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Lecture - 18
Methods of Circuit Analysis (Contd.) and Circuit Theorems

So we will come back to this again the continue with this problem. Just before beginning this
let me tell you one thing that for the dc circuits, we are trying to see so many different types
of problems but at the same time when will come to the ac circuits right at that time number
of examples, I have to reduce a because at that time complex number will be involved. And it
(Refer Time: 00:42) it will take much more time as it conceive more time to solve such
things, but basic idea for dc circuit whatever circuits laws and theorems you are learning, it is
same as same for your ac circuits apart from your maximum power transfer theorem that we

will see later right.
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So, just come to another a another a another problem right. So, in this case, what we can do is
that you determine your that for this problem we have to determine i 1 and i1 2 using mesh

analysis of the circuit shown in figure this figure right.
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Fig- 2260 Clyousd for Ex-3.48

=
wr

So, this is the figure. And I just this thing and your, in this case that you have one 51, 50 volt
source right, and one your 10 volt source, so the 10 volt source. And let me clear it, let me
clean it first right. So, we have one 10 volt source, and we have one 50 volt source. And you
have i 1 and i 2 and this is a this is a dependent voltage source. And, here it is 30 i 1 and here
it is your i 2 right. And you have to solve for i 1 and i 2. So, same as before, if you write the
your KVL equations, for the for these one later it is written. So, basically if you move like

this, for this is mesh 1 and this is mesh 2.

So, if you if you move like this, so easily you can write down your what you call that your
KCL KVL equation. For example, mesh 1 if I apply, so I moving like this, this clockwise
moving like these, so it will be first minus 50 right, then your then plus 101 1 right plus 201 1
right. And here, we are moving in direction i 1 and this is your i 2 right. So, resultant in this
direction is i 1 minus i 2, so plus 10 i 1 minus i 2 and encountering and moving this loop so
minus terminal plus so minus 30 i 1 is equal to 0. So, this will be your one equation right.
Later it is given but this is one equation. So, let me let me clear it. So, similarly when you
apply when you apply your k KVL in mesh 2 right, same way you can do same way you can

do it.
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For example, I am moving from say starting from this 5 ohm resistor. So, it is 5 i 2 then
encountering plus 10 volt plus terminal plus 10 right. Then here also, if you move like this so
plus 301 1 is coming so plus 30 i 1 right. And we are moving in this direction this is 1 2 and
here i 1 is there, so in upward direction is i 2 minus i 1 so plus 101 2 minus i 1 is equal to 0

right. When I am writing such equations your this is plus right.
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When I writing such equations, hope I am not missing anything right, so two equations you

will get and accordingly from that you have to solve for i 1 and i1 2 right. And there let me



clean it. So, so, if you go to this for mesh 1, this is the equation finally it is coming i 1 minus i

2 is equal to 5 right.

(Refer Slide Time: 04:17)

‘rPI L ALt B

AR
Fie bt Vew Wedow Hep

flow: BHBE|0PPGOEG

Touls | Comment | Share

SO0 FIECma]:
Fov wesh 4
1oL, + 2oLy + LOUL-—LQ — 304, —50=0
L~ l5e 5 Sul
For cmesh 2,

10(“{;2"5‘1) v 5h, +40 + 3044 =o

Al e e S o Y

Soﬂ\vw\ﬁ endil) ondlii)  we ¥,

= 2wy = T2 g

And for mesh 2, it is your coming your this thing your 4 i 1 plus 3 1 2 is equal to this is for
mesh 1, this is for mesh 1,111 1 minus 1 2 is equal to 5 right. And this is for your mesh 2 that
is for your 4 1 1 plus 3 1 2 is equal minus 2. If you solve it, you will get i 1 is equal to 13 by 7

ampere; and 1 2 is equal to minus 22 by 7 ampere right.
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Next one is determine the power dissipated by the 4 ohm resistor in the it is actually hold on.
Actually, it is just hold on. It is in the circuit right of figure 3 your figure 3.27. So, what is the
power supplied by the 30 volt source right.
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So, your if you if you let me clear it, and if you if you just look into this in this circuit that,
you have a one dependent voltage source 10 v 1, the dependent voltage source is there 10 v 1.
And this v 1 actually this is the voltage right. And one thing is there look whenever we are
drawing circuit, if [ show arrow upward I mean arrow like these and arrow is always plus and
nothing is mark means this is minus right this way you have to assume. Whenever will put
arrow, so here arrow is there and this is minus let me this point you take plus and this is your

minus right.

