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3.5.1.4 Circuits 
 
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 book contains all of the activities you can carry out independently 
in your study periods to enhance your understanding in A-Level Physics.  
 
You may work through the activities in this book and mark this work 
yourself. You work will then be reviewed by your teacher in KS5 file 
checks. This work is in addition to the class work and homework you 
carry out.  
 
This book 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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SECTION 1 

INDEPENDENT STUDY TASK 

Instructions 

Read through the information from the student preparatory book and 

then produce revision posters on the key points highlighted on the 

following pages. 

These notes should be used as a revision resource for assessments. 
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INDEPENDENT STUDY TASK 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Produce an information sheet on properties of electricity. 

This is an independent study task to carried out outside of lesson. 
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INDEPENDENT STUDY TASK 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Produce an information sheet on I-V Graphs and V-I Graphs 

This is an independent study task to carried out outside of lesson. 
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INDEPENDENT STUDY TASK 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Produce an information sheet on the resistivity required practical. 

This is an independent study task to carried out outside of lesson. 
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INDEPENDENT STUDY TASK 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Produce an information sheet on superconductivity. 

This is an independent study task to carried out outside of lesson. 
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Instructions 

Read through the information from the student preparatory book and 

then answer the following questions from the different parts of the 

topics. 

These questions are designed to introduce the different parts of this 

module. 

Use the mark schemes to review your knowledge and understanding.  

 

SECTION 2 

KNOWLEDGE CHECKER 
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 QUESTIONS 
A1. Define the coulomb. 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
 
A2. Define potential difference. 

[1 Mark] 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
A3. Give the values of resistance that we assume voltmeters and ammeters to have. 
 

[1 Mark] 
............................................................................................................................................ 
 
............................................................................................................................................  
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
A4. What is special about an ohmic conductor? 

[1 Mark] 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
A5. What are the units of resistivity?  
 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
A6. What happens to mercury when it is cooled to its transition temperature? 

[1 Mark] 
............................................................................................................................................ 

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

Use the preparatory reading notes to answer these questions. 

Use the preparatory reading notes to answer these questions. 
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A7. Power is measured in watts. What is 1 watt equivalent to? 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
A8. What equation links power, potential difference and resistance? 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
ADVANCED SECTION 
 
A9. A battery delivers 4500C of electric charge to a circuit in 10.0 minutes. Calculate the average 
current.  

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
A10. A hair dryer is connected to the UK mains supply. The hair dryer has a power of 920W in 
normal operation. Calculate the current in the hair dryer. 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
A24. A12V car battery supplies a current of 48A for 2.0 seconds to the car’s starter motor.  
The total resistance of the connecting wires is 0.01Ω. Calculate the energy transferred from the 
battery. 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 Use the preparatory reading notes to answer these questions. 
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Questions A12-A13 refer to the following statement. 
 
Aluminium has a resistivity of 2.8 x 10-8 Ωm at 20oC and a transition temperature of 1.2K 
A12. Calculate the resistance of a pure aluminium wire of length 4.00m and diameter 1.0mm, at 
20oC. 

[1 Mark] 
............................................................................................................................................ 

............................................................................................................................................ 
 
............................................................................................................................................ 
 
............................................................................................................................................ 
 
 
A13. The wire is cooled to a temperature of 1K. What is the resistance now? Explain your answer. 

[1 Mark] 
............................................................................................................................................ 

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

 
 
 
 
 
 
 
 
 
 
 
 
 

Use the preparatory reading notes to answer these questions. 
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 ANSWERS 
A1. Define the coulomb. 

[1 Mark] 
One coulomb is the amount of charge that passes in 1 second if the current is 1 ampere. 
 
A2. Define potential difference. 

[1 Mark] 
Potential difference is the energy per unit charge transferred in an electrical circuit. 
 
A3. Give the values of resistance that we assume voltmeters and ammeters to have. 
 

[1 Mark] 
Ammeters are assumed to have no resistance. 
Voltmeters are assumed to have infinite resistance. 
 
A4. What is special about an ohmic conductor? 

[1 Mark] 
An ohmic conductor has a directly proportional relationship between current and potential 
difference (when the temperature of the conductor is constant). 
 
A5. What are the units of resistivity?  
 

[1 Mark] 
Ohm meters (Ωm) 
 
A6. What happens to mercury when it is cooled to its transition temperature? 

[1 Mark] 
At temperatures lower than the transition temperature, the resistivity of mercury completely 
disappears, and the material becomes a superconductor. 
 
A7. Power is measured in watts. What is 1 watt equivalent to? 

[1 Mark] 
1 watt is equivalent to one joule of energy transferring form every second. 
1 watt is 1 joule of work being done per second. 
 
A8. What equation links power, potential difference and resistance? 

[1 Mark] 
Power = Potential Difference2/Resistance 
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ADVANCED SECTION 
 
A9. A battery delivers 4500C of electric charge to a circuit in 10.0 minutes. Calculate the average 
current.  

[1 Mark] 
Time in Seconds = 10 x 60 = 600 seconds 
I = ∆Q/t = 4500 / 600 = 7.5A 
 
A10. A hair dryer is connected to the UK mains supply. The hair dryer has a power of 920W in 
normal operation. Calculate the current in the hair dryer. 

[1 Mark] 
I = P / V = 920 / 230 = 4.0A 
 
 
A11. A12V car battery supplies a current of 48A for 2.0 seconds to the car’s starter motor.  
The total resistance of the connecting wires is 0.01Ω. Calculate the energy transferred from the 
battery. 

[1 Mark] 
E = VIt = 12 x 48 x 2.0 = 1200J 
Questions A12-A13 refer to the following statement. 
 
Aluminium has a resistivity of 2.8 x 10-8 Ωm at 20oC and a transition temperature of 1.2K 
A12. Calculate the resistance of a pure aluminium wire of length 4.00m and diameter 1.0mm, at 
20oC. 

[1 Mark] 
Area = ∏ (d/2)2 
d = 1.0 x 10-3 m 
 
Area = ∏ x (0.5 x 10-3)2 
Area = 7.853 x 10-7m2 
 
R = ρl/A = (2.8 x 10-8 x 4.00) /7.853 x 10-7 = 0.14Ω 
 
 
A13. The wire is cooled to a temperature of 1K. What is the resistance now? Explain your answer. 

