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ELECTRICITY
Introduction

Electricity is one of the most important forms of energy available to man. It affects everyone’s lives
in many ways. If you take time to think about your everyday life you will realise that our lives are full
of devices that depend upon electricity. These devices depend on the electrical circuits inside them
to work. The circuits often change the electrical energy into other forms of energy such as heat, light
and sound. In this area of study you will learn how these circuits work and about the different
components within them.

Electric circuits

An electric circuit is a closed loop or network made up of electrical components such as batteries,
bulbs, switches and wires.

Switch
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Y ® Lamp

Electric current

Electric current is the name given to the flow of negatively charged particles called electrons.

o—> electrons

o—>

o—> o—>

Current is measured in amperes, usually referred to as ‘amps’ (A). Current is the rate of flow of
electrical charges (called electrons) through a circuit.

Page 3



Voltage

In most circuits a battery or voltage supply is used to drive the electrons through the components.

Current
Flow

Voltage is measured in volts (V).
Resistance

All materials conduct electricity. The materials that conduct electricity well are called conductors and
those that are poor conductors are called insulators. Metals are good conductors while rubber and
glass are good insulators.

A good conductor offers very little resistance to the flow of electrical current. In other words, it lets
currents flow with very little voltage being applied. Resistance is therefore a measure of how much
voltage is required to let a current flow. Resistance is measured in oAims (W).

Electron flow - conventional current

Scientists in the early nineteenth century decided the direction of conventional current flow. It
seemed to them that current flowed from the positive side of power supplies to the negative side. It
was not until the twentieth century that electrons were discovered and the true direction of current
flow was proved.

As stated earlier, electric current is the flow of electrons but often it is more useful to consider
electric current to flow in the opposite direction. This is called conventional current.

Conventional R

Current

So although it is technically wrong, for convenience ‘conventional current’ will be used in the circuits
and calculations throughout this work.

Conventional current flows from positive to negative.
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One of the main reasons for maintaining this convention is that symbols and other data based on

conventional current have become standard.

Batteries and voltage supplies

Batteries and voltage supplies are the source of power behind all electrical circuits. Without a power
source, electrical circuits will not work. In your work (as in most electronic circuits) all power sources

will be low-voltage - this normally means everyday batteries or a low-voltage power supply.

The low-voltage supplies and batteries will normally supply between three and 12 volts. Electronic
components normally work on much lower voltages and so the circuits must be designed carefully.

The symbols for batteries and voltage supplies are as follows.

|I Sngle battery orcell

Ali ______ ] I— Multiple batteries or cells

—O 6 volts O— \oltage supply

Note the positive and negative side of the battery:
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Direct current (d.c.)

The voltage supplied by batteries or low-voltage supplies is direct current (d.c.). This is the normal
type of supply to low-voltage circuits. Alternating current (a.c.) supplies are high-voltage - usually
230 volts. This is the normal supply in homes and schools. Many portable electric power tools work
from 110 volts for safety.

Resistors

Resistors are basic components in electrical and electronic circuits. They limit the amount of current
flowing in circuits or parts of circuits. Resistors are roughly cylindrical and have coloured stripes.
They also have connection wires sticking out of each end.

The stripes indicate the value of the resistors. The colours represent numerical values according to a
special code.
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Resistor colour code

Resistors are marked with what is known as a resistor colour code. Each band that surrounds the
body of the resistor helps identify the value (in ohms) and the tolerance (in per cent). In most
resistors only four colour bands are used.

The colour code chart for resistors is shown below. The colours are used to represent different
numbers, and in this way we are able to tell the value for each digit.

First and llecl(zlnd colour Digit Multiplier
Black 0 x 1
Brown 1 x 10
Red 2 x 100
Orange 3 x 1000 or 1 K
Yellow 4 x 10000 or 10 K
Green 5 x 100 000 or 100 K
Blue 6 x 1000000 or 1 M
Violet 7 Silver means divide by 100
Grey 8 Gold means divide by 10
Tolerances:
e brown - 1%
_ 90
White 9 : rgeo‘} . 2 5/0 "
e silver— 10%
e none —20%

Standard values

Resistors are supplied in a range of standard values: 1.0, 2.2, 3.3, 4.7, 5.6, 6.8, 7.5, 8.2 and 9.1.
These standard values can then be multiplied by 10, 100, 1000, and so on. Typical values of resistors
are 220 R, 100 K, 680 R, etc. Some other popular sizes are also available, such as 270 R and 390 R.
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4-band resistor colour code layout

4 Band Resistor Colour Code Layout

[[]

1stband / 4th band
Tst digit tolerance

2nd band 3rd band
2nd digit multiplier

Example

If the colours on the above resistor are:

1% band - red

2" band - violet

3" band - brown

4™ band - gold

then using the table on the previous page, the value of this resistor is 270 Q and its tolerance is 10
per cent. This is worked out as ‘2’ for the red first band, ‘7’ for the violet second band and ‘times 10’
for the brown third band.

For most purposes you can ignore the tolerance. In the above example the manufacturers guarantee
that the resistor will not vary from the marked resistance by more than 10 per cent.

Symbol for resistance
Although the symbol for ohms is ‘Q ' it is often shown as a capital R; that is, 270 ohms can be
expressed as either 270 Q or 270 R.
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Exercises
1. Using the colour-code chart, determine the colours of the first three bands of the following

resistors.

No. Value Colour

1 270Q

2 1.5kQ

3 33kQ

4 1.2MQ

5 330Q

6 150Q

7 82Q

8 560Q

9 6.8kQ

10 | 750Q

11 |390Q

12 |2.1MQ

13 |82Q

14 |4700Q

15 |9100Q
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2. Using the colour-coding code, calculate the values of the following resistors.

