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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. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

There are several activities in this book which may not be covered in lessons. 

It is advised that students complete these activities outside of lessons as 

revision aides. 

IMPORTANT NOTE 
This book, along with the preparatory reading notes and independent 
work, must be brought to all Physics lessons with the appropriate 
teacher. 
 
This book may be used as a learning resource in lessons, you are not 
fully equipped to learn if this is not used in lesson. 
 
This book may also be used as a revision resource for intervention, 
internal assessments and external assessments.  
Please keep this in your student file. 
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Definition List 
Definitions you must learn for this module are. 

Key Word Symbol Definition 

Electromotive 
force, EMF 
(Open Circuit 
Voltage) 
 

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

Internal 
Resistance 
 

r The resistance inside a source of electrical energy, the loss of 
pd per unit current in the source when current passes through 
it. 

(External) Load 
Resistance 

R The resistance inside a transducer (output) of the electrical 
circuit, the loss of PD per unit current in the output of the 
circuit.  
 

Light dependent 
resistor 
 

 A resistor which is designed to have a resistance that changes 
with light intensity. 

Lost volts 
 

 The energy wasted per coulomb overcoming the internal 
resistance in a circuit. 
 

Negative 
temperature 
coefficient 
 

 When the resistance of a semi-conductor decreases when its 
temperature is increased. 

Positive 
temperature 
coefficient 
 

 When the resistance of a metal increases when its temperature 
is increased. 
 

Potential divider  When two or more resistors (outputs) in series connected to a 
source of pd. 
 

Terminal PD 
 

 The energy per coulomb delivered to the load outputs of the 
circuit. 
 

Thermistor  
 

 A 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 
 

Resistance in Series 
 

RT = R1 + R2 + Rn 

Resistance in Parallel 
 

1/RT = 1/R1 + 1/R2 + 1/Rn 

Electrical Power 
 

P = VI = I2R = V2 
                       R 
 

Electrical Energy Transferred  E = Vit = V2t   = I2Rt 
              R 
 

Potential Divider 
(Equation not given in examination 
book) 

Vout =      Routput                x   Vsource 
           Routput + Rwasted 

Conservation of Energy in a Circuit 
(Equation not given in examination 
book) 
 

ε = Terminal PD + Lost Volts 

EMF and Internal Resistance  
 

ε = I (R+r) 

EMF in cells in series 
(Equation not given in examination 
book) 
 

Ɛtotal = Ɛ1+Ɛ2+Ɛn 

EMF in cells in parallel 
(Equation not given in examination 
book) 
 

Ɛtotal = Ɛ1=Ɛ2=Ɛn 

 
 
 
 
 

 
 
 

IMPORTANT NOTE 
These equations must be memorised by students. 

You will be tested on these equations. 
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 TOPIC: 3.5.1.5 Potential Divider 
SPEC CHECK 
Specification Completed? 

The potential divider used to supply constant or variable potential difference from 
a power supply. 
The use of the potentiometer as a measuring instrument is not required. 
 

 

Examples should include the use of variable resistors, thermistors, and light 
dependent resistors (LDR) in the potential divider. 
 

 

Students can investigate the behaviour of a potential divider circuit. 
 

 

Students should design and construct potential divider circuits to achieve 
various outcomes. 
 

 

NOTES 
 
 
Kirchhoff’s Laws 
Kirchhoff came up with two laws concerning conservation in electrical circuits.  
 
First Law 
Electric charge is conserved in all circuits, all the charge that arrives at a point must leave it.  

 Current going in = current going out. 
 
In the diagram, we can say that:  I1 = I2 + I3 + I4 

 
 
 
 
 
 
 
 
 
 

Second Law 
Energy is conserved in all circuits, for any complete circuit the sum of the emfs is equal to the sum of the 
potential differences. 

 Energy givers = energy takers.  
In the diagram, we can say that:  ε = pd1 + pd2 + pd3 + pd4. 

                                          
 

 

 

 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 
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Potential Dividers 

A potential divider is used to produce a desired potential difference, 
it can be thought of as a potential selector. 