[1 Mark] 
Resistance will now be zero. 
Because aluminium is a superconductor below its transition temperature of 1.2K. 
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SECTION 3 

QUESTIONS 

Instructions 

Read through the information from the student preparatory book and 

then answer the following questions from the different parts of the 

topics. 

Use the mark schemes to review your knowledge and understanding.  
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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. 
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 PRACTICAL SKILLS 
 
 

 
 

A resistor of unknown resistance was connected to a variable power supply. The current through, I, and potential 

difference across, V, were measured. You will use this information to calculate the resistance, R, of the resistor. 
 

Data 

Potential Difference, V (V) Current, I (A) 

9.12 9.05 9.07 1.18 1.26 1.24 

6.98 7.03 7.06 0.98 0.92 1.01 

5.03 4.93 5.02 0.71 0.69 0.65 

-4.11 -4.02 -4.04 -0.53 -0.59 -0.53 

-5.89 -6.02 -5.98 -0.84 -0.86 -0.78 

-8.07 -8.10 -7.92 -1.11 -1.08 -1.14 

 

Mean Potential Difference, V (V) Mean Current, I (A) Resistance, R (Ω) 

   

   

   

   

   

   

Analysis 

A1. Complete the table be calculating the mean values of V and I. 
 
A2. What is the resolution of the voltmeter? What is the resolution of the ammeter? 

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

............................................................................................................................................................. 
 
A3. What is the uncertainty in the largest positive potential difference? 

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

............................................................................................................................................................. 
 
A4. Calculate this as a percentage of the mean potential difference. 

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

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

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

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

Complete the following practical skills-based task to improve your experimental understanding of this 

part of the course in preparation for Physics Paper 3. 
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A5. What is the uncertainty in the smallest negative potential difference? 

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

............................................................................................................................................................. 
 
A6. Calculate this as a percentage of the mean potential difference. 

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

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

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

............................................................................................................................................................. 
 
A7. What is the uncertainty in the smallest positive current? 

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

............................................................................................................................................................. 
 
A8. Calculate this as a percentage of the mean current. 

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

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

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

............................................................................................................................................................. 
A9. What is the uncertainty in the largest negative current? 

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

............................................................................................................................................................. 
 
A10. Calculate this as a percentage of the mean current. 

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

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

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

............................................................................................................................................................. 
 
A11. Which type of error is responsible for the differences in the potential difference and current 
measurements? 

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

............................................................................................................................................................. 
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A12. Plot a graph of I (on the y axis) against V (on the x axis). 

 
 
A13. Does your line of best fit pass through the origin? Should it? Explain your answer. 
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A14. What does the gradient of your graph represent? 

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

............................................................................................................................................................. 
 
A15. Calculate the gradient of your line of best fit. 

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

............................................................................................................................................................. 
 
A16. Use the gradient to calculate the resistance, R, of the resistor. 

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

............................................................................................................................................................. 
 
A17. The given value of the resistor is 7.3Ω, what is the difference between your value and the given 
value? 

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

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

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

............................................................................................................................................................. 
 
A18. What is this as a percentage of the accepted value? 

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

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

A19. Complete the table using the equation IRV =  to calculate R.    

 
A20. Calculate the mean value of resistance from the table. 

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

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

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

............................................................................................................................................................. 
 
A21. What is the uncertainty of the mean resistance? 

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

............................................................................................................................................................. 
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A22. What is the difference between the accepted value given above and the value you calculated from 
the table? 

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

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

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

............................................................................................................................................................. 
 
A23. Calculate this as a percentage of the accepted value. 

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

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

.......................................................................................................................................................................... 
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 EXTENDED WRITING 
 
 
 

Describe how you would use a voltmeter, ammeter and other standard laboratory equipment to 

obtain accurate and reliable measurement of the resistance of a wire at temperatures between 

0°C and 100°C.  

Your description should include: 

• A labelled circuit diagram 

• Details of measurements you would take 

• An account of how you would use your measurements 

• Details of how to improve the precision of your measurements 

• A risk assessment. 

 

ANSWERING SPACE 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

To enhance your skills in answering examination questions for the A-Level examinations, complete the 

following task. 
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........................................................................................................................................................................... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

........................................................................................................................................................................... 
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 MARKING 

P 
Praise. What were the positive aspects of the work? What did they do well? What skills did 

they demonstrate? 

 

 
 

 

I 

Improvements. What were the literacy 

issues in the piece of work? 

Write in 

ink.            
 

Draw in 

Pencil. 
 Use a ruler.  

Always use capital letters at the 

beginning of a sentence. 

 
Learn the spellings identified in your work. 

 

Always use capital letters for proper 

nouns. 

 
Ensure sentences make sense. 

 

Make sure you write on the line and 

not above or below it. 

 
Use correct punctuation. 

 

Use scientific vocabulary appropriate 

to the task. 

 Vary your sentences to demonstrate your 

understanding. 

 

 

D answer B answer A* answer 

There is a circuit diagram that 

contains a voltmeter, ammeter 
and cell or battery... 

 ...the voltmeter is connected in 

parallel to the wire and the 
ammeter in series... 

 ...there is some means of heating 

(water bath or beaker) and a 
thermometer. 

 

There is a description of how the 
temperature will be increased 

using a beaker of water and 
Bunsen burner or a water bath... 

 ...and decreased by adding ice.   ...the water must be stirred (so that 
the thermometer gives the actual 

temperature). 

 

The interval of temperature 
values is missing or described 

vaguely such as ‘wide range of 
values’... 

 ...the interval is present...  ...between (and including) 0°C and 
100°C. 

 

The risk of burns at high 

temperatures is stated... 

 ...and an appropriate control 

measure is given. 

 

For each temperature of the 

water the current and voltage is 
measured (at least) three times... 

 ...anomalous results are 

removed and a mean is 
calculated... 

 ...accuracy is improved further by 

reducing the interval so that R (or V 
and I) is measured at more 

temperatures so a more detailed 
line (of best fit) can be drawn. 

 

Resistance is calculated using the 
equation R=V/I... 

