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This eBook is to help students understand, analyze
circuits and calculate for Sinusoidal Steady - State

Circuit Analysis. This book is compiled according to
the Electrical Circuits course syllabus (DET 20033) for

students of Diploma in Electronic Engineering
(Computer), Diploma in Electronic Engineering
(Communication) and Diploma in Electrical &

Electronics Engineering under the Department of
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Polytechnic, Dungun Terengganu. 
 

The author would like to express his deepest
appreciation to all parties who have given the

possibility to publish this book especially friends and
colleagues. Thanks are also extended to the

administrative team of the Department of Electrical
Engineering for their support and guidance
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The author hopes this book can help students in their
quest to succeed in this course. The author is very
appreciative and invites constructive comments

from readers in case of any shortcomings. 
 

Please send your comments or suggestions to
hafizah.hassan.poli@1govuc.gov .my,
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PREFACE



ABSTRACT

This Ebook is designed to assist students
in performing theory task for topics
Sinusoidal Steady-State Circuit Analysis.
This book is organized according to the
Electrical Circuits (DET20033) course
syllabus for Diploma in Electronic
Engineering (Computer), Diploma in
Electronic Engineering (Communication)
and Diploma in Electric & Electronic
Engineering students in semester 2 under
the Department of Electrical Engineering,
Politeknik Sultan Mizan Zainal Abidin,
Dungun Terengganu. This ebook contains
brief notes, diagrams and sample
questions along with calculation
methods. It is hoped that this ebook can
help students to understand more about
the topic of sinusoidal steady state
analysis.



07 Understand the AC basic circuits

05 Apply the circuit with inductive
and capacitive load

12

Apply the series and parallel R-L-C
circuits. 

TABLE OF
CONTENT

07
Apply the combination of series-
parallel R-L-C circuits

05 Understand power in AC circuits

12
Apply the understanding of the
power consumption in AC
circuits



Understand the AC basic circuits

Purely Resistive

Phase relationship : There is no phase shift between V and I in a resistor 

 In a pure resistance, Voltage(VR) and Current (IR) 
 are in phase 



 In a pure resistance, the phase angle between VR and IR is zero.



Purely Capacitive

Phase relationship : The amount of phase shift between voltage and
current is +90 for purely capacitive 

AC capacitor phasor diagram



In the capacitor, voltage LAGS charging current by 90  
 or charging current I LEADS voltage V by 90



In resistor, the Ohm’s law is V=IR, where R is the opposition to current
 We will define Capacitive Reactance, XC as the opposition to the current in a

capacitor.

V = I XC

XC will have units of Ohms

XC inversely proportional to f and C

Capacitive reactance also has phase angle associated with it
 

If V is our reference wave

The phase angle for Capacitive Reactance (XC) will always = -90°
 

XC may be expressed in POLAR or RECTANGULAR form
 

PHASE ANGLE FOR XC

CAPACITIVE REACTANCE



 

 

Inductor

AC inductor circuit

Inductor connected to AC source

Purely Inductive



 

 
In the inductor, voltage LEADS charging current by 90   

or charging current I LagS voltage V by 90



 

 

AC inductor phasor diagram



 
 

Define Inductive Reactance, XL, as the opposition to current in an inductor

V = IXL 

XL will have unit of ohms (Ω)

XL direct proportionality to f and L

XL = 2ϖfL = ωL

PHASE ANGLE FOR XL

INDUCTIVE REACTANCE

If v is our reference wave

The phase angle for Inductive Reactance (XL) will always = 90°

XL may be expressed in POLAR or RECTANGULAR form



 

 

COMPARISON OF XL AND XC

XL is directly proportional to 
frequency and inductance XL = 2ϖfL = ωL

XC is inversely proportional to 
frequency and capacitance



Impedance Triangle

Impedance triangle is a geometric relationship between resistance,
reactance and impedance.

The impedance triangle can be converted into a power triangle
representing the three elements of power in an AC circuit.



Apply the circuit with inductive
and capacitive load

 

Example 1: 

Example  2: 



 

 

Determine the inductive reactance of inductor 10mH when
connected to a circuit with input frequency 100kHz and 10kHz. Plot a
graph XL versus frequency base to the XL value calculated above and
discuss the relationship. 

Example 3: 

Example 4: 



Apply the series and parallel R-
L-C circuits. 



