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Get the most from this book

Welcome to the WJEC GCSE Physics Student Book.

This book covers all of the Foundation and Higher-tier content for the 2016 WJEC GCSE Physics specification.

The following features have been included to help you get the most from this book.
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Specification coverage

Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Key terms

Important words and concepts are highlighted in the text and clearly explained for you in the margin.
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Discussion point

These are questions that could be answered by individuals, but that benefit from discussion with your teacher or others in your class. Sometimes, there are a variety of opinions or possible answers to explore.
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Activity

These activities may involve the use of second-hand data that could not be obtained in the school laboratory, along with questions that will test your scientific enquiry skills.
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Practical

These practical-based activities will help consolidate your learning and test your practical skills.
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Test yourself

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Practice questions

You will find practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Chapter summary

This provides an overview of everything you have covered in a chapter and is a useful tool for checking your progress and for revision.

Some material in this book is only required for students taking the Higher-tier examination. This content is clearly marked by the Higher [image: ] icon.
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Specified practical

WJEC’s specified practicals are clearly highlighted.
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GCSE Physics only

Most of the content in this book is suitable for all students. However, some chapters should only be studied by those taking GCSE Physics. This content is clearly marked with a red line next to the specification coverage box at the start of relevent chapters.
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Worked example

Examples of questions and calculations that feature full workings and sample answers.
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Answers

Answers for all questions and activities in this book can be found online at:

www.hoddereducation.co.uk/wjecgcsephysics
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1 Electric circuits
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Specification coverage

This chapter covers the GCSE Physics specification section 1.1 Electric circuits and GCSE Science (Double Award) specification section 3.1 Electric circuits, which explores the relationship between current and voltage, and develops the idea of resistance. It investigates how voltages and currents are related in series and parallel circuits, and how the total resistance in series and parallel circuits can be calculated. It introduces the concept of power in an electrical circuit as the energy transferred per unit time and introduces the equations which enable the power transferred by an appliance to be calculated.
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Solar panels–‘free’ energy from the Sun?

Solar panels are really amazing. Light from the Sun (it doesn’t even have to be sunny) falls on a cell with a specially prepared silicon surface; the energy is absorbed by the silicon atoms in the surface of the cell. This releases ‘free’ electrons into the panel. These create a voltage that can be used to produce a current.
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The electricity that is generated can be fed directly into the house for use by the occupants, or, if excess electricity is generated, it can be exported to the National Grid. The National Grid pays the household for any electricity generated. The solar panel is connected in parallel with the mains supply from the National Grid. A connection box is needed to match the electricity generated by the solar panel to that used by the domestic circuits. An average solar panel system costs around £8000, but the savings can be considerable. Approximately 1 tonne of carbon dioxide a year can be saved, and a 2.2 kW system can generate around 40% of a household’s yearly electricity needs. The feed-in tariff from the National Grid could generate savings and income of around £900 per year, so knowing a little bit about electrical circuits could save you a lot of money and substantially reduce your carbon footprint.

Simple electrical circuits

The circuit diagrams in Figures 1.3 and 1.4 show the simplest of circuits. Figure 1.3 shows a series circuit and Figure 1.4 shows a parallel circuit. Both circuits have an ammeter connected in series with the battery to measure the current. Components are connected in series when they are connected one after another in a continuous loop, so that the (same) current passes through each component. In parallel circuits, two or more components are connected to the same points in the circuit (called junctions) and the current splits, with some flowing through each component.
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The current in a circuit is a measure of the rate of flow of charge around the circuit. Current is measured by connecting an ammeter into the circuit in series with other components, such as bulbs and batteries. The circuit symbol for an ammeter and symbols for other common circuit components are shown in Figure 1.5.

Current is measured in amperes, normally shortened to amps, with the symbol A. Mains circuits containing components such as heaters, motors and solar panels have currents of the order of several amps. Electronic circuits, such as the circuits in mobile phones, have currents of the order of milliamps, mA (where 1 mA = 0.001 A), or even microamps, µA (where 1 µA = 0.000 001 A).
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Key terms


In a series circuit, components are connected one after another in a complete circuit loop.

In a parallel circuit, two or more components are connected to the same points in the circuit.

The current flowing through a component is the rate of flow of charge through the component.
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Practical

Measuring currents in series and parallel circuits

This activity helps you with:


•  working in a team

•  setting up simple electrical circuits

•  measuring currents using ammeters

•  identifying patterns in measurements and observations.



Apparatus


•  batteries and holder

•  connecting wires

•  light bulbs ×2

•  ammeter



In this activity, you will use an ammeter to measure the current in series and parallel circuits containing the same components. You should look for patterns in the current readings in different parts of each circuit.

