
UNIT-II
A.C Circuits



Topics 
● Introduction to sinusoidal waveforms  
● Phasor representation
● The concept of power and power factor
● Analysis of 1-phase RLC series and parallel circuits
● Resonance in series R-L-C circuit
● Three-phase balanced circuits
● voltage and current relations in star and delta connections



Introduction:
● A DC voltage or current has a fixed magnitude (amplitude) and a definite direction associated with 

it. And do not change their values with regards to time.

● The term alternating indicates only that the waveform alternates between two prescribed levels in 
a set time sequence and periodic in nature.

● A  function f(t) is said to be periodic if it  satisfies f(t) = f(t + nT) for all t and for all integers n.



Types of ac waveforms



Terminology: 
● Amplitude: The maximum value of the waveform from its zero position is known as 

amplitude.
● Time period/periodic time (T): The time taken by the waveform to complete one cycle is 

known as time period and is measured in seconds.
● Frequency (ƒ): The number of times the waveform repeats itself within a one second time 

period. 
● Cycle: one complete set of positive and negative values of alternating quantity. One cycle 

corresponds to 360 degrees electrical or 2π radians



Mathematically a sine wave can be represented as 

                      V(t) = Vm sinωt

V(t) = instantaneous voltage at a specific time t

Vm = the maximum or peak voltage of the waveform.

Ꞷ = the angular velocity =2� f radians per second

sin(Ꞷt) = the voltage varies sinusoidally over time 

● Instantaneous value: The value of an alternating quantity at any instant of time.
● Peak value: The maximum value of the wave during positive half cycle or maximum value of the wave 

during negative half cycle.
● Peak to peak value: the value of an ac waveform from positive peak to negative peak. (volts or amperes)



Average value: the average of all the instantaneous values of an alternating quantity over one half cycle is known 
as average value.

● For a symmetrical AC waveform, the average value over a full cycle is zero because the positive and negative 
half-cycles cancel each other.

● Used in Analysis of rectifiers, pulsating DC signals

mathematically,

   Vavg

   

   Vavg

For sinusoidal waveform

  Vavg =           Vm sinωt 

      Where T= �  radians for half cycle

  Vavg =           Vm sinωt = 2Vm/� = 0.637Vm 

For non sine wave



Root mean square value(RMS) or effective value:

● The RMS value is the effective or DC equivalent value of an AC waveform. It represents the steady DC current or voltage that 
would dissipate the same amount of power as the AC source over a given time.

● Used in Power calculations, device ratings

Mathematically,

For sinusoidal waveform

Where V(t)                      and T= �  radians for half cycle 

VRMS                                                               =                = 0.7071 Vm        



Form factor: The ratio of its Root Mean Square (RMS) value to its average value.

Form factor

This dimensionless ratio indicates how closely a waveform resembles an ideal direct current (DC) signal. 

It is used to identify the shape and distortion of a waveform

For a sinusoidal waveform, the form factor is approximately 1.11

Peak factor or crest factor: The ratio of the maximum (peak) value to the RMS value of an alternating quantity.

Peak factor 

For a sinusoidal waveform, the peak factor is approximately 1.414

It indicates the potential for voltage or current spikes, which is crucial for circuit design and safety.

A higher peak factor means the waveform has a more pronounced peak relative to its RMS value



Phasor representation
A phasor is a rotating vector that represents a sinusoidal quantity like an alternating voltage or current. It is a convenient 
way to simplify calculations in AC circuits by representing both the magnitude (length of the vector) and phase angle 
(direction) of the sinusoid as a complex number, which eliminates the need to work with time-varying differential equations

The phasor as a rotating vector, rotates in counter-clockwise at a constant angular velocity(⍵ ) in radians per second. 

The length of the vector represents the amplitude(Am)                                                                                                                       
of the sinusoidal waveform.

The sinusoidal waveform is the projection of the rotating phasor                                                                                            
on to the vertical axis over time.

The equation for the sinusoidal waveform is given as 

A(t)=Am sin(⍵ t+Φ)                                                                          

where Am= amplitude, ⍵ = angular frequency, t= time, 

Φ= phase angle

The phase angle represents the initial position of the phasor at t=0. In the diagram, the phasor starts at an angle of 30° from 
the horizontal axis.



Phase : the phase of sine wave is an angular measurement that specifies the position of the sine wave relative to a 
reference. It is measured in degrees or radians from a reference point.

Phase difference: the difference in phase between two waveforms is called phase difference.

I lags V

I and V are 
in phase



Significance of operator j:

j Operator is a mathematical operator, when it is multiplied with any vector, rotates that vector by 90 degree in 
counter clockwise direction. 

https://electricalbaba.com/differences-between-a-phasor-and-a-vector/


Phasors are expressed in any of the following forms:

1. Rectangular or complex or cartesian form

Phasor z= x+jy  

                                                                                                                                                                                                                                     

1. Polar form:

Phasor z=r∠φ

Where r = |z| =                          and   φ =                 

1. Trigonometric form
2. Exponential form

example



Phasor Diagrams Summary

 phasor diagrams are a projection of a rotating vector onto a horizontal axis which represents the instantaneous value. As phasor 
diagrams can be drawn to represent any instant of time and therefore any angle, the reference phasor of an alternating quantity is 
always drawn along the positive x-axis direction.

● Vectors, Phasors and Phasor Diagrams ONLY apply to sinusoidal AC alternating quantities.
● Phasor Diagrams can be used to represent two or more stationary sinusoidal quantities at any instant in time.
● Generally the reference phasor is drawn along the horizontal axis and at that instant in time the other phasors are drawn. 

All phasors are drawn referenced to the horizontal zero axis.
● Phasor diagrams can be drawn to represent more than two sinusoids. They can be either voltage, current or some other 

alternating quantity but the frequency of all of them must be the same.
● All phasors are drawn rotating in an anticlockwise direction. All the phasors ahead of the reference phasor are said to be 

“leading” while all the phasors behind the reference phasor are said to be “lagging”.
● Generally, the length of a phasor represents the r.m.s. value of the sinusoidal quantity rather than its maximum value.
● Sinusoids of different frequencies cannot be represented on the same phasor diagram due to the different speed of the 

vectors. At any instant in time the phase angle between them will be different.
● Two or more vectors can be added or subtracted together and become a single vector, called a Resultant Vector.



Single Phase AC circuit:
1.AC circuit with a pure resistance:



2.AC circuit with a pure Inductance:



3. AC circuit with a pure capacitance:



❖ Series R-L circuit:



❖ Series R-C circuit:



Why three phase system ?

● Designing of high rated machines 
are complicated in single phase 
system.

● Three phase motors has good power 
factor and efficiency

● For power generation and power 
transmission three phase system is 
more convenient







Two possible connections are
i. Star connection
ii. Delta connection















Power in three phase balanced system