Even if it is not mentioned, but any if it is arrow here nothing is here means this is plus, this
is minus. And this volt 10 v 1 means this v 1 actually this is the voltage, this is the v 1, and
this the dependent voltage source is given something like this 10 v 1 right. So, if it is, if it is
so then first what you do is you find out the expression of i 1 in terms of v 1. Earlier, we have
seen that how to find out. So, what you can do is that first take KVL like this, you take KVL

here.

So, in this case, what will happen not going not going like this, the way it is shown. I have
shown it here, but go like this. Then in this case what will happen, this 1 1 so it will be

actually, if you just putting it here, taking v 1 together right, then what will happen that your



you write 5 1 1, and this terminal this point is plus 1 marked it here right, plus v 1 right and
encountering minus terminal here. So, minus 30 minus 30 is equal to 0 right that means my i
1 will be is equal to 30 minus v 1 divided by 5 right, because, we have to obtain firsti 1 in
terms of v 1 right; or in other way other way I can make that your v 1 this is 1 1, or other way

here I am writing v 1 is equal to your 30 minus 51 1.

I think this is required for our this thing 30 minus 5 i 1 right, that is your that is your v 1. So,
v 1 you have to obtain in terms of i 1, because we have to solve fori 1 and i 2 plus right. So,
v 1 is equal to from these it is clear that I applied that KVL here only that is your 51 1 plus v
1 minus 30 is equal to 0 right. This is required because before going to the equations first try
to let us make all these things clear your, what you call clarification here itself right, so I am

clear.

(Refer Slide Time: 08:12)

=

S, ¥ Ew
W= Je=50 s Dl
For wesh 4

iS'Li 'f‘“i-j_ = ﬂ.Owi - 30 EM—-LQ =y

Loty - 1o¥, = Borky 1)

Now, I am clearing it right. So, once it is done, then what you do that is why first [ am writing
511 v 1 minus 30, so v 1 is equal to 30 minus 5 1, I showed you. Now, you apply your what

you call that KVL in mesh one.
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So, if you do so, if you do so, if you write, if you write KVL here look, how you are write it.
If you write KVL here, KVL here, so it is actually your 5 1 1 right. I am writing here, later it
is written 51 1 plus it is also 101 1 that is it is 5 and 10 are in series right. So, basically 151 1,
so plus 10 i 1 then plus this current is i 1 this direction and i 2 is going this direction. So, it is
1 into i 1 minus i 2 right. Then minus 10 v 1, then here it is minus 30 is equal to 0. This will
be your what you call that your, if you apply KVL in this mesh. Similarly, if you apply your
what you call KVL in mesh 2. So, let me clear it. If you apply KVL in mesh 2, so same way

you can move. So, in this case it will be move starting from here.
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If you move like these starting from here, so it is 4 1 2 right, you come like these plus 10 v 1
right v 1 especially got in terms of i 1. And going upward, so | into and this is your i 1
because current i 1 moving like this, so i 2 minus i 1 right. Hope I have not missed anything

is equal to O right.
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This is your second equation so, let us clear it right. So, if we move like these, so this way
mesh 1 will get this equation, mesh 1 your for mesh 1, if you write I wrote you, I wrote it for
you, so this is the equation right, I wrote something after simplification is like this, so this is
equation 2 say. And here you have to substitute v 1 is equal to that v 1 is equal to your 30
minus 5 i 1 there you substitute such that you will get any equation in terms of i 1 and 1 2

right.
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Similarly, if you clear it, if you if you go to your sorry, if you go to for mesh 2 i, I wrote for
you that this is also the mesh 2 KVL you apply. And finally, here also you put v 1 is equal to
30 minus 51. So, another equation you will get 51 minus i 1 minus 5 by 2 is equal to 300.

