
UNIT-I

Electrical Circuits-1



INTRODUCTION:
we have analyzed relatively simple resistive circuits by applying KVL and KCL 

in combination with Ohm’s law.

However as circuit become more complicated and involve more elements, this direct method 

become cumbersome 
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Applying KVL and Ohm’s law, we have,

Solving for i  , we have,
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In this chapter we introduce two powerful techniques of circuit analysis that aid in the analysis 

of complex circuit which they are known as

Node-Voltage Method or  Nodal Analysis Mesh-Current Method  or  Mesh Analysis

In addition to these method we will develop other method such as source transformations,

Thevenin and Norton equivalent circuit.

However as circuit become more complicated and involve more elements, this direct method 

become cumbersome 
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Planar Circuit : a circuit that can be drawn on a plane with no crossing branches as shown

The circuit shown can be redrawn which is equivalent to the above circuit

Planar Circuit
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The circuit shown is non planar circuit because it can not be redrawn to make it planar the 

circuit



Describing a Circuit – The vocabulary

Consider the following circuit

Node A point where two or more circuit elements join a

Essential node A node where three or more  circuit elements join b

path A trace of adjoining basic elements  with no elements 

included

branch A path that connects two nodes

1 1 5 6
v R R R- - -

1
R

Essential branch
1 1

v R-A path that connects two essential nodes without 

passing through an essential node

loop A path whose last node is the same as the 

starting node
1 1 5 6 4 2

v R R R R v- - - - -

mesh A loop that does not enclose any other loops
1 1 5 3 2

v R R R R- - - -

Planar Circuit A circuit that can be drawn on a plane with no 

crossing branches



NODE-VOLTAGE METHOD

Nodal analysis provide a general procedure for analyzing circuits using node voltages 

as the circuit variables

Node-Voltage Method  is applicable to both planar and nonplanar  circuits

Using the  circuit shown, we can summarize the node-voltage methods as shown 

next :
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Step 1 identify all essentials nodes
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3 3

Do not select the non essentials nodes

Step 2 select one of the essentials nodes ( 1, 2, or 3) as a reference node

Although the choice is arbitrary the choice for the reference node is were most of 

branches, example node  3

Selecting the reference node will become apparent as you gain experience using 

this method (i,.e, solving problems)



Step 3 label all nonrefrence essentials nodes with alphabetical label as  v1, v2…
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A node voltage is defined as the voltage rise from the reference node to a nonreference node
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Step 4 write KCL equation on all labels nonrefrence nodes as shown next



KCL at node 1 1i + 2i + 3i = 0
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1 2

2
2

v v
i

-




Therefore
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1i + 2i + 3i = 0 We have
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v v-
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1

v -
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If we look at this KCL equation, we see that the current we notice that the potential at the 

left side of the   1 W resistor which is tied to the + of the 10 V source is  10 V  because 

the – is tied to the reference  
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Therefore we can write KCL at node 1 without doing KVL’s as we did previously
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Two equations  and two unknowns namely   v1 , v2 we can solve and have
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The Node-Voltage Method and Dependent Sources

If the circuit contains dependent source, the node-voltage equations must be supplemented 

with the constraint equations imposed by the dependent source as will be shown in the 

example next

Example 1. Use the node voltage method to find the power dissipated in the 5 W resistor

i



i

1 2

33

The circuit has three essentials nodes  1, 2, and  3  and one of them will be the reference

We need two node-voltage equations to describe the circuit

We select node  3 as the reference node since it has the most branches (i.e, 4 branches)



i

v1 v2
20 8i



The circuit has two non essentials nodes  which are connected to voltage sources and will 

impose the constrain imposed by the value of the voltage sources on the non essential 

nodes voltage

Applying  KCL at node 1
1 1 1 220

    0
2 20 5

v v v v- -
+ + 

Applying  KCL at node 2
22 1 2

8
    0

5 10 2

vv v v i--
+ + 
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The second node equation contain the current  i which is related to the nodes voltages as

1 2

5

v v
i

-
 Substituting in the second node equation, we have the following 

nodes equations

1 20.75 0.2 10   v v- 

1 21.6 0   v v- + 
Solving we have 

1 216  V      10  Vv v 
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16 10
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5
A  W i p W

-
  1.2 1 7.2.2





Enclose the voltage source in a 

region called supper node 

Apply KCL to 

that  region



KCL on the Supper node

2 2
3 3 36v v+ 



KCL on the Supper node
2 2

3 3 36v v+ 

The second equation come from the constraint on the voltage source 

2 3
5v v- 

Two equations and two unknowns , we can solve 



Mesh Analysis

 Mesh analysis applies KVL to find unknown 
currents. 

