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Namaskar. So, in today’s session, we will discuss about 1 very important technique for
solving the electrical circuit that is star delta transformation and then we will proceed for our

math analysis.
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STAR (Y) — DELTA (A) TRANSFORMATION

* Situations often arise in circuit analysis when the resistors are neither in
parallel nor in series, as shown in the figure

* Many circuits of the type shown In figure can be simplified by using three-
terminal equivalent networks

* These are wye (Y) or tee (T) network and the delta (A) or pi (I1) network

» These networks occur by themselves or as part of a larger network/circuit

Ry R,

So now let us see, what do you mean by star delta transformation? Generally, you might have
seen that the circuit is not so simple, where you have only had the resistors or inductors or

capacitors in series or in parallel.

But it is a combination of series, parallel and sometimes it is having a different shape. Say in
this particular circuit if you see the circuit is called a bridge circuit where the resistances are
connected in bridge hence this is not either series or parallel. So, in these cases, the
simplification of circuits can be done using 3 terminal equivalents of the networks. What do

you mean by 3 terminal equivalents?



Basically, those circuits which are in the form of Y or t or delta or alternatively you could say
pi networks are generally considered as 3 terminal networks. Now, if you see this particular
figure, this is a Y or you could say, this is a star circuit where you see the resistances are
connected in star form. At the same time, you could also, if you stretch it a little bit, it will

become a T network. So basically, the star or T are the same type of circuits.

Similarly, if you see this particular figure, which is delta, their resistances are connected
in the triangular format. If you expand or if you twist a little bit, you can convert a delta
into a pi format. So essentially, delta and pi both are the same. The only thing is that the
change in the orientation of the elements. So now, in all these circuits, what you can do,

you can create the terminals like 1, 2, 3, 4 in this case.

And similarly, for T also, you can write the names of the terminals like 1, 2, 3, 4. And for delta
and pi also. Now these circuits are, you can see them either part of very large network or they

can be the circuit themselves.
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* The conversion from delta to star is needed if it is more convenient to work
with a star network in a place where the circuit contains a delta configuration

* We superimpose a star network on the existing delta network and find the
equivalent resistances In the star network

* To obtain the equivalent resistances in the star network, make sure that the
resistance between each pair of nodes in the delta network is the same as the
resistance between the same pair of nodes in the star (or Y/T) network

Rya(Y) = Ry#Ry

Ry3(8) = Ry|IRy*R,

Now, the question is that how to solve it? Now if you convert delta to star then sometimes it is

more convenient to work in star than in delta and you can solve the circuit which contain delta

configuration.

So, what does it mean? It means that the circuit which has 1 particular segment in delta formation

and it is difficult to solve, you can convert that delta formation into equivalent star and then you



can solve the circuit which is more convenient to get the answers. Now what you have to do;
you have to superimpose a star network on the existing delta network and find the equivalent

resistances in the star network.

So, what you will do? You will put that star into the delta and you will compare the equivalent
resistances which you will see through these terminals and you have to just equate them. And
you will get the values of equivalent star or equivalent delta circuit for the system. Now what
we have to do? We have to first try to convert delta into star. So, in this case, what we are going
to do? We are going to find the value of the equivalent resistances seeing through these 2

terminals for delta as well as star.

Now if you see the star, the equivalent resistance, the equivalent resistance seen through this
particular terminal would R; + R3. And if you go to the delta circuit, the equivalent resistance
would be Rb and Rb will have parallel of R, + R.. So that is why, R,,for delta would be Rb
in parallel with Ra plus Rc. And R;,in star would be simply R1 plus R3.

