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Integrating ICT into the Teaching and Learning of
Electronics

Duration

12 hours

Aims & Objectives

The aim of the Integration of ICT into learning and teaching of Electronics course is
to support the integration of ICT into the learning and teaching of basic electronic principles
and the application of these principles in the design and production of circuits suitable for
student project work.

The course involves hands-on practical work for teachers and focuses on using Circuit
Wizard to enhance the teaching and learning of basic Electricity/Electronics across the
technology subjects.

Introduction

This course will show participant how to:
o Use Circuit Wizard, an electronic simulation software
Design basic electronic circuits using Circuit Wizard
Manufacture basic electronic circuits suitable for student projects
Assemble and integrate electronic components onto a PCB
Fault find assembled electronic circuits using a multimeter

The course materials contain a number of practical exercises. The objective of the exercises
is to generate a task based approach to gaining skills in the use of software such as Circuit
Wizard. The tasks are designed to focus on particular commands whilst emphasising the
process to complete an exercise. The exercises have been designed in a sequence and to
build on the knowledge gained in previous exercises.

Prior to commencing the course, it is assumed that participants have basic ICT skills.
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Circuit Wizard

To open Circuit Wizard: Click the circuit wizard icon Q on the desktop or use the start

menu.

1.1 Circuit Wizard Interface:

Circuit Wizard - [Untitled]
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Standard toolbar
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1.2 Standard Toolbar

New document/page Play animation Rotate left
Open a file Pause animation
Save a document Stop animation Delete
—y v [ Iy
A
Print Select tool Rotate
Undo Pan tool
Redo Zoom tool Gallery

1.3 Style Sheets

Change the way in which the circuit is displayed.

Normal style sheet: When the circuit is animated the components will respond as in a real

circuit.
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Current Flow style sheet: When the circuit is
animated current flow is displayed.
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Green = low voltage level

It has a black background for contrast. This
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1.4 Gallery
The gallery gives quick access to all the available components. When the gallery tab is first
selected the components are displayed grouped by their function into folders as shown
below left.
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1.5 To Set the Properties of a Component

Double click the component to open the Property window. The default setting for the
battery is 9V. Type or select a new value as shown below. The change takes affect when OK

is clicked.

W

[ Battery Properties ﬁ
wmber: B 1 [ -] o« |
Caption; I Cancel |
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For some components such as transistors specific types can be selected in the property
window as shown below.

MNPN Transistor Properties

Mumber: iQ

= Caphion: ]

Maodel:

1.6 Using the Digital Multimeter

YA

Right click on the digital multimeter and

- . - U T
select the instrument type: voltage, current T Gy cotc
s ik
* Delete Del
[ instument_» [PRVEREE
Symbol » Current
Arrange » Ohm
Properties -
v DC

1.7 Sensor Simulation

Animate the circuit. Right click on the sensor such as the

LDR shown on right. Change the resistance of the LDR to -
mimic dark and light conditions by dragging the bar up or 89 e
down with the mouse.




1.8 Rotating a Component

Select the component. Clicking rotate left will
turn the component 90° anticlockwise for each # [H_l 21 4t 2 &
click. b

Clicking rotate will turn the component 90°

JQ Rotate Left
clockwise for each click.

Rotate the selected objects
anti-clockwise, (Ctrl+L)

1.9 Drawing a Circuit

Place the components into the work area. To connect with a wire move the cursor over the
components pin, click and drag to connecting pin or wire.

A bend in the wire connection can be created by
releasing the mouse at the bend position and
completing the link by clicking on the

components connecting pin. \

1.10 Circuit Simulation

Before simulating a circuit turn on Explosions and Faults as shown below to ensure the
simulation mimics a real circuit as closely as the software allows.

| Project Window Help
i 11 Pause  Shift+F9
m Stop Ctrl+F2
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1.11 Current Direction

Viewing the direction of current flow can be enhanced by turning on Current Arrows using
the View Menu.

