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GRADE 11F: Physics 5 

Electronic control circuits 

About this unit 
This unit is the fifth of five units on physics for 
Grade 11 foundation.  

The unit is designed to guide your planning and 
teaching of physics lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For consolidation activities, look at the scheme of 
work for Grade 10F.  

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already know that 
current is a flow of charged particles, and that the resistance of some 
materials, particularly semiconductors, can change markedly in response to 
external conditions.  
 

Expectations 
By the end of the unit, students use capacitors in real circuits and use 
thermistors, diodes, transistors and light-dependent resistors as potential 
dividers to drive gates in logic circuits. They know how astable and bistable 
switches can be used in memory circuits. 

Students who progress further understand and use relay switches. They 
design and make simple delayed-action switching circuits, and design and 
build devices that use combinations of logic gates.  

Resources 
The main resources needed for this unit are: 
• electrolytic capacitor cut open to reveal its construction 
• sets of components for constructing circuits 
• cathode-ray oscilloscope (CRO) 
• logic gates 
• astable and bistable modules 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• potential divider, potentiometer, rheostat 
• sensor, thermistor, light-dependent resistor, diode, transistor, capacitor, 

relay 
• analogue signal, digital signal 
• logic gate, truth table 
• astable, bistable 

UNIT 11FP.5 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10F.25.2 Know that ... opposite charges attract 
but like charges repel each other. 

11F.24.1 Demonstrate an understanding of the construction of capacitors and their 
use in electrical circuits. 

 

10F.25.1 Distinguish between conductors, 
semiconductors and insulators with 
reference to moving electrons or 
ions; know how the properties of 
semiconductors can be influenced by 
the presence of small quantities of 
impurities. 

9.21.7 Know that the resistance of a wire 
depends on its diameter, length and 
the material from which it is made. 

11F.24.2 Explain the variation in resistance shown by devices such as the 
potentiometer, the diode, the light-dependent resistor, the transistor and 
the thermistor; use these resistors as potential dividers in practical circuits. 

 

 11F.24.3 Use logic gates in practical circuits (AND, OR, NAND, NOR) and determine 
truth tables for the gates, individually and in combination. 

 

4 hours 

Potential dividers 
and variable 
resistors 
 

2 hours 

Capacitors 
 

4 hours 

Logic gates and 
switches 

 11F.24.4 Understand and use bistable and astable switches and know how these 
can constitute memory circuits. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Potential divider 
Provide each pair of students with a ready-assembled circuit and a worksheet for the following 
activity.  

Connect a thermistor (NTC type) in series with a fixed resistor and a battery. Connect a lamp in 
parallel with the thermistor. Ask students to observe and try to explain what happens to the 
lamp as the thermistor is placed in a beaker of iced water or warm water (as the thermistor gets 
warmer, its resistance falls, the pd across thermistor and lamp also falls so the lamp glows less 
brightly). They should recall their work from earlier units to explain the changing resistance in 
terms of mobile charged particles.  

Ask students how the circuit might be modified so that the lamp glows more brightly as the 
thermistor gets warmer (the lamp should be connected in parallel with the fixed resistor).  

With the aid of a large clear diagram displayed on the board or OHP, explain the operation of 
the circuit and introduce the term potential divider. Establish that the total pd across the two 
resistors remains constant and equal to the terminal pd of the battery. Remind students by 
suitable questioning that, in the absence of the lamp, the current is the same in both resistors, 
hence the pds across them are in the ratio of their resistances.  

 
Prepare suitable circuits and student 
worksheets. Note that the terminal pd of the 
battery only remains constant if the circuit 
resistance is much greater than the internal 
resistance of the battery. Choose components 
that ensure this will be the case.  

Enquiry skill 11F.4.1 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

4 hours 

Potential dividers and 
variable resistors 
Explain the variation in 
resistance shown by devices 
such as the potentiometer, 
the diode, the light-dependent 
resistor, the transistor and the 
thermistor; use these 
resistors as potential dividers 
in practical circuits. 

Potentiometer and rheostat 
Show students the first circuit on the right made with a long wire and flying lead. Introduce the 
term potentiometer. (You might want to point out that, as implied by the name, the circuit can be 
used to measure pd: the pd between the fixed and moveable contact is proportional to the 
length of wire between them.)  

