Crude Oil

Fractional Distillation

AQA GCSE Chemistry (Combined Science) Unit 7: Organic Chemistry Knowledge Organiser

Hydrocarbons are compounds that are made up of

the elements hydrogen and carbon only.

Crude oil is a non-renewable resource, a fossil fuel.
Crude oil is made up of a mixture of compounds,
of which are and short-chain

most long-

hydrocarbons.

Most of the compounds in crude oil are hydrocarbons
called alkanes. The alkanes form a homologous
series. This is a family of hydrocarbons that all
share the same general formula and have chemical

properties that are similar.
Alkanes are held together by single bonds.
The general formula for an alkane is CnHzn+2.

They differ from the neighbouring alkane with the
addition of a CH,.

Alkanes are saturated hydrocarbons. This means
that all their bonds are taken up and they cannot

bond to any more atoms.

Alkanes have similar chemical properties but have
different physical properties due to differences in
chain length. The longer the chain, the higher the

boiling point of the hydrocarbon.

The first four alkanes are: methane, ethane, propane

and butane.

A mnemonic to help you remember the order of the

alkanes: mice eat paper bags.

Fractional distillation is used to
separate a mixture of long-chain
hydrocarbons in crude oil into
smaller, more useful fractions. )
fractions
decreasing in

density and

Hydrocarbons have different boiling
boiling point

points depending on their chain
length. Each fraction contains
hydrocarbons of a similar chain
length. These fractions will boil at
different temperatures due to the
difference in sizes of the molecules.

The different parts of crude oil are fractions
increasing in

called fractions because they are a
density and

small part of the original mixture. boiling
point
Crude oil is heated and enters at all
crude oi

column called a fractioning column.
The column is hot at the bottom
and decreases in temperature
toward the top. As the crude oil is
heated, it begins to evaporate and
its vapours begin to rise up through
the column. These vapours condense heating

at the different fractions.

Short-chain hydrocarbons are
found at the top of the column.

This is because shorter chain

molecules are held together by weak
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diesel oils
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liquefied petroleum gas
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petrol for vehicles

jet fuel, parrafin for [igﬁting and

heating

diesel fuels
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lubricating oils, waxes, polishes
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fuels for ships, factories and

central heating
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bitumen for roads and roofing
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propane ']' ']' '[’ C3Hg
aase
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butane H—(::—-(::~(::—(I:—H CyHio
Wb
Combustion

intermolecular forces resulting in

low boiling points. These shorter chain hydrocarbons leave the column as gas.

Long-chain hydrocarbons are found at the bottom of the column and are held together by strong intermolecular

forces, resulting in high boiling points.

Complete combustion
occurs when there is
enough oxygen for a fuel
to burn. A hydrocarbon
will react with oxygen to

produce carbon dioxide

and water.

Incomplete combustion
occurs when there isn't
enough oxygen for a fuel
to burn. The products in
this reaction are water

and poisonous carbon

monoxide.
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Cracking

AQA GCSE Chemistry (Combined Science) Unit 7: Organic Chemistry Knowledge Organiser

Test for Alkanes

Cracking is an example of a thermal decomposition reaction. Long-chain
hydrocarbons can be broken down into shorter, more useful hydrocarbon
chains.

Cracking can be carried out with a catalyst in catalytic cracking or with
steam in steam cracking.

Catalytic cracking involves heating a hydrocarbon to a high temperature
(550°C) and passing over a hot catalyst.

Bromine, when added to an alkane, will remain brown/
orange. Alkanes are saturated hydrocarbons, they have
no double bonds which could be broken to accept the

bromine molectile and so remain orange.

Bromine, when added to an alkene, will change from
brown/orange to colourless. This is because alkenes are
unsaturated hydrocarbons. The double bond breaks and

the bromine molecule is accepted.

Short-Chain Molecules

Increasing Chain Length

!

Long-Chain Molecules

As chain length increases,
the boiling point of the
hydrocarbon chains also

increases.
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alkane alkene
Cracking of a long-chain hydrocarbon produces a short-chain alkane and —_——
an alkene. ]
Alkenes are another type of hydrocarbon that is double bonded. The general
formula for an alkene is CyHzp.
Alkenes are unsaturated hydrocarbons. In a chemical reaction, the double Hhitw Viscosity describes how | thick
bond of the alkenes can break. This allows other atoms to bond to it. Basily 8. Suostance AN
flow e.g. treacle is very
. P viscous; it is thick.
no change bromine
to bromine — — wat (|
Short Hydrocarbon o oromine waer '
water decolourised @
(Alkene) ]
H H
\ / !
/ AN b
TEERE O )
H—C—C—C—C—C—C—H Flammability is a
I!I Ill ll'l Ili II—I lll HHHH Making Polymers measure of how easily a
| substance burns.
Long Hydrocarbon H—C—C—C—C—H| The fractional distillation of crude oil and cracking
(Alkane) IL }!' |!'| l!'l produces an array of hydrocarbons that are key to our
everyday lives.
Short Hydrocarbon
(Alkane) Alkenes are used to produce plastics such as poly(ethene)
which is used to make plastic bags, drinks bottles and
dustbins. Poly(propene), another polymer, forms very
strong, tough plastic.
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Knowledge Test for Organic Chemistry

MEADOW PARK
SCHOOL

If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test .

What is crude oil?

How is crude oil formed?

What is the generic formula of alkanes?

Name the first five alkanes?

Draw the first five alkanes?

What is meant by a fraction of crude oil?

On what physical property is crude oil separated?

Describe the process of fractional distillation?

. What is meant by viscosity?

10.What is meant by flammability?

11.Describe how the properties of long chain hydrocarbons different from
the properties of short chain hydrocarbons?

12.Name some fractions produced by crude oil?

13.What is required and produced during the combustion of hydrocarbons?

14.Give a word equation for the combustion of hydrocarbons?

15.Give a symbol equation for the combustion of hydrocarbons?

16.What is the generic formula for alkenes?

17.How are alkanes different to alkenes?

18.Name the first 5 alkenes?

19.Draw the first 4 alkenes?

20.How do we test for alkenes?

21.What is the difference between a saturated and unsaturated
hydrocarbon?

22.What is cracking?

23.Why are hydrocarbons cracked?

24.What are the conditions needed for cracking?

25.What is produced by cracking?

26.Use structural formula to draw an example of cracking?
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Atomic Structure and the Periodic Table - Foundation and Higher

Atoms

the electron shells. They are negatively charged.

Particle Relative Mass Charge
proton 1 +1
neutron 1 0
electron Very small -1

Atomic Number and Mass Number

atomic
number

Contained in the nucleus are the protons and neutrons. Moving around the nucleus are

© teanton (tectrons;
€0 poutive (Protons)

[ p—

Overall, atoms have no charge; they have the same number of protons as electrons. An
ion is a charged particle - it does not have an equal number of protons to electrons.

mass number

Equations and Maths
To calculate the relative atomic mass, use
the following equation:

relative atomic mass (A,) =

sum of (isotope abundance x isotope mass number)
sum of abundances of all isotopes

Balancing Symbol Equations

There must be the same number of atoms on
both sides of the equation:

CH, + 20; = 2H:0 + CO;

g=1
0=4
H=24

Elements
Elements are made of atoms with the same atomic number. Atoms can be represented as
p

symbols.
N = nitrogen  F = fluorine ~ Zn =zinc  Ca = calcium
Isotopes — an isotope is an.element Isotope Protons Electrons Neutrons
with the same number of protons L H 1-1=0
but a different number of neutrons. 1
They have the same atomic number, 2 H el =1
but different mass number. 1

3

) H 3-1=2

are difficult to separate.

Compounds - a compound is when two or more elements are chemically joined.
Examples of compounds are carbon dioxide and magnesium oxide. Some examples of
formulas are CO,, NaCl, HCl, H,0, Na,SO,. They are held together by chemical bonds and

Chemical Equations

A chemical reaction can be shown by using a
word equation.

e.g. magnesium + oxygen—>magnesium oxide

On the left-hand side are the reactants, and
the right-hand side are the products.

They can also be shown by a symbol
equation.

e.g. 2Mg + O, > 2Mg0

Equations need to be balanced, so the same
number of atoms are on each side. To do this,
numbers are put in front of the compounds.

CH4 + 20, & 2H.0 + CO;

Mixtures, Chromatography and Separation
Mixtures - in a mixture there are no chemical

bonds, so the elements are easy to separate.
Examples of mixtures are air and salt water.

Chromatography - to
separate out mixtures.

piece of wood

pin :‘m'd “

paper —.

beaker —» ‘
ink spot _.—..

water —b

start

Evaporation - to
separate a soluble
salt from a solution;
a quick way of

separating out the salt.

Filtration - to separate
solids from liquids.

!(v

EEES

Crystallisation - to
separate a soluble
salt from a solution;
a slower method of
separating out salt.

i

i
N
Ny

Separating out salt from rock salt:

1. Grind the mixture of rock salt.

2.  Add water and stir.

3. Filter the mixture, leaving the sand in the

filter paper

4, Evaporate the water from the salt, leaving

the crystals.

HERD :
(@' fep’ Science
‘é-'
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Distillation
To separate out mixtures of liquids.

