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UNIT No 1

UNIT-1: Nodal Analysis of Electric Circuits

Basics of electric circuits, circuit elements and their voltage — current relationship, classification
of circuit elements, sources - their types and characteristics, concept of equivalent sources,
source transformation and duality, concept of supernode and V — shift, nodal analysis of circuits
containing resistors, inductors, capacitors, transformers, and both independent and dependent
sources to determine current, voltage, power, and energy.

1 NODAL ANALYSIS

Q1. Find voltages V; and V; of the network shown below using Nodal Analysis.
10

AN
10V **) Vi sq 1OQ£V2 CDZA

Figure: 1 Q1
Answer:

10V 1Q 1

2Q 2
L adA'AY AAAY
10VC—> Vi 50 100% V2 Cf 2A

!

Figure: 2 Network with node numbers

There are 3 nodes in the above network say 1, 2, 3 but node 1 voltage is Known as =10V.
Again V1 and V2 is denoted in given network.

So KCL at node 1
Vv,—10 VvV, V-V,

1 5 7 0
Vi-10+02V;+05V;-05V,=0
1.7V, -0.5V, =10 (1)
Then KCL at node 2
Vo VamVi_
10 2

0.1V,+0.5V,-05V,=2
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-0.5V{+0.6V,=2 (2)
Equations (1) and (2) in matrix form
1.7 —0.5] [Vl] _ [10]
—-0.5 0.6 1[V; 2
Solving above matrix
V1=9.0909V
V,=10.9090V

Q2.Determine the nodal voltages of the network shown below.

10
M\

4V
N[
L

%30 20s 8(®)

3O

3A
Figure: 3 Q2
Answer:
10
= —y}
tH{ sa
= )
—/ av
50 2 * +| - *
-Vlvv\, II 3
) O P
30 205 %A
-—
— 0
3 il

Figure: 4 Network with node numbers
There are 3 nodes in the given network 1, 2 and 3.
And nodal voltages V1, V2 and V3 respectively.
As an independent voltage source of 4V is connected between node 2 and 3 so they are forming a

supernode.
KCL at node 1
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V..V, V=V,
z + T = —-5+3

0.2V,-02V,+V; - V3=2

1.2V, -0.2V, -V;=-2 (D)

KCL at supernode 2 and 3

Vo=Vi Vp V3 V3-—V

5 t3tzt—1 =°7°8

0.2V, -0.2V; +0.33V, +0.5V53+ V53—V, =3

-1.2V;+0.53V, + 1.5V3=-3 2)

Equation from Supernode is

Vo-V3=4 (3)

Equations (1), (2) and (3) in matrix form

1.2 =02 -111" —2]
-3
4

—-1.2 053 15[V
0 1 —111V3

Solving above matrix

V;=-8.61V

V2: -3.61V

V3 =-7.61V

Q3.Consider the circuit given below. Determine the current labelled i1 using nodal analysis.

0.5i 20Q)
S

3v(®) OV @)

,\/4\(/)\, -l
Figure: 5 Q3

Answer:

0.5i 20
2o NS AN—1

N
3v(®) O ®
— M=t

1

Figure: 6 Network with node numbers
There are total 5 nodes in the above network as 0,1,2,3 and 4.




BOOK TITLE

Vo:()

And V=4V

As an independent voltage source of 3V is connected between node 1 and 2 & dependent voltage
source of 0.51 is connected between node 2 and 3 so node 1 and 3 are forming a supernode.

KCL at supernode 1 and 3

Vi 3=V,

A R

0.25V{+0.5V53-0.5V,=-2

put V4 =4V

0.25V; +0.5V3-2=-2

0.25V;+0.5V5; =0 (D)

Equation between node 1 and 3
V;-V;= 0511 +3
Where
V=V, V;—4
2 2
Substituting in above equation
Vs —4

i1:

V3 _Vl == 0.5

V3 — V1 = O.25V3 -1

V3 — O.25V3— V1 =—1

075V3 - V1 =—1

-V +0.75V;=-1 (2)
Equations (1) and (2) in matrix form

[025 (LS}[Vq _ [0]
-1 0.750[V; -1
Solving this

V1=0.73V and V2=-0.36V

Q4. Determine the nodal voltages of the network shown below using nodal analysis.

NV

+ 10 T

W 0 3bp<£;> Ix
(:i;)zv EE?Q
10

9A 2Vy T

Figure: 7 Q4
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Answer:
3
+—W
+ 10 T
Figure: 8 Network with node numbers
Letv=2v

KCL at node 1
vl - 2 vl - 1.73
+
2 1
0.5vi—-1+vi—-v3=-9
1.5V1 — V3= -8 === “(1)
KCL at supernode 2 and 3
V,—2 vV, V3—V
1 2 * 1
Where vy =2-v,
V,—2 vV, V3—1V;

=—9

1
= 2vy

V=2 VU V3—UVp

1 + > + 1 =4 -2
Vo—2+05vp+v3—v;+2vi =4
vi+1.5vp+v3=6 ---(2)

supernode equation

Vo —V3 = 3 ix

where iy = -(v2/2)=-0.5v2

Vo) —V3 = 3—(V2/2)

V) —V3 = —1.5V2

vo—v3+1.5v, =0

2.5v, —v3=0 ----(3)

Writing equation (1), (2) and (3) in matrix form
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1.5 0 -—-11"1 -8
1 15 1[|V:= 6]
0 25 —-1llV; 0
Solving above matrix
V,=-2V

V,=2V

V3=5V

QS. Determine the nodal voltages of the network shown below using nodal analysis.

/+\175Iq
\/
+ % =
—\\V\V N\NN—TNVVN
10Q 50 200
T 0.625V,
1000 CDGOV | 2000 4000 <T>
q
Figure: 9 Q5
Answer:
175l
P\
A4
. 6oVt Ve —2, 3 4
10Q 50 20Q

§IOOQ <1>60V I£§2000 ;400(.2 <aT>

1o

Figure: 10 Network with node numbers

KCL at supernode 1 and 3

vl - 60 vl 1.73 - vz 173
+ L4 +— = 0.625
10 100 " 20 200 Va

Where v, = v, — 60
v;—60 v, v3—v, vz
10 +100+ 20 +400—0.625(v2 60)
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=60, i V3T V2 Vs _eosy 375
10 100 20 400 2 '

0.1vi =6+ 0.01v; + 0.05v3 — 0.05v, + 0.0025v3 — 0.625v, = -37.5

0.11v; = 0.675v, + 0.0525v3 = - 31.5----—--mmmmm- (D)
KCL at node 2
v,—60 v,—v3 v

2
5 t720 t2007°

0.2v, — 12 + 0.05v, — 0.05v3 + 0.005v, =0

0.255v,—0.05v3 = 12---—------m-mmemv 2)

Equation from supernode

v3—v; =175

Where I, = — (v2/200) = 175(— (v2/200)) = —0.875v2

v3—v; =-0.875v,

V3— V] + 0.875V2 =0

-Vt 0875V2 + V3 =0 (3)

Writing equation (1), (2) and (3) in matrix form

0.11 —-0.675 0.0525][1 —-31.5
0 .255 -0.05||V2| =] 12 ]
-1 .875 1 V3 0
Solving above matrix
V;=-60.75V,
V2 = 30V,
V3 =-87V

Q6. Determine nodal voltages of the network shown below using nodal analysis.

8Vy
40
MWN—ED

+ Vs —
AT
10 20

Figure: 11 Q6
Answer:
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Figure: 12 Network with node numbers

From the network

V3 — V1 = 8Vb
Where Vb = VZ - V3
So

Vi-V=8(V2-V3)

V3—V1 :8V2—8V3
V3-V1-8V,+8V3=0

-V1- 8V, +9V;3=0

While writing for node 1
V1+8V2—9V3

So KCL at node 1

Vi, V=V, V;+8V,—-9V;

2 1 4 B
0.5V +V; -V, +0.25V| + 2V, -2.25V;=4

175V1 +V; - 225V3_4 ——————

Again
V,-0 =48
V,-48=0
KCL at node 2
V,=Vy, Vo,—=V; V,—48
1 Tz tTz =0
V-V +0.5V;,-0.5V;5+0.25V, - 12=0

Vi + 1.75V5 - 0.5V3 = 12 oo

KCL at node 3

V=V, V3 9V;—-V,—8V,
2 2 4

= 41,

- 2)
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0.5V3-0.5V,+0.5V3 +2.25V;3 - 025V, - 2V, =4],
-0.25V-2.5V, +3.25V; =41,

Where [, = % = 0.51;

-0.25V- 2.5V, + 3.25V;3 =4(0.51;)
-0.25V-2.5V,+3.25V3 =2V,
-0.25V-2.5V,+3.25V3-2V;=0

225V -2.5V, 4+ 3.25V;3 = 0-------ommmmm- --(3)
Equations (1), (2) and (3) in matrix form

1.75
-1
—2.25

1 —2.25
1.75 =5
—-2.5 3.25
Solving above matrix

V1=-19.73V
V2=-10.67V
V3=-21.87V

4
12

0

Q7.Find the time-domain node voltages v1(f) and v2(#) in the circuit shown in Figure using nodal

analysis.