 ...resistance is plotted against 
temperature and a line of best 

fit is drawn... 

 ...temperature is plotted on the x 
axis and resistance on the y axis. 

 

The precision of the 

measurements could be 
improved by using instruments 

with smaller scale divisions 
(owtte)... 

 ...such as a digital temperature 

probe set to 0.1°C (or smaller) 
... 

 ...connected to a data logger.  

N 
Next Steps. How can they move their work onto the next grade? 

What didn’t they include? 
Grade Effort 
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 CHALLENGE QUESTION 
 

 

 

To assess your understanding, answer the following higher-level question on this topic. 
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Reference: Cambridge International A Level Unit 2 June 2010 Examination  
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 ANSWERS 
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 TOPIC: 3.5.1.2 Current-Voltage 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. 
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 SUPPORT 
Electric current, I, is the rate of flow of charge, Q, in a wire or component. Charge is measured in 
coulombs (C), while current is measured in amperes (A) – usually shortened to ‘amps’. 

time

charge offlow 
current =  

t

Q
I

Δ

Δ
=  

The current flowing through a component is measured by connecting an ammeter in series with the 
component. 

The potential difference, V, is the work done (or energy transferred), W, per unit charge, Q. 
Potential difference is often referred to as pd and is measured in volts (V). 

charge

done work
difference potential =  

   
Q

W
V =  

Potential difference across a component can be measured by connecting a voltmeter in parallel with 
the component. 

The electromotive force (emf) of a battery or cell is the energy provided per unit of charge passing 
through it, and so it is also measured in volts (V). 

The energy transferred (or dissipated), ΔE, in a component is equal to the work done, W and is 
measured in joules (J). 

energy transferred, ΔE = work done, W 

   = current  time  potential difference 

   W = I t V 

Also, energy transferred = power  time 

   ΔE = P t 

The power, P, in watts (W), supplied to a component, is the energy transferred (or dissipated) to that 
component per second. 

time

dtransferreenergy 
power =  

t

W

t

E
P ==

Δ
 

Or, power = current  potential difference 

   P = I V 

The resistance, R, of a component in a circuit is a measure of the difficulty of making current pass 
through the component. The unit of resistance is the ohm (Ω), which is equal to one volt per ampere. 

Resistance is defined as 
current

difference potential
 

I

V
R =  
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Resistance is caused by the repeated collisions between the charge carriers in the material with each 
other and with the fixed positive ions of the material. 

If you measure the variation of current with pd for a component you can plot a characteristic graph 
of current (on the y-axis) against pd (on the x-axis). You should know what the characteristic graphs 
look like for a resistor, a filament lamp, and a diode – you need to make sure that you can remember 
these.  

Task 

Before looking at the worked examples, complete the table below.  

Quantity Symbol Unit 
Equation(s) which could be used to find this 

quantity 

Charge    

Current    

Potential 
difference 

   

Resistance    

Energy    

Power    

Worked example 1  

Resistance 

Question 

A pd of 15 V is needed to enable a current of 2.5 A to flow through a wire.  
Calculate the resistance of the wire. 

Answer 

Step 1 

Write down the values given in the question. 

V = 15 V 

I = 2.5 A 

R = ? (This is the quantity you need to calculate.) 

Step 2 

Write down the appropriate equation and substitute the values. 

I

V
R =  

 
2.5

15
=  

 = 6.0 Ω  

(Remember to include units and use the appropriate number of significant figures.) 
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 Worked example 2  

Energy 

Question 

Calculate the energy dissipated in 1.0 minute by an immersion heater of power 5.0 kW. 

Answer 

Step 1 

Write down the values given in the question and convert them into SI units. 

P =5.0 kW = 5.0  103 W 

t = 1.0 minute = 60 s 

 

Step 2 

Write down the appropriate equation and substitute the values. Give your final answer to an 
appropriate number of significant figures. 

ΔE = P t 

 = (5  103)  60 

 = 3.0  105 J 

 

 

Worked example 3  

PD and Current 

Question 

A charge of 25 C flows in 10 s, delivering 200 J of energy to the outside circuit. 

3.1 Calculate the pd across the battery. 

3.2 Calculate the current flowing from the battery. 

Answer 

3.1 Step 1 

Write down the values given in the question. 

∆Q = 25 C 

∆t = 10 s 

ΔE = W = 200 J 

V = ? (the pd across the battery) 

I = ? (the current flowing from the battery) 
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Step 2 

Write down the appropriate equation, rearrange for pd, and substitute values. 

W = Q V 

so 

Q

W
V =  

25

200
=  

= 8.0 V 

 

3.2 Step 3 

Write down the appropriate equation for current and substitute values. 

t

Q
I

Δ

Δ
=  

10

25
=  

= 2.5 A 

 

 

Worked example 4  

Power and Resistance 

Question 

A water heater connected to a 20 V supply, provides 200 J of electrical energy every second to heat 
the water. 

4.1 Calculate the power of the heater. 

4.2 Calculate the current passing through the heater. 

4.3 Calculate the resistance of the heater element. 

Answer 

Step 1 

Write down the values given in the question. 

V = 20 V 

ΔE = W = 200 J  

t = 1 s 

P = ? (the power of the heater) 

II = ?  (the current passing through the heater) 

R = ? (the resistance of the heater element) 



St Mary’s Catholic School 

A Level Physics Year 1: Class Independent Work Book: 3.5.1 Basics of Electricity  33 

 
4.1 Step 2 

Write down the appropriate equation to find power, and substitute in the values. 

t

E
P

Δ
=  

1

200
=  = 200 W 

 

4.2 Step 3 

Write down the appropriate equation, rearrange to make current the subject, and substitute in the 
values (using your value of P from part a). 

P = I V 

so 

V

P
I =  

20

200
=  

= 10 A 

 

4.3 Step 4 

Write down the appropriate equation to find resistance, and substitute in the values (using your value 
for I from part b). 

I

V
R =  

10

20
=  

= 2.0 Ω 
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Questions 

S1. A pd of 15 V is needed to make a current of 2.5 A flow through a wire. 

S1.1 Calculate the resistance of the wire.  