 

A typical potential divider consists of two or more resistors that 
share the emf from the battery/cell. 

 

The p.d.s across R1 and R2 can be calculated using the following 
equations:  

21

1

01
RR

R
VV

+
=

                   
21

2

02
RR

R
VV

+
=

 

 
 
This shows us that the size of the potential difference is equal to the input potential multiplied by what 
proportion of R1 is of the total resistance. 
 
If R1 is 10 Ω and R2 is 90 Ω, R1 contributes a tenth of the total resistance so R1 has a tenth of the available 
potential. This can be represented using: 
 

2

1

2

1

V

V

R

R
=    The ratio of the resistances is equal to the ratio of the output voltages. 

 
Uses 
In this potential divider, the second resistor is a thermistor. When the temperature is low the resistance 
(R2) is high, this makes the output voltage high. When the temperature is high the resistance (R2) is low, 
this makes the output voltage low. A use of this would be a cooling fan that works harder when it is warm. 

 
 

 

 

 

 

In the second potential divider, the second resistor is a Light Dependant Resistor. When the light levels are 
low the resistance (R2) is high, making the output voltage high. When the light levels increase the 
resistance (R2) decreases, this makes the output voltage decrease. A use of this could be a street light 
sensor that lights up when the surrounding is dark. 
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 REVISION SHEET 
Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
 

 

 

 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Reference: CGP Revision Guides 
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Additional Note Space 
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Additional Note Space 
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 FACT RECALL 
To check your understanding, answer the following questions… 
A1. What is a potential divider? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 

 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A2. Write down the equation you would use to work out the voltage output of a 
potential divider. 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A3. How can you make a light sensor using a potential divider? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A4. What is a potentiometer? Give an example of when it could be used? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
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 ANSWERS 
A1. A potential divider is a circuit containing a voltage source and a couple of 
resistors in series. The voltage across one of the resistor is used as an output 
voltage. If the resistors are not fixed, the circuit will be capable of producing a 
variable output voltage. 
 
A2. Vout =       R1      x   Vs 
    R1 + R2 
 
A3. You can make a light sensor using a potential divider by using an LDR as one of 
the resistors. 
 
A4. A potential divider containing a variable resistor instead of two resistors in 
series. 
They are used in volume control on a stereo. 
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 PUZZLES 
 
 
QUESTIONS 

 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 
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Answering Space 
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 ANSWERS 
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 SAMPLE QUESTION 

S1. The circuit shown in the diagram below can be used as an electronic thermometer. The battery has 
negligible internal resistance. 

 

The reading on the digital voltmeter can be converted to give the temperature of the thermistor T which is 
used as a temperature sensor. 

S1.1 Explain why the reading on the voltmeter increases as the temperature of the thermistor increases. 

[2 Marks] 

as the temperature of T increases its resistance decreases /more charge carriers are released 

1 mark 

increasing the current in the circuit /changing the ratio of resistance/reducing pd across T 

1 mark 

(so that so that the pd across the resister increases) 

S1.2 When the thermistor is at 80.0 °C the voltmeter reading is 5.0 V. Show that the resistance of the 
thermistor at this temperature is 4.0 Ω. 

[1 Mark] 

 T/ 20.0 = 1.0/5.0 OR 5.0/6.0 = 20/(20+T) OR equivalent (Therefore T = 4.0 ohms) 

            1 mark 

  

S1.3 When the thermistor is at 20.0 °C its resistance is 24.5 Ω. Calculate the reading on the voltmeter. 

[2 Marks] 

 Use of Vout = R1/(R1 + R2) × Vin  OR  I = 6/44.5 = 0.135 A 

1 mark 

V = 2.7 V 

1 mark 
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S1.4 The battery is replaced with another having the same emf but an internal resistance of 3.0 Ω. 

S1.4.1 Calculate the new voltmeter reading when the thermistor temperature is 80.0 °C. 

