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 The heart is sometimes referred to as a 

double pump: 

- the right side of the heart first pumps 

blood to the lungs and back again 

- the left side of the heart then pumps 

blood around the rest of the body and 

back again. 

 

 

 

 

The heart is made up of muscle which 

pumps the blood when it is contracted.  

The heart is made up of four chambers; 

two atria and two ventricles. The blood 

enters the heart through in the atria, 

and leaves the heart from the ventri-

cles.  

Valves between the atria and ventri-

cles prevent the blood from flowing 

backwards. 

 

 

 

 

 

 

 

Note: When looking at a diagram of the 

heart, the left side of the picture is the right 

side of the heart, and vice versa. 

Plants Tissues and Organs 

 

The leaf is a plant organ, containing 

many different tissues: 

 

 

 

 

 

 

 

 

 

These plant tissues (made up of spe-

cialised cells) carry out specific roles: 

Epidermal tissues cover the surface of 

the plant for protection. They also wa-

terproof the leaf. 
 

Palisade mesophyll tissues contain a lot 

chloroplasts for photosynthesis. 
 

Spongy mesophyll tissues have large 

air  

spaces to let gases diffuse through the 

leaf.  
 

Xylem carries water around the plant. 
 

Phloem carries dissolved food around 

the plant. The movement of food mole-

cules through phloem tissue is called 

translocation. 

Diffusion:  

Diffusion is the net movement of  

particles in a substance from an area 

of high concentration to an area of 

lower concentration. 

 

 

 

 

 

                                Substances such as  

                                glucose, oxygen and                           

                                carbon dioxide  

                                move into and out of 

                                cells by diffusion 

                                across the cell 

                                membrane. 

 

O2 and CO2  

diffuse into and 

out of the  

alveoli in the  

lungs during 

breathing.                            

                                        O2 and CO2  

                                        diffuse into and  

                                        out of leaves 

                                        through  

                                        stomata.     

 

 

The rate of diffusion is increased by: 

- a bigger difference in concentration 

(a higher concentration gradient) 

- higher temperatures 

- a larger surface area for substances 

to diffuse across. 

RED = oxygenated blood 

BLUE = deoxygenated blood 

Component 

of blood: 

Function: 

Red blood 

cells 

Carry oxygen in the 

bloodstream. 

White blood 

cells 

Support the body’s de-

fence system by produc-

ing antibodies or en-

gulfing pathogens. 

Platelets Help the blood to clot at 

the site of a wound. 

Plasma A yellow liquid that trans-

ports the blood cells and 

other substances (such as 

CO2, urea and soluble 

food molecules) around 

the body. 

Red blood cells: 

- biconcave shape (large 

surface area) 

- no nucleus (more room 

for O2) 

White blood cells: 

- produce antibodies to 

fight pathogens 

Platelets: 

- fragments of cells 

- no nucleus 
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Health is a state of physical and mental  

well-being, not just the absence of disease. 

 

Many factors affect a person’s health:  

- diseases 

- diet (a lack of the right nutrients) 

- stress  

- life situations (where you live, gender,  

wealth, healthcare, number of children etc…) 

 

All of these factors can be linked to diseases 

and ill health. Poor diet can lead to obesity, 

some cancers or type 2 diabetes.  Stress can 

be linked to poor mental health, some  

cancers and heart disease. 

 

Health problems interact with each other.  

Diseases and poor health can lead to further 

linked problems:  

- viruses in cells can be a trigger for cancers 

- diseases that affect the immune system 

mean that a person is more likely to catch 

another infectious disease 

- immune reactions caused by pathogens can 

trigger allergies which cause skin rashes or 

asthma 

- poor physical health can often lead to  

mental health issues such as depression. 

 

Communicable diseases are ones that are 

caused by pathogens and can be passed from 

one person to another.  

Pathogens are microorganisms that cause 

disease. There are four types of pathogen: 

- bacteria                - viruses 

- protists                 -  fungi 

 

Non-communicable diseases cannot be 

passed from one person to another. 

Communicable diseases: 

Communicable diseases are passed between 

people, plants or animals by the spread of 

pathogens. Pathogens can be spread in a 

number of ways:  

- By air (including fungal spores for plants and 

droplets spread by coughing and sneezing for  

humans) 

- By direct contact with an infected organism 

(including plant material left behind in a crop field, 

and sexually transmitted infections) 

- By water (including contaminated drinking  

water or fungal spores carried between plants by 

water). 