And solve these two that equation 3 and 4 you solve it right.
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If you solve it, so you will get i 1 is equal to 4.8 4 ampere; and i 2 is equal to minus 10.64
ampere. And power dissipated by the 4 ohm resistor is minus 10.64 square into 4, so 453.25

watt. And power supplied by the 30 volt source, it is 30 into 4.84, so 145.2 watt. Because,



from the source that i 1 source supplying i 1 current, so it is 30 into 4 point and basically 30

voltinto i 1;1 1 is 4.84, so what are they 45.2 watt right.

(Refer Slide Time: 11:44)

R B S BB S B RIS
flom- | BEGEPPLHOLE
Y@ RO | =@ =] |HE Tools | Comment | Smre

Ex~2:20: Dekeymine Ly i khe civewk whean
n Frg,2.02.

5 Amp
=

So, next take this simple example. Determine 1 2 in the circuit shown in figure this 3.2. So,
this is the circuit you have to find out your 1 2 look this current actually this current 5 ampere,
this is it is this direction it is there right, but we have taken your this way we have taken right
that means 1 1 actually is equal to minus 5 ampere. Because when they move 1 1 like these 1 1
is going like this, this i 1 this going like these clockwise and this is coming out, so just

opposite direction, so i 1 is equal to minus 5 the nothing else that is all.
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After that you apply your what you call KVL in this in this mesh. So, if you move like this, so
I move like this, I move like this, so it will be minus 100. Now, no need to repeat again and
again. Now, you understood so minus 100 plus 10 right into you this is the current i 2 this
direction, this is the current i 2. And i 1 is in this direction, so it will be 10 into i 2 minus i 1

right plus 5 into i 2, because this 5 ohm resistance is there this 5 i 2 is equal to 0.
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But i 1 is equal to minus 5 ampere, if you substitute i, i 1 is equal to minus 5, then it will

become minus 100 plus 10 into 1 2 plus 5 plus 5 by 2 is equal to 0 from which you have to



compute 1 2. So, that is calculations your; it given here right, so this is a simple things. So, 1 2

is equal to actually 10 by 3 ampere right. This is the answer.
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So, similarly, for this one, determine i1 1, 1 2 and 1 3 of the circuit shown in figure this right.
So, in this case, if you look into that for this problem, you have to find out your you have to
find out your i 1, then i 2, then i 3 right. And if you look into that, then this is mesh and this is
1 mesh and in between 2 mesh 1 current source is there right. So, so accordingly you have to
you have to see that this creating a super mesh right. Because, one this is mesh this is, mesh
and these two mesh in between one current source is there. So, it is computing with beginning

with a super mesh.

So, and, if you look into that this current, this current, we are taking actually this way this
way if you take the loop it is 1 2 and this way, we are taking this is your this direction is 1 1
and 5 ampere shown it is upwards right. So, now we from that we have to see that how we
can we can solve this one that because this is this is creating a super mesh. So, what we can
do is first and because of that some constant equation will come. So, how one can do is look
before because it is a super mesh. So, one constant equation will be there. So, let me let me

clear it first.

So, before right from the KVL, so this is this is one node is there node a right. So, this i 2
current is coming, so this is actually your 1 2, because, you are moving clock wise this is 1 2

right. And this is your 5 ampere current moving upwards. And this actually i 1 goes like these



this is 1 1, so this is i 1 right. So, if you look into that, therefore this i 2 current entering at

node a, so the and 5 ampere and i 1 both are leaving.

So, 12 is equal to actually 5 plus i 1 right or i 2 minus i 1 is equal to 5 ampere right. This is
one easily you can apply your what you call that your KCL at node a. Another thing is simple
thing. Another thing is this i 1 2 is moving this way; and this i 1 is moving this way this is
your i 1. And this 5 ampere direction is upward, so upward direction current is actually i 2

minus i I thisi2 and minus a i 1 right.

(Refer Slide Time: 15:45)

Fig2.29: Ciyeid fr ex-3.22

Sob:

So, this is upward 5 ampere that is also directly you can write 5 ampere the way you want
right. So, let me clear it, equation will see later. First, we have to understand. And this as this
as this creating a super mesh; that means, what we have what basically we have to do, you
have to you have to apply the KVL like this right. Because, the this you can exclude, and then
make a dash line the way I showed and you can do it, so that we have gone there right. So, let

me clear it.

