


Topic Area 1: Basic electronic circuit principles
Area of Study: 1.1 Electronic circuit parameters and 1.2 Electronic circuit theory, laws and associated calculations
Lessons
	Lesson number
	Specification coverage 
	GLH 
	Lesson aims and outcomes
	Lesson ideas, key words and activities 
	Useful resources
	Student independent learning – ideas and useful resources

	1
	1.1 Electronic circuit parameters
1.1.1 Electronic circuit parameters and their SI or SI derived units of measurement: 
· Potential difference
· volt (V) 
· Current 
· amp (A)
· Resistance 
· ohm (Ω) 
· Capacitance 
· farad (F)
· Power 
· watt (W)
· Frequency
· hertz (Hz)
1.1.2 Unit multiples and submultiples
· Mega (M) 
· Kilo (k)
· Milli (m) 
· Micro (µ) 
· Nano (n) 
· Pico (p)
1.2 Electronic circuit theory, laws and associated calculations 
1.2.1 Circuit theory
· Electron flow 
	1
	By the end of the lesson, students should be able to: 
· understand electron flow and conventional current flow in circuits.
· understand the meaning of electrical circuit parameters.
· understand quantities using unit multiples and submultiples.
	Key words: 
Electron flow
Circuit parameters – SI and SI derived units
Multiples and submultiples
Activities/lesson ideas:
Idea 1
You could begin this unit with an introduction to electronics and programmable systems and their applications in everyday life. You could:
· explain that electronics is based on the flow of electrons in a circuit
· explain how current in a circuit is related to the flow of electrons, and how current flow is required to make circuits function
Idea 2
You could then:
· define the key electronic circuit parameters and their SI and SI derived units
· show with examples how quantities are represented using unit multiples and submultiples, and how to convert these
Idea 3
Finally, you could:
· introduce basic circuits and circuit symbols using example circuits and the IET booklet on units and symbols. You could develop a worksheet with symbols for students to identify or with circuit symbols for them to draw.
Students are required to use circuits, circuit parameters, multiples and submultiples throughout this unit and in R048 and R049 and so will revisit this topic area.
	Conventional Current v Electron Flow - Electricity explained: on The Engineering Mindset YouTube.com channel
A video explaining electron and conventional current flow
Electrical Units of Measure and Descriptions (electronics-tutorials.ws) A webpage explaining electrical SI and SI derived units, multiples and submultiples
units-and-symbols.pdf (theiet.org) A guidebook from the IET with lots of information on electrical units and circuit symbols
	Students could watch a short video explaining the SI system of unit on the Joe Robinson Training YouTube channel . The channel has a series of videos looking at SI units. The following is an introduction: What are SI units? An introduction to the Systeme International
Students could complete a worksheet on multiples and submultiples, such as Multiples and sub-multiples worksheet.PDF (edutek.ltd.uk)

	2
	1.2 Electronic circuit theory, laws and associated calculations 
1.2.1 Circuit theory
· The characteristics of types of signals and their waveforms: 
· analogue 
· digital 
· Types of current 
· alternating current (AC)
· direct current (DC)
	1
	By the end of the lesson, students should be able to: 
· understand analogue and digital signals and explain their relative advantages and disadvantages.
	Key words:
Signals – analogue and digital 
Activities/lesson ideas:
In this lesson you could introduce the types of signals and current used in electronic circuits. You could:
Idea 1
· use example from the Internet showing the difference between an analogue and a digital waveform
· explaining alternating current (AC) and direct current (DC) with typical applications
Idea 2
· for an AC sine waveform and DC square waveform, use web-based examples with animations and videos showing:
· amplitude
· frequency
· periodic time
Idea 3
· show a website with animations or videos explaining types of signals and AC waveforms for students to review.
	Analog vs. Digital 
(sparkfun.com) A webpage which explains the difference between analogue and digital.
Alternating Current
(lunchboxsessions.com) A complete tutorial with animations explaining AC waveforms, including amplitude, frequency and periodic time.
Understanding Square Waves in Electronic Circuits on the ElectronicsNotes YouTube channel explains square waveforms.
	Students could watch a video about analogue and digital signals. Physics - Waves - Analogue and Digital Signals: Ace Physics and Maths YouTube channel has a video explaining analogue and digital signals
Students could watch a video explaining AC waveforms. AC Voltage Explained (Cycles, Periods, & Frequency) on Engineering Technology Simulation Learning Videos YouTube channel explains the AC waveform.