No Value First three colour bands

1 red red red

Z yellow violet | black
3 grey red red

4 yellow violet |orange
5 red red |orange
6 orange orange | orange
7 green blue | brown
8 red violet | black
9 grey red | brown
10 brown green | green
11 brown grey | yellow
12 brown black | yellow
13 green blue |orange
14 brown grey | black
15 brown grey | green
16 blue grey |orange
17 orange orange | yellow
18 red red | brown
19 grey red black
20 violet brown | orange
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Diodes

Diodes are devices that allow current to flow in one direction only.

Current can passthisway only
— *

+ —_ e

Anode Cathode

Symbol for Diode

Current will flow through the diode only when the anode (positive side) is connected to the positive
side of the circuit and the cathode (negative side) is connected to the negative side of the circuit.

Light-emitting diodes
A light-emitting diode is a special diode that gives out light when current is flowing though it. LEDs

are used as indicators to tell when a circuit (or part or a circuit) is working. You can tell the cathode
of an LED as it is the short leg and there is a ‘flat’ on the plastic casing.

As with the normal diode, the current can only pass one way.
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Switches

Switches are useful input devices (or transducers) that have metal contacts inside them to allow
current to pass when then they are touching. There are several ways in which the contacts in
mechanical switches can be operated. The main types are - push-button, toggle, key, slide, magnetic
(reed) and tilt. These switches are ‘digital’ input devices as they can only be on or off.

Rocker Push Bufton

Reed

The switches shown above are all single pole with single or double throws. These are known as SPST
and SPDT switches. The symbols are shown below.

40/0— 40/.7

o—
SPST SPDT
Single Pole Single Throw Single Pole Double Throw
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Microswitches

Microswitches are small switches that are useful for detecting motion. They are especially good as

sensors and limit switches. Typical systems that use microswitches are traffic barriers and lift
systems.

The microswitch above has a roller fixed to a lever that detects movement and throws the switch. It
has three terminals: common, normally open (NO) and normally closed (NC).

3 - NO
1--C
2 - NC

The microswitch below is commonly used in schools.

Like most microswitches, this one can be wired in three ways.

e Cand NO: this is @ normal on/off switch.

e Cand NC: this allows current to flow when the switch is not operated.

e C, NC and NO: when wired like this it acts as a changeover switch.

These microswitches are single-pole double-throw (SPDT) switches.
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DPST and DPDT Switches
More complex switches exist to do more specialised tasks.

The DPST switch (Double Pole Single Throw) is commonly used to isolate a piece of equipment
or machinery from the power supply.

I

1

1

1

1
240V T v

The DPDT switch (Double Pole Double Throw) is commonly used to allow a motor to switch
directions.

6V
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Prototype circuit boards
Simple Circuits

Series circuits

The diagram below shows a typical use for an LED circuit, where the LED indicates that the car
radio/cassette is on. The diagram also shows a simplified series circuit layout for the LED indicator.
The resistor is necessary to protect the LED from drawing too much current and *blowing’.

The diagram below shows the above circuit using the component’s symbols. This is called the circuit
diagram.
Switch

ole

390R
or

oV — 3900

AN
W

The components in this circuit are connected in series. This means that they are connected up in a
line, one after the other (or end to end).

Series circuits are the simplest to deal with as the same current flows through all of the components.
The voltage, however, is divided up between the components — more of this later.
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Prototype circuit boards

Prototype circuit boards (often called breadboards) are used to build and test circuits. They have the
advantage that they are non-permanent: that is, the components can be moved and used again.
This makes it easy to make alterations or corrections to circuits. Once a circuit has been proved on a
prototype circuit board it is usually built by a more permanent method on stripboard or printed circuit
board (PCB).
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The board above shows four mains sections of connection holes. The two centre areas, separated by
a gutter, are where most of the components are placed. The two outer rows are used for the power
connections.

The uncovered reverse side, seen below, shows how the connection holes are interconnected.

METALLIC STRIP
CONNECTOR

The metallic strips connect the middle sections in columns of five, while the two sets of outer rows
are connected horizontally.
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The diagram below shows how most common components can be inserted. Note that the most
complicated components are usually connected over the centre gutter. This is especially true for
transistors and integrated circuits (ICs).
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Example 1

Build the LED series circuit for the car radio/cassette. It can be built on a prototype circuit board or
simulated on computer software such as Crocodile Technology.

Circuit diagram

TA

6V

Switch

E——

390R
or
390Q

VAN
W

Prototype board circuit layout diagram

+ 6 volts

—1

oooog
oooog

ooogo DDDDD\EIEI

ooooo
ooooo

0 volts

O
oo

O 0O
00000 O0qOO0O OOoooo ooo
_/’
O0000000000000 _—
OJoOo00000ooodod
Oooooo oooo
OoOoooo oooo

O

Push Switch

ooooo
ooooo

Remember to connect the LED ‘the right way round’; that is the short lead (cathode) is connected to
the zero volt line or negative battery terminal. The LED should light when the switch is pressed.
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Example 2

Build the lamp circuit below. It can be built on a prototype circuit board or simulated or computer
software such as Crocodile Technology.

Side Switch

A

6V —

)

Diode
; 1N4001

Circuit diagram

Layout diagram
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0000000000000000 UL UL
0O0000000000000RO000000
oooooooooooood F—---—-7oooooooo
0000000000000k Piode 3gooooooo
0O0000000000000x00000000000000 Lam
[ i o o o [ o [ o [ e p
0 volts 0O0000000000000LO00000000000
%
2

Remember to connect the diode ‘the right way round’; that is, the negative lead (cathode) is
connected to the zero volt line or negative battery terminal. The lamp should light when the switch is
moved to the right. Try connecting the diode ‘the other way round’ to confirm its operation.
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Computer simulation

The two series circuits can be built and simulated in a computer programme such as Crocodiile
Technology.