 It is only applicable to planar circuits (a circuit 
that can be drawn on a plane with no branches 
crossing each other). 

 A mesh is a loop that does not contain any 
other loops. 

 The current through a mesh is known as the 
mesh current. 

 Assume for simplicity that the circuit contains 
only voltage sources. 
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Mesh Analysis Steps

1. Assign mesh currents i1, i2, i3, … il, to the l meshes,

2. Apply KVL to each of the l meshes and use Ohm’s law to express the 

voltages in terms of the mesh currents,

3. Solve the l resulting simultaneous equations to find the mesh currents.
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Apply KVL to each mesh

2 1 7 5 0sV v v v- + + - 

2 6 7 0v v v- - 

15 3 0sv v v+ + 

Mesh 1:

Mesh 2:

Mesh 3:

14 8 6 0sv v V v+ - + Mesh 4:
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2 1 7 5 0sV v v v- + + - 

2 6 7 0v v v- - 

15 3 0sv v v+ + 

Mesh 1:

Mesh 2:

Mesh 3:

14 8 6 0sv v V v+ - + Mesh 4:

2 1 1 1 2 7 1 3 5( ) ( ) 0sV i R i i R i i R- + + - + - 

2 2 2 4 6 2 1 7( ) ( ) 0i R i i R i i R+ - + - 

13 1 5 3 3( ) 0si i R V i R- + + 

Mesh 1:

Mesh 2:

Mesh 3:

14 4 4 8 4 2 6( ) 0si R i R V i i R+ - + - Mesh 4:

Express the voltage in terms of the 

mesh currents:
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2 1 1 1 2 7 1 3 5( ) ( ) 0sV i R i i R i i R- + + - + - 

2 2 2 4 6 2 1 7( ) ( ) 0i R i i R i i R+ - + - 

13 1 5 3 3( ) 0si i R V i R- + + 

Mesh 1:

Mesh 2:

Mesh 3:

14 4 4 8 4 2 6( ) 0si R i R V i i R+ - + - Mesh 4:

Mesh 1:

Mesh 2:

Mesh 3:

Mesh 4:

21 5 7 1 7 2 5 3( ) sR R R i R i R i V+ + - - 

7 1 2 6 7 2 6 4( ) 0R i R R R i R i- + + + - 

15 1 3 5 3( ) sR i R R i V- + +  -

16 2 4 6 8 4( ) sR i R R R i V- + + + 
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Mesh 1:

Mesh 2:

Mesh 3:

Mesh 4:

21 5 7 1 7 2 5 3( ) sR R R i R i R i V+ + - - 

7 1 2 6 7 2 6 4( ) 0R i R R R i R i- + + + - 

15 1 3 5 3( ) sR i R R i V- + +  -

16 2 4 6 8 4( ) sR i R R R i V- + + + 
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Ri = v

R

v

i

is an l x l symmetric resistance matrix 

is a 1 x l vector of mesh currents 

is a vector of voltages representing “known” voltages 
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EXAMPLE: FIND Io

SHORTCUT: POLARITIES ARE NOT 
NEEDED.
APPLY OHM’S LAW TO EACH ELEMENT 
AS KVL IS BEING WRITTEN





DUALITY

‘The two networks are said to be dual networks, if the mesh    

equations of one network is equal to the node equation of the 

other network’.

 The principle of duality means that the solution to the 

characterizing equations for one circuit can be applied to its 

dual circuit.

 The equations that describe the currents and voltages in one 

circuit are the same set of equations for the its dual, where 

the variables have been interchanged.



Dual Pairs

Resistance (R)          --

------

Conductance (G)

Inductance (L) --

------

Capacitance (C)

Voltage (v)                --

------

Current (i)

Voltage Source          ---

-----

Current Source

Node                           -

-------

Mesh/Loop

Series Path                --

------

Parallel Path



To Construct Dual Circuits

1. Place a node at the center of each mesh of the 
circuit.

2. Place a reference node (ground) outside of the circuit.

3. Draw lines between nodes such that each line crosses 
an element.

4. Replace the element by its dual pair.

5. Determine the polarity of the voltage source and 
direction of the current source.

A voltage source that produces a positive mesh current 
has as its dual a current source that forces current to 
flow from the reference ground to the node associated 
with that mesh. 