 

Once bacteria and viruses are in the body, 

they reproduce rapidly. Bacteria divide by a 

process called binary fission (splitting in two). 

Bacteria produce toxins (poisons) that make 

you feel ill.  

Viruses take over the cells of the body and 

cause cell damage.  

 

The spread of communicable diseases can be 

prevented by: 

- good hygiene (including hand-washing, 

cleaning kitchens and bathrooms with  

disinfectants, keeping raw meat away from 

cooked foods, and using tissues or  

handkerchiefs to catch coughs and sneezes).  

- isolating infected individuals to prevent 

them from coming into contact with healthy  

organisms 

- destroying or controlling animals that 

spread diseases (vectors) 

-  vaccination 

Viral diseases: 

Measles is spread by  

droplets from coughs and 

sneezes. It causes fever  

and a rash and can be 

fatal. Most children are  

vaccinated against measles. 

 

HIV is spread by direct contact (sexual  

contact or exchanging body fluids). It attacks 

the immune system and can develop into 

AIDS when the immune system can no  

longer cope with other diseases. 

 

                             Tobacco mosaic virus (TMV) 

                             affects the growth of plants 

                             by discolouring the leaves 

                             and limiting photosynthesis.  

 

Bacterial diseases:                 

Salmonella food poisoning 

is spread by bacteria in  

food or on food prepared  

in unhygienic conditions. It causes fever, 

stomach cramps, vomiting and diarrhoea. 

 

Gonorrhoea is a sexually transmitted  

disease (STD) that is spread by sexual  

contact. Symptoms of gonorrhoea include a 

thick yellow or green discharge from the  

sexual organs, and pain when urinating. It 

can be treated by antibiotics and the spread 

can be prevented by the use of a barrier 

method of contraception, such as a condom. 

Fungal diseases: 

Fungal diseases are quite rare in people 

(although athlete’s foot is one example). 

However, fungal diseases are very common 

in plants.  

 

Rose black spot is spread 

by fungal spores carried 

by water or the wind. It 

causes purple or black 

spots on leaves, causing 

the leaves to turn yellow 

and fall off early. This 

limits the growth of the plant by reducing 

photosynthesis.  

 

Protist diseases: 

Malaria is a disease called by a protist. The 

protist is carried and spread by mosquitoes; 

the mosquitoes are vectors for the protist. 

Malaria causes fever and shaking, and can be 

fatal. 

 

 

 

 

 

 

The spread of malaria can be prevented by 

preventing the vectors (mosquitoes) from 

breeding, or by using mosquito nets to avoid 

being bitten.  

Other methods include: 

- using insecticides to kill the mosquitoes 

- draining any standing water to kill the  

mosquito larvae before they develop into 

adults. 
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Vaccinations: 

 Involves introducing small quantities of 

dead or inactive forms of a pathogen into 

the body  

 This stimulates the white blood cells to 

produce antibodies.  

 If the same pathogen re-enters the body 

the white blood cells respond quickly to 

produce the correct antibodies, preventing 

infection. 

 Painkillers and other medicines like aspi-

rin are used to treat the symptoms of 

disease but do not kill pathogens. 

 

 Antibiotics, such as penicillin, are medi-

cines that help to cure bacterial disease by 

killing infective bacteria inside the body. It 

is important that specific bacteria should 

be treated by specific antibiotics. 

 

 Antibiotics such as penicillin kill the bacte-

ria that cause the disease without harming 

your own cells 

 

 

 

 

 

 

 

 

Antibiotics were introduced in 1940 

 

Problems with antibiotics: 

1. The emergence of strains resistant to 

antibiotics is of great concern. 

2. Antibiotics cannot kill viral pathogens. 

It is difficult to develop drugs that kill 

viruses without also damaging the body’s 

tissues. 

Discovering drugs: 

Traditionally drugs were extracted from 

plants and microorganisms. 

The heart drug digitalis originates from fox-

gloves. It strengthens the heartbeat. 

The painkiller aspirin originates from willow. 

Penicillin: 

 Penicillin was discovered by Alexander 

Fleming from the Penicillium mould. 

-> He was growing bacteria and left lids off of 

the plates he was using.  

-> This allowed oxygen in and mould could 

grow.  

-> He noticed however that there was a clear 

ring around the mould meaning the mould 

had killed the bacteria that was once in the 

plate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most new drugs are synthesised by chemists 

in the pharmaceutical industry. However, the 

starting point may still be a chemical  

extracted from a plant. 