—
B 0 O

F'ushl

290 I

I|+

11
2

LED circuit
As in the prototype circuit, when the switch is ‘pressed’ the LED should light.

5 Q,,P_L

II I|+

Lamp circuit

As in the prototype circuit, the lamp should light when the switch is pressed/moved and it will not
light when the diode is reversed. Note: Crocodile Clips uses a rocker switch to represent the action of
a slide switch.
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Digital multimeters

The digital multimeter is used to measure voltage, current and resistance. It is very simple to use
and easy to read.

. N

To measure d.c. voltage:

connect the black lead to the *COM’ socket

connect the red lead to the "VW’ socket

make sure that ‘d.c.” is selected

move the dial into the voltage (volts) range

select a suitable range (always slightly higher than the expected measurement)
place the lead probes on the points where the voltage is to be measured.

To measure direct current:

connect the black lead to the ‘COM’ socket

connect the red lead to the ‘mA’ socket

make sure ‘d.c.” is selected

move the dial into the current (amps) range

select a suitable range (always slightly higher than the expected measurement)
connect the probes to the wire in which the current is to be measured.

To measure resistance:

connect the black lead to the *COM’ socket

connect the red lead to the 'VQ' socket

make sure ‘d.c.” is selected

move the dial into the resistance (ohms) range

select the range (always slightly higher than the expected measurement)
connect the probes to the ends of the component being measured.
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Measuring d.c. voltage

ol

Voltage is measured across components or parts of circuits as shown in the circuit diagram below.

This can be done in actual circuits or simulated with Crocodiile Technology.
‘Across’ means in ‘parallel” as opposed to ‘series’. Parallel circuits will be dealt with later.

Practical task
§.00
E 5%
280 I 0.a0
B
1+
=1
il 0.00
]

Using circuit simulation measure the voltage across all three components in the LED circuit.

The voltage across each component is known as the voltage drop across the component. This is the
amount of voltage ‘used up’ or ‘dropped’ by each. The total voltage dropped in the circuit should
equal the total supply voltage as stated in Kirchoff’s second law.

Record your results.
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Measuring direct current

ol

XZ\\

®

Current is measured through components or parts of circuits, as shown in the circuit diagram below.
Note that it is necessary to ‘break’ the circuit and connect the meter in series with the components.

Practical tasks

1. Using circuit simulation, measure the current flowing through all three components in the LED
circuit.

0.00

g =
Fush

390 I

=
I|+

l=A
&

In a serjes circuit the current flowing through all components is the same. Try placing the meter at
different parts of the circuit to prove this. In parallel circuits the same current does not always flow
through each component - you will find out about this later.

Record the current flowing in this circuit.
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2. Using the prototype LED circuit, measure the voltages (potential difference, p.d.) across each of
the components.

+ 6 volts
+ 6 volts

0 volts

meter to ‘mA’.
Record all results.

Alter the position of the zero volt connection and measure the current flowing in the circuit. Set the
Page 24



Measuring resistance

When measuring resistance make sure that your circuit is disconnected from the supply, otherwise
this will affect the reading. Do not touch the meter probes or the components when measuring, as
your own electrical resistance will then be included.

[

Resistors connected in series

As resistors come in standard sizes, they are often connected in series to obtain a specific size that is
otherwise unavailable.

Practical tasks

O
O
O
O
O

10A mA VQ COMm

SR Talamm
8@ m@0
Oooood O
00000 00000

O E ooooo oOoooo a O

1 Connect two resistors in series on a prototype circuit board and measure the overall resistance.

You should find that if Reta (Or Ry) is the total resistance measured across both resistors then the
equation for adding resistances in a series circuit is

Riotal = R1 + R;
For three resistors in series

Rtotal = R1 + Rz + R3
and so on.

2. Using two unknown resistors, measure the resistance of each and calculate Ry, Check your
answer by measuring R @s shown in the above diagram.
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Problems

Calculate the combined resistance of the following resistors in series.

a) J_

4092

702

b) 1

100Q

1kQ

1202

3400
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d)

]

]

1209

3400

2500

4.7kQ

1.2kQ

270Q
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Ohm'’s law

You have already found that applying a voltage to a circuit results in a current flowing through the
circuit.

In the simple Crocodile Technology circuit below, double the voltage and you will see that the

current doubles as well. In other words if you double the voltage across a component, the current
flow through that component will also double.

0.00

=
I|+
F

1l

'l
[
-1
[

 —

d

Thus we can say that the current is proportional to the voltage drop across a resistor. This rule is

known as Ohm’s /aw. The rule applies to all metals, provided that their temperature does not
change.

\%
R ="
I
This relationship gives rise to the Ohm'’s law formula:
A
<
<
£
]
O
\oltage (V)
which is more easily remembered as: V=IxR

I | R

We can use the triangle trick to help transpose this formula. Cover up the quantity that you are
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trying to find and the other two will be in the form that is needed.

Ohm'’s law in practice

~ T~

6 VOIts ~mmpem Lamp

<

Current 0.06 amps
For this exercise a simple series circuit is used.

The task is to calculate the resistance of the lamp using Ohm’s law.