Give each pair of students a small wire-wound potentiometer and point out that the three 
terminals correspond to the two fixed and one movable contact in the circuit you have 
demonstrated.  

Give students the two circuit diagrams on the right and ask them to construct each one in turn, 
using the potentiometer and other components. Introduce (or remind students of) the term 
rheostat (adjustable resistor). Ensure that students realise how to connect the potentiometer 
into a circuit so that it functions as a rheostat (use terminal B and either A or C). Students 
should be able to draw on earlier work to explain the changing resistance between the central 
and outer terminal in terms of the different lengths of wire included in the circuit.  

Tell students to use high-resistance (digital) voltmeters to measure the pds between pairs of 
points A, B and C within each circuit and to list the similarities and differences between the two 
circuits. (Both are potential dividers. In each, the pd between A and C remains constant and 
equal to the terminal pd of the battery. In the first, the total resistance remains constant, 
whereas in the second circuit the total resistance can be changed.) 

 

             
Enquiry skill 11F.4.1 
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Objectives Possible teaching activities Notes School resources 

Transistor and relay 
Refer to the thermistor circuit used earlier. Point out that it forms the basis of a useful device 
and ask students to think of examples of electrical devices that are controlled by temperature 
(i.e. that contain thermostats). Examples might include refrigerators, air-conditioning units, 
electric cookers, heaters. Ask students how the thermistor circuit might need to be modified in 
order to make a practical thermostat (it should be able to switch a device on and off, rather than 
giving a continuously varying output). Introduce the terms analogue and digital and establish 
that digital devices involve signals that can only be either ‘on’ or ‘off’ whereas analogue devices 
involve continuous variation.  

Demonstrate the circuit shown on the right and give students a handout containing its circuit 
diagram. Explain that the transistor can act as a switch. When the input voltage (between base 
and emitter) is below a certain threshold value, the resistance between collector and emitter is 
high, but when the input is above the threshold, the collector–emitter resistance becomes very 
low.  

 
Enquiry skills 11F.4.1, 11F.4.2 

 

 

Then ask students, working in pairs, to assemble and use the circuit and to explain its 
operation. If they need help with the explanation, provide a handout containing the following 
paragraph with some key words deleted (shown in bold below) and ask students to decide how 
to fill the gaps. 
 The thermistor and R form a potential divider. The pd across the thermistor forms the input to 

the transistor between B and E. When the thermistor is warm, its resistance is low, the pd 
across it is small, so the input to the transistor is small, giving the transistor a very high 
resistance between C and E. The pd across the lamp is small and there is little current in that 
part of the circuit so the lamp does not light. When the thermistor is cold, its resistance is 
high, the BE input voltage is high, the CE resistance is low and the lamp lights.  

Ask advanced students to explain the operation of the transistor in terms of mobile charge 
carriers across the junctions between n-type and p-type semiconductors.  

Refer to the thermistor/transistor circuit used earlier. Introduce the term transducer and point out 
that the circuit can only operate a low-power transducer such as an indicator lamp, whereas in 
many practical applications an output device such as a heater or a motor requires a large 
current and/or voltage. Explain how a low-power circuit can use a relay to switch another circuit 
on or off.  

Prepare suitable handouts. 

 

 

Sensor circuits 
Show students a variety of components that can be used in sensor circuits: these should 
include a light-dependent resistor (LDR), diode, light-emitting diode (LED) and pressure sensor. 
Provide a handout showing the conventional circuit symbol for each component and a brief note 
of how it performs. 

Tell students that their task will be to design, build and use an electronic control circuit that 
responds to external changes by switching on or off a device such as a motor or a heater. They 
should base their circuit design on the thermistor/transistor circuit used earlier. 

 
Prepare a suitable handout. 

Enquiry skills 11F.1.1, 11F.1.3–11F.1.5, 
11F.3.4, 11F.4.1, 11F.4.2 
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Objectives Possible teaching activities Notes School resources 

Students should work in pairs on this task. Ideally, give each pair a different task; either allow 
them to choose, or allocate tasks according to students’ abilities and interests. Suitable tasks 
include the following: 
• a device that operates a heater when the temperature falls below freezing; 
• a device that switches on a fan when the temperature rises above a certain value; 
• a lamp that switches on in the dark; 
• a burglar alarm that sounds when a door is opened; 
• a device that operates a motor to close a blind at dawn and open it at night-fall. 