1. Simple distillation - separating a liquid
from a solution.

thermometer (100°c) % |

water

2. Fractional distillation - separating out a
mixture of liguids. Fractional distillation
can be used to separate out crude oil into

fractions.
: gas 20°C

_gasoline (petrol)
kerosene

crude oil  diesel oil

fuel oil

I

lubricating oil,
furnace |

parafin wax, asphalt

History of the Atom

Scientist Time Discovery

John Dalton start of 19 Atoms were first described as solid spheres.

century

1] Thomson 1897 Plum pudding model - the atom is a ball of
charge with electrons scattered.

Ernest Rutherford 1909 Alpha scattering experiment — mass
concentrated at the centre; the nucleus is
charged. Most of the mass is in the nucleus.
Most atoms are empty space.

Niels Bohr around 1911 Electrons are in shells orbiting the nucleus.

James Chadwick around 1940 Discovered that there are neutrons in the
nucleus.

Electronic Structure

Electrons are found in shells. A
maximum of two in the most inner
shell, then eight in the 2" and 3™
shell. The inner shell is filled first,
then the 2™ then the 3™ shell.

) Negative (Electrans}

p-
{51 postive (Protons)

9 Neatral (Neutrons)

Metals and Non-metals
They are found at the left part of the periodic
table. Non-metals are at the right of the table.

Metals

Are strong, malleable, good conductors of
electricity and heat. They bond metallically.

Non-Metals

Are dull, brittle, and not always solids at room
temperature.

Group 7 Elements and Noble Gases

Halogens

The halogens are non-metals: fluorine, chlorine, bromine, iodine. As
you go down the group they become less reactive. It is harder to gain
an extra electron because its outer shell is further away from the
nucleus. The melting and boiling points also become higher.

Noble Gases

The noble gases (group 0 elements) include: helium, neon and argon.
They are un-reactive as they have full outer shells, which makes them
very stable. They are all colourless gases at room temperature.

The boiling points all increase as they go down the group - they have
greater intermolecular forces because of the increase in the number of

electrons.

Development of the Periodic

Table

In the early 1800s, elements
were arranged by atomic mass.
The periodic table was not
complete because some of the
elements had not been found.
Some elements were put in the
wrong group.

Dimitri Mendeleev (1869) left
gaps in the periodic table. He put
them in order of atomic mass.
The gaps show that he believed
there was some undiscovered
elements. He was right! Once
found, they fitted in the pattern.

The Modern Periodic Table

Elements are in order of atomic
mass/proton number. It shows
where the metals and non-
metals are. Metals are on the
left and non-metals on the
right. The columns show the
groups. The group number
shows the number of electrons
in the outer shell. The rows are
periods - each period shows
another full shell of electrons.

The periodic table can be used
to predict the reactivity of
elements.

Alkali Metals

The alkali metals (group
1 elements) are soft, very
reactive metals. They all
have one electron in their
outer shell, making them
very reactive. They are low
density. As you go down
the group, they become
more reactive. They get
bigger and it is easier to
lose an electron that is
further away from the
nucleus.

They form ionic compounds
with non-metals.

They react with water and
produce hydrogen.

E.g.
lithium + water =
lithium hydroxide + hydrogen

2Li + 2H,0 = 2LIOH + H;

They react with chlorine
and produce a metal salt.

E.g
lithium + chlorine -
lithium chloride

2Li + Cl; = 2LiCl

They react with oxygen to
form metal oxides.

ot

SED Science
i)
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Knowledge Test for Atomic Strucuture

MEADOW PARK
and the Periodic table SCHOOL

If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test
and your final exams.

Define what is an element? Give an example?
Define what is a compound? Give an example?
Define what is a mixture? Give an example?
Name of methods of separating mixtures?
How is salt separated from rock salt?
Describe the processes within distillation?
When is chromatography used?
Give an example of a balanced symbol equation?
Describe how to balance symbol equations?
. Who thought of the idea of atoms?
. Who discovered electrons?
. Who discovered the nucleus?
. Who discovered that electrons exist on shells?
. Who discovered neutrons?
. How did Rutherford’s experiment lead to the discovery of the nucleus? What other
conclusions did his reach?
16. Describe the plum pudding model of the atom?
17. Describe the nuclear model of the atom?
18. What is inside an atom?
19. Name the subatomic particles found inside the nucleus?
20. Which subatomic particle orbits the outside of an atom?
21. What do electrons travel on?
22. What are the charge values for protons, neutrons and electrons?
23. What are the mass values for protons, neutrons and electrons?
24. What is the maximum number of electrons that the first shell holds?
25. What is the maximum number of electrons subsequent shells can hold?
26. What is the radius of an atom?
27. Where is the atomic number found in the periodic table? What does the atomic
number tell us?
28. Where is the atomic mass found in the periodic table? What does the atomic mass
tell us?
29. How do you calculate the number of neutrons?

10 0ol N gy b B po R
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30.
31
32,
33.
34,
35.
36.

37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

What is an isotope?

Give an example of an isotope? Explain why it is an isotope?

How many groups are the in the periodic table?

Name groups 1, 2, 7 and 8?

What name is given to the middle section of the periodic table?

How do you divide the periodic table into metals and non-metals?

What does the group number of the periodic table tell us about the number of
electrons of the other shells of the elements within that group?

What were the problems with earlier versions of the periodic table?

What did Mendeleev do? Why did he do it?

Describe the properties of group 1 metals?

Describe the trends of group 1 metals?

What happens to group 1 metals when placed in water?

Explain why the reactivity of group 1 metals increase as you go down the group?
Describe the properties of Halogens?

Describe the trends of Halogens?

What is a displacement reaction?

Explain why reactivity decreases down group 7?

Describe the trends of Noble gases?

Explain why Noble gases are unreactive?
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The three states of matter are solid, liquid and gas.

For a substance to change from one state to another,

energy must be transferred.

The particles gain energy. This results in the breaking
of some of the attractive forces between particles

during melting.

To evaporate or boil a liquid, more energy is needed
to overcome the remaining chemical bonds between

the particles.

Note the difference between boiling and evaporation.
When a liquid evaporates, particles leave the surface
of the liquid only. When a liquid boils, bubbles of
gas form throughout the liquid before rising to the

surface and escaping.

The amount of energy needed for a substance to
change state is dependent upon the strength of the
attractive forces between particles. The stronger
the forces of attraction, the more energy needed
to break them apart. Substances that have strong
attractive forces between particles generally have

higher melting and boiling points.

The particles in a solid are arranged in a regular
pattern. The particles in a solid vibrate in a fixed
position and are tightly packed together. The particles

in a solid have a low amount of kinetic energy.

Solids have a fixed shape and are unable to flow like
liguids. The particles cannot be compressed because

the particles are very close together.

The particles in a liquid are randomly arranged.
The particles in a liquid are able to move around each
other. The particles in a liquid have a greater amount

of kinetic energy than particles in a solid.

Liquids are able to flow and can take the shape of
the container that they are placed in. As with a solid,

liquids cannot be compressed because the particles

are close together.

The particles in a gas are randomly arranged.
The particles in a gas are able to move around
very quickly in all directions. Of the three states of
matter, gas particles have the highest amount of

kinetic energy.

Gases, like liquids, are able to flow and can fill the
container that they are placed in. The particles in a
gas are far apart from one another which allows the

particles to move in any direction.

Gases can be compressed; when squashed,

the particles have empty space to move into.

The chemical bonds between particles are not represented in the diagrams above.

Particles are represented as solid spheres - this is not the case. Particles like atoms are mostly empty space.

Particles are not always spherical in nature.

In chemical equations, the three states of matter are represented as symbols:

solid (s)
liquid (1)
gas (g)
aqueous (aq)

Aqueous solutions are those that are formed when a substance is dissolved in water.

If the given temperature of a substance is lower

than the melting point, the physical state of the

substance will be solid.

If the given temperature of the substance is between
the melting point and boiling point, the substance

will be a liquid.

If the given temperature of the substance is higher

than the boiling point, the substance will be a gas.
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AQA GCSE Chemtstry (Combmed Saence) Umt 2 Bondmg, Structure and Properttes of Matter

Ions are charged particle. They can be either
positively or negatively charged, for example Na*or
cl.

When an element loses or gains electrons, it becomes

an ion.
Metals lose electrons to become positively charged.

Non-metals gain electrons to become negatively

charged.

Group 1 and 2 elements lose electrons and group 6

and 7 elements gain electrons.

1 +1 Li—p Li* + e-

2 +2 Ca—PCa?'+ 2e-
6 %2 Br + e-—p Br-
7 -1 0+ 2e-—> 0%

Metals are found on the left-hand side of the

periodic table. Metals are strong, shiny, malleable
and good conductors of heat and electricity. On the
other hand, non-metals are brittle, dull, not always
solids at room temperature and poor conductors of
heat and electricity. Non-metals are found on the

right-hand side of the periodic table.

Metallic bonding occurs between
metals only. Positive metal ions are
surrounded by a sea of delocalised
The ions

electrons. are tightly

packed and arranged in rows.

There are strong electrostatic forces
of attraction between the positive
metal ions and negatively charged

electrons.

