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 UNIT 1.1: Fundamentals of Electronics  
 

 

 

Unit Objectives 

At the end of this unit, you will  be able to: 

1. Identify the basic electrical quantities 

2. List the factors affecting the resistance of an element 

3. Define hƘƳΩǎ law 

4. Differentiate between series connection and parallel connection 

1.1.1 Charge 

An electric charge is the property of matter where, in its atoms, the number of electrons is 
either more or less than the number of protons. Electrons bear a negative charge while the 
protons bear a positive charge. If the matter has more protons than electrons, it is positively 
charged and if the number of electrons exceeds the number of protons, it is negatively 
charged. 

 

The electric charge is represented by Q and is measured in Coulomb (C). 

1 C of charge = 1/ 1.6x10-19 or 6.24x1018 electrons. 

1.1.2 Electric Current 

Electric current can be defined as the flow of electric charge in the form of free electrons. The 
number of free electrons that passes a particular point of a circuit per second is the measure 
of the electric current in it. Hence, the amount of current in a circuit is defined by the flow of 
charge per unit second. 

 

The current is measured in Amperes in International System of Units (SI) and is denoted with 
the symbol A. Constant current is denoted by the symbol I. The value of the current is 1 A 
when the electric charge flows at the rate of 1 coulomb per second, that is 6.24 x 1018 electrons 
passing a given point per second. 

 

Mathematically, the relationship between electric current (I) and charge (Q) is defined as: 

I (amperes) = Q (coulombs) / t (seconds) 

Where, I denotes average current flowing; Q denotes total charge flowing across a fixed point 
and t denotes the time that is taken for passing the fixed point. 

Conventionally, the current flows from the positive end to the negative end and in the 
direction of the movement of the positive charge. Electrons flow from the negative end to the 
positive end, in the opposite direction of the current flow. The direction of the positive current 
flow in a circuit is represented by an arrow. 



Telecom SMT Technician 

4 

 

 

 
 

1.1.3 Voltage or Potential Difference 

Voltage or potential difference is the difference between the electric potential or charge of 
two points. Thus, the potential difference between two points is determined by the work done 
in joules to move charge of 1 C from one point to the other. Voltage is measured in volts (V) 
in SI system and is given as: 

 

V (volts) = W (joules) /  Q (coulombs) 
 

Where, V is the voltage in volts; W is the work done and Q is the total charge across a fixed 
point. 

 

A constant voltage is referred as DC voltage and is sourced by a solar cell or a battery. The 
voltage varying sinusoidally with time is referred as an AC voltage and is sourced by an 
alternator or generator. DC voltage is denoted as VDC; for example, 12 VDC. AC voltage is 
denoted as VAC; for example, 240 VAC. The following images show batteries and a generator: 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1.1: Batteries (left) and a generator (right) 

 
 

1.1.4 Resistance 

Besides being influenced by the voltage that propels it around, the current in an electrical 
circuit also depends on the resistance of the components, wires and connections of the circuit. 
Resistance (R) refers to the ability of the circuit components to oppose the electron flow (flow 
of current) in the circuit, thereby necessitating the supply of a greater voltage to the circuit so 
that current can flow again. Resistance opposes the flow of current. 

 

The amount of resistance that different circuit elements put up against the current flow varies. 
The circuit elements with low resistance are termed as ΨƎƻƻŘ ŎƻƴŘǳŎǘƻǊǎΩΣ the ones with high 
ǊŜǎƛǎǘŀƴŎŜ ŀǊŜ ǘŜǊƳŜŘ ŀǎ ΩōŀŘ ŎƻƴŘǳŎǘƻǊǎΩ ƻǊ ΨƛƴǎǳƭŀǘƻǊǎΩ ŀƴŘ ǘƘŜ ǊŜǎǘ ŀǊŜ ƛƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ 
two categories. The unit of resistance is Ohm. The resistance of any material which has a 
uniform cross-sectional area, A and length, l, can be represented in a mathematical form as: 

 

R = r*l/A 

where, r is the resistivity of the material in ohm-meters. 
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The following figure lists some factors affecting the resistance of an element: 

Length of Material 

Cross-sectional 
Area 

Type of Material 

Temperature 

Fig. 1.1.2: Some factors affecting the resistance of an element 
 

The following diagram shows different resistor symbols: 

Fig. 1.1.3: Different resistor symbols 

 
 
 
 
 
 

ω The resistance of a material is directly proportional to 
its length. 
ω The longer the material the more resistance it has. 

ω The resistance of a material is indirectly proportional to 
its width. 
ω The wider or thicker the material is the less resistance 
it has, allowing more free electrons to flow. 

ω The type of material affects the number of free 
electrons able to flow through it. 
ω A material which is a conductor has less resistance while 
a material which is an insulator has more resistance. 