View Project Window Help
El:lj_ Mormal " . e
|[E] Page Layout Preview

GoTo k
Toolbars k N .. S
@ Gallery  CleR2 t e 7
@ Graph Ctrl+F7 J_+ e
@ Control 3 SL: _T_
Display k 1 -
i-v_CapaciturCharge R ST
< Style bl Colour Voltage
|v_ Current Flow

Co-ordinates | —
i Grid/Snap kb

1.12 Course Structure

There are five Circuit Wizard files to be used in this course:

e Electric Circuits

e Motor Control

e Sensors

e Transistor Circuits

e Relay Control
Each file has a number of circuits that can be opened by clicking on the tabs in the design
tabs area.

Design tabs ——»H r " fcafc3fcafcs) 6l PCBLayout /| Flowchart [ Bill of Ma | 4 |
Press F1 for\elp }

Circuits 1-6
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2. Electric Circuits v

1. Open the file called Electric Circuits.

What type of circuit is Circuit 1? BL2

=5

BLY

Delete the connections between the components. Insert an ammeter at points A, B and C
and connect all components to form a circuit. Record the current at A, B and C.

A: B: C:

2. Build the series circuit below.

Remove Bulb 1 what happens?

Replace Bulb 1 and remove Bulb 2. What happens?

Explain why the above happens:

Bulb 1 Bulb 2

Suggest a suitable application for a series circuit:

3. Use the multimeter to measure the voltage of the battery and the resistance of the given
resistor.

Voltage: Resistance of resistor:

Apply Ohm’s Law and calculate the current flowing in the circuit.

oY
R

Build a series circuit with the battery, resistor and crocodile clips. Use the multimeter to
check your answer.

11



4. Open Circuit 2 (tab C2). Measure the current at point A.
Is the current the same, larger or smaller than the current in Circuit 1?

B1 Explain your answer:

BL3

V1+V2 =

Explain your answers?

BV vi=__ V2 =

IHL V1 + V2 =

Why are the voltages not equal?

()
E

Calculate the voltage division for each resistor using the formulae below:

vie— L yvine X _
R1+ R2 +

V2=—xVin= X =
R1+ R2 +

12



Compare the ratios R1:R2 and V1:V2. What do you notice?

Replace R2 with a variable resistor. Change R2 so that it is larger and then smaller than R1

and note the reading of V2 compared to V1.

a1
@

4

Explain what happens:

V2

©; ©;

7. Complete the following sentence from the list below:

In a series circuit there is path for the to flow around. The
current in a series circuit is the at all points in the circuit. The

is divided between the in the ratio of
their

(components, voltage, applied voltage, one, two, current, resistance, same, different)

8. Open Circuit 5 (tab C5). o
il 4l
What type of circuit is Circuit 5? 'f -||+
How many paths can the current flow around in this circuit? BLI
ﬁ
=
Measure the voltage across BL1 and BL2. BLZ

V1 = V2 =

13



Insert a variable resistor in place of BL2 as shown opposite. =l

il -4l
Vary the resistance of the variable resistor and note the value of 'P -||+
V1 and V2.

BL1

L ':‘ e

Complete the following sentence from the list below:
The across each in a parallel e
circuit is to the . g
(equal, voltage, all, applied voltage, current, different,

resistance, path)

I
r I+ + Al = A2 =
gt A3 =

A2 + A3 = + =

Change BL2 to a 10k variable resistor and animate the circuit. Vary the resistance of the
variable resistor and note the ammeter readings.

a1
c1

}}-1' What happens to the current in a parallel circuit?
+
A é

+

. @

YR
10k
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10. Build the parallel circuit below.

Remove Bulb 1 what happens?

Replace Bulb 1 and remove Bulb 2. What happens?

Explain why the above happens:

Bulb 1 Bulb 2

Suggest a suitable application for a paralel circuit:

11. Replace bulbs with the given resistors and use the multimeter to confirm the voltage drop
across each resistor is equal to the applied voltage.