(Refer Slide Time: 05:30)

* From equations -

Rya(Y) = Rya(8)
Rya= RytRy 'm,_,,:,,’

» Similarly,

= PACRIN)
Rya= RyvRy = RaCRTT R

My b

» Subtracting Eq. 4 from Eq. 2~

Bu-Rs = v,

Now, the condition for conversion of delta into star is that for the equivalent resistance seen

through both of the terminals, the value of equivalent resistances should be same. So that
means that, you have to equate R,,for star equal to R,, for delta. Now, if you put the values
of Ry, star, we got R; + R3. And for R,, delta, that was RDb in parallel with R, + R. So, if

you simplify, then it will become



Rb (Ra + Rc)

R, + Ry, + R,
Similarly, for R,
Rc(Ra + Rb)
Ris =R, +Ry=—"——"-
BT T2 TR+ Ry, + R,
Ra(Rb + Rc)
Ryy =R, +Ry=——"— "=
T2 TS T R+ R, + R,
Now, if you subtract equation R, from R,
R.(R, —R
R1 . R2 — c( b a)
R, + Ry, + R,
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* Adding the following two equations, i.e. =

RytRy =2d8atia) o o o

RolRy=ig)
R VR AR, Ravhy,

* We get the value of R, —
RI P
LA AL
» Similarly,
Ry ...ﬂ-
KatRy+R,

b= o,

* No need to memorize above equations, follow the following conversion rule

* Each resistor in the star (Y) network is the product of the resistors in the two
adjacent A branches, divided by the sum of the three A resistors.

Rc(Ra + Rb)
R, + Ry + R,

But,
Rl + RZ ==

And the next which you have just calculated is R; — R,. Now if you add both of them, you get,
_ 2RyR,
" R,+R, +R,

2R,
You will get 2R, R, so 2 will cancel out from both of the sides. Finally, you will get

RbRc

Ry=—2° _
Ry + Ry + R,

Similarly,



RcRq

Ry=—<%
27 R, +R,+R,
RaRb

Ri=——%02
37 Ry + Ry, +R,

Now, the important thing is that you need not to memorize the above equations because if you
follow the simple conversion rule, you can easily get the value of the value of R1, R2 and R3.
What is the rule? Now in each resistor in R, where that is the star connected network, each
resistor is the product of the resistors in 2 adjacent delta branches divided by sum of the 3 star
resistors. What does it mean? It means that if you put the star inside the delta you will get this
kind of circuit where Rb, Ra, Rc are the branches of delta and R1, R2, R3 are the branches of
star. So, if you want to find out the value of R1 in terms of delta branches, what you will do?
You have to simply see what are the delta branches adjacent to R1. So in this case it is Rb and
Rc. So, for R1, the value would be R, R, that is the multiplication of the adjacent 2 branches

divided by R, + R, + R,.

Similarly, for R2, if you see the adjacent branches across R2, those are Rc and Ra. So what
you will get? The value of R2 will be R.R,, divided by R, + R, + R.. Similarly for R3, the
adjacent delta branches are R, Rj,. S0, R, R, is the term that which will come in numerator and
divided by R, + R, + R.. So, if you follow this convention, you need not to worry about how

to memorize the formulas for R1, R2 and R3.
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* To obtain the conversion formulas for transforming a star (Y) network to an equivalent delta
network, we use the values of R,, R,, and R,, calculated recently,

* Using those values, we can calculate -

MatRyvhe) __ KMaRyhe
Ry ¥Ry 4 R)* (Ra*Ry+Re)

RyRy + RuRy + Rty =
» Dividing above equation by the equation of R,, we get =
Ro= RiRy + RyRy + RyRy
Ry
» Similarty,

LR ¢ Ry ¢ Bk o - Rk b BBy ¢ BBy
Ry ’ Ry

Now, let us talk about star to delta conversion. Now, to obtain the conversion formulas for

Ry

transforming a star network into an equivalent delta network, we use the value of R1, R2, R3.
We just calculate it. Now, if you use those values and put those values in R{R, + R,R; +
R{R; you get

RaRbRc(Ra + Rb + Rc) _ RaRbRc
(Ra+Rp,+R)?>  Ry+Ry+R,

RlRZ + R2R3 + R1R3 =

It is simple. You just put the value and simplify it. You will get this expression. Now, you
need to find the equivalent value of Ra. So what you will do? You will simply divide the

equation by the value of R1. Now, what is the value of R1?
Ry,R
R, = ___b7ec
R, + R, + R,

