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Charge
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Charge carriers are particles which possess a positive or negative electric charge.
 

• Electric fields around charges cause attraction/repulsion.



Charge
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We can use the elementary charge to determine the number of electrons 
flowing through a conductor.
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Current is defined as the rate of flow of electric charge.

When charge carriers, such as electrons or ions, have a net flow in one 
direction a current is produced.

Conventional current is defined as the flow of positive charge. This is opposite to 
the direction of flow of electrons.

In a circuit, current flows 
from the positive terminal to 
the negative terminal.



Current
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In a conductor, the charge carrying electrons are constantly moving in 
different directions.
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The mean drift of charge carriers creates a current which can be calculated with 
the transport equation:



Exemplar Explanation Exam Question

•  
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Context: Charge carriers.

Explanation Question: 
Bullet-point format.

 

What would the charge of 
the drop depend on?
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[1 Mark]

• Charge of the droplet is equal to the total charge of the gained 
electrons

 

[1 Mark]
 

[1 Mark]



Voltage, Energy and Power
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Charge carriers acquire energy at the cell or power supply and do work passing 
through components, depositing their energy around the circuit.

The potential difference of a circuit is defined as the work done (or 
energy transferred) per unit charge.

 



Voltage, Energy and Power
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Exemplar Plot/Sketch Exam Question

1) Sketch the graph for the dependence of power on 
current for a resistor. State any assumptions you 
make about the nature of the resistor.

[2 marks]

Electricity and Circuits

Labels for axes.
Sketch/Plot Question: Asking for graph which 
demonstrates quantitative relationship.

Context: Power in resistors. 
Recall equation for power.  



Electricity and Circuits

 

 

 

 

 

[1 Mark]
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[1 Mark]

Assume resistance of resistor is constant (resistor does not heat 
up as current increases).
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Resistance
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• Resistance is a circuit component’s opposition to electric current.

As electrons carrying current move through a component, they collide with the 
positive ion metal lattice. This converts electrical work to heat.

 

 

As heat is produced, positive 
ions vibrate more and 
resistance increases.
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Ohm’s Law states that the potential difference across an Ohmic conductor at 
constant temperature is directly proportional to the current through it.

 

 

 



Ohm’s Law
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We have so far assumed that temperature and resistance are constant.

• A bulb filament heats up as current flows through it.

• This causes the metal ions to vibrate more.

• The result is that resistance increases 
as current increases.

• As they vibrate more, these ions obstruct 
the flow of current more.

 

 



Exemplar Experimental Analysis Exam Question

1) Describe a method to accurately determine the 
resistance of fixed resistor.

[5 marks]

Electricity and Circuits

Context: Determining 
resistance. Recall Ohm’s 
Law.

Require mention of 
accuracy.

Experimental Analysis Question: Draw a circuit 
diagram with correct layout and symbols.

Marks for diagram, 
setup and analysis.
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[2 Marks]

(For correct 
components 
and for correct 
layout.)
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• Use variable resistor to adjust current and potential difference 
in steps and record values at each step.

[1 Mark]

[1 Mark]
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[1 Mark]

[1 Mark]

• Voltmeter should have very high resistance to prevent current 
passing through it so that the ammeter will record the exact 
value of current. Ammeter should have very low resistance.

• Use current in range such that conductor remains Ohmic.

OR
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Diodes are circuit components which have a very high resistance in one 
direction and a very low resistance in the opposite direction.

• LEDs are diodes that emit light with high efficiency:
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Thermistors
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Thermistors are circuit components which have a resistance which decreases 
as their temperature increases.

• This is due to charge carriers 
becoming thermally activated 
and free to carry charge across 
the thermistor.

 

 



L.D.Rs
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Light Dependent Resistors (LDRs) have a resistance which decreases as the 
light intensity upon them increases.

• This is due to light liberating charge 
carriers within the LDR allowing for a 
greater flow of current across it.

• As potential difference remains constant 
an increase in current reduces resistance.

 

 



Exemplar Explanation Exam Question

1) The following diagram shows a temperature-sensing 
circuit which is safely submerged in a waterbath so a 
change in temperature only affects the thermistor. It can 
be assumed that the voltmeter connected perpendicular 
to the thermistor has infinite resistance, and the ammeter 
connected in series with it has zero resistance. Discuss 
how these meters will respond to a change in temperature 
in the bath [4 
marks]

Electricity and Circuits

Explanation Question: Bullet-point format.
Context: Thermistors. Recall their 
temperature-resistance relation.

 

Use given 
diagram.
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A

V
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[1 Mark]
• As the temperature increases, the resistance of the thermistor 

decreases.

[1 Mark]

[1 Mark]

[1 Mark]

• As thermistor is the only component with resistance in the 
circuit, it will always have a potential difference equal to the 
e.m.f.

• Therefore, the current through the thermistor increases

• As an equal current flows through the ammeter, the reading of 
the ammeter increases as the temperature increases.
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This is due to the charge carriers encountering more ions as obstacles on their path.
 

