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The following symbaols are used to represent different electrical compeonents:

by
o w

cell or

o o a.c.power
battery ~

supply

d.c.power
supply

+ . variable
—[——}— resistor —o/o— d.c.power
supply

_#_ variable
resistor Q 9 lamp

—®— ammeter
_®_ voltmeter —#— thermistor

)
—@’— LED

When you draw a circuit; remember to
draw the correct symbols in place first then

connect using straight lines to represent the
wires.

Series and parallel circuits

Series Parallel

Equal current
ywhere in the
circuit.

Voltage is shared
b n the

Equal voltage
e from the each component.
source.

Current is measured using an ammeter which
must be connected in series.

Voltage is measured using a voltmeter which
must be connected in parallel.

Resistance can be calculated using this

, The power of a circuit represents the energy

B

transferred per second. It is measured in Watts
where TW =1 Joule per second.
These equations can be used to calculate
power:
Power(W) = Voltage(V) =« Current(A)
Power(W) = Current(AF * Resistance((])
Energy(J) = Power{W) = Time(s)

F

This circuit can be used to investigate how the
current changes with voltage for a bulb. The
bulb can be swapped for a resistor or a diode to
investigate the relationship with different
components.

= &

To get a series of values you must record the
current and voltage then adjust the variable
resistor and take the next set of results. You can
repeat this until you have a complete set.

Diode

Resistor or wire  Filament lamp
[At a constant
temperature)

Current

equation:
Resistors are used to control or change the current. Fixed Current (A) = —Voltage (V)
resistors are used to lower the current but variable resistors, Resistance {02)
thermistors and LDRs (light dependent resistors) can change -

Series Parallel

their resistance and change the current.

Variable resistors can be changed by moving a slider or turning
a dial, e.g. dimmer switch.

Thermistors change depending on the temperature; higher
temperature = lower resistance.

LDRs change depending on the light on the LDR; brighter light
= lower resistance.

‘When you add resistors
in series, the resistance
increases according to
this equation.

R=R+R,

‘When you add resistorsin
parallel, the resistance of
the circuit decreases.

A=

Constant

Resistance

resistance Increases at

higher veltages

Wery high
resistance [no
current) until a
specific voltage
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Mon-renewable energy:
A source of energy which is
going to run out. For example:
Coal, Qil, Matural Gas and
Nuclear.

Renewable energy:
A source of energy which is not
going to run out. For example:
Wind, Solar, Geothermal,
Hydroelectric and Biomass.

Source Advantages

Wind, Solar
Coal, Oil, Gas |

Disadvantages

Hydroelectric

idal power
Biomass z
neutral

Efficiency
Efficiency can be calculated using this eguation:

ici - energy usefully transferred
% efficiency = total energy supplied = 100%
You do not need to remember the equation, it will be on the
equation sheet, but it is important to choose the correct values for
the eguation. Useful energy is the energy you want to use from the
power station and the energy supplied is the energy put into the
power station.

Thermal power station (for example Coal, Biomass, Nuclear, Geothermal)

Sl

Heat is created in the furnace by burning a
fuel, or a nuclear reaction in nuclear power.

This heat turns water to stearm which moves
through the pipes to the turbine.

This turns the turbine which in turn turns the
generator.

This generates electricity which is supplied to
the National Grid.

The steam is cooled and sent back to the
furnace to be heated again.

Mational Grid

changes d
nular TV 5 a sud emand fi
- To meet this deman

rio

\ 25 ooov drl:l" - : '-I:I\tl 230V ——

town

Step up transformer /
Increases the voltage,
which reduces the current

and lowers heat losses in Htep Eicin s rner

Lowers voltage to a safer

the cables. This increases TS
the grid's efficiency.
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Ta calculate density, you must use this equation: density = 01955 Units

volurme

Density is measure in gfem? or in kg/m?. Look for units in the question to know
which of these options to use with your answer.

correct values to use.