[2 Marks] 

V/6.0 = 20.0/(20.0+4.0+3.0) OR I = 0.222 A 

1 mark 

V = 4.4V 

1 mark 
 
S1.4.2 State and explain the effect, if any, on the measured temperature when the thermistor is at 20.0 
°C. 

[1 Mark] 

The measure temperature would be lower because the pd across the resistor would be less 
(i.e. 2.53V) 

1 mark 
 

 Reference: AQA A Level Specimen Examination Materials B 
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 SELF ASSESSMENT 
 

Q1. In the circuit shown, the battery has negligible internal resistance. 

  

Q1.1 If the emf of the battery = 9.0 V, R1 = 120 Ω and R2 = 60 Ω, calculate the current I flowing in the 

circuit. 

[3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q1.2 Calculate the voltage reading on the voltmeter. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q1.3 The circuit shown in the diagram acts as a potential divider. The circuit is now modified by replacing 

R1 with a temperature sensor, whose resistance decreases as the temperature increases. 

Explain whether the reading on the voltmeter increases or decreases as the temperature increases from a 
low value. 

[3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 
Reference: AQA A Level Specimen Examination Materials A 

To assess your understanding, answer the following questions. 
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Q2.1. Give the equation which relates the electrical resistivity of a conducting material to its resistance. 
Define the symbols in the equation. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q2.2 A potential difference of 1.5 V exists across the ends of a copper wire of length 2.0 m and uniform 
radius 0.40 mm. Calculate the current in the wire. 

resistivity of copper = 1.7 × 10–8 Ω m 

[3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

In the circuit shown, each resistor has the same resistance. The battery has an e.m.f. of 12 V and 
negligible internal resistance. 

  

Q2.3 Calculate the potential difference between A and B. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q2.4 Calculate the potential difference between B and C. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 
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Q2.5 A high resistance voltmeter is connected between A and C. What is the reading on the voltmeter? 

[3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 
 

Reference: AQA A Level Specimen Examination Materials A 
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Q3.  

 

            Figure 1                                              Figure 2 

 

Q3.1 The current flowing through a torch bulb can be controlled by a variable resistor using either of the 
two circuit arrangements shown above. Figure 1 is called a potential divider arrangement and Figure 2 
may be called a rheostat arrangement. For each of these two methods explain one advantage and one 
disadvantage. 

Potential Divider 

[2 Marks] 

Advantage  

............................................................................................................................................................. 

............................................................................................................................................................. 

Disadvantage  

............................................................................................................................................................. 

............................................................................................................................................................. 

Rheostat 

[2 Marks] 

Advantage  

............................................................................................................................................................. 

............................................................................................................................................................. 

Disadvantage  

............................................................................................................................................................. 

............................................................................................................................................................. 
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In Figure 1, the variable resistor has a total resistance of 16 Ω. When the slider of the variable resistor is 
set at X, exactly mid-way along AB, the bulb works according to its specification of 2.0 V, 500 mW. 
Calculate 

Q3.2 the current through section XB of the variable resistance, 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.3 the current through section AX of the variable resistance. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 
Reference: AQA A Level Specimen Examination Materials A 
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 ANSWERS 

M1.1 (use of V = IR gives) V = I(R1 + R2) (1) 

  

= 50 mA ✓ 

M1.2 Vout (= IR2) = 0.05 × 60 = 3 V (1)  

(allow C.E. for value of I from (i)) 
4 

M1.3 (temperature increases, resistance decreases), total resistance decreases (1)  
current increases (1)  

voltage across R2 increases (1)  

[or R2 has increased share of (total) resistance (1)  

new current is same in both resistors (1) larger share of the 9 V (1)] 

[or Vout = Vin  (1) R1 decreases (1) Vout decreases (1)] 
3 

[7] 

M2.1 resistivity defined by ρ =  (1) 

Symbols defined  

M2.2  
 

= 0.068 (Ω) (1)     (0.0676 Ω) 

I =  = 22 A (1)     (22.2 A) 

(Allow e.c.f. from value of R) 
(5) 

M2.3 pdAB =  × 12 = 8 V (1) (1) 