R="
I
rR=_&
0.06
. R = 100Q

Tasks
Calculate the missing quantity in the following circuits. You can verify your answer by physical

1.
measurement or with Crocodile Technology.

a) find the current

v__
T
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b) find the resistance of the resistor R

0.2A
T —
5y R
———
¢) find the battery voltage
0.3A
v 200
———
d) find the battery voltage
30mA
v 1.5k

|
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Worked example: series circuit

For the series circuit shown, calculate:

(a) the total resistance (Rt)

(b) the circuit current (Ic)

(c) the potential difference across both resistors (V; and V,)

R =6Q R, = 18Q

L I

I. A
f
|I
Vs = 12V
a)
R; =R, +R,
=6 + 18
R, = 24Q
b)
Vi = I x R;
Lo Ye
l(T
_ 12
24
I. = 05A
C) We can use Kirchoff’s second law to check the answers calculated for the potential difference
across the resistors:
V, =1, xR,
= 0.5 x 18
V, =9V
V, =V, +YV,
=3+9
V, =12V
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Exercises: resistors in series
1. For the circuit shown below calculate:
33012 470Q

12V

(a) the total resistance of the circuit
(b)  the circuit current.
(c) the voltage drop across each resistor.
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2. For the circuit shown below calculate:
(a) the total resistance
(b) the circuit current
(c) the voltage drop across each resistor.
(d) Use Kirchoff’s second law to verify your answers to (c).

109 33Q 22Q
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3. For the circuit shown below calculate:
(a) the total resistance of the circuit
(b) the circuit current.
(c) he voltage drop across each resistor.
(d) Use Kirchoff’s second law to verify your answers to (c).

22Q 62Q 33Q

15Q 75Q

2Q 24V
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4. A circuit has three resistors in series. Their values are 159, 24Q and 60Q. Calculate the total
resistance of the circuit.

5. Two resistors are connected in series. Their values are 25Q and 75Q. If the voltage drop across
the 25Q resistor is 4 volts, determine the circuit current and the supply voltage.
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Parallel circuits

Parallel circuits are circuits where there is more than one path for electricity to flow along or that
have more than one ‘branch’. Each branch receives the supply voltage, which means that you can
run a number of devices from one supply voltage. A good example of a simple parallel circuit is a set
of Christmas-tree lights where all the bulbs require a 230 volt supply.

240

This arrangement ensures that if one or two bulbs ‘blow’ then the rest of them continue to function
and, importantly, you know which are faulty. In a series circuit if one bulb blew then all the bulbs
would go out and you would have to test them all to see which one was faulty.

Parallel circuits can be arranged in many ways, but are normally set out so that you can easily see
the parallel ‘branches’. A simple parallel car-alarm circuit is shown below with the switches wired up
in parallel.

1

1

/

12 VOIS mapem

The two switches in parallel represent the sensor switches connected to the doors.
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Resistors in parallel

As resistors come in standard sizes, they are often connected in parallel to obtain a specific size that

is unavailable. This practice of combining resistors has already been seen in series circuits.

Practical tasks

1. Connect two resistors in parallel on a prototype circuit board and measure the overall resistance.

og
og
oagd
O
O
og
O
|

ooood
ooood
ogd
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oOoood

O
aog
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og
oagd
og
og
og
og
oagd

(, O)

Multimeter

o O(O O>
10A mA |VQ com
\.

You should find that if Reta (Or Ry) is the total resistance measured across both resistors then the

equation for adding resistances in a parallel circuit is

1 1 1
_ = — 4 —

RT Rl RZ

1 1
— = — +
RT Rl

For three or more resistors, the equation can be extended:

+ + ...

LN
R2 R3

2. Using two unknown resistors, measure the resistance of each and calculate Ry, when the
resistors are connected in parallel. Check your answer by measuring the total resistance as
shown in the above diagram.
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As stated earlier, each branch of a parallel circuit receives the supply voltage. Each branch has its
own current; that is, when the current reaches a junction it splits up, with some current flowing into
each branch. The total supply current is therefore the sum of the currents flowing in the branches.

I,

—>—

—»—

When resistors or resistive components are connected in parallel, the effect is to reduce the
resistance in the circuit.

There are two important points to remember about resistors in parallel.

(a) The voltage drop across each resistor is the same.

<\
S
L R
i T ey
<_
Vs
R
<V,
S
I, :IR]
I A
I
Vs
(c) The sum of the currents through each resistor is equal to the current flowing from the voltage

source.

Special case: two resistors in parallel

There is a special rule that can be applied when adding fwo resistors in parallel only:
R, X R,

Rl + R2

T

total resistance (Rr) = product/sum.
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Worked examples: resistors in parallel

/ R

12 VOIS

2. For the circuit below, calculate the total resistance of the parallel part of the circuit and the total

resistance in the circuit.

The resistance values are R; = 270Q, R, = 100Q and for the buzzer 240Q.

1 1 1
_— — 4+
R, R, R,

1
+ —

1
R, 270 100

1 _ 270 + 100
R,  270x100

1 _ 370

R, 27000 R, = R, + R,

. R, = 2000 R, = 73 + 240
370

. R, = 73Q ~ R, = 3130
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3. For the circuit below, calculate the total resistance of the resistors in parallel.
The resistance values are R; = 220Q, R, = 100Q and R; = 330Q.

Rl
— —y
R,
P——
R3
1 1 1 1
— = — = + —
RT Rl R2 R3
1 1 1 1
— = + +
R, 220 100 330
1 _ 33000 + 72600 + 22000
R, 7260000
1 127600

R, 7260000

7260000
R, = ———

127600
. R, = 57Q
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3. For the parallel circuit shown calculate:

(a) the total resistance (Ry)
(b) the circuit current (Ic)

(d) the current in each resistor (I; and I,).

