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Overview 
This section builds on and develops earlier study of these 
phenomena from GCSE.  
 
It provides opportunities for the development of practical skills at 
an early stage in the course and lays the groundwork for later 
study of the many electrical applications that are important to 
society. 
 
IMPORTANT NOTE 
This booklet, along with the student workbook, must be brought to all 
Physics lessons with the appropriate teacher. 
 
This booklet may be used as a learning resource in lessons; you are not 
fully equipped to learn if this is not used in lesson. 
 
This booklet may also be used as a revision resource for intervention, 
internal assessments and external assessments.  
Please keep this in your student file. 

 
 
 
 
 

 
 
 
 
 

As part of this course you are expected to read through this preparatory reading book and 

complete the independent study tasks. 

This work will not be assessed but will be monitored by your class teacher. 

This must be completed by the deadline set by your class teacher. 
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Definition List 
Definitions you must learn for this module. 
 

Key Word Symbol Definition 

Charge carriers  Charged particles that move through a substance when a pd is 
applied across it such as electrons. 
 

Circuit rule for 
current 
(Kirchhoff’s First 
Law) 
 

 1. The current passing through two or more components in 
series is the same through each component. 
2. At a junction, the total current in = the total current out. 
 

Circuit rule for pd 
(Kirchhoff’s 
Second Law)  
 

 1. For two or more components in series, the total pd across all 
the components is equal to the sum of the pds across each 
component. 
2. The sum of the EMFs round a complete loop in a circuit = 
the sum of the pds round the loop. 
 

Current I The rate of charge carriers moving in an electrical circuit. 
 

Electromotive 
force (emf),  
 

ε The amount of electrical energy per unit charge produced inside 
a source of electrical energy. 

Ohm’s Law  The pd across a metallic conductor is proportional to the 
current, provided the physical conditions do not change. 
 

Potential 
Difference 

PD Work done or energy transfer per unit charge between two 
points when charge moves from one point to another. 
 

Power P The rate of transfer of energy. 
 

Resistance R The impedance of charge carriers moving in an electrical circuit. 
= pd/current. 
 

Resistivity ρ Resistance per unit length x area of cross-section. 
The impedance of current based on the properties of the 
material only. 
 

Semi-conductor  A substance in which the number of charge carriers increases 
when the temperature is raised. 
 

Thermistor  Resistor which is designed to have a resistance that changes 
with temperature. 
 

 
 

 

 

 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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The Language of Measurement 
 
The following subject specific vocabulary provides definitions of key terms used in the A-level 
Science specifications. 
 
Accuracy 
A measurement result is considered accurate if it is judged to be close to the true value. 
 
Calibration 
Marking a scale on a measuring instrument. 
This involves establishing the relationship between indications of a measuring instrument and 
standard or reference quantity values, which must be applied. 
For example, placing a thermometer in melting ice to see whether it reads 0 °C, to check if it has 
been calibrated correctly. 
 
Data 
Information, either qualitative or quantitative, that has been collected. 
 
Errors 
See also uncertainties. 
 
Measurement error 
The difference between a measured value and the true value. 
anomalies 
These are values in a set of results which are judged not to be part of the variation caused by 
random uncertainty. 
 
Random error 
These cause readings to be spread about the true value, due to results varying in an 
unpredictable way from one measurement to the next. 
Random errors are present when any measurement is made, and cannot be corrected. The effect 
of random errors can be reduced by making more measurements and calculating a new mean. 
 
Systematic error 
These cause readings to differ from the true value by a consistent amount each time a 
measurement is made. 
Sources of systematic error can include the environment, methods of observation or instruments 
used. 
Systematic errors cannot be dealt with by simple repeats. If a systematic error is suspected, the 
data collection should be repeated using a different technique or a different set of equipment, and 
the results compared. 
 
Zero error 
Any indication that a measuring system gives a false reading when the true value of a measured 
quantity is zero, e.g. the needle on an ammeter failing to return to zero when no current flows. 
A zero error may result in a systematic uncertainty. 
 
Evidence 
Data which has been shown to be valid. 
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Fair test 
A fair test is one in which only the independent variable has been allowed to affect the dependent 
variable. 
 
Hypothesis 
A proposal intended to explain certain facts or observations. 
 
Interval 
The quantity between readings, e.g. a set of 11 readings equally spaced over a distance of 1 
metre would give an interval of 10 centimetres. 
 
Precision 
Precise measurements are ones in which there is very little spread about the mean value. 
Precision depends only on the extent of random errors – it gives no indication of how close results 
are to the true value. 
 
Prediction 
A prediction is a statement suggesting what will happen in the future, based on observation, 
experience or a hypothesis. 
 
Range 
The maximum and minimum values of the independent or dependent variables; important in 
ensuring that any pattern is detected. 
For example, a range of distances may be quoted as either: 
'From 10 cm to 50 cm' 
or 
'From 50 cm to 10 cm' 
 
Repeatable 
A measurement is repeatable if the original experimenter repeats the investigation using same 
method and equipment and obtains the same results. 
 
Reproducible 
A measurement is reproducible if the investigation is repeated by another person, or by using 
different equipment or techniques, and the same results are obtained. 
 
