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CHAPTER TWD

2.0 LITERATURE REVIEW

2.1 INTRODUCTION

The deasign and analyais of RLC (Resistor-inductor- Capacitor) circwits form a fo
undational part of electrical and electronica engineering . Thege circuwits am eazantial for
undaratanding the behavior of AC ayatem g, transient regponges filters, and oscillators. G
iven the abstract natune of thegs concepts, there iz a need for ha nds-on edu ca tion al 1o ols
such as an BLL trainer to facilitate active leaming . This chapter eviews the theorstical b
adcground of RLE circwits, previous designs of educational tminers, and current trends in
trainer devealopment.

1.2  OVERVIEW OF RLC CIRCUITS
An BLC circwit is composed of a resiator (R), an indwctor (L), and a capacitor {C) connect
ed in either senies or parallel form . These elements axhibit unigue behaviors under albern

ating current (AC) conditiona:
= Resisivre diszipate energy as heat and oppose cument flow linearky .
= Inductors siore enangy in a magnetic field and oppose changes in cumrant.
» Capacitrs store snergy in an electric field and oppose changes in voltage.

The mpedance of each element varies with freguency, making BLC ciruits freguency-da

pendant. When combined, these components demonstrate key phenomena such as:
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» Resonance: Occurs when inductive and capacitive reactance are eqgualand cance

leach other out, leading to purely resistive impedance at a specific freguancy.

= Phaze Shift: The angle betwiean the voltage and current waveform, significant in

AL analysis.

=  Damping and Bandwidth: Belevant in filter and cscillator design {Hambley, 2011}

2.3  RLCCIRCUIT THEOGRY

An BLE circuit is anelectrical circuit composed of three passive components: a Resistor
(R}, an inductor (L}, and a Capacitor (C). These circwits ae fundameantal in electrical engi
neeaning, especially in alemating curent (AC) analysis, signal processing, and communic

ationa.
2.3.1 Components of RLC Circulit

=  Resistor (R): Opposes the flow of cument by dissipating energy as heat. s opposi

tion is independent of feguency.

= Induector (L): Stores enargy in a magnetic field when cument flows. It oppozes cha

nges in curent. ks opposition to AC is called inductive reactance, and it increases

wiith freguency:

X —wl=2nfL
Lo wf (2.1)

» Capacitr (Ck Siores energy in an electic fisld. # opposes changes in voltage. fs



|

opposition to AL is called capacitive reactance and it decmases with freguency

Xer — — =

wl? b o (2.7)
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Flgure Z.1: Sernes RLC Circuit
2.3.2 Fundam ental Principles of Seres RLE Circuits
Series RLE circuits form the backbone of AC circwit ana lysis, demon strating the interacti
on between resistance (R}, inductance (L}, and capacitance (C) when connected in sernies
wiith an AC power source (Milsaon & Riedel, 201 5). The total impedance (£} in a senies RL

C circuit ia given by:

Z o IR (X - X2

(2.3)

where Xy, — wland X — Ljwl
represant inductive and capacitive reactance respactively (Alexander & Sadiku, 2021},

2.3.3 Resonance in Series RLC Circuwits

At maonance fe inductive and capacitive reactance cancel each other out (X =X}, resul

timeg in:

.



2.3.4

Minimuwm impedance [£=R)
Maximum current |,g, =V/R

Resonant freguency
fr = soTe
2o L (Haytet al, 2018) (2.4)

Experimental studies by Smith & Johnson (2020) demonsirate that senies RLE circ
uits exhibit a shanp current peak at msonance, making them ideal for bandpass fil

taning applications.

Phase Relationships and Phasor Analysis

The phasze angle (&) between voltage and current is determined by:

Xr ]
— -4 el S
i E t: T

(2.5)

Kay phase charactenistics:

Below resonance: Capacitive dominance {current keads voltags)

At resonance: Puraly resistive (current and voltage in phage)

Above resonanee: Inductive dominance (cwrent lags volta ge) [Dorf & Svoboda, 2

ey

Practical Applications

Saries RLE circwits are fundameantal fo:
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= Hadio tuning circuits (selecting specific frequencies)
= Impedance matching netwiorks
= Bandpass filters in communication systems

= Power factor comection (Gloveret al, 2017)
2.3.5 Resonance in parallel RLC Circuits

A parallel BLC circwit consists of a resistor (R}, inductor (L), and capacitor {C) connected i
n pamliel across an alemating cunrent (AL) voltage source. Unlike senies RLE circwits, pa
raliel RLC circuits exhibit unigue behaviors, particularly atrescnance, making them essen

tial for applications like fikening, tuning, and impedance matching.

2.3.6 HKey Characteristics of Parallel RLC Clrcwits

1. Shared Volage

a Al components (R, L, C) expenience the same voltage from the AC sounce.
g Current divides among the branches based on their impedance.

£. Respnance [Antl-Resonance)
':.fr — ﬂﬁ—lLf__J-
a At the resonant fegquency sl the inductive and capaciti
ve reactanoe’s cancel each other

a  The circuit behaves like a pure resigiorn, reaching maximum impedance (op
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posite of series RLE, which has minimwm im pedance atrescnance).
o Cumrent is minimized at resonance (only the resistive cunant fiowi ).