	3
	1.2 Electronic circuit theory, laws and associated calculations 
1.2.1 Circuit theory
· Types of circuits 
· series circuits 
· calculation of total resistance 
· parallel circuits 
· calculation of total resistance 

	1
	By the end of the lesson, students should be able to: 
· understand series and parallel resistor circuits, calculate total circuit resistance.
	Key words:
Series and parallel circuits 
Activities/lesson ideas:
For this lesson you could focus on series and parallel resistors circuits. To do this you could:
Idea 1
· explain using examples taken from the Internet difference between a series and a parallel circuit (see link in resources)
Idea 2
· show how to calculate the total resistance of a series resistor circuit
· show how to calculate the total resistance of a parallel resistor circuit
· use a practical demonstration to measure the value of resistors in series and in parallel (see link in resources)
Idea 3
· develop a worksheet with series and parallel circuits for students to complete.
Note that resistance in circuits that combine both series and parallel arrangements is not required.
	Resistance in series and parallel circuits - How do series and parallel circuits work? 
OCR 21C - GCSE Physics (Single Science) Revision - OCR 21st Century - BBC Bitesize (bbc.co.uk)
Resistors in Series and Parallel - GCSE Physics: 
Physics Online YouTube channel has a good video explaining series and parallel resistors
	Students could watch a video such as Resistors in Series & Parallel - Formulas & Calculations - YouTube on the ElectronicsNotes YouTube channel explaining series and parallel resistors.
Students could use a circuit simulator software package such as the one being used for Unit R048 to simulate circuits with resistors in series and in parallel. Note there are many free online software packages that could also be used, such as phet.colorado.edu: 
Circuit Construction Kit: DC - Series Circuit | Parallel Circuit | Ohm's Law - PhET Interactive Simulations
Online circuit simulator & schematic editor – (CircuitLab.com)
Tinkercad.com

	4
	1.2 Electronic circuit theory, laws and associated calculations
1.2.2 The relationship between voltage, current and resistance
· Ohm’s Law 
· calculations of voltage, current or resistance using V = I R
	1
	By the end of the lesson, students should be able to: 
· know Ohm’s Law and use to solve simple circuit problems that involve rearranging formula.
	Key words:
Ohm’s Law 
Activities/lesson ideas:
In this lesson you could introduce students to Ohm’s Law and its application in electronics. This could be done by:
Idea 1
· explaining the historical context of Ohm’s Law – details of this can be found on the Internet.
· explaining how Ohm’s Law can be used to relate voltage, current and resistance of a circuit to one another
· use a practical demonstration to measure the value of voltage and current in resistor circuits and to confirm the application of Ohm’s Law
Idea 2
· showing examples of the application of Ohm’s Law in simple resistor circuits
· showing how to rearrange Ohm’s Law to solve simple circuit problems
Idea 3
· developing an Ohm’s Law worksheet with problems to solve.
	Physics for Kids: Ohm's Law 
(ducksters.com) A web page with a simple explanation with examples of Ohm’s Law.
Ohms Law Explained - The basics circuit theory: The Engineering Mindset YouTube channel with a video explaining Ohm’s Law.
Ohm (1787) - Energy Kids: U.S. Energy Information Administration (EIA) (eia.gov) has the history of Ohm’s Law and other great scientists.
	Students could watch further videos explaining Ohm’s Law such as What Is OHM'S Law? [Explained in Under 5 Minutes] on the 
Instrumentation & Control YouTube channel explaining Ohm’s Law.
Students could use a circuit simulation software package or online simulator to explore Ohm’s Law in resistor circuits, finding the resistance, voltage and current.

	5
	1.2 Electronic circuit theory, laws and associated calculations
1.2.3 The relationship between power, current and voltage
· Watt’s Law (power)
· calculations of power, current and voltage using P = I V
	1
	By the end of the lesson, students should be able to: 
· know Watt’s Law (the Power Law) and use to solve simple circuit problems that involve rearranging formula.
	Key words:
Watt’s Law 
Activities/lesson ideas:
For this lesson you could introduce students to Watt’s Law (the Power Law). You could do this by:
Idea 1
· explaining the historical context of Watt’s Law
· explaining how Watt’s Law is used to calculate the power from voltage, current and resistance in a circuit
Idea 2
· showing how Watt’s Law can be used to determine the power dissipated in a simple resistor circuit
· use a practical demonstration to determine the value of power in resistor circuits and to confirm the application of Watt’s Law
Idea 3
· developing a worksheet with problems to solve using Watt’s Law.
Note that students are only required to use and rearrange P = I V and not any other form of this equation.
	What is Watt's law? 
(mechanical- engineering.com) 
A web page with a simple explanation with examples of Watt’s Law.
Electric Power 
(learn.sparkfun.com) A webpage with video explaining power and how it relates to electrical power and Watt’s Law.
	Students could read a web page with examples explaining Watt’s Law and its applications, such as What is Watt's Law
You could use examples from a workbook such as the following with examples on Ohm’s and Watt’s Law for students to complete: Online-Resources-GCSE-Physics-Electricty-Work-book-Dr-Ben-Stutchbury.pdf. This is part of the Brillant Club website: The Brilliant Club