Answer:

——
-1 O

@

120°A

310

= 10 i5 10

Figure: 13 Q7

-_]5
1l
. 1
- | 2
" i10 L |
= 10 is 10

Figure: 14 Network with node numbers

0.52-90°A

0.52-90°A
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KCL at node 1

v.—-Vv, V.-V, V. V.
1 . 2+ 1. 2+_1+ .1
—Jj5 j10 5 —j10

V[1+1+1+ 1]+V[ ! ! =1
Hl—j5 "j10 "5 —j10 - B

Vi1 (0.2 +0.2)) + Va(=0.1j) = 1---mmommmmmeee - (1)
KCL at node 2
-V, V-V VY

=120°

— 0
5 0 tiotys T (0947900
V[ ! 1]+V[1+1+1+1]—05'
'L —j5 10 5510 10 " 5l T Y

V1(=0.1j) + V2(0.1 = 0.1j) = 0.5j-----------------—- (2)
Equations (1) and (2) in matrix form

[O.2+O.2j ~0.1j H ] [ ]
—~0.1j  0.1- 0.1 0.5

Solving above equations
Vi=1-2V=224,-634"V
Vy=-2+j4V=44721166"V
vi(t) =2.24 cos(wt — 63.4°) V
vo(t) =4.47 cos(wt + 116.60) V

Q8. Obtain V of the network shown below using Nodal Analysis.

Figure: 15 Q8
Answer:
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4{\(}2/\(\
18 2 0°V g
2
; 3
+ .
22>V _14:: 0.2Vy <T>
1o

Figure: 16 Network with node numbers

There are 4 nodes in the given network as node 0, 1, 2 and 3.

And node 0 is a ground or reference or datum node.

As an independent voltage source is connected between node 1 and 2 so they are forming
asupernode.

KCL at supernode 1 and 2

Vi=Vs Vy  V, V=V

2 +7+—4j+ 3 =0
Loy by R B
2j 2 2 -4 8 8

1 1 1 1 1 1
Vl[z—ﬁz]”z[_—wg]”s ~2 78l
V1 [0.5 -05j] + V2 [0.125 + 0.25j] + V3 [-0.125 + 0.5]] = 0---------==mmmmmmmmmmmm e (1)
KCL at node 3
V=V, V3=V

3 + 2] = 0.2V,
Where Vo =V,

1 1 1 1
Vl[—z—j] +V2[— g] +V3[2—j+ g] = 0.2V1

Vi [0.5j] + V2 [-0.125] + V3 [0.125 - 0.5;] = 0.2V1
Vi [0.5j]] - 0.2V + V,[-0.125] + V3[0.125 - 0.5j] =0

Vi1 [0.5j-0.2] + V5 [-0.125] + V3 [0.125 — 0.5]] = 0------------mmmmmmmmmmm- (2)
Equation from supernode
Vi-V,=18 ettt i (3)
Equations (1), (2) and (3) in matrix form
0.5- 05 0.125 + 0.25j —0.125 + 0.5j]1V1 0
0.5 — 0.2 —-0.125 0.125-0.5j [[V2|=]0 ]
1 -1 0 V3 18
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0.5- 05j 0.125 + 0.25] —0.125 + 0.5]

A=10.5] — 0.2 —0.125 0.125 — 0.5j |=0.1625- 0.1188i
1 -1 0
0 0.125 + 0.25j —0.125 + 0.5j
A=1]0 —0.125 0.125 — 0.5j | =2.2500 + 0.5625i
18 -1 0

105-05 0 —0.125 + 0.5]

A,=105 - 02 0 0.125 - 0.5j | =-0.6750 + 2.7000i

L 1 18 0
0.5-05j 0.125 + 0.25j O
A3=10.5] — 0.2 —0.125 0 [ =1.5750 + 0.90001
1 -1 18

Vi =A_1 / A= (7.3770 + 8.85251)V =V,
Vo =A,/ A=(-10.6230 + 8.85251)V
Vi3=A3/A=(3.6798 + 8.22761)V

Q9.Use nodal analysis to determine the power supplied by the sources individually.

=

Figure: 17 Network with node numbers
Answer:

In the above network total 5 nodes are there. Out of that 1 is taken to be a reference node or

ground node.

As the nodes are labeled in the given network a, b, ¢, d where V4 =2V and V. =2V from given

network

So we have write only 2 nodal equations at node a and b

KCL at node a

Vo—2 Vo=Vy Vo—W
0.5 + 1 + 2

=0
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Vo _ 2 +V, V+V“ 2—0

05 05 laTht5T5=

v, 2 v,

E_E-H/ Vb+7_1—0

2V, —4+V, -V, +05V,—1=0

3.5V, -V, =5 (D
KCL at node b

VW Vo—Va Vp—W

— =14

0.5+ 1 + 1

Vy

05+Vb Va+Vb_2=1
ZVb+Vb_Va+Vb_2=1

4Vb_Va:3

-V, +4V, =3 (2)

Writing equation (1) and (2) in matrix form as follows

25 2] =15]

A:[3'5 _1] —14-1=13

A1:[53 _41] —20+3=23

p=[*% 2] =105+5=155

A 23
Vo, =2 =2=1.7692V
Vy =2 ="2=-11923V
* Power supplied by 2V voltage source P = VI where = V/R =V,/0.5 =1.7692/0.5 =
3.53
e =2%3.53
e =7.0768W

* Power supplied by 1A current source P = VI = Vi *I = 1.1923*1=1.1923W

* Power supplied by another 2V voltage source P = VI where [= V/R=V./1 =2/1=2
o =2%¥2=4W
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Q10.Use nodal analysis to calculate the potentials V4 and Vp for the network shown in Fig.

A 2Q g

Figure: 18 Network with node numbers
Answer:

KCL at node A
Va—=Vg V4
+—=05A4
2 1
OSVA - OSVB + VA = 5
KCL at node A

Ve —Va Vs .
S+ 3 =104 +2i

Where
Va— Vg
2
Substituting in above equation

i =

Ve =Vy V, Vy—=V
Tt 5 =104+ 2( )
—1.5V, + 1.83V; = 10 (2)

Writing equation (1) and (2) in matrix form as follows

1155 I%??] ] [10]

A= [15 183] 2.75 — 0.75 = 2
15 —05]_ B
M=o 1_83]_9.15+5_14.15
7115 571_ B
p2=|_" °|=15+75=225
A 1415

ATA T 2 T
A, 225

Vy=—2=""=11.25V
B™ A 2
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UNIT No 2

UNIT-2: Mesh Analysis of Electric Circuits

Concept of super mesh and I — shift, mutual inductance, coefficient of coupling, dot convention,
dot marking in coupled coils, mesh analysis of circuits containing resistors, inductors, capacitors,
transformers, and both independent and dependent sources to determine current, voltage, power,
and energy.

1 MESH ANALYSIS

Q1.Find the mesh currents of the network shown below using mesh analysis.

2V,
60 80
(D ’n
.\ 40
20 8V
6A
§30

=<

Figure: 19 Q1

Answer:

2A<T>, . 0 13
D O

Figure: 20 Network with meshes
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w t
- ) 80

Supermesh

Figure: 21 Network with supermesh
Apparently there are 4 meshes in the above network as mesh 1, 2, 3 and 4.
But from the observation of the above network current of mesh 1 is 2A. i.e.] = 2A
KVL to mesh 1
6(11 - I3) + 4(11 — Iz) -2Vx=0
where Vx=2(2-1,) =4 -2
6(i—)+4(,-L)-2(4-2)=0
6(Li—L)+4(,-L)-8+41,=0
6l -6I3+41, -4, -8 +4,=0
10} — 613 = 8------mmmmmmm oo (1)
As an independent current source of 6A is connected between mesh 2 and 3 so these meshes are
forming a supermesh.
KVL to supermesh 2 and 3
2(L-2)+4(L-1)+6(I3—-1) +8l3+8=0
2, -4+ 4L, - 41, + 61— 61, + 813+ 8 =0

—10L; + 6 + 143 = —4--------mmmme- 2)
Equation from supermesh
13 - Iz =6 e it (3)

Equation (1), (2) and (3) in matrix form

10 0 -6][h 8
-10 6 14||L|=|-4
0 -1 115 6

Solving above matrix

I,=2.857A
L=2.514A
I;=-3.143A

Q2.Find the mesh currents of the network shown below using mesh analysis.
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KVL for mesh 2
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4Q

A
AM—ARA
1Q 2Q

D=

I,

OF

20 . 4Ia<t>

Figure: 23 Network with meshes
There are total 5 meshes in the given network.
Let the mesh current are 13, 1o, i3, 14 and is

From the observation of network i; = 4A and 14 = -4,

2(1—4) +1(1, — i5) + 48 + 4(i—i3) =0
2ip — 8 +1p — 15 + 48 + 4i, — 4i3=0

7i2—4i3 —i5 :—40

KVL for mesh 2

2(i3 +41,) + 2(13—15) —48 + 4(i3—12) =0

2i3+ Sia+2i3—2i5—48+4i3—4i220

Wherei, =4 -1,

2i3+ 8(4—i2)+2i3—2i5—48 +4i3—4i2:()
2i3+32—812+2i3—2i5—48+4i3—4i2:()

—12ir + 8i3 — 2i5 =16
KVL for mesh 5

2)
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1(is—1ip) + 2(is —13) — 8Vp + 4i5 =0

Where Vb = 2(13—15) = 2i3 - 2i5

is—1p + 2is — 2i3— 8(2i3— 2is5) +4i5 =0

15 —1p + 2is — 2i3 — 1613 + 1615 + 4i5 =0

—1p — 18i3 + 2315 = 0---------mmmmm oo 3)
Equation (1), (2) and (3) in matrix form

o 1 (]

Solving above matrix

[,=13.87A

[,=28.53A

15=22.93A

Q3. Find the mesh currents of the network shown below using mesh analysis.