Ask students to draw a circuit diagram first. When you have checked that the diagrams are 
acceptable, let them build and test their circuits. Ask them to produce a one-page summary of 
their work, including a circuit diagram and a brief account of its operation. 

When all the tasks are complete, get students to arrange their circuits in a display around the 
lab, accompanied by the summaries, forming a circus. Students should then work in pairs to 
visit at least two stations other than their own and explore the operation of the circuits.  
 

  

2 hours 

Capacitors 
Demonstrate an 
understanding of the 
construction of capacitors 
and their use in electrical 
circuits. 

 

Storing charge 
Give each pair of students a large capacitor, a selection of resistors, ammeter, voltmeter, 
battery, LED and connecting wires. Tell them that their task is to find out as much as they can 
about the behaviour of the capacitor in a circuit. If using electrolytic capacitors, instruct students 
how to connect them with the correct polarity, but otherwise let them connect the components in 
whatever ways they wish.  

Discuss students’ observations with the whole class and, where necessary, carry out 
demonstrations to illustrate points that some students might have missed. Establish the 
following points: 
• there is a brief flow of current (i.e. movement of charge) when a capacitor is first connected 

but no steady current; 
• the capacitor can store small amounts of charge; 
• when a charged capacitor is connected to a resistor, there is a brief flow of current as it 

discharges; 
• a resistor connected in series with a capacitor slows down the movement of charge as it 

charges or discharges (the current is reduced but flows for slightly longer).  

Introduce the conventional circuit symbol for a capacitor and relate the symbol to its 
construction. Open up a capacitor and show students how it is constructed from two metal foils 
separated by an insulating layer. Set up two large parallel metal plates and connect them to a 
battery through a microammeter. Establish that electrons flow so that one plate acquires a 
negative charge while the other loses electrons to acquire a positive charge. 

Introduce capacitance as, loosely, a measure of the amount of charge that a capacitor can store 
and point out that most circuit capacitors are labelled with their values in microfarads (µF) or 
picofarads (pF).  

 

Enquiry skills 11F.1.1, 11F.1.3, 11F.4.1 

 

    



306  |  Qatar science scheme of work  |  Grade 11 foundation  |  Unit 11FP.5  |  Physics 5  © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 

Capacitors in circuits 
Use a cathode-ray oscilloscope (CRO) to show how the pd across a capacitor varies as it is 
charged or discharged through a resistor. Either use a storage oscilloscope to display the trace 
from a single charge or discharge, or use a signal generator with a square-wave input to show a 
sequence of charge/discharges. (Choose the capacitor and resistor so that RC is about one-fifth 
of the period of the oscillation so that an almost complete charge and discharge can be 
displayed.) 

Discuss with students how the charge or discharge of a capacitor might be exploited in a 
delayed-action switching circuit. Advanced students might be able to suggest how the transistor 
circuits used earlier could be adapted to perform this function (discharge the capacitor through a 
resistor that is connected across the input to a transistor so that when the pd falls below a 
threshold value, the transistor’s emitter–collector resistance abruptly changes). 

Provide each pair of students with a circuit diagram for a simple delayed-action switching circuit 
along with the necessary components. Ask them to build and test the circuit and to explore how 
using different capacitances and resistances controls the delay time (increasing R and/or C 
increases the delay time).  
 

 
Enquiry skills 11F.4.1, 11F.4.2 
 
 
 
 
 

 
 
 
 
 

Prepare a suitable handout. 

 

 

Logic gates 
Refer to the simple transistor switching circuit used earlier. Point out to students that it acts as 
an inverter – a high pd across the transistor BE input results in a low pd across any output 
device connected in series with the transistor collector and emitter, and vice versa.  

Tell students that inverters are often manufactured as pre-assembled modules either on ‘chips’ 
or as larger devices, and explain that an inverter is a simple example of a device known as a 
logic gate. It takes a ‘high’ input (usually represented as ‘1’) and gives a ‘low’ output 
(represented as ‘0’), and vice versa. It is sometimes known as a NOT gate, as its output is high 
when the input is not high.  