M2.4 pdBC = (  × 12) = 4 V (1) 

= (8 – 4) = 4 V (1) 
(allow e.c.f. from (i) and (ii)) 

(5) 

[10] 
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M3.1  

Potential divider: 
Advantage:             
Better control from 0 to maximum (1) 
                   
Disadvantage:          
Power wasted because lower half of resistor always carries current (or top half of resistor must be capable 
of carrying lower half current and bulb current) (1) 

Rheostat:  
advantage: 

Easier to connect (1)  

 
Disadvantage: 

Minimum current through bulb never zero (1) 
(4) 

M3.2 VXB = Vlamp = 2.0 V ∴ IXB =  = 0.25 A (1) 

 

M3.3 IAX = IXB + Ilamp, Ilamp = IXB = 0.25 A, ∴ IAX = 0.5 A (1) 
(2) 

[6] 
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TOPIC: 3.5.1.6 Electromotive Force and Internal 
Resistance 
SPEC CHECK 
Specification Completed? 

ε = EQ 
ε= I R + r 
 

 

Terminal pd; emf 
 

 

Students will be expected to understand and perform calculations for circuits 
in which the internal resistance of the supply is not negligible. 
 

 

 
NOTES 
 
 
 
Energy in Circuits 
In circuits, there are two fundamental types of component: energy givers and energy takers. 
 

Electromotive Force (emf), ε 
Energy givers provide an electromotive force, they force electrons around the circuit which transfer energy. 
 

The size of the emf can be calculate using:                  
Q

E
=   

 
This is like the equation we use to find voltage/potential difference and means the energy given to each 
unit of charge. We can think of this as the energy given to each electron. 
 
The emf of a supply is the p.d. across its terminals when no current flows 

EMF is measured in Joules per Coulomb, JC-1 or Volts, V 
 

Energy takers have a potential difference across them, transferring energy from the circuit to the 
component. 

emf = energy giver                               p.d. = energy taker 
 

Energy is conserved in a circuit so energy in = energy out, or: 

The total of the emfs = The total of the potential differences around the whole circuit 
 

 
 

These notes are brief. 

More detailed notes are found in the student preparatory reading 

book. 

Please read the preparatory reading notes. 
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Internal Resistance, r 
The chemicals inside a cell offer a resistance to the flow of current, this is the internal resistance on the 
cell.  

Internal Resistance is measured in Ohms, Ω 

Linking emf and r 
If we look at the statement in the box above and apply it to the circuit below, we can reach an equation  
that links emf and r. 
 
Total emfs =  total potential differences 
ε =  (p.d. across r)  +  (p.d. across R)              {Remember that V=IR} 
ε =   (I x r)       +        (I x R) 
ε = Ir       +       IR 
 

  ε = I(r+R) 
The terminal p.d. is the p.d. across the terminals of the cell when a current is flowing 

  
ε       =   internal p.d   +  terminal p.d. 

So, the above equation can be written as ε = Ir + V   

where V is the terminal p.d. 
 

 
 
 
 
 
 
 
 
 
 
Measuring emf and r 
We can measure the emf and internal resistance of a cell by measuring the current and voltage as shown 
on the right, the variable resistor allows us to get a range of values. If we plot the results onto a graph of 
voltmeter reading against ammeter reading, we get a graph that looks like the one below. 
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Graphs have the general equation of y = mx+c, where y is the vertical (upwards) axis, x is the horizontal 
(across) axis, m is the gradient of the line and c is where the line intercepts (cuts) the y axis. 
 