. You do not have to remember the equation but it is important to choose the

L _ il e T y tf

N, you must know the mass and the volume. The different methods to find these are described b
alculate density, rermember to name the equipment you need and how to use it.

Calculating the density of a regularly shaped solid Calculating the density of an irregularly shaped solid Calculating the density of a liquid
1. Measure the mass using a balance. 1. Measure the mass using a balance. 1. Measure the mass of an empty measuring cylinder.
e.g. 25q e.g. 6.0g9 e.g. 80.0g
2. Use a ruler to measure the length, width and 2. Fill a measuring cylinder with water to a specific 2. Fillthe measuring cylinder with a specific volume
height of the solid. volume. of the liquid. Record the volumae.
e.g. 3.0cm, 2.0cm, L.5cm e.g. 28cm’ e.g. 20cm’
3. Calculate the volurme using: 3. Place the solid in the measuring cylinder and 3. Measure the combined mass of the measuring
volume = length * width * height record the new volume. cylinder and the liquid.
e.g. 3.0 x 2.0 x 1.5 =9.0cm? e.g. 33em’ e.g. 96.0g
4. Calculate the density using 4. Calculate the volume of the solid by subtracting 4. Calculate the mass of the liquid by subtracting the
density = u_‘ﬂjfr%ﬁsé the initial volume (step 2] from the new volume empty mass (step 2) from the new mass [step 3).
|step 3). e.g. 96.0 - 80.0 = 16.0g
e.g. density = 22 = 2 8 g/fem’ e.g. 33 - 28 = 5cm®
9 5 Calculate the density using:
5. Calculate the density using: density = —EIIEIEEE-
- _INass wvolume
ERpa volume

e.g. density = 18.0 = p g glcm’®
e.g. density = % = 1.2 glem’® 20

|
muu/ Variations 50y 0%
a0 a0 : ; ; hl a0
What if the solid floats in the water? 4 o
Then you must use something to 30 30-
height = ensure the solid is ccrqpletely under m: m:
— —~ the watgr. F?em_ember lf:,n_::u use E i
something to sink the solid you 10 10-
%0 must subtract its volume and the
volume of the water from the new
L wolure.
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Unit 1.3/3.3 Heat transfer wec
Heat always transfers from hot to cold, but how The greater the difference in temperature, the greater the rate of heat transfer.
it transfers depends on the material or state of A mug of tea at 20" C will cool guicker outside where the temperature is 5°C than in the house where the
the matter (solid, liguid, gas or vacuum). temperature is 20°C.
Conduction happens in solids. Heat energy Convection happens in liquids and gases. All warm things emit Cold lurmunclw
causes the particles to vibrate more and is Heat energy causes the particles to move heat radiation in the form -"
transferred from one particle to the next as they quicker and make them move further apart. of infrared waves. Hotter R _2 /‘
collide. Metals are the best conductors as they This means there will be fewer particles in a bodies emit more
have free electrons that can move the energy specific volume and therefore will be less radiation than cold
quickly from the hot side to the cold. dense. This less dense liquid or gas will rise bodies. These wawves can
above the denser cold liquid, this forms a travel through solids, Hot tea s
convection current. liquids, gases and a0°C
through a vacuum like
o O O O space. They travel in all
directions from the hot
O @ body into a colder body.
Air is a poor conductor as it is a gas. It has large O O ;
gaps between particles and reduces the rate of Bl-d‘_surfm absorb :
collisions. This makes it very useful as an insulator. Cold gas Hot gas radiation best and emit radiation best. Tea in a black mug

will cool down quicker than tea in a white mug.