Pure metals are too soft for many
uses and are often mixed with other
metals to make alloys. The mixture
of the metals introduces different-
sized metal atoms. This distorts
the layers and prevents them
from sliding over one another.
This makes it harder for alloys to be

bent and shaped like pure metals.

[T e Oooooo 00000
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Tonic bonding occurs between a metal and a
non-metal. Metals lose electrons to become
positively charged. Opposite charges are
attracted by electrostatic forces — an ionic
bond.

Ionic Compounds

Tonic compounds form structures called giant
lattices. There are strong electrostatic forces
of attraction that act in all directions and
act between the oppositely charged ions that

make up the giant ionic lattice.

Properties of Ionic Compounds
High melting point - lots of energy needed
to overcome the electrostatic forces of

attraction.
High boiling point

+ Cannot conduct electricity in a solid as the

ions are not free to move.

Ionic compounds, when molten or in
solution, can conduct electricity as the ions
are free to move and can carry the electrical

current.

Covalent bonding is the sharing of a pair of electrons between atoms to gain a
full outer shell. This occurs between non-metals only. Simple covalent bonding
occurs between the molecules below. Simple covalent structures have low
melting and boiling points - this is because the weak intermolecular forces
that hold the molecules together break when a substance is heated, not the
strong covalent bonds between atoms. They do not conduct electricity as they

do not have any free delocalised electrons.

Dot and cross diagrams are useful to show the bonding in simple molecules.
The outer electron shell of each atom is represented as a circle, the circles
from each atom overlap to show where there is a covalent bond, and the
electrons from each atom are either drawn as dots or crosses. There are two
different types of dot and cross diagram - one with a circle to represent the

outer electron shell and one without.

You should be able to draw the dot and cross
diagrams for the following simple covalent structures: ‘H

chlorine, oxygen, nitrogen, water, ammonia,

hydrogen chloride and methane.
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Structural Formulae

In this type of diagram, the
element symbol represents
the type of atom and the
straight line represents the

covalent bonding between

each atom.
The structure of small
molecules can also be

represented as a 3D model.

ol

es of Matter

Fullerenes and Nanotubes

Each carbon atom is bonded
to four other carbon atoms,
making  diamond  very
strong. Diamond has a high X
melting and boiling point. o
Large amounts of energy are

needed to break the strong covalent bonds between
each carbon atom. Diamond does not conduct

electricity because it has no free electrons.

Silicon dioxide (silicon and oxygen atoms) has a
similar structure to that of diamond, in that its
atoms are held together by strong covalent bonds.
Large amounts of energy are needed to break the
strong covalent bonds therefore silicon dioxide,

like diamond, has a high melting and boiling point.

Graphite is made up of

layers of carbon arranged "‘I‘-:_T? i e
in hexagons. Each carbon “[ - Iﬂ
is bonded to three other ° . *;‘f‘“. :’1}41
carbons and has one free °® Sl dil

delocalised electron that is

able to move between the layers. The layers are held
together by weak intermolecular forces. The layers of
carbon can slide over each other easily as there are no
strong covalent bonds between the layers. Graphite
has a high melting point because a lot of energy
is needed to break the covalent bonds between the

carbon atoms. Graphite can conduct electricity.

Nanoscience refers to structures that are 1-100nm
in size, of the order of a few hundred atoms.
Nanoparticles have a high surface area to volume
ratio. This means that smaller amounts are needed
in comparison to normal sized particles. As the side
length of a cube decreases by a factor of 10, the

surface area to volume ratio increases approximately

%

1-100nm

nanoparticle

fine particles (PMzs) 100-2500nm

2500-10000nm

coarse particles (PMig)

Graphene is one layer of
graphite. It is very strong
because of the covalent
bonds

atoms.

between the carbon

As with graphite,

each carbon in graphene
is bonded to three others with one free delocalised
electron. Graphene is able to conduct electricity.
Graphene, when added to other materials, can
make them even stronger. Useful in electricals and

composites.

Polymers are long chain molecules that are made up
of many smaller units called monomers. Atoms in a
polymer chain are held together by strong covalent
bonds.

intermolecular forces. Intermolecular forces attract

Between polymer molecules, there are
polymer chains towards each other. Longer polymer
chains have stronger forces of attraction than shorter

ones therefore making stronger materials.

Molecules of carbon that are
shaped like hollow tubes or
balls, arranged in hexagons
of five or seven carbon atoms.

They can be used to deliver

drugs into the body.
Buckminsterfullerene has the formula Ceo

Carbon Nanotubes are tiny carbon cylinders that
are very long compared to

their width. Nanotubes can
conduct electricity as well :

as strengthening materials

without  adding  much

weight. The properties of G
carbon nanotubes make them

useful in electronics and nanotechnology.

Possible Risks of Nanoparticles

As nanoparticles are so small, it makes it possible
for them to be inhaled and enter the lungs. Once
inside the body, nanoparticles may initiate harmful
reactions and toxic substances could bind to them
because of their large surface area to volume ratio.
Nanoparticles have many applications. These include
medicine, cosmetics, sun creams and deodorants.

They can also be used as catalysts.

Modern

phenomenon therefore it is difficult for scientists to

nanoparticles are a relatively new

truly determine the risks associated with them.
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Knowledge Test for Structures and Bonding

If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test

lons and lonic Compounds

A wWN R

. What types of ions do elements in group 1 form?
. What types of ions do elements in group 7 form?
. Describe how an ionic bond forms?

Sketch a dot and cross diagram for the formation of;
a) sodium chloride

b) magnesium oxide

c) magnesium chloride

d) sodium oxide

Describe the structure of sodium chloride?

Explain the properties of sodium chloride?

Covalent substances

W NOU AW

Describe how a covalent bond forms?

Sketch dot and cross diagrams for the formation of;

a) Hydrogen

b) Water

c) Hydrogen chloride

Why do simple molecules have low melting and boiling points?
Describe the structure of a polymer?

Name three examples of giant covalent substances?

Explain why graphite can conduct electricity and why it is slippery?
Why is diamond hard?

What is a fullerene?

Explain why fullerenes are used to deliver drugs?

MEADOW PARK
SCHOOL

Metallic bonding

1) What is metallic bonding?

2) Explain why metals are hard and malleable?
3) Why can metals conduct electricity and heat?
4) What is an alloy?

5) Why are alloys harder than metals?

States of Matter

1) Describe how particles behave in a solid?

2) Describe how particles behave in a liquid?

3) Describe how particles behave in a gas?

4) What are the state symbols for solid, liquid and gas?

5) Sketch a cooling curve and label the changes of state?

6) Sketch a heating curve and label the changes of state?

7) What happens to particles during freezing and condensing?
8) What happens to particles during melting and boiling?



AQA Combined Science: Physics Topic 5 Forces

Scalar and Vector Quantities

A scalar quantity has magnitude only. Examples include temperature or mass.
A vector quantity has both magnitude and direction. Examples include velocity.
Speed is the scalar magnitude of velocity.

A vector quantity can be shown using an arrow. The size of the arrow is relative to

the magnitude of the quantity and the direction shows the associated direction.

Forces either push or pull on an object. This is as a result of its interaction with

another object.
Forces are categorised into two groups:

Contact forces - the objects are touching e.g. friction, air resistance, tension and

contact force.

Non-contact forces — the objects are not touching e.g. gravitational, electrostatic

and magnetic forces.

Forces are calculated by the equation: force (N) = mass (kg) x acceleration (m/

s?)

Forces are another example of a vector quantity and so they can also be

represented by an arrow.

Gravity is the natural phenomenon by which any object with mass or energy is drawn together.

The mass of an object is a scalar measure of how much matter the object is made up of. Mass is measured in kilograms (kg).
The weight of an object is a vector measure of how gravity is acting on the mass. Weight is measured in newtons (N).

weight (N) = mass (kg) x gravitational field strength (N/kg)
(The gravitational field strength will be given for any calculations. On earth, it is approximately 9.8N/kg).
An object's centre of mass is the point at which the weight of the object is considered to be acting. It does not necessarily occur at the
centre of the object.
The mass of an object and its weight are directly proportional. As the mass is increased, so is the weight. Weight is measured using a

spring-balance (or newton metre) and is measured in newtons (N).

Resultant Forces

A resultant force is a single force which replaces several other forces. It has the same effect acting on the object as the combination of

the other forces it has replaced.

The forces acting on this object are represented in a free body diagram.

The arrows are relative to the magnitude and direction of the force.

The car is being pushed to the left by a force of 30N. It is also being pushed
to the right by a force of 50N.

30N

The resultant force is 50N — 30N = 20N
The 20N resultant force is pushing to the right, so the car will move right.

When a resultant force is not zero, an object will change speed (accelerate or

decelerate) or change direction (or both).
When an object is stationary, there are still forces acting upon it.
In this case, the resultant force is 30N - 30N = ON.

The forces are in equilibrium and are balanced.

When forces are balanced, an object will either remain stationary or if it is moving,

it will continue to move at a constant speed.

When resultant forces act along the same line, you calculate the resultant force as

shown below.

Science
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AQA GCSE Physics (Separate Science) Unit 5: Forces

Resultant Forces

A vector diagram can be used to determine the resultant of two

forces that are not acting in a straight line.