2Q

61x 10V 40

Vy 4Q 2Q 3Vy

Figure: 24 Q3

Answer:
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l

Ix
oV 40

20
OO

L 3Vy

Figure: 23 Network with meshes

There are 4 meshes in the above network as mesh 1, 2, 3 and 4. But from the observation of
given network one of the mesh current is know say current I = -8A as the direction of assumed
mesh current i is exactly opposite to the independent current source of 8 A connected in the same

mesh.

Sol=-8

KVL to mesh 1

4I; + 2(I1 - L) + 6Ix=0
Where Ix=—8 — 15

41 + 2(I1- L) +6(-8-13) =0
41 + 211 -2, - 48 - 613=0

611 — 212 — 613 = 48 ———

KVL to supermesh 2 and 3
2(L-1)+10+2(I3+8) +413=0
2L -2+ 10+ 23+ 16 + 413 =0

2L+ 2L, + 6I3 =-26--

Equation of supernode
Iz— I3 = 3VY

Where Vy =4I,

12— I3 = 3(—411)

12— I3 = —1211
L-L+121=0
12+, -3 =0 -----
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Equation (1), (2) and (3) in matrix form
6 -2 -6][h 48

-2 2 6 ] [12] = [—26]

12 1 —1ll5; 0

Solving above matrix

I, =55A
I, =-51.38A
I; =14.62A

Q4.Find the mesh currents of the network shown below using mesh analysis.

——"

j4
; ; 10
© !
T~ 10£60°V
520°V |+

Answer:

- 10260°V

Figure: 25 Network with meshes

There are 3 meshes in the given network as meshs 1, 2 and 3.
KVL to mesh 1
—520°+30; +j4i; + 53— 1p) + 6(1;—i3) =0
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—520°+3i; +j4i; + 51— 5ip + 61— 6i3= 0
(14 +j4) iy — 5ip — 6i3 = 5 ----

KVL to mesh 2
S(iz— 11) —j6i2 + 10(i2— 13) =0
5ip—5i; — j6ir + 10i,— 10i3=0

—5i; + (15-j6)i, — 10i3=0 -(2)

KVL to mesh 3

10 2 60° + 6(i5—i1) + 10(i3— ip) + j4i3 =0
6i3— 61 + 10i3— 10i, + j4iz = — 10 2 60°
— 61— 100, + (16 + j4)iz = — 10 £ 60°
Equation (1), (2) and (3) in matrix form

-(3)

14 +j4 =5 -6 11l 5
-5 15—j6 —10 12] = 0 ]
-6 ~10 16+j4ll] -5+ 8.6602))
14 +j4 -5 -6
A=| -5 15-j6 —10 |=900+268i
—6 ~10 16 + j4
5 -5 —6
A= 0 15—j6  —10 |=-191.77 - 1212.4i
|—(5+8.6602)) —10 16 + j4
14 + j4 5 -6
A,=| -5 0 10 |=196.41- 1572.2i
—6  —(5+8.6602)) 16 + j4]
14+ j4 -5 5
A,=| -5 15-j6 0 =-552.84 - 1870.0i
-6 ~10  —(5 +8.6602))]

Solving above matrix

I, = A/A = (-0.5642 — 1.17911)A = (1.3071 £ 115.57%)A
L = Ao/A = (-0.2774 — 1.66431)A= (1.6872 £ —99.46")A

I3 = As/A = (-1.1326 — 1.74051) A =(2.0765 2£-123.05")A

QS. Obtain expressions for the time-domain currents i; and i, in the circuit given as Fig.
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3

+

A

_>Il

@ 1020°V  j4 21, <f>

Answer:

Figure: 26 Q5

3 )2

— AN | |
aad |

+
10?0%@ @ 4 @

Figure: 27 Network with meshes

There are 2 meshes in the above network as 1 and 2. Therefore

KVL to mesh 1
31, +j4(I — L) = 102 0°

ERT ST g () B—

KVL to mesh 2
]4(12 - 11) _j212 + 211 =0

(CRRR7) P ) SR | N——

---------- 2)

Equations (1) and (2) in matrix form

220 el =10]

Solving above equations

I, = 1.0769 + 0.6153j A = 1.24 £ 29.74° A
I, = 1.5384 +2.3076] A =2.772 56.3° A

i1(t) = 1.24 cos(10%t + 29.7°) A
ix(t) = 2.77 cos(10%t + 56.3°) A

214
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Q6. Find mesh currents of the network shown below using mesh analysis.

j4
+ oy 1
CD 22>V WVol2) P
42-30°A _ l
Io
Figure: 28 Q6
Answer:
j4
Q 22 Vo D Vo D I
42-30°A _ l
Io

Figure: 29 Network with meshes

There are 3 meshes in the given network as 1, 2 and 3 and mesh currents are as i, i, and i3
respectively. But from the observation of above network
i=4 2 -30°=3.4641 - 2j

KVL to mesh 1

2(i; — i) +j4i; + 3V =0

2(1; — (3.4641 — 2j)) + j4i; + 3V =0

2(1i; — 3.4641 + 2j) + j4i; + 3V =0

21 —6.9282 +4j+j4i; +3Vy=0

(2 +j4) i + 3V =6.9282 — 4j

Where Vo =23 —i;) = 2(3.4641 — 2j—i;) = 6.9282 — 4j — 2i,
(2 +j4) i) +3(6.9282 — 4j — 2i;) = 6.9282 — 4
(2 +j4)i; +20.7846 — 12j — 6i; = 6.9282 — 4]
(2 +j4)i; — 6i; = 6.9282 — 4j — 20.7846 + 12j
(=4 +4j) i, =-13.8564 + §;

iy =2.7320 + 0.7320] A
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Then Vo = 6.9282 — 4j — 2i, =6.9282 — 4j — 2(2.7320 + 0.7320j)
Vo =6.9282 — 4j — 5.464 — 1.464j = 1.4642 — 5.464;

KVL to mesh 2
—3V()— 2]12 =0

~3(1.4642 — 5.464j) — 2ji» = 0
43926 + 16.392j — 2ji» = 0
~2ji, = 4.3926 — 16.392j

i, =4.3923 - 16.3923j / -2

i = (8.1962 + 2.1962)A

Q7. Calculate I, and I, of the network shown below using mesh analysis.

Answer:

—»Il —»Iz
j30 55 20 ==
+ + +
- 42-0°V |~ -

Figure: 30 Q7

—_— Il —_— I2

130 55 -120 ——
I
L

+ + +
104—80°V@ @ 2223V
- 42-0°V |~ -

Figure: 31 Network with meshes
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There are 2 meshes in the given network as mesh 1 and 2.
KVL to mesh 1

-V + 30] L +55(I;-L) +V,=0

Where given V| = 102-80° V,V,= 4,-0°V
—(102-80% +30j I + 55(I; - L) + 42-0" =0

—(1.7364 — 9.8480j) + 30 I; + 55(I, — L) +4 =0

30j I + 551, - 55 I, = (1.7364 — 9.8480j) — 4

(30§ +55)I; =55 1, =-2.2636 — 9.848] --- (1)
KVL to mesh 2

Vo +55(I,-1))—-j20 L + V3 =0

Where given V, =42-0° V are V3 =22-23°V

— (42-0% +55(I, - 1)) - j20 I, + 22-23° =0
—4+551,-551; -j20 I, + 1.8410 - 0.7814i =0
—551;+(55-j20) , =4 — 1.8410 + 0.7814i

=550+ (55 -j20) I, =2.159 + 0.78141 ------------m-mmmmmmmmm- (2)
Equations (1) and (2) in matrix form
30j + 55 —55 1] _[—2.2636 — 9.848;j
[ —55 55 — jZO] IZ] N [ 2.159 + 0.7814;j ]
30j + 55 —55 ,
=[ _cc 55 — j20 = 600 + 550i
—2.2636 — 9.848j —55

Aq ] = —202.71 — 453.39i

~ | 2.159 + 0.7814j 55 — j20

Ao [30]' + 55 —2.2636 — 9.848;
2= | —s55 2.159 + 0.7814;]

Solving above

I, = -0.5600 — j0.2423 = 0.6092 2— 156.80° A

I, = -0.3867 — 0.3687j = 0.5375 2— 136.51° A

] = —29.195 - 433.89i

Q8.Write mesh equilibrium equations for the circuit shown in Fig. and find the voltage Vx.