Shiny surfaces reflect radiation well but are poor emitters
Loft insulation reduces heat loss due to conduction. Fibreglass and absorbers.

wiool between the ceiling and the loft space has pockets of

trapped air which acts as an insulator. .
I Payback time

Comparing different methods of insulating the home is

ity seslin secics haat ks dus b cenduction. Trapsing

) 2 ortamar a0 npert of ks scts st an emser Pl i difficult as the initial cost and the saving each year for
Double glazed windows i) M e St the methods can be very different. To compare methaods,
reduce heat losses due it is important to be able to calculate the payback time,
to conduction. Trapping m which is the time it takes to save the same amount as the
air between two layers of initial cost of insulation.
glass acts as an insulator. D] m For example, loft insulation that costs £400 but saves
£50 each year will take 8 years to pay back, whereas
loft insulation that costs £500 but saves £100 each year
has a pay back time of 5 years.
The equation is not to be given on the equation poge.
Stopping draughts reduces convection Floor insulation reduces heat losses due to installation cost
currents in the house through stopping cold conduction. Fibreglass wool below the floor has Payback time = .
air being sucked into the house as the hot air pockets of trapped air that acts as an insulator. annual savings
inside rises.
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The amount of energy used in the home is
measured in kilowatt hours (kWh), also known
as Units, where 1 kWh is equal to the energy
converted by a1 kW device for 1 hour.

T — —— S

In order to calculate the cost, these eguations
are used:

Units used (kWh) = Power (kW) = time (hours)
Cost = Units used = Cost per unit

Both equations are given on the equation
sheet, but it is important that you can convert
between units correctly. Often power is given
in Watts and time in seconds or minutes.

x 1000 x 3600 x 60

YL

The efficiency of a

e 5
device is shown on a “ ENERGY

scale like this - the more
efficient a device, the
better it's rating will be.

==

A g

A
This is important as =
it will help compare T "

devices that do the
same thing. For
example, two televisions
of the same size and

picture quality but [

different energy ratings
will have a different cest |
to use.

g
E
E
s
;
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The electrical circuits in your home are connected

using a ring main circuit.

MCB or
fuse
Live f }
Earth
Meutral

The advantages of a ring main circuit are:

The current can travel two ways so you can make
the wires thinner and have a lower current in each

part.

You can add more sockets anywhere on the ring
and each will have the same voltage (230V).

1

There are 3 wires in the ring main circuit:

1. Live -this carries a current into the house at a high .
voltage.

2. Earth - operating normally this wire carries no
current.

3. Neutral - this completes the circuit and has the same
current as the live wire but a lower voltage.

The earth wire is connected to the casing of any
device with a metal case. This is so that if the live
wire touches the casing due to a fault, then the
current will travel safely to the earth through
the earth wire rather than through a person who
touches the casing.

There are thre
ircuits:

Miniature Stops the current if it
circuit breaker |large. .
[MCB} Reacts more quickly and can be reset.

This prevents the devic

Residual Stops the current if the current in the
current circuit | neutral wire is different to the live
breaker he

(RCCE)
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Transverse:

has vibrations at 20 to the

has vibrations parallel to

-2

3

In this example there are two complete waves
shown.

You must be able to describe a wave in terms
of its wavelength, amplitude and frequency.
Wavelength = the length of one complete wave
Amplitude = maximum displacement
Frequency = the number of waves in 1 second
For the wave shown:

Wavelength = & units

Amplitude = 2 units

e

b

Wave speed can be calculated in two ways, both
equations are given on the equation sheet so use
the units to help decide which you need to use.

Speed (m/fs) =

time (s)

Wave speed = wavelengthim) = frequency{Hz)

Satellite communication

There are two kinds of satellite used, both take 24
heours to orbit.

Geosynchronous returns to the same point once
every 24 hours.

Geostationary stays above the same point at all
times.

Using geostationary satellites
to send messages reguires at
least 3 satellites. Rermember
the signal must travel up to
the satellite and back and
cannot travel straight from
one satellite to another
without returning to a station
on the ground first.

