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Chapter 1 Electronic Technology Fundamentals

Text 1 Basic Concepts of Circuit Theory

4 Voltage and Current

Voltage and current are vital to understanding electronics, but they are quite hard to grasp
because we can’t see them directly.

Voltage attempts to make a current flow, and current will flow if the circuit is complete.
Voltage is sometimes described as the ‘push’ or ‘force’ of the electricity, it isn’t really a force

but this may help you to imagine what is happening. It is possible to have voltage without current,
but current cannot flow without voltage.

Voltage, V

® Voltage is a measure of the energy carried by the charge. Strictly. voltage is the “energy

per unit charge”.

e The proper name for voitage is potential difference or p. d. for short, but this term is
rarely used in electromics.

® Voltage is supplied by the battery (or power supply).

® Voltage is used up in components, but not in wires.

® Voltage is across a component.

® Voltage is measured in volts, V.

® Voltage is measured with a voltmeter, connected in parallel.

¢ The symbol V is used for voltage in equations.

Voltage At a Point and 0 V (Zero Volts)
Voltage is a difference between two points, but in electronics we often refer to voltage at a

point meaning the voltage difference between that point and a reference point of 0 V ( zero
volts) !+



Zero volts could be any point in the circuit, but to be consistent it is normally the negative

terminal of the battery or power supply. You will often see circuit diagrams labelled with O V as a
reminder.

You may find it helpful to think of voltage like height in geography. The reference point of
zero height is the mean (average) sea level and all heights are measured from that point. The zero
volts in an electronic circuit is like the mean sea level in geography.

Current, /
* Current is the rate of flow of charge.
e Current is not used up, what flows into a component must flow out.
e Current is through a component.
e Current is measured in amps ( amperes), A. A (1 amp) is quite a large current for

electronics, so mA ( milliamps) are often used. m (milli) means “thousandth”; 1 mA
=0.001 A, or1 000 mA =1 A.

e Current is measured with an ammeter, connected in series.

e To connect in series you must break the circuit and put the ammeter across the gap.
e The symbol / is used for current in equations'?’

"X ™ Series and Parallel Connections

There are two ways of connecting components

In series (Fig. 1. 1). Each component has the same current. The battery voltage is divided
between the two lamps. Each lamp will have half the battery voltage if the lamps are identical.

In parailel (Fig. 1.2). Each component has the same voltage. Both lamps have the full
battery voltage across them. The battery current is divided between the two lamps.

—

Fig. 1.1 In Series Fig. 1.2 In Parallel



Chapter 1  Electronic Technology Fundamentals

Most circuits contain a mixture of series and parallel connections.
The terms series circuit and parallel circuit are sometimes used, but only the simplest of

circuits are entirely one type or the other. It is better to refer to specific components and say they
are connected in series or connected in paraliel.

Analogue and Digital Systems

Analogue systems process analogue signals which can take any value within a range, for
example the output from an LDR (light sensor) or a microphone.

All electronic circuits suffer from ‘ noise’ which is unwanted signal mixed in with the
desired signal, for example an audio amplifier may pick up some mains ‘hum’ "*'. Noise can

be difficult to eliminate from analogue signals because it may be hard to distinguish from the
desired signal.

Digital Systems

Digital systems process digital signals which can take only a limited number of values
(discrete steps) , usually just two values are used: the positive supply voltage ( + Vs) and zero
volts (0 V).

Digital systems contain devices such as logic gates, flip-flops, shift registers and counters. A
computer is an example of a digital system.

Logic Signals
Most digital systems use the simplest possible type of signal which has just two values. This
type of signal is called a logic signal because the two values ( or states) can be called true and

false. Normally the positive supply voltage + Vs represents true and 0 V
represents false. Other labels for the true and false states are shown in Table 1.1 Logic states

Table 1. 1. Logic states
Noise is relatively easy to eliminate from digital signals because it is True False
easy to distinguish from the desired signal which can only have particular ! 0
values. For example: if the signal is meant to be +5 V (true) or 0 V High Low
(false) , noise of up to 2.5 V can be eliminated by treating all voltages +Vs ov
greater than 2. 5 V as true and all voltages less than 2. 5 V as false. On oft
3
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1. Voltage is a difference between two points, but in electronics we often refer to voltage at
a point meaning the voltage difference between that point and a reference point of 0 V ( zero
volts) .

R WIERRFARN - BAE, HERF¥hRNESFRANE A Lvi ks
HEREXSAHNTEESE G Z AR EE,

R but FERERIFEERE; but f5 AR — N E BN R, meaning... RILESD
1AM E &, 1B voltage at a point K,

2. The symbol [ is used for current in equations.

IR AXTPHRIREMMS [ RERM.

HiERgEET, ¥R ES, EEIEFREBEEREFENIIEEN.

3. All electronic circuits suffer from ‘noise’ which is unwanted signal mixed in with the
desired signal

Bk AR TREALEE WA TR, BARBAENERESTNEM
M55,

Which 5| &% MW 4), i “noise”; mixed ... 3 &4 1A M EEH, # W unwanted

signal ,

Exercises

EEYRBREEANREAES T A K

'TExXEr]

Mark the following statements with T (true) or F (false) according to the text.

It is possible to have voltage without current, but current cannot flow without voltage. ( )
Current is used up in components, but not in wires. ( )

In parallel each component has the same current. ( )

Noise can be easy to eliminate from analogue signals. ( )

Most digital systems use the simplest possible type of signal which has just two values. ( )

wok LD =

I1. Complete the following sentences.