Now in this case, this will cancel and also it will cancel out Rb Rc from numerator and

denominator and finally what you get is Ra. So that means,
_ RiR, + RyR3 + RyR;

a R1
RiR, + R,R3 + R{R;
b ==
R,

RiR, + RyR; + RyR;
R. = R
3
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* No need to memorize above equations, follow the following conversion rule

* Each resistor in the Delta (4) network is the sum of all possible products of star (Y) resistors taken
two at a time, divided by the opposite star (Y) resistor.

Now here again, the important thing is that you need not to memorize the above equations. You
have to just follow the conversion rule. What is that conversion rule? Each resistor in delta
network is the sum of all possible products of delta resistors taken 2 at a time and divided by
opposite star resistor. That means suppose you are going to find out the value of Ra. In the
numerator would be the product of, sum of all the product of star resistors taken 2 at a time. That
means the numerator will be R;R, + R,R; + R;R;. What would come in denominator?
Denominator would be opposite star resistor. So, in this case, what is the opposite star resistor?

The opposite star resistor is R1.

So, for Ra you will get R,R, + R,R3; + R;R; divided by R1. And this is what we got for Ra.
Simply for Rb also, you have numerator same, that is R, R, + R,R; + R, R5 divided by, now
for Rb, what is the resistor opposite to Rb in star? That would be R2. So, you will get simply
the value of Rb. Similarly, for Rc, it will be R;R, + R,R; + R{R5 divided by; see the value
opposite to Rc that is R3. So, in this way you can easily calculate the value of the corresponding

delta elements using star connected elements.
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EXAMPLE:

«  Obtain the equivalent resistance R , for the circuit shown in the figure and find current i ?

120V ‘ A " =00

In this circuit, there are two star (Y) networks and three Delta networks. Transforming just one of
these will simplify the circuit

If we convert the star network comprising the 5 (), 10 0, and 20 Q resistors, we may select —
Ri=100Q,R,=20Q,R, =50

Now, to get the idea clearer, let us try to find out the value of current | in this particular circuit.

Now before that we have to first find out the value of Rab, that is equivalent resistance across
terminal AB. Now if you see this particular circuit, it looks complex. But if you follow the star
delta transformation technique, which we just discussed, this will be very easy for you to
analyse. How? Now if you see the circuit, there are 2-star networks and 3 delta networks. How?
If you see this element, this element and this element it will create one sub network. Similarly,
this element, this element and again this element will create another star subsection of the

network.

Similarly, if you see these 2 and this particular element, it is like a pi, means this is again a delta
connected section. And similarly, this also is a delta connected section. Third one is, this this
and this is again a delta connected subsection of the network. So it means that we have 3 delta
sub-networks and 2 star sub-networks. Now, to simplify it, you have to just transform onE1 of
these so that you can simplify. Now let us convert the star network comprising of 5, 10- and

20-ohm resistors. So, 5, 10 and 20, so these are the 3 resistances. Let us put the value (R)

This is R1 that is 10 ohm. R2 is 20 ohm and R3 is 5 ohms. So if you have to create equivalent
delta there will be one segment here, one segment here and third segment would come here. So
what would be the value of this? We just calculated the value of value for delta element. This
would be the sum of the product of 2 elements. All possible products of 2 elements in a star. So

here what would be the first element, 5 into 10 plus 10 into 20 plus 20 into 5 divided by what



we write in the denominator, we write the opposite star element. So what would be in this case?
Opposite star element is 20. For this particular segment, the opposite star element is 20 ohm.
Right.