Explain that logic gates are widely used in processing digital (i.e. on/off) signals and that most 
have at least two inputs and produce a single output.  

Introduce the symbols for AND, OR, NOR, NAND and NOT gates. Point out that the gates must 
always be connected to a power supply, although by convention these connections are not 
included in the symbols.  

Demonstrate the operation of the OR gate and show how its performance can be summarised 
in a truth table. Then ask students, in pairs, to use pre-assembled logic gates and determine 
their individual truth tables.  

 
 

 

 

 

 

 
 

 

 4 hours 

Logic gates and switches 
Use logic gates in practical 
circuits (AND, OR, NAND, 
NOR) and determine truth 
tables for the gates, 
individually and in 
combination. 

Understand and use bistable 
and astable switches and 
know how these can 
constitute memory circuits. 

Combining logic gates 
Show students how the output from one logic gate can be used as the input for another 
(e.g. connecting a NOT gate to the output of an AND gate produces a NAND gate) and that 
more complex logic circuits can thus be produced. 

Provide a handout with diagrams showing several different combinations of logic gates. Ask 
students first to deduce the truth tables for each combination and then, in pairs, to use circuit 
design software to explore the operation of each combination. 

 
 
 
 

Provide a suitable handout. 

ICT opportunity: Use of circuit design software. 
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Objectives Possible teaching activities Notes School resources 

Tell the pairs of students that their task is now to design and make a practical control circuit 
using logic gates and sensor circuits such as those they explored earlier in this unit. Tell them 
first to draw a diagram showing how they intend to connect gates together, then to test their 
design using a circuit design software package before finally assembling their circuit using 
apparatus.  

Either allocate students to particular tasks according to their abilities or allow them to choose. 
Suitable tasks include the following: 
• an intruder alarm that sounds a buzzer when a door is opened and a light switched on; 
• an automatic irrigation system that switches on when it is dark but not raining; 
• a seatbelt warning light that switches on if a person is sitting in a car seat and the belt is not 

fastened.  

Enquiry skills 11F.1.2, 11F.4.2  

 

 

 

 

Astable and bistable circuits 
Display the diagrams on the right on the board or OHP. Ask students to predict how the circuits 
will behave, and then, in pairs, to assemble and use them. In the second circuit, they should 
explore how to control the frequency at which the lamps alternately flash on and off (increasing 
the resistance and/or capacitance reduces the frequency). 

Tell students that they have made first a bistable circuit (it remains in one of two states unless 
disturbed) and secondly an astable circuit (i.e. one that has no steady output but continuously 
switches between two states). Point out that both bistable and astable circuits act as switches: 
they switch an output alternately on or off.  

Discuss uses of bistable and astable switches. Point out that bistables are used in memory 
circuits as they retain a record of their most recent input, and astables can be used to produce a 
continuous stream of pulses for a DC input. Show students how to set up an array of switches 
to count events.  

Set students, in pairs or individually, one or more tasks involving switching circuits to work on. 
(The tasks are more manageable if students can have access to pre-assembled astable and 
bistable modules.) Suitable tasks include the following: 
• a traffic-light system with green, red and amber lights flashing on and off in the correct 

sequence; 
• three lamps that light up in rotation; 
• a ‘divider’ that takes a square-wave input and gives a square-wave output with half the 

original frequency. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Draw a circuit diagram for a device that switches a heater on when the temperature falls below 
freezing. 

  

Write a few sentences describing how a transistor can be used as a switch in a circuit 
containing a potential divider. 

  

A student builds a timing circuit in which a 500 µF capacitor discharges through a 2.2 kΩ resistor 
and she finds that the time delay is about 1 second. Explain what will happen to the time delay if 
she uses: 

a. a 1000 µF capacitor and a 2.2 kΩ resistor; 

b. a 500 µF capacitor and a 1 kΩ resistor. 

  

An exclusive OR (XOR) gate gives a high output when either of the two inputs, but not both, are 
high. 

a. Draw a truth table for an XOR gate. 

b. Design and make an XOR gate using a combination of AND, OR and NOT gates. 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Use an astable and a bistable circuit to make a ‘divider’ that takes a square-wave input and 
gives a square-wave output with half the original frequency. 
 

Provide appropriate apparatus.  
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