Resolution 
This is the smallest change in the quantity being measured (input) of a measuring instrument that 
gives a perceptible change in the reading. 
 
Sketch graph 
A line graph, not necessarily on a grid, that shows the general shape of the relationship between 
two variables. It will not have any points plotted and although the axes should be labelled they 
may not be scaled. 
 
True value 
This is the value that would be obtained in an ideal measurement. 
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Uncertainty 
The interval within which the true value can be expected to lie, with a given level of confidence or 
probability, e.g. “the temperature is 20 °C ± 2 °C, at a level of confidence of 95%. 
 
Validity 
Suitability of the investigative procedure to answer the question being asked. For example, an 
investigation to find out if the rate of a chemical reaction depended upon the concentration of one 
of the reactants would not be a valid procedure if the temperature of the reactants was not 
controlled. 
 
Valid conclusion 
A conclusion supported by valid data, obtained from an appropriate experimental design and 
based on sound reasoning. 
 
Variables 
These are physical, chemical or biological quantities or characteristics. 
 
Categoric variables 
Categoric variables have values that are labels. E.g. names of plants or types of material. 
 
Continuous variables 
Continuous variables can have values (called a quantity) that can be given a magnitude either by 
counting (as in the case of the number of shrimp) or by measurement (e.g. light intensity, flow 
rate etc.). 
 
Control variables 
A control variable is one which may, in addition to the independent variable, affect the outcome of 
the investigation and therefore must be kept constant or at least monitored. 
 
Dependent variables 
The dependent variable is the variable of which the value is measured for each change in the 
independent variable. 
 
Independent variables 
The independent variable is the variable for which values are changed or selected by the 
investigator. 

 
 

 

 
 
 

 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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Equations 
The equations below are used in this module.  

Quantity/Concept Equation(s) 

Current/Charge I = ∆Q 
      ∆t 
 
∆Q = I ∆t 
 

Potential Difference/EMF V = PD = ε = ∆W 
                    ∆Q 
 

Resistance 
 

R = V 
       I 
 

Electrical Power 
 

P = VI = I2R = V2 
                       R 
 

Electrical Energy Transferred  E = Vit = V2t   = I2Rt 
              R 
 

Resistivity ρ = RA  
       l 
 

Cross Sectional Area of Wire A = ∏r2 
This equation is not given in your examination 
book. 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These equations must be memorised by students. 

You will be tested on these equations. 
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 VIDEO 
COURSE OVERVIEW 
To watch a video looking at all of the concepts in electricity, please scan one of the following 
codes with your smartphone. 

 

 
 
 
 
 
 
 
 

 
 

 
 

 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 TOPIC: 3.5.1.1 Basics of Electricity 
SPEC CHECK 
Specification Completed? 

Electric current as the rate of flow of charge; potential difference as work 
done per unit charge. 
 

 

I = ΔQ 
     Δ t, 
  
V = W 
      Q 
 

 

Resistance defined as R = V/I 
 

 

Students can construct circuits from the range of components. 
 

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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Definitions  
 
Current, I 
Electrical current is the rate of flow of charge in a circuit.  
Electrons are the most common charged particles that move around the circuit. The electrical current is the 
rate of the flow of electrons, not so much the speed but the number of electrons moving in the circuit.  
 
 
 
 
 
If we imagine that electrons are Year 7 students and a wire of a circuit is a corridor, the current is how 
many students passing in a set time. 

Current is measured in Amperes (or Amps), A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Charge, Q 
The amount of electrical charge is a fundamental concept in the Universe, like mass and length and time. 
The charge is the ability for an object to interact with an (and produce an) electromagnetic field in the 
Universe. 
At GCSE, you used relative charges to describe particle properties. 
There are 1.60 x 10-19C in one relative charge. 
The charge on one electron is -1.60 x 10-19 C.  
 
 
 
 
This means that it takes 6.25 x 1018 electrons to transfer 1C of charge. 

Charge is measured in Coulombs, C 
 
 

 

 

 

Examination Hint: Whilst electrons are the most common type of charge carrier, any 

particle/molecule which has a charge can be a charge carrier. For example, sodium ions are charged 

carriers in your body. 

Examination Hint: Memorise this base unit of current. 

Examination Hint: Memorise this base unit of charge. 

Examination Hint: Memorise the conversion between relative charge and Coulombs. 

Physics Tip  

Remember that conventional current flows from + to -, the 

opposite way from electron flow.  

Physics Tip  

When you are doing calculation questions in the exam, do not 

forget to check your units are correct.  

 

Physics Tip  

When a charge flows through a component, it transfers energy 

to the component (it does work). 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 
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Voltage/Potential Difference/Electromotive Force, V 
 

Voltage is the amount of energy transferred (or work done) per unit charge in a circuit.  
There are two types of voltage – potential difference (commonly called pd) and electromotive force 
(commonly called emf).  
 
Potential difference is the work done per unit charge, where work is being done to transfer energy out of 
a circuit. Electromotive force is the work done per unit charge, where work is being done to transfer 
energy into the circuit. 
 
 
 
 
 
 
 
 
1 unit of charge is 6.25 x 1018 electrons, so we can think of potential difference as the energy given to 
each of the electrons, or the pushing force on the electrons.  
 