1. We say voltage a component, current a
component.




2. The proper name for voltage is or . for short.
3. Current 1s measured in ___and is measured withan
4. Most circuits contain a mixture of o and
connections.
5. Normally the positive supply voltage + Vs represents and 0 V
represents

Reading1 AC, DC and Electrical Signals

AC means Alternating Current and DC means Direct Current. AC and DC are also used when
referring to voltages and electrical signals which are not currents! For example: a 12 V AC power
supply has an alternating voltage ( which will make an alternating current flow). An electrical
signal is a voltage or current which conveys information, usually it means a voltage. The term can
be used for any voltage or current in a circuit.

Alternating Current (AC)
Alternating Current ( AC) flows one way, then the other way, continually reversing
direction. An AC voltage is continually changing between positive ( + ) and negative ( -~ ).
The rate of changing direction is called the frequency of the AC and it is measured in hertz
(Hz) which is the number of forwards-backwards cycles per second.

Direct Current (DC)
Direct Current (DC) always flows in the same direction, but it may increase and decrease. A
DC voltage is always positive ( or always negative) , but it may increase and decrease. Electronic

circuits normally require a steady DC supply which is constant at one value or a smooth DC supply
which has a small variation called ripple.

Properties of Electrical Signals

An electrical signal is a voltage or current which conveys information, usually it means a
voltage. The term can be used for any voltage or current in a circuit.

The voltage-time graph ( Fig. 1.3) shows various properties of an electrical signal. In
addition to the properties labelled on the graph, there is frequency which is the number of cycles
per second.

The diagram shows a sine wave but these properties apply to any signal with a constant

6



Chapter 1 Electronic Technology Fundamentals

Voltage

% 1
E 1 peak-peak
g, , voltage
)
S E \ .
P—

Fig. 1.3 A Sine Wave

* Amplitude is the maximum voltage reached by the signal.

® Peak voltage is another name for amplitude.

e Peak-peak voltage is twice the peak voltage (amplitude). When reading an oscilloscope
trace it is usual to measure peak-peak voltage.

¢ Time petiod is the time taken for the signal to complete one cycle.

e Frequency is the number of cycles per second.
It is measured in hertz (Hz), but frequencies tend to be high so kilohertz (kHz) and
megahertz (MHz) are often used. 1 kHz =1 000 Hz and 1 MHz =1 000 000 Hz.

1

e frequency =— frequency’

—————— and time period =
time period

-

o.Technical Words and Expressions

AC (alternating current) Xike

DC (direct current) HA®
convey vt. A%
amplitude n e ha
oscilloscope n. TRE
kilohertz n F#
megahertz n (MHz) sk #

1. AC and DC are also used when referring to



voltages, electrical signals and currents
currents and voltages

currents and electrical signals

. voltages and electrical signals

Which of the following is right?

. Alternating Current flows one way, then the other way, continually reversing direction

An AC voltage is continually changing between positive ( + ) and negative ( - )
The rate of changing direction is called the frequency of the AC

All

DC

means Direct Current

means Alternating Current

always flows in the same direction and can’t increase and decrease

. voltage is always positive, but it may increase and decrease

Which of the following descriptions of electrical signal properties is not right?

. Amplitude is the maximum voltage reached by the signal.
. Peak voltage is another name for amplitude.

Peak-peak voltage is twice the peak voltage (amplitude).

. Frequency is the number of cycles per second.

Frequency

. is the number of cycles per minute
. is measured in second

tend to be high so kilohertz (kHz) and megahertz (MHz) are often used

. is equal to time period

Text 2 Circuit Components and Their Symbols

Circuit symbols are used in circuit diagrams which show how a circuit is connected together.
The actual layout of the components is usually quite different from the circuit diagram. To build a
circuit you need a different diagram showing the layout of the parts on printed circuit board.

2 Wires and Connections

Wire: To pass current very easily from one part of a circuit to another. (Fig. 1.4 (a))
Wires joined: A ‘blob’ should be drawn where wires are connected (joined), but it is

8



sometimes omitted!'!. Wires connected at * crossroads’ should be staggered slightly to form two
T-junctions, as shown in Fig. 1.4 (b).

(a) (b)

Fig. 1.4 Wire
(a) Wire ; (b) Wires Joined

Power Supplies (Fig. 1.5)

Cell; Supplies electrical energy. The larger terminal (on the left) is positive ( + ). A single
cell is often called a battery, but strictly a battery is two or more cells joined together.

Battery : Supplies electrical energy. A battery is more than one cell. The larger terminal (on
the left) is positive ( + ).

DC supply: Supplies electrical energy. DC = Direct Current, always flowing in one

direction.

AC supply. Supplies electrical energy. AC = Alternating Current, continually changing
direction.

Fuse: A safety device which will ‘blow’ (melt) if the current flowing through it exceeds a
specified value.

Transformer: Two coils of wire linked by an iron core. Transformers are used to step up
(increase) and step down (decrease) AC voltages. Energy is transferred between the coils by the
magnetic field in the core. There is no electrical connection between the coils.

Earth (Ground): A connection to earth. For many electronic circuits this is the 0 V ( zero

volts) of the power supply, but for mains electricity and some radio circuits it really means the
earth. It is also known as ground.

223 Output Devices

Lamp: A transducer which converts electrical energy to light. Fig. 1.6 (a) symbol is used
for a lamp which is an indicator, for example a warning light on a car dashboard.

Heater: A transducer which converts electrical energy to heat.

Motor: A transducer which converts electrical energy to kinetic energy (motion).

Inductor: A coil of wire which creates a magnetic field when current passes through it. It

9