	
	Exam Revision
	1-2 hours
	By the end of the lesson, students should be able to attempt exam questions relating to the topic area.
	· You could use this lesson to enable students to practice exam style questions and develop exam techniques.
· Use OCR Exam Builder to produce sample questions and solutions.
· Students could peer review each other’s answers.
	
	Exam Revision



Subject knowledge support for this area of study
	Subject knowledge enhancement	
	Details

	Underlying knowledge and understanding
	To be able to effectively engage with basic electronic circuit principles they should already have a foundation understanding of basic mathematical operations (BODMAS) and rearranging simple equations. They should also have developed appropriate skills in Unit R048 and R049.

	Common misconceptions
	Electron flow and conventional current flow: Students often get confused with the electron flow being the opposite direction to the flow of current in a circuit. Videos explaining this concept could be useful.
SI and SI derived units: Students often fail to recall the correct SI or SI derived units for electrical quantities. This can be reinforced with them undertaking investigation activities looking at the background to these.
Representing values with multiples and submultiples: Students often fail to correctly use multiples and submultiples of electrical quantities or units. This can be reinforced by them undertaking many practice activities.
AC sine waveform features: Students confuse the features of AC waveforms, and do not correctly identify amplitude, frequency and time period. This can be reinforced by showing them videos explaining this, or with practical experiments with a signal generator and oscilloscope if you have access to resources.
Calculating parallel resistance: Students sometimes get confused with how to calculate resistors in parallel, particularly the need to take the reciprocal of the result to get the final total resistance. Practice activities can be used to help them understand this.
Ohms Law: A video or practical demonstration could be useful in getting students to understand Ohm’s Law along with practical worked examples, and exercises for them to complete for themselves.
Power (Watts) Law: A video or practical demonstration could be useful in getting students to understand Watt’s Law along with practical worked examples, and exercises for them to complete for themselves.

	Key concepts
	Electron flow and conventional current flow: Electrons flow from the negative terminal to the positive terminal in a circuit, however a historical convention describes current as flowing in the opposite direction.
SI and SI derived units: The International System of Units (SI) is a globally recognised system of measurement built on seven base units. All other physical quantities are expressed using derived units, which are created from algebraic combinations of these base units.
Representing values with multiples and submultiples: In the International System of Units (SI), multiples and submultiples of a unit are represented by adding a prefix to the unit's name. The prefixes are based on powers of 10, which simplifies calculations and makes very large or very small measurements easier to read and understand. Examples include kilo (103), mega (106), milli (10-3) and micro (10-6).
Analogue and digital waveforms: An analogue waveform is a continuous and infinite wave, while a digital waveform is a discrete and stepped wave. Both have application in electrical and electronic theory and applications.
AC sine waveform features: Features of an AC sine waveform are the amplitude, frequency and time period. These define the shape of the waveform precisely.
Series and parallel resistor circuits: In electrical circuits, resistors can be connected in two fundamental ways: series or parallel. The configuration determines how current flows, how voltage is distributed, and how total resistance is calculated. In a series resistor circuit RT = R1 + R2 + R3 + … and in a parallel resistor circuit 
Ohms Law: Ohm's law describes the relationship between voltage, current, and resistance in an electrical circuit. Ohm's law can be expressed using the following simple equation: V= I x R which can be rearranged to solve for any of the three variables.
Watts (Power) Law: Watt's law defines the relationship between electrical power, voltage, and current in a circuit. Watt's law is expressed by the equation: P = V x I which can be rearranged to solve for voltage or current if you know the other two variables.

	Subject knowledge enhancement for teachers (further reading)
	There are many good online resources and tutorials that support basic electronic circuit principles. This includes many on YouTube, and as noted in the resources column.
Refer also to the textbooks and endorsed resources for the OCR Cambridge Nationals Engineering Programmable Systems details available at: Cambridge Nationals - Engineering Programmable Systems Level 1/Level 2 - J824
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