dioxide (CO2) 

in the atmosphere.
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Making a soluble salt

1. Add excess copper oxide  to sulfuric acid in a beaker

2. Stir using a stirring rod 

3. Filter using a funnel and filter paper into a conical flask.

4. Evaporate the water from the copper sulfate solution in an 

evaporating dish using gentle heat until half the volume is left.

5. Leave on windowsill to form crystals.

6. Pat dry crystals.

Reasoning for the steps

Step 1: Excess metal oxide used so that all the acid reacts.

Step 2: Reaction stirred so all the chemicals react.

Step 3: Removal of excess copper oxide. Excess copper oxide 

used as it is easier to remove than excess acid

Step 4: Slow this step down by using a water bath

Observations:

Black solid (copper oxide) is left in the filter paper

Colour change

43. Required Practical 1: Making a salt
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Reacting two solutions, e.g. acid and alkali

1.Place the polystyrene cup inside the glass beaker

2.Using a measuring cylinder, measure 25 cm3 of acid

3. Add to polystyrene cup.

4.Record the temperature of the acid using a thermometer.

5.Add 5cm3 of alkali to the polystyrene cup and record 

the  temperature obtained.

6.Repeat with 5cm3 of alkali until 40 cm3 of alkali has been 

added

IV: Volume of alkali

DV: Temperature of reaction mixture

CV: Type of acid and alkali, volume of acid

To improve the accuracy

Use polystyrene cup

Add a lid

Repeat the experiment and calculate the mean ignoring 

anomalous results

Valid results: Repeat 3 times, identify the anomalous results, 

calculate the mean

44. Required Practical 2 – Energy Changes
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Reacting a solid with a solution, e.g. metal and solution

1.Place the polystyrene cup inside the glass beaker to make it more stable.

2.Using a measuring cylinder, measure 25 cm3 of copper sulfate solution

3.Place the solution in a polystyrene cup.

4.Record the temperature of the solution using a thermometer.

5.Using a balance, weigh out 1g zinc powder

6.Add the zinc powder and record the temperature.

7.Repeat steps 1-6 with different masses of zinc powder

IV: Mass of metal

DV: Temperature of reaction mixture

CV: Concentration and volume of copper sulfate solution



45. Energy stores and systems

Energy System

System:
An object or group of objects.
When a system changes there are changes in the 
way energy is stored within it.

Closed system: 
Where neither matter nor energy enters or leaves. 

Conservation of energy:
Energy is not created or destroyed but may be 
transferred between different energy stores.

The energy in a system can be transferred 
between different stores when work is done by:
• Heating
• Forces
• Current flowing 
• Mechanical

Energy Store Example

Thermal Cup of hot tea

Kinetic Moving car

Gravitational Potential Water in a reservoir at the top of a 
mountain

Elastic Potential Stretched bungee cord

Chemical Battery, food

Magnetic Two opposing north poles on bar 
magnet

Electrostatic Two electrons repelling each other

Nuclear The energy available to be released 
by fission when splitting an atom
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46. Kinetic Energy and Elastic Potential Energy

Kinetic Energy

Kinetic energy of an object depends on the:
- mass
- speed

Kinetic energy (J) = 0.5 x  mass (kg)  x velocity2 (m/s)

Ek = 0.5mv2

        

Unit conversions:
kJ to J: x 1000
g to kg: ÷ 1000

Elastic Potential Energy

A force acting on an object may cause the shape of an object to change.

Elastic objects can store elastic potential energy if they are stretched or squashed. For 
example, this happens when a catapult is used or a spring is stretched.

Objects can also store elastic potential energy when they are squashed.

Elastic potential energy (J) = 0.5 x  spring constant (N/m)  x extension2 (m)
        

Unit conversions:
kJ to J: x 1000
cm to m: ÷ 100

Example: How much work is done by the brakes if a 7000N braking force is 
used to stop a car over 20m?

Use the EVERY model to complete calculations:
E = equation
V = values
E = enter results
R = result
Y = units

E W = F x s 
V F = 7000 N and s = 20 m
E W = 7000 x 20
R W = 140 000
Y J

W = 140000J or 140 kJ

47. Work Done

A car braking to slow down
The friction force from the brakes does work.  
Energy is transferred from the car’s kinetic 
store to the thermal store of its brakes, the 
brakes then transfer heat to the surroundings. 