If we take ε = Ir + V and arrange it into y= mx + c 

               y axis = V   and   x axis = I 
            ε = Ir + V    →   V = -Ir + ε       →      V = -r I + ε 
                                                                                    y  =m x +c 

 
So we can see that the:  

y-intercept represents the emf  
and 

 
gradient represents (–) internal resistance 
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 REVISION SHEET 
Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 

 

 

 

 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Reference: CGP Revision Guides 
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Additional Note Space 
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Additional Note Space 
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 FACT RECALL 
To check your understanding, answer the following questions… 
A1. Explain why batteries have an internal resistance. 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A2. What is the load resistance in a circuit? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A3. What units is electromotive force measured in? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A4. Explain what lost volts are. 
 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
A5. What do the gradient and the y-intercept on a V-I graph for a power supply 
show? 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………… 
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 ANSWERS 
A1. In a battery, chemical energy is used to make electrons move. As they move, 
they collide with atoms inside the battery and lose energy – this is the internal 
resistance. 
 
A2. The load resistance is the total resistance of all of the components in the 
external part of the circuit, 
The load resistance does not include the internal resistance of the power source. 
 
A3. Volts (V). 
 
A4. The energy wasted per coulomb overcoming an internal resistance.  
 
A5. The gradient is -r (where r is the internal resistance) and the y-intercept is ϵ 
(the electromotive force). 
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 PUZZLES 
 
QUESTIONS 

 
 
 
 
 
 
 
 

To improve your understanding, answer the following puzzles. 

The answers are overleaf. 

Answering Space 



St Mary’s Catholic School 

A Level Physics Year 1: Class Student Work Book: 3.5.2 EMF and Potential Dividers  38 

 ANSWERS 
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 SAMPLE QUESTION 

Q1.1 Define the electromotive force (emf) of an electrical power supply. 

[2 Marks] 

the (total) energy transferred/work done when one unit/coulomb of charge 

1 mark 

is moved around a circuit/provided by the supply 

1 mark 
 

Q1.2 Explain why, when a battery is supplying a current to a circuit, the voltage measured between its 
terminals is less than its emf. 

[2 Marks] 

work is done inside the battery/there is resistance inside the battery 

1 mark 

so less energy is available for the external circuit/some voltage is lost between the 
terminal/mention of lost volts 

1 mark 

Q1.3 In the circuit shown in the figure below the voltmeter has a very high resistance and the resistance of 
the ammeter is negligible. The motor M is being tested using a battery with an emf of 9.00 V. 

 

Q1.3.1 State the reading on the voltmeter when the switch S is open. 

[1 Mark] 

9.00 V             1 mark 
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Q1.3.2 When S is closed and the motor is allowed to run freely the voltmeter reading is 8.41 V and the 
ammeter reads 0.82 A. Calculate the internal resistance of the battery. 

[3 Marks] 

Lost Volts = E - V or E = I(R + r) 

1 mark 

0.82r = 0.59 

                1 mark 

internal resistance = 0.720 Ω              1 mark 

 

 

 

Q1.3.3 Explain why the ammeter reading is greater than 0.82 A when the motor does work by lifting a 
load. 

[1 Mark] 

because the battery has to provide more energy/power 

1 mark 
 Reference: AQA A Level Specimen Examination Materials B 
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 SELF ASSESSMENT 

 

Q1. In the circuit shown, a battery of emf  and internal resistance r is connected to a variable resistor R. 
The current I and the voltage V are read by the ammeter and voltmeter respectively. 

 

Q1.1 The emf is related to V, I and r by the equation 

 = V + Ir 

Rearrange the equation to give V in terms of , I and r. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q1.2 In an experiment, the value of R is altered so that a series of values of V and the corresponding 
values of I are obtained. Using the axes, sketch the graph you would expect to obtain as R is changed. 

 

[2 Marks] 

Q1.3 State how the values of  and r may be obtained from the graph. 

[2 Marks] 

 .................................................................................................................. 

r .................................................................................................................... 
 Reference: AQA A Level Specimen Examination Materials A 

To assess your understanding, answer the following questions. 
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Q2. A battery of emf  and internal resistance r is connected in series to a variable resistor R and an 
ammeter of negligible resistance. A voltmeter is connected across R, as shown in the figure below. 