It is the potential difference that causes a current to flow and we can think of it like water flowing in a 
pipe. If we make one end higher than the other end, water will flow down in, if we increase the height 
(increase the potential difference) we get more flowing.  
 
If we think of current as Year 7s walking down a corridor, the harder we push them down the corridor the 
more we get flowing. 
 
 
 
 

Potential Difference is measured in Volts, V 
 
 

Resistance, R 
The resistance of a material tells us how easy or difficult it is to make a current flow through it.  
If we think of current as Year 7s walking down a corridor, it would be harder to make the Year 7s flow if 
we added some Year 11 rugby players into the corridor.  
 
Resistance is caused by the charge carriers colliding with objects as they travel down the conductor – this 
tends to be ions of the conductor itself.  
 
The greater the vibration of particles (temperature increase), the greater the amount of collisions between 
ions and charge carriers, the greater the resistance. 
 
The more energy per charge the charge carriers have, the greater the amount of collisions between ions 
and charge carriers, the greater the resistance. Increasing resistance lowers the current. 

Resistance is measured in Ohms, Ω 
 
 
 
 
 
 
 

Examination Hint: Output devices like bulbs have a potential difference across them. This can be 

thought of as the energy (potential) drop from before the device compared to after the device. 

Power supplies like power packs and batteries have a electromotive force across them. This can be 

though as the energy (potential) increases from before the supply compared to after the device. 

 

Examination Hint: A potential difference will only cause a current when the conductor the potential 

difference is over is part of a complete circuit. 

Examination Hint: Memorise this base unit of 

potential difference. 

Examination Hint: Memorise this base unit of resistance. 

Physics Tip  

You could be asked to give the definition of resistance in the exam – make sure you know it. 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 
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Time, t 
You know, time! How long stuff takes and that. 

Time is measured in seconds, s 

 
 
Equations 
There are three equations that we need to be able to explain and substitute numbers into. 
1 

t

Q
I




=

  

 
 
This says that the current is the rate of change of charge per second. 
 
 
This shows current is the rate at which charge flows. 
 
 
 
 
This can be rearranged into 

tIQ =
 

 
Which means that the charge is equal to how much current is flowing multiplied by how long it flows for. 
 
2 

Q

E
V =

 

 
This says that the potential difference is equal to the energy per charge.  
 
The ‘push’ of the electrons is equal to the energy given to each charge (electron). 
 
3 

IRV =
 

 
This says that increasing the p.d. increases the current.  
Increasing the ‘push’ of the electrons makes more flow. 
 
It also shows us that for constant V, if R increases I gets smaller.  
Pushing the same strength, if there is more blocking force less current will flow. 

 

Examination Hint: This equation is 

given in the data booklet, however 

memorising this gives you a better 

chance of exam success. 

Examination Hint: This 

equation is given in the data 

booklet, however memorising 

this gives you a better chance of 

exam success. 

Examination Hint: This 

equation is given in the data 

booklet, however memorising this 

gives you a better chance of 

exam success. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Study Tip 

Learn what these equations represents. 

The shows the current and charge in an 

electrical circuit. 

Study Tip 

Learn what these 

equations represents. 

The shows the different 

voltages in a circuit. 
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Power  
Power is a measure of how much work is done (energy is transferred between different stores) in a 
particular time.  
Power is linked to energy by the equation:  

                                                                                                                            
 
 

                           
 

Power is measured in Watts, W 
Energy is measured in Joules, J 
Time is measured in seconds, s 

New Equations for A-Level 
Energy 

Q

E
V =  can be placed into VQE =  and we know that ItQ = so combining these equations we get a new 

one to calculate the energy in an electric circuit: 
 

VQE = <---------------------- ItQ =                             so  
VItE =

 (1) 

 
 
 
 
 
 
Power 
If we look at the top equation, to work out power we divide energy by time: 

t

VIt

t

E
=                        which cancels out to become  VIP =  (2) 

 
 
If we substitute IRV = into the last equation, we get another equation for power: 

 

IVP = <---------------------- IRV =                              so RIP 2=  (3) 

 

We can also rearrange IRV = into 
R

V
I = and substitute this into VIP = to get our last equation for power: 

 

VIP = <----------------------
R

V
I =                              so R

V
P

2

=
 (4) 

 
 
 

 
 

time

Energy
Power =

Examination Hint: This equation is given in 

the data booklet, however memorising this 

gives you a better chance of exam success. 

Examination Hint: This equation is given in 

the data booklet, however memorising this 

gives you a better chance of exam success. 

Examination Hint: These equations are given in the data booklet, however memorising them gives you 

a better chance of exam success. 

All equations can be used to answer an exam question; the choice is dependent on the quantities given in 

the examination question.  

Study Tip  

Learn the base units for these 

equations and the context in 

which they can be used in. 

Study Tip 

Learn how to derive the equations and how they link together. 
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Energy  
 
Two more equations for energy can be derived from equating the equation at the top with equations 3 and 
4 
 
Energy = Power x time             

 

               RtIPt 2=                         Equation 3 becomes RtIE 2=  (5) 

 
 
 

               t
R

V
Pt

2

=                          Equation 4 becomes 

t
R

V
E

2

=
 (6) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: These equations are given in the data booklet, however memorising them 

gives you a better chance of exam success. 