Safety notes

You may be given a mains-electrical power supply unit (psu) rather than a battery pack. Low-voltage psus are very safe, but you must be careful when using mains electricity, particularly near any water taps and sinks.

Procedure


1  Set up Circuit A as in Figure 1.3.

2  Draw a copy of the circuit diagram.

3  Use the ammeter to measure the current at each point, A, B and C, in the diagram. In each case, you should break the circuit at the specified point and connect the ammeter in series. Make sure that you connect the ammeter correctly: the + terminal on the ammeter connects in series with the + terminal on the battery. If you are uncertain about this ask your teacher for help.

4  Record the current next to each point on your circuit diagram.

5  Repeat the experiment for the parallel Circuit B (Figure 1.4), measuring and recording the currents at P, Q and R; and X, Y and Z.



Looking for current patterns in the circuits

Series circuit (Circuit A)

Study the current values at A, B and C. You should find that they are either all the same, or very close in value. The current in a series circuit is the same for all components in the circuit.

Parallel circuits (Circuit B)

Add the current at Q to the current at R. Compare this value to the current at P – you should find that they are very close to each other. Add the current at X to the current at Y, and compare this value to the current at Z. In parallel circuits, the total (sum) of the currents going into a junction is the same as the total (sum) of the currents out of the junction. This result was first described by Gustav Kirchhoff in 1845:

total current into junction = total current out of junction

[image: ]




[image: ]

Test yourself


1  Study the following circuits. Use your knowledge of the behaviour of current in series and parallel circuits to calculate the current at each of the marked points on the circuit diagrams (a to j in Figure 1.6).
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2  In a domestic house, all the electrical sockets and all the domestic appliances, such as an electric oven, are connected in parallel to the main circuit board. In one such house during the early evening, the lights are using 2.5 A, a television 0.5 A, an electric oven 13 A and a kettle 10 A. What is the total current drawn from the main circuit board?

3  Draw circuits showing the following:




    a)  two bulbs and a switch in series with a 6 V power supply unit

    b)  a solar cell connected in parallel with two filament lamps, each one with its own switch in series.
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Voltage

Electric current is a measure of the flow of electricity around a circuit. A higher current means that more negatively charged electrons are flowing past a point in the circuit per second. The amount of electrical energy (measured in joules) per unit charge (measured in coloumbs) is called voltage or potential difference. Voltage is measured in volts, V, by a voltmeter. Voltmeters work by measuring the difference between the energy carried by the charge before a component to after the component – or how much electrical energy has been transferred (to heat ∕ light ∕ sound, etc.) inside the component. This means that voltmeters are always connected in parallel with components. Figure 1.7 shows a voltmeter measuring the voltage across a component in a series circuit.
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Key term


The voltage across a component is the difference in the amount of electrical energy carried by the electric charge before a component, compared to the amount carried after the component.
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Practical

Measuring voltages in series and parallel circuits

This activity helps you with:


•  working in a team

•  setting up simple electrical circuits

•  measuring currents using ammeters

•  identifying patterns in measurements and observations.



Apparatus


•  batteries and holder

•  connecting wires

•  light bulbs ×3

•  voltmeter



In this activity you will use a voltmeter to measure the voltages in series and parallel circuits. All components in circuits, such as batteries and bulbs, have a voltage across them, which can be measured easily with a voltmeter. But in some cases, for example a connecting wire, the voltage is very small and is often too small to be measured by a standard student laboratory voltmeter. However, the combined effect of several wires may lead to some voltage being ‘missed’ in a circuit, because it is difficult to measure.

Safety notes

You may be given a mains-electrical power supply unit (psu) rather than a battery pack. Low-voltage psus are very safe, but you must be careful when using mains electricity, particularly near any water taps and sinks.

Procedure


  1  Set up the series circuit shown in Figure 1.8.
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  2  Measure and record the voltage across the power supply.

  3  Measure and record the voltage across the lamps at points P, Q and R.

  4  Add up all the voltages across the lamps. Compare the voltage across the power supply with the sum of the voltages across the components.

  5  Taking into account voltages across wires and connections, your voltage across the battery should (approximately) equal the voltage across the lamps. This leads to a general circuit law, which states that for a series circuit, the total voltage in to the circuit = total voltage out of the circuit

  6  Now set up the circuit shown in Figure 1.9.
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  7  Measure and record the voltage into the circuit across the battery.

  8  Disconnect the voltmeter and connect it across X, then Y, then Z.

  9  At each connection, X, Y and Z, measure and record the voltage out of the circuit.

10  You will find that the voltage into the circuit is the same as the voltage out of the circuit across each branch of the parallel circuit; that is, the voltage across the battery is the same as the voltage across each bulb.
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Discussion points


1  How are the lights in your kitchen (or lounge) at home connected? Can you draw a circuit diagram showing how they (and their switches) are connected to your mains fuse board? Do all the lights have the same operating voltage and power (measured in watts)? Domestic electricity circuits are usually connected in a ‘ring main’. Find out what this means and why domestic circuits are connected this way.