[1 Mark] 

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

 

S1.2 Determine the pd needed to make a current of 2.0 A flow through the wire.  

[2 Marks] 

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

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

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

 

 

 
 

 

S2. A current of 200 mA flows through a 4 kΩ resistor. Calculate the pd across the resistor.  

[2 Marks] 

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

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

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

 
 

S3. A small water heater is rated at 12 V and 60 W. 

S3.1 Calculate the current passing through the heater element.  

[2 Marks] 

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

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

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

 

S3.2 Calculate the resistance of the heater element.  

[1 Mark] 

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

 

S4. A current of 4.0 A flows when a light bulb is connected across the terminals of a battery. The pd across the 

terminals is 12 V. 

S4.1 State the amount of charge flowing past a set point in the circuit every second.  

[1 Mark] 

.......................................................................................................................................................................... 
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S4.2 Calculate the electrical energy of each coulomb of charge flowing in the circuit.  

[1 Mark] 

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

 

S4.3 Calculate the charge needed to transfer 60 J of energy.  

[3 Marks] 

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

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

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

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

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

 

 

 

S4.4 Calculate how long the battery will take to transfer 60 J of energy.  

[2 Marks] 

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

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

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

 

S5. Draw the I–V characteristic graphs for a resistor, a filament lamp, and a diode using the axes provided. Below 

each graph, give a description of the graph and explain the shape of the graph. 

 [6 Marks] 

Resistor Filament lamp Diode 
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S6. Draw a labelled circuit diagram of a circuit that you could use to measure the variation of current with pd for a 

filament lamp. Describe your method.  

[3 Marks] 

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

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

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

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

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

.......................................................................................................................................................................... 
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 ANSWERS 
Task 

Quantity Symbol Unit 
Equation(s) which could be used to find this 

quantity 

Charge Q C 
Q = I t 

W = Q V 

Current I A 
V = I R 

Q = I t 

Potential 
difference 

V V 
V = I R 

W = Q V 

Resistance R Ω 
I

V
R =  

Energy W J 
W = Q V 

W = I t V 

Power P W P = I V 

Questions 

S1.1 6.0 Ω (1 mark) 

S1.2 12 V  (2 marks) 

 
S2. 800 V (or 8.0  102 V) (2 marks) 

 
S3.1 5.0 A (2 marks) 

S3.2 2.4 Ω (1 mark) 

 
S4.1 4.0 C (2 marks) 

S4.2 12 J (1 mark) 

S4.3 5 C  (3 marks) 

S4.4 1.3 s to two significant figures (1.25 s) (2 marks) 
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 PRACTICAL SKILLS 
 
 

 
This first set of questions checks your ability to apply your understanding of the heating effect of a 
current to a range of scenarios. 

S1. Figure 1 shows the current–voltage (I–V) characteristics for a filament lamp. 

S1.1 State the value of the current in the lamp when it stops obeying Ohm’s law.  

[1 Mark] 

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

 

S1.2 Explain why the lamp stops obeying Ohm’s law as the current increases beyond this point.  

   [1 Mark] 

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

 

S1.3 Calculate the resistance of the lamp when the current is 0.2 A.  

[2 Marks] 

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

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

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

 

 
Figure 1 Current–voltage characteristics for a filament lamp 

 

 

 

Complete the following practical skills-based task to improve your experimental understanding of this 

part of the course in preparation for Physics Paper 3. 
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S2. A car is fitted with an automatic window defrosting device, consisting of several very thin metal 
filaments running through the front windscreen in parallel. These elements are activated remotely by 
the owner several minutes before returning to the car to ensure that the windows are defrosted. 

S2.1 When first activated, the system operates with a current of 1.20 A, and a potential difference of 
12.0 V across it. Calculate the electrical power of the device.  

[2 Marks] 

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

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

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

 

 

S2.2 After the frost on the windscreen melts, the current into the device reduces to 1.00 A. Explain 
this effect. 

[3 Marks] 

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

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

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

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

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

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

 

 

S2.3 A chip in the windscreen breaks one of the filaments. Explain what effect, if any, this will have 
on the current into the device.  

[2 Marks] 

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

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

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

 

S3. Polystyrene foam can be cut and shaped using a hot metal wire. As the wire is moved through the 
foam, the polystyrene melts. Figure 2 shows how the temperature of a cutting wire varies with the 
current in it. The melting point of polystyrene is 220 °C. 

S3.1 What is the minimum current in the wire that will allow it to be used to cut polystyrene?  

[1 Mark] 

.......................................................................................................................................................................... 
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S3.2 The wire has a potential difference of 12 V and a current of 0.25 A in it during normal cutting. 

What is the temperature of the wire during normal operations?  

[1 Mark] 

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

What is the resistance of the cutting wire during normal operations?  

[1 Mark] 

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

 

What power is dissipated by the wire? 

[1 Mark] 

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

 

S3.3 Whilst being used, the wire snaps and is replaced by a wire made from the same material and of 
the same length but with twice the diameter of the original wire. The potential difference across the 
wire remains at 12 V. Discuss whether the wire will still be able to cut the polystyrene foam.  

[3 Marks] 

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

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

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

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

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

 

 

 

Figure 2 Effect of current on the temperature of a cutting wire 
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 ANSWERS 
S1.1 Accept answers in the range 4.0 to 5.0 V inclusive. (1 mark) 

 

S1.2 The temperature of the lamp has increased. (1 mark) 

 

S1.3 Correct reading of value from graph for V (3.1 V)  (1 mark) 

  R = 
I

V
 = 

2.0

1.3
 = 15.5 Ω.  (1 mark) 

 

S2.1 P = I V = 1.20 × 12.0 = 14.4 (1 mark) W (1 mark) 

 

S2.2 Explanation should include: 

• the temperature of the heating elements rises  (1 mark) 

• the resistance increases  (1 mark) 

• the current decreases as the pd remains the same (use of V = I R). (1 mark) 

 

S2.3 The current of the circuit will decrease (1 mark) as the resistance has increased  
(1 mark). Do not accept answers implying there is no longer a complete circuit. 