. Worked example 1:

A boat is being pulled toward
the harbour by two winch
motors. Each motor is pulling
with a force of 100N and they
are working at right angles to
each other. These forces are
represented by lines OX and OY.

Construction lines can be
added to the diagram to form
rectangle OXZY. The line OZ is
the diagonal of this rectangle.

0Z is the resultant force. It is
the hypotenuse of the right-
angle triangles OYZ and OXZ.

A horse drawn carriage is pulled by two horses with a force of 400N each. The horses are pulling in
different directions and are not acting at an angle of 90°. OX and OY represent the force from each

B

V.

Y|
|

We can use the Pythagoras' theorem to calculate its length.

a? + b? = ¢?

100¢ + 100? = 02?
1007 + 100? = 20 000
V20 000 = 141.42

The resultant force is 141.42N.

Alternatively, you can measure line OX and work out how many
newtons are represented by each cm. Then measure the length of
0Z and use your scale to calculate how many newtons the length

represents.

T horse respectively, they represent the same magnitude of force so they will be the same length.
. 100N
o MK N
—— al .l N
7 TN
=9
[\
=
Lo | YOO
v Y
Y]
[
| []
QL 100N To calculate the resultant force in this situation we must use a parallelogram of forces.

First, measure the length of OX. In this T
example it is 2.7cm. N b =
Draw a line 2.7cm long from Y, parallel to b
OX. Connect the end of this line to X to form < =
a parallelogram. N

N\
The line 0z is the diagonal of this AV, o i A i
parallelogram. OZ is the resultant force. £ 16
The length of OX is 2.7cm and the force is
400N, h »LA

™~

We can work out how many newtons ™ h
are represented by each c¢cm by doing the = ~ N
calculation: N N
400 + 2.7 = 148.15 38| U O .
lcm = 148.15N 7 A

Measure OZ. In this example it is 5cm.
5 x 148.15 = 740.74
The resultant force is 740.74N.

When an object is moved by a force, the force

transfers energy to the object. The amount of
energy transferred to the object is the work

done.

The work done on an object depends on the
size of the force and the distance moved. It

can be calculated using the equation:

work done = force x distance
W=Fs

One joule of work is done when a force of one

newton causes a displacement of one metre.

1 joule = 1 newton metre

A man's car has broken down and he is
pushing it to the side of the road. He pushes
the car with a force of 160N and the car is

moved a total of 8m.
Calculate the work done.

work done = force x distance
=160 x 8
= 1280]

Not all of the energy transferred when work
is done on an object is useful. For example,
work done against the frictional forces of
an object causes a rise in temperature of the

object.

Page 2 of 7
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AQA Combined Science: Physics Topic 5 Forces

Required Practical Investigation Activity 6: Investigate the Relationship Between Force and Extension for a Spring

F=kxe

Hooke's Law describes that W

force applied (N) = spring constant (N/m) x extension (m) ;{‘[E'—I & the extension of an elastic
= object is proportional to
You should be familiar with the equation above and the required al the force applied to the
practical shown to the right. E oliject. However, there is a
The spring constant is a value which describes the elasticity of a n; maximum applied force for Z
material. It is specific to each material. You can carry out a practical é " which the extension will still g mu;}::::;:{nm
investigation and use your results to find the spring constant of a increase proportionally. If -
material. the limit of proportionality
is exceeded, then the object
1. Set up the equipment as shown. becomes permanently
. . . . deformed and can no longer
2. Measure the original length of the elastic object, e.g. a spring, N — 5 N
and record this. Extension (m)
This can be identified on a
3. Attach a mass hanger (remember the hanger itself has a o graph of extension against
weight). Record the new length of the spring. force when the gradient stops being linear (a straight line) and begins to plateau.

The limit is shown on the graph above and this is the specific object’s elastic limit.
4. Continue to add masses to the hanger in regular intervals and record the length each time.

Once you have your results, you can find the extension for each -

Forces and Elasticity

mass using this formula: spring length - original length

When waork is done on an elastic object,

The data collected is continuous so you would plot a line graph original : such as a spring, the energy is stored as
length

using the x-axis for extension (m) and the y-axis for force (N). elastic potential energy.

As a result of Hooke's Law, you should have a linear graph.

The gradient of the graph is equal to the spring constant. You can ‘ When the force is applied, the )
calculate it by rearranging the formula above or by calculating extension object changes shape and stretches. /
the gradient from your graph. The energy is stored as elastic 7

potential and when the force is no
longer applied, the object returns to
its original shape. The stored elastic
potential energy is transferred as

kinetic energy and the object recoils

and goes back to its original shape.

+
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Work Done: Elastic Objects

Work is done on elastic objects to stretch or

compress them.

To calculate the work done (elastic potential

energy transferred), use this equation:
E(J)=05xkxe?

(elastic potential energy = 0.5 x spring constant

x extension?)

You might need to use this equation also:
F=kxe

A bungee jumper jumps from a bridge with a
weight of 800N. The elastic cord is stretched by

25m. Calculate the work done.

Step 1: find the spring constant using F = k x e
Rearrange to k = F + e

800 + 25 = 32N/m

Step 2: use the value for k to find the
elastic potential energy (work done) using
E()=05xkxe?

0.5 x 32 x 252

E = 10 000J

Velocity is a vector quantity. It is

the speed of an object in a given

direction.

Circular Motion (Higher tier only)

Objects moving in a circular path
don't go off in a straight line because
of a centripetal force caused by

another force acting on the object.

For example, a car driving around
a corner has a centripetal force
caused by friction acting between
the surface of the road and the tyres.
When the Earth orbits around the
Sun, it is held in orbit by gravity

which causes the centripetal force.

When an object is moving in a
circular motion, its speed is constant.
Its direction changes constantly
and because direction is related to
velocity, this means that the velocity
of the object is constantly changing
too. The changes in velocity mean
that the object is accelerating, even

though it travels at a constant speed.

The acceleration occurs because
there is a resultant force acting on
the object. In this case, the resultant
force is the velocity, which is greater

than the centripetal force acting.

Forces and Motion: Distance vs Displacement

Distance is a scalar quantity. It measures how far something has moved

and does not have any associated direction.

Displacement is a vector quantity. It measures how far something has

moved and is measured in relation to the direction of a straight line

between the starting and end points.

[
E.g. A dog is tethered to a post.
It runs 360° around the post
three times. Each 360° lap is 8m

distance = 8 x 3 = 24m

displacement = Om (The dog is
in the same position as when it
started.)

You should be able to recall the typical speed of different transportation
methods.

Activity

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

driving a car 25mph (40km/h)

train travel 60mph (95km/h)

aeroplane travel 550mph (885km/h)

speed of sound 330m/s

These values are average only. The speed of a moving object is rarely

constant and always fluctuating.

AQA Combined Science: Physics Topic 5 Forces

speed = distance + time

Distance

3

You should be able to use this equation and rearrange

it to find the distance or time.
Worked example:

John runs 5km. It takes him 25 minutes. Find his

average speed in metres per second.

Step 1: convert the units
km —p-m (x1000) = 5000m
min—s (x60) = 1500s

Step 2: calculates =d + t
s =5000 + 1500
s =3.33m/s

Zi Xin has driven along the motorway. Her average
speed is 65mph. She has travelled 15 miles.
How long has her journey taken? Give your answer

in minutes.

Step 1: calculatet =d + s
=15+ 65
t = 0.23 (hours)

Step 2: convert units

hr—p min (x60) = 13.8 minutes

Science
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Distance-Time and Velocity-Time Graphs

When an object travels in a straight line, we can show the distance which has been covered

in a distance-time graph.

A

Distance (km)

a 6 8 10 12 14

Time (hours)

20

You should be able to understand what the features of the two types of graph can tell you

about the motion of an object.

| Distance-Time Graph

Deceleruliun

Avcelerulivn

o 5
3 ?
£ &
5 a
] 5
3 a

Time Time

When the graph is a straight line, it is representing a constant speed. A
curve represents a changing speed, either acceleration or deceleration.
The speed at any given point can be calculated by drawing a tangent from

the curve and finding the gradient of the tangent.

AQA Combined Science: Physics Topic 5 Forces

x-axis time time
y-axis distance velocity Terminal Velocity
gradient speed acceleration (or When an object begins moving, the force accelerating the object is much
deceleration) greater than the force resisting the movement. A resistant force might be
plateau stationary (stopped) constant speed air resistance or friction, for example.
uphill straight line | steady speed moving away from start | acceleration As the velocity of the object increases, the force resisting the movement
point also increases. This causes the acceleration of the object to be reduced
downbhill straight | steady speed returning to the start deceleration gradually until the forces become equal and are balanced. This doesn't
line point cause the object to stop moving. As the object is already in motion,
uphill curve secelaratio increasing acceleration balanced forces mean it will continue to move at a steady speed. This
steady speed is the maximum that the object can achieve and is called the
downhill curve deceleration increasing deceleration

area below graph

distance travelled

terminal velocity.

The terminal velocity of an object depends on
its shape and weight. The shape of the object
determines the amount of resistant force which
can act on it. For example, an object with a
large surface area will have a greater amount of

resistance acting on it.