, 5,30°V
2 -2j
ANNN— + |
(i) 1020°V 3] 10
AVAVAY, ANN—
5 2 2j

10
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Figure: 32 Q8
Answer:

10
Figure: 33 Network with meshes

There are 3 meshes in the given network as 1, 2 and 3.
KVL to mesh 1
-1020° + 2i; - 2ji; + 5j(iy — ip) + 5(i; —i3) = 0
2i; -2ji; + 5ji; — 5jip + 51— 513 = 10
(7+3j) i1 — 5jip — 513 = 10 —=--=--mmemmm oo (1)
KVL to mesh 2
5£30° + 10is - 2j(in— i3) + 2(is — i3) + 5j(i2—i1) = 0
101, - 2jin — 2jis + 2ip — 2i3 + 5jin — 5ji; = -5230°
=5ji1 + (1243)) 1 — (2 - 2j) i3 = - (4.3301 + 2.5j) ------------- (2)
KVL to mesh 3
10i3 + 5(i3— i1) + 2(i3 — i) - 2j(iz—i) = 0
10i3 + 5i3— 5i; + 2i3 — 2ip - 2jiz—2i, =0
Si1-2-2))ir+(17-2j)iz=0 e 3)

Equations (1), (2) and (3) in matrix form

7+ 3j =5
=5j 12 + 3j —(2 — 2]) [12] = [ (4. 3301 + 2. 5])]
-5 —(2-2)) 17—2]

7+3j  —5j
A=| -5 12+3j —(2 —~ 2]) = 1390 + 650i
-5 —(2-2)) 17-2j
10 —5j -5

= [-(3301+25) 12+3] —(2-2j)|=2200.9- 24.757i
0 —2-2j) 17-2j



[7 + 3j 10
A,=| =55 —(4.3301 + 2.5j)
| =5 0
[7 + 3j —5j
As=| —=5j 12 + 3§
| -5 —(2-2))
Where

—(4.3301 + 2.5))
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-5

—(2—-2j)| =- 140.51 + 339.79i

17-2j |
10 '

0

11 =A1/A=1.2924 — 0.6222iA = 1.4344 2 - 25.71
1, =A2/A=0.0109 + 0.23941A = 0.2396 £ 87.39
13= A3/A =0.4221 - 0.10651A = 0.4353 £-14.16

= 655.90 + 126.39i

Q9. Find the voltage drop across resistance R in the network shown in Fig. using mesh analysis.

10 10 10
M\ M\ M\
1 0 L s Lar
5V —= l. 2 | VR§ no|
_ (14

- 10V

Answer:

Figure: 34 Q9

There are total 3 meshes in the given network

KVL to mesh 1
10L, +2(I1,-I,)-5=0
101, + 2L, - 2I, =5

121, - 2, =5

KVL to mesh 2
10I, + 2(Ip - L) + 2(Ip - L) =0
101, + 21, - 21, + 21, - 2I. =0
21, + 141, -21. =0

KVL to mesh 3
101, +2(I. - 1) -10=0
101, + 2I. - 2I, = 10

-2l + 121, = 10 --

(D

2)

3)

Writing equations (1), (2) and (3) in matrix form as shown below
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12 -2 01][l 5
[—2 14 —2] [Ib] = [ 0 ]
0 -2 121l 10

12 -2 0
A=1-2 14 =2
0 -2 12

A=12((14%12) — (-2 x =2)) = (=2)((12x =2) = (0 x —=2)) + 0
A=12(168 —4) +2(—24—0) + 0
A= 12(164) + 2(—24)

A= 1920

[5 -2 0]
Al=]0 14 -2[=860

10 -2 12

(12 5 0]
A2=1|-2 0 —=2[=360

L0 10 121

(12 -2 0
A3=|-2 14 -2|=1660

0 -2 12

I, = AI/A = 860/1920 = 0.45A
I, = A2/A = 360/1920 = 0.1875A
L = A3/A = 1660/1920 = 0.8645A

Q10.Use mesh analysis to determine mesh currents for the network shown in Fig.
6 10

MN——F W\

S § 2
2ov<_> G y §4

Figure: 35 Q10

Answer:

Apparently there are two meshes in the above network but as a independent current source of 6A
is connected between two meshes so they are forming a supermesh.

KVL to the supermesh

-20 +6I; +10L, +41, =0

6l; +14I, = 20 --—--------mmmm- (1)

Equation from supermesh
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L+ L =6 2)
Equations (1) and (2) in matrix form

[_61 114] 2] - [260]

Solving above matrix

11 =-32A
I, =2.8A
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UNIT No 3
UNIT-3: Network Theorem

Superposition Theorem, Thevenin’s Theorem, Norton’s Theorem, Maximum Power Transfer
Theorem

1 SUPERPOSITION THEOREM

Q1.using superposition theorem, determine current I for the network shown in fig below.
Vo =4.0°V
G
-/
§3Q

gis0

P AM——

3Q -j4Q

®

0

la =290 A
Figure: 36 Q1
Answer:

First consider only voltage source and make the current source deactivate i. € open circuit it as
shown below

Figure: 37 Network with C.S. open
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I—V— 420° —4—0667A
"R 3+4+3-4 6
Next consider only current source and make the voltage source deactivate i. short circuit it as
shown below

3Q -j4Q

®

lo =2290°A

Figure: 38 Network with V.S.1 short
Using current division rule

=Y 2000
27 3+4j+3—4j

L=-1.333+1j =(-1.333+j) A

Total current I =1, + I,
=0.667 — 1.333 —
I=(-0.666 —j) A

Q2.Using superposition theorem, find the current i4 for the network shown in below.

4Q 20

M M

Ow O O

Figure: 39 Q2

A\

Answer:
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There are 3 energy sources in the given network, one independent current source, one
independent voltage source and one dependent voltage source.
Superposition theorem does not have any effect on dependent energy sources.
First consider only voltage source and make the current source deactivate i. € open circuit it as
shown below

40 20

141

OLY T 3 <‘> "

Figure: 40 Network with C.S. open

Above network is forming a mesh with mesh current is.

KCL to the mesh

=20 + digg + 2141 2141 =0

8141 =20

i41 =20/8 =2.5A

Next consider only current source and make the voltage source deactivate i. short circuit it as
shown below

D= Q™

Figure: 41 Network with V.S. short

Consider the node a with nodal voltage V,. KCL at node a

Vo Va—204 c
4 2 B
Where

Vo Vo 204 c
4 2 2
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Substituting in above equation
V. Vo V,

a —
Tty =5
i42 = _1.25A

So total current is
14 =141 + 142 =1.25A

Q3.Using superposition theorem, find the current i for the network shown in below. M
24V

80
AN ()
-/

40 40
—\\W\ AV

Figure: 42 Q3
There are 2 independent voltages sources and 1 current source.

First consider only current source and make the 2 voltage sources deactivate i.e. short circuit it as
shown below

8Q S.C.
—\\N\
40 v, 40

V2

(2]

c. 2 (D

Figure: 43 Network with V.S. short
KCL at node 1 with nodal voltage V;
Vi Vi Vi—=V, 0

43 4
Vi Vi i 1,

4 3 4 4
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v[1+1+1]+v[ 1]—0
4 "3 " 4 2 -

4
1110.833] + V,[—0.25] = 0----------mmmmemem - (1)
KCL at node 2 with nodal voltage V,
V, V-1
—+ =3
o Vo i
8 4 4
V1[—0.25] + V,[0.375] = 3--------mmmmmmmm - 2)

Writing equations (1) and (2) in matrix form
0.833 —0.25] Vl] _ [0]
—-0.25 0.37511V; 3

Solving above matrix

V1 = 3V, and Vz =10V
Theni; =V|/R=3/3=1A

Next consider only 1 voltage source of 12 volts and deactivate the another voltage source and
current source i.e. short circuit the voltage source and current source is to be open circuit as

shown below

8Q s.C.

A

Figure: 44 Network with C.S. open
In the above figure 8C2 and 4 resistors are in series so adding them and redrawn the network

12Q

A

4Q

M\

<+> 3Q
_ 12V

i2

Figure: 45 Network with C.S. open
Now in the above figure 12€Q) and 4Q resistors are in parallel so simplifying and redrawn the

network
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12Q and 4Q resistors are in parallel =

R _ 12 X 4 _

Pal =42 +4 ™

3Q
NN
30 ’
i2
Figure: 46 Network with C.S. open

vy _ 12 12,
2TRT3Y3 76

Next consider only 1 voltage source of 24 volts and deactivate the another voltage source and
current source i.e. short circuit the voltage source and current source is to be open circuit as
shown below

24V

Y ()
+

Figure: 47 Network with C.S. open

There are 2 meshes in the above network so consider 2 mesh currents as i, and i3 as shown below
24V

8Q /-\

Figure: 48 Network with C.S. open

KVL to mesh 1 with current i,
8i2+24+4i2+4(i2—i3):0
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8ip + 4iy + 41y — 4i3 = -24
161, — 413 = -24 (1)

KVL to mesh 2 with current i3
3i3+4(i3—i2)20

313 +4i3—41,=0

7i3 — 412 =0

—4i,+7i3=0 -—-- ---(2)

Equations (1) and (2) in matrix form
[16 —4] [lz] _ [—24]

-4 713 0
Solving above matrix
ib=-1.75A and i3 = -1A
Totali=ij+i, +13=1+2+(-1)=2A

Q4.Using Thevenin’s theorem, evaluate the current I in the impedance Z = 2 + 3j connected
between nodes ‘a’ and ‘b’ of Figure shown below.

30 j4Q 20 13Q

MA—TIR
940°v@ -j4Q= §4Q

Figure: 49 Q4

L I

Answer:

Determination of Vy, i.e. thevenin’s voltage remove the impedance across ‘a’ and ‘b’ as shown
below

3 j4Q b

AMA—TIR I'VocO"Vth
+
940°V"\D )-MQT 40

Figure: 50 Network with Vy,

KVL to loop 1 with current I
O9+@B+4) L 4L, =0
3 + 4j11 —j411 =9
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311 =9

I,=9/3=3A

Thevenin’s voltage = Vo = Vip =V, - Vp =V,

As V15 0.