 

Q2.1 State what is meant by the emf of the battery. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q2.2 The reading on the voltmeter is less than the emf. Explain why this is so. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

A student wishes to measure  and r. Using the circuit shown in the figure above the value of R is 
decreased in steps and at each step the readings V and I on the voltmeter and ammeter respectively are 
recorded. These are shown in the table. 
  

reading on voltmeter/V reading on ammeter/A 

8.3 0.07 

6.8 0.17 

4.6 0.33 

2.9 0.44 

0.3 0.63 
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Q2.3 Give an expression relating V, I,  and r. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q2.4 Draw a graph of V (on the y-axis) against I (on the x-axis) on graph paper. 

[5 Marks] 
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Q2.5 Determine the values of  and r from the graph, explaining your method. 

[2 Marks] 

:  

............................................................................................................................................................. 

............................................................................................................................................................. 

r:  

............................................................................................................................................................. 

............................................................................................................................................................. 
 Reference: AQA A Level Specimen Examination Materials A 
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Q3. A battery of e.m.f. 12 V and internal resistance r is connected in a circuit with three resistors each 

having a resistance of 10 Ω as shown. A current of 0.50 A flows through the battery. 

  

Calculate 

Q3.1 the potential difference between the points A and B in the circuit, 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.2 the internal resistance of the battery, 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.3 the total energy supplied by the battery in 2.0 s, 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.4 the fraction of the energy supplied by the battery that is dissipated within the battery. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................ 
 
Reference: AQA A Level Specimen Examination Materials A 
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 ANSWERS 

M1.1 V = –Ir +  (1) 
1 

M1.2 straight line (within 1st quadrant) (1) 
negative gradient (1) 

 2 

M1.3  : intercept on voltage axis (1) 
r: gradient (1) 

2 

[5] 

M2.1 electrical energy produced (in the battery) per unit charge (1) 

[Or potential/voltage across terminals when there is no current] 

M2.2 there is a current (through the battery) (1) 

voltage ‘lost’ across the internal resistance (1) 
Max 2 

M2.3  = V + Ir (1) 

M2.4 labelled scales (1) 
correct plotting (1) 
best straight line (1) 

: intercept on y axis (1) = 9.2 (± 0.1) V (1) 

r : (−) gradient =  = 14.2 Ω (1) (range 14.0 to 14.3) 
8 

[10] 

M3.1 RAB = 5.0 (Ω) (1) 

V (= 5.0 × 0.50) = 2.5 V (1) 

M3.2 Vr = 12 – 2.5 + 5.0 (1) = 4.5 (V) (1) 

r =  = 9.0 Ω (1) 

M3.3 W(= EIt) = 12 J (1) 

M3.4 Wr(= VrIt) = 4.5 (J) (1) 

 = 0.375 (1) 
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 REVISION CHECKLIST 

Specificatio

n reference 

Checklist  

questions 
 

3.5.1.4 Can you carry out calculations for resistors in series and in parallel?   

3.5.1.4 

Can you explain and use the energy and power equations: E = I v t and 

P = I V = I2 R = 
R

V 2

? 

 

3.5.1.4 

Can you explain the relationships between currents, voltages and 

resistances in series and parallel circuits, including cells in series and 

identical cells in parallel? 

 

3.5.1.4 
Can you explain conservation of charge and conservation of energy in dc 

circuits? 
 

3.5.1.5 
Can you describe how the potential divider is used to supply constant or 

variable potential difference from a power supply? 
 

3.5.1.5 
Can you explain the use of variable resistors, thermistors, and light 

dependent resistors in the potential divider? 
 

3.5.1.6 Can you use the formulae r)I (Rε
Q

E
ε +==  and ?  

3.5.1.6 Can you explain terminal pd and emf?  

3.5.1.6 
Can you understand and perform calculations for circuits in which the 

internal resistance of the supply is not negligible? 
 

3.5.1.6 

Have you carried out an investigation into the emf and internal resistance 

of electric cells and batteries by measuring the variation of the terminal pd 

across the cell with the current in it? 
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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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St Mary’s Catholic School 

A Level Physics Year 1: Class Student Work Book: 3.5.2 EMF and Potential Dividers  50 
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DATASHEET 
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