 

S3.1 0.2 A (1 mark) 

 

S3.2 i 340 °C  (1 mark)  

  ii  R = 
I

V
 = 48 Ω  (1 mark)  

  iii  P = I V = 12 × 0.25 = 3.0 W.  (1 mark) 

 

S3.3 Yes, the wire will still be able to cut the polystyrene foam. 

  Any three of the following: 

• cross-sectional area increased by factor of 4 (1 mark) 

• resistance decreases as cross-sectional area increased (inversely proportional) (1 mark) 

• P = 
R

V 2

 shows that the power dissipated by the wire is now much greater  (1 mark) 

• the wire will become hotter (1 mark) 

• surface area of wire increases in proportion to diameter (1 mark) 

• increase in surface area would decrease energy radiated per square centimetre  
if power remained the same (1 mark) 

• power has increased more than surface area so energy radiated per square 
centimetre increases.  (1 mark) 
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 PRACTICAL SKILLS 
 
 

 
A student collected the following data using a data logger to measure resistance and temperature 
simultaneously. Ignore the additional columns for now. 

Temperature  
/ °C 

Resistance 
(R) / Ω 

Temperature 
(T) / K 

( ) ( )0– lnln RR  










0

1
–

1

TT
  10–4 

70 37    

65 51    

60 71    

55 100    

50 143    

45 205    

40 299    

35 442    

30 660    

25 1000    

Understanding the graph to be plotted 

The equation needs to be rearranged so that a straight-line graph can be produced, which will allow 
you to determine a value for β. This rearrangement is performed in the following stages. 

Start with the original equation. 











= 0

1
 – 

1

0e
TT

RR  

Take natural logarithms of both sides. 














=











0

1
 – 

1

0e ln) (ln
TT

RR


 

Logarithms allow us to separate factors that are 
multiplied into factors that are added, according to 
the logarithmic rule: ln(AB) = ln(A) + ln(B). 

Separate the factors in the equation. 

( ) ( )














=










−

0

1
  

1

0 e+ lnlnln
TT

RR  

Rearrange the equation to move ln (R0) to the left-
hand side. 

( ) ( )

























0T

1
–  

T

1

0 e= lnln– ln RR  

As ln and e are inverse functions of each other, 
the following relations hold: eln(x) = x, and ln(e)x = 
x. 

Using this relationship, remove ln and e from the 
right-hand side of the equation. 

( ) ( ) 











0

0

1
–

1
= – lnln

TT
RR  

Complete the following practical skills-based task to improve your experimental understanding of this 

part of the course in preparation for Physics Paper 3. 
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The final function is of the form y = m x + c, the equation for a straight line. 

The dependent variable, y = ( ) ( )0– lnln RR  

The independent variable, x = 










0

1
–

1

TT
 

The gradient, m = β. 

Selecting coefficients 

The data from the results table can be used to determine some values for T, T0, R, and R0. We just 
have to pick any two temperatures and their corresponding resistances from the data table. It is best 
to choose values for T0 and R0 that are much bigger or much smaller than the values chosen for T and 
R. 

We will select the following values from the results table. 

T0 = 298 K (25 °C) R0 = 1000 Ω T = 343 K (70 °C) R = 37 Ω 

Processing the data 

A1. Complete the column in the results table for temperature in kelvin.  

[1 Mark] 

A2. Carefully complete the end two columns in the results table.  

[4 Marks] 

A3. Plot a graph of ( ) ( )0ln–ln RR  against 










0

1
–

1

TT
 as described above. 

[4 Marks] 

 

A4. Does the shape of the graph confirm or disprove the form of the equation suggested?  

[1 Mark] 

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

 

A5. Calculate the gradient of this line of best fit and hence state a value for β.  

[3 Marks] 

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

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

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

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

.......................................................................................................................................................................... 
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 ANSWERS 

Temperature / 
°C 

Resistance 
(R) / Ω 

Temperature 
(T) / K 

( ) ( )0– lnln RR  













0

1
–

1

TT
 

70   37 343 –3.302 –4.40E–04 

65   51 338 –2.978 –3.97E–04 

60   71 333 –2.645 –3.53E–04 

55  100 328 –2.302 –3.07E–04 

50  143 323 –1.948 –2.60E–04 

45  205 318 –1.583 –2.11E–04 

40  299 313 –1.206 –1.61E–04 

35  442 308 –0.817 –1.09E–04 

30  660 303 –0.415 –5.54E–05 

25 1000 298   0.000   0.00E+00 

 

A1. See answers in table above. Mark if all correct. (1 mark) 

A2. See answers in table above. 

Award 2 marks if all figures in the third column are correct and 1 mark if over half are correct. 

Award 2 marks if all figures in the fourth column are correct and 1 mark if over half are correct. 

A3. Suitable axis scales (1 mark) 

Accurate plotting of all data (1 mark) 

Data plotted to cover at least half of graph area (1 mark) 

Line of best fit (1 mark) 

A4. Graph should be linear, which suggests equation is correct. (1 mark) 

A5. Large Δx and Δy triangle (1 mark) 

Data read correctly from graph (1 mark) 

Final value of β = 7500 (1 mark) 
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 CHALLENGE QUESTION 
 

 

To assess your understanding, answer the following higher-level question on this topic. 
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Reference: Cambridge International A Level Unit 2 June 2010 Examination  
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 ANSWERS 
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 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. 
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 SUPPORT 
The resistance, R, of a component in a circuit is a measure of the difficulty of making current pass 
through the component. The unit of resistance is the ohm (Ω), which is equal to one volt per ampere. 

resistance = 
current

difference potential
 








=

I

V
R  

Resistance is caused by the repeated collisions between the charge carriers in the material. They 
collide with each other and with the fixed positive ions of the material. 

 

Resistivity, ρ, is a measure of how strongly a material opposes, or resists, the flow of current. The unit 
of resistivity is Ω m. The resistivity of a material is a property of the material itself and does not 
depend on the quantity of the material. 

 

The resistance of a conductor is related to the resistivity by the equation 

resistance = 
area sectionalcross

conductor of lengthyresistivit

−


 








=

A

ρL
R  

From the equation, we can see that the resistance of a conductor: 

o is proportional to the resistivity of the material 

o is proportional to the length of the conductor (i.e., doubling the length of a wire doubles its 
resistance) 

o is inversely proportional to the cross-sectional area of the conductor  
(i.e., doubling the cross-sectional area of a wire halves its resistance). 