Circuit 1

Step 1                                                       

Step 2



Step 3

If the line from the new node leaves the circuit after it is 
drawn through the component, the line must go directly to 
the reference ground that was drawn in Step 2.



Step 4

Component in Original 

circuit

Its Dual

Voltage source (4 V) Current source (4 A)

Resistor Ra (1 kW) Conductor R1 (1/1kW  1 

mW)

Resistor Rb (4 kW) Conductor R2 (1/4kW  0.25 

mW)

Resistor Rc (4 kW) Conductor R3 (1/1kW  1 

mW)

Inductor La (3 mH) Capacitor C1 (3 mF)

Capacitor Ca (50 mF) Inductor L1 (50 mH)

Current Source (20 mA) Voltage source (20 mV)



Step 5

 In the original circuit:

 The voltage source forces current to flow towards Ra.

 Its dual should force current to flow from the reference 

ground to the node that is shared by the current source and 

R1, the dual of Ra.

 The current source causes current to flow from the node 

where Rc is connected towards the other meshes.

 Its dual should cause current to flow from the node between it 

and R3 to distributed node (reference) of the rest of the 

circuit.



Draw Dual Circuit





Example : (a)  find the power associated with the  6 V source

(b)  State whether the 6 V source is absorbing or   

delivering power

We are going to use source transformation to reduce the circuit, however note that we 

will not alter or transfer the  6 V source because it is the objective.



(20 || 5 )W W  4Ω

40
8

5
A

(8 )( ) 32 VA 4Ω



(6 4)+  10Ω

( 10)+ 10 20Ω

32
1.6

20
A



(30 || 20 )W W  12Ω

(1.6 )( ) 19.2 VA 12Ω

(4 )+ 12 16Ω



i = 0.825  A
1.2-


+12

i

6 (0.825)(6) 4.95 WVP  

It should be clear if we transfer the 6V during these steps you will not be able to find 

the power associated with it
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 Electricity supply systems are normally ac (alternating 
current).

 The supply voltage varies sinusoidal 

 instantaneous applied voltage,

 ft2sinVv m 

 tsinVv m OR

where
 Vm = peak applied voltage in volts
 f = supply frequency in Hz
 t = time in seconds.
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 ftVv m 2sin

i

R

v

i

R

v
i Instantaneous current,

 ft2sin
R

V
i m 

 ft2sinIi m 

Current and Voltage are 

in phase

i

Resistance connected to an AC supply
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69

 The “effective” values of voltage and current over the whole cycle

 rms voltage is 

 rms current is 

Meters normally indicate rms quantities and this value is 

equal to the DC value

Other representations of Voltage or Current are 

 maximum or peak value 

 average value

2

V
V m

2

I
I m

“RMS value of an alternating current is that steady

state current (dc) which when flowing through the

given resistor for a given amount of time produces the

same amount of heat as produced by the alternative

current when flowing through the same resistance for

the same time”

Root Mean Square (rms) Voltage and Current
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dt

di
Lv 

 ft2sinVv m   ft2cos
fL2

V
i m 



-
 f2

 tcos
L

V
i m 



-


i – instantaneous current 

Current lags Voltage

by 90 degree

0t
m

m
L

V
I 



-


fL2

V

L

V
I





rms current

Using complex numbers and the j operator V
L

j
I



-


LfL2XL 

LL jX

V

X

V
jI -

Inductive Reactance








 
-




2
tsin

L

V
i m

i

L ftVv m 2sin

i

v

i

Phasor diagram and wave form

Inductance connected to an AC supply
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i

C ftVv m 2sin

i

v

dt

dv
Ci 

 ftVv m 2sin  ftfCVi m  2cos2 f 2

 tCVi m  cos
mm CVI 

Phasor diagram and wave form

fCV2CVI 

CVjI +

Current leads Voltage

by 90 degrees

CfC
X C



1

2

1


 CCC jX

V

jX

V

X

V
jI

-
-+

Capacitance Reactance

rms current









+

2
sin


 tCVi m

i

Using complex numbers and the j operator

Capacitance connected to an AC supply
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i

LV

RV

 ftVv m 2sin

LR VVV +

IRVR 
LL jXIV 

 LjXRIV +

LjXR

V
I

+
 fL2LX,Where L 

LjR

V
I

+


LjRZ +

LjR

LjR

LjR

V
I

-

-


+
 









+


-









+


222222 LR

LV
j

LR

VR
I

Complex Impedance

Cartesian Form

-j indicates that the current lags the voltage

But and

And 

R and L in series with an AC supply
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 L
222

-∠
LR

V
I 

+









 
 -

R

L
tan 1

L

222 LR

V
I

+


L
V

VR

VL

I

LjXLj 

R

222 LRZ +

L

LjRZ +

222 LRZ +

Complex impedance:

  






 
 -

R

L
tancoscos 1

LPower factor, p.f. 