Defence Systems 

Non-specific defences: 

 

 

 

 

 

 

 

 

 

 

 

 

Internal Defences 
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Photosynthesis is the process of plants producing 

glucose and the waste product oxygen from 

carbon dioxide and water: 

carbon dioxide + water          glucose + oxygen 

 

 6CO2   +   6H2O           C6H12O6  +  6O2 

Photosynthesis is an endothermic reaction; plants 

need to take in light energy from the                

surroundings for the chloroplasts to carry out the  

photosynthesis reaction. 

 

 

 

 

 

 

 

 

 

 

 

Leaves are well-adapted 

for photosynthesis: 

 

- they are broad and flat providing a large      

surface area for absorbing light  

- they are thin so gases do not need to diffuse far 

- they contain chlorophyll in chloroplasts to     

absorb light 

- they have veins to transport water to the leaves 

and glucose from them 

- they have air spaces in the mesophyll layer for 

gas movement 

- they have stomata and guard cells to allow O2 

and CO2 into and out of the  leaf. 

The rate of photosynthesis                                         

can be measured by  

measuring the amount                                                 

of oxygen produced or                                         

counting the number of  

bubbles. 

 

The rate of photosynthesis is affected by: 

- temperature 

- light intensity 

- carbon dioxide concentration 

 

 

The rate of photosynthesis also depends on the 

amount of chlorophyll in the leaves. 

                                 

Greenhouses can be used to optimise the condi-

tions for photosynthesis. 

 

Plants have many uses for glucose  

produced by photosynthesis: 

 

- used for respiration 

- converted into starch for storage (glucose is        

soluble, starch is insoluble) 

- producing fat or oil for storage 

- producing cellulose for strengthening cell walls 

- producing amino acids for protein  

synthesis (plants also need nitrates from the soil to 

do this).  

Respiration is the process of releasing energy from 

glucose. It is an exothermic reaction since it releases 

energy. 

 

Respiration takes place in the mitochondria of cells. 
 

Organisms need the energy from respiration for all 

life processes, including: 

- movement 

- keeping warm 

- chemical reactions 

 

Aerobic respiration (using oxygen): 

glucose + oxygen         carbon dioxide + water 

C6H12O6 + O2             CO2  + H2O 

 

During exercise, more oxygen needs to be supplied 

to the muscle cells to carry out aerobic respiration. 

The heart rate increases to supply more oxygenated 

blood to the muscles. 

The breathing rate and breath volume increases to 

take in more oxygen and remove carbon dioxide 

faster. 

Glycogen stored in the body is converted back into 

glucose for energy.Anaerobic respiration (without 

oxygen): 

In animals: 

glucose        lactic acid 

The oxidation of glucose is incomplete, so less ener-

gy is released than aerobic respiration.  

 

Lactic acid can cause muscle cramps.                    

Oxygen is needed to break down the lactic acid: 

lactic acid + oxygen    carbon dioxide + water 

This is known as the oxygen debt. 
 

In plants:  

glucose        ethanol + carbon dioxide 

Anaerobic respiration in plants is called fermentation, 

and is used in making bread and alcoholic drinks. 

light 

light 

Page 4 Needed for assessments 2 and 3 



The law of conservation of mass states 

that no atoms are lost or made during 

a chemical reaction, so the mass of 

the products equals the mass of the 

reactants. 

Balanced symbol equations show the 

same amount of each type of  

atom before and after the reaction: 

 

2Mg + O2      2MgO 

10g  +  5g       15g 

In some reactions, the mass of the 

products may appear to be different 

to the mass of the reactants because 

one or more of the products or  

reactants is a gas: 

If a reactant is a gas, the mass of the products 

may appear greater as the mass of the gas has 

been added from the atmosphere. 

If a product is a gas, the mass of the products 

may seem lighter as the gas has escaped into 

the atmosphere. 

 

 

 

 

The relative formula mass, Mr, of a 

compound can be found by adding 

up all of the relative atomic masses of 

the atoms in the compound. 

Example:      H2SO4 

2 x H => 2 x 1 = 2 

1 x S => 1 x 32 = 32 

4 x O = 4 x 16 = 64  

So the relative formula mass of H2SO4 is 

98 (1 + 32 + 64). 

Ionic bonding: 

 

 

 

 

An ion is an atom that has lost or gained electrons and 

become charged. If an atom gains electrons it  

becomes a negative ion (negatively charged). If an at-

om loses electrons it becomes a positive ion (positively 

charged). 

