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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  Vari-

able 
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 



Mixtures contain two or more elements or compounds that are not chemically 

combined. The chemical properties of each substance in the mixture are un-

changed. 

Mixtures can be separated by physical processes such as: 

 

 

 

 

 

 

 

 

 

 

 

Miscible liquids are ones that dissolve in each other, mixing completely.  

Immiscible liquids do not.  

Fractional distillation can separate miscible liquids because each liquid will 

have a different boiling point.  

 

 

 

 

 

 

 

 

 

 

Paper chromatography can be used to separate                                               

substances from mixtures in solution, such as food  

dyes or inks. This works because each substance                                                  

has a different solubility. 

States of matter: 

 

 

 

 

 

 

 

 

 

 

 

There are three possible states of matter; solid, liquid or gas. These are repre-

sented by the particle model. 

State changes take place at the melting point and the boiling point.  

 

 

 

 

 

 

 

 

 

 

The amount of energy needed to change the state of a substance  

depends on the strength of the forces between the particles. 

 

There are some limitations to the particle model: 

- particles are not actually spherical; they are different shapes containing 

many atoms 

- particles are not actually solid spheres; most of an atom is empty space 

- the model does not account for the forces or bonds between particles. 
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Boiling 

Melting 

SOLID 

LIQUID 

Filtration Distillation Crystallisation 

Removes insol-

uble materials. 

Separates soluble 

solids from liquids. 

Separates one or 

more  

liquids. 

The liquids with the highest boiling points 

condense in the fractionating column 

and drip back down. Those with lower  

boiling points rise to the top of the col-

umn and condense in the condenser.  



 

 

 

 

 

 

A more  reactive metal can displace a less reactive 

metal from a compound: 

zinc + copper sulfate  —>  zinc sulfate + copper 

The non-metals carbon and hydrogen are often    

included in the reactivity series in order to predict 

their ability to displace metals from their oxides. 

Metals react with water to produce a metal hydrox-

ide and hydrogen e.g. 

Lithium + water —> lithium hydroxide + hydrogen 

Metals react with oxygen to produce a metal ox-

ide, e.g. 

Magnesium + oxygen —> magnesium oxide 

Acids and Bases 

All acids produce hydrogen ions (H+) in aqueous  

solutions. 

Bases are substances that can neutralise acids. An 

alkali is a soluble base. Aqueous solutions of alkalis 

contain hydroxide ions (OH-). 

Acidity and alkalinity is measured on the pH scale.  

The pH can be determined using a pH  

meter, universal indicator or other indicators. 

A salt is the general name for a compound formed 

when the hydrogen in an acid is replaced by a metal 

ion. 

Some metals react with acids to produce salts and hy-

drogen: 

Metal + acid       salt + hydrogen 

The name of the salt produced  is determined by the 

metal used, and the acid it is reacted with: 

- hydrochloric acid, HCl, makes chlorides (containing Cl– ions) 

- sulfuric acid, H2SO4, makes sulfates (containing SO42– ions) 

- nitric acid, HNO3, makes nitrates (containing NO3– ions) 

 

Salts can also be produced by reacting of acids with 

bases, alkalis or carbonates. The general word  

equations for these reactions are: 

Metal + base       salt + water 

Metal + carbonate       salt + water + carbon dioxide 

Metal + alkali       salt + water (neutralisation reaction) 

 

Making salts: 

 

Needed for assessments 2 and 3 only 

Collision theory and factors that affect the rate of a 

reaction: 

In order for a chemical reaction to take place the 

particles in the reactants must collide with each 

other with enough energy for a reaction to occur. 

A successful collision is one in which the particles 

collide with enough energy.  

The activation energy is the minimum amount of 

energy that the particles must have in order to re-

act.  

Rate of reaction can be increased by:  

- increasing the concentration 

- increasing the temperature 

- increasing the pressure (for gases) 

- increasing the surface area of the reactants 

 

All of the changes above mean that the particles in 

the reactants have a greater chance of collision. 

Increasing the temperature also means that the 

particles will have more energy when they collide. 