Energy transferred = work done

work done (J) = force (N)  x distance (m)

W = Fs
        

Unit conversions:
kJ to J: x 1000
cm to m: ÷ 100
km to m: x 1000

20 metres

Braking Force 7000N

Kinetic energy 
store of moving 

car

Thermal 
store of 
brakes

Thermal store of 
surroundings

Transfers 
energy to

Transfers 
energy to
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Power 
Power is the rate at which energy is transferred and is measured in 
watts. 

1 watt = 1 joule of energy transferred per second.  

Power (W) = energy transferred (J) ÷ time (s)

Power (W) = work done (J) ÷ time (s)

P = E ÷ t

Unit conversions:
kJ to J:  x 1000
minutes to seconds: x 60
hours to seconds: x 3600
W to kW:   ÷ 1000
                            
 
Example. Calculate the power of a motor that uses 60,000 J of 
energy to lift an object in 20 seconds. Give your answer in kW.

E P = E ÷ t
V E = 60 000J; t = 20 s
E P = 60 000 ÷ 20
R 3000
Y W

P = 3000W or 3kW

A more powerful device can transfer more energy in a given time or 
will transfer the same amount of energy in a faster time.
  

49. Specific Heat Capacity (c) and Power
The amount of energy needed to raise the temperature of 1 kg of a 
substance by 1 °C.  

Unit conversions:
kJ to J: x 1000
g to kg:      ÷ 1000

Example: How much energy is released into the surroundings when a cup 
of tea holding 250g of fluid cools from 90°C to  20°C? c = 4200 J/kg°C

Use the EVERY model to complete calculations:
E = equation
V = values
E = enter results
R = result
Y = units
E  𝛥E = m x c x 𝛥𝜃
V m = 250 g = 0.25 kg; c = 4200; 𝛥𝜃 = 90-20 = 70
E  𝛥E = 0.25 x 4200 x 70
R 73 500
Y J

 𝛥E = 73500J or 73.5 kJ

Change in   =   mass (kg) x 
thermal 
energy (J)

specific   x   
heat
capacity
(J/kg°C)

change
in
temperature
(°C)
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ΔE = mcΔT

48. Gravitational Potential Store (Ep)

Raising an object off the ground increases its gravitational 
potential energy store.  

The amount of energy depends on the mass and height of the 
object and strength of the gravitational field it is in.

 

Note: weight = mass x gravitational field strength 

W = m x g 

Therefore, we have a second formula for Ep

Ep = Weight  x change in height

Ep = W x 𝛥h

 

Example: What is the gravitational energy required to lift a 100 kg mass up 
by 100 m? 
Gravitational field strength = 9.81N/kg

Use the EVERY model to complete calculations:
E = equation
V = values
E = enter results
R = result
Y = units

E Ep = m x g x h
V m = 100 kg; g = 9.81; h = 100 m
E Ep = 100 x 9.81 x 100
R Ep = 98100
Y J

Ep = 98100 J

100kg

100kg

10m

Gravitational = mass x 
potential       (kg)
energy 
store (J)

gravitational field x change in height (m)
strength
(N/kg)

Unit conversions:
kJ to J: x 1000
cm to m: ÷ 100
km to m: x 1000
g to kg:      ÷ 1000

48

Ep = mgh



50. Conservation of Energy

Dissipation of 
energy

Wasting energy. 

More energy needs to be put into appliance 

to account for dissipated energy.

Useful dissipation of energy example: back 

of a fridge

Example of dissipation of energy is bad: 

light bulbs, engines and TV’s as heat

Conservation of 
energy

Energy can be transferred usefully, stored 
or dissipated, but it cannot be created or 
destroyed

Heat When an object is heated, thermal energy 
is being transferred to it

Temperature A measure of hot or cold something is

Reducing Wasted Energy (dissipated energy)

Friction Between two moving objects causes thermal energy to be 
dissipated.  It can be reduced by lubrication.

Lubrication • Friction between two moving objects causes energy to be 
dissipated as sound and to the thermal store. 

Insulation Reduces energy transfer by heating

Cavity wall 
insulation 

Fills the air gap between the inner and outer wall reducing 
heat loss by convection.

