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INTRODUCTION

Thus far our analysis has been restricted for the most
part to dc circuits: those circuits excited by constant or
time-invariant sources.

We now begin the analysis of circuits in which the source
voltage or current is time-varying.

A sinusoid is a signal that has the form of the sine or
cosine function.

A sinusoidal current is usually referred to as alternating
current (ac).



SINUSOIDS

Consider the sinusoidal voltage;

Where

It is evident that sinusoid repeats itself every T seconds;
where T is called period of sinusoid.

SINUSOIDS

Time period of sinusoid;

A Periodic Function is one that satisfies f(t)=f(t+nT), for 
all t and for all integers n.

For sinusoid;

Period of periodic function is time for complete cycle.



SINUSOIDS

The reciprocal of time period is number of cycles per
second, known as the Cyclic Frequency, measured in
hertz (Hz).

Consider general sinusoid;

Lets examine two sinusoid;

SINUSOIDS



SINUSOIDS

The sinusoid can be expressed in either sine or cosine
form.

Following trigonometric identities may be used;

To interchange sine and cosine functions;

PROBLEMS

Find amplitude, phase, period and frequency of
sinusoid:

(12 V, 10°, 50 rad/s, 0.1257 s, 7.958 Hz)

Calculate the phase angle between two sinusoids and
state which sinusoid is leading?

(30°,v2)



PHASORS

A Phasor is a complex number that represents the 
amplitude and phase of a sinusoid.

A complex number can be represented in three forms
as;

The relationship between the rectangular form and the
polar form is;

PHASORS

The complex may be written and interpreted as;



PHASORS

Addition and subtraction of complex numbers are better
performed in rectangular form while multiplication and
division in polar form.

Addition;

Subtraction;

Multiplication;

Division;

PHASORS

Reciprocal;

Square Root;

Complex Conjugate;

In complex numbers;



PHASORS

The idea of phasor representation is based on Euler’s
identity.

where;

Given a sinusoid;

where;

PHASORS

‘V’ is the phasor representation of the sinusoid v(t).

The phasor rotates in complex plane to plot sine wave in
time domain using its projection.



PHASORS

The transformation is summarized as;

Time domain and phasor domain representation can be
interchanged as;

PHASORS

Time domain is also known as Instantaneous domain and
phasor domain is also known as Frequency domain.

Consider sinusoid;

Differentiating;

Transformation of derivative from time domain to
phasor domain is;



PHASORS

Transformation of integral from time domain to phasor
domain is;

The v(t) is time dependent, while V is not.

The v(t) is always real with no complex term, while V is
generally complex.

PROBLEMS

, while V is generally complex.



PROBLEMS

, while V is generally complex.

PHASOR RELATIONSHIPS FOR CIRCUIT 
ELEMENTS
If the current through the resistor R is i=Imcos(ωt+ϕ),
voltage across resistor is given by Ohm’s law.

Phasor form;



PHASOR RELATIONSHIPS FOR CIRCUIT 
ELEMENTS
If the current through the inductor L is i=Imcos(ωt+ϕ),
voltage across inductor is given by;

PHASOR RELATIONSHIPS FOR CIRCUIT 
ELEMENTS
If the voltage across capacitor C is v=Vmcos(ωt+ϕ),
current through capacitor is given by;



PHASOR RELATIONSHIPS FOR CIRCUIT 
ELEMENTS
Summary

PROBLEMS

, while V is generally complex.



IMPEDANCE AND ADMITTANCE

The voltage across resistor, inductor and capacitor are;

Where Z is a frequency dependent quantity known as
impedance, measured in ohms.

The Impedance of a circuit is the ratio of the phasor 
voltage to the phasor current, measured in Ohms.

IMPEDANCE AND ADMITTANCE

The Admittance (Y) is the reciprocal of impedance, 
measured in Siemens.



IMPEDANCE AND ADMITTANCE

The impedance may be expressed in rectangular form;

Reactance may be positive or negative depending on
circuit element.

Inductive reactance for inductor;

Capacitive reactance for capacitor;

IMPEDANCE AND ADMITTANCE

The impedance may be expressed in polar form;

Relationship between rectangular and polar forms of
impedance.



IMPEDANCE AND ADMITTANCE

Admittance is reciprocal of impedance and is
combination of Conductance and Susceptance as real
and imaginary parts.

PROBLEMS

Find v(t) and i(t)?



KIRCHHOFF’S LAWS IN FREQUENCY DOMAIN

KVL holds in phasor domain as in time domain.

KCL also holds in phasor domain as in time domain.

IMPEDANCE COMBINATIONS

Equivalent impedance in series circuit;



IMPEDANCE COMBINATIONS

Equivalent impedance in parallel circuit;

IMPEDANCE COMBINATIONS

Voltage and current division rules are also equally
applicable for series and parallel circuits;



PROBLEMS

Find equivalent impedance at ω=50 rad/s.
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Do exercise problem yourself.