-L indicates lagging current.

In Polar Form phasor diagram constructed with 

RMS quantities

LjRZ + 








+


-









+


222222 LR

LV
j

LR

VR
IComplex Impedance: Cartesian Form:
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i

100V rms

f = 50 Hz

0.2H

100W

For the circuit shown below, calculate the rms current I & phase angle L








 
 -

R

L
tan 1

L










+


-









+


222222 LR

LV
j

LR

VR
I

 L
222

-∠
LR

V
I 

+


Exercise:
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RV

CV

i

 ftVv m 2sin

RC VVV + IRVR   CC jXIV -

 CjXRIV -
CjXR

V
I

-


fCC
X C

 2

11


 C/jR

V
I

-


 CjRZ /-

















+

+

















+



22

2

22

2 1

/

1

C
R

CV
j

C
R

VR
I







but

Complex Impedance

The current, I in Cartesian form is given by

+j signifies that the current leads the 

voltage.

i

But and

R and C in series with an AC supply
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C
V

VR

VC

I

v

VC

v

VR

v

i

C

C

C
R

V
I 



+

+



22

2 1









 -

CR
C




1
tan 1

22

2 1

C
R

V
I


+



 Ccos

















 -

CR

1
tancos 1

In Polar Form

+C identifies current 

leading voltage

phasor diagram drawn with RMS 

quantities

Power Factor

sinusoidal current leading the voltage

 CjRZ /-

















+

+

















+



22

2

22

2 1

/

1

C
R

CV
j

C
R

VR
I







Complex Impedance: I Cartesian form:
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C
jjXC


1
--

R

22

2 1

C
RZ


+

CC

j
RZ


-

22

2

C

1
RZ


+
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0.1mF

1000W

i

10V rms

f = 1000 Hz

For the circuit shown, calculate the rms current I & phase angle L

Answer: I =  5.32mA 57.90

C

C
R

V
I 



+

+



22

2 1

















+

+

















+



22

2

22

2 1

/

1

C
R

CV
j

C
R

VR
I







Exercise:
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RV

LV

CV

i

 ftVv m 2sin

CLR VVVV ++

IRVR   LL jXIV   CC jXIV -

    CLCL XXjRIjXjXRIV -+-+

LX L  CXC /1

 C/1LjR

V
I

-+










-+

C
LjRZ




1 2

2 1








-+

C
LRZ




Complex Impedance

But &

VC

VL

VR

We know that:

RLC in series with an AC supply

79



80

 
 
 2222 C/1LR

C/1LV
j

C/1LR

VR
I

-+

-
-

-+


 
  C/1LjR

C/1LR

V
I

22
--

-+


 
s

22 C/1LR

V
I -

-+


 22 C/1LR

V
I

-+


The phasor diagram (and hence the waveforms)

depend on the relative values of L and 1/C.

Three cases must be considered








 -
 -

R

C/1L
tan 1

s 






 -
 -

R

XX
tan CL1

sor

 C/1LjR

V
I

-+
From previous page
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V V=VR V

VR

VR
VC

VL

VC

VL

VC

VL

(VC -VL)

(VL -VC)

I

I

I

(i) CL  /1    CL VV  (ii) CL  /1    CL VV  (iii) CL  /1    CL VV 

capacitive resistive inductive

LC2

1
fo


Resonant frequency

 22 C/1LR

V
I

-+
From previous page
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From the above equation for the current it is clear that the magnitude of the

current varies with  (and hence frequency, f). This variation is shown in the

graph

C/1L   0
R

V
I

LV CV

at o, 

LC

1
0 

LC2

1

2
f 0

0








 fo is called the series resonant frequency.