Ionic bonding happens between a metal and a  

non-metal. Ionic bonding involved the transfer of one or 

more electrons from metal atoms to non-metal  

atoms. The atoms are then oppositely charged ions  

and are attracted to each other by a strong  

electrostatic force.  

We can represent ionic bonding in dot-and-cross  

diagrams. 

Example:  

Sodium + chlorine     sodium chloride 

Before the electron is transferred: 

 

 

 

 

After the electron is transferred: 

Properties of different types of bonding: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Small covalent molecules are usually gases or liquids due to 

their low melting and boiling points. The larger the molecule 

the stronger the intermolecular forces, so the higher the 

melting and boiling points. 

Reactants Products 

The top number of an  

element on the periodic 

table is its relative atomic 

mass, Ar. 
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Ionic compounds 
Small covalent 

molecules 
Metals 

Between a metal 

and a non-metal. 

Between 

non--metals. 
Between metals. 

Electrons are 

transferred. 

Shared pairs of 

electrons. 

Positive metal ions 

with a sea of  

delocalised  

High melting and 

boiling points 

due  to strong  

electrostatic  

forces of  

attraction  

between ions (in 

all directions). 

Low melting and 

boiling points due 

to weak  

intermolecular 

forces (these are  

broken during 

state changes, not 

the strong  

covalent bonds) 

High melting and 

boiling points due 

to strong metallic 

bonding (strong 

electrostatic forces 

of attraction  

between the  

positive ions and 

electrons). 

Do not conduct 

electricity (unless 

molten or in  

solution). 

Do not conduct 

electricity. 

Good conductors 

of electricity (due 

to delocalised  

electrons). 

Electron 

Proton 

Neutron 
Nucleus 

Neutral atoms 

have the same 

number of  

protons as 

electrons. 
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Covalent bonding: 

Covalent bonding happens between two non-

metals. 

In covalent bonding, all of the non-metal atoms need 

to gain electrons in order to have a full outer shell (a 

stable octet). No electrons are transferred during  

covalent bonding, but some of the electrons be-

come shared between more than one atom. 

Covalent bonding involves shared pairs of electrons.  

Covalently bonded substances are held together by 

weak intermolecular forces. 

Covalent bonding can happen between two atoms 

of the same element, whereas ionic bonding can on-

ly happen between two different elements. 

Cl2: 

 

 

 

 

 

HCl: 

 

 

 

 

 

 

H2O:  

 

 

Metallic bonding: 

Metallic bonding happens between two metals. 

Metallic bonding involved positive metal ions held 

together by a sea of delocalised electrons. 

 

 

 

 

 

 

 

 

Metallically bonded substances are held  

together by strong electrostatic forces between 

the positively charged metal ions and the  

negatively charged electrons. 

Explaining the properties of metals: 

The delocalised electrons are able to flow 

throughout the whole metal. This explains how 

metals are able to conduct electricity. 

The strong forces of attraction between the  

metal ions and the electrons explain why metals 

have high melting and boiling points. A lot of  

energy is needed to overcome these strong  

forces. 

Metals are good conductors of thermal energy 

because energy is transferred by the delocalised 

electrons. 

Metals are malleable because the layers can slide 

across each other when a force is  

applied. An alloy is a mixture of two or more  

elements, at least one of which is a metal. Alloys 

are stronger because the atoms are different sizes 

so the layers do not slide past each other as easily. 

Giant covalent structures: 

 

 

 

 

 

 

 

Giant covalent structures: 

- have very high melting and boiling points 

- are insoluble in water 

- are hard and do not conduct electricity (except  

graphite) 

 

Diamond and graphite are allotropes of carbon. Al-

lotropes are different structures of the same element, 

which have different physical properties. 

Diamond does not conduct electricity because 

each  

carbon atom bonds with four others. This means 

there are no free electrons. Graphite does conduct 

electricity as each carbon atom only bonds with 

three others, so there are is one delocalised electron 

per carbon atom.  

The middle pair of  

electrons is shared  

between the Cl 

atoms. 

Both atoms now have a 

full outer shell due to the 

shared pair of electrons. 

In water, each oxygen 

atom needs to share a 

pair of electrons with 

two hydrogen atoms in 

order for all atoms to 

have a full outer shell. 

Positively charged metal ions 

Negatively charged electrons 

Cl—Cl 

H—Cl 

H—O—H 

We can also draw the  

displayed formula: 

Diamond 
Silicon  

dioxide 

Graphite 

Graphene is a single layer of 

graphite. It is an excellent  

conductor of thermal energy 

and electricity, has a low      

density and is very strong.  