Voc = V= V,=IR=(-j4)(3) =-12jV =12« —90° v

Determination of Zy, i.e. thevenin’s impedance short the voltage source as shown below

30 j4Q a b
MA—T—— Zpn —

S.C. -j4Q §4n

Figure: 51 Network for Z,

Zth=GB+4)) || (-j4) +4
B+ 4) x(—j4b)

T B+ +(—4)
Thevenin’s equivalent circuit is as follows

+4 =933 —4j =10.1252 — 23.2°Q

Figure: 52 Network with Vy, and Zy,

Where Vi = -12jV = 122 —90°V
Zin=9.33 —4j = 10.1252 — 23.2°Q
71 =2+ 3]
14 122-90°

IL:_

=———=10.092 — 1.05j = 1.062 — 854
R 9.33-4j+(2+3j)

QS. Find the Thevenin’s equivalent between terminals a and b for the network shown below.

—A—< > AMA—a
6Q i 10Q

2i !

Figure: 53 Q5
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Answer:

To find Thevenin’s voltage V. or Vy, as follows

N DA —a
6Q

i 10Q

2i
C) 20V > 6Q Voc Or Vin

-b

Figure: 54 Network for Vg,

KVL to mesh 1 with current i
20+61-21+61=0

101 =20
1=20/10
1=2A

Voe=Vin =IR=2.6 =12V
Voe=Vn =12V

To find Ry, thevenin’s resistor short the terminals a and b as follows

ISC

Figure: 55 Network with I

KVL to mesh 1 with current i,
20+ 61 - 211 + 6(11 — 12) =0

61y - 2i; + 61; — 61, =20
101; — 615 = 20----mmmmmmmmeee e (1)

KVL to mesh 2 with current i,
10i, + 6(ip —1;) =0

101, + 61, — 6i; =0

-611 + 161y = 0-----mmmmmmeeee 2)
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Solving equation (1) and (2)
1, = 2.58A

i2 =0.97A = isc

Rin= Voo /1 = 13.6Q2

°
Figure: 56 Network with Vg, and Ry,

Q6. Find the Norton’s equivalent between terminals a and b for the network shown below.

A% NW—a
6Q 3Q
v <>
— i, b

Figure: 57 Q6

Answer:
To find Norton’s current Iy or I i.e. short circuit current
AN AMAN—a
6Q 3Q
ISC
+ + . Or
)1V i), )2 e In
b

Figure: 58 Network for I

KVL to mesh 1 with current i,
6i,-2i, +12=0

4i, =-12

1, =-12/4 = -3A

KVL to mesh 2 with current i,
21, + 31 =0

Substituting I, = -3
-2(-3) + 3i,c =0
6+3i,.=0
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6 =- 3i,
I = 6/-3 =-2A

To find Ry consider the given network

N\ NMVW—a
6Q 3Q
O G v
e 4 ia -b

Figure: 59 Network for Vi,

Where i, = -3A
Voe = IR =21, = 2(-3) = -6V
Voc  —6
Ry =—=—7=3Q
N T -2
RN =3Q
Norton’s equivalent circuit as
e a
C*) -2A §3Q
* b

Figure: 60 Network with Iy and Ry

Q7. Find the current through Ry, using Norton’s theorem for the network shown below.
R1 =3Q

NV

R2=R|_=1Q

R3=4Q

— v,=3v § R =20 <D 2A

Figure: 61 Q7
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Answer:

Remove the Ry, through which the Current is to be found out and short the terminals as shown
below
R1 =3Q

Figure: 62 Network with Iy

To find In

There are 2 meshes in the above network with currents Iy and I,
KVL to loop 1 with current I;

S3+2(0-5)=0

211 — 212 = 3 —————————————————————— (1)

KVL to loop 3 with current I3
3 + 4(13 — Iz) =0
33+4;-41, =0

T3 -4 =0 - (2)

As an independent current source of 2A is directly connected to mesh 2 with current I, but the
direction of I, is exactly opposite to the connected current source

Sol, =-2A

Substituting in equation (1)

21, - 2(-2) = 3- -(1)

21 +4=3

2l =3-4

211 =-]

11 =-0.5A

Substituting in equation (2)

T3 —4(-2) = 0 ==--mmmmmmmmmmmm e 2)

715 + 8=0
7I3=—8
I3 =-1.1428A
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From figure
In=Li-I=-2=-05-(-1.14) =0.64 A

To find Norton’s resistance i.e. Ry short the voltage source and open the current source as shown
below
R1 =3Q

AAAY

. R A

R3=4Q

S.C. R4 =2Q

Figure: 63 Network with C.S. open

Rn=(R;+R3) || R4
Ri+R3=3+4=7
Rn=7]2=(7.2)/7+2=1.555Q
Ry =1.555Q

OIS

—

Figure: 64 Network with Iy and Ry

Q8.0btain the Norton’s equivalent of the network shown in Fig., at terminals xy.

10§ T~-j10 §3
O x
10V t §j4

Ty

Figure: 65 Q8
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Answer:

To find Iy short the x and y terminals as below

10§ J‘-j10 §3

I

1ov(™*) o Sa

Figure: 66 Network with Iy

As seen from above network there are 2 meshes with current I; and I.
KVL to mesh 1 with current I;
-10 + 101, —JlO(I] - Iz) =0
101, —j10I, +j10I, = 10
(10 -310)I; + j10I, = 10---------------- (D)

KVL to mesh 2 with current I,
—j10(I- I;) + 3i, +j4, =0
—j10I, +j101; + 3i, +j41, =0
j10I; + 3-j6), =0 - 2)
equations (1) and (2) in matrix form
10 —j10 j10 ] 11] _ [10]
j10 3—j6]ll, 0

Solving above matrix
I; =(0.58 — 0.121)A and I, = (0.69 — 0.541)A
In=1 -, = 0.44042 73.87° = (-0.1223 — 0.423)A

To determine Zy i.e. Norton’s impedance short the voltage source as shown below

.
1o§ -j10 §3
}

Figure: 67 Network for Ry
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Zn=101 (3 +j4) + (-j10) =2.9729 — 7.83781 Q = 8.38 £-69.22Q

O

Figure: 68 Network with Iy and Zx

Q9. Find the load resistance Ry that enables the circuit between terminals a and b to deliver
maximum power to the load. Find the maximum power delivered to the load.

Y 4Q
—>——AW
40 4Q a
M\ A
+
<i> 100y Vx4Q R
20V
b

Figure: 69 Q9
Answer:
To find thevenin’s voltage i.e. Vi or V. i.e. open circuit voltage between terminals a and b
remove RL i.e. Load resistor as shown below
Vx

40
—>——W\
40 ) 4Q R
VW ANN—a
+
+
<_> 100v Vx40
Voc or Vth
20v
—eb

Figure: 70 Network with Vy,
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KCL at node 1 is not needed as V| i.e. voltage at node 1 is 100V directly from above network.

KCL at node 2
VZ_].OO VZ_ZO VZ_V3
=0
4 + 4 + 4
vV, 100 V, 20 1, V3_0
4 4 4 4 4 4
3V2_V3=120 _____ (1)
KCL at node 3
Vg—l/;C—100+V3—V2_
4 4
V, =V, =20
Ve—(V,—20)—100 V.-V
5 — (V2 ) n 3 2:0

AR (B
V,(—0.5) + V5(0.5) = 20— )

Solving equation (1) and (2)

Vth = Voc = Va - Vb

But V, =0

So Vin = Voe =V, = 120V

To find Ry, apply a 1V voltage source and deactivate 100V voltage source as shown below

4Q 2 40 3y
A, AN

Figure: 71 Network with V¢
From above figure V, = Vi and V3 = V¢

KCL at node 2
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~Z 4= =0
PR 4

V, V, V1, V3—o
4 4 4 B

V5(0.75) — V5(0.25) = 0
0.75V, - 0.25V3 =0 ----mm-mmmm- (1)

KCL at node 3

V3 (0.5) + V2(-0.25) + Vx(-0.25) = It

Where V, = Vi
V3 (0.5) + V2(-0.25) + V,(-0.25) = It
0.5V3-0.5Vy=1Ip -—--mmmmmmmm- (2)

From equations (1) and (2)

Vr
L -303Q=R,, =R,

It
Thevenin’s equivalent circuit is as follows
Rth=3Q
R =3Q
Vin=120V :

Figure: 72 Network with Vy, and Ry,

To get maximum power transfer
Rth = RL =3Q

So

I?R, = (120/6)% x 3 = 1200W
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Q10.What should be the value of Z; in Fig., connected across 'a' and 'b', so that it will draw
maximum power. What is the amount of this maximum power?