The Electrcmagnetm spectrurn

Lo

Low dange

Heating

treatment

Heat/burns

Low optical
density/

deep water

Higher speed

= Longer wavelength I

Refraction

High optical
density/ shallow
water

Slower

Shorter
wavelenath

Low optical
density/

deep water

Higher speed
Longer wavelength

Motice the change in direction
and the change in wavelength
due to the change in speed.

Reflection

Motice that the
wavelength does not
change this time and that
the angle from the normal
to the wawve when it hits
the object is the same as
when it is reflected.
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Total internal

Critical angle reflection

At the critical angle, the light bends along
the boundary. If you increase the angle, the
light will reflect. This is called total internal
reflection.

The two conditions required for total internal
reflection to occur are:

1. The light must be travelling from a higher
optical density towards a lower optical density,
for example glass into air.

2. The angle between the normal and the ray of
light must be greater than the critical angle.

Optical fibres
Total internal reflection is used in optical fibres.

Light is sent along a glass tube reflecting from
the side of the tube until it reaches the end.
This is very useful to send information quickly
owver long distances and is used in endoscopes.

| -

Satellite or optical fibre communication?

Optical fibre

Endoscopes

Endoscopes use total internal reflection to
investigate specific areas of the body. Light is sent
into the body through an optical fibre and reflected
back along another optical fibre to a camera
located outside the body.

They investigate specific areas in detail and are n
less harmful as no ionising radiation is used.

. they cannot send

For a signal to
travel from A to

B via satellite, the
signal must travel
to the satellite,
back to Earth
and then to the
next satellite as

—

signals directly to \

each other. This

means that the B "‘-———_________

distance the signal

travels is 4 times

the distance from

the base station to the satellite. The total distance
will be 4 = 36000km = 144000km.

i i ime = distance
Using the equation time = speed you can

calculate the time it takes the signal to travel from A

to B . 144 000km
time = 300 000kmE - 0.48s

However, if an optical fibre was connected from A to
B, the length would be 20 000km and although the
light travels slower through the glass, 20 000km/s,
the time taken is much less.

time = 500 000 = 0.01s

CT scans

CT scans can also be used to investigate the body.
They use X rays to generate more overall images of
the body and are in 3D.

They give a more overall picture but pose a higher
risk due to the X rays.
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created, T

(S waves) a

What can they
travel through?

Lag time
P waves are faster than 5 waves and following an earthgquake will
arrive first. The delay between P waves and 5 waves arriving is known
as the lag time and can be used to calculate the distance to the
earthquake from that point. s

Balboa P
H#MW BH Lag time = 450
' 3 Furthest from the

ey earthguake
1% min 306 min 28 min
Boulder, Colorado (BC)

BC Lag time = 2:40
Clozest to the

. earthguake
15 min 20 min 25 min
il SO S
: : MC Lag time = 3:40
L 1 P = i L——"u:u 1 1 1

ook [T
15 min 20 min

Using data from the question or a
graph, you can convert the lag time
into a distance. Using data from three
stations, draw circles with a radius
equivalent to that distance ta find

the point where the circles meet. This
is where the earthquake happened
(marked by the arrow).

P and 5 waves

Mantle

Wave

ne solid mantle, both P and S wawve

k.
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Cases contain particles that are free to move around. This means that
they collide with the surface of any container and through colliding
exert a force on that surface, the more freguent the collisions the

Pressure can be calculated using the following equation:

- Force
Ared

Pressure
greater the force.

AT i A = A It represents how much force is put onto a specific area and is normally given in units
of Pascals (Pa) where 1Pa =1 N/m2 This equation can be used to calculate the pressure

. by a solid on another solid or the force of a gas on a surface.

ou decrease
ume o s the

These relationships allow us to use the following equation to calculate the changes in
pressure, temperature or volume.

&.}f = constant

Where p = pressure, V = volume and T = temperature in Kelvin.
2SSUre '~"I|E Increase.

' rtional) This allows us to calculate the new pressure, volume and temperature if there is a
change to the gas because the constant is the same for that gas.