So, what would be the value of this element? If you simplify, this will become 350 divided by
20 is nothing but 17.5. So, the value of this would be 17.5. Right? Similarly, for this segment
also you can calculate and (your) this will always remain same. You have to simply divide it by
5 ohm. You have to simply divide 350 by 5 ohm. So, this segment value would be 70 and for

this again you have to simply divide 350 by opposite element that is 10 ohm, so you will get 35.
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Using the following equations ~
RyBy + RyRy + RyRy RyRy + RyRy + RyRy RiRy + RaRy + RyRy
= Ry = R.= "

Ra R R,

We get the values as -
R, =35Q.R,=I1750,R. =700

The equivalent circuit would be -

Therefore,R,, = 9.632 0

and, | =VIR, = 12458 A

So, what you have got now? You have got these 3 values that what we calculated just now.

Now, if you see this particular subsection of the network, you can see that these 2 are in parallel.
These 2 are again in parallel and these 2 are again in parallel. So, if you combine both all the
parallel elements, what you will get? You will get, simply if you take the equivalent of these 2
elements, you will get 7.292 ohm. If you take the equivalent of these 2 elements, you will get
10.5 ohm and again if you take the equivalent of these 2 elements, you will get 21 ohm. So now
this is even very simple circuit which you can consider for the calculation of equivalent

resistance across A and B terminal.

So what you get? You get, Rab is nothing but 9.632 ohm. So these 2 are in series and their
summation would be in parallel with 21 ohm. So you will simply get the value of Rab and now

what would be the current? Current you have to just simply divide the resistor, the voltage by



equivalent resistance which we have just calculated. So Voltage is 120 volt. If you divide by

9.632, you will get current as 12.458 Ampere.
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MESH ANALYSIS

* Maesh analysis provides another general procedure for analysing circuits, using mesh currents (or loop
current) as the circuit variables

» Mesh analysis is also known as loop analysis or the mesh-current method
* Instead of element currents as circuit variables, using mesh currents is convenient and reduces the
number of equations that must be solved simultaneously.

» Loop is a closed path with no node passed more than once while a mesh is a loop that does not
contain any other loop within it.
= paths abefa and bcdeb are meshes, but path abedefa is not a mesh.

* Maesh analysis applies KVL to find unknown currents.

Now, let us talk about mesh analysis. This is also one of the important components in our
circuit analysis. Why? Because it provides another general procedure for analysing the circuits,

using mesh currents. Mesh currents or you can say loop current as a circuit variable.

So, if you see in this figure, these currents I; and I, are called as mesh currents. And it is different
from the branch current. Because branch current flows in a particular branch of the circuit and
loop will be same current flowing through a particular loop which we have just saw in the
particular case. Now this is; mesh analysis is also called loop analysis or you can say mesh
current method. Now, here instead of element current as circuit variable, we use mesh current
as a circuit variable because it is very convenient and it reduces the number of equations that

must be solved simultaneously.

Like in this case if you see, there are only 2 variables related to mesh current. But if you take
the branch variable, you will have 1 for branch current for R1. Similarly, 1 branch current for
R3 and 1 branch current for R2. So here, you have 3 variables if you use branch current method.
While in case of mesh current method, you will have only 2 variables. So it means that you can
reduce the number of equations required to solve the circuit. Now, there is a little difference

between loop and mesh. Loop can be \considered as a close path with no node passed more



than once. So here, this is a loop and this is also a loop because it is not tracing 1 node (at) 1

node 2 times. But mesh is a loop that does not contain any other loop within it.

So mesh can be considered as a special kind of loop which does not contain any other loop
within it. Now what does it mean? Let us see the example for better understanding. In the
particular circuit, you will see abefa, abefa is 1 mesh and bcdef, bcdef is another mesh. But
abcdefa is not a mesh. Abcdefa so outer loop is not a mesh. Why? Because it contains 2 loops
inside. So that is why mesh is considered to be a special kind of loop which does not contain
any other loop within it. Now you can simply apply the Kirchhoff's voltage law to find the

unknown currents.
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*  Mesh analysis is only applicable to a circuit that is planar

= A planar circuit is one that can be drawn in a plane with no branches crossing
ane another

= A clrcult may have crossing branches and still be planar if it can be redrawn
such that it has no crossing branches

One of the important properties of mesh analysis is that, mesh analysis is only applicable to the
circuit that is planer. Planar means the circuit is the planer which can be drawn in a plane with
no branches crossing one another. So, it means that if you see this particular figure, the branches
are separate and no any branch is cutting any other branch. While in this particular case if you
see this is non-planar circuit because the branches are cutting across and it is not in a plane. It
is now become a 3-dimensional circuit. So that is why the mesh analysis cannot be done for this

type of circuits but it can be done for planar circuits.