This is due to the charge carriers having more possible paths around ion obstacles.
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Electricity and Circuits

 

 

Resistivity is the degree to which a material resists the flow of charge carriers 
through it.

• Materials with high resistivity are typically insulators.

• Materials with low resistivity are typically conductors.



Exemplar Calculation Exam Question

•  
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Key numerical values. Calculation Question: Mathematical 
question – we need to show our working.

 
Context: Resistivity. Recall definition 
of resistivity from equation.
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Exemplar Calculation Question Answer

Determine resistance of bulb

 

[1 Mark]
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Exemplar Calculation Question Answer

Determine resistivity of bulb

 

[1 Mark]

 

 

 

 

[1 Mark]
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Electromotive Force and Internal Resistance
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Cells and power supplies cannot always be assumed to have zero resistance. 
The resistance of these sources is known as internal resistance.



Electromotive Force and Internal Resistance

Electricity and Circuits

 

 

 

 

 



Exemplar Experimental Analysis Exam Question

1) Determine a method to measure the emf and 
internal resistance of a circuit by taking 
measurements with a voltmeter and ammeter. 
Construct a circuit diagram to show the setup 
used. [4 
marks]

Electricity and Circuits

Context: Emf and internal resistance. 
Recall definitions and equations.

Require details of measurements.

Experimental Analysis Question: Draw a circuit 
diagram with correct layout and symbols. Marks for diagram, 

setup and analysis.
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[2 Marks]

(For correct 
components 
and for correct 
layout.)
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• Adjust current by varying the variable resistance. Fixed 
resistor limits maximum current passing through cell.

[1 Mark]

• Ammeter measures cell current and voltmeter measures 
terminal p.d.
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[1 Mark]
 

 

 
 



Kirchhoff's Laws
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The principle of conservation of charge states that the total charge in an 
isolated system is constant.

Kirchhoff’s First Law states that for any point in an electrical circuit the sum of 
the current flowing in is equal to the sum of current flowing out.
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Kirchhoff’s Second Law states that for any complete loop around a circuit, the sum 
of the e.m.fs around the loop is equal to the sum of potential drops around the loop.

  

  

 

 

 



Exemplar Calculation Exam Question

•  
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Calculation Question: 
Mathematical question – we 
need to show our working.

 

Context: Recall and apply 
Kirchhoff’s Laws. Use information given in the diagram.
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Exemplar Calculation Question Answer

Write out Kirchhoff’s Laws:

 

[1 Mark]

  

Consider bottom-right closed loop:
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Exemplar Calculation Question Answer

Apply Kirchhoff's 1st Law to centre wire: 

[1 Mark]   

Consider top closed loop:

  [1 Mark]

Consider outer closed loop:

  [1 Mark]
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Potential Dividers
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Potential dividers can be used in combination with a 
thermistor or LDR to create a sensor.  

 

 

 

 

 

 



Exemplar Calculation Exam Question

•  
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Calculation Question: Mathematical 
question – we need to show our working.  

Context: 
Potential 
Divider. 
Recall 
potential 
divider 
equation.

Key values we will require.
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Exemplar Calculation Question Answer

Use potential divider equation

[1 Mark]

 

 

 

[1 Mark]
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Exemplar Calculation Question Answer

Use p.d/power equation

[1 Mark]

 

 

 



MINI MOCK PAPER
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1) Suggest a reason for connecting a variable 
resistor, rather than a fixed resistor, with a 
thermistor in a temperature sensor circuit.

[2 
marks]

Mini Mock Paper
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[1 Mark]
 

[1 Mark]



2) Describe and explain why it is preferable to 
transmit electricity to a town through electric 
power lines at a very high voltage.

[3 marks]

Mini Mock Paper
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[1 Mark]

 

[1 Mark]

 

 

 

[1 Mark]



•  

Mini Mock Paper
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Exam Question Answer

Determine resistance of each cable

[1 Mark]

 

 

Determine current through each cable

[1 Mark]
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Exam Question Answer

Determine charge transferred past a point in one cable in 1 minute

[1 Mark]

 

 

Determine number of charge carriers transferred by all 10 cables

[1 Mark]

 



4) The cell in the circuit below has an emf of 2.0 V. 
When the variable resistor has a resistance of  4.0 
Ω, the potential difference (p.d.) across the 
terminals of the cell is 1.0 V. What is the p.d. 
across the terminals of the cell when the 
resistance of the variable resistor is 12 Ω?

Mini Mock Paper

[4 Mark]



Mini Mock Paper

Exam Question Answer

Determine current when the resistance is 4 Ω

[1 Mark]

 

Use the equation for emf to calculate internal 
resistance

[1 Mark]
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Exam Question Answer

Determine current when the resistance is 12 Ω

[1 Mark]

 

Determine the potential difference across the 
terminals of the cell using Ohm’s law

[1 Mark]

  

 



5) State Kirchhoff’s first law.

Mini Mock Paper

[1 Mark]



Mini Mock Paper

Exam Question Answer

Kirchhoff’s First Law states that for any point in an electrical circuit the 
sum of the current flowing in is equal to the sum of current flowing out.

[1 Mark]