Fullerenes are molecules of  

carbon atoms with hollow shapes.  

Carbon nanotubes are  

examples of fullerenes that are  

cylindrical. They are useful for  

nanotechnology, electronics and 

materials. 
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Development of the periodic table: 

1808: John Dalton was the first to 

publish a table of elements ordered 

by atomic weight. 

1864: John Newlands noticed that  

every eighth element had similar 

properties  so he sorted these into 

columns together, called octaves. 

 

 

 

1869: Mendeleev still ordered the  

elements by atomic weights but 

also arranged them in sets of  

elements with similar properties, 

called periods. 

Mendeleev swapped around pairs 

of elements to keep elements with 

similar properties together. 
 

Mendeleev left gaps in his table 

where he predicted new elements 

would fit.  A few years later, new 

elements were discovered that fit-

ted into his table as he predicted! 

 

 

 

Transition metals 

Positioned in the central block of 

the periodic table. 

The modern periodic table:  

In the periodic table of elements, the elements are  

in order of increasing atomic (proton) number. 

Metals are found on the left-hand side and in the centre  

of the period table. Non-metals are found onthe right.  

The group number in the periodic table tells you the number                                                                                                  

of electrons in the outermost shell of an atom. The period                                                                                                                     

number tells you the number of shells occupied by electrons                                                                                                 

for that atom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 They are good conductors 

 They are hard and strong 

 They have high densities 

 They have high melting points (except mercury) 

Group 1 - The alkali metals: 

They produce an alkaline solution              

when they react with water.  

They all have one electron in their  

outer shell, which means that they  

have similar chemical properties.  

sodium + oxygen        sodium oxide 

  4Na +    O2             2Na2O 

sodium + water        sodium hydroxide + hydrogen 

  2Na + 2H2O            2NaOH      +      H2 

The reactivity increases as you move 

down the group.  This is because the   

electron to be lost is further from the      

nucleus, so the electrostatic force of     

attraction is weaker. The melting and   

boiling points decrease as you move 

down the group. 

Group 7 - The halogens: 

The halogens are a group of non-metals  

that have coloured vapours.  

They all have seven electrons in their  

outer shell, which means that they have  

similar chemical properties.  

The halogens all react with metals: 

sodium + chlorine        sodium chloride 

  2Na +    Cl2               2NaCl 

The reactivity of the halogens decreases as 

you move down the group. This is because 

the outer shell is further from the nucleus, so 

the electrostatic force of attraction for the 

electron needing to be gained is weaker. 

A more reactive halogen will displace a less 

reactive halogen from solutions of its salts 

The melting and boiling points increase as you 

move down the group. 

Group 0 - The noble gases: 

The elements in group           

0 all have complete         

outer shells (8 electrons  

for most, but only 2         

electrons for helium).  

This means that they             

are inert (unreactive)       

and can exist as single      

atoms ; they are               

monatomic. 

The boiling points of the    

noble gases increase as you 

move down the group from 

helium to radon. 

 They form coloured compounds  

 They are useful as catalysts 



Hydrocarbons: 

Hydrocarbons are molecules that are made 

up of hydrogen and carbon only. 

 

Properties of hydrocarbons: 

The properties of hydrocarbons depend upon 

their chain length. These properties influence 

how the hydrocarbons are used as fuels. 

 

 

 

 

 

 

 

 

 

 

Hydrocarbon chains are made longer by 

having more carbon atoms in the chain (and 

more hydrogen atoms in line with the general 

formulae).  

Most of the hydrocarbons found in crude oil 

are alkanes. Their differences in properties 

can be used to separate them. 

The first four alkanes are: 

Methane: CH4 

Ethane: C2H6 

Propane: C3H8 

Butane: C4H10 

 

Fractional distillation and cracking: 

Crude oil is a non-renewable resource (it is being used up 

faster than it is produced). 

Crude oil can be separated into different parts (called 

fractions) by a process called fractional distillation. Each 

fraction contains hydrocarbons with similar chain lengths. 

Crude oil is heated in the bottom of a  

fractionating column.  

The fractions with  

the shortest chain lengths have the  

lowest boiling points so they evaporate  

and rise up the column, before  

condensing near the top and being  

collected.  

The fractions with the highest 

boiling points are collected nearer the  

bottom of the column. 

Many different fuels are produced  

from crude oil including petrol,  

diesel oil, kerosene and liquid  

petroleum gas  (LPG).  