Loft insulation Reduces heat loss by convection.

Double glazing • Creates an air gap between the two panes of glass to 
reduce energy loss by conduction.

• Gases are good insulators

Draught excluders Reduce energy loss by convection when placed around 
windows and doors.

Reflective material 
behind radiators

To keep infrared radiation in the room
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51. Efficiency

Efficiency

An efficient device wastes less energy than a less efficient 
device.  It can be calculated as a decimal or multiplied by 
100 to give a percentage.

Example:. Calculate the wasted power and efficiency of a motor 
that has a rated power of 500W and transfers 300W usefully.

Wasted power = input power - output power = 500 – 300 = 200W

Appliance Useful Energy

Dissipated 

(wasted) Energy

Light bulb Light • Heating the bulb and 

surroundings

Hair Dryer • Kinetic energy of the fan 

to push air

• Heating of the air

• Sound of the motor.  

• Heating of the dryer and 

surroundings

Electric Motor • Kinetic energy of objects 

driven by motor.

• Gravitational potential 

energy of objects lifted by 

motor

• Heating of the motor and 

surroundings. 

• Sound of the motor 

turning
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Efficiency = useful energy output
                    total energy output

Efficiency = useful power output
                    total power input

Efficiency = 300 = 0.6 0r 60 %
                    500



Heat Transfer Method Description

Conduction
(Occurs in solids)

When heated particles vibrate more with an increase in 
their kinetic energy. 

They collide more with surrounding particles 
transferring the heat

Convection
(Occurs in liquids and 
gases)

Particles are free to move (in a liquid and gas).
Increase in their kinetic store.
Particles move faster.

The space between the particles increases, so the 
density decreases.

The warmer less dense region rises and the cooler, 
denser regions sink.

Infrared Radiation
(Occurs in all objects)

The hotter an object the more infrared radiation it emits 
in a given time. 

An object at constant temperature emits and absorbs 
infrared radiation at the same rate

A perfect black body absorbs all the infrared radiation 
that falls upon it and then emits it back at the same 
rate as it absorbs it.

Heat transfer by 
convection

53. Methods of Heat Transfer
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52. Methods of Heat Transfer Overview
Methods of heat transfer

Conduction Convection Radiation

Particles Particles Waves

Solids Liquids and gases 
(fluids)

Vacuum

Metals Air Light and heat

TRAVELS VIA

MEDIUM

EXAMPLE
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Solids

Have strong forces between 

particles or molecules, holding 

them close together in a fixed, 

regular arrangement.  The 

particles can only vibrate around 

fixed positions.

Liquids

Have weaker forces between 

particles so although the 

particles are close together 

they can flow over each other 

at low speeds in random 

directions.

Gases

Have almost no forces between 

particles.  Have more energy and are 

free to move in random directions and 

speeds.



54. Non-Renewable Energy Resources

Energy Resource Uses Advantages Disadvantages

Coal Electricity generation, heating, 
steam trains in some countries

• Reliable energy resource
• Low extraction costs
• High energy per kg

All fossil fuels are running out. Burning 
fossil fuels releases carbon dioxide a 
greenhouse gas which causes global 
warming. SO2 found in coal leads to acid 
rain when burned. 

Oil Electricity generation, heating, 
basis for petrol and diesel

• Reliable energy resource
• Low extraction costs
• High energy per kg

Burning fossil fuels releases carbon 
dioxide a greenhouse gas which causes 
global warming.

Gas Electricity generation, heating, 
cooking

• Reliable energy resource
• Gas fired power stations can be started quickly to 

meet changing energy demands

Burning fossil fuels releases carbon 
dioxide a greenhouse gas which causes 
global warming. 

Nuclear Electricity generation
Fuel: Uranium or plutonium

• Reliable energy resource
• It has the highest energy density per kg of any 

fuel. 
• Does not require combustion and therefore does 

not release carbon dioxide into the atmosphere

The waste products from nuclear plants is 
dangerous radioactive waste which needs 
to be stored safely for hundreds of years.

Renewable energy resources will never run out.  It is an energy resource that can be replenished quickly.