2  Being an electrician or an electrical engineer is a really good job. You can work for yourself or for a company. There are a great many opportunities at many different academic levels. Use the following link to find out more about careers involving electricity: www.careerswales.com
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Test yourself


4  A 12 V solar cell is used to run three household bulbs as shown in Figure 1.10.
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    a)  Bethany connected a voltmeter across the solar cell. What voltage would she expect to measure during the day?

    b)  Explain why her voltmeter would read 0 V at midnight.

    c)  During the day, Bethany connected the voltmeter across points A and B in the circuit and turned on switch 1. What would her voltmeter read?

    d)  Explain why the lighting circuit has three switches. What does each switch do?

    e)  Give an example (from your house) of a circuit like this where two bulbs work off the same switch.

    f)  What is the advantage of connecting bulb 1 with one switch, compared to bulbs 2 and 3, which have one switch between them?

    g)  If bulb 2 and bulb 3 are exactly the same (same power rating and brightness), what voltage would Bethany expect to measure if she closed all the switches and connected her voltmeter across points A and C in the circuit?

    h)  Why would the voltage rating of bulb 1 be different from the voltage ratings of bulbs 2 and 3?




5  Measuring voltages in simple circuits in school is quite safe.




    a)  Why do electricians have to be much more careful when they are measuring voltages across components in a household wiring circuit?

    b)  What precautions do you think that they can take to minimise the risks to themselves?

    c)  Why must qualified electricians be employed to do electrical work on people’s homes?
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Controlling current with resistance

When a voltage is applied across a conductor, an electric current will flow through the conductor. The bigger the voltage that is applied, the bigger the current. This is very useful when it comes to controlling the electrical power to devices. However, mains devices, such as kettles, toasters and vacuum cleaners, are restricted to the 230 V of the mains supply. If we want to control the current being supplied to a device, for example if we want to have two heat settings on a hairdryer, we have to use another way of varying the current without changing the voltage. This is where knowing and controlling the resistance of the circuit is useful. Electrical resistance is the property of electrical conductors that opposes the flow of current through them. Materials and components that have a high resistance only allow a small current to flow through them. Resistance is measured in ohms, Ω. Components in electronic circuits work at low current, typically a few milliamps (1 mA = 0.001 A), so they tend to have high resistance, typically in the order of kilohms, kΩ (1 kΩ = 1000 Ω). Insulating components, such as the casing of a laptop or a mobile phone, are made from materials such as plastics, glass and ceramics, which have very high resistance, often in the order of thousands of megohms, MΩ (1 MΩ = 1 000 000 Ω).
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Key term


The resistance of a component is its opposition to the flow of current through it.
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Test yourself


6  Copy and complete Table 1.1, converting ohms to kilohms and megohms. Remember:
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Where does resistance come from?

When electrons move through a conductor, like copper wire, they frequently collide with the copper atoms and with each other. The collisions prevent the electrons moving freely through the wire – this is the resistance of the wire. More frequent collisions means higher resistance.
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Combining resistors in series and in parallel

When two or more resistors are combined together in a series circuit, the total resistance of the circuit increases and it is calculated from the sum (addition) of all the resistances. Figure 1.12 shows two resistors, R1 and R2, in series with a battery.
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The total resistance of this circuit, R, is given by the equation:
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Worked example

Question

Calculate the total resistance of a series circuit containing a 32 Ω resistor and a 14 Ω resistor.

Answer

The total resistance R = R1 + R2 = 32 Ω + 14 Ω = 46 Ω
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Combining resistors in parallel reduces the overall resistance of the circuit. Figure 1.13 shows two resistors, R1 and R2, arranged in parallel with a battery.
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The overall resistance, R, of a parallel circuit can be calculated using the equation:
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Worked example

Question

A parallel circuit consists of an 8 Ω resistor in parallel with a 4 Ω resistor. Calculate the overall resistance of the circuit.

Answer
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When a circuit contains resistors arranged in series and in parallel, the overall resistance of the parallel resistors is calculated first and then this value is added to the resistors in series.
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Test yourself


7  Calculate the total resistance of a series circuit containing a 4.6 kΩ resistor, a 1.3 kΩ and a 2.6 kΩ resistor.

8  Two 6 Ω resistors are connected in parallel. Calculate the overall resistance of the circuit.

9  A 2.5 Ω resistor is connected in parallel with a 10 Ω resistor. These two resistors are then connected in series with a 3 Ω resistor. Calculate the overall resistance of the circuit.
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Using resistors to control current and voltage in circuits

Variable resistors are simple components that can be put into circuits to control the current and voltage in the circuit. The circuit picture and circuit diagram in Figure 1.14 show a variable resistor controlling the current through and the voltage across a fixed resistor.
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Specified practical

Investigation of the current–voltage (I–V) characteristics for a component

Measuring current and voltage in circuits controlled by a variable resistor

Changing the resistance of the variable resistor in the circuit in Figure 1.14 will alter the current flowing through and the voltage across the fixed resistor. In this practical you will perform this experiment and examine the patterns of current and voltage that you get when you change the resistance of the variable resistor.