Other useful materials are also formed from the different 

fractions including solvents, lubricants, polymers and 

detergents. 

The products of fractional distillation are not well matched 

to our demand. The process of cracking can be used  to 

break longer less useful hydrocarbon chains into shorter 

more useful ones. Longer chain fractions can be cracked 

by: 

- passing them over a hot catalyst OR 

- mixing them with steam and then heating them 

Both of these methods are examples of thermal 

decomposition. 

Combustion:  

The combustion (burning) of hydrocarbons releases 

energy. 

Complete combustion (when there is plenty of 

oxygen): 

hydrocarbon + oxygen       carbon dioxide + water 

Incomplete combustion (when there is not enough 

oxygen): 

hydrocarbon +  oxygen       carbon monoxide + carbon + water 

Carbon monoxide is a toxic gas that can replace 

the oxygen in a person’s red blood cells. 

 

Polymers are large chains of repeating units 

individual molecules (monomers) that are joined by 

covalent bonding. These have relatively strong 

intermolecular forces so they are normally solids at 

room temperature. 
Longer hydrocarbon chains have: 

- higher boiling points 

- higher viscosity (thick liquids) 

- lower flammability 

Shorter chains have: 

- lower boiling points 

- lower viscosity (runny liquids) 

- higher flammability 

Which can be 

drawn as... 
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Circuit Symbols: 

Different components in a circuit have different 

symbols: 

 

 

 

 

 

 

 

 

Current, resistance and potential difference: 

Electric current is a flow of electrical charge. It is 

measured in Amperes (amps) and is the size of the 

current is a measure of the rate of flow of electrical 

charge. Charge is measured in Coulombs. 
 

  [C]          [A]         [s] 

Charge = current x time 

 Q      =       I      x     t 
 

The current in a circuit (or in a component in a 

circuit) depends upon the potential difference and 

the resistance:  
 

    [V]                      [I]            [Ω] 

Potential difference = current x resistance 

    V           =            I      x       R 
 

Resistance is measured in Ohms. 

Potential difference (voltage) is measured in volts. 

Series and parallel circuits: 

Components in an electrical circuit can be joined 

either in series (where they are on the same loop of the 

circuit) or in parallel (where they are on different loops of 

the circuit).  

I-V characteristics: 

Ohm’s law states that the  

current through a conductor  

is directly proportional to the  

potential difference  

across it, as long as  

temperature  

remains constant. 

Some conductors 

are non-ohmic 

(they do not obey 

Ohm’s law). This is because as the current through a 

wire (or filament lamp) increases, the temperature 

also increases. This increases the resistance. 

Ohmic conductors: 

 

 

 

 

Non-ohmic conductors: 

Series circuits 

Parallel circuits 

In a series circuit:  

-the current is the same through 

all components. 

- the potential difference is 

shared between the components 

- the total resistance is equal to 

the sum of the individual 

resistances: 

               

 

In a parallel circuit:  

-the current is shared between the different loops of the 

circuit. 

- the potential difference across each component is the 

same. 

- the total resistance is less than the smallest individual 

resistance in the circuit: 

 

 

 

...
111

21 RRR total


...21 RRRtotal 

The resistance of an 

Ohmic conductor stays 

constant as the current 

changes. 

The resistance of a 

filament lamp 

increases with 

increasing current 

(because temperature  

increases). 

Diodes only allow 

current to flow in one 

direction. They have a 

very high resistance in 

the opposite direction. 
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Domestic electricity:  

 

 

 

 

 

 

 

 

 

 

 

 

An electric current is the flow of electrons in a wire.  

 

Batteries  provide a  direct current (d.c) which 

causes the current to flow in one direction only.  

 

Mains electricity provides an alternating current 

(a.c) which repeatedly reverses direction.   

 

Mains electricity is supplied with a potential 

difference of 230V and a frequency of 50Hz. 

 

Plugs: 

Most electrical appliances are connected to the 

mains using a three-core cable: 

 

 

 

 

 

 

 

 

The live wire is brown. It carries potential difference 

from the supply. 

The neutral wire is blue. It completes the circuit. 

The earth wire is coloured with yellow and green 

stripes. It is a safety feature to prevent the casing of 

the appliance from becoming live. 

 

Appliances with a plastic casing do not need an 

earth wire, since their casing is an insulator. 

The case of a plug is made from insulating plastic, 

whilst the pins are made of conducting brass. 