Increasing surface area: 
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The reactivity series of metals 

is produced by first reacting 

metals with water. Metals that 

do not react or react too    

slowly with water are then   

reacted with acids. 

B will react faster than A because the same amount 

of reactant has been cut into smaller pieces. 

A B 



 

 

 

 

 

 

 

 

 

Animal and plant cells are eukaryotic cells; 

they have all their genetic information  

enclosed within a nucleus. 

 

 

 

 

 

 

Bacterial cells are much smaller than 

plant and animal cells. Bacteria are 

prokaryotic cells; Their genetic  

information is not enclosed in a nucleus, 

but is a single DNA loop with one or 

more small rings of DNA called  

plasmids. 

Some bacterial cells have a  

slime capsule (for protection) and  

flagella (for movement). 

Scientists’ knowledge of cells and their 

structures has improved over time due 

to the invention of microscopes with 

higher magnifications and better  

resolutions. 

Mid-17th Century: Light microscopes 

were developed and  

allowed magnifications  

of around 2000 times.  

 

1930s: The electron microscope was 

invented and allowed magnifications of 

around 2000000 times. They also have 

much better resolutions.  

 

   Magnification =  

Specialised animal cells: 

 

 

 

 

- A long axon that carries impulses 

from one place to another. 

- Synapses to pass on impulses via 

neurotransmitters. 

- Dendrites to connect to other 

nerve cells. 

 

 

 

- Contain proteins that slide over 

each other making the cells  

contract. 

- Contain stores of glycogen for 

energy. 

- Contain many mitochondria to 

release energy. 

 

 

 

 

 

- Long tail for movement. 

- Middle section containing  

mitochondria to release energy for 

movement. 

- Acrosome contains digestive  

enzymes for breaking down the 

outer layer of the egg cell. 

Specialised plant cells: 

 

 

 

 

 

 

- Large surface area to allow 

water to move into the cell. 

- Many mitochondria to release 

energy for active transport of 

minerals. 

                                  - Dead cells  

                                  that form a  

                                  hollow tube 

                                  for  

                                  transporting      

                                  water. 

                                 - Lignin spirals 

                                  provide   

                                  strength. 

 

- Hollow 

vessel 

for carrying 

food. 

- Sieve 

plates 

allow  

water carrying dissolved food to 

move freely through the tube. 

- Supported by companion cells 

to keep them alive. 

Cell part Function 

Nucleus Controls cell activities and 

contains the genetic  

information. 

Cytoplasm A liquid gel where most of 

the chemical reactions  

needed for life take place. 

Cell membrane Controls the passage of 

substances into and out of 

the cell. 

Mitochondria Respiration takes place 

here, releasing energy. 

Ribosomes Protein synthesis takes 

place here. 

Cell wall Strengthens the cell and 

gives it support. Made of 

cellulose. 

Chloroplasts Contain chlorophyll to  

absorb light for  

photosynthesis. 

Vacuole Filled with cell sap to keep 

the cell turgid. 

Size of image 

Size of real object 
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Stem Cells 

As an organism develops, cells differentiate to 

form different types of cells.  

All animals begin as one cell (after the sperm 

fertilises the egg) called the zygote. Every cell 

of every tissue and organ comes from this cell 

(e.g. heart cells, nerve cells, muscle cells etc.) 

 

These are called embryonic stem cells and 

they can turn into any type of cell!  

 

Adults can also produce stem cells in their 

bone marrow, but these are limited in the type 

of cell they can become. 

 

In the UK, stem cell research is being carried 

out to find treatments for: 

 Spinal cord injuries 

 Diabetes 

 Eyesight in the blind 

 

Plants have meristem tissues which can differ-

entiate into any type of plant cell throughout a 

plant’s life. Farmers use meristems to make lots 

of plants very quickly so they can profit from 

healthy crops. 

Cells are the basic building  

blocks of all living organisms. 

 

Tissues are groups of cells  

with similar structures and  

functions working together. 