Worked example 

Question 

A wire has a diameter of 1.0 mm and a resistivity of 5.0  10−6 Ω m. 

Calculate the length of wire that would have a resistance of 5.0 Ω. 

Answer 

Step 1 

Write down the values given in the question, and convert them into SI units. 

R = 5.0 Ω 

ρ = 5.0  10−6 Ω m 

d = 1.0 mm = 1.0  10−3 m 

L = ? (This is the value you need to calculate.) 

 

Step 2 

Write down the appropriate equation and rearrange for L. 

A

ρL
R =  

ρ

RA
L =  
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Step 3 

Calculate the cross-sectional area of the wire. The question gives the diameter of the wire – remember 
to divide this by two to find the radius, r. 

A = π r2 x π  (0.5  10−3)2 = 7.85  10−7 m2 

 

Step 4 

Substitute the values into the equation to calculate L. 

ρ

RA
L =  

 
6–

–7

105.0

)10(7.855.0




=  

 = 0.785 m = 0.79 m (to two significant figures) 
 

Questions 

S1. Calculate the resistivity of a wire of resistance 5.0 Ω, if the length of the wire is 2.0 m and the 
diameter of the wire 0.2 mm.  

[2 Marks] 

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

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

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

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

 
S2. Determine the length of a constantan wire, of resistivity 4.9  10−7 Ω m and diameter 0.1 mm, 

required to make a coil of resistance 20 Ω.  

[2 Marks] 

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

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

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

............................................................................................................................................................. 
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S3.1 Calculate the resistance of 10 m of wire of diameter 0.36 mm and resistivity 44  10−8 Ω m.  

[2 Marks] 

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

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

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

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

 

 

S3.2 Deduce the resistance of another wire of the same material but of half the length and half the 
diameter   

[1 Mark] 

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

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

 
 
 
 
 
S4. The potential difference across 5.0 m of nichrome wire is 3.2 V and the current flowing through it 
is 0.20 A. The resistivity of nichrome is 1.0  10−6 Ω m. Determine the diameter of the wire. 

[3 Marks] 

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

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

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

............................................................................................................................................................. 
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Exam-style question 

S5. A generator produces 100 kW of power at 500 V. If the power lost in the 800 m long copper cables 
connected to the generator is 6% of the power produced, calculate the diameter of the cable. 

Resistivity of copper = 1.6  10−8 Ω m  

[4 Marks] 

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

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

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

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

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

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

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

............................................................................................................................................................. 
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 ANSWERS 
S1. 7.9  10−8 Ω m to two significant figures (7.85  10−8 Ω m) (2 marks) 

 

S2. 0.32 m                                                                                                                 (2 marks) 

 

S3.1 43 Ω to two significant figures (43.2 Ω) (2 marks) 

S3.2 If L and D is halved, the resistance will double: 

R = 86 Ω to two significant figures (86.4 Ω) (1 mark) 

 

S4. 0.63 mm (3 marks) 

 

S5. I = 
V

P
 = 

500

000 100
= 200 A (1 mark) 

Power lost = 6000 = 2002R (1 mark) 

R = 0.15 Ω (1 mark) 

So, d = 1.0 cm (1 mark) 
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 REQUIRED PRACTICAL FOLLOW UP 
 
 
 
A student carries out an experiment to determine the resistivity of Nichrome wire, following the same 
method described in the Method sheet. The results of the experiment are shown in Table 1. 
 

 
Table 1 
 
Table 2 Diameter of Nichrome wire 
 

Diameter / 
mm 

0.78 0.79 0.78 0.78 0.79 

 

S1. Identify the anomalous result that should be eliminated from the resistance table data.  

[1 Mark] 

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

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

 

S2. Calculate the values for resistance and add them to Table 1.  

[3 Marks] 

S3. Calculate the values for mean resistance and add them to Table 1.  

[2 Marks] 

S4. Use the data from Table 2 to calculate the cross-sectional area of the wire in m2.  

[3 Marks] 

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

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

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

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

Length 
/ m 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

Mean 
resistance 

/ Ω 

0.90 0.48 0.21  0.50 0.22  0.53 0.24   

0.80 0.48 0.24  0.51 0.26  0.50 0.25   

0.70 0.52 0.30  0.52 0.30  0.59 0.30   

0.60 0.51 0.34  0.51 0.34  0.48 0.31   

0.50 0.49 0.39  0.50 0.40  0.49 0.40   

0.40 0.50 0.51  0.52 0.52  0.49 0.48   

0.30 0.49 0.66  0.52 0.67  0.49 0.64   

Complete the following practical skills-based task to improve your experimental understanding of the 

required practical ‘resistivity of a wire’. 
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S5. Describe how the data from both tables can be used to determine the resistivity of Nichrome by 
comparing the equation for a straight-line graph (y = m x + c) with the equation for resistivity 









=

A

L
R


.  

[3 Marks] 

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

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

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

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

 

S6. Plot a suitable graph that will allow you to determine resistivity.  

[4 Marks] 

 

S7. Using your graph, determine the resistivity of the Nichrome sample.  

[3 Marks] 

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

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

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

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

 

S8. Determine the percentage difference between the experimental value for the resistivity of the wire 
and the manufacturer’s stated resistivity of 1.10  10–6 Ω m.  