 This phenomenon of series resonance is utilised in radio tuners.

and they may be greater than V=

&

 22 C/1LR

V
I

-+
From previous page
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i

100V

0.1mF

1H

1000W

For circuit shown in figure, calculate the current and phase angle and 

power factor when frequency is 

(i)  159.2Hz, (ii) 1592.Hz and (iii)  503.3Hz

(i) 11.04 mA + 83.6o, 0.111 leading

(ii) 11.04mA, -83.60, 0.111 lagging

(iii) 100mA, 00, 1.0 (in phase)

Answer:

How about you try this ?

Exercise:
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VL

VR

VC

ILR

IC

IS

V

LRCS III + LRC VVVV +

    VC/jIjXIV CCCC -- CVjIC 

RIV LRR 

   LjIjXIV LRLLRL 

 LjRIV LR +  LjR
LR

V

LjR

V
I

222LR -
+


+



LRCS III +
IC

IC

IS

ILR

S


V

 LjR
LR

V
CVjI

222S -
+

+

  LCLCRjR
LR

V
I 222

222S -++
+



Can U name the Laws?

We know that:

and

Hence,

Substituting for the different Voltage

components gives:

AC Supply in Parallel with C, and in Series R &L
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240V

IS

100mH

40W

C

For the circuit shown calculate the minimum supply current, Is and the 

corresponding capacitance C.  Frequency is 50 Hz.

Answer: ISmin =  3.71A   C =  38.6mF

How about you try this one 

too? 



Exercise:
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power dissipation | instantaneous = voltage| instantaneous  current | instantaneous

ivp 

 tVv m sin

   tIi m sin

     tItVvip mm sinsin      - cos2cos
2

t
IV

p mm

cos
2

mmIV
P 

2

mV
V 

2

mI
I 

 cosVIP 

instantaneous voltage,

instantaneous current,

but &

net power transfer

We know that:

Hence,

Therefore,

Power Dissipation
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cosi

i

P

P2

P1

Im

ReV

P  = Apparent power

P1 = Real power
P2 = Reactive power

θכ

sini

Real, Apparent and Reactive Power
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UNIT-IV

Electrical Circuits-1



Superpostion - Introduction

89

What’s the current on R4?

I4 = I4′ + I4′′



Superpostion

90

The superposition theorem can be used to find solution to networks with 

many sources.



Superpostion

91



Superpostion

92

PT
≠ P1 + P2



Thévenin’s theorem - Example

93

Find the Thevenin equivalent circuit for the 

shaded area.

Step 1: Remove that portion of the network 

where the Thévenin equivalent circuit is 

found.

Step 2: Mark the terminals of the 

remaining two-terminal network. 



Thévenin’s theorem - Example

94

Find the Thevenin equivalent circuit for the 

shaded area.

Step 3: Calculate 𝑅𝑇𝐻 by first setting all 

sources to zero and then finding the 

resultant resistance between the two 

marked terminals.



Thévenin’s theorem - Example

95

Step 4: Find 𝐸𝑇𝐻 (open-circuit voltage) by 

measuring the voltage between the two 

marked terminals.



Thévenin Resistance – Alternative 

Method

96

The Thévenin resistance can also be determined by 

placing a short circuit across the output terminals and 

finding the current through the short circuit.  



Norton’s Theorem

97

𝑅𝑁 = 𝑅𝑇𝐻
𝐼𝑁 = 𝐼𝑠𝑐



Norton’s Theorem – Example 1
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RECIPROCITY THEOREM

• The reciprocity theorem is applicable only to single-source networks.

• It is, therefore, not a theorem employed in the analysis of multisource     

networks described thus far.

The theorem states the following:

“The current I in any branch of a network, due to a single voltage source E 

anywhere else in the network, will equal the current through the branch in 

which the source was originally located if the source is placed in the branch 

in which the current I was originally measured.”

•In other words, the location of the voltage source and the resulting

current may be interchanged without a change in current.



• In the representative network of Fig. 1(a), the current I due to 

the voltage source E was determined. If the position of each is 

interchanged as shown in Fig. 1(b), the current I will be the same value as 

indicated.

FIGURE-1



To demonstrate the validity of this statement and the theorem, 

consider the network of Fig-2, in which values for the elements have 

been assigned.

The total resistance is

Fig-2

And 



For the network of Fig-3,

Fig-3















Compensation Theorem

 It is one of the important theorems in Network

Analysis , which finds it’s application mostly in

calculating the sensitivity of electrical networks &

bridges and solving electrical networks.