 

Organs are groups of tissues  

working together to perform 

a specific function. 

 

Organ systems are groups  

of organs with a particular role. 

An organism is made up of organ systems. 

 

Organ Systems in Animals 

There are many organ systems in animals including: 

- the digestive system                                                            

- the respiratory system 

- the circulatory system 

 

 

The digestive system: 
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Mouth 
Teeth break food into small pieces and mix-

es it with saliva.  

Oesophagus 
A muscular tube that pushes food down 

from the mouth to the stomach. 

Stomach Produces hydrochloric acid. 

Small  

intestine 

Produces enzymes. Soluble food molecules 

are absorbed into the blood. Muscular walls 

squeeze  the food onwards to the large in-

testine. 

Large  

intestine 

Water is absorbed from the undigested 

food. 

Liver 
Produces bile. Bile is alkaline to neutralise 

the hydrochloric acid from the stomach. 

Gall bladder Stores bile until it is needed. 

Pancreas Produces enzymes for digestion. 

Anus 
Waste products are removed from the body 

as faeces. 

Circulatory system 

Respiratory system 



The female reproductive system 

The job of the female reproductive system is to pro-

duce egg cells (the female sex cells), and then 

grow a baby for long enough that it can be born 

and survive. 

The male reproductive system 

The function of the male reproductive system is to 

produce sperm cells (the male sex cells) and re-

lease them inside the female. 

 

 

 

 

 

 

 

 

Puberty 

Changes which occur in a girl’s body  

 Breasts develop 

 Pubic hair grows around the vagina 

 Ovaries start to release egg cells 

 Periods start 

 Hips widen 

 Ovaries produce female sex hormones  

 

Changes which occur in a boy’s body 

 Pubic hair grows around the penis 

 Voice breaks – gets deeper 

 Testes and penis get bigger 

 Testes start to produce sperm 

 Shoulders widen 

 Hair grows on face, chest, legs, and under-

arms 

 Testes start to make male sex hormones 

 Body gets more muscular 
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Female       

reproductive 

structure 

Function 

Ovaries store and release eggs 

Oviduct carries the egg to the uterus 

Uterus 
where a fetus/baby  

develops until birth 

Cervix keeps the fetus/baby in place 

Vagina 
receives the sperm during sexual 

intercourse 

Urethra carries urine out of the body 

Female       

reproductive 

structure 

Function 

Testes 
produce sperm and the male sex 

hormones 

Scrotum 

keeps the temperature of the testes 

slightly lower than the rest of the 

body 

Glands 
add fluid to the sperm to keep them 

alive 

Sperm 
carry sperm from the testes to the 

penis 

Urethra 
carries urine or sperm out through 

the penis 

penis inserts sperm into the female 



Scalar and vector quantities: 

Quantities are either scalars or vectors: 

Scalar quantities have a magnitude (size). 

Vector quantities have both a magnitude 

and a direction. 

 

 

 

 

 

 

 

 

Vector quantities are represented by 

arrows - the length of the arrow represents 

the magnitude and the direction is shown 

by the direction that the arrow points in. 

e.g. 

 

Distance is a scalar quantity. 

Displacement is a vector quantity. 

 

 

 

 

 

Speed is a scalar quantity. Velocity is a 

vector quantity. 

 

 

The velocity of an object is its speed in a 

given direction. 

 

Contact and non-contact forces: 

Forces are a push or a pull that acts 

on an object due to another object. 

All forces are either contact forces 

(where the objects are physically 

touching) or non-contact forces 

(where the objects are not touching). 

 

 

 

 

 

 

Resultant forces: 

When more than one force is 

acting on an object, the resultant 

force is the single force that would 

have the same overall effect. 

 

 

 

 

 

 

 

Speed and acceleration: 

Gravity and weight: 

Weight is the force that acts on an object due to the Earth’s 

gravitational field. The weight of an object depends upon its mass 

and the gravitational field strength at the point where the object is: 

 

 

                                [N]        [kg]                     [N/kg]                    

                            weight = mass x gravitational field strength 

                                                    W     =    m g 

 

 

 

 

Weight is measured using a newton meter.  