3. Motor Control o

B1 _-l—_+
12. Open the file Motor Control. W

MT1 l(M)l
Animate Circuit 1a and note the rotation of the motor.
o o
Animate Circuit 1b and note the rotation of the motor. + S
g1 -

What is the difference between the two circuits?

What is the cause of this difference?

15



13. Open Circuit 2 (tab C2). Use the 6V battery, DPDT switch and motor to create the
circuit below.

Animate the circuit and explain what happens:

Draw in the path of current flow for each throw of the switch below.

16



14. Using the multimeter set to continuity testing as shown below, match the contacts on

the DPDT symbol to those on the DPDT switch.

C1

N A
: c2
: C3

SWi1

+V

C 1 [ [

L1 L1 [
oV

DPDT switch contacts

17



15. Label the contacts on the DPDT switch below and use the circuit diagram to complete the
real wiring diagram.

Bi

BY 1

+V

I_I\_‘_II_I
ov

Suggest a suitable application for the circuit:

16. Build the DPDT motor control circuit and test the motor is rotating forward and reverse.

18



17. Open Circuit 3 (tab C3). SW2 and SW3 are push-to-break switches. They are to be
used as limit switches for the motor. Insert the limit switches into the circuit diagram as

shown below.

Animate the circuit and check they are in the correct position. (Do not forget to open SW2
and SW3 to test the motor stops in both directions)

C1
—0 T o0—
E'- —_—— : O— E!Wf_
B c3 * ':: : :' *
it __||__ o !
DE MT1
DPOT —a T o—
SW3

Suggest a suitable application for the circuit:

18. Label the contacts on the DPDT switch below and use the circuit diagram to complete the
real wiring diagram.

—_—0 T o
SW2
+V
O 1 il
I O
oV
— T o—

5W3



19. Build the motor control limit switch circuit and test the limit switches operate correctly.

Microswitch

I
Use COM and NC
contacts

20. Reposition SW2 and SW3 as shown below, animate and test the limit switches. Will the
limit switches operate as required?

+ c2
BT =T : o T o
C3 i
BV s : b=
c4 MT1
DPDT

Complete the real wiring diagram.

+V sz

1 [ [ MT2

L1 L1 L :

ov

SW3

20



21. Open Circuit 4 (tab C4). SW2 and SW3 have been repositioned as shown below.
Animate and test the circuit.

—0 T o—
R SWz
et 2

1 i
L s : DE} ._@_ 1
-I_ Cc4 MT1

SV

Will the limit switches operate as required?

Explain your answer:

4. Sensors

22. Open the file Sensors.
Insert two voltmeters as shown below into Circuit 1a and animate the circuit.

g1
c 1)

A
+ ST
L ]
>, VR
. > o 10k Y

What happens to the voltages as the resistance of the variable resistor is reduced?

Why will the LED fail as the resistance of the variable resistor is reduced?




The variable resistor has been replaced by an LDR in Circuit 1b. Animate the circuit and
vary the resistance of the LDR.

B2

gy
. —I - }——Q-'—'_'_FD—_
| } 1 i3 Sz |
—? ’--—.I
e )
E£ R-. ’/
o 89 Jux ov
+
1 LDR
— [T 1) —
; . L . R {ohms)
Explain how the LDR works in this circuit: 1.66M

10

What is the advantage of using the LDR instead of the variable resistor?

Scroll down and animate Circuit 1c.

B3
8y
il -4l
-
5w3
RZ
1000 hee

Why is there a poor level of light from the bulb?

22



23. Open Circuit 2 (tab C2). Animate the circuit and vary the resistance of the thermistor.

g1

[ij

L

Explain how the thermistor operates in this circuit:

Animate Circuit 2b where the LED has been replaced with a 6V Buzzer.

gt

[4)

—

B buzzer

Why is there no sound?