This activity helps you with:


•  working in a team

•  setting up more complex electrical circuits

•  measuring and recording currents and voltages using ammeters

•  identifying patterns in measurements and observations

•  plotting electrical-characteristic graphs (current against voltage).



Apparatus


•  d.c. power supply set on 6 V (or battery pack)

•  connecting leads

•  large variable resistor (sometimes called a rheostat)

•  ammeter

•  voltmeter

•  fixed resistor (about the same resistance as the maximum resistance of the variable resistor)

•  low-resistance 6 V bulb



Safety notes

You will be given a mains-electrical power supply unit (psu) or a battery pack. Low-voltage psus are very safe, but you must be careful when using mains electricity, particularly near any water taps and sinks.

Procedure


1  Using the apparatus supplied, connect up the circuit shown in Figure 1.15.
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2  Move the slider across the variable resistor until the voltmeter measures its largest value. Record this value.

3  Move the slider across to the other end of the variable resistor until the voltmeter measures its smallest value. Record this value.

4  Take and record five measurements of voltage and current spread out across the voltage range for the fixed resistor.

5  Repeat the experiment for a low-resistance light bulb, instead of the fixed resistor.



Analysing your results


1  Graphs of current against voltage for components are called ‘electrical characteristics’. Plot electrical-characteristic graphs for the fixed resistor and the bulb. If you can, plot them both on the same graph using the same axes.

2  Describe in words the pattern of each graph. This means that you have to describe how the current (on the y-axis) varies with the voltage (on the x-axis).

3  Explain how a variable resistor can be used in a circuit to control the current through and the voltage across other components.
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Ohm’s law

In 1827, a German physicist called Georg Ohm published his results and conclusions on a series of experiments that he had carried out to investigate the link between the current and voltage in a simple circuit. He used an early type of battery to apply a voltage to a series of metal wires and he measured the current passing through the wires. Using this apparatus, Ohm discovered that, if the temperature of the wires was kept constant, the size of the current passing through them was directly proportional to the voltage applied across them. Using better apparatus today, this means that, if the voltage across a fixed resistor is doubled, the current through the fixed resistor will also double. Ohm also varied the dimensions and material of the wires that he used and determined that if he kept the voltage constant, the current was inversely proportional to the resistance of the wire, meaning that if he doubled the resistance of the wire (by doubling its length), then the current halved. Today we summarise Ohm’s findings using this equation:

[image: ]

This relationship can be written in several other ways:

[image: ]

and
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Test yourself


10  Using the data that you collected for the Practical: Measuring current and voltage in circuits controlled by a variable resistor (page 9), construct two tables. One table will be for the fixed resistor data, and the other table will be for the bulb.
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11  Describe the patterns in your results for Question 10. How does the resistance of the fixed resistor vary with voltage (or current)? How does the resistance of the bulb vary with voltage (or current)?

12  A 25 Ω fixed resistor has a current of 2 A through it. Calculate the voltage across the fixed resistor.

13  In a mobile-phone circuit, 1.5 V is applied across a keyboard circuit with a resistance of 5000 Ω. What is the current in the keyboard circuit?

14  Figure 1.16 shows the electrical characteristic of a 12 V car bulb. Use the graph to calculate the resistance of the bulb when the current through the bulb is:




      a)  0.2 A

      b)  0.6 A

      c)  1.0 A.




[image: ]



15  Explain why the resistance of a bulb changes when more current is passed through it. (Hint: when the bulb has more current going through it, it is brighter and hotter. How might this affect the structure of the metal filament?)

16  A rheostat (large variable resistor) is set up with a resistance of 12 Ω. A 0−12 V variable power supply is connected in series with an ammeter and the rheostat.




      a)  Draw a circuit diagram of this arrangement.

      b)  Use the data supplied and Ohm’s law to determine the current through the rheostat, for voltages of 0 V, 2 V, 4 V, 6 V, 8 V, 10 V and 12 V.

      c)  Plot an electrical-characteristic graph of the rheostat. Plot the voltage on the x-axis and the current on the y-axis. Draw a best-fit line through the points and label this line ‘12 Ω’.

      d)  Calculate the gradient (slope) of the best-fit line. Use your value of the gradient to do the sum 1/gradient. Record this value.

      e)  The resistance of the rheostat is now changed to 6 Ω. On the same electrical-characteristic graph, sketch the graph for the new resistance setting and label this ‘6 Ω’. Explain why you have drawn the sketch line where it is.
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Comparing the electrical characteristics of different electrical components

The electrical-characteristic graphs of a fixed resistor and a filament bulb are shown in Figure 1.17 (a) and (b).