 

 

Scalar quantities Vector quantities 

Distance Displacement 

Speed Velocity 

Density Acceleration 

Pressure Force 

Mass Weight 

Length Momentum 

6N 3N 

A person may travel a distance 

of 100m during a journey, but 

their displacement may only be 

40m North-East. Displacement is 

measured in a straight line from 

the starting point to the 

finishing point. 

100m 

40m 

A person may walk at a speed of 3 metres per 

second (m/s), or at a velocity of 3m/s north. 

Contact forces Non-contact forces 

Friction Gravitational force 

Air resistance Electrostatic force 

Tension (in a rope or wire) Magnetic Force 

Normal contact force  

2N 2N 4N 4N 

Forces in the same 

direction add. The 

resultant force here is 

6N to the right. 

Forces in opposite 

directions cancel each 

other out. The 

resultant force here is  

2N to the left. 

Objects accelerate when there is a 

resultant force acting upon them.  

Falling objects have an acceleration of 

about 9.8 m/s2 due to gravity.  

As they fall, they speed up and the drag 

force increases.  

This makes the resultant force smaller and 

means that the acceleration will decrease.  

Eventually, the drag force balances the 

weight downwards and the resultant force 

become zero.  

At this point, the object no longer 

accelerates but falls at a constant speed 

called the terminal velocity. 

The speed of a moving object is rarely 

constant - objects increase or 

decrease their speed (accelerate or 

decelerate) during a journey. The 

average speed allows us to make 

calculations about the journey. 

Typical values of speed are: 

Walking: about 1 m/s 

Running: about 3 m/s 

Cycling: about 6 m/s 

Speed of sound: 330 m/s 

A newton meter. 
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Newton’s laws of motion: 

Newton’s first law: 

An object continues with uniform motion unless acted upon by an unbalanced 

force.  

This means that if the forces on an object are  balanced (the resultant force is 

zero) an object that  is not moving will  

continue to not move, and an object that is moving will continue to move with 

at the same speed and in the  

same direction. 

 

 

 

 

 

Newton’s second law: 

The acceleration of an object is proportional to the resultant force acting on 

the object, and inversely proportional to the mass of the object. 

This means that when there is a resultant force on an object, it will cause the 

object to accelerate. 

 

Newton’s third law: 

Whenever two objects interact, the forces that they exert on each other are 

equal and opposite. 

Forces come in pairs, with each of the forces acting on different objects. 

Graphs of motion: 

Graphs of distance against time and velocity against time can be used to 

present information about an object’s motion. 

 

 

 

 

 

 

 

 

The speed of an object can be calculated from the gradient of the line on 

a distance-time graph:  

e.g. For the red line above, in the first 4 seconds: 

speed = distance / time = 8 / 4 = 2 m/s 

 

 

 

 

 

 

 

 

 

The acceleration of an object can be calculated from the gradient of a 

velocity-time graph. 

The distance-travelled by an object is given by the area underneath the 

graph. 

Friction Thrust 

The book will remain  

stationary. 

The car will continue to move in the 

same direction at a constant speed. 

 

 

e.g. The weight of the book acts on the 

table. 

The normal contact force from the table 

acts on the book.  
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Normal contact 

force 

Weight 

On a distance against time graph, 

diagonal straight lines represent an 

object travelling at constant speed. 

The steeper the line, the faster the 

object. Straight horizontal lines 

represent objects that are stationary 

(not moving). 

On a velocity (or speed) against 

time graph, diagonal straight lines 

represent an object accelerating or 

decelerating. The steeper the line, 

the greater the acceleration or 

deceleration. Straight horizontal lines 

represent objects that are travelling 

at a constant speed. 



Energy stores: 

Energy is measured in joules, J. 

 

A system is an object or group of objects. 

Systems often store energy, although the way 

in which the energy is stored may change. 

All moving objects have kinetic energy. 

 

When an object is lifted above within a 

gravitational field, it gains gravitational 

potential energy. 