The fuse is connected between the live pin and the 

live wire. If the current in the circuit becomes too 

high, the fuse will melt; this breaks the circuit and 

stops the current from flowing. 

Domestic fuses are available in 3A, 5A or 13A 

ratings. For any appliance, the correct choice of 

fuse is one with a current rating just above the 

normally expected current in the appliance. 

Measuring resistance: 

To measure the  

resistance of a 

component, an  

ammeter is placed  in 

series with the component,                                              

and a voltmeter is                                                   

connected in parallel                                                 

across the component. Resistance can be 

calculated by dividing potential difference by 

current. 

 

LDRs and thermistors: 

 

 

 

The resistance of a light dependent resistor (LDR) 

decreases as the light intensity increases (and 

increases as the light intensity decreases. 

 

These resistors are used in circuits that cause street 

lamps to switch on when the light intensity 

decreases (i.e. when it gets dark). 

 

 

The resistance of a thermistor decreases if 

temperature increases (and increases if the 

temperature decreases).  

 

Thermistors are used  in circuits that control central 

heating (or the temperature of an oven) by causing 

the heat supply to turn on when the temperature 

decreases. 
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Magnetism: 

A magnetic field is a region around a magnet 

where a force acts on another magnet or 

magnetic material. 

Magnetic field lines 

are always drawn 

pointing away from 

the north pole and 

towards the south 

pole. 

The magnetic field around a magnet can be 

shown using plotting compasses or iron filings. 

 

 

 

 

 

A permanent magnet always has a magnetic field 

around it. An induced magnet is only magnetic 

when it is in the presence of another magnetic 

field. 

When two magnets  

are near each  

other, opposite  

poles attract and  

like poles repel.  

 

Magnetic 

materials are 

always attracted 

to either pole 

of a magnet. 

Magnetic fields: 

The Earth has a magnetic field. The  

geographic north pole of the Earth 

is the magnetic south pole, and  

vice versa. Compasses work because the needle 

of the compass is a small magnet, and the red 

part (the needle’s north pole) is attracted to the 

magnetic south pole of the Earth, so it points 

north. 

Current carrying wires: 

A current–carrying wire has a magnetic field 

around it. The magnetic field around a single 

current carrying wire has the pattern of 

concentric circles. 

The direction of the  

magnetic field lines can  

be shown using the  

right-hand grip rule. 

The strength of the magnetic field can be 

increased by increasing the current. Reversing 

the current reverses the magnetic field. 

The magnetic field around  

a single loop of wire can  

also be found using the  

right-hand grip rule. 

A solenoid is a long coil off wire, that has the 

same magnetic field pattern as a bar magnet: 

The poles of the solenoid  

can be determined by  

looking at the direction  

of the current at the ends: 

Clockwise current  

direction indicates a south pole. Anti-clockwise 

current direction indicates a north pole. 

Transformers 

A basic transformer has a primary coil and a 

secondary coil wound on an iron core  

 A step-up  transformer has more turns in its 

secondary coil than its primary coil 

 A step-down transformer has fewer turns in its 

secondary coil than its primary coil 

 The secondary potential difference of a 

transformer depends on the primary  

potential difference and the number of turns 

on each coil 

The National Grid is a network of electrical cables 

that links the power stations that generate electrical 

power to the consumers (homes and factories). 

The electric current is minimised and it is possible to 

reduce the amount of power wasted (and increase 

the efficiency). This is done by transformers. 

 

 

 

 

 

 

Step-up transformers increase the potential 

difference of the power supplied by the power 

stations. This means that the potential difference in 

the cables of the National Grid is high, and therefore 

the current is low. 

Step-down transformers decrease the potential 

difference of the power from the electrical cables 

down to 230V to make it safer for domestic use.  

The magnetic field of a bar magnet is 

strongest at the poles, where the field 

lines are closest together. 
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Waves and their properties: 

Waves are vibrations that pass through a material. 

They transfer energy from one place to another, but 

none of the material is transferred. 

All waves are either transverse or longitudinal. 

 

 

 

 

 

The particles in transverse waves vibrate perpendicular 

(at right-angles) to the direction that the energy 

travels.  

Water waves, light and all other electromagnetic 

waves are transverse waves. 

 

 

 

 

The particles in longitudinal waves vibrate back and 

forth parallel to the direction that the energy travels. 

Longitudinal waves also have compressions (areas 

where the particles are squashed together) and 

rarefactions (areas where the particles are spread 

further apart). 

Sound waves are longitudinal waves. 