 The Compensation Theorem states that :-

For the sake of branch responses calculations ; Any

resistance in a branch of an linear bilateral electrical

network can be replaced by a voltage source which

provides the same voltage as the voltage dropped in the

resistance.



 In any linear bilateral Electrical Network If in any Branch
have it’s initial resistance (or impedance in case of AC) “R”
conducting a current of “I” through it, And if the resistance
of the branch is changed by a factor of R , with it’s final
resistance R+ R , the final effect in various branches due to
the change in the resistance of the branch can be calculated
by injecting an extra voltage source along with the
resistance in modified branch.

 The above statement can be clarified with the following 
illustration.





 In the figure above,

 In fig: 2.a , The current “I” flows through R3 when V1 acts upon it.

In fig: 2.b , the R3 is changed to R4 where R4=R3+dR , or R3 is increased

by dR. This can also be thought of as an extra dR added in series with R3.

Now , we don’t know how much current flows through the branch when R3

is increased by dR , so to calculate the current flowing through the branch

due to the effect of dR , as per Compensation theorem in fig: 2.c we add an

extra V=-I.dR along with R4 and calculate the current flowing through the

branch due to the V or dR to be -dI.

Now in fig: 2.d we add the currents in fig: 2.a and 2.c using superposition

theorem to find the new current to be I-dI.





Tellegen’s Theorem
 Tellegen’s Theorem is a general network theorem

 It is valid for any lump network

For a lumped network whose element assigned by associate reference

direction for branch voltage        and branch current  kv kj
The product                  is the power delivered at time   by the network to the

element               
k kv j t

k

If all branch voltages  and branch currents satisfy KVL and KCL then

0

1




b

k

kk jv b = number of branch



Tellegen’s Theorem

1

0

b

k k

k

v j





Suppose that and                             is another sets of branch 

voltages and branch currents  and if            and              satisfy KVL and KCL  

bvvv ˆ,......ˆ,ˆ
21 1 2

ˆ ˆ ˆ, ,...... bj j j

kv̂ ˆ
kj

Then

1

ˆˆ 0

b

k k

k

v j





and

1

ˆ 0

b

k k

k

v j




1

ˆ 0

b

k k

k

v j







Tellegen’s Theorem

Applications

Tellegen’s Theorem implies the law of energy conservation.

“The sum of  power delivered by the independent sources 

to the network   is equal to the sum of  the power absorbed

by all branches of  the network”.

0

1




b

k

kk jvSince



MILLIMAN’S THEOREM

 Millman's Theorem is nothing more than a long equation, applied to any circuit 

drawn as a set of parallel-connected branches, each branch with its own voltage 

source and series resistance: ... The polarity of all voltages in Millman's

Theorem is referenced to the same point.



 Applying Millman’s Theorem To circuits!

 We can apply Millman’s Theorem to circuits as following:

Circuits with Voltage sources

 According to Millman’s theorem , in circuits with voltage sources:

 The total voltage or potential difference build up between any two points 

in a circuit is equal to:



 For example in the following circuit:

 Here, The potential difference between X and Y is:



Circuits with Current Sources:

 According to Millman’s theorem , in circuits with voltage
sources:

 The total voltage or potential difference between any two
terminals in a circuit is equal to:

 Where,

 i = the current flowing through each branch.



 For example in the following circuit:

 The potential difference between X and Y is:





ELECTRICAL CIRCUITS UNIT-V

Three phase 
Circuits



Three phase Circuits

 An AC generator designed to develop a single sinusoidal voltage for each 
rotation of the shaft (rotor) is referred to as a single-phase AC generator.

 If the number of coils on the rotor is increased in a specified manner, the 
result is a Polyphase AC generator, which develops more than one AC phase 
voltage per rotation of the rotor

 In general, three-phase systems are preferred over single-phase systems for 
the transmission of power for many reasons.

 1. Thinner conductors can be used to transmit the same kVA at the same voltage, 
which reduces the amount of copper required (typically about 25% less).

 2. The lighter lines are easier to install, and the supporting structures can be less 
massive and farther apart.

 3. Three-phase equipment and motors have preferred running and starting 
characteristics compared to single-phase systems because of a more even flow of 
power to the transducer than can be delivered with a single-phase supply.

 4. In general, most larger motors are three phase because they are essentially self-
starting and do not require a special design or additional starting circuitry



Single Phase, Three phase 
Circuits

a) Single phase systems two-wire 

type
b) Single phase systems three-wire type.