[image: ]

Key term


An electrical characteristic graph is a current–voltage graph.
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Fixed resistors, like metal wires at constant temperature, obey Ohm’s law and so their I–V graphs are linear (straight lines), and the higher the resistance of the resistor, the shallower the gradient of the I–V graph. Filament bulbs, however, heat up as more and more current is passed through the metal filament. Increasing the temperature of the metal filament causes the lattice structure shown in Figure 1.11 to vibrate more, which increases the frequency of collisions between the lattice and the electrons moving through it, hence the resistance of the filament wire increases. An I–V electrical-characteristic graph for a filament bulb is, therefore, a curve with a decreasing slope, as shown in Figure 1.17 (b).

Light-dependent resistors (LDRs) are components made out of semiconducting materials that change their resistance with the intensity of the light shining onto them. Many LDRs are made from semiconductors that decrease their resistance with increasing light intensity. Figure 1.18 shows the variation of the resistance of a typical LDR with light intensity.
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Practical

Investigating the electrical behaviour of electrical components

Thermistors are electrical components that change their resistance with temperature. They are frequently used as electrical temperature sensors, for example in central-heating thermostats. Light-emitting diodes (LEDs) emit light when current passes in one particular direction through the component, but do not conduct at all when the current flows in the opposite direction. LEDs are used in a wide variety of devices such as TVs, car lights and household light bulbs.


   This activity helps you with:

•  working in a team

•  designing experiments

•  carrying out a risk assessment

•  setting up electrical circuits within experiments

•  measuring and recording currents, voltages, resistance and temperatures

•  identifying patterns in measurements and observations

•  plotting electrical-characteristic graphs (current against voltage).



Apparatus


•  d.c. power supply, set on 6 V (or battery pack)

•  connecting leads

•  NTC thermistor

•  light-emitting diode (LED) with protective resistor

•  ammeter

•  voltmeter

•  variable resistor

•  digital multimeter acting as an ohmmeter

•  thermometer

•  crocodile clips

•  beaker of water acting as a water bath

•  Bunsen burner, tripod and gauze



Part A – investigating how the resistance of a thermistor varies with temperature

Design an experimental procedure to investigate how the resistance of a thermistor varies with temperature. The resistance of the thermistor can be measured directly using a multimeter connected as an ohmmeter, and the temperature of the thermistor can be varied using a waterbath and measured using a suitable thermometer.

Your teacher will give you a preliminary safety briefing.

You should conduct suitable preliminary mini-experiments to determine:


•  a suitable, safe, temperature range for the experiment

•  a suitable interval of temperature for your measurements – you will need five or six sets of measurements

•  the correct range setting on the ohmmeter.



Once you have carried out these preliminary experiments, you should carry out a suitable risk assessment of this experiment, identifying the relevant hazards, their risks and suitable control measures. Check this risk assessment with your teacher before attempting the investigation.

Procedure


1  Draw a diagram of your practical set-up, including the electrical circuit diagram that you will use.

2  Write a numbered method for the investigation.

3  Construct a suitable table to record all your measurements. Each column of the table should have a correct label of the variable involved and its correct unit.

4  Carry out your method, measuring and recording the values.



Analysing your results


1  Plot a graph of the resistance of the thermistor (y-axis) against temperature (x-axis).

2  Describe the pattern in your graph, indicating how the resistance varies with temperature; use values from your data as examples to illustrate your pattern.

3  Thermistors are made from certain semiconducting materials that release more conducting electrons at higher temperatures. Explain how this property of semiconductors leads thermistors to have lower resistance at higher temperature.



Part B – investigating the I–V electrical characteristics of an LED

Design an experiment to investigate the I–V characteristics of an LED. LEDs are polar components, which means that they behave differently depending on the direction in which the current is passing through them. You will need to vary the voltage across the LED in both connection directions. LEDs are always connected in series with a suitable protective resistor, also connected in series, which means that the current flowing will be quite small, of the order of milliamps.

Your teacher will give you a safety briefing before you attempt this experiment.

You should carry out preliminary mini-experiments to:


•  design a circuit that will allow you to vary (and measure) the voltage across and measure the current through an LED – you may need a separate variable resistor connected in series in your circuit to do this

•  determine a suitable voltage range for your experiment

•  determine the interval of your voltage measurements – you should take about five measurements in each connection direction. Voltages and currents in the direction when the LED is lit up are considered to be positive, and negative when the LED is unlit.