[1 Mark] 

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

............................................................................................................................................................. 
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 ANSWERS 
 

Length 
/ m 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

pd 
/ V 

Current 
/ A 

Resistance 
/ Ω 

Mean 
resistance 

/ Ω 

0.90 0.48 0.21 2.29 0.50 0.22 2.27 0.53 0.24 2.21 2.26 

0.80 0.48 0.24 2.00 0.51 0.26 1.96 0.50 0.25 2.00 1.99 

0.70 0.52 0.30 1.73 0.52 0.30 1.73 0.59 0.30 1.97 1.73 

0.60 0.51 0.34 1.50 0.51 0.34 1.50 0.48 0.31 1.55 1.52 

0.50 0.49 0.39 1.26 0.50 0.40 1.25 0.49 0.40 1.23 1.25 

0.40 0.50 0.51 0.98 0.52 0.52 1.00 0.49 0.48 1.02 1.00 

0.30 0.49 0.66 0.74 0.52 0.67 0.78 0.49 0.64 0.77 0.76 

 
Diameter / mm 0.78 0.79 0.78 0.78 0.79 

 
Mean diameter / mm 0.784 

Area / m2 4.83  10–7 

Gradient  2.477 

Resistivity 1.20  10–6 Ω m 

 
S1. The anomalous result is the third pd for 0.70 m length (in bold in table). (1 mark) 

S2. Data should match Table 1. Award 2 marks if all answers correct and 1 mark for over half correct. 
Award 1 mark for suitable use of significant figures (3 s.f.). Maximum 3 marks. 

S3. Data should match Table 1. 2 marks if all answers correct and 1 mark for over half correct. 

S4. See Table 3. 

Calculation of mean value for diameter. (1 mark) 

Conversion of length to m. (1 mark) 

Calculation of area. (1 mark) 

S5. A graph of R against L needs to be plotted. (1 mark) 

The gradient of such a graph will be resistivity over cross-sectional area. (1 mark) 

Multiplying the gradient by cross-sectional area will give resistivity. (1 mark) 

S6. Linear scales, labelled, and plotted points occupying over half the graph paper. (1 mark) 

Award 2 marks for accurate plotting of all data points, or 1 mark for accurate 

plotting of over half the data points. 

Line of best fit. (1 mark) 

S7. Large triangle drawn to determine gradient. (1 mark) 

Gradient calculated (2.48). (1 mark) 

Resistivity calculated (gradient  cross-sectional area) (1.20  10–6 Ω m). (1 mark) 

S8. Percentage difference = 
1.1

1.0
 = 9.1%. (1 mark) 
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 PRACTICAL SKILLS 
 
 

 
Different lengths of copper wire were used to find its resistivity. A potential difference was applied across the wires 

and the current through them was recorded. The wire had a diameter of 0.9 mm. 

 

Data 

Here is the experimental data collected from the different lengths of copper wire. 

Length, l 

(m) 

p.d., V 

(mV) 

Current, I 

(A) 

Mean Current, I 

(A) 

Resistance, R 

(Ω) 

1.00 54 2.103 1.978 1.995   

2.00 54 1.021 1.004 1.014   

3.00 54 0.651 0.662 0.712   

4.00 54 0.511 0.514 0.493   

5.00 54 0.395 0.411 0.409   

6.00 54 0.347 0.333 0.334   

 

Analysis 

A1. Calculate the cross-sectional area of the wire using the equation 
2.rA =  

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

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

 

A2. Calculate the mean value of current for each of the different lengths of wire. 

 

A3. Use the equation RIV .=  to calculate the resistance of each of the different lengths of wire. 

 

A4. What is the resolution of the length measurements? 

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

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

 

A5. What is the smallest division on the ruler used to measure it? 

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

 

A6. What is the resolution of the voltmeter used? 

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

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

 

A7. Calculate the uncertainty in the current when the wire is 2.00 m long. 

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

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

Complete the following practical skills-based task to improve your experimental understanding of this 

part of the course in preparation for Physics Paper 3. 
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A8. What is this as a percentage of the mean current? 

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

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

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

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

 

A9. What would be the percentage uncertainty in the corresponding value of R? 

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

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

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

 

A10. Calculate the uncertainty in the current when the wire is 4.00 m long. 

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

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

 

A11. What is this as a percentage of the mean current? 

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

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

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

A12. What would be the percentage uncertainty in the corresponding value of R? 

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

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

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

 

A13. Calculate the uncertainty in the current when the wire is 6.00 m long. 

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

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

 

A14. What is this as a percentage of the mean current? 

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

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

 

A15. What would be the percentage uncertainty in the corresponding value of R? 

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

.......................................................................................................................................................................... 
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A16. Plot a graph of R (y axis) against l and draw a line of best fit. 

 
 

A17. Does your line of best fit pass through the origin? Should it? Explain your answer. 

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

.......................................................................................................................................................................... 
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A18. If the equation linking R and l is
A

l
R = , what does the gradient of your line represent? 

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

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

 

A19. Calculate the gradient of your line of best fit. 

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

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

 

A20. Use the gradient to find the value of resistivity. 

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

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

 

A21. The accepted value of the resistivity of copper at 20 °C is 1.68 x 10-8 Ωm. 

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

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

 

A22. What is the difference between this value and the value you obtained from your graph? 

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

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

 

A23. Calculate this as a percentage of the accepted value. 

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

.......................................................................................................................................................................... 
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 CHALLENGE QUESTION 
 

 

To assess your understanding, answer the following higher-level question on this topic. 
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Reference: Cambridge International A Level Unit 2 June 2010 Examination  
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 ANSWERS 
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 CHALLENGE QUESTION 
 
 
1. Archaeologists use resistivity surveying of soil to search for the remains of buildings and settlements 
under the ground. 
A basic arrangement that can be used to determine the resistivity of a region of soil is shown. 

 
Probes are placed at positions A and D so that the length AD of soil forms part of the circuit. 
The ammeter measures the current through the soil. 
A second pair of probes connected to a voltmeter is placed at positions B and C. 
This measures the potential difference between positions B and C in the soil. 
 
1.1 Explain how the reading on the voltmeter will change if the length BC increases.  

[2 Marks] 

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

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

1.2 The table gives the resistivity of some different materials. 

 
The probes connected to the voltmeter are kept at a constant separation of 0.75 m and are moved along 
the soil between positions A and D. 
The current is constant at 9.5 mA. The voltmeter reading varies between 1.8 V and 8.0 V. 
It can be assumed that the sample of soil under investigation has a cross‑sectional area of 0.65 m2. 
Deduce two possible materials that could be present in the soil between positions A and D.  

[4 Marks] 

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

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

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

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

Reference: EdExcel AS Level Physics Paper 1 June 2018 Examination 

To assess your understanding, answer the following higher-level question on this topic. 
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 ANSWERS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.1 

1.2 
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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. 
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 STRETCH AND CHALLENGE 
Metals 

The resistance of a metal increases with an increase in temperature. This is because the positive ions 
in the metal vibrate more when its temperature is increased, so the conduction electrons cannot travel 
through as easily when a potential difference is applied. 