For example, if bottle contains 5.0 = 10“m? of air at 220K, the pressure inside the
bottle is 100000Pa. When the bottle is moved the volume changes to 3.8 = 104m*
and the temperature remains the same. The new pressure inside the bottle could be
calculated using the equation:

s, th urme will e witl I y At the start:

crease if the pV _ 100 000 = 5.0x10°*

T 290
The constant (0.17) must be the same after the volume changed:
pV _ p x 3.8x10*

= constant = 0.17

=017

T 230 The same
! Rearranging this equation gives: constant
B e a0 B, o 047 x 290
P=zg«0+ - 130000Pa

Absolute zero
Motice that the graphs of Pressure against Temperature and Volume
against Temperature don't reach zero at 0°C. Theyreach O ata
temperature of -273°C, this temperature is known as absolute zero.
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The graph below shows how the temperature of a block of ice changes over time as it is heated. Specific heat capacity
This is the energy required to heat Thg of
a substance by 1°C.

Temperature (K)
|

For example, water has a specific heat

capacity of 4200 J/kg °C, this means it

would take 42007 of energy to heat kg
of water by 1°C.

AQ = mcAB
Where:
AQ = change in thermal energy
m = mass

¢ = specific heat capacity
AB = change in temperature.

Specific latent heat
This is the energy required to change
the state of 1kg of a substance without a
change in temperature.
For example, ice has a specific latent
heat of fusion of 3360001/kg, this means
it would take 3360001 of energy to
completely melt 1kg of ice into water
without changing the temperature.
re packed |Energy is used to break icles are L Energy is used t k | Partic

asely. some of the bonds t * [all the bonds [ move and ;

ibrate in place : g the particles i : the particles i . |oap t : Q=mL

Where:
Q = thermal energy for change in state
This energy is the As it is heat ' ] i M = mass
specific latent heat of | - nast ic latent heat ticles e L = specific latent heat.
fusion. : : rore of vaparisation. It i

is | 1 the
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Magnetic fields
A magnetic field shows the area where a

magnetic force will be felt. The strength of the
field can be shown by how close together the

lines are.
Bar magnet
—a— N § —a——

A wire carrying a current will create a
magnetic field.

Long straight wire

A larger current will
create a stronger field
but changing the
direction of the
current will reverse
the direction of the
field.

Coil

k4

SAAMAAAANT

A larger current will create a stronger field,
more turns on the coil will create a stronger

field but changing the direction of the current

will reverse the direction of the field.

Current

Unit 1.9 Electromagnetism

=%

Motor Thumb = Farce/Motkan This can be used to make a motor spin.

A wire carrying a current through To make the motor spin faster, you can I
a magnetic field will have a force First Finger = Feld use a coil with more turns, use a larger
acting on it. From N to € current, use stronger magnets or a coil I
The direction of the force is given by with a larger area.

Fleming's Left Hand Rule.
To change direction of the motor, you can
change the direction of the current or
reverse the field.

The size of the force can be
calculated using the equation

F=BHl Magnet
Where F = force in N, B = Magnetic Middle finger = Current -
field strength in T, | = current in A
and | = length in m. N

Gen tor Thumb = Fonce/Motion

When a wire is moved through
a magnetic field a current is
generated.

Carbon brush =
First Finger = Field

From N S . .
rem Coail of wire

The direction of the force is
given by Fleming's Right Hand
Rule.

Spilit ring

This can be used to create an
Alternating Current in a
generator.

secandary oo

The alternating current
in the primary coil creates

3210123 y .
v an alternating magnetic

field in the coil.

trar er the secondary

- f . -
The core strengthens the the most turns to increase the voltage.

field and connects it to

the secondary coil.

To generate a larger current,
YOU can use a coil with more
turns, use stronger magnets
or a coil with a larger area.
Turning the coil faster will
also increase the current but
will make the frequency of
the current increase too.

of turns and
The alternating field

inside the secondary coil

generates an alternating

current.