Procedure


1  Draw a circuit diagram of your investigation.

2  Write a numbered method for the investigation.

3  Construct a suitable table to record all your measurements. Each column of the table should have a correct label of the variable involved and its correct unit.

4  Carry out your method, measuring and recording the values.



Analysing your results


1  Plot a graph of the current flowing through the LED (y-axis) against the voltage across the LED (x-axis).

2  Describe the pattern in your graph, indicating how the current varies with the voltage across the LED; use values from your data as examples to illustrate your pattern.



[image: ]



Electrical power

‘Power’ is the general term for the rate at which a device transforms (changes) energy from one form into other forms; in other words, how much energy the device can transform per second.


[image: ]

Key term


Power is the rate of doing work.
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or
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When a device transforms energy, it is said to do work. Work is measured in joules, J. Electrical power is, therefore, the rate at which an electrical device, such as a light bulb or a motor, changes electrical energy into other, more useful forms of energy, such as light, heat and kinetic energy; so it is the electrical work done per second. Very powerful electrical devices, such as power drills, mowers, electric ovens and kettles, can convert a large amount of electrical energy per second into other useful forms. Electrical power, like mechanical or thermal (heat) power, is measured in watts, W, where 1 W = 1 J/s.

The electrical power of a device can be calculated by multiplying the voltage and the current of the device together:
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Worked examples

Questions


1  Calculate the power of a 12 V light bulb with a current of 0.5 A flowing through it.

2  A 230 V mower has a power of 2000 W. Calculate the current flowing through the mower.



Answers


1  P = VI = 12 V × 0.5 A = 6 W

2  P = VI



so
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Current, resistance and power

If P = VI and V = IR, then substituting for V in the power equation gives:

[image: ]

or

[image: ]

This is a really useful equation for calculating the power consumption of electrical components in more complex circuits. Measure the current flowing through a component, square this value, then multiply by its resistance, and you have the power of the component.
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Worked example

Question

A 400 Ω resistor has a current of 0.75 A flowing through it. Calculate the power of the resistor.

Answer

[image: ]
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Test yourself


17  Calculate the power of a 6 V torch bulb drawing a current of 0.8 A.

18  A current of 5 A passes through a lamp with a resistance of 2.4 Ω, and then through a small cooling fan of resistance 4 Ω. Calculate the power of each component and, hence, calculate the total power drawn from the circuit.

19  Study the circuit diagram in Figure 1.19.
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      a)  Calculate the power of each bulb.

      b)  Calculate the total power drawn from the electrical cell.

      c)  Calculate the voltage of the electrical cell.

      d)  Calculate the voltage across each bulb.




20  A mains hairdryer operates with a voltage of 230 V a.c.




      a)  Calculate the power when it is on its high setting, drawing a current of 8 A.

      b)  The low setting operates with a power of 1 kW (1000 W). Calculate the current flowing through the hairdryer.

      c)  The hairdryer can also be used in the USA, where the mains voltage is different. The power given out by the hairdryer is the same as in the UK – your answer to part (a) – but the current flowing through the hairdryer is 16 A. Calculate the voltage of the mains in the USA.
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Chapter summary


•  Components in an electric circuit can be connected in series or in parallel.

•  In series, the components are connected one after another so that all the current passes through each component.

•  In parallel circuits, two or more components are connected to the same points in the circuit, and the current splits so that some flows through each of the components in parallel.

•  The current in a circuit is a measure of the rate of flow of the negatively charged electrons round the circuit.

•  Current is measured by an ammeter which is connected in series in the circuit.

•  The unit for current is the ampere, A, or amp for short.

•  The current in a series circuit is the same for all components in the circuit.

•  In parallel circuits, the sum of the currents going into a junction is the same as the currents coming out of the junction.

•  The electrical energy carried by the moving electrons in a circuit is called voltage.

•  Voltage is measured in volts, V, by a voltmeter connected in parallel across the component of the circuit where the voltage is being measured.

•  In series circuits the overall voltage is the sum of the voltages across each series component, and in parallel circuits the voltage is the same across each component arranged in parallel.

•  Electrical resistance is the property of electrical conductors that opposes the flow of current through the conductor. Materials and components that have a high resistance will only allow a small current to flow through them.

•  Resistance is measured in ohms, Ω.

•  Adding components in series increases the total resistance of a circuit; adding components in parallel decreases the total resistance of a circuit.

•  The total resistance, R, of two resistors connected in series is calculated by: R = R1 + R2
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•  The total resistance, R, of two resistors connected in parallel can be calculate by the equation:
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•  Variable resistors are components that can be connected in circuits to control the current and voltage in the circuit.