@

~
-

I
'
o
(o)

(b)

]
a
Il

2.5A

()
I. =1, +1,

= 1.5 +1
I, = 25A
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(d)
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Exercises: resistors in parallel
1. For the circuit shown below calculate:
(a) the total resistance of the circuit

(b) the circuit current.
4K7

—1

3K3

—

A%

2. For the circuit shown below calculate:
(a) the total resistance of the circuit

(b) the circuit current

(c) the current flowing though R; (109)
(d) the current flowing through R; (24Q).

110V == 10 R 24 R
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3. For the circuit shown below calculate:
(a) the total resistance of the circuit

(b) the circuit current

(c) the current flowing through R; (660 Q)
(d) the current flowing through R; (470 Q).

Use Kirchoff's second law to verify your answers to parts (c) and (d).

470Q

—L

660K

—1

1]
240V

Page 44



4. A 6 Q resistor and a 75 Q resistor are connected in parallel across a voltage supply of 12 V.
Calculate the circuit current.

5. A 440Q resistor is connected in parallel with a 330Q resistor. The current through the 440Q
resistor is 300mA. Find the current through the 3309 resistor.
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6. For the following circuit calculate
a) the combined resistance
b) the current from the battery
c) the current in each branch

al

T

3V 20 Q 30 Q

5
@]
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7. For the following circuit calculate
a) the combined resistance
b) the current from the battery
c) the current in each branch

12V 7 3.3 kQ2 4.7 kQ 500 Q
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Combined series and parallel circuits

Until now we have been looking at series or parallel circuits individually. It is possible, and quite
common, to have series and parallel connections in the same circuit.

Consider the combined series and parallel circuit shown in the figure below.

R,

—_ 1 R,

Ve

You can see that R, and R; are connected in parallel and that R, is connected in series with the
parallel combination.

Some points to remember when you are dealing with combined series and parallel circuits are:

e the voltage drop across R, is the same as the voltage drop across R

e the current through R, added to the current through R; is the same as the current through R;

e the voltage drop across R; added to the voltage drop across R, (which is the same as across R3)
would equal the supply voltage V..
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Worked example: combined series and parallel circuits
1. For the combined series and parallel circuit shown, calculate:
(a) the total circuit resistance (Ry)
(b) the circuit current (Ic)
(c) the voltage drop across resistor Ry (Vr1)
(d) the current through resistor R; (L,).

48Q

—L

' 10Q
—

L
|I

24Q

12V

(a) In the first instance you must calculate the equivalent resistance of the parallel arrangement
(Rp) of Ry and Rs. It is possible to use the special case formula for two resistors in parallel:

_R2><R3
" R, +R,
_10x48
" 10+48
_ 480

P58
R, =8.28Q

The total circuit resistance (Ry) is then found by adding R to R:

R, =R, +R,
R, =24+828
R, =32.28Q
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(b) Itis now possible to calculate the circuit current:

Vo =1.xR;
LY
RT
L2
32.28
I. =0.37A

(c) The voltage drop across R; is found by using the resistance across and the current through R;.

V=IxR

Vi =1 xR,
Vi =0.37x24
Vi, =8.88V

(d) The current through R; is found by using the resistance of R, and the voltage drop across R;. By
using Kirchoff’s second law we know that the voltage drop across the parallel arrangement must
be:

Vo=V, +V,
V, =V, -V,
V, =12-8.88
V, =3.12V
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By using Kirchoff’s first law we know that the circuit current Ic will ‘split” or divide between the two
resistors R, and Rs. In order to find the current through R, we use:

V=IxR
V, =1, xR,
Lo Ve
R2
I =3.12
10
I, =0312A
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Exercises Combined Series and Parallel Resistors

1. For the following circuit calculate
a) the combined resistance
b) Current from the battery
C) Voltage across the 1KQ resistor
d) The current through the 5009 resistor.
1 kQ

+

ov T 1.5 kQ 500 Q
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2.

a)
b)
9)
d)

gvfii
T

For the following circuit calculate

the combined resistance

Current from the battery

Voltage across the 10kQ resistor

The current through the 5009 resistor.

1 kQ 2 kQ

L —,= =, =

1.5 kQ

500 Q

10 kQ
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Sensitivity
V, =9 volts
O
\ ORP12
47K vV,
(o
0 volts

With an analogue sensor it is normally desirable to adjust the sensitivity of the circuit. Rather than
using a fixed resistor we can replace it with a variable resistor (or potentiometer).

Practical task: voltage divider circuits
The picture below shows a typical situation where a light sensor circuit could be useful.

DT

To save money and inconvenience the residents want the outside light to come on when it gets dark.
They also want to be able to adjust the sensitivity from summer to winter nights.

Build the following circuit using a prototype circuit board. The variable resistor is rated at 10 kQ.
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=]
+ 9 volts
B afafals
VRO 0ooo
O oooo
O 0ooo
oooNOOooooo
oooo®O0oo0og
0000RO000000
0oo oooo
oo 0ooo
0 volts LDR
) ooooo
00000 OO0OO000

Adjust the sensitivity so that the output voltage (V,) goes higher when your hand is moved across
the LDR at a distance of approximately 100 mm. You will have to attach a multimeter to the circuit
to see when this is happening.

Check this out using Crocodile Technology.
V; =9 volts

o i lk
\\}

@
N

0 volts
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Exercises: voltage divider circuits

1. Calculate the voltages that would appear across each of the resistors marked ‘X" in the circuits
below.

a) A 9 v b) X 5V c) X v

18K 10K X | K7

2K X1 15K 3K3

| ov | ov T ov
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2. Find the output voltage from the voltage divider circuits below.
2) 12V ® v 9 . 12V
90Q 12Q R,=?
692 V=7 3Q T e 15Q 5.2v
ov ov ov
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3. In each of the following voltage divider circuits determine the unknown quantity.