Non-renewable resources will one day run out (fossil fuels). Fossil fuels are coal, oil and natural gas.
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55. Renewable Energy Resources 1
Energy 
Resource

Uses Advantages Disadvantages

Solar 
Energy

• Heating domestic hot water.
• Photovoltaic cells in solar cells can 

create electricity to charge batteries.
• Electricity generation in large scale 

solar power plants

• No atmospheric pollution due to 
burning of fossil fuels

• In sunny countries it is more reliable 
(during the day)

• Useful for remote places not supplied 
by the national grid.

• No fuel costs and minimal running 
costs

• Cannot increase supply to match 
demand

• High initial costs
• Unreliable due to weather
• Does not work at night

Wind Power Electricity generation • No atmospheric pollution due to 
burning of fossil fuels

• No fuel costs and minimal running 
costs
No permanent damage to the 
landscape when removed.

• Fast start-up

• Visual and noise pollution
• Cannot increase supply to match 

demand
• High initial costs
• Cannot generate electricity if there 

is too little wind
• Unreliable

Geothermal • Electricity generation
• Heating

• Reliable
• No atmospheric pollution due to 

burning of fossil fuels

• Few suitable locations (only 
possible in volcanic areas)

• High cost to build power station

Bio-fuels • Electricity generation
• Heating
• Fuel for transport

• Carbon neutral (plants absorb 
carbon dioxide that is released when 
the fuel is burnt).

• Reliable as crops grow quickly

• High costs to refine the fuel
• Space for growing food taken up
• Forests cleared to make space – 

decay and burned vegetation 
release CO2 and methane.
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Mechanical Waves travel through a medium (substance). 

The particles oscillate (vibrate) and transfer energy. 

The particles do not travel along in the wave.

Frequency (f) - the number of complete waves that pass a 

point every second. 

1 wave per second has a frequency of 1Hz  (hertz).

Wavelength - the distance 
between adjacent waves

(i.e. from peak to peak or 
trough to trough)

Amplitude - the 
maximum 
displacement from the 
horizontal mid-line.

Time period (T) - the time for a complete cycle of a single wave.

Frequency (Hz) = 1 ÷ time period (s)

F = 1  ÷ T

Example: What is the frequency for a wave with a time period of 0.2s

E f = 1 ÷ T
V T = 0.2 s
E f = 1 ÷ 0.2
R 5
Y Hz

f = 5Hz

Wave speed (m/s) = frequency (Hz) x wavelength (m)

V = f λ

 Example: How fast is a wave travelling which has a 3m wavelength and a frequency 

of 20Hz?

E V = f x λ

V f = 20 Hz; λ = 3 m

E V = 20 x 3

R V = 60

Y m/s

57. Wave properties
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56. Renewable Energy Resources 2

Energy 
Resource

Uses Advantages Disadvantages

Hydro-Electric Electricity generation • Can respond immediately to increased 
demand, fast start-up.

• Reliable (except if there is a drought)
• No fuel costs and minimal running costs
• Potential to be used as part of pumped 

storage scheme

• Requires land to be flooded to 
create a dammed reservoir

• Loss of animal habitats
• Relies on rainfall to keep reservoir 

full unless part of pumped storage 
system

Tidal barrage Electricity generation • No atmospheric pollution due to burning of 
fossil fuels

• No fuel costs and minimal running costs

• Visual pollution
• Difficulty providing access for 

boats / wildlife
• Initial costs are high
• Environmental impact during 

building phase due to multiple 
vehicles and large amounts of 
concrete being used

Wave power Electricity generation • No atmospheric pollution due to burning of 
fossil fuels

• Smaller solution for limited populations

• Unreliable
• Few suitable locations
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58. Transverse and Longitudinal waves

Longitudinal Waves

The oscillations (vibrations causing the wave are parallel to the 

direction of energy transfer.  

Compression:  particles bunch up

Rarefaction: particles spread out

Example: Sound waves 

Transverse Waves

The oscillations (vibrations causing the wave) are 

perpendicular (90°) to the direction of energy transfer.  

Example: Light waves, X-rays and water waves (ripples)

All electromagnetic waves
One wavelength

Oscillations
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Sound waves

Bigger the amplitude – taller the wave – louder the sound

Higher the frequency – more waves per second – higher pitch

59. Sound Waves and Speed of Sound experiment

Speed of sound experiment

1. Measure the distance between the person and the wall using a metre 

ruler. 