Consider a skydiver and his parachute. When
the skydiver first jumps from the aeroplane,
hehasasmallareawheretheairresistancecanact.
He will fall until he reaches a terminal velocity

of approximately 120mph.

After the skydiver releases his parachute, the
shape and area has been changed and so the
amount of air resistance acting is increased.
This causes him to decelerate and his terminal
velocity is reduced to about 15mph. This makes

it a much safer speed to land on the ground.
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Acceleration

Acceleration can be calculated using the equation:

acceleration (m/s?) = change in velocity (m/s)

time taken (s)
- Worked example:

A dog is sitting, waiting for a stick to be thrown. After the stick is thrown, the dog is

running at a speed of 4m/s. It has taken the dog 16s to reach this velocity. Calculate the

acceleration of the dog.

a=A0Av =+t
a=(4-0) + 16
A =0.25m/s?

Changes in velocity due to acceleration can be calculated using the equation below.
This equation of motion can be applied to any moving object which is travelling in a

straight line with a uniform acceleration.

Final velocity? (m/s) - initial velocity® (m/s) = 2 x acceleration (m/s®) x displacement (m)
or

v? - u? = 2as

Worked example:

A bus has an initial velocity of 2m/s and accelerates at 1.5m/s? over a distance of 50m.
Calculate the final velocity of the bus.

Step 1: rearrange the equation: v2 - u? = 2as
v = 2as + u?
Step 2: insert known values and solve

vZ = (2 x 1.5 x 50) + 22

v? = (150) + &4
v2 =154
v =154
v=12.41m/s

The braking distance is the distance travelled by a vehicle once

the brakes are applied and until it reaches a full stop.

Braking distance is affected by:
- adverse weather conditions (wet or icy)

+ poor vehicle condition (brakes or tyres)

When force is applied to the brakes, work is done by the

friction between the car wheels and the brakes.

The work done reduces the kinetic energy and it is transferred

as heat energy, increasing the temperature of the brakes.

increased speed = increased force required to stop the vehicle

increased braking force = increased deceleration

Large decelerations can cause a huge increase in temperature and may lead to the brakes overheating and the driver losing

control over the vehicle

Newton’s Laws of Motion: Newton's First Law

If the resultant force acting on an object is zero...

+ astationary object will remain stationary.
+ a moving object will continue at a steady speed

and in the same direction.

100N resistance

AQA Combined Science: Physics Topic 5 Forces

30mph

oo . D

s50mph |

60mph

70mph | gom

Distance {metres)

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

on it and inversely proportional to the mass of the object

resultant force (N) = mass (kg) x acceleration (m/s?)

Inertial mass - how difficult it is to change an objects velocity. It is
defined as the ratio of force over acceleration.

100N

(friction and air)

Newton's Laws of Motion: Newton's Third Law

Inertia - the tendency of an object to continue in

a state of rest or uniform motion (same speed and

direction).

When two objects interact, the forces acting on one another are always

equal and opposite.

For example, when a book is laid on the table, it experiences a reaction
force from the table. The table pushes up on the book. The book also
pushes down on the table. These two forces are equal and opposite.

A ) )
(hr Science
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Stopping Distance

The stopping distance of a vehicle is calculated by: Aim: investigate the effect of varying the force on the acceleration of an object of constant mass, and the effect of varying the mass of an object on the acceleration
stopping distance = thinking distance + braking produced by a constant force.
distance

You may be given any of the following apparatus set-ups to conduct these investigations:
Reaction time is the time taken for the driver to

respond to a hazard. It varies from 0.2s to 0.9s Light

between most people. Glider and Card /Gates ES?[CE;

Reaction time is affected by: = = l

+ tiredness 1

+ drugs 1'\
Weight

+ alcohol

Stack
« distractions

You can measure human reaction time in the lab
using simple equipment: a metre ruler and stopwatch
can be used to see how quickly a person reacts
and catches the metre ruler. The data collected is

quantitative and you should collect repeat readings

and calculate an average result.

momentum (N) = mass (kg) x velocity (m/s)

The law of conservation of mass (in a closed system)

states that the total momentum before an event is

equal to the total momentum after an event.

Something is a fair test when only the independent variable has been allowed to affect the dependent variable.
Calculate the momentum of a 85kg cyclist travelling

The independent variable was force.
at 7m/s.

The dependent variable was acceleration.

p=mxv

5= B5ke ¥ Trfs The control variables were:

" + same total mass
=595

’D gm/s - same surface/glider/string/pulley (friction)

« same gradient if you used a ramp
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Knowledge Test for Forces

MEADOW PARK
SCHOOL

If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test
and your final exams.

What is scalar quantity?

What is a vector quantity?

Are forces vector or scalar quantities? Why?

How do force arrows indicate that forces are vector quantities?

What is a contact force? Give some examples of a contact forces?

What is a non-contact force? Give some examples of non-contact forces?
What is mass? Give the units for mass?

What is weight? Give the units for weight?

0 0 @ G B W M

What is the formula linking weight, mass and gravity?
10. Rearrange the formula to make mass the subject?

11. Rearrange the formula to make gravity the subject?
12. What are the units for gravity?

13. What name is given to a single force which has the same overall affect of all other
forces acting upon it?

14. If a forward force is 5N and a backwards for is 3N, what would the resultant force
be?

15. If there are two force forces (5N and 3N) and no backwards force, what would the
resultant force be?

16. What will happen if the resultant force acting on a stationary object is zero?

17. What will happen if the resultant force acting on a stationary object is not zero?

18. What will happen if the resultant force acting on a moving object is zero?

19. What will happen if the resultant force acting on a moving object is not zero?

20. What is the difference between elastic and inelastic deformation?

21. How is the extension of a spring calculated?

22. What is the relationship between force and spring extension?

23. What is meant by the term ‘limit of proportionality’? What happens to a spring once
it reaches its limit of proportionality?

24. What is the formula that links force, spring constant and extension?

25. Rearrange the formula to make spring constant the subject?

29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53,
54,
55.
56.
57.
58.
59.
60.

. Rearrange the formula to make extension the subject?
. How can spring constant be calculated from a linear force vs extension graph?
. What is the formula that links elastic potential energy, spring constant and

extension?

Rearrange the formula to make spring constant the subject?
Rearrange the formula to make extension the subject?

What is distance?

What is displacement?

Is distance a scalar or vector quantity? Why?

Is displacement a scalar or vector quantity? Why?

What is speed?

What is velocity?

Is speed a scalar or vector quantity? Why?

Is velocity a scalar or vector quantity? Why?

What is the formula that links speed, distance and time?
Rearrange the formula to make distance the subject?

Rearrange the formula to make time the subject?

What does an upward slope mean on a distance-time graph?
What does a downward slope mean on a distance-time graph?
What does a straight line mean on a distance-time graph?

What does the gradient of a distance-time graph tell us?

What is meant by acceleration and deceleration?

Give the formula that links acceleration, change if velocity and time.
What are the units for acceleration?

What does an upward slope mean on a velocity-time graph?

What does a downward slope mean on a velocity-time graph?
What does a straight line mean on a velocity-time graph?

What dies the gradient of a velocity-time graph tell us?

What is the uniform acceleration equation?

Describe Newtons first law?

Describe Newtons second law?

Describe Newtons third law?

What does the overall stopping distance of a vehicle depend upon?
Give some examples of factors affect a vehicle’s thinking distance?
Give some examples of factors affect a vehicle’s braking distance?
How does an increase in speed affect overall stopping distance? Explain why?

Higher tier questions

1.

oot W

Give an example of how a vector diagram can be used to resolve a force, giving the
magnitude and direction of the resolved force?

Explain what happens to velocity and speed during circular motion?

Describe what the area under a velocity-time graph shows?

Explain what is inertia and inertial mass?

Give the formula for momentum?

What is meant by the conservation of momentum?

Give an example of a calculation using the law of conservation of momentum?
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Transverse and Longitudinal Waves

AQA GCSE Combined Science Waves Knowledge Organiser

Required Practical: Observing Waves

Waves can be either transverse or longitudinal.

In a transverse wave, the vibrations of the particles are
perpendicular (at right angles) to the direction of energy
transfer. The wave has peaks (or crests) and troughs.
Examples of transverse waves include water waves and
electromagnetic waves.

energy
transfer

In a longitudinal wave, the vibrations of the particles are
parallel to (in the same direction as) the direction of energy
transfer. A longitudinal wave has areas of compression and
rarefaction. Sound waves travelling through air are an
example of this type of wave.

vibration

compression rarefaction

When a wave travels through a medium, energy is transferred
by the particles but the matter itself does not move.

This can be shown by
placing a cork in a tank
of water and generating
ripples across the surface.
The cork will move up and
down on the oscillations
of the wave, but it will not
travel across the tank.

Similarly, when sound waves move from a speaker towards the
ear, the air particles next to the speaker do not move towards
the ear; they vibrate around their original position.

peak

length

amplitude

wavelength

undisturbed
position

amplitude

The amplitude of a wave is the distance from the undisturbed position to the
peak or trough of the wave.

The wavelength is the distance from a point on one wave to the same point
on the next wave, measured in metres (m).