Now, another important thing is that sometimes when you see the circuit it looks like this circuit
right and you will see that lot of branches are cutting across. So, at the first instance you will

consider it as a non -planar. But if you can redraw the circuit in such a way that it can become



a planar circuit then you can use the mesh current method to analyse it. What does it mean? If
you see this particular circuit then you will see that this 5 ohm is cutting across. Instead of
putting 5 ohm like this if you put 5 ohm as shown in this figure, it will become non cutting
branch. Similarly (3 ohm) this particular 6 ohm is also can be arranged in this fashion and if

you remove this 2 and rearrange you will eventually get a planar circuit.

So you need to analyse the circuit once before doing the mesh analysis whether it can be
converted into a planar circuit or not. So for this you can utilize the network topology
information which we discussed previously. So when you create the topological network of this
circuit and if you rearrange the nodes and branches in such a way that their connectivity
information is not changed then you can easily find out whether that particular non planar circuit
can be converted into planar circuit or not. And if it can be converted into planar circuit you

can simply run your mesh analysis.
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« Steps to Determine Mesh Currents:

Assign mesh currents iy, iy, iy .. 10 the n meshes,

Apply KVL to each of the n meshes. Use Ohm'’s law to express the voltages in terms of the mesh
currents,

Solve the r n simul quations to get the mesh currents,

Although a mesh current may be assigned to each mesh in an arbitrary direction, it is
conventional to assume that each mesh current flows clockwise.

Now, what are the various steps to determine the mesh current in the mesh analysis. You have
to assign first mesh currents 11, 12, 13 and so on for number of meshes. Suppose in this case
there are n mesh and then you apply Kirchhoff's voltage law to each of the n mesh and use
Ohm's law to express the voltages in terms of the mesh currents and then solve the resulting

and simultaneous equations to get the mesh currents.



Now one important thing to remember is that although a mesh current maybe assigned to each
mesh in an arbitrary fashion or in an arbitrary direction. But it is conventional to assume that
each mesh current flows clockwise because this will be easier for you to analyse the circuit
and there would be less chances of errors. Like in this case we have done the, we have taken

the direction of the mesh currents as clockwise.
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« Maesh analysis Is merely an extension of the use of Kirchhoff’s laws.

« The Figure given below shows a network whose circulating currents |,, |, and |, have been assigned to
closed loops In the circuit rather than to branches. Currents |, |, and |, are called mesh-currents.

Zr

Ii'é)\ I /' ‘ s : J Z 'T¢ E;

Zs

Now, how you will do the mesh analysis? It is if you see the mesh analysis technique it is
merely an extension of Kirchhoff's law. Because here also you have to apply the Kirchhoff's

law to find out the value of circulating currents.

Now if you consider this particular figure, there you will see that network has 3 circulating
currents that is 11, 12, and 13. Now, all have been assigned a clockwise direction for not to take

risk of error and then we have to analyse these currents which are called mesh currents.
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* In the figure, mesh-currents are all arranged in clockwise direction to circulate in the same direction

«  Kirchhoff’s second law (KVL) is applied to each of the mesh, which, in the circuit of figure below,
produces three equations with three unknowns which may be solved for I, |,, and I,