2. Double this distance.

3. Using a stop clock, measure the time taken from the clap being made 

to hearings it’s echo.

4. Use the equation, 

 speed = distance ÷ time.

Sound waves are mechanical longitudinal waves. 
They need a medium to travel through. 

The speed of sound can be calculated using: 

Speed (m/s)  = distance (m) ÷ time (s) 

Unit conversions:
km to m:  x 1000
cm to m:  ÷ 100
minutes to seconds:            x 60
hours to seconds: x 3600
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61. Reflection, transmission and absorption of waves

Reflection

Angles are measured between the wave direction (ray) and a line at 

90o to the mirror (boundary)

Normal = an imaginary line drawn at 90o to the surface

The angle of the wave approaching the boundary is called the angle of 

incidence (i)

The angle of the wave leaving the boundary is called the angle of 

reflection (r)

Angle of incidence (i) = Angle of reflection (r)

Transmission

Transmission occurs when a wave passes through a substance

The more transparent the material, the more light will pass through

For the process to count as transmission, the wave must pass through 

the material and emerge from the other side

When passing through a material, waves are usually partially absorbed

The transmitted wave may have a lower amplitude because of some 

absorption

For example, sound waves are quieter after they pass through a wall

Absorption

Occurs when energy is transferred from the wave into the particles of a substance

Sound waves are absorbed by brick or concrete in houses

Light will be absorbed if the frequency of light matches the energy levels of the 

electrons

If an object appears red, only red light has been reflected. All the other 

frequencies of visible light have been absorbed

60. Sound and Seismic waves

Human hearing can detect sound in the frequency range of 20Hz to 

20,000Hz. 

Ultrasound > 20kHz

Infrasound < 20Hz

Ultrasound is used to detect the depth of the sea bed, where inclusions 

or other defects are found in solid metal and to image soft tissue in 

humans.

When ultrasound is used to measure the depth of an object, or the 

distance below a surface to a defect, the signal travels from the 

transducer to the object and is bounced back to the transducer. The total 

distance travelled by the sound is twice the depth of the object.

Depth of object (m) = 0.5 x speed of ultrasound (m/s) x time (s)

Seismic Wave 
type

Description

Primary 
(P-waves)

• Causes the initial Earth tremor
• Longitudinal waves which push or pull on 

material.
• Bend as they travel through the earth’s mantle
• Refract at boundary between mantle and core
• Travels through solids and liquids

Secondary 
(S-waves)

• Transverse waves that travel more slowly than P-
waves

• Shake material from side-to-side.
• Bend as they travel through the Earth’s mantle
• Cannot travel through liquid outer core
• Travels through solids only

Long 
(L-waves)

• Arrive last and and cause violent movements on 
the surface

• Only happen in the Earth’s crust.
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62. Refraction of waves

Refraction of Light ray

Refraction

Waves change speed when they cross a boundary between two materials of different density 

or a boundary of different depths.

If the wave enters a medium of higher density at an angle the ray bends  towards the normal 

(see diagram).

If it enters a medium along the normal then the wave does not change direction but the 

wavelength and speed decrease. 

(waves closer together on diagram below but have not changed direction)

Wave Front Diagrams

The part of the wave front that enters the more dense medium first,  slows down as the rest of 

the wave front continues at the same speed  but has to travel further. The difference in 

distance and speed causes the wave to refract. A wave travelling from deep to shallow water 

also refracts.

 

Deep 
water

Shallow 
water

Change in speed but no change in direction 

as wave entered along the normal

Angle of
refraction

Refracted
ray

Refracted rayAngle of     
refraction

Boundary

Angle of incidence Normal 
(always at 900 to the 
boundary)

Incoming 
ray
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63. Space

Keyword Description

Asteroid A lump of rock (may  or may not be orbiting anything)

Comet A ball of ice, dust and gas orbiting a star in an elliptical orbit

Galaxy A group of billions of stars. Earth is in the Milky Way galaxy

Meteor A  small piece of rocky matter entering Earth’s atmosphere from space

Moon A sphere of rock orbiting a planet

Planet A   sphere of rock or gas orbiting a star

Red Shift Objects which are moving away from us are said to be red shifted because the wavelengths of light from these 
objects is shifted towards the red end of the spectrum. 