The resistance, RT, of a metal wire in ohms (Ω) at a given temperature, T, in degrees Celsius (°C) is: 

RT = R0 (1 + α T) (Equation 1) 

R0 is the resistance of the wire at 0 °C in ohms (Ω) 

α is the temperature coefficient of the metal in °C−1. 

A metal has a positive temperature coefficient because its resistance increases with increase of 
temperature. 

If we rearrange Equation 1 and compare it to the equation of a straight-line graph  
(y = m x + c), 

RT = R0 + R0 α T 

y = c - m x 

we can see that the gradient of the resistance–temperature graph is R0 α and the intercept on the y-
axis is R0. Because R0 is always positive and α is positive for a metal, the gradient of the resistance–
temperature graph for a metal is always positive. 

Semi-conductors 

The resistance of an intrinsic semiconductor decreases with an increase in temperature. This is 
because the number of conduction electrons increases when the temperature is increased. This means 
that a semiconductor has a negative temperature coefficient. A typical thermistor, made from an 
intrinsic semiconductor, has a resistance–temperate graph with a negative gradient as shown in Figure 
1. The graph is also non-linear. 

 

Figure 1 Resistance variation with temperature for a thermistor 

It is important to remember that you cannot apply the straight-line-graph equation to problems 
involving semiconductors / thermistors. 
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Questions 

S1. The temperature coefficient of resistance for a copper alloy wire is 4.3  10−3 °C−1.  

Calculate the change in resistance for the wire coil of a motor made using this wire, if the initial 
resistance is 100 Ω and the temperature of the motor increases by 50 °C during its operation.  

[2 Marks] 

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

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

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

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

 
S2. A coil of platinum wire has a resistance of 1.36 Ω at 0 °C and a resistance of 1.89 Ω at 100 °C. 
Calculate the temperature at which the resistance will be 2.30 Ω.  

[4 Marks] 

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

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

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

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

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

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

 

 
S3. A coil of wire has a resistance of 6.00 Ω at 60 °C and 5.25 Ω at 15 °C. Calculate the temperature 
coefficient of resistance of the wire.  

[4 Marks] 

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

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

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

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

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

............................................................................................................................................................. 
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S4. A copper wire has a resistance of 2.46 Ω at 15 °C and a resistance of 2.88 Ω at 70 °C.  

Calculate 

S4.1 the temperature coefficient of copper  

[4 Marks] 

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

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

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

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

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

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

 

S4.2 the resistance of the wire at 100 °C. 

[2 Marks] 

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

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

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

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

 

S5. A power supply which provides a constant pd of 6.0 V is connected in series with a resistor of 
constant resistance 100 Ω and a thermistor. The resistance of the thermistor is 380 Ω at 25 °C but falls 
to 28 Ω at 100 °C. Calculate the pd between the ends of the resistor at 

S5.1 25 °C  

[2 Marks] 

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

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

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

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

 

S5.2 100 °C.  

[2 Marks] 

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

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

............................................................................................................................................................. 
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S6. The resistance of the filament in a new type of lightbulb is 27 Ω at 0 °C. If the temperature 
coefficient of resistance of the filament is 5.6  10−3 °C−1 and the mains voltage is 240 V, calculate 

S6.1 the resistance of the filament at a temperature of 2100 °C  

[2 Marks] 

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

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

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

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

 

S6.2 the ratio power of lamp when first switched on: power of lamp at 2400 K  

[3 Marks] 

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

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

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

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

 
S7. A constant pd of 2.0 V is applied to the ends of a metal strip of length 0.30 m, width 4.0 mm, and 
thickness 1.0  10−5 m. The metal has a resistivity of 1.5  10−7 Ω m at 0 °C and a temperature 

coefficient of resistance of 3.3  10−3 °C−1. Calculate 

S7.1 the resistance of the strip at 20 °C  

[4 Marks] 

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

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

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

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

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

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

S7.2 the electrical power dissipated when the strip is at a uniform temperature of 20 °C.  

[2 Marks] 

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

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

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

............................................................................................................................................................. 
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 ANSWERS 
S1. 22 Ω to two significant figures (21.5 Ω) (2 marks) 

 

S2. (α = 3.9  10−3 °C−1) 

T = 180 °C to two significant figures (177 °C) (4 marks) 

 

S3. 3.3  10−3 °C−1 (4 marks) 

 

S4.1 3.3  10−3 °C−1 to two significant figures (3.26  10−3 °C−1) (4 marks) 

 

S4.2 3.1 Ω (2 marks) 

 

S5.1 1.3 V to two significant figures (1.25 V) (2 marks) 

 

S5.2 4.7 V to two significant figures (4.69 V) (2 marks) 

 

S6.1 340 Ω to two significant figures (344.5 Ω) (2 marks) 

 

S6.2 13: 1 (12.8 : 1) (3 marks) 

 

S7.1 (1.125 Ω at 0 °C) 

1.2 Ω (to two significant figures) at 20 °C (4 marks) 

 

S7.2 3.3 W to two significant figures (3.33 W) (2 marks) 
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 CHALLENGE QUESTION 
 
 
1. Three resistors, of resistance R1, R2 and R3, are connected in series across a cell. The cell has 
electromotive force (e.m.f.) ε with negligible internal resistance. The current through the cell is I. 

 
1.1 Derive the formula for the total resistance RT of the circuit in terms of R1, R2 and R3. 

[3 Marks] 

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

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

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

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

1.2 The circuit diagram shows two resistors in series across a battery of e.m.f. 6.0 V and negligible internal 
resistance. A voltmeter with low resistance is connected across the 40 Ω resistor. 

 
The reading on the voltmeter is 1.8 V. 
Calculate the resistance of the voltmeter. 

[3 Marks] 

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

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

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

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

Reference: EdExcel AS Level Physics Paper 1 June 2018 Examination 
 
 
 
 

To assess your understanding, answer the following higher-level question on this topic. 
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 ANSWERS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.1 

1.2 
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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 
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