The frequency of a wave is the number of waves that pass a given point every
second, measured in hertz (Hz).

The period of a wave is the time taken for a full wave to pass a given point,
measured in seconds (s).

1 1

period = m or 7

Wave speed is how quickly energy is transferred through a medium (or how
quickly the wave travels), measured in metres per second (m/s).

wave speed = frequency x wavelength or v =7/

The speed of a sound wave travelling through the air can be measured using
a simple method. A person stands a measured distance from a large flat wall,
e.g. 100m. The person then claps their hands and the time taken to hear the
echo is measured. The speed of sound can be calculated using the equation:

distance
speed =
time

Remember, the distance that the sound wave has travelled will be double the
distance between the person and the wall because the wave has travelled to
the wall and back again. It is important to take several measurements and
calculate the mean to reduce the effect of human error in your measurements.

Make observations to identify the suitability of apparatus to measure the
frequency, wavelength and speed of waves.

Waves in a Ripple Tank

The diagram shows the apparatus most
commonly used for this investigation.

Method:

1. Set up the apparatus as shown in
the diagram.

2. Turn on the power supply and
observe the waves produced in
the water. Make any necessary
adjustments to the equipment,
for example altering the potential
difference of the power supply, so
that the waves are clear to observe.
The lower the frequency of the waves, the easier it will be for
measurements to be made.

3. To measure the wavelength, use a metre ruler to measure the length of
10 waves and divide this value by 10 to find one wavelength. Repeat this
several times and calculate the mean wavelength. A stroboscope can be
used to freeze the wave pattern to make it easier to measure the waves.

4. Tomeasure the frequency, mark a point on the white paperand count the
number of waves that pass this pointin 10 seconds. Divide the number of
waves by 10 to find the number of waves that pass per second. Repeat this
several times and calculate the mean frequency.

5. To calculate wave speed, use the equation:

wave speed = frequency x wavelength

power !
supply

signal masses
generator (to create tension)

i i i pulley
Waves in a Solid string

Waves in a solid can
be observed using
the apparatus shown
in the diagram.

metre ruler

When the signal
generator is switched
on, the string begins
to vibrate.

The frequency of the signal generator, the length of the string or the tension in
the string is adjusted until a clear wave pattern can be seen. The wave should
not look like it is moving.

To find the wavelength, count the number of half wavelengths (single loops) in
1 metre, then divide the length by the number of half wavelengths and multiply
by two.

The frequency of the wave is the frequency of the signal generator.

Wave speed can be calculated using the equation:

wave speed = frequency x wavelength

10f3
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The Electromagnetic Spectrum ' Pfo_jpe't"'.’tiie,s_;OﬁElet"’cf’okm/agﬁe cWaves

Electromagnetic waves are transverse waves. They transfer energy from a source to an absorber. All
electromagnetic waves travel at the same speed through a vacuum or air. They are grouped by their wavelength
and frequency to form a continuous spectrum.

When a wave moves into a medium with a different density (e.g. from air into glass), the wave changes direction.
This is called refraction. This can be represented by a ray diagram.

When a wave enters the glass block at an angle to the
normal, it bends towards the normal. The angle of refraction

decreasing wavelength o X i | h | f incid T | hict ’—E"I
=

g 107 102 — B— - 10%m 10 is smaller than the angle of incidence. The angle at which 81

| | I | | the wave leaves the glass block (angle of emergence) is 1

equal to the angle at which it enters the glass block (angle I—:

of incidence). ==

If a wave enters a different medium at 90° (perpendicular) to
the boundary, it will not change direction but instead carry

1
, - : e
increasing frequency onin a str alght line. 4 . ||
1
i (HT only) Refraction occurs due to the difference in density v glass
of the two materials. When a wave moves from a less dense J air
// medium to a more dense medium (e.g. from a gas to a !
- solid), it slows down and bends towards the normal. When ATE o
radio waves microwaves  infared visible ultraviolet X-rays gamma rays a wave moves from a more dense medium to a less dense = A = angle of incidence
light =

medium (e.g. from a solid to a gas), it speeds up and bends B = angle of emergence

away from the normal.

Remember: Roman Men Invented Very Unusual X-ray Guns r = angle of refraction

‘Ehllgcgomagnetlc Uses and Applications Explanation (HT only) Extra Information Hazards and Risks of
M Electromagnetic Waves
(F:gdoljgtleyga?iisgl\lllvaat\llzrs]s in electrical cirauits can Ultraviolet waves, X-rays and gamma
radio waves terrestrial television and radio Radio waves can be transmitted over long distances by reflecting them P ' rays have some risks associated with
ommunicati i i e. :
G cations off a layer of the Earth's atmosphere called the ionosphere (HT Only) An alternating current can be produced them.
when radio waves are absorbed. )
How dangerous electromagnetic
Mi trate the Earth's at — icate with radiation is depends on the type of
: satellite communication, satellite CHOgIaYEs TaN FEMEIRLE the BaTULs Sngspuers 1 camtminieats i Microwaves are used in mobile phone wave and the dosage.
microwaves relevision. heatifio food satellites. When water molecules absorb microwaves, it causes their communications as well as satellite television
! 9 internal energy store, and therefore their temperature, to increase. ' - . :
Radiation dosage is measured in
sieverts (Sv) or millisieverts (mSv).
cooking, thermal imaging camera, . ; ) . ot
infrared electric heaters, short-range 16 ar_ed Wavesitdise h?a_tlng a they.are a.bsorbed by matter. Infrared Infrared radiation can cause burns to skin. Safe limits of exposure of each type
Pt ; cameras can detect infrared radiation to produce thermal images. p P
communications (remote controls) of radiation are known and can be
referred to when assessing the risk of
i ; - ) ; - In fibre-optic cables, pulses of visible light are used to send coded e ; using electromagnetic radiation.
visible light vision, fibre optic communication signals over large distances. The human eye can only detect visible light waves.
energy efficient lamps, sun tanning, : ; ; Absorption of ultraviolet waves by the skin can
ultraviolet detecting forged bank notes, ?I?i?Sncehr?macsa[vsisaiEIS:Iritg ﬁpeﬁ%)s/ ifgokrsow,:aavslc;:ﬁt):{veas\éii?Qd then emit increase the risk of skin cancer and lead to
sterilising water gy ght. ’ premature ageing of the skin.
- T : P i X-rays can penetrate soft tissue, such as muscles and skin, but are X-ray absorption by human tissues can lead to gene
A-GEYS miedical imaging;.alrportsecurity absorbed by hard structures like bones. mutation and cancer.
sterilising medical equipment, Gamma rays are highly penetrating and can easily pass through Gamma rays are produced by changes in the nucleus
quip Y! ghly p 9 yp g Yy | Yy 9
gamma rays sterilising food, radiotherapy for body tissues. The ionising ability of gamma rays means that they can of an atom. Gamma ray absorption by human tissues
cancer treatment damage cancerous cells (as well as healthy ones). can lead to gene mutation and cancer.

20f3




BEYOND sclENcE

Properties of Electromagnetic Waves

(HT Only) Different substances absorb, reflect, refract or transmit electromagnetic waves in different ways. This
may change depending on the wavelength of the electromagnetic wave.

A wave front diagram shows that as a wave moves from a less dense to a more dense medium (e.g. from air into
water), at an angle to the normal, it slows down and its wavelength decreases. One side of the wave reaches
the more dense medium first, causing the wave to change direction. Although the wavelength decreases, the
frequency of the wave remains the same due to its change in speed.

When a wave moves from a more dense medium into a less dense medium, the reverse happens. The wave
speeds up and its wavelength increases. The frequency of the wave remains the same.

==

\\\

water

air air

water

\
\\

Investigate how the nature of a surface affects the amount of infrared radiation absorbed or radiated by that

surface.

In this investigation, you are finding out which type of surface emits the most infrared radiation:
* dark and matt
* dark and shiny
e light and matt
* light and shiny

Leslie cube

infared detector

Method:

1. Place the Leslie cube on a heatproof mat.

2. Boilsomewaterin akettle, fill the Leslie cube with
hot water and put the lid on.

3. Use a thermometer or an infrared detector to
measuretheamountofinfraredradiation emitted
from one of the surfaces of the Leslie cube.

4. Repeat the experiment for each surface of the heatproof mat

Leslie cube, ensuring that the infrared detector is

an equal distance from each surface.

You should find that a dark, matt surface emits much more infrared radiation than a light, shiny surface.

3o0f3



Knowledge Test for Waves

MEADOW PARK
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If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test

Waves and properties

L

What are the two types of waves?

What is moved by waves?

Describe the movement of a longitudinal wave.
Give an example of a longitudinal wave

What is rarefaction in a wave?

What is compression in a wave?

Describe the movement of a transverse wave
Give an example of a transverse wave

. Draw and label a transverse wave.

10.What is a wavelength?

11.What is the amplitude of a wave?

12.What is meant by the frequency of a wave?
13.What is the unit for frequency?

14.What is the period of a wave?

15.What are the units for a period of a wave?
16.What is the equation to calculate the time period of a wave?
17.How do we calculate the speed of a wave?
18.What are the units for wave speed?

19.What are the units for wavelength?