How can the LDR and Thermistor circuits above be modified to increase the level of light

23



5. Transistor Circuits

24. Open the file Transistor Circuits. Animate Circuit 1.

EEk BL1
+
B1 T 1k
o - —
T ;
VR
1k
-

Why is bulb BL1 not lighting?

Increase the resistance of the variable resistor and note the voltage reading across the
base of the transistor.

What effect does this have on the circuit?

25. Open Circuit 2 (tab C2). Animate the circuit. 1
470

How does the circuit operate?

el LED
Qt
e
B1 T 1k
n'l. —_— :
T s
*
LDR

24



Insert a voltmeter across the LDR and complete

the following sentence:

As it gets the
of the LDR . This increases
the between the

and of the

transistor. Current flows in the circuit turning on
the LED.

LCR

26. Scroll down to Circuit 2b. Change the 56k resistor to a 100k variable resistor. What

effect does changing the resistance of the variable resistor have on the circuit?

470 H]

S*S'k/H/ LED RS

LDR

Open Circuit 3 (tab C3). The position of the LDR and variable resistor, have been changed.
What effect does this have on the operation of the circuit?

470 H]

R GD LED EZ

VR1
100k

25



27. Build the LDR transistor circuit below on the PCB provided and test the voltage levels in
the circuit. (No diode required for D1 in this circuit).

H'E‘ H]
47D
Input Sensor
VR1 %
100k Cutput *, /7
%
S Rz
B1 .- 1k
== '>—|:|—K
BCS48B
4
R ¥
ORP12

BC548

BC548A
BC548B
BC548C

E TO-92

Suggest a suitable application for the circuit:

26



28. Build the thermistor transistor circuit below on the PCB provided and test the voltage

levels in the circuit. (No diode required for circuit).

.t'
R4 o
WG HJ \;&
Rz
470
I:I R1
313k 1+
Bl ==
- LY
1k
1
| S
BCE4S
a1
VR
10k

Suggest a suitable application for the circuit:

27



29. BCX38B is a darlington pair transistor and can be used on the project board when the
output is a motor/solenoid or bulb. A diode is required when the output is a motor or
solenoid. Build the circuit below. The protective resistor (R3) used with an LED on the PCB
is not required.

Input Sensor
YR1 E]l
100k

Suggest a suitable application for the circuit:

6. Relay Control

30. The electric symbol for the DPDT Relay and DPDT switch in its normal and rotated
position are shown below. In its rotated position the DPDT switch is the same as the
selected part of the relay.

—

—Wfﬁ_ g
RLZ [R (I Ny : o = -_———
I
—
5w
DPDT Relay DPDT Switch DPDT switch rotated

28



Mark the contacts on the relay to match those on the DPDT switch.

2 ks

LM\S
|
I
I
I

RL2 [ 3[---}----
T EAERERE

31. Open the file Relay and complete the Circuit 1 diagram so the relay will rotate the
motor forward and reverse. Animate the circuit to check that it operates correctly.

L &

ﬁ ™
1N4001 ) 4
VR RL

E0k | T T

+ *
BT =T R3
B o 1k
T + —
BCX3EB T
4
R
211 ot

Explain how the circuit operates:

Suggest a suitable application for the circuit:
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32. Open Circuit 2 (tab C2) and complete the wiring diagram to include limit switches. Move
the limit switches SW1 and SW2 as required. Animate the circuit to confirm that the motor
will rotate forward and reverse with limit switch operation in both directions.

. L
o
IN4DDT o 4
VR RLT | g|===%-—--
50k T T
+ +*
81 ™ Ri
BN 1k
T + — 11—
BCX3EE - el
'
H-Z K
B83 Jusx
W2
&

Suggest a suitable application for the circuit:

33. Use the transistor project board to build the Relay circuit below and test its operation.

BZ

-4l

'T {H%@

e

'5‘."

ORPi12

30



BCX38A/B/C

E-Line
TO92 Compatible

Suggest a suitable application for the circuit:

31