4. Cuwrrent Magnification
a  While the otal curent 8 minimized at moonance the individual curranis th

rough L and C can be much higher {depending on the § factor).
a  This is called current resonance (vs. voltage resonance in senies RLC)

4. Phase Relationships

o Below resonance: inductive reactance dominates n cumrent lags voltage.
u At resonance: Purely resistive 1 current and volta ge are in phase.

u  Above resonance: Capacitive reactance dominates n cumrent leads voltag

a.

v, GQuality Facior (Q)

a  Determines the shanpness of resonance:
o
= — = \."'Ir r. (2.5)

Higher  means namower bandwidih and stronger cunrent magnification in L and C
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Practical Applications

= Band-Stop (Motch) Filters - Blocks signals at resonant feguency.
= Tank Circults - Used in cacillators and radio tuners.
= Power Factor Correction - Cancals inductive mactance in power systams.

»  Impedance Matching - M azximizes power ransferin BF cicuits

2.4 THEOQRETICAL BACKGROUND AND APPLICATIONS
RLEC cirwits are widely usadin:

=  Radio Freguency (RF) and Communication Systemsa: Tuned circwits in receivers a

nd trmnamitters.

= Signal Processing: Low-pass, high-pass, bandpass, and band-stop filters.

= Power Systems: Harmonic filters, transient response analysis, and impedance ma
tching (Sedra & Smith, 201 5).

2.5 HEED FOR RLC TRAINERS IN EDUCATION

Conventional teaching often relies on circuit simulation software and whiteb card
explanations, which may fail to convey the full behavior of AC circuits, particularly =aon
ance and phage ghift. An RLEC trainer bridges this gap by o ffering real-time interaction wit
h the circwit elements and obaerying results waing multimetars oroscillogcopes {Boylesta

d & Nashelsky, 2013).
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Research shows that active lkaming tools significantly improve student engagement an
d know ledige retention in techndcal education {Prince, 2004). An BLE trainer provides a sa

fe, modular platform wihere students can observe:
»  The effect of freqguency on impedance.
=  Thevoltage drops acoss each componant.
=  The varniation in cursent and phaze angle.

=  HeaHife resonance behavior

2.6  REVIEW OF EXISTING RLC TRAINERS

Sevaral educational trainers have been developed, ranging from basic analog circwit boar

dg to sophisticated digital tminers:

= Analog Trainers: These are constructed waing discrete components mounted on b

oards with switches and terminala. They are coat-effective but may lack flewibdlity .

= Digital Triners: Include microcontollers or display modules for eal-tim e meazwa
ment and control. These are more expensive and reguire progra mming know ledg

a

s Wirtual Labzs and Simulators: Such as NI Mulizim or Proteus, which allow for RLE
circu it 2imula tion without phygical hardware. While ugeful they do notreplace the

tactile expenience of real cirewit agssembly and measuramant.
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In their study, Anbalagan et al. (201 7) designed a modular RLE trainer using banana plu
g terminals and foggle switches to demonstrate resonance and filtening. However their
model wias not portable and lacked protective featwres. Okwu et al. (2020) improved upo

n this by adding shor-circuit protection and color-coded indicators for safer student uge.

[ espite these advancemeants, many available trainers remain costly or complex, especial
Iy for developing nations. Hence thes is still a need for affordable, uvser-friendly RLE trai

ners that are durable intuitive, and effective for clasaroom and laboratory use.

2.7  ADVANCEMENTS AMD TRENDS
M odern educational tools are now integrating:

= Digital displays for voltage and current reading a.

= Built-in function genserators to gliminate the need for external signal sowrces.
= Modular components using magnetic or socketbased connections.

» |oT-based features for mmote access and parformance moniioning .

Howrever for most undengradwate or diploma deval stedents, these added complexities m
ay notbe necessany. Abasic analeg tainer that demonstrates the core behaviors of BLE

circuits remaing highly relevant and effective {Theraja & Themja, 2014).

2.7.1 Resonant Freguency

Resonant freguency in electronics is expressed when a circuit exhibits a maximum cacill

atory regponse at a specific freguency. This iz observed for a circuit that consists of ani
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nductor and capacitor
It iz known that the value of capacitive and inductive reactance changes accordingly 1ot
he freguency. Capacitive reactance is defined by the equation X: = 1/ (2mfC), while induc

tive reactance is given by the eguation X, = 2mfl

EER LN
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Figure 2.2 The relationship of inductive and capacitive reactance across freguencies

‘When plotted on a chart, the decreasing capacitive reactance will crogs paths with the in
creasing inductive reactance at a apeacific freguency. The frequency where both paramet
erg overlap ig known as the resonant freguency of an BLC circuit. Therefore the resonant f
reguancy can be derived by exprezsing the agual value of both capacitive and inductive r

sactance as follows:

1. XL= ¥ {2.5}
2. 2mfL = 1/ (2mC) (2.7)
3 o= 1/ (2mYLE) (2.8)

In agernies RLE circuit, the mpedance i at its minimuwm wihen it's driven at the esonant fre
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quency. The circuit’s impedance is expressed by the following eguation:
1. £ R+X -X; [2.9)

At resonance, ¥ eguals ¥g meaning they cancel each other cut. This leaves the impeda
nee of the circwit to be purely resistive. As a regult, the cumrent that flows theough the zeri

&g BLE circuitis at its peak when its oparating at its resonant freguency.

In aparallal RLC circwit, the formula for caleulating the reaonant frequency remaing the g
ame. However you'll find the current is suppressed to the minimuem, as the circwit’s impe
dance is atits maximum. This happens as the LC of the circuit appears as anopen circu

it wihen connected in pamliel.