©E NV AWM

Electromagnetic Spectrum

1. What is the electromagnetic spectrum?

What do the waves of the EM spectrum have in common?
What do EM waves transfer?

List the different waves in order.

Which waves have the shortest wavelength?

Which waves have the longest wavelength?

Which waves have the highest frequency?

Mo ms Wi

8. Which waves have the lowest frequency?

9. Which part of the EM spectrum transfers the most energy?
10.What is visible light?

11.What is infrared used for?

12.What are microwaves used for?

13.What are radio waves used for?

14.How are radio waves produced?

15.What can ultraviolet be used for?

16.What can gamma rays be used for?
17.How are gamma waves produced?
18.What can x-rays be used for?

19.What are the dangers of ultraviolet waves?
20.What are the danger of x-rays?

21.What are the dangers of gamma rays?

Radiation

1. What radiation do all hot objects give out?
2. Which type of surfaces are the best absorbers of radiation?

3. Which type of surfaces are the best emitters of radiation?

Triple Science Only

=

What is reflection?

What is the normal?

What is the angle of incidence?

What is the angle of reflection?

Draw and label a diagram to show reflection of light
What is a specular reflection?

What is diffuse reflection?

What is refraction?

© 0 N DU AW N

Why does refraction happen?
10.What is diffraction?



Poles of a Magnet

AQA Combined Science: Physics Topic 7 Magnetism and Electromagnetism

Magnetic Fields

Electromagnetism

A magnet has two ends called poles: the north
pole and the south pole. The magnetic forces

of the magnet are strongest at the poles.

When two magnets are brought close together,
they will attract or repel, depending on which

poles are brought together:

+ Like poles will repel one another e.g. N-N
or S-S.

+ Opposite poles will attract e.g. N-S.

The forces exerted between the poles of two
magnets are a type of non-contact force: the
magnets do not have to be touching for the

effect to be observed.

Remember that only iron, cobalt and nickel (or

alloys containing these metals) are magnetic.

A permanent magnet is one with its own
field. The

be turned on or off e.g. a bar magnet or a

magnetic magnetism  cannot

horseshoe magnet.

An induced magnet is a material which
becomes magnetic only when placed within a
magnetic field. Induced magnets only attract
other materials and lose most (if not all) of
their magnetism when removed from the

magnetic field e.g. iron filings.

The magnetic field is the area surrounding a magnet where the force
is acting on another magnet or magnetic material. It can be observed
using a compass placed at different points around a bar magnet.
The field lines can be drawn by using the compass to mark the direction at

a range of points.

A magnet always causes a magnetic material to be attracted. The strength

of the magnetic field is determined by the proximity to the magnet.

When looking at a diagram of magnetic field lines, the force is strongest
where the lines are closest together. The magnetic field of the magnet is strongest at the poles. The direction
of the magnetic field shows the direction the force would act on another north pole.

As a result, magnetic field lines always come away from the north pole (like

poles repel) and towards the south pole (unlike poles attract).

The earth produces a magnetic field and a magnetic compass uses this to help
aid navigation. The core of the earth is made of iron (a magnetic material). A

compass contains a small bar magnet shaped as a needle, which points in the

direction of the earth’s magnetic field.

Plotting Magnetic Field Lines

A magnetic compass can be used to plot and draw the magnetic field lines around a magnet.
You should be able to describe this method for a bar magnet.
1. Place the bar magnet in the centre of a sheet of plain paper.

2. Using a magnetic compass, position it on the paper somewhere around

the magnet.

3. Observe the direction of the needle and carefully draw a dot at the
circumference of the magnet, in line with each end of the needle.

Make sure you include an arrow to indicate the direction of north.
4, Repeat steps 2 and 3 for several positions around the magnet.

5. Join the arrows to complete the magnetic field lines and whole pattern.

A circular magnetic field is produced when a current is
passed through a conducting wire. This produces an induced

magnet.
Switching off the current causes the magnetism to be lost.

The strength of the magnetic field can be increased by
increasing the current flowing through the wire. The strength

of the magnetic field is stronger closer to the wire.

Coiling the wire to form a solenoid will also increase the
strength of the magnetic field. The strength of the magnetic

field created by a solenoid is strong and uniform throughout.

Current

Current
out in

To increase the strength of the magnetic field around a

solenoid you can...
add an iron core;
increase the number of turns in the coil;

increase the current passing through the wire.

An electromagnet is a solenoid with an
iron core. Electromagnets are induced

magnets and can be turned on and off.

Electric motors, loudspeakers, electric

bells and remotely controlled door

locks all use electromagnets. {&gf.}
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AQA Combined Science: Physics Topic 7 Magnetism and Electromagnetism

The Motor Effect and Flemings Left-Hand Rule

Electric Motors

When a wire carrying a current is exposed to the magnetic field of another magnet, then a force is produced on the wire at a right angle

to the direction of the magnetic field produced.

magnetic

el

force (N) = magnetic flux density (T) x current (A) x length (m) s I

This is called the motor effect.

The force produced by the motor effect can be calculated using this equation:

Current
For example:

A current of 8A is flowing through a wire that is 75cm long. The magnetic field

acting at a right angle on the wire is 0.5T. Calculate the force.

F=BxIxl|
Remember: the equation uses length measured in m. The question gives you the length in cm so you need to convert it before you calculate
your answer.

F=05x8x0.75

F=3N

From the equation we can see that the force acting on a given length of wire (e.g.
1m) will be increased if the current increases or the magnetic flux density increases.

If the current flowing through a wire is parallel to the magnetic field, then no force is

produced - there is no motor effect.

You might be shown a diagram and asked to indicate the direction of the force produced.
Fleming's left-hand rule can help you do this because it represents the relative

orientation of the force produced by the motor effect.

Remember:

Use your left hand!
+ The angle between your index finger and middle finger should be a right angle on the horizontal plane.
- The angle between your index finger and thumb should be a right angle on the vertical plane.

Your thumb represents the direction of the force.

Your index finger represents the direction of the magnetic field.

- Your middle finger represents the direction of the current flowing through the wire.

When the wire carrying the current is coiled, the motor effect acting on it

causes the wire to rotate. This is how an electric motor works.

direcy;
o
" of mng"""‘/iel
ld
X

coil rotates
clockwise

split-ring
commutator __,

D.C. power
supply metal or
graphite

brush contact

As the current flows (from negative to positive), the force produced in each side

of the coil acts in opposite directions, causing the coil to rotate overall.

When the coil reaches a vertical position, the force produced is now parallel
to the magnetic field line and so would be zero. This would cause the motor to

stop rotating.

To maintain the rotation of the coiled wire, a split ring commutator is used to
supply the current to the wire. The DC supply reaches the split ring via graphite
or metal brushes which maintain the connection while allowing it to rotate

freely on the axle.

The two halves of the split ring commutator ensure that the current supplied
to the wire changes direction each half-turn (or that the current supplied is the
same direction on each side of the motor) and as a result, the force produced

maintains a constant rotation in one direction overall.
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Knowledge Test for Magetism

MEADOW PARK
SCHOOL

If you can answer these questions correctly, learn the answers and be able to
recall them quickly in your mind, you will be successful in your end of unit test

Magnetism
1. What is the pole of a magnet?
2. What happens when two like poles are brought together?
3. What happens when two opposite poles are brought together?
4. Which elements are magnetic?
5. Why is steel magnetic?
6. What is a magnetic field?
7. Draw a diagram to show a magnetic field around a bar magnet?
8. Where is a magnetic field the strongest?
9. What happens to the magnetic field as distance increases?

10.What is a permanent magnet?
11.What is an induced magnet?

Electromagnetism

12.What is an electromagnet?

13.What is a solenoid?

14.How can you increase the strength of an electromagnet?

15.What is a solenoid?

16.Why are electromagnets more useful than permanent magnets?

17.What does the right thumb rule?

18.What does the thumb represent in the right thumb rule?

19.What does the thumb represent in the right thumb rule?

20.What do the curled fingers represent in the right thumb rule?

21.What two things are needed to create a motor effect?

22.What angle does the wire have to be placed in a magnetic field to
experience a motor effect?

23.What is magnetic flux?

24.What are the units for magnetic flux?

25.What is the equation to calculate the magnetic flux?

26.What affects the force acting on a conductor in a magnetic field?
27.What does Fleming’s left hand rule help us to find?

28.What does the thumb represent in the left hand rule?

29.What does the first finger represent in the left hand rule?
30.What does the second finger represent in the left hand rule?



AQA Combined Science: Physics Topic 1 Energy

Required Practical

Investigating Specific Heat Capacity
independent variable — material

dependent variable - specific heat capacity

control variables - insulating layer, initial temperature, time taken

AE =m x c x A®

30W Heater

1. Using the balance, measure and record the mass of the copper

Thermometer |

Method:

block in kg.
2. Wrap the insulation around the block.

3. Put the heater into the large hole in the block and the block onto
the heatproof mat.

4. Connect the power pack and ammeter in series and the voltmeter

across the power pack.
5. Using the pipette, put a drop of water into the small hole.

6. Put the thermometer into the small hole and measure the

temperature.
7. Switch the power pack to 12V and turn it on.