(Refer Slide Time: 16:24)
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So, so for this is a super mesh I told you. So, write down those write easily you can write
down the equation, it will be now from my mouth I am telling you can understand, it will be
if 1 move like these it will be 2 into 1 1 minus 1 3, because this is your resultant in the in this
direction sorry, so just hold on. So, resultant in this direction right, so it is your i 1 i 1 minus 1
3. Here, it will be your i 2 minus your i 3 right, so 2 into i 1 minus i 3 plus 4 into your i 2
minus i 3 plus 1. And if you come like this plus, your i 1 into 1 is equal to 0 right. So, let me
clear it, so. So, if this way similarly for the other this mesh 3, you can apply mesh 3; also you

can apply KVL.
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So, if you apply this KVL, so your in the super mesh, so this is the equation I wrote for you
right. And for, if you for mesh 3, you apply KVL again this is your equation, this is for mesh
super mesh 1, the equation 1; and for mesh 3 equation 2. So, apply KCL at node A, I told you

earlier that 1 2 minus i 1 is equal to 5 this is equation 3 right.

Solve equation 1, 2 and 3, so you will get your i 1 is equal to minus 100 upon 18 ampere; i 2
is equal to minus 10 upon 18 ampere; and i 3 is equal to minus 80 upon 54 ampere. So, this is
the answer right. So, one thing I can give you give you as an exercise, so you also find out
what is the what is the power your supplied or absorbed by this current and the voltage source

this is not done here, but it is an exercise for you. You please do it.
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Next is that your nodal verses mesh analysis. So, where you will go for nodal analysis and
where will go for mesh analysis look. This is actually generally for both nodal and mesh
analysis provide a systematic way of analysis and complex circuit right. So, if you have for
example, just hold on. For example, in network right in network that contains many series
connected elements right super meshes or voltage sources are suitable for mesh analysis right.
And similarly, a network that contains parallel connected elements, current sources or super

nodes are suitable for nodal analysis right, but this is actually something we are giving.

Actually question is that you have to see that where you have a minimum number of
equation. If you see that you for nodal analysis, if you have a minimum number of equation,

because if minimum number of equation means your competition time is less right; we have



to see that why whether nodal analysis or mesh analysis, which one will be suitable such that

you can have minimum number of equation that is the that is that idea for your what you call

for nodal or mesh analysis right.
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So, ultimate thing is, if voltage are required, then you go for nodal analysis. If currents are

required, better you go for mesh analysis, but both the cases you please see that whether you

need for nodal analysis whether where you have a minimum number of equations right, this is

the idea. So, this is the difference between nodal and your what you call mesh analysis.
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Now, some exercise you will do at least 10 problems I am giving you. So, here you have to
find out v 1 and v 2 right using nodal method. Answers are given everywhere right hand side

you see v 1 is equal to minus 2 volt, and v 2 is equal to minus 14 volt this will do.
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Similarly, you take a example 2. So, using node voltage method determine v 1 and v 2 of the
circuit shown in figure 32 the chapter 3.32, so figure 3.2. So, this is another one this will
solve. Then another one the figure 3.3 using nodal analysis, find the power delivered by each
source in the circuits shown in figure your 33. So, this is the figure right. So, you have to find

out the power delivered by each source of the circuit right.
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Next, these answers are given 150 watt; 80 watt; and 144 watt respectively answers are given.
So, determine v 1 and v 2 of the circuit shown in figure 34.
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So, here also v 1 and v 2 you have to find out right answers are given. Hope all answers are

correct. But, I suggest, if you find any error of these things, you please let me know such that,
I can rectify answer right.
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So, as example 5 you have to find out v 1, v 2, and v 3, and i of this circuit shown in figure
35. So, this is the 35 figure, you have to find out v 1 your v 2 here, [ have askingv 1,v2,v3
and I, v 3, v 2 is here. Hold on v 2 do not over loop this, this is actually v 2 right. Here, it is

given v 2. You have to find out v 1 v 1, v 2 and v 3 right, and 1 this i for this problem right.

So, let me clear it.
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Here, something different, because generally (Refer Time: 21:52) but here it is given you find
out. Answers are given, v 1 but note that v 2 is not a reference node that 0 potential nothing v

2 is equal to minus 72.73 volt, answers are given.
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Then example 6 are using nodal analysis, you have to determine i x right of the circuit. So, i x

is a dependent voltage source is there; and answer is given i x is equal to 2.31 ampere.