2

j3

b

-j 5

2

M

4D0°®

T

=

-4 =

Z

Z 3
=P

)|
/1

M

®3D30°

Answer:

To find Thevenin’s voltage i.e. Vi, or V. as shown below

2

Figure: 73 Q10

4,0 r\)

e

-j4"]

3=

a ° VOC Or Vth'

/1

j6

\
Al

@ 32£30°

Vab = Va - Vb = Vth = Voc
To find V,
Using voltage divider rule

_ (3-4))
Vo =440 (2+3j+3—j4)
To find V,
Using voltage divider rule

(3+6))

_ 0
Vp = 3430 (2+3j+3+j6)

Figure: 74 Network with Vg,

Vo = Vo= Vp= Vi = Voo = 1.2 - 0.04) = 1.2£-1.92°V
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To find Ry, short both the voltage sources as shown below
2 j3 5 2

W—I—F~  Rn  ———WW
3§ 3

.j4 =

Al

j6

Figure: 75 Network for Ry,
Rn=Q+3)IIB-4)+2-5)1(3+6j)=7.12+1.08] Q

Maximum power drawn

VZ
Pymax = ﬁ = 0.0506Watts
t
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UNIT No 4

UNIT-4: Initial and Final Conditions, Impedance Functions and Circuit Analysis with
Laplace Transform

Concept of initial and final conditions, behavior of resistor, inductor and capacitor at t = 0- and at
t = O+, procedure for evaluating initial and final conditions, analytical treatment. Review of
Laplace Transform, concept of complex frequency, transform impedance and admittance, s —
domain impedance and admittance models for resistor, inductor and capacitor, series and parallel
combinations of elements. Transformed network on loop and mesh basis, mesh and node
equations for transformed networks, time response of electrical network with and without initial
conditions by Laplace transform.

1 INITIAL AND FINAL CONDITIONS

Q1.In the given network, K is closed at t= 0 with zero current in the inductor. Find the values of
i, di/dt and d*/dt att=0+ifR=10Q,L=1Hand V=100 V.

_|_

VT | §L

Figure: 76 Q1
Answer:
Step I: Network at t = 0-
Given that the current in the inductor is zero at the instant of switching.
SoI.(0-)=0
Step 1I: Network at t = 0+
As switch K is closed at t= 0 so it will be closed at t = 0+
As the inductor opposes sudden change in its current
Then I (0-) = Ip. (0+) = 0 so that inductor will be replaced by open circuit
Network at t = 0+ is as shown below

R

V—_—— i(0+) IL(0+)=0

Figure: 77 Network at t = 0+
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From the above network
i(0+)=0

Step III: Network at t >0

Figure: 76 Network at t > 0

KVL to above mesh with current i
R di ‘L di _y 1

i a T (1)
Att=0+ equatlon (1) becomes
Rl(0+) + L—(0+) =

V Ri(0 +) 100 —10 x0 1004

—(0 = = =
dt ( ) L 1 sec
Differentiating equation (1) with respect to time t as
Rdi+Ld2i_dV_0 )

dt  “dtz  dt )

At t = 0+ equation (2) becomes
2;

—(0+)+Ld (0+)=0
2.

Rd 10 ,
—5(04) = —ﬁ(o +) = == x 100 = —10004/sec

Q2.In the network of the Fig., the switch K is closed at t = 0 with the capacitor uncharged. Find
values for 1, di/dt and d%i/de® at t = 0+, for element values as follows: V =100 V, R = 1000 Q and
C=1yF.

Figure: 78 Q2
Answer:



BOOK TITLE

Step I: Network at t = 0-
Given that the capacitor is uncharged at the instant of switching so no voltage across it.
So V(0-)=0

Step II: Network at t = 0+

As switch K is closed at t= 0 so it will remain closed at t = 0+

As the Capacitor opposes sudden change in its voltage

Then V. (0-) = V.(0+) = 0 so that capacitor will be replaced by short circuit
Network at t = 0+ is as shown below

Y —

V — i(0+) Vc(0+)=0

Figure: 79 Network at t = 0+

From the above network
Vc(0+) =Ve(0-)= 0

Step III: Network att> 0

Figure: 80 Network at t > 0

KVL to above mesh with current i

1

Ri+Ejidt=V————(1)
Differentiating equation (1) with respect to time t as
R di N [ dv 0 )

dt ¢ dt @
At t = 0+ equation (2) becomes

di i(0+)
R— (0 — =

dt( +) + c 0
di 0 +4) = i(0+) 0.1 1004
dt ~TTRC T T 1000x1x10°6 /sec
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Differentiating equation (2) with respect to time t as
d?i N pdi
dtz  Cdt

At t = 0+ equation (3) becomes

d?i 04) = 1dl(0+)_ 1
dt? ~ RCdt 1000 x 1% 10-°

X (—100) = 1000004 /sec?

Q3.In the network of the Fig., K is changed from position a to b at t = 0. Solve for 1, di/dt and
d’i/dt at t=0+if R=1000Q, L=1H,C=0.1 ygFand V=100 V.

v—_{ 1 i 3L

Figure: 81 Q3

Answer:

Step I: Network at t=0-

As switch k changes from position a to b at t = 0, it will be at a for t = 0-.

No condition is given for C and L so C is replaced by a Short circuit and L by Open circuit
Network at t=0- is as shown below

Figure: 82 Network at t = 0-

From the above network
Ve(0-)= 0
|4
i(0-)=1i,(0-) = 2= 1000~ 0.14
Step 1I: Network at t=0+
As switch k changes from position a to b at t = 0, it will be at b for t = 0+.
As the inductor opposes sudden change in its current
Then I;(0-) = I (0+) = 0.1A so that inductor will be replaced by current source of 0.1A.
As the Capacitor opposes sudden change in its voltage

Then V.(0-) = V(0+) = 0 so that capacitor will be replaced by short circuit
Network at t = 0+ is as shown below
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0+
V- Ve(0+)=0 i(0+) ;L(;.u: D

Figure: 83 Network at t = 0+

From above figure
I.(0-)= I.(0+)=0.1A
i(0+)=0.1A

Step III: Network at t >0

alK R

b

Lo 9

Figure: 84 Network att > 0

v—

y

KVL to above mesh with current 1

R'+Ldi+1f'dt—0 1
PR T o) T D
Where

1
Ef idt = V.(t)
At t = 0+ equation (1) will be
di
Ri(0+) + LE(0+) +V.(t) =0
Substituting Iy (0+) = 0.1A and V.(0+) = 0 gives

di 0 4) = Ri(0+) 1000 x0.1 1004
dt B L 1 B /sec
Differentiating equation (1) with respect to time t as
R di L d?i i _0 )
dt = dt? C @
At t = 0+ equation (2) becomes
d?i i(0+)

di
RO+ +L—5(0H) +——===0
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_ di i(0+) B 0.1
d2i R (04) + = 1000 x (=100) + 57575

a0 =" L - 1

= —9 x 10°4/sec?

Q4.In the network given, the initial voltage on C;is V| and on C; is V; such that v; (0) = V; and
v, (0) = V,. At t =0, the switch K is closed. Determine the values of dv,/dt and dv,/dt at t = 0+.

P N A

K

V1 1 v2

_—C1 Cc2——

[ ]
I

Figure: 85 Q4
Answer:
Step I: Network at t=0-
Given that the initial voltage on C;is V| and on C; is V; such that v; (0) = V; and v, (0) = V.
Therefore
vi (0-) =V1(0-) = V; and
v2 (0+) = V1 (0+) = V.

Step II: Network at t = 0+

As switch K is closed at t= 0 so it will remain closed at t = 0+

As the Capacitor opposes sudden change in its voltage

Then V1(0-) = V.1(0+) = V; and Then V,(0-) = V»(0+) = V; therefore capacitor C; and C, will
be replaced by voltage sources with voltages V; and V, respectively

Network at t = 0+ is as shown below

+ e ’\/l\a/\, oo o
K
V4(0+) t) v, i(0+) V, @ V2(0+)

Figure: 86 Network at t = 0+
KVL to above loop
\ R1(0+) -V,=0
: Vi — 1,
i(0+) =
Step III: Network att>0
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R
—|— ® AVAVAY, ® ® ° —|—
K
\'/ ! V.
T =—=oc1 c2— 2
Figure: 87 Network at t > 0
From above network
1
Vi=——11idt
1 C, l
V, = ! idt
2 = C, l
dv, i 0
a ¢
dv, i )
at G, @
At t = 0+ equation (1) and (2) becomes
Vl - VZ V
dv, i(04+) ~RC
E(O == c,  sec
dvz l(O +) Vl - VZ
a 0P == Re, /s

QS5.The network shown in the accompanying Fig. is in the steady state with the switch K closed.
At t = 0, the switch is opened. Determine the voltage across the switch, Vg and dVg/dt at t = 0+.

Vk
S
o——1 "
K

+ 0.I5f 102

2V T

Figure: 88 Q5

Answer:

Step I: Network at t = 0-

As switch K is opened at t= 0 so it will remain closed at t = 0-
Inductor will be replaced by short circuit at t = 0- as shown below
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Vk(0-)

+ Vo) 103

2V—T

Figure: 89 Network at t = 0-

C gets uncharged as it is short circuited through switch K so

Vk(0-) =Vc(0-) =0

I.(0-) =2/1 =2A

Step II: Network at t = 0+

As switch K is opened at t= 0 so it will remain opened at t = 0+

As the Capacitor opposes sudden change in its voltage

Then V.(0-) = V.(0+) = 0 so that C will be replaced by a short circuit

As the inductor opposes sudden change in its current

Then I (0-) = I (0+) = 2A so that inductor will be replaced by current source of 2A.
Network at t = 0+ is as shown below

V04 1 0+)=2A
® o —>

|+ Vom0 103

Figure: 88 Network at t = 0+
Vk(0-) = V(0+) = Ve(0-) =0
I.(0-) = IL(0+) =2A
Step III: Network at t >0

2V 1 i

Figure: 89 Network at t > 0
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1
VKzgfidt————(l)
Differentiating equation 1 with respect to time t as
dVg i @
dt ¢

At t = 0+ equation 2 becomes
dVy i(0+) i (0+) 2
E(O +) = c C —E—‘LV/SQC

Q6.In the given network, the switch K is opened at t = 0. At t = 0+, solve for the values of v,
dv/dt and d*v/dt*. if =10 A, R = 1000 Q and C = 1 uF.