•  The current flowing through a component depends on the voltage applied across it: the larger the voltage, the larger the current.

    current = voltage/resistance or [image: ].

    This can also be written as V = IR and [image: ].

•  Electrical power is the rate at which an electrical device, for example a light bulb or motor, changes electrical energy into other forms of energy, i.e. the electrical work done per second.

•  Electrical power is measured in watts, W, where 1 W = 1 J/s.
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•  P = VI, and V = IR so P = I2R.

•  P = I2R can be used to calculate the power consumption of electrical components.
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Practice questions


1  The circuit in Figure 1.20 may be used to find the resistance of a coil of wire.
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    a)  What are the following used for in the circuit?




          i)   meter X

          ii)  meter Y

          iii) the variable resistor



[3]


    b)  Use the equation

[image: ]




         to calculate the resistance of the coil if its voltage is 6 V and the current is 1.5 A.

[2]

(GCSE Physics P2 Sum 2007 F Q7)




2  The circuit in Figure 1.21 is used to investigate how the resistance of a lamp changes at different voltages.
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    a)  Complete the following sentences by copying and underlining the correct words in the brackets.

[2]




          i)   The voltmeter is used to measure the (current through/voltage across/resistance of) the lamp.

          ii)  The ammeter is used to measure the (current through/voltage across/resistance of) the lamp.




    b)  State the purpose of the variable resistor in the circuit.

[1]




    c)  At the end of the investigation, the following graph is plotted (Figure 1.22).
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          i)   Use the graph to find the current when the voltage is 6 V.

[1]

          ii)  Use the equation

[image: ]




              to find the resistance of the lamp at 6 V.

[1]

(GCSE Physics P2 Sum 2008 F Q5)




3  The lighting circuit in a house is protected by a 5 A fuse and connected to 230 V. If the current drawn by the lighting circuit exceeds 5 A, the fuse will break and the circuit will switch off. Table 1.3 shows the current taken by different lamps.




[image: ]



    a)  Use the equation

[image: ]




         to find the current through a 60 W lamp.

[1]




    b)  Three lamps in a household lighting circuit are connected to a 5 A fuse. (Figure 1.23)
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         We can calculate the current through the fuse by adding up the currents through each of the lamps. Use the information in the table to find the current flowing through the fuse when all these lamps are switched on.

[2]




    c)  Find the maximum number of 100 W lamps that could be connected in a 5 A household lighting circuit.

[2]

(GCSE Physics P2 Jan 2008 F Q7)




4  The circuit in Figure 1.24 allows the current through a resistance wire to be investigated when the voltage across it is changed.
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    a)  The meters shown in the diagram give the following readings: 0.5 A, 8 V.




          i)   Which meter gives a reading of 0.5 A?

[1]

          ii)  Use these readings and the equation

[image: ]




            to calculate the resistance of the resistance wire.

[2]




    b)  Copy and complete the sentences below, choosing a phrase from the box. Each phrase can be used once, more than once or not at all.

[image: ]




          i)   When the voltage of the supply is made smaller, the current in the circuit
__________________ .

          ii)  When the voltage of the supply is made smaller, the voltage across the resistance wire
__________________ .

          iii) When the voltage of the supply is made smaller, the resistance of the wire
__________________ .

[3]

(GCSE Physics P2 Jan 2008 F Q7)




5  The power ratings of parts of an electric cooker are given in Table 1.4.
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    a)  All parts of the cooker are being used.




          i)   Calculate the total power required in watts, W.

          ii)  Calculate the total power required in kilowatts, kW.

[2]




    b)  The cooker is connected to the 230 V mains.

         Use the equation

[image: ]




         to find the current in the cooker circuit when all parts of the cooker are being used.

[2]

(GCSE Physics P2 Sum 2010 F Q3)




6  Table 1.5 gives information about four electrical appliances. Electrical fuses are fitted as safety devices for these appliances. The current rating of the fuse must exceed the operating current of the appliance.
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    a)  i) Copy the table and fill in the gap in the ‘power’ column to show the power of the microwave oven in kilowatts, kW.

[1]

          ii)  The following cartridge fuses are available.
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             In your table, complete the ‘fuse value’ column to show the most suitable fuse to use in the plug attached to each appliance.

[1]




    b)  The appliances all operate on the 230 V mains. Use the equation

[image: ]




         to find the current in the kettle.

[2]

(GCSE Physics P2 Jan 2010 F Q5)




7  A student investigates how the current through a 12 V filament lamp varies with voltage between 0 and 12 V.




    a)  Draw a labelled diagram of a circuit that can be used to obtain the readings.