* The three equations are :
12, +2,)-1,Z, =€,
I,(Z“ +Z,+2Z,)~ 12, =12, =0 z

(2, +2,)~1,Z, = -E, ==
E; T I \ [ & \ (h 'I Ex
4w

Zs

g U _

So, if you see the circuit and analyse, what you will do? You will use Kirchhoff's voltage law

in each mesh and then you will try to find out what would be the equations for those mesh
currents. So if you see in this figure the mesh the equation for the first mesh would be
L(Z1+Z;) — 1Z, = Ey
Similarly, for loop two and three you can also write
L(Zy,+Z3+27)—1,Z, — 32, =0
I3(Zy + Zs) — 1,2, = —E;
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* The branch currents are determined by taking the phasor sum of the mesh currents common to that

branch.
* For example, the current flowing in impedance Z,, Is given by (I, ~1,) phasor.
* Notice that the branch currents are different from the mesh currents unless the mesh is isolated

» Verification: Using theorem of network topology (i.e. b=/+n-1) in the previous figure ~

n=3b=5
50, I=b-n+1=53+1%=3

« So, 3 independent loops, and therefore, three independent equations will be required to solve the

circuit

Next step is that you have to analyse these particular equations and find out the value of current

11, 12 and 13. And the important thing is that branch currents are determined by taking the phasor
sum of mesh currents common to that branch. That means if you see this figure for this particular

branch, the branch current would be phasor sum of these two.

Phasor sum means you have to consider the direction. So, for this particular segment the branch
current would be 11 minus 12. Now you can notice that the branch currents are different from
the mesh currents and this will be the case unless mesh is an isolated mesh. Now the question
would come how you will verify whether you have written the all the equations which are

required for the analysis. You have to take the help of theorem network topology.

So if you see the theorem of network topology it says that the number of branches are equal to
number of loops plus number of nodes minus 1. So in this particular figure if you see you will
have 1, 2, 3 nodes and 1,2,3,4 and 5 branches. So number of nodes are 3, number of branches
are 5. So how many loops are there? Loops in that particular circuit would be equal to 3. That
means that 3 independent loops and therefore 3 independent equations are required to solve the
circuit. So here you will see that there are 3 independent equations we have created to solve this

particular circuit.
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< Problem : For the DC circuit shown below, use mesh-current analysis to determine the current flowing in-
(a) the 5Q resistance
(b) the 10 resistance

Using Kirchhoff’s voltage law:

For loop 1, (3+5),~51,=4 (1)
For loop 2, (A+146+5),~(5),~(1)1,=0 (2)
For loop 3, (1+8), = (1), =-5 (3)

So now let us take one example quickly so that you can understand what we discussed till now.

So if you see this particular circuit and you write the equations for all 3 mesh currents what you

can write.

Forloop 1, (3+5)l1— L =4 (1)
Forloop2,(4+1+6+5)l,— (5)hL— (1)l3=0 2
Forloop 3, (L +8)Is — ()l =—5 (3)
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Thus,

81, - 51, - 4 =0 (1)
=51, + 161, = I, =0 (2)
“1,+91,+5=0 (3’)

Solving these equations, we get : 1, =0.595 A
;=0. "

1,=0.152A, and
I, =-0.539 A

(a) Current in the 5Q resistance = I, = |, = 0.595 - 0.152 = 0.44A

(b) Current in the 10 resistance = I, = 1,= 0.152 - (-0.539)= 0,69A

Now, if you rearrange you will get these 3 equations. And after solving you can get
l1=0.595 A,



l2=0.152 A, and
I3=-0.539 A

So similarly, you can calculate the value of current in 5 ohm and 1 ohm resistor because these
are the branch currents and 5 for 5 ohm resistance the branch current would be 1, — I = 0.595
— 0.152 = 0.44A and current in 1 ohm resistance would be 1> — I:=0.152 — (—0.539)= 0.69A.
Now in this case we have taken all the current direction as clockwise, here we have got current
in negative with negative sign. That means that our initial direction of current was clockwise
but finally the direction of current is anti-clockwise. So, from this you can get but for better
analysis we first keep all of them in one direction and solve it. So, with this we close our today's
session and we will continue the analysis using mesh analysis in the next session also. Thank

you.