\

|<T K.?C R§ —C

Figure: 90 Q6

Answer:

Step I: Network at t = 0-

As switch K is opened at t= 0 so it will remain opened at t = O+

C is to be kept open circuit at t = 0- so that voltage across it can be found out

V(0-)

ey

@ « Ve(0-)

=
Figure: 91 Network at t = 0-

As the switch is shorted to ground, node A is directly connected to ground so that voltage at A is
0.1.e. V(0-) =0.

Again current of the current source flows through short circuited switch so that no current flows
through R and zero voltage drop across it. As all the components i.e. current source, switch, R
and C are connected in parallel in the given network voltage across all of them must be same. So
that C is uncharged i.e. V.(0-) = 0.



BOOK TITLE

V(0-)=V,0-)=0

Step II: Network at t = 0+

As switch K is opened at t= 0 so it will remain opened at t = O+

As the Capacitor opposes sudden change in its voltage

Then V.(0-) = V.(0+) = 0 so that C will be replaced by a short circuit

V(0+)
A

@ <y RS | Velow)=0

=
Figure: 92 Network at t = 0+

Now current of the current source flows through short circuited C so that no current flows
through R. Voltage across R and C is 0

V(O0+)=V.(0+)=0

Step III: Network att> 0

IIH

Figure: 93 Network at t > 0

KCL at node A
v+Cdv—I 1
R dt (1)

At t = 0+ equation (1) becomes

POH) L % opy =1
R at (3 _)
v(0 +

dv I——% I 10 10’V

0N = =TT Tx105 " sec
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Differentiating equation (1)
1dv L d’v _dl _ — 0o )
R at dez  dt @

At t = 0+ equation (2) becomes

1dv d*v
——(0 +)+C (0+)—0

Rdt
d’v —((0+) = 1 ( +) = 107 1010y
de? RC dt T1000x 1x10-6 /sec?

2 CIRCUIT ANALYSIS WITH LAPLACE TRANSFORMS

Q7.For the LC network shown in the Fig., find the transform impedance, Z(s), in the form of a
quotient of polynomials, p(s)/q(s). Factorize p(s) and q(s).

1H (12/s)H
._m__m_
Z—» == (1/6)F == (5/18)F
@
Figure: 94 Q7
Answer:
Transformed network on impedance basis is as shown below
S (12/5)s
o—/YY L (YYyn___
Z(s)—>» == 6/s =—=18/5s

Figure: 95 Transformed network on impedance basis

From the above figure

<125 N 18) _ (125 x55) + (5% 18) _ 60s? + 90
5  5s)

(5)(5s) ~ 25s
60s2+90 6
(125 18) T 255 X5 3(2s*+3)
5 U ~ 60s2 + 90 6  s(s2+4)

25s s
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12s 18\ 6
2= (G Hg )l +s
3(2s% +3)
Z(s) =m+5
s2+10s%2+9
20 =~ a
(P +1D(s?+9)
Z(s) = s(s+ 2j)(s — 2j)
2(s) = (s+)NE—=)DE+3)(s—3)

s(s+2j)(s — 2j)

Q8.For the RC network shown in the Fig., find the transform impedance, Z(s), in the form of a
quotient of polynomials, p(s)/q(s). Factorize p(s) and q(s).

20 (1/3)Q
._lJ\/\/\/— AN\~
11 11
I I
7 O5F 1F 10

Figure: 96 Q8
Answer:

Transformed network on impedance basis is as shown below

2 13
._IWVW —\A\—
| Il
I I
Z(s)> 2/s 1/s §1
°

Figure: 97 Transformed network on impedance basis

2 1 1
2(s) = @I+ Gl +1

2 1 1
ZXE §XE

Z(s) = 2+1 1+1
2+5 3t
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2 1
Z(s) = ——+——+1

s+1 s+3
, _sz+7s+10
© = T DG+3)
2(s) = (s+2)(s+5)

(s+1D(s+3)

Q9.In the network shown in the Fig., C is charged to V,, and the switch K is closed at t = 0.
Solve for the current i(t) using the Laplace transformation method.

Vo _:: C i)

Figure: 98 Q9
Answer:

Step I: Network at t = 0-

As the C is charged to V so

VC(O_) = VO

Step II: Transformed network on impedance basis is as shown below

K

1/Cs —— ;
R
I(s)
Vols @

Figure: 99 Transformed network on impedance basis

KVL to above mesh with current I(s)

1 v,
RI(s) + —1I(s) =—
Cs S

I(s) = 2
G =r* 1
STRC

Take inverse Laplace transform to convert it into time domain

() =Lere
l —Re
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Q10.In the network shown, C is initially charged to V,. The switch K is closed at t = 0. Solve for
the current i(t), using Laplace transformation method.

X

K

Vo=r=C it

Figure: 100 Q10
Answer:
Step I: Network at t = 0-
As switch K is closed at t= 0 so it will remain opened at t = 0-
To find the current flowing through L at t = 0-, it should be shorted
As the Capacitor opposes sudden change in its voltage and initially it is charged to voltage Vj it
will be replaced by a voltage source at t = 0-.
_. .—

Jo0 ]
C) 1.(0-)

Ve(0-)=V,

Figure: 101 Network at t = 0-

From the above network
i (0-)=0

Step II: Transformed network on impedance basis is as shown below

@ @
K |
1/Cs—=

+ I(s)

Vs

Ls

Figure: 102 Transformed network on impedance basis
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KVL to the above mesh with current I(s)

<Ls+i)1(s) =%

1()—V°><
)

Cs

1
s2+1

Take inverse Laplace transform to convert it into time domain

'(t)—VO it
i(t) = 7-sin
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UNIT No 5

UNIT-5 : Transforms of other Signal Waveforms, Network Functions, Poles and Zeros of
network functions

Unit step, ramp and impulse functions with and without time delay, their Laplace transform,
waveform synthesis and its application to electrical networks. Terminal pairs or ports, network
functions for one port and two port networks, definition and physical interpretation of poles and
zeros, pole-zero plot for network functions, restrictions on pole and zero locations for driving
point and transfer functions, time domain behavior from the pole — zero plot, network synthesis
using pole — zero plot.

1 WAVEFORM SYNTHESIS

Q1.Write an equation for the waveform, v(t) shown below and determine the Laplace transform
of this function.

N

Figure: 103 Q1
Answer:

V() =2u(t-3)-2u(t-5)—-2u(t-6)+2u(t-7)
Ze—3s Ze—SS Ze—GS Ze—7s

V(s) = - - +
s s s s

Q2. The waveform shown in Fig. is a terminated truncated ramp. For this v(t), determine the
transform V(s).

2V,

0 to 4t, t

Figure: 104 Q5
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Answer:
Slope of the Ramp is =2V / tj

2v, 2v,
v(t) = t—r(t) — t—r(t —to) — vou(t — 4ty)

0 0
2vy  2vge S 2pyettos
v(s)_tsz_ tos2 s
0 0

Q3. The waveform shown in the Fig. is nonrecurring. Write an equation for this waveform, v(t).
Also determine the Laplace transform of this function.

VA

Figure: 105 Q3

The slope is increased by 2 from t = 0.

V(t) = 2r(t)

Stop increased by 2 from t = 1.5.

V(t) = 2r(t) - 2r(t — 1.5)

The slope is decreased by -6 from t = 2.

V(t) =2r(t) - 2r(t— 1.5) - 6r(t — 2)

Stop increased from t = 3.

V() = 2r(t) - 2r(t — 1.5) - 6r(t — 2) + 61(t — 3)

Slope increased by 2 from t = 3.

V() = 2r(t) - 2r(t — 1.5) - 6r(t — 2) + 6r(t — 3) + 2r(t — 3)
Slope increased by 2 from t = 4.5.

V(t) = 2r(t) - 2r(t — 1.5) - 6r(t — 2) + 6r(t — 3) + 2r(t — 3) - 2r(t — 4.5)

V(t) =2r(t) - 2r(t — 1.5) - 6r(t — 2) + 8r(t — 3) - 2r(t — 4.5)

( ) 2 Ze—l.SS 6e—25 8e—3s 26_4'55
v(s) =—=— - + -
52 52 52 52 52
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Q4.The waveform shown in the Fig. is nonrecurring. Write an equation for this waveform, v (t).
Also determine the Laplace transform of this function.

Figure: 106 Q4
Answer:

V) =u(t)—u(t-1)+2u(t-1)-2u(t-2) +u(t-2)—u(t-3)
V() =u(t) u(t-1) +u(t-2)—u(t-3)

QS5.The waveform shown in the Fig. consists of a single triangular pulse. For this v(t), determine
the corresponding transform V(s).

VA

Vo ————+

\

0 to 2t, t

Figure: 107 Q5
Answer:
The slope is increased by Vo/ty from t = 0.

V(1) = (Vo/to)r(t)

Stop increased from t = t,.