8. Read and record the voltmeter and ammeter readings - during

the experiment, they shouldn't change.

9. Turn on the stop clock and record the temperature every minute

for 10 minutes.
10. Record the results in the table.

11. Calculate work done and plot a line graph of work done against

temperature.

Equations
E =1Imv?
E, = mgh
E. = Tke?

AE =m x cx AB

S M

P =
p=

Kinetic and Potential Energy Stores

Movement Energy

kinetic energy = 3 x mass x speed?

kinetic

When something is off the ground, it has gravitational potential energy

gravitational potential energy = mass x gravitational field strength x

height

E. = mgh

) (kg) (N/kg)(m)

gravitational
potential
energy, J

gravitational
field

mass, i
g)() strength, (’b he'flht'

kg N/kg or m/s?

When an object falls, it loses gravitational potential energy and gains

kinetic energy.
Stretching an object will give it elastic potential energy.

elastic potential energy = 3 * spring constant x extension’
E. = zke?

e - 2 e
o) (N)(m)

Transferring Energy by Heating

Heating a material transfers the energy to its thermal energy store - the

temperature increases.

E.g. a kettle: energy is transferred to the thermal energy store of the
kettle. Energy is then transferred by heating to the waters thermal energy

store. The temperature of the water will then increase.

Some materials need more energy to increase their temperature than

others.

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

change
AE =m xcxA
©) (ke) (I/kg™C) (o

Specific heat capacity is the amount of energy needed to raise the

temperature of lkg of a material by 1°C.
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AQA Combined Science: Physics Topic 1 Energy

Energy Stores and Systems

Energy Stores

kinetic Moving objects have kinetic
energy.

thermal All objects have thermal energy.

chemical Anything that can release energy

during a chemical reaction.

elastic potential Things that are stretched.

gravitational potential Anything that is raised.

electrostatic Charges that attract or repel.
magnetic Magnets that attract or repel.
nuclear The nucleus of an atom releases

energy.

Energy can be transferred in the following ways:
mechanically - when work is done;
electrically — when moving charge does work;

heating - when energy is transferred from a hotter object to a colder

object.

Conservation of Energy
Energy can never be created or destroyed, just transferred from one form
to another. Some energy is transferred usefully and some energy gets

transferred into the environment. This is mostly wasted energy.

Power
Power is the rate of transfer of energy - the amount of work done in a

given time.

power = energy transferred + time

energy

P (W) =E(J) +t(s)
transferred, J

power = work done + time

P (W) =W ()= t(s)

work

done, J

Energy Transfer

Lubrication reduces the amount of friction. When an object moves, there
are frictional forces acting. Some energy is lost into the environment.
Lubricants, such as oil, can be used to reduce the friction between the

surfaces.

Conduction - when a solid is heated, the particles vibrate and collide

more, and the energy is transferred.

Convection - when a liquid or a gas is heated, the particles move faster.
This means the liquid or gas becomes less dense. The denser region will

rise above the cooler region. This is a convection current.

Insulation — reduces the amount of heat lost. In your home, you can

prevent heat loss in a number of ways:

thick walls;
thermal insulation, such as:
loft insulation (reducing convection);

- cavity walls (reduces conduction and convection);

double glazing (reduces conduction).

~ windows

3% doors

ventilation &
draughts

8% floors
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AQA Combined Sciéﬂce. Physics Topic 1 Energy

Efficiency
When energy is transferred, some energy is wasted. The less energy that

is wasted during the transfer, the more efficient the transfer.
There are two equations to calculate efficiency:

efficiency = useful output energy transfer

total input energy transfer

useful
energy
output,
Jorkl

total energy
efficiency Cx)

input,
Jorkl

efficiency = useful power output

total power input

useful

power

output,
W or kW

total power

efficiency input,

W or kW

Some energy is always wasted. Nothing is 100% efficient.

Efficiency

Non-renewable — coal, oil, gas - they will all run out, they damage the environment, but provide most of the energy.

Renewable — they will never run out, can be unreliable and do not provide as much energy.

Energy Resource

solar — using sunlight

Disadvantages

Renewable, no pollution, in sunny countries it
is very reliable.

Lots of energy needed to build, only works
during the day, cannot increase power if
needed.

geothermal - using the energy of hot rocks

Renewable and reliable as the rocks are
always hot. Power stations have a small

impact on environment.

May release some greenhouse gases and only

found in specific places.

wind - using turbines

Renewable, no pollution, no lasting damage
to the environment, minimal running cost.

Not as reliable, do not work when there is no
wind, cannot increase supply if needed.

hydroelectric — uses a dam

Renewable, no pollution, can increase supply
if needed.

A big impact on the environment. Animals

and plants may lose their habitats.

wave power — wave powered turbines

Renewable, no pollution.

Disturbs the seabed and habitats of animals.

Unreliable.

tidal barrages - big dams across rivers

Renewable, very reliable, no pollution.

Changes the habitats of wildlife, fish can be
killed in the turbines.

biofuels

Renewable, reliable, carbon neutral.

High costs, growing biofuels may cause a
problem with regards to space, clearance of

natural forests.

non-renewable - fossil fuels

Reliable, enough to meet current demand,
can produce more energy when there is more
demand.

Running out, release CO,, leading to global
warming, and also release SO, which causes
acid rain.

Trends in energy resources — most of our electricity is generated by burning fossil fuels and nuclear. The UK is trying to increase the amount of

renewable energy resources. The governments are aware that non-renewable energy resources are running out; targets of renewable resources have

been set. Electric and hybrid cars are also now on the market.

However, changing the fuels we use and building renewable power plants cost money. Many people are against the building of the plants near them

and do not want to pay the extra in their energy bills. Hybrid and electric cars are also quite expensive.

Science
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Knowledge Test for Energy

If you can answer these questions correctly, learn the answers and be able to

recall them quickly in your mind, you will be successful in your end of unit test

What are the 8 stores of energy?
What is a closed system?
What is the law of conservation of energy?

-2l .

Switching on a battery powered car: Energy store at the start, Energy
store at the end

v

Burning gas to heat food on a stove: Energy store at the start, Energy
store at the end

6. What is the equation linking kinetic energy, mass and velocity?
7. What are the units for velocity?

8. What are the units for mass?

9. What are the units for kinetic energy?

10.When will an object have 0 kinetic energy store?

11.How does mass affect kinetic energy?

12.How will velocity affect the kinetic energy store?

13.What is gravitational potential energy?

14.What is the equation linking gravitational potential energy, mass, gravity

and height?
15.What are the units for gravitational potential energy?
16.What is the symbol for mass?
17.What is the unit for mass?
18.What is the symbol for gravity?
19.What is the unit for gravity?
20.What is the value for gravity on Earth?
21.What is the symbol for height?
22.What is the unit for height?

MEADOW PARK
SCHOOL

23.What is the energy transfer in a falling object?
24.What is elastic potential energy?

25.What is equation linking elastic potential energy, the spring constant and
extension?

26.What are units for elastic potential energy?
27.What are the units for the spring constant?
28.What are the units for extension?

29.What does this symbol mean A?

30.What is specific heat capacity?

31.What is the equation linking changing energy, mass, specific heat
capacity and change in temperature?

32.What are the units for energy?

33.What is the symbol for specific heat capacity?
34.What are the units for specific heat capacity?
35.What is the symbol for temperature?

36.What are the units for change in temperature?

37.What is specific heat capacity?

38.How does mass affect the rate of temperature increase?

39.Specific heat capacity of oil is 2100 J/kg/°C. How much energy is needed
to raise the temperature of 1kg of oil by 1°C?

40.Specific heat capacity of water is 4200 J/kg/°C. How much energy is
needed to raise the temperature of 3kg of water by 4°C?

41.What is power?

42.What is the equation linking power, energy and time?
43.What is the symbol for power?

44 What are the units of power?

45.What is the symbol for time?

46.What are the units for time?

47.What is the equation linking power, work done and time?
48.What are the units for work done?

49.Why is a system not 100% efficient?



50.What is dissipation?
51.What is the equation for working out efficiency?
52.What are the units for efficiency?

53.What is useful energy?

54.What is meant by wasted energy?

55.When a torch is used which energy is useful and which is wasted?

56.How do we calculate energy efficiency?

57.How can machines be made more efficient?

58.In a light bulb, 25J of energy is supplied. 5J are usefully transferred into
light energy. What is the efficiency of the bulb?

59.What are the useful energy transfers in a television?

60.When a kettle filled with cold water is boiled 720000J of energy are
transferred. If the kettle has an efficiency of 96% how much energy is
supplied to the kettle to boil the water?

61.What happens to wasted energy?

62.What different ways we can get energy?
63.What is a renewable resource?
64.What is finite resource?

65.How is electricity produced in most power stations?

66.Name 3 fossil fuels.

67.How does a fossil fuel power station generate electricity?

68.How does a nuclear power station generate electricity?

69.What are the advantages and disadvantages of a nuclear power station?
70.What are non-renewable energy sources?

71.What are renewable energy sources?

72.How does a wind turbine work?

73.How does a hydroelectric power on work?

74.How does wave power generate electricity?

75.Why are large numbers of solar cells often joined to make a solar panel?