All equations can be used to answer an exam question; the choice is dependent on the 

quantities given in the examination question.  

Physics Tip 

You won’t be given P = E /t in the exam, but you will be given P = ∆W/∆t – so you do not need to 

remember this equation as long as you remember that work done is the same as energy transferred.  

 

Study Tip  

Learn the base units for these 

equations and the context in 

which they can be used in. 

Study Tip 

Learn what these equations represents. 

The shows the work done and the power in an electrical circuit. 

Study Tip 

Learn how to derive the equations and how they link together. 
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 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 
 

 
 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 TOPIC: 3.5.1.2 Current-Potential Difference 
Characteristics 
SPEC CHECK 
Specification Completed? 

For an ohmic conductor, semiconductor diode, and filament lamp. 
 

 

Ohm’s law as a special case where I ∝ V under constant physical conditions. 

 

 

Unless specifically stated in questions, ammeters and voltmeters should be 
treated as ideal (having zero and infinite resistance respectively). 
 

 

Questions can be set where either I or V is on the horizontal axis of the 
characteristic graph. 
 

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  17 

 
Ohm’s Law  
 

 
A potential difference causes a current to flow and that the size of the current depends on the size of the 
potential difference.  For something to obey Ohm’s law the current flowing is proportional to the potential 
difference producing it. This only true if the physical conditions remain constant. 
 
  
 
 
As we said V=IR so this means the resistance is constant.   
 
On a graph of current against potential difference, this appears as a straight line. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: Do not forget the physical conditions caveat of Ohm’s Law.  

Physics Tip  

Anything which is a metallic conductor are ohmic conductors e.g. iron, copper, silver, gold, titanium. 

 

Examination Hint: It is a common examination question to define Ohm’s law. 

The current through a conductor between two points is directly proportional to the potential difference 

across the two points 

(provided the temperature remains constant) (1 mark) 

Examination Hint: It is a common examination question to state errors made when taking 

measurements to confirm Ohm’s law. 

voltmeter position is incorrect because it is across the cell (1 mark) 

voltmeter should be connected across the putty (1 mark) 

the resistor is not suitable to control the current (1 mark)  

pd range is insufficient for experiment (1 mark) 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 
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Taking Measurements 
 
 
To find how the current through a component varies with the potential difference across it we must take a 
number of readings.  
To measure the potential difference, we use a voltmeter connected in parallel and to measure the current 
we use an ammeter connected in series.  
 
 
 
 
 
 
 
 
 
 
If we connect the component to a battery, we would now have one reading for the potential difference and 
one for the current. But what we require is a range of readings.  
One way around this would be to use a range of batteries to give different potential differences. A better 
way is to add a variable resistor to the circuit, this allows us to use one battery and get a range of readings 
for current and potential difference.  
 
 
To obtain values for current in the negative direction we can reverse either the battery or the component. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: Do not forget to discuss how to achieve a range of results including the 

negative values. 

The greater the range, the more values the relationship is true for. 

Physics Tip   

You could use multimeters to 

measure current and/or voltage.  

A multimeter is a measuring 

instrument that can measure 

current, voltage or resistance. 

Physics Tip   

In the exams, you can 

assume all voltmeters 

and ammeters are 

ideal unless the 

question tells you 

otherwise. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Working Scientifically Link 

Remember when to use a potentiometer and when to use a rheostat. 

Potentiometers can vary the voltage to zero – rheostats can not do this. 

 
Working Scientifically Link 

Remember how to remove systematic and random error from measurements. 

 

Working Scientifically Link 

You must understand how various electrical circuits can be constructed correctly to 

measure the values wanted. 

 
Working Scientifically Link 

Remember the ammeter must be in series 

and the voltmeter in parallel with the 

component being measured. 

 

Working Scientifically Link 

The potentiometer must have three outputs 

if you wish it to alter values in an electrical 

circuit. 
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I-V Graphs  
 
 
 
 
 
 
I-V graphs place the current on the y-axis and the potential difference on the x-axis.  
 
The gradient of the trend line produced is the conductance of the component – how easy it is for the 
component to allow charger carriers to flow through it. 
 
Conductance  =            1 
      Resistance 
 
 
 
 
 
 
Resistor 

 
 
This shows that when potential difference is zero so is the current.  
When we increase the potential difference in one direction the current increases in that direction.  
If we apply a potential difference in the reverse direction a current flows in the reverse direction.  
 
The straight line shows that current is directly proportional to potential difference and it obeys Ohm’s 
law.  
 
The gradient of the line is constant indicating the conductance and resistance is constant. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Examination Hint: In examination, you should be able to describe and explain trends in terms of both 

conductance and resistance. 

Examination Hint:  This graph is only true for a resistor when the physical conditions are kept 

constant. This is maintained in experiments by only allowing a current to flow when taking a reading. 

Physics Tip  

I-V curves crop up a lot in 

exams, so make sure that 

you really know them. 

You could be asked about 

V-I graphs too. 

