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Checkpoint Task
Electricity
Instructions and answers for teachers
These instructions cover the student activity section which can be found on page 6. This Checkpoint Task should be used in conjunction with the KS3–KS4 Physics A Transition Guide: Electricity, which supports OCR GCSE (9-1) Gateway Science Physics A.

When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Overview
Since one of the problems a lot of learners have at this stage is remembering the relationships between quantities and the equations and rules for calculating quantities. The experience of working something out for oneself can often be a better way of remembering and understanding an equation and relationships between variables than simply learning and repeating it. 

Learner task 1.1 features some basic calculation, plus a slightly guided derivation of the equation for power, voltage and current. Task 1.2 involves deciding whether to use series or parallel circuits in a selection of ordinary applications. The extension task contains an attempt to encourage learners to derive a rule for calculating the overall resistance of resistors in parallel.
Teacher preparation
The standard introductions to the topic should give most learners the information they need for the first two tasks. The third might require a little more help. The first question in the extension task is almost a trick, designed to confuse learners by referring to terms in ways that obscure the real processes. Some learners who are not as able as others in terms of calculations and memory retention may find this question easier than those who are better at manipulating the equations, because it does not require any calculation. The second question is more detailed. The maths is not especially hard, but the idea of deriving a relationship for themselves without being prompted may intimidate some learners, while potentially enthusing others. This is an opportunity for learners to feel that they have independently made a genuine scientific discovery of a sort. 

No special materials are required, although obviously the availability of electrical circuits and components to experiment with would be useful.
Task instructions and answer

Activity 1

In an electrical circuit, power is transferred through the flow of charge.

Q1. You know that voltage, or potential difference, is energy per unit charge, and that current equals charge per time. You also know that power is the rate at which energy is transferred. Express power (P) in terms of potential difference/voltage (V) and current (I).
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Q2. A learner is doing an experiment to investigate the output of a photocell. She measures the power output of the photocell at different distances from a lamp.

At a distance of 25 cm the power was 72 mW. The voltage across the photocell was 12 V, calculate the current through the photocell.
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Activity 2

Series and Parallel Circuits. Potential answers in italics.
In the following table, tick (or otherwise mark) the relevant box depending on whether you would wire the circuit in series or in parallel. For each of your answers, explain your choice. The bottom two boxes are left blank for your own examples. 
	Circuit
	Series (if so, why?)
	Parallel (if so, why?)

	A lightbulb and a dimmer switch.


	Because the dimmer switch controls the current flowing through the bulb.
	

	A set of fairy lights.


	
	Fairy lights are often given as the classic example of things you should put in parallel, mostly because, in series, any bulb that breaks will make the circuit incomplete, and the lights will all go out.

	A lightbulb with two switches, eg. A light in a stairwell with one switch at the bottom and another at the top.


	The switch either operates only one of the lights or neither.
	

	A loudspeaker and a volume control.


	Because the volume control dial controls the current flowing through the loudspeaker.
	

	The sockets on a multiway mains extension cord.

	
	You don’t want to lower the voltage in the circuit powering one device every time you draw current for a different device on another socket.

	
	
	

	
	
	


Extension Task

Further Question:

Q. In the example of the parallel circuit, imagine we were to work out the total resistance across the circuit. If we know that the total voltage is 12V and the current is 18A, we know that the resistance is 12/18 = 2/3 = 0.667 Ω.

(a) Imagine we were to add another branch to the circuit, this time with another 1Ω resistor. What would the current be in that branch, and what would that do to the total resistance in the circuit? 
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(b) Ifall the resistors were 1 Ω resistors. Now imagine adding more branches, and seeing what happens to the total resistance. Can you think of a rule for working out the total resistance of a circuit with resistors in parallel?
The current would be the same as in the other 1 Ω branch: 12 A. It would increase the total current to 30 A, so the resistance would be 12/30 = 0.4 Ω.
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Introduction for learners 
Electric circuits
Here are some broad definitions:

The movement of charge in a circuit is caused by the flow of electrons through it. The standard unit of charge is a coulomb. 

The potential difference, or voltage, in the circuit is defined as the amount of energy per unit charge. That is, the voltage is the amount of energy used to move each electron around the circuit. This is why we say V = E/Q; voltage equals energy per charge. Because it’s very hard to count and measure electrons, we define these things in terms of coulombs and joules and standard units, so one volt (1 V) equals one joule per coulomb; each coulomb gets one joule of energy per volt.