(Refer Slide Time: 22:20)
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Similarly, for problem 7, the that example 7 find by using mesh current technique find 1.

Actually, it should be 1 x right, that is a nodal analysis actually this should be your 1 x right.



So, here it is a correction, this is should be suffix is 1 x right find 1 x. So, same figure that
figure 36 means this figure same figure, and you have to find out and this is also your 1 x

right. So, 1 X because it is also 2.3 answer has to be same, so 2.3 ampere. So, this is correction

only right.

(Refer Slide Time: 23:06)
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So, these you will this you will do it, so let me clear it right. So, this is your asking for your
nodal analysis. And same thing is asking for mesh analysis right, both you will do. Then, 3.8
you have to find out v 1, v 2, v 3 of the circuit shown in figure this, so you have v 1,v 2, v 3

all marked.
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So, and a dependent and a independent your this thing 4 1 x that is your 10 ampere thing is
there, and a 4 1 x your dependent current source is there right. So, just you all answers are
given right. So, another thing is just hold on just hold on it is ok. And another thing is that

your problem 3.9 using mesh analysis, you determine i x of the circuit right.
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So, there is so dependent voltage source is there, and this current is i x. So, you find out this
one. And answer is given 1 X is equal to minus 5 ampere it is given. A last problem I actually

have many problems, but only this 10 I am giving for dc circuit only ac circuit problem will



be reduce. So, using mesh current method determine power delivered to the 2, 2 ohm register

in the circuit.
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So, this is your what you call that your last problem 10. You have to using mesh current

method; you have to determine that power delivered to the 2 ohm resistor in the circuit shown

in figure this.
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So, this is that figure right, so 2 independent your voltage sources are there one dependent

your current source is there right. So, all these things I think here 1, just 1, just hold on I think



here 1, this one your a sorry. Here, it is a dependent current source i because this 1 x, here you
change the here you change these things thus it should be it should be 4 i x right. So this is

the correction right so anyway.
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So, with this your this a this chapter will be close, so we will go to the next one right. So,
hope detail have been made, so many examples have been solved. And I do believe that you
have you have understood all these all these things right. So, next one will be your circuit
theorem right. So, circuit theorems actually in chapter 3, we have seen that sometime we have
used KCL and KVL right, and circuit analysis and you are tampering with this original your

what you call without tampering its original configuration right.

But, in major drawback of this circuit user of this analysis your KC, your KCL, KVL there
we are going for nodal and mesh analysis right, you have to a this thing you have to solve
very large complex circuit right. So, over the years, and it is a tedious computation is
involved; so handle the complexity of the circuit over the years engineers have developed

some circuit theorems right.
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And, so such theorems are called sometime Thevenin’s theorem and Norton’s theorem right.
So, these theorems are applicable to linear circuit. And in this chapter right, we first discuss
the concept of circuit linearity and in also will discuss the concept of super position source
transformation and maximum power transfer, I have underlined those things. So, here circuit
theorem will learn Thevenin’s theorem and Norton’s theorem. Apart from that will learn
super position theorem then your source transformation and the maximum power transfer

condition right for the your for the dc circuit first.

So, whenever, we go for linearity property, so basically it is the property of an element
describe a linear relationship between cause and effect. This you this you know even from
your higher secondary physics this you know that is a property of an element describing a

linear relationship between cause and effect right.

So, although linear property applies to many circuit elements right, but in this chapter, we
will restrict it to the registers only because we have handling only dc circuit. So, the linearity
property the combination of both the homogeneity property that is your scaling, the
homogeneity property that is the scaling and the additivity property right. So, one is
homogeneity, another is additivity right. So, this linearity property is a combination of both.

So, just let me let me let me clear it right.

So, homogeneity property it requires that if the inputs it is called excitation. If the input your

called excitation, here it is just you mark this one. If the input is excitation, and it is



multiplied by constant, then output is also multiplied by the same constant. For example,
where you make v is equal to i R say in ohms law right, then if you multiplied by constant k

way increase way decrease, so KV is equal to K I R, so will come to that.

Thank you, we will again come to that.