9 15V ) . V=7 0 20V
V. =2
4K 2200 14v
10k 1500 V.=42y
0V 0V 0V
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4. An NTC (negative temperature coefficient) thermistor is used in a voltage divider circuit as
shown below. Using information from the graph shown, determine the resistance of the thermistor
and hence calculate the voltage that would appear across it when it is at a temperature of:

(a) 80°C

Ov

(b) 20°C.
5y Resistance kQ b
1 4
1k 3 N\
L 2 .
il &
N
\ -t I N
N |
1

20 40 60 80 100 Temp (°C)

4. What would happen to the voltage across the thermistor in the circuit shown above as the
temperature increased?

5. What would happen to the voltage across the resistor in the circuit shown above as the
temperature increased?
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6. A thermistor (type 5) is used in a voltage divider circuit as shown below. The characteristics of
the thermistor are shown in the Databook. If the voltage V, is to be 4.5 V at 100 °C, determine a
suitable value for R,. State whether V, will increase or decrease as the temperature drops.
Explain your answer.

15v

Ov
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Transistors

The first major breakthrough in electronics came with the invention of the diode valve at the
beginning of the twentieth century. This was the first real electronic component and was to lead to
the modern diode and transistor.

A diode valve consisted of a heater inside a hollow rod that had been coated with a substance which
released electrons when heated. This was surrounded by a thin metal cylinder, with all of this being
contained in a bulb-like glass container. When the rod was heated, electrons were released but, as in
any diode, the electrons could only go in one direction.

The diode was followed by the triode, which allowed the current flow to be controlled. These valves
could act as electronic switches or amplifiers. Radio and television were developed using these
amplifier valves. In the 1940s the first computer was built using valves - it contained over 20,000
valves and filled a large room.

In 1947 the transistor was invented. The transistor had many advantages over valves, the main ones
being size, efficiency, durability and cost. The next big advance in electronics was the integrated
circuit in 1958: two transistors were fitted on a silicon chip. The developments since then have been
rapid and chips now contain over a million transistors.
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Transistors (bipolar)

The transistor is a semiconductor device. This means that it is sometimes a good conductor of
electricity and sometimes a poor one. A transistor is made up of three layers of semiconductor
materials that are either 'n type’ or 'p type’.

There are two types of bipolar transistor available: pnp or npn. We will deal only with the npn type
for convenience. (The only real difference is that the voltages and currents should be reversed for a
pnp transistor.)

|
Z| 10| Z

E

When a positive voltage of about 0.6 volts is applied across the base and emitter, the resistance
between the collector and the emitter of the transistor drops from very high to very low. In other
words the transistor changes from being a very poor to a very good conductor.

This means that to switch the transistor ‘on’ a small voltage of about 0.6 volts is applied to the base.
When the voltage reaches 0.7 volts the transistor is fully ‘switched on’. In this condition the
transistor is said to be fully ‘saturated’.

General-purpose transistor

The BC 108 is common general-purpose transistor. The diagram below shows the position of the legs
when viewed from underneath the case.

Collector

Base

Emitter

npn Type

The transistor has to be connected into circuits correctly. The arrowhead on the emitter indicates the
direction of ‘conventional’ current flow - that is, opposite to the electron flow.
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How does the transistor work?

- 1K
& —

Consider the circuit shown below.

When the switch S; is open, no current can flow in any part of the circuit. This may seem strange
since a ‘complete’ circuit appears to be made from the voltage source, through the bulb, the
transistor and back to the voltage source. But, as no voltage is being applied to the base of the
transistor, it is acting as a barrier to electric current.

When switch S; is closed, a very small voltage is applied to the base of the transistor. When this
happens the transistor allows current to flow through it and the bulb will light; the transistor is said
to ‘switch on'.

Ic

{

Io

Ib+Ic
Ie

Bijpolar transistors amplify current. A small current flowing through the base of a transistor causes a
much larger current to flow from the collector to the emitter.
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The transistor as a switch
One of the main uses of a transistor is that of a very sensitive switch.

Assignment

Use Crocodile Technology or another circuit simulation package to set up the circuit below. Begin
with a value of 2200 K for the base resistor R and then reduce the resistance using the values given
in the table below. This can be carried out manually if a suitable package is unavailable.

oV
(o <
o

ov

Complete the following table during your investigation.

Base resistor Base/Emitter B ¢ (LA Lamp
value (K) Voltage (mV) ase current (uA) on/off

2200
1000
470
220
100
47
33
22
10

1

You should find that the circuit will ‘switch on’ the lamp when the base/emitter voltage drop of the
transistor is 0.7 volts. You will also have noted that as the base/emitter voltage drop rises above 0.7
V the brightness of the lamp does not increase. This is because once this level has been reached, the
transistor is fully ‘switched on’, or saturated.
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Practical tasks

1. Build the circuit below to demonstrate the operation of a transistor switch.

00000 00000 00000 00000 00000 Lamp
0000 @O0o000d 0000 oood 0oog
+ 6 volts %
—
gronmrnooot KKioeBoooooood
Ot Aying \30 o ——A000000000000
at 00dooomO000000000000
ar lead OCs 0000000000000
OuuLLLO00Ee0LLROR .S 10000000000 0)
BC 108
00000000oo0o00008 100000000000
0000000000000000.J00000000000
00000000000000000000000000000
00000000000000000000000000000
0 volts DDDDDDDDDDDDDDZZDDDDDDDDDDDDD
—\\EDDDD 0ooood Qoded 00000 00000
00000 00000 00000 00000 00000

When the flying lead (a wire connected at one end only) is connected to hole ‘A’ the transistor
should switch and the lamp should light.

000

10A mA VQ

/

Connect a multimeter (set at voltage) across the base and emitter of the transistor.