 

When an elastic object (such as a spring, wire 

or elastic band) is stretched, it stores elastic 

potential energy. 

         

Conservation of energy: 

The principle of conservation of energy states that: In a 

closed system, energy can never be or created or 

destroyed, only transferred from one form to another. 

e.g. When an object with stored gravitational potential 

energy is dropped, the gravitational potential energy is 

converted to kinetic energy (assuming negligible air 

resistance): 

Wasted energy and efficiency: 

Energy is not always transferred usefully. Sometimes the 

energy is dissipated (spread out) to the surroundings, 

usually as thermal energy. This energy is often described 

as wasted energy. 

Examples 

- Light bulbs dissipate energy as heat to their surroundings.  

- Energy is dissipated as thermal energy when an object falls due to 

friction with the air. 

- Energy is dissipated in machinery with moving parts due to friction 

between the parts.  

The efficiency of an energy transfer is given by:  

 

 

 

Efficiency can be improved by using lubricants to 

reduce friction between moving parts in machinery, or 

by using thermal insulation to reduce heat loss 

(particularly for houses). 

Energy resources: 

A renewable energy resource is one that is being 

(or can be) replenished as it is used.  

 

A non-renewable energy resource is one that is 

being used up faster than it is made. 

 

 

 

 

 

 

 

Coal, oil and natural gas are all fossil fuels. These 

energy resources are all burnt in order to release 

their energy. This releases greenhouse gases into 

the atmosphere and contributes to global 

warming and acid rain.  

 

The main gases causing global warming are 

carbon dioxide, methane and water vapour. 

The main gas causing acid rain is sulfur dioxide. 

 

Renewable energy resources do not directly 

produce greenhouse gases, but some of the 

processes they involve can contribute to pollution. 

Non-renewable: Renewable: 

Coal Wind 

Oil Hydro-electricity 

Natural gas Geothermal 

Nuclear fuel Tidal power 

 Water waves 

 Biofuel 
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Our Solar System 

Within our solar system there is one star, the Sun, plus 

the eight planets and the dwarf planets that orbit 

around the Sun.  

Natural satellites i.e. the moons that orbit planets, are 

also part of the solar system.  

 

 

 

 

 

 

The sun lies at the centre of our solar system, it is 

heliocentric.  

Dwarf planet also orbit the sun (including Pluto, Ceres) 

There are also asteroids and comets  

Our solar system is a small part of the Milky Way 

galaxy.  

Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 

Neptune, (pluto)  

 My Very Early Morning Jam Sandwich Usually 

Nauseates (people)  

 

 

 

 

 

 

 

Smaller planets are made of primarily rock, then the larger 

planets are primarily gas  

 

All planets rotate, just at different speeds o Some planets rotate in 

the opposite direction or on a skewed axis to the other planets, and 

this may be due to past collisions throwing its axis off balance - 

Larger planets have rings, as their gravitational field is so strong it 

attracts debris      

History of the Solar System Model  

 Initially, Earth was at the centre, the planets, our moon, and 

the sun, orbited the Earth  

  This was called the “Geocentric” model  

  Everything orbited in perfect circles  

 Then 600 years later, the heliocentric model was formed, 

with the sun at the centre  

 The main evidence being Mars’ “retrograde motion”  

 

 

 

 

 

 

 

 Earth orbits the sun faster than mars, so we undertake it, 

so it appears to reverse its direction in the sky  

 Galileo observing moons orbiting Jupiter showed not 

everything orbited the Earth  

 Kepler showed that the planets orbited in ellipses, and not 

circles  

     

Phases of the moon 

Throughout the month, the shape of the moon appears to 

change. These are known as phases. 

 

 

 

 

 

 

 

 

 

 

Observing the Universe 

Distant stars and galaxies are too far away for us to reach. 

We cannot go to them to study them.  Telescopes are 

devices used to observe the universe. There are many 

different types and some are even sited in space.  

 

 

 

 

 

 

 

The Hubble telescope is in space and can be used to study 

the universe.                                             
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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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