 

Study Tip  

Memorise a sketch graph of this 

trend and explain why this trend is 

followed. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Key Topic Warning 
This topic is very common for questions on previous A-Level Papers. 

Working Scientifically Link 

Remember how to numerically prove direct proportionality. 

 
Working Scientifically Link 

Remember how to determine resistance from this graph. 
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Filament Lamp 

 
At low values the current is proportional to potential difference and so, obeys Ohm’s law. 
 
As the potential difference and current increase so does the temperature, this means it no longer obeys 
Ohm’s law. The increased temperature increase ion vibration, this increases the collisions with the 
charge carriers. 
 
This increases the resistance and the graph curves, since resistance changes it no longer obeys Ohm’s 
law. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: Remember the gradient for the graph shows conductance. The decreasing gradient 

shows a decreasing conductance and increasing resistance. 

Physics Tip  

The I-V graphs for ohmic 

conductors and filament lamps 

can be sketched on V-I graphs 

– the axes are just swapped 

over. 

Make sure you can draw and 

recognise these too. 

 

Examination Hint: It is a common examination question to explain, in terms of electron motion, why 

the I–V characteristic for the filament lamp is a curve.  

An increase in current/voltage leads to an increase in temperature (more heat generated) (1 mark) 

This causes an increase in the movement of the lattice/ions/atoms (1 mark) 

And therefore, an increase in the rate of collisions with electrons (1 mark) 

So, the resistance increases as shown by V/I changing/V not proportional to I (on the graph) (1 mark) 

Examination Hint: It is a common examination question to explain how the resistance of the lamp 

varies as the voltage across it is increased from zero to its working voltage.  

Resistance increases (1 mark) 

Temperature increases (1 mark) 

More collisions/interaction of electrons with lattice ions (1 mark) 

Study Tip  

Memorise a sketch graph of this 

trend and explain why this trend is 

followed. 

Working Scientifically Link 

Remember how to determine resistance from this graph. 
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Diode 

 
 
This shows us that in one direction increasing the potential difference increases the current but in the 
reverse direction the potential difference does not make a current flow.  
We say that it is forward biased.  
Since resistance changes it does not obey Ohm’s law. 
The value of potential difference in the positive direction where current rapidly increases is called the 
threshold voltage. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: Look at the circuit diagrams carefully in questions – is the diode in forward or 

reverse bias? If it is in reverse bias, no current will flow. 

Examination Hint: It is a common examination question to explain the limitations of using a variable 

resistor to collect data for I-V graphs. 

Can attain neither maximum nor minimum voltage (1 mark) 

Explanation of either maximum OR minimum (1 mark) 

Examination Hint: It is a common examination question to state how you can experimentally produce 

a I-V graph for a diode. 

Mention of how to vary pd (seen in viable circuit) obtain several readings of I and V with at least 6 

different values where the pd does not exceed 1.0V. 

Mention of limiting current through diode using protective resistor. 

Consider advantage of data logger. 

Mention forward bias. 

Must include potentiometer. 

The following must be included… 

means of controlling pd across diode indication of range and frequency of measurement mention of 

limiting current to avoid damage to diode a consideration of the advantages of a datalogger e.g. many 

readings, computer display of results use of potential divider instead of series resistor 

Study Tip  

Memorise a sketch graph of this 

trend and explain why this trend is 

followed. 

Examination Tip  

You can be asked to determines 

values using a V-I graph. 

However, remember this only 

determines values for the 

component being graphed – not 

the whole circuit. 
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Three Special Resistors  
 
Variable Resistor 
A variable resistor is a resistor whose value can be changed.  
 
 
 
 
 
There are two types of variable resistor which changes the resistance they produce with external 
conditions. This allows these devices to act as a measure of these external conditions. 
 
Both of these devices are called semi-conductor. Semi-conductors can change the number of free electrons 
(charge carriers) that become released from their ion lattice structure depending on the conditions. The 
greater the free electrons in the component, the lower the resistance. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Thermistor 
The resistance of a thermistor varied with temperature.  
 
At low temperatures the resistance is high (few electrons released), at high temperatures the resistance 
is low (a large number of free electrons released). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint:  A rheostat is a two-terminal variable resistor.  

A potentiometer is a three-terminal variable resistor. 

Examination Hint: Technically semi-conductor has a double effect since when an electron is released 

from the structure it leaves a ‘positive’ hole in the structure travelling in the opposite direction to the 

negative electron. 

Examination Hint: It is a common examination question to state and explain what happens to the 

ammeter reading in a circuit when the temperature of the thermistor increases. 

At higher temp, resistance of T is lower (1 mark) 

So, circuit resistance is lower, so current/ammeter reading increases (1 mark) 

Examination Hint: It is a common examination question to state how data have to be obtained so that a graph can be plotted 

to show how the reading on the voltmeter varies with temperature between 0 ºC and 100 ºC for a thermistor. 

The candidate measures V and temperature.  

They have a workable method of varying temperature from 0 °C to 100 °C. They explain why R is necessary and are able to use 

the thermistor to measure temperature using a graph and calibration curve. 

The following should be discussed measurement of V from the voltmeter, use of a thermometer, use of water bath, use of ice, 

importance of stirring, explanation of the need for series resistor, plotting of a calibration curve, use of calibration curve to 

determine temperature of room. 