The multimeter should measure approximately 0.7 volts. As explained earlier, this will switch the

transistor ‘on’ and the lamp should light.

If this reading is incorrect or the lamp does not light when the flying lead is connected to hole A,
check all the connections and fix any faults until the circuit works as expected.

Page 65



BC 108
TRANSISTOR

v ,;;;;;,;?5"
To make the circuit even more sensitive, a voltage divider with an LDR and variable resistor can be
used. This will enable small changes in the LDR resistance to switch the transistor.

3. Build the transistor switching circuit below.

00000 00000 00000 00000 OO0oo0g Lamp
O0sO 00000 OO000 000O Oooo
+ 6 volts ”
—1
] oooooooog
m 000Oooooooog
10K O0oooooooooooo
u 00000000000
] oJ0000000oog O
BC 108
] 20000oOooooon
a uJO00000000000
m] OOoOoO0ooooooooo
a Ooooooooooooo
0 volts ] IQDD|:||:||:||:||:||:||:||:||:H:||:|
XIDEID OoOoooo OO0 0 00000 Oooooao
00000 00000 O0000 00000 OO00o0g
Instructions
e Place all components as shown in diagram.
e Insert all connection wires.
e Make the 0 volt connection.
e Make the +6 volt connection.
e Set the variable resistor to mid-value.
e Cover the LDR and observe what happens.
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Transistor circuits calculations

Ohm’s law, Kirchoff’s second law, series circuit and parallel circuit calculations are just as important
and appropriate in transistor circuits as they were in the previous ones.

+ 6 volts
O
Lamp 6V
60mA
c
b
1 BC 108
1K p
(o,
ov

Example circuit

The transistor circuit above is basically a parallel circuit. If the circuit is rearranged slightly this
becomes obvious.

6 volts O———9¢ T i\e - O 0V

The transistor (marked T) is at the junction of the parallel circuit. If we assume that no voltage drops
across the collector/emitter in the transistor then

Vye = 6 volts (in the bulb branch)

As the two branches between x and e are in parallel, V, across the resistor branch must also be 6
volts. Thus
Vrp + Ve = 6 volts
We know that V. must be 0.7 volts to switch the transistor on; therefore
Vrp = 5.3 volts

It is now possible to calculate all other currents and resistance values.
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Relays

Although relays are often considered to be output devices, they are really output switches from
electric or electronic circuits. These output switches are used as inputs for other circuits. In practice
you can hear relays clicking on and off when a car’s indicators are used.

How the relay works

Iron r
Amature — on Core 7 _—Contacts
o

—o

—0
ectro-magnetic

Spring Coi

‘e

RELAY
When an electric current flows into the relay coil, the coil becomes an electromagnet. This
electromagnet attracts the armature and moves the contacts. This movement provides the switching,
just as the contacts in any other switch do.

The relay is a very useful device because it is the vital link between microelectronics and high-energy

systems that require substantial amounts of current. The relay is perhaps the most commonly used
switch for driving devices that demand large currents.

+\/

Input Signal
From Driver

Ov
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Relays - connections

The connections for a typical miniature relay are shown below.

Connections 1 and 16 are those from the sensing or input circuit.
Connections 4 and 13 are the supply voltage to run the output.
Connections 6 and 11 are the normally closed output terminals.
Connections 8 and 9 are the normally open output terminals.

Relays - protective diodes

As seen earlier, relays have a coil that is energised and de-energised as the relay switches on and
off. During this process of switching, the coil can generate a large reverse voltage (called a back
e.m.f.). This reverse voltage can cause considerable damage to components, especially transistors.

' VQLTS

The transistors and other sensitive components can be protected by the inclusion of a diode that
provides a path for the current caused by the reverse voltage to escape.

The circuit diagram is shown below.
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iY;

Protective ™ /\ ! O
Diode 41 | b !
I

Input Signal

Ov.

A solenoid is another output transducer that has a coil inside. Circuits containing a
solenoid require a protective diode as well.

MY,

Protective /N I o Solenoid
Diode 41~
Input Signal
Ov.
Relay circuit
The circuit below shows a typical transistor circuit with a relay as an output.
+ 6 volts
o L
: K Relay /1
C
b BC 108
1K
e
10K
o
0 volts
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Practical tasks

1.

Build the relay circuit below. When the temperature of the thermistor is increased you should

hear the relay switching and then switching once more as the temperature decreases again. Note
the diode, which is used to protect the transistor (see later for more information).

+ 6 volts

—1

IZIIZIIZIEIEI\E

ooooo O
IZIEIEIEIEI% O
DDDEE: O

0 volts

N

og
og
og
oaga

1000
1000
1000
1000

OopoOono
]| m

)
<

ooogo & opooo

oood
ooon
oooda
ooon
oooOd

2. This task requires you to connect a 12 volt lamp to the normally open output of the relay so that
when the temperature of the thermistor rises the light will switch on.

Note the 12 volt supply for the bulb. Do not mix up the supplies or the 0 volt lines.

+ 6 volts

=

0 volts

—_N\ED

O

O

ano
oo
oo

1000

100
1O04d

+ 12 volts

[ —

12V Llamp

1000

oogon
00O
opod

diode

®
<

Oopooo

asana
ooon

oo
OomOoOo & opoo

oood

O
oo
oo
oo

oooda
oooo

X R EE G

0 volts

Alter the circuit so that the lamp comes on when it gets dark. Draw the circuit diagram before you

alter the prototype circuit above.

Page 71



Relays can also be used to switch on (and off) solenoid-actuated pneumatics valves. These normally
run on a 12 volt supply. This is a method of controlling pneumatic circuits and systems with
microelectronics.
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3. As electric motors normally draw larger currents, relays are ideal devices for such circuits. By
using DTDP switching, relays can control the direction of rotation of motors.