[2]

    b)  The student obtained the following readings of current against voltage for the lamp.
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          i)   Use a grid like the one in Figure 1.25 to draw a graph of current against voltage for the lamp. The scale of the voltage axis is given for you.

[3]
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          ii)  Another student suggested that each reading should be repeated at least twice to see how repeatable the results are. Use the graph to discuss whether this is necessary.

[2]

          iii) Describe carefully how the current in the lamp changes as the voltage increases from 0 V to 11.8 V.

[2]




    c)  The student is making a 40 W light source for a model theatre and decides to use a pair of identical lamps in parallel, as in Figure 1.26. She adjusts the power supply so that that the ammeter reads 5.0 A.
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         Use data from the graph to show clearly by calculation how close this arrangement is to 40 W.

[3]

(WJEC GCSE Physics P2 SAMs 2011 H Q2)




8  a)  A small portable electrical generator has a maximum output of 1.5 kW, 230 V a.c.

         Select an equation and use it to find the maximum current the generator is designed to supply.




         Equation

[1]

         Calculation

[3]




    b)  The generator is used to provide emergency lighting for a building. There are 12 light fittings connected to the generator as shown in Figure 1.27.
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         Table 1.7 shows the type of lamp, the number of each type used in the circuit and the current taken by each type of lamp when lit to full brightness.
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          i)   Copy and complete the table to show the total current taken by both A and B lamps used in the circuit.

[2]

          ii)  Use the equation selected in (a) to calculate the power used to light all 12 lamps in the circuit at full brightness.

[3]




9  Students used the circuit in Figure 1.28 to investigate how the current through a diode changed as they altered the voltage.
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    a)  The students adjusted the variable resistor. Explain how this allowed a series of readings to be taken.

[2]

    b)  The students plotted the results as a graph (Figure 1.29).
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          i)   Use the students’ graph to find the lowest voltage for which the diode conducted a measurable current.

[1]

          ii)  Use the equation

[image: ]




              to calculate the resistance of the diode at 0.7 V.

[2]




    c)  The voltage on the diode was decreased from 0.7 V to 0.6 V.




          i)   Use the graph in (b) to find the effect this change had on the current flowing through the diode.

         ii)  Use the equation in (b) to find the effect this change had on the resistance of the diode.

[3]

(GCSE Physics P2 Jan 2011 H Q5)




10  The circuit in Figure 1.30 is used to investigate how the current changes with voltage for component Z.
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    a)  Name the components X, Y and Z.

[3]

    b)  The results from the investigation are shown in Figure 1.31.
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          i)   Describe carefully how the current through Z changes as the voltage is increased from 0.0 to 0.7 V.

[3]

          ii)  Write down in words and use an equation to find the resistance of Z when the voltage is 0.7 V.




              Equation

[1]

              Calculation

[2]

(GCSE Physics P2 Jan 2008 H Q4)




11 Georg Ohm performed a number of simple experiments on metal wires. Copy Table 1.8 and use the information on page 10 to decide whether the statements are correct or incorrect. In each case, circle the correct answer.
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[4]
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Figure 1.1 Solar panels on the roof of a
domestic house.
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Table 1.4

Cooker part Power rating (W)
Oven 3000
Grill 2000
Rings 1400
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Table 1.5

Appliance Power (W) | Power (kW) | Current (A) |Fuse value
Hi-fi 115 0.115 0.5

Kettle 2300 2.3 13A

Fire 1500 15 6.52

Microwave oven 800 3.48
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Table 1.6

Voltage (V) Current (A)
0.0 0.0
1.0 0.5
2.0 1.0
34 15
4.5 2.0
8.1 2.5
11.8 3.0
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Figure 1.12 Two resistors in series.
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Figure 1.15
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Figure 1.18 a) The electrical symbol for a LDR b) the variation of the
resistance of a typical LDR with light intensity c) an electrical circuit
diagram showing how an LDR can be used in an electrical circuit.
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Figure 1.14 Avariable resistor controlling current through and voltage across a fixed resistor.
Both diagrams show exactly the same circuit — one is a ‘picture’ and one is a ‘circuit diagram’
When you draw circuits on paper, use the correct circuit symbols for a circuit diagram.
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Figure 1.9 Measuring
voltages in a parallel
circuit.
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Figure 1.8 Measuring voltages in a series circuit.
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Figure 1.2 How electricity is generated in a solar panel.
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Figure 1.17 Electrical-characteristic graphs of a fixed resistor and a filament bulb.
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Table 1.8

A

Ohm used an early type
of battery to apply a
voltage to a series of
different wires.

Correct

Incorrect

Ohm varied the

temperature of his wires.

Correct

Incorrect

Ohm discovered a
relationship between
current and voltage.

Correct

Incorrect

Ohm changed the
resistance of the wires

by changing their length.

Correct

Incorrect