Study Tip  

Memorise a sketch graph of 

this trend and explain why 

this trend is followed. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Study Tip  

Memorise how semi-

conductors work and how it 

changes with conditions. 
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Light Dependant Resistor (L.D.R) 
The resistance of a thermistor varied with light intensity.  
In dim light the resistance is high (few electrons released) and in bright light the resistance is low (a 
large number of free electrons released). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Physics Tip  

A commonly used semiconductor is silicon – many types of electrical components are made from it e.g. 

diodes. 

 

Physics Tip  

LDRs have a similar resistance curve to thermistors – only it is an increase in light intensity not 

temperature, which causes the resistance to drop. 
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 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  26 

 TOPIC: 3.5.1.3 Resistivity 
SPEC CHECK 
Specification Completed? 

Resistivity, ρ = RA 
                       L 
 

 

Description of the qualitative effect of temperature on the resistance of metal 
conductors and thermistors. 
Only negative temperature coefficient (ntc) thermistors will be considered. 
 

 

Applications of thermistors to include temperature sensors and resistance–
temperature graphs. 
 

 

Superconductivity as a property of certain materials which have zero 
resistivity at and below a critical temperature which depends on the material. 
 

 

Applications of superconductors to include the production of strong magnetic 
fields and the reduction of energy loss in transmission of electric power. 
 

 

Investigation of the variation of resistance of a thermistor with temperature. 

 

 

 

Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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Resistivity 
 

The resistance of a wire is caused by free electrons colliding with the positive ions that make up the 
structure of the metal.  
 
The resistance depends upon several factors: 
Length, l                         Length increases – resistance increases 
The longer the piece of wire, the more collisions the charge carriers will have. 
 
Area, A                            Area increases – resistance decreases 
The wider the piece of wire, the more gaps there are between the ions, the fewer charge carrier collisions. 
 
Temperature                Temperature increases – resistance increases 
As temperature increases the ions are given more energy and vibrate more, the charge carriers are more 
likely to collide with the ions. 
 
Material 
The structure of any two metals is similar but not the same, some metal ions are closer together, others 
have bigger ions. The closer the ions are, the greater the charge carrier collisions. 
 
 
 
 
 

 

 
Resistivity, ρ 
 
 
 
 
 
 

The resistance of a material can be calculate using     A

l
R =

       

where ρ is the resistivity of the material.  
 
 
 
 
 
 
 
 
 
 
 
Resistivity is a factor that accounts for the structure of the metal and the temperature. It is a quantity 
which does not depend on dimensions – a material will have a constant value for resistivity. 
 

Examination Tip: This makes resistance dependent on the dimensions of the material. 

This means there is no absolute value of resistance for a material.  

Examination Tip This equation is 

given in the data booklet, however 

memorising this gives you a better 

chance of exam success. 

Examination Tip:  Questions commonly give the 

diameter of a material. You must use this to find the 

area of the material. 

Physics Tip  

Do not confuse resistivity and resistance. Resistance is a property of an object and it depends on the material and dimensions of 

the object. 

Resistivity is a property of a material.  

 

Physics Tip  

For resistivity calculations, do not forget that you need to have the length in m and the cross-sectional 

area in m2 – you will lose marks if you do not use the correct units. 

 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Key Topic Warning 
This topic is very common for questions on previous A-Level Papers. 

Study Tip 

Learn what this equation 

represents. 

The shows the resistivity 

of a material. 
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Each metal has its own value of resistivity for each temperature.  
Temperature is the only factor that can the resistivity of a material as it affects resistance.  
 
For example, the resistivity of copper is 1.7x10-8 Ωm and carbon is 3x10-5 Ωm at room temperature.  
 
When both are heated to 100°C their resistivities increase. 

Resistivity is measured in Ohm metres, Ωm 
 

 
 
 
 
 
 
Measuring Resistivity 
To measure resistivity of a wire we need to measure the length, cross-sectional area (using Area = πr2) 
and resistance. 
 

 

 

 

 

Remember, to measure the resistance we need to measure values of current and potential difference using 

the set up shown on the right 

We then rearrange the equation to 
l

RA
=  and substitute values in 

 
 

 

 

 

 

 

 

 

 

 

 

Examination Hint: Do not confuse the unit of resistance with 

the unit of resistivity. 

It is a common question to derive the resistivity units. 

Physics Tip  

Remember the definition of 

resistivity.  

Resistivity = RA /l  

 

Physics Tip  

It is assumed that the material measured is a wire, 

therefore the area is equal to ∏r2. 

 
Working Scientifically Link 

Remember when to use a potentiometer and when to use a rheostat. 

Potentiometers can vary the voltage to zero – rheostats cannot do this. 

 

 

Working Scientifically Link 

Remember how to remove systematic and random error from measurements. 

 

Examination Hint: Remember that ‘l’ in 

the equation is total length – this means 

that if there are turns on the wire then…  

l = number of turns x circumference. 
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REQUIRED PRACTICAL 
RESISTIVITY 

1. Calculating Cross-Sectional Area 
Measure the diameter of the wire in at least three different places along the wire using a micrometer. 