Allows connection to both 120 V and 240 V.



Two-phase three-wire system. The AC sources operate at 

different phases.



Three-phase Generator

 The three-phase generator has three induction coils 

placed 120° apart on the stator.

 The three coils have an equal number of turns, the 

voltage induced across each coil will have the same 

peak value, shape and frequency.



Three-phase Generator



Balanced Three-phase Voltages

Three-phase four-wire system



Balanced Three-phase 
Voltages

A Three-phase Generator



Voltages having 120 phase difference



Balanced Three phase Voltages

a) Wye Connected Source

0

120

240

an p

bn p

cn p

V V

V V

V V

  

  - 

  - 

b) Delta Connected Source

0

120

240

an p

bn p

cn p

V V

V V

V V

  

  + 

  + 



Phase Sequence

 a) abc or positive sequence b) acb or negative sequence 



Balanced Three phase 
Loads

 A Balanced load  has equal impedances on all the 

phases

a) Wye-connected load               b) Delta-connected 

load



cond

1 2 3

Conversion of Delta circuit to Wye or Wye to Delta. 
Balanced Impedance Conversion:

          

          

Y

a b c

Z Z Z Z

Z Z Z Z

  

  

1
Z 3 Z

3
Y YZ Z  



Three phase 
Connections
 Both the three phase source and the 

three phase load can be connected either 
Wye or DELTA.

 We have 4 possible connection types.
 Y-Y connection

 Y-Δ connection

 Δ-Δ connection

 Δ-Y connection

 Balanced Δ connected load is more 
common.

 Y connected sources are more common.



Balanced Wye-wye 
Connection

 A balanced Y-Y system, showing the source, line and 

load impedances.



Balanced Wye-wye 
Connection

Line current In add up to zero. 

Neutral current is zero:

In= -(Ia+ Ib+ Ic)= 0

Phase voltages are: Van, Vbn and Vcn. 

The three conductors connected from a to A, b to B and c to C are 

called LINES.

The voltage from one line to another is called a LINE voltage

Line voltages are: Vab, Vbc and Vca

Magnitude of line voltages is √3 times the magnitude of phase voltages. 

VL= √3 Vp



Balanced Wye-wye 
Connection Line current In add up to zero. Neutral 

current is zero:

In= -(Ia+ Ib+ Ic)= 0

Magnitude of line voltages is √3 times the magnitude of phase voltages. 

VL= √3 Vp

3

0 , 120 ,

30

3 90

3 21

120

0

an p bn p cn p

ab an nb an bn

bc bn cn

ca cn an

p

p

an bn p

V

V V V V V V

V V V V V

V V V

V V V

V

V VV

     -    + 

 +  - 

 - 

 

 - 

 +  - -  



Balanced Wye-wye Connection

 Phasor diagram of phase and line voltages

    = 3 3 3

    = 3

L ab bc ca

an bn cn

p

V V V V

V V V

V

  

 



 Cond



Balanced Wye-delta Connection

 Three phase sources are usually Wye 

connected and three phase loads are 

Delta connected.

 There is no neutral connection for 

the Y-∆ system.

AB
AB

BC
BC

CA
CA

V
I

Z

V
I

Z

V
I

Z













3 30

3 30

3 30

a AB CA

b BC AB

c CA BC

AB

BC

CA

I I I

I I I

I

I

I II

I

 - 

 - 

 - 

 - 

- -   3

L a b c

p AB BC CA

L p

I I I I

I I I I

I I

  

  





Single Phase Equivalent of Balanced Y-Y 
Connection

 We look Balanced three phase circuits can be analyzed on “per phase “ basis.. 

 at one phase, say phase a and analyze the single phase equivalent circuit.

 Because the circuıit is balanced, we can easily obtain other phase values using 

their phase relationships.

an
a

Y

V
I

Z




Balanced Wye-delta Connection

 Phasor diagram of phase and line 

currents

3

L a b c

p AB BC CA

L p

I I I I

I I I I

I I

  

  



Single phase equivalent circuit of the balanced Wye-delta 

connection



Balanced Delta-delta Connection

 Both the source and load are Delta connected and balanced.

, ,BC CAAB
AB BC CA

V VV
I I I

Z Z Z  

  

, ,a AB CA b BC AB c CA BCI I I I I I I I I -  -  -



Balanced Delta-wye 
Connection

 Transforming a Delta connected source to 

an equivalent Wye connection