TO SENSOR
CIRCUIT %

The circuit below shows a motor control circuit. The motor will reverse direction when the input
switch is pressed.

Oooodo Oodgood

+ 6 volts

[,

[ o] g
ooo
ooooo

o

8

|cn
sl

Change the circuit so that a change in temperature will automatically change the direction of the
motor. Draw the circuit diagram before making any alterations.
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4. The partial circuit below shows a transistor switch circuit with a relay as an output and an LDR
voltage divider circuit as an input.

Build and test a complete circuit showing the relay connected to a motor.

Instructions

Draw a full circuit diagram.

Investigate from earlier work the value of the potentiometer.

Make a layout diagram for building the circuit on a prototype circuit board.
After checking, build and test your circuit.

Note: Alternatively, this circuit could be built and tested using circuit simulation software such as
Crocodile Technology.
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Integrated Circuits: 555 timer

An integrated circuit (or IC) is simply an electronic package that contains a number of components
on a silicon *chip’. The 555-timer IC that you are going to use is a very versatile chip that has many

applications.

As you can see, the 555 chip has eight pins. The pin functions are shown below.

ov [1]
TRIGGER [2 |

ouTPUT [3]

RESET [4]

O

o/

NES555

8] +v(3-15)
717 e
PERIOD
5] J conTRoL
CONTROL
5] VOLTAGE
(LEAVE

UNCONNECTED)
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555 timer - capacitors

Capacitors are electronic components that store electricity for short periods of time within electronic
circuits or networks. They are made from two metal plates or films separated by an insulator. In
many capacitors, film is used so that the layers of metal film and insulator can be wound into a
cylinder. Capacitors are especially useful in timer circuits with the 555-timer chip.

ULATOR

METAL PLATE
OR FILM

There are two basic types of capacitor normally used in timer circuits: electrolytic and polyester.
Electrolytic capacitors are polarity conscious. This means that they must be connected ‘the right way
round’. The negative lead must be connected to zero volts with the positive terminal towards the
higher voltage side of the circuit.

It is very dangerous to reverse connect capacitors.
ELECTROLYTIC

N

AXIAL (/c\

CAPACITATOR
RADIAL I
CAPACITATOR

Polyester capacitors are for small-value uses and can be connected without regard to polarity.

POLYESTER

Capacitance in measured in farads, but because this is a very large measurement most capacitors
are rated in mF (microfarads) or in nF (nanofarads).
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555 timer - practical tasks
This 555-timer circuit is used to switch an LED on for a specific time when the chip is ‘triggered’. A
typical application for this would be an egg timer.

Build the prototype circuit shown below.

gooygy guooo ooubodgo oobood googd

O O OOl Ooon oooono ooodgno
b }
P
gooooooooooood
oouoboooooogood
gooooooooooood
gooooooooooood
puooooooogooy

oooUooooogogno

LED

oo begno goodo
ooon oUoon googo

OdO0ywOOoooOod
— 100uF
') w
OdeD ddoo

oo ooogo

| d]

Flying
lead
Instructions
° Briefly touch the bare end of the flying lead to 0 volts. The LED should light for a fixed
period.

° Adjust the variable resistor to obtain the longest fixed time for which the LED will stay on.

° Change the capacitor to the values in the table below and record the maximum time
period for which the LED lights. Crocodiile Clijps or similar software could be used for this
task.

Capacitor value (uF) Maximum time
100
470
1000
2200
4700

. Draw a graph to illustrate your answers.
o Estimate what value of capacitor would give a time of approximately 60 seconds.
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The 555-timer circuit already built made an LED go on for a specific time when the chip was

triggered. The circuit diagram below shows the altered circuit with the LED going off when the chip
is triggered.

Alter your circuit to show this effect.
+6 volts

C o

100K 1K éy

390Q
1K
; 4 8
IC1
T 555
6 ]
+ |—|.
100uF
O
0 volts

This circuit shows the 555 chip operating as a monostable device. This means that it is stable in only
one state, that is, it ‘jumps back’ to its initial state after a set time.

Note: As an alternative, build this new system using circuit simulation software.
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2. This 555-timer circuit is used to make an LED flash on and off at a set frequency. Build the
prototype circuit shown below.

ooy ougon oo obooto Ooogoo
O Oogg oo goooo oo

oono OoOoOooofooooogoQgn
HInn ooooooooooodoon
oono OOoooOooooooooood
HInn ] odoooooooodn
O Ez Oooooooooooo-
LDR 555

N e do0ooooooan
OOoosgodoOonon OOoDOd0Op0do0000don
oo =R =DDDDDDDD
0000000000\ OOoO0odogooooogn
OO0 oOoOon oo Ooooooogn

OoOdd

5 _w 100uF 1uF %LED
ey OoUudd ogdo 00
OO OoOoon 0O

oooog og L

O
O
O
00
N
00
N

Instructions
° On powering up the circuit, the LED should flash on and off at a steady rate (frequency).
° Cover the LDR to see what effect this has.
° Expose the LDR to bright light and observe the effect.
° Complete a table to show your findings.

Light conditions Frequency
Dark

Normal
Bright

This circuit shows the 555 chip operating as an astable device. This means that it is unstable in both
states; that is, it flips constantly from one state to the other.

Frequency

Frequency is the regular rate at which a physical event repeats itself. In this circuit it is the rate at
which the LED flashes. In electronic circuits the common events are the flashing of optical devices
(LEDs and lamps) and the sounding of buzzers/speakers. These outputs are driven by an electrical
pulse from the electronic system or circuit.
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