Find the mean diameter and halve it to find the mean radius of the wire. You can assume that the cross-

section of the wire is a circle, so you can calculate the cross-sectional area using the area of a circle. 

2. Measuring Resistivity 

1. Attach a flying lead to the end of a test wire and measure the length of the test wire connected in the 

circuit. 

2. Close the switch and measure the current through the circuit and the potential difference across the test 

wire. Open the switch again once you have taken your measurements and use these values to calculate the 

resistance of the wire.  

3. Repeat this process at least one more time and calculate the mean resistance for this length of wire. 

4. Reposition the flying lead and repeat steps 2 and 3 to get an average resistance for a range of different 

lengths of test wire.  

5. Plot a graph of average resistance against length using your results. This should be a straight line 

through the origin. 

6. To find the resistivity you multiply the gradient of the straight line by the cross-sectional area of the 

wire.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Examination Hint: You can assume voltmeters and ammeters are ideal.  

Examination Hint: A flying lead is a wire with a crocodile clip at the end to allow connection to any 

point along the test wire.  

Examination Hint: If the wire heats up, its resistance and resistivity will increase. You can minimise 

how much it heats up by using a small current and using a switch to make sure current only flows 

through the wire for short amounts of time, while you are taking measurements. 

Examination Hint: If you get an anomalous result when you calculate a resistance, you should 

discount it from calculations for the average resistance. You should also discount any anomalous values 

when drawing a line of best fit.  

Examination Hint: The main sources of random errors in this experiment are likely to be the 

temperature of the wire changing and measuring the length of the wire.  

Study Tip 

Learn the required practical process, how to gain accurate results 

and how the observations can be analysed. 

Study Tip 

Learn the key skills associated with this practical. 
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Superconductivity 
 
The resistivity (and so resistance) of metals increases with the temperature. The reverse is also true that, 
lowering the temperature lowers the resistivity. 
 
When certain metals are cooled below a critical temperature their resistivity drops to zero. The metal 
now has zero resistance and allows massive currents to flow without losing any energy as heat. These 
metals are called superconductors. When a superconductor is heated above it’s critical temperature it loses 
its superconductivity and behaves like other metals.  
 
The highest recorded temperature to date is –196°C, large amounts of energy are required to cool the 
metal to below this temperature. 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
Uses of Superconductors 
High-power electromagnets 
Power cables 
Magnetic Resonance Imaging (MRI) scanners 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: Remember to memorise the definition of critical temperature and why this leads to 

few superconductors at room temperature.  

Examination Hint: It is a common examination question to state the significance of the critical 

temperature of a material. 

below the critical temperature/maximum temperature which resistivity/resistance (1 mark) 

is zero/becomes superconductor (1 mark). 

Study Tip  

Memorise a sketch graph of this 

trend and explain why this trend is 

followed. 

Physics Tip  

A superconductor is a material which 

has no resistivity. 

 

Working Scientifically Link 

Remember the conditions needed for a superconductor. 

 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  31 

 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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TOPIC: 3.5.1.4 Circuits 
SPEC CHECK 
Specification Completed? 

Resistors: 
in series, RT = R1 + R2 + R3 + … 
in parallel,  
1/ RT= 1/ R1 + 1/R2 + 1/ R3 + … 
 

 

Energy and power equations: E = IVt; 
P = IV = I2R = V2 
                       R 
 

 

The relationships between currents, voltages and resistances in series and 
parallel circuits, including cells in series and identical cells in parallel. 
 

 

Conservation of charge and conservation of energy in dc circuits. 
 

 

Students can construct circuits with various component configurations and 
measure currents and potential differences. 
 

 

 
Student Checklist 
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

Brought the notes to be used in lesson? 
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Series Circuits  
 
 
In a series circuit, all the components are in one circuit or loop. If resistor 1 in the diagram was removed 
this would break the whole circuit. 
 
The total current of the circuit is the same at each point in the circuit.
 

321 IIIITOTAL ===
 

 
 
 
 
 
The total voltage of the circuit is equal to the sum of the p.d.s across each resistor.  
 

321 VVVVTOTAL ++=
 

 
 
 
 
 
 
The total resistance of the circuit is equal to the sum of the resistance of each resistor. 
 

321 RRRRTOTAL ++=
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: These equations are given in the data booklet, however memorising them gives you 

a better chance of exam success. 

All equations can be used to answer an exam question; the choice is dependent on the quantities given in 

the examination question.  

Physics Tip  

Always double check that you have re-arranged equations correctly in the exam – it would be sad to lose 

marks for making such an easy mistake.  

 

Study Tip  

Learn the base units for these 

equations and the context in 

which they can be used in. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Study Tip 

Learn what these equations represents. 

The shows the electrical properties in a series circuit. 

Physics Tip  

This Kirchhoff’s 1st law – charge cannot be created or destroyed in an electrical circuit. 

 

Physics Tip  

This Kirchhoff’s 2nd law – energy cannot be created or destroyed in 

an electrical circuit. 

 

Study Tip  

Learn how these equations 

link to the electrical circuit 

laws. 