ω The temperature of the material affects its resistance. 
ω Some materials such as thermocouples and thermistors 
are designed to change their resistance with temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.1.5 hƘƳΩǎ Law 

hƘƳΩǎ law delineates the relationship that exists between the current, voltage and resistance 
of a circuit. The following image shows the ŎƻƴŎŜǇǘ ƻŦ hƘƳΩǎ ƭŀǿΥ 

Fig. 1.1.4: Concept of hƘƳΩǎ law 
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hƘƳΩǎ ƭŀǿ ǎǘŀǘŜǎ ǘƘŀǘ ŀ ǾƻƭǘŀƎŜ ±Σ ŀŎǊƻǎǎ ŀ ǊŜǎƛǎǘƻǊ wΣ ƛǎ ŘƛǊŜŎǘƭȅ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ L 
flowing through the resistor. The following figure represents the mathematical expression of 
hƘƳΩǎ ƭŀǿΥ 

 
 
 
 

 
Fig. 1.1.5: Mathematical expression of hƘƳΩǎ law 

 

When any two values among the V, I and R are known, the value for the third one can be 
ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ hƘƳΩǎ ƭŀǿΦ 

1.1.6 Power 

Electrical power is measured in Watt (W). 1 W of power is equal to the work done by 1 V of 
voltage in one second, in moving 1 C of charge through a circuit. As an ampere is equal to 1 C 
per second, hence, the power will be denoted as volts times amperes. It is shown as: 
 

P = V x I 

A resistor may be used in any combination of current and voltage until its ΨŘƛǎǎƛǇŀǘƛƴƎ ǇƻǿŜǊ 
ǊŀǘƛƴƎΩ is exceeded. Power rating of a resistor, known as wattage, indicates the amount of heat 
the resistor can dissipate safely before getting damaged. If more heat is produced by a resistor 
than that it can dissipate, it will be overheated and damaged. The following figure shows the 
calculation of power: 

Fig. 1.1.6: Calculation of power 

1.1.7 Inductance 

A magnetic field is built up around a length of wire when electric current flows through it. The 
relation between the direction of current flow and direction of the lines of force of the 
magnetic field can be understood by taking the example of a wooden screw being tightened 
into the conductor. The direction in which it would be tightened would represent the direction 
of current flow and the direction in which the head of the screw would be turned would 
represent the direction of the lines of force. 

 

The magnetic flux of a single straight length of a wire can be increased manifold by forming a 
coil of N turns with it. Also, the value of the magnetic flux around the coil can be increased by 
ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŦƭƻǿƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƛƭΩǎ ŎƻƴŘǳŎǘƻǊΦ 
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However, when the strength of the magnetic flux increases, a secondary voltage known as the 
back electro-motive force (emf) is induced in the coil. In a coil of wire, when there is a change 
in the current flowing through the coil, a self-induced voltage is developed across the coil. The 
polarity of the self-induced voltage results in a secondary current within the coil, which 
generates another magnetic flux. This flux resists any alterations to the original flux. 

 

This means the moment there is a rise (or fall) in the value of the main current, an opposing 
effect will attempt to control this change. However, since the coil of wire is long, there will be 
no instantaneous change in the current flowing through the coil. The current will take some 
time to change because of the resistance of the wire and the self-induced impacts of the wire 
coil. 

 

The self-inductance of a coil, denoted by L, capacitates the coil to oppose any changes in the 
current that is flowing through it. The unit of self-inductance value (inductance value) of an 
inductor is Henries (H). Milli-henry (mh) and micro-ƘŜƴǊȅ ό˃IύΣ ǿƘƛŎƘ ŀǊŜ ǎƳŀƭƭŜǊ ǳƴƛǘǎΣ ŀǊŜ 
used more than Henry. For a given source voltage, the more the inductance value of a coil, the 
slower will be the rate of change of the current. 

 

The following figure shows the mathematical representation of inductance of a coil which has 
a uniform cross-sectional area denoted by A, length denoted by l and coil turns denoted by N: 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1.1.7: Mathematical form of inductance of a coil 

 

Lƴ ǘƘŜ ŀōƻǾŜ ŦƛƎǳǊŜΣ b ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ŏƻƛƭ ǘǳǊƴǎΣ ˃ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇŜǊƳŜŀōƛƭƛǘȅ ƻŦ 
ǘƘŜ ŎŜƴǘǊŀƭ ŎƻǊŜΣ ! ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǊŜŀ ƛƴ Ƴн ŀƴŘ ƭ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎƻǊŜΩǎ ƳŜŀƴ ƭŜƴƎǘƘ ƛƴ 
meters. 

 

An inductor, also called a choke, is a device which stores energy within itself as a magnetic 
field. The inductor is a coil of wire that is designed in such a way that it can benefit from the 
relationship given in the above formula. It induces a magnetic field within the core or within 
itself because of the current passing through the coil. This could induce a magnetic field that 
is stronger than that produced by an ordinary coil of wire. An Inductor can be of both fixed or 
variable type. 

 

Inductors are constructed with a wire wrapped tightly around a solid core. This is done to 
concentrate their magnetic flux. The core can be either a continuous loop or a ring or a straight 
cylindrical rod. 

 

¢ƘŜ ƳŀƎƴŜǘƛŎ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ŎŜƴǘǊŀƭ ŎƻǊŜ ƻŦ ŀ Ŏƻƛƭ Ƙŀǎ ŀ ŘƛǊŜŎǘ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ ŎƻǊŜΩǎ 
inductance. The core is generally made up of powdered iron materials and ferrite to raise the 
flux around the coil and thereby, increase the inductance. 


























































































































































































































































































































































































































































