Hubble determined that the most distant galaxies are those most red shifted, meaning they are accelerating away 
from us. This supports the big bang theory.

Satellite An object which orbits another. Natural (moon) or man-made (space station). They travel at a constant speed. 
Their orbit is determined by their speed.

Star A sphere of (mainly) hydrogen carrying out nuclear fusion, producing  heat and light

Universe Everything that exists. Contains billions of galaxies
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65. Creation of the Universe

Much is still unknown about the universe and 

galaxies spin faster than they should based on the 

amount of mass in them. Scientist think that the 

missing mass is made up of something they have 

named dark matter.

The universe is not only expanding but accelerating 

in its expansion. Scientists think that dark energy is 

responsible for this acceleration but like dark matter 

they have no idea what dark energy is.

The universe could either end in a big crunch where 

the rapid expansion stops and a rapid contraction 

occurs or it could expand for ever in what is called 

the big yawn.

Mid 20th Century theories 
for the creation of the 
universe

Key points

Stay State Theory Universe expands with a constant 

density, white holes leak matter into the 

universe to maintain the density as 

volume increases.

Dropped after the discovery of cosmic 

microwave background radiation 

(CMBR) 

Big Bang Theory Universe expanded from an extremely 

small, hot, dense region creating space, 

time and matter
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64. Star formation

Process of star formation: nuclear fusion

Main fuel source: Hydrogen

The Sun is a stable star. This is because the forces pulling inwards caused by gravity are in equilibrium with the forces pushing outwards caused

by the energy released by nuclear fusion.

Range of wavelengths of a star depend on the temperature of the star.

A light year is the distance that light travels in a year

Nebula 
Clouds of 

gas or 
hydrogen

Stars much larger than 
our sun become 
supergiant

The life cycle of a star

Nebula pulled together by 
gravity causing increasing 
temperature to start the fusion 
process to become a protostar. 
Hydrogen nuclei fuse to form 
helium nuclei and the star 
becomes main sequence

red giant white giant black dwarf

Hydrogen begins to run 
out. The helium nuclei fuse 
to make heavier elements 
up to iron. The star 
expands to become a red 
super giant

The star collapses rapidly and 
explodes called a supernova 
creating elements heavier than 
iron and distributing them 
throughout the universe. 
Leaving behind a neutron star 
or a black hole. 64



Method

1. Take a 1 kg block of copper.

2. Place an immersion heater in the larger hole in the block.

3. Connect the power supply to the joule meter (reset to read 0 Joules).

4. Connect the joule meter to the 12V immersion heater.

5. Place the thermometer into the other hole in the block.

6. Switch the power pack to 12 V.  Turn it on.

7. After 1-minute record the temperature of the block and the reading from the joule meter. 

8. Continue taking readings every minute until 10 minutes have passed. 

IV - Work done – (energy transferred to block measured by joulemeter)

DV - temperature

CV – Copper block of 1kg mass

Sources of Error

Heat is lost to the surroundings due to lack of insulation

The immersion heater is not fully immersed into the block

The graph may be curved at the start because it takes time for the 

heater and block to transfer the energy

66. Required practical 1: Specific Heat Capacity

66

Processing data

Plot graph work done against temperature

Specific heat capacity = 1 ÷ gradient

IV – Time (s)

DV – Temperature change

CV – Volume of water, material of insulation, starting temperature.

67. Required Practical 2: Thermal Insulation

Method

1. Pour 200 cm3 of hot water into a 250 ml beaker with a 

single layer of insulating material around it.

2. Use a piece of cardboard as a lid for the beaker. 

3. Insert the thermometer through the hole in the cardboard 

lid 

4. Record the temperature of the water and start the 

stopwatch.

5. Record the temperature of the water every 30 seconds for 

5 minutes.

6. Repeat steps 1‒5 increasing the number of layers of 

insulating material wrapped around the beaker until you 

reach 4 layers.

7. Repeat the experiment with no insulation around the 

beaker.