The speed of sound waves in air can be measured by 

having two people stand a certain distance away 

from each other, where they can still see each other. If 

one of the people fires a starting gun or bangs two 

cymbals together, the other person will see it before 

he hears it and time how long it takes before he can 

hear the sound.  

Wave definitions and measurements: 

 

 

 

 

 

 

 

 

 

 

 

 

The amplitude of a wave is the maximum 

displacement of a point on a wave away from its 

rest position. 

The wavelength, λ, of a wave is the distance from 

a point on one wave to the same point on the 

adjacent (next) wave. 

The frequency, f, of a wave is the number of 

waves  passing a point per second (or the 

number of vibrations per second). 

The period, T, of the wave is the time taken for 

one complete wave to pass a given point. 

The wave speed, v, is the speed at which the 

energy is transferred through a material. 

 

Reflection and refraction  

All waves can be reflected and refracted. 

Reflection is when waves bounce of a surface: 

 

 

 

 

 

 

 

For reflected waves, the angle of incidence is equal to 

the angle of reflection. 

Refraction is when waves change direction when they 

cross a boundary between two different materials. 

 

 

 

 

 

 

 

 

 

Refraction occurs because  

waves travel at different  

speeds in different materials. 

Direction of energy travel 

Direction of energy travel 
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Visible light is 

the only part 

of the EM 

spectrum 

that we can 

see. It is 

broken down 

into the 

different 

colours.  

The electromagnetic spectrum: 

 

 

 

 

 

 

 

 

The electromagnetic spectrum is a continuous spectrum 

of waves that is approximately divided into seven 

different categories of wave based upon their 

wavelength (or frequency). 

 

 

 

 

 

All electromagnetic waves travel at a speed of 300 

million metres per second  (3 x 108 m/s) in a vacuum.  

The different waves in the electromagnetic spectrum 

have different uses: 

Radio waves are used for television and radio. 

Microwaves are used for satellite communications, 

mobile phones and cooking. 

Infrared is used for heating, cooking food and infrared 

cameras. 

Visible light is the light that we can see, and it is used for 

fibre optics. 

Ultraviolet light is used for tanning and energy efficient 

lamps. 

X-rays are used for medical imaging. 

Gamma rays can be used for treating cancer patients. 

Light and colour 

Colour filters work by absorbing certain 

wavelengths and transmitting other. Red filters 

only allow the red light from white light to pass 

through 

 Transparent objects transmit all the incident 

light 

 Translucent let light pass through but the 

light is scattered/refracted 

 Opaque objects absorbs all light 

Lenses 

 A convex lens makes parallel rays converge to 

a focus, this is called the focal point 

 

 

 

 

 

 A concave lens makes parallel rays spread out 

(diverge) 

Sound waves  

 Sound waves can                                             

travel through solids  

causing vibrations  

in the solid 

 

 Within the ear, sound waves cause the ear 

drum and other parts to vibrate which causes 

the sensation of sound 

 

 The range of normal human hearing is from 20 

Hz to 20 kHz 

Uses of ultrasound 

Ultrasound waves have a frequency higher than 

the upper limit of hearing for humans. 

Ultrasound waves are partially reflected when 

they meet a boundary between two different  

media. 

The time taken for the reflections to reach a 

detector can be used to  determine how far away 

such a boundary is. 
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Equipment in Science Measuring in Science                                                        

These are the standard units we use in science.

Science Investigation Glossary  

 

 

Quantity  being     

measured 
Name of unit Symbol 

length metre m 

mass kilogram kg 

time second s 

force Newton N 

temperature degrees Celsius °C 

speed metres per second m/s 

area square metres m2 

volume cubic metres m3 

Graphs in Science 
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Accuracy Close to the true value.  

Anomalies Values in a set of results that do not fit the 

pattern. 

Control       

Variable 

Kept constant so that it does not affect the 

outcome of the investigation. 

Dependent 

Variable 

The variable that is measured. 

Hypothesis A proposal intended to explain certain facts 

or observations. 

Independent 

Variable 

The variable that has values changed or 

selected by the experimenter. 

Precision Precise measurements are ones in which 

there is very little spread about the mean 

value. 

Range The minimum and maximum values of the 

Independent and Dependent Variables.   

Repeatable A measurement is repeatable if the          

experimenter can use the same method 

and equipment and obtain similar results 

Reproducible A measurement is reproducible if the        

investigation is repeated by a different    

person, or by using different equipment or 

techniques, and the same results are        

obtained 