The current is defined as the rate at which the charge flows through the circuit. One amp (1 A) is defined as one coulomb of charge per second. I = Q/t: current equals charge over time.

Power, of any kind, is defined as the rate of energy transfer, and one watt (1 W) of power equals one joule per second. P = E/t: power equals energy over time.

Resistance is defined as the ratio between the voltage and the current. A resistance of one ohm (1Ω) would mean that there is one volt per amp; R = V/I, and V = IR.

In series circuits, all the components are in a row; in series. If you place resistors in series, the resistance will add and the current will decrease. The current will be the same in all the resistors, but the voltage across each of them will depend on their resistance; the more the resistance, the greater the voltage. The total voltage across the circuit (from terminal to terminal) will be divided between the resistors in proportion to their resistance. Thus, if we have a 12 V battery connected to a 1 Ω resistor and a 2 Ω resistor in series, the current will be 4 A, the voltage across the 1 Ω resistor will be 4 V and the voltage across the 2 Ω resistor will be 8 V. 

In parallel circuits, the components are effectively on separate circuits connected to the same terminals. If you place resistors in parallel, the voltages across them will all be the same (the same as that across the terminals), but the currents will all be different, depending on the resistors, and the total current will be the sum of the currents in the branches. Thus, if we take the same 12 V power supply and connect the same resistors as before in parallel, we will find that the branch with 

the 1 Ω resistor has 12 A flowing through it, and the branch with the 2 Ω resistor has 6 A; the total current would thus be 18 A. That’s quite a difference in current just by rearranging the resistors.
Learner Activity 1
In an electrical circuit, power is transferred through the flow of charge.

Q1. You know that voltage, or potential difference, is energy per charge, and that current equals charge per time. You also know that power is the rate at which energy is transferred. Express power (P) in terms of potential difference/voltage (V) and current (I).
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Q2. A learner is doing an experiment to investigate the output of a photocell. She measures the power output of the photocell at different distances from a lamp.

At a distance of 25 cm the power was 72 mW. The voltage across the photocell was 12 V, calculate the current through the photocell.
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Learner Activity 2

Series and Parallel Circuits

In the following table, tick (or otherwise mark) the relevant box depending on whether you would wire the circuit in series or in parallel. For each of your answers, explain your choice. The bottom two boxes are left blank for your own examples.

	Circuit
	Series (if so, why?)
	Parallel (if so, why?)

	A lightbulb and a dimmer switch.


	
	

	A set of fairy lights.


	
	

	A lightbulb with two switches, eg. A light in a stairwell with one switch at the bottom and another at the top.


	
	

	A loudspeaker and a volume control.


	
	

	Circuit
	Series (if so, why?)
	Parallel (if so, why?)

	The sockets on a multiway mains extension cord.


	
	

	
	
	

	
	
	


Extension task
Further Question:

Question: In the example of the parallel circuit, imagine we were to work out the total resistance across the circuit. If we know that the total voltage is 12 V and the current is 18 A, we know that the resistance is 12/18 = 2/3 = 0.667 Ω.

(a) Imagine we were to add another branch to the circuit, this time with another 1 Ω resistor. What would the current be in that branch, and what would that do to the total resistance in the circuit?
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(b) Ifall the resistors were 1 Ω resistors. Now imagine adding more branches, and seeing what happens to the total resistance. Can you think of a rule for working out the total resistance of a circuit with resistors in parallel?
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The answeris P=IV. This should be demonstrable fairly easily: V=E/Q, P=E/t and I=Q/t. Multiply the formulae for I and V, and the Qs in the denominator and numerator cancel out to make E/t, which is P.








Current = Power ÷ P.D.


Convert mW to W = 0.072 W


= 0.072 (W) ÷ 12 (V)


= 6mA








The current would be the same as in the other 1Ω branch: 12 A. It would increase the total current to 30 A, so the resistance would be 12/30 = 0.4 Ω.





This is where we ambitiously attempt to coax learners to derive for themselves the formula for calculating resistors in parallel. The idea of using a set of 1 Ω resistors and adding branches before calculating overall resistance is designed to point in the direction of adding the resistances and finding the reciprocal; some learners may require a degree of prompting up to and including simply giving them the information, but the value of learners recalling that they themselves worked out an important equation that they will use in the subject and that is relevant in real-life practical uses of electricity, should be considerable.
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