7. Plot a graph of temperature versus time.

The more layers of insulation the longer it takes for the 

temperature to drop, indicating a better insulator.
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69. Required practical 4: Refraction of light

1. Place a glass block on a piece of paper

2. Draw around the glass block and then remove from the paper

3. Draw a line at 90° to one side of the block (the normal)

4. Use a protractor to measure and then draw a line at an angle of 20° to the 

normal

5. Replace the glass block

6. Using a ray box and slit point the ray of light down the drawn line

7. Mark the ray of light emerging from the block

8. Remove the block and draw in the refracted ray

9. Measure the angle of refraction with a protractor

10.Repeat the procedure for a range of values of the angle of incidence

Source of inaccuracy: The width of the light ray

Reason for inaccuracy: Makes it difficult to judge where the centre of the ray 

causes a large uncertainty
Normal (90o to the surface)

69

1. Set up the ripple tank as shown in the diagram. 

2. Make sure that there is a large sheet of white card or 

paper on the floor under the tank.

3. Pour water to a depth of about 5 mm into the tank. 

4. Adjust the height of the wooden rod so that it just 

touches the surface of the water. 

5. Switch on the overhead lamp and the electric motor. 

6. Adjust the speed of the motor to produce low frequency 

water waves. 

7. Adjust the height of the lamp so that the pattern of the 

waves can be clearly seen on the white card. 

How to find the frequency of a wave using a ripple tank: count the 

number of ripples that pass a point in 10 seconds. Divide the number of 

waves by 10.

How to measure the wavelength: measure the distance across 10 gaps 

between the shadow lines. Divide this distance by 10.

How to calculate the speed of the wave

Wave speed (m/s) = frequency (Hz) x wavelength (m)

How to improve the method of calculating the wavelength: 

Take a photo of the shadows and the ruler. 

Benefit is that the waves are not being disturbed.

Reasons for using a:

Lamp: create shadows of the ripples

Metre ruler: measure the distance between 10 waves.

Signal generator: The vibration generator can have a built in signal generator 

so that you can directly set the frequency of paddle oscillation i.e. frequency 

of the ripple waves.

Deeper water means longer wavelength because velocity  increases and 

frequency is constant

68. Required practical 3: Speed of water waves
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70. Maths in Science 1

Anomalous result A number that does not fit the pattern

Mean Adding up a list of numbers and dividing by how many numbers 

are in the list.

Exclude the anomalous result.

Median The middle value when a list of numbers is put in order from 

smallest to largest

Mode The most common value in a list of numbers. 

If two values are tied then there are two modes. 

If more than two values are tied then there is no mode.

Range The largest number take away the smallest value in a set of data 

or written as X-Y.

Uncertainty range ÷ 2

Surface area of a cube (area of 1 side) x 6 sides

Volume of a cube Width x height x depth

Area of a circle ∏ x (radius)2

Prefixes

1 kJ = 1 x 103 J = 1000 J

1 pm = 1 x 10-12 m

1 mm = 1 x 10-3 m= 0.001 m

5607.376

Standard form: 5.607 x 103  

2 decimal places: 5607.38

3 significant figures: 5610

0.03581

Standard form: 3.581 x 10-2  

2 decimal places: 0.04

3 significant figures: 0.0358

70

kilo 10 3

centi 10 -2

milli 10 -3

micro 10 -6

nano 10 -9

pico 10 -12

Graphs

Gradient and Graphs

71. Maths in Science 2

Calculating percentage change: 

(difference ÷ starting value) x 100

Calculating percentage: (part ÷ whole) x 100

e.g. Out of 90 insects, 40 of them were ladybirds. What is 

the % of ladybirds?

(40 ÷ 90) x 100 = 44 %

Gradient =  

Proportional ( ) 

When the line passes 

through the origin

(0.59 ÷ 2.22) x 100 = 26.6 %

Conc of 
Sucrose
(M)

Mass of 
potato 
at start (g)

Mass of 
potato at end 
(g)

Change in 
mass (g)

0 2.22 2.81 0.59

Change in y
Change in x

74

x axis = independent variable = left hand column of results table

y axis = dependent variable = right hand column of results table

Categoric data: data put into 
groups e.g. colour of eyes
Draw a bar chart

Continuous data: data that 
can take any value e.g. current
Draw a line graph
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