Apply the combination of series-
parallel R-L-C circuits 

































Power Triangle is a right-angled triangle whose sides represent the real,
reactive and apparent power. Base, perpendicular and hypotenuse of this

right-angled triangle denotes the Real, Reactive and Apparent power
respectively

Power Triangle

Understand power in AC circuits

In an AC circuit, the instantaneous values of the voltage, current and
therefore power are constantly changing being influenced by the supply. So
the power in AC circuits can not be calculated in the same in DC circuits, but

power (p) is still equal to the voltage (v) times the amperes (i).
AC circuits also contain reactance, so there is a power component as a result

of the magnetic or electric fields created by the components. 
 

The result is that, unlike a purely resistive component, this power is stored
and then returned back to the supply as the sinusoidal waveform goes

through one complete periodic cycle.
Thus, the average power absorbed by a circuit is the sum of the power

stored and the power returned over one complete cycle. 
 



Apparent Power

Apparent power is the power supplied

The combination of reactive power and true power

It is the product of a circuit’s voltage and current, without
reference  to phase voltage

S = V I

It is a function of a circuit’s total impedance, Z.

Symbol : S

Unit : VA (Volt-Ampere)

Reactive Power

Sometimes called wattless power

Reactive power is the power that is stored (either the inductor or
capacitor) and returned to the source of supply

It is caused by the existence of the components of strain (XL or XC)

Symbol : Q

Unit : VAR (Volt-Amps-Reactive)

Q = V I sin θ



Real Power

Real power is the amount of power used or dissipated in AC circuits. 

P = V I cos θ

It is a function of a circuit’s dissipative elements, usually resistance, R

Symbol : P

Unit : W (Watt)

Also known as true or active power



Power Factor

The power factor is the ratio between true power and apparent
power

It is unitless quantity and generally expressed as either a decimal
value, for example 0.95, or as a percentage: 95%.

It is often desirable to adjust the power factor of a system to near
1.0

A high power factor is generally desirable in a transmission system
to reduce transmission losses and improve voltage regulation at
the load.

Where "θ" is the difference between the phase angles of the
voltage and the current , θ=θv-θi.

The power factor varies between 0 and 1, depending on the
load.



Power factor is described as leading when the current waveform
is advanced in phase with respect to voltage.

 A lagging power factor signifies that the load is inductive, as the
load will “consume” reactive power. 

A leading power factor signifies that the load is capacitive, as the
load “supplies” reactive power.

The reactive component Q is negative as reactive power is being
supplied to the circuit.

The reactive component Q is positive as reactive power travels
through the circuit and is “consumed” by the inductive load.

Leading Power Factor

Power Factor

Lagging Power Factor

Power factor is described as lagging when the current waveform is
behind the voltage waveform

Leading Power Factor Lagging Power Factor



For Purely Resistive Load

The current and voltages waveforms are in phase with each other so
the phase difference is 

Thus the power factor is

Where pf=1 indicates that the maximum power is delivered.

It is referred to a unity power factor.

The number of watts consumed is the same as the number of
volt-amperes consumed

For Purely Reactive Load

The current and voltage waveforms are out-of-phase with each
other by          so the phase difference between v and i is  

Thus the power factor is

Power Factor



Power Factor Correction

Power factor correction (PFC) aims to improve power factor, and
therefore power quality

PFC tries to push the power factor of the electrical system such
as the power supply towards 1, and even though it doesn’t reach
this it gets to as close as 0.95 which is acceptable for most
applications.

By supplying or absorbing reactive power, adding capacitors
or inductors that act to cancel the inductive or capacitive
effects of the load, respectively.



Apply the understanding of the
power consumption in AC

circuits

Example 1

For the resistive circuit
shown, find the real
power absorbed by the
resistor.

Solution :



Example 2

For the inductive circuit
shown, find the
reactive power of the
inductor.

Solution :

Example 3

For the capacitive
circuit shown below,
find the reactive power
of the capacitor.

Solution :



Total current flow through the circuit,

Example 4

Determine the real, reactive and apparent power of the circuit below.

Solution :

Total impedance,

Apparent power, S

Real power, P

Reactive power, Q



Example 5

Given the true power, reactive power and apparent power values   for
the circuit below are 119.33W, 119.96VAR and 169.2VA. Determine the
power factor values   for the circuit.
.

Solution :



Example 6

Calculate the reactive power for the circuit given.
.

Solution :

Apparent Power

Reactive Power



electronics-tutorials.ws/accircuits/ac-inductance.html
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