Working Scientifically Link 

You must understand how various electrical 

circuits can be constructed correctly to 

measure the values wanted. 
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Parallel Circuits  
 
 
 
Components in parallel have their own separate circuit or loop. If resistor 1 in the diagram was removed 
this would only break that circuit, a current would still flow through resistors 2 and 3. 

 
The total current is equal to the sum of the currents through each resistor. 

321 IIIITOTAL ++=  

 

 

 

 

 

 

The total potential difference is equal to the p.d.s across each resistor. 

321 VVVVTOTAL ===  

 

 

 

 

 

The total resistance can be calculated using the equation: 

321

1111

RRRRTOTAL

++=
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Hint: These equations are given in the data booklet, however memorising them gives you 

a better chance of exam success. 

All equations can be used to answer an exam question; the choice is dependent on the quantities given in 

the examination question.  

Physics Tip  

Always double check that you have re-arranged equations correctly in the exam – it would be sad to lose 

marks for making such an easy mistake.  

 

Study Tip  

Learn the base units for these 

equations and the context in 

which they can be used in. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Electricity. 

Study Tip 

Learn what these equations represents. 

The shows the electrical properties in a parallel circuit. 

Physics Tip  

This Kirchhoff’s 1st law – charge cannot be created or destroyed in 

an electrical circuit. 

 

Physics Tip  

This Kirchhoff’s 2nd law – energy cannot be created or destroyed in 

an electrical circuit. 

 

Working Scientifically 

Link 

You must understand how 

various electrical circuits can 

be constructed correctly to 

measure the values wanted. 
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Water Slide Analogy 
Imagine instead of getting a potential difference we get a height difference by reaching the top of a slide. 
This series circuit has three connected slides and the parallel circuit below has three separate slides that 
reach the bottom. 

 
Voltages/P.D.s 
In series, we can see that the total height loss is equal to how much you fall on slide 1, 
slide 2 and slide 3 added together. This means that the total p.d. lost must be the p.d. 
given by the battery. If the resistors have equal values this drop in potential difference 
will be equal.  
 
In parallel we see each slide will drop by the same height meaning the potential 
difference is equal to the total potential difference of the battery. 
 
 
 
Currents 
If we imagine 100 people on the water slide, in series we can see that 100 people get to the top. All 100 
must go down slide 1 then slide 2 and final slide 3, there is no other option.  
So, the current in a series circuit is the same everywhere. 
 
In parallel we see there is a choice in the slide we take. 100 people get to the top of the slide but some 
may go down slide 1, some down slide 2 and some down slide 3. The total number of people is equal to 
the number of people going down each slide added together, and the total current is equal to the currents 
in each circuit/loop. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Physics Tip  

You could be asked to draw a circuit diagram in the exam – so 

make sure you get loads of practice at it before then. 

Physics Tip  

A circuit needs to be complete for a current to flow through it. 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  36 

 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 
 

 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 UPGRADE YOUR PHYSICS 
The following section include information beyond the A-Level Physics. 
This information will further your understanding and provide a bridge to University Level Physics. 
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 REVISION CHECKLIST 

Specification 

reference 

Checklist  

questions 
 

3.5.1.1 Can you explain electric current as the rate of flow of charge? 
 

3.5.1.1 Can you explain potential difference as work done per unit charge? 
 

3.5.1.1 Can you use the formulae 
Q

W
V 

Δt

ΔQ
I ==  and ?  

3.5.1.1 Can you define resistance as 
I

V
R = ?  

3.5.1.2 Can you recognise and use ohmic conductors, semiconductor diodes, and filament lamps? 
 

3.5.1.2 Can you explain Ohm’s law as a special case where I ∝ V under constant physical conditions? 
 

3.5.1.2 Can you interpret characteristic graphs where I or V is on the horizontal axis? 
 

3.5.1.3 Can you explain resistivity and use the equation 
L

RA
ρ = ?  

3.5.1.3 
Can you describe the effect of temperature on the resistance of metal conductors and 

thermistors? 
 

3.5.1.3 Can you describe application of thermistors as temperature sensors?  
 

3.5.1.3 
Can you describe and sketch how resistance varies with temperature for a metal wire and for a 

thermistor? 
 

3.5.1.3 
Can you describe superconductivity as a property of certain materials that have zero resistivity 

at/below a critical temperature which depends on the material? 
 

3.5.1.3 
Can you describe some applications of superconductors, including their use in the production 

of strong magnetic fields and the reduction of energy loss in transmission of electric power? 
 

3.5.1.3 
Have you carried out a practical to determine resistivity of a wire using a micrometer, 

ammeter, and voltmeter? 
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DATASHEET 

 
 
 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  45 

 
 

 
 
 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  46 

 
 
 

 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  47 

 
 
 

 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  48 

 
 
 

 
 
 



St Mary’s Catholic School 

A Level Physics Year 1: Student Preparatory Reading: 3.5.1 Basics of Electricity  49 

 
 

 

 

 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 

Acknowledgements 

This document has been produced by Mr J Turnbull. 

All relevant information has been credited in the document. 

This document has been produced for educational purposes only. 

This document has been produced for the AQA A Level Physics Specification. 

 

 

 

Student Voice 

If you when using this document, you believe there is an improvement to made, please state this in the 

space below…. 

Only constructive and reasoned feedback will be considered. 

 


