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1 I ntroduction to Practical

This book has a number of focus areas.

Electronic component recognition and correct handling
Developing a solid set of conceptual understandings in basic electronics.
Electronic breadboard use

Hand soldering skills

Use of Ohm's law for current limiting resistors
The voltage divider

CAD PCB design and manufacture
Microcontroller programming and interfacing
The transistor as a switch

Power supply theory

Motor driving principles and circuits

Modelling solutions through testing and trialing
Following codes of practice

Safe workshop practices
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1.1 Your learning in Technology

1.1.1 Technology Achievement Objectives from the NZ Curriculum

Technological Practice
Brief 7 develop clear specifications for your technology projects.
Planning 1 thinking about things before you start making them and using drawings such as
flowcharts, circuit diagrams, pcb layouts, statecharts and sketchup plans while working.
Outcome Development i1 trialling, testing and building electronic circuits, designing and making
PCBs, writing programs for microcontrollers.
Technological Knowledge
Technological Modelling T before building an electronic device, it is important to find out how
well it works first by modelling and/or trialling its hardware and software.
Technological Products i getting to know about components and their characteristics.
Technological Systems - an electronic device is more than a collection of components itis a
functioning system with inputs, outputs and a controlling process.
Nature of Technology
Characteristics of Technological Outcomes i knowing about electronic components
especially microcontrollers as the basis for modern technologies.
Characteristics of Technology i electronic devices now play a central role in the infrastructure
of our modern society; are we their masters, how have they changed our lives?

1.2 Key Competencies from The NZ Curriculum

Thinking T to me the subject of technology is all about thinking. My goal is to have students
understand the technologies embedded within electronic devices. To achieve this students
must actively enage with their work at the earliest stage so that they can construct their own
understandings and go on to become good problem solvers. In the beginning of their learning
in electronics this requires students to make sense of the instructions they have been given
and search for clarity when they do not understand them. After that there are many new and
different pieces of knowledge introduced in class and students are given problem solving
exercises to help them think logically. The copying of someone elses answer is flawed but
working together is encouraged. At the core of learning isbuilding correct conceptual models
and to have things in the context of the 06big

Relating to others 7 working together in pairs and groups is as essential in the classroom as it
is in any other situation in life; we all have to share and negotiate resources and equipment
with others; it is essential therefore to actively communicate with each other and assist one
other.

Using language symbols and texts i At the heart of our subject is the language we use for
communicating electronic circuits, concepts, algorithms and computer programming syntax; so
the ability to recognise and using symbols and diagrams correctly for the work we do is vital.

Managing self 1 This is about students taking personal responsibility for their own learning; it is
about challenging students who expect to read answers in a book or have a teacher tell them
what to do. It means that students need to engage with the material in front of them.
Sometimes the answers will come easily, sometimes they will not; often our subject involves a
lot of trial and error (mostly error). Students should know that it is in the tough times that the
most is learnt. And not to give up keep searching for understanding.

Participating and contributing 7 We live in a world that is incredibly dependent upon
technology especially electronics, students need to develop an awareness of the importance
of this area of human creativity to our daily lives and to recognise that our projects have a
social function as well as a technical one.
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2 Anniroduetectyconcait

— | -

© e T 21 Where to buy stuff?
‘“““.'.'.: In New Zealand there are a number of reasonably
A ——— priced and excellent suppliers for components including
T IY CrrErrrrrrree Www.surplustronics.co.nz and
e www.activecomponents.com Overseas suppliers | use

PR R e include www.digikey.co.nz, www.sparkfun.com
ebay.com & aliexpress.com
e ...

{  EVTPPIITTIIIY R T A breadboard is a plastic block with holes and metal
SARERERARERR AR R RALEE connection strips inside it to make circuits. The holes
AdiERIRARRERARANERIEAE are arranged so that components can be connected
e r e E gLy e —— together to form circuits. The top and bottom rows are
A4RERRRaRBERARERERAN BE usually used for power, top for positive which is red and

e AR RARANRIRANARRAAAAL] . the bottom for negative which is black.

This circuit could be built like this, note that the LED
must go around the correct way. If you have the LED and resistor connected in a closed circuit
the LED should light up.

Schematic or circuit diagram Layout

\ 4

f_ Ty
LED
Light Emitting ;';SZ

Diode J
L r
f‘ '
Current Limit
Resistor

+
L r
L

B

™

|
—=1111 |

E3

>

The LED requires 2V the battery is 9V, if you put the LED across the battery it would stop working!
So a 1k (1000ohm) resistor is used to reduce the voltage to the LED and the current through it, get
a multimeter and measure the voltage across the resistor, is it close to 7V?

If you disconnect any wire within the circuit it stops working, a circuit needs to be complete before

electrons can flow.
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2.2 Identifying resistors by their colour codes
When getting a resistor check its value! In our circuits each resistor has a special pupose, and the

Digit Digit Digit Multiplier Tolerance

NN\ S "
61 Megb
1 Million Ohms
100 ‘ 1% IMq

add 4 more 0's 1,000,000 ohms

Digit Digit Digit Multiplier Tolerance

10k
N\ /L 10 thousand ohms
m_ 10,000 ohms
188 . 10k q
100 \ 1%

add 2 more 0

Digit Digit Digit Multiplier Tolerance

NN /S 1k

1 thousand ohms

1k q
100 \ 1%
add 1 more 0

Digit Digit Digit Multiplier Tolerance

390R
N\ S L 390 ohms
3 9 0 ‘ 1%

add no more 0's

Digit Digit Digit Multiplier Tolerance

100R
N\ S 1000 ohms
100 | 1%
add 0 more 0
Digit Digit Digit Multiplier Tolerance
NN\ /S 47R
47 ohms
4 7 0 ‘ 1'%

GOLD= divide by 10

value is chosen depending on whether we want more or less current in that part of the circuit, The
higher the value of the resistor the lower the currentThe lower the value of the resistor the higher
the current.
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2.3 LED's

Light Emitting Diodes are currently used in indicators and displays
on equipment, however they are becoming used more and more
as replacements for halogen and incandescent bulbs in many
different applications. These include vehicle lights, traffic signals,
outdoor large TV screens.
flat edge
Compared to incandescent bulbs (wires inside
glass bulbs that glow), LEDs give almost no heat

and are therefore highly efficient. They also have Cathode |
much longer lives e.g. 10 years compared to 10 negative Anode
: S o shorter lead
months. So in some situations e.g. traffic signals, - positive
once LEDs are installed there can be significant longer lead

cost savings made on both power and
maintenance. There is a small problem with LED
traffic lights thoughit hey dondét mel
collects on them!!!

2.4 Some LED Specifications

Intensity: measured in mcd (millicandela)

Viewing Angle: The angle from centre where intensity drops to 50%
Forward Voltage: Voltage needed to get full brightness from the the LED
Forward Current: Current that will give maximum brightness,

Peak Wavelength: the brightest colour of light emitted

=A =4 =4 -4 4

2.5 LED research task

From a supplier in New Zealand (e.g. Surplustronics, DSE, Jaycar, SICOM) find the information and the
specifications / attributes for two LEDs, a normal RED 5mm LED and a 5mm high intensity LED.

LED RED 5mm High intensity 5mm

Supplier

Part number

Cost ($)

Brightness (mcd)

Forward voltage (Vf)

Wavelength (nm)

Forward current (If)
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2.6 Adding a switch to your circuit

Schematic or circuit diagram Layout

T
, ﬂ ‘
LED
Light Emitting &3/ i_
Diode -
> -
i h A L '
Current Limit i
Resistor —
k ;
|
Switch \:

a2

.

A switch is the way a user can manually control a circuit

2.7 Switch assignment

Find a small switch and carefully disassembile it (take it apart) draw how it works and explain its
operation. Make sure you explain the purpose of the spring(s).

Here are simplified drawings of a small slide switch when it is in both positions.
When the switch is on electricity can flow, when it is open the circuit is broken.

Switch
I open '
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2.8 Important circuit concepts
A circuit consists of a number of components and a power supply linked by wires.

———

A

Electrons (often called charges) flow in a
circuit; however unless there is a complete
circuit (a closed loop) no electrons can flow.

Voltage is the measure of energy in a circuit,
it is used as a measure of the energy
supplied from a battery or the energy
(voltage) across a part of a circuit.

Current (1) is the flow of electrons from the
battery around the circuit and back to the
battery again. Current is measured in Amps
(usually we will use milliamps or mA).

Note that current doesn't flow electrons or
charges flow. Just like in a river the current
doesn't flow the water flows.

Resistance works to reduce current , the resistors in the circuit offer resistance to the current.

Conductors such as the wires connecting components together have (theoretically) no resistance

to current.

A really important concept to get clear in your mind is that:
Voltage is across components and current is through components.

2.9 Changing the value of resistance

What is the effect of different resistor values on our circuit?
The resistor controls the current flow, the higher the resistor value the lower the current. (what

would a 10K resistor look like?

STRONG CURRENT

390R

LITTLE CURRENT

1k

19
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2.10

Adding a transistor to your circuit

Schematic ( circuit diagram)

Bias
Resistor
10k

5

A4

Current Limit

\: Resistor []
r D
FET
G
S
W,

>

Breadboard layout diagram

2N7000 FET
(Field Effect Transistor)

A FET is a control
component that
amplifies small signals.

It has three legs or
leads:

D1 Drain
G i Gate
ST Source

Only a small signal is
required on the gate to
control a larger current
through the source to
the drain.

The collector current is
the same current which
lights the LED

The 390 limits this
current to an
acceptable value for
the LED.
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2.11 Understanding circuits

Electronics is all about controlling the physical world. Physical objects have properties such as
temperature, force, motion, sound/radio/light waves associated with them

Physical World

Electronic World

distance

motion

sound waves

direction

Electronic devices have input circuits to convert the physical world (light sound etc) to different

voltage levels.
They have process circuits that transform, manipulate and modify information (the information is

coded as different voltages).
They have output circuits to convert differen coltgae levels back to the physical world where we

can sense the outcome of the process ( light, sound etc)

Physical World

light

waves radio
waves
force .
Electronic World
INPUT 5|  PROCESS | OUTPUT
distank_/_/
motion
temperature sound waves

direction

Take an example such as a television, the physical world radio signal on the input is converted to
an voltage level, this is processed by the electronic circuit and converted to light which we see and

sound which we can hear.
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2.12 The input circuit T an LDR

The LDR or Light Dependant Resistor is a common component used in
circuits to sense light level. An LDR varies resistance with the level of light
falling on it.

LDRs are made from semiconductors such as Selenium, Thalliumoxid and
Cadmiumsulfide.

As photons of light hit the atoms within the LDR, electrons can flow through
the circuit. This means that as light level increases, resistance decreases.

Find an LDR and measure its resistance:

in full daylight the LDRs resistance is approximately

in darkness the LDRs resistance is approximately

Fhiyalcal Workd
light

ragdle
R WrEves

|—>| DUTPUT |

farcs Electronic World

||NPu'r '—bl PROCESS

distanca
t=mperaturs

LDRs can only with stand a small current
flow e.g. 5SmA, if too much current flows
they may overheat and burn out. They are
used in voltage divider circuits with a
series resistor. The components are a
resistor from 10K (10,000) ohms to 1M
(1,000,000) ohms, an LDR, a battery and
the circuit is a series one.

When it is dark the LDR has a high resistance and the output voltage is high.

When it is bright the LDR has a low resistance
and the voltage is low.
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