V(t) = (Vo/to)r(t) - (Vo/to)r(t — to)
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The slope is decreased by (-Vy/ty) from t = t.
V() = (Vo/to)r(t) - (Vo/to)r(t — to) - (Vo/to)r(t — to)

Stop decreased from t = 2.
V() = (Vo/to)r(t) - (Vo/to)r(t — to) - (Vo/to)r(t — to) + (Vo/to)r(t — 2to)
V(©) = (Volto)r(t) - 2(Vo/to)r(t — to) + (Vo/to)r(t — 2to)

_ vy 2wpe o’ voe 2tos
Vi) = toS2  tyS? tos?
2 NETWORK FUNCTIONS
. o _Vo(s)
Q6. For the network shown in the accompanying Fig., Find Z1 ) (s) = 1(s) .
1
l1(s) —>»
o 1(8) o
+

RS FC

o, O
Figure: 108 Q6
Answer:
Transformed network on impedance basis is as shown below
|1(S) — >
O
+
Ir(s) lc(s)

1/

R j: | > Cs Vo(S)

o, O
Figure: 109 Transformed network on impedance basis
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Va(s)
Zyo(s) =2
h(s)
I
Va(s) = R X Ig(s) = Cc(j)
Using current division rule
1
_ Cs _ I,(s)
In(8) = 1) X —2 =
Cs 1Gs)
V,(s) =R X Iz(s) = RRCs+ 1
Vo(s
Zy2(s) = 2(9)
h(s)
B R
 RCs+1
Q7.The given network contains resistors and controlled sources. For this network, compute
V/
Gio=-2
12 V1
I, 10 2V,
2y
AM—T—AM——& >——0
10 +
+
W@ . <D 10z,
o)

Figure: 110 Q7
Answer:
KVL to supermesh of the above network

1(I) + 1(3L) +2V; + 1(3L, ) =V,
I +3L,+ 2V, + 3, =V,

2V, + 71, =V,

71, =V-2V,

71,=-V,or

Vi, =-Th

By Ohm’s Law

V,=1@3lL,) =31,

Vo e, s
Gio —71:T,a=—;
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Q8.For the network of the accompanying figure and the element values specified, determine

I

a2 =

h
2|, 20
< o——W

B w2 ezt DL g,

Figure: 111Q8

Answer:

Consider the redrawn network with all currents labeled as follows

2|, 20
A (14/2)+12+, (14/2)+1,
(14/2)+ .+, O y c vV
I
(P e wzf, B 0,

Figure: 112 Network with current directions

KVL to the mesh formed by A-B-C-A
(1.5 + L+ L) (1) + (I)(1) =21,
(1S5L+L+1) +1,=2I,
(15L+L+1) =21,-1,

1.5+ =2L,-1,- 1,

15L+1L =0

I
aqo :/—22—1.5
1

Q9.For the network shown in the figure, show that the voltage — ratio transfer function is
Gyp = (6" 1)
5s* + 557 +1
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1H 1H
e e
2
o =0
+ 1F 1F +
1L 1L
LAY LAY
v, 1F == ~1F 1F< V,
o o
Figure: 113 Q9
Answer:
Transformed network on impedance basis is as shown below
s s
W(s) W, T, e
Ol._ ® _.:O
+ 1/s 1/s +
¢ 12
AN Ay
Vi(s) 1Is = -~ 1lis 1/s/=
o -+ o
Figure: 114 Transformed n(;twork on impedance basis
KCL at node 3

V3(s) = Vi(s)  Va(s) —Va(s) | Va(s) _

T o 1!
S
V3(5) V1(5) V3(S) Vz(S) V3(S) _
25 20 T2 2 1 0
S
Vi(s) _ V3(s) | Va(s) Va(s) | Va(s)
25 2 2 2 1 W
Where *
B 1 B S X E B S
SRR s
KCL at node 2
Vo(s) = Vs(s) | Va(s) _
o tT =0

S
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Vo(s)  Vs(s) Vz(s)_
z(s) z(s) 1

A AOACH

= + ———(2
2 2 1 @
S
Where
1
() =slls =5 =
ZS_S”S_ 1 s241
s+ S
Substituting V3(s) from equation (2) in equation (1)
1
V5 (s) z(s
GlZ(S) = VZ(S) = 2 ( ) 1
1 _4_ _——
[Z o s] [1+52()] ~ 575
Substituting z(s) in above equation will get
(32 + 1)2
Gip = 4 2
58" +5s8° +1
Q10.For the given network, show that
K(s+1
Yia(s) = _Kis+])
(s+2)(s+4)
and determine the value and sign of K
34
2
AV
L» 2 10 <—It2—
o— = F AN O
+ 3 +
¢
I\ 1 1
V1 2F ™ _6 Q§ Vz
o O
Figure: 115 Q10
Answer:
Transformed network on impedance basis is as shown below
1.5
|1(j>l> 1 YW 1 2 I2(s)
o—¢ AN O
3/2s S
' €
Vi(s) 112s 1’6§ Va(s)
- 3 -
O O

Figure: 116 Transformed network 05 impedance basis
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KCL at node 2
Va(s) — Vi (s) n Vo(s) | Va(s) ~0
z(s) 1 1 -
6 2S
Va(s) _Vl(s) Vo(s) | Va(s) —0
z(s)  z(s) 1 1
W) V() Tals) | Va(s)
1\s) V3 2 2 o
2) 2 I L =
6 2s
Where
3 3 §Xzi 2s+5
_2n=2_2"2s _
Z(S)_2”25_§+1_25+2
2 2s

I,(s)

Substituting V,(s) from equation (2) in equation (1)

Vl(S)_ 1 1 1| I(s)
z(s) E-I_%-FZI 6
s
o _1_
_L(s) z(s) - 6
hal) =y 5= L1, 1|1 @sre+l
HECEENES K
6 2s

Substituting z(s) in above equation will get

3s+1)  K(s+1)

Yio(s) = — GG+2(G+4) (+2)(s+4)
Therefore K = -3
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UNIT-6: Two Port Parameters

Standard reference directions for the voltages and currents of a two — port network, defining
equations for open circuit impedance, , transmission, inverse transmission, hybrid and inverse
hybrid parameters, relationships between parameter sets, conditions for reciprocity and electrical
symmetry in terms of two — port parameters, , interconnections of two - port networks.

BOOK TITLE

UNIT No 6

1 TWO PORT PARAMETERS

Q1.Find the y and z parameters for the network shown in the Fig.

Answer:

Given two port network with all current directions and voltage polarities is shown below

10

20

103

10

M\

SERRN

Figure: 117 Q1

02

02'

02

02"

I 20 P
10— ¢ A\ 3 =
+ +
W eE wz ad
1'0 -

Figure: 118 Network with current directions and voltage polarities

KCL at node 1 is

Vi V=1
L =—
=7+t
I_Vl Vi 1,
17172 2
I—V[1+1] V,
P70 T2 2
11=1.5V1_0.5V2____(1)
KCL at node 2 is

Vo, V=1

L, =3 +—+
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, o
I 3, 4+ =42 _ =
2 V2
2 T2 2 2

I, =3 +V,—0.5V;

Substituting I; from equation (1)

I, = 3(1.5V; — 0.5V,) + V, — 0.5V;
I, =4.5V, — 15V, +V, - 0.5V,

I, =4V, — 0.5V, — — — —(2)
Equations (1) and (2) in matrix form
[1.5 —0.5] [Vl] _ 11]

4 —0.511V; I,
Y-parameters are defined by
L=l vl

Y21 Yo

Y] = Yi1 Y12] _ [1 .5 —0.5]

Yy Yzzz_ 3 —0.5
iz == [ gl =105 0
Q2.Find the y and z parameters for the network shown in the Fig.
0.5Q 1Q
10 AN\ AN\ O 2

§ 10 2v1<+>

0.5Q§

1'0 O 2
Figure: 119 Q2
Answer:
Given two port network with all current directions and voltage polarities is shown below
I 1Q
11 050 3 2 [
1 ¢ O 2
+ +
vi 210 vl 05Ty,
E 4 -
1'O 9 O 2

KCL at node 1 is
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-V Vi
05 1
Vi V3 V1_I
R
AERLE RS S

05 05 1

KCL at node 2 is
V,=V; 1,

1 tos"™
Vv, V3 V,

Vs—=Vy V3=V,

oot T2 =0
Va1
Gt stV Vet2r=0
W — 2V + Vs —V, 42V, =0
3V, =V, =0
3V, =V,

2
R i ©)

Substituting V3 from equation (3) in equation (1)
3V1 - 2V3 = I] ——————— (1)

3V1 - (2/3) V2 = 11

Substituting V3 from equation (3) in equation (2)

3V2 — (V2/3) = Iz
lp = S Vyeeena(2)
Equations (1) and (2) in matrix form
3 =2/31Vi] _[hL
o o5 vl = 1z]
Y-parameters are defined by
2= vl
Y1 Y
[Y] — Y11 YIZ] — [ _2/3
Y21 Y2 0 8/3

7., Z 0.333 0.083
1 11 12| _
2] =1rl” [221 Zzz]_ 0 0.375]
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Q3. Derive condition for electrical symmetry in terms of Z - parameters.
Answer:

Z — Parameters are given as

Vi =Zuly + Zpl----(1)

Vo =711y + Zpplr----(2)

Consider port 2 as open so that current I, = 0 equation (1) will become
Vi=Znl

Vi .
I_ = le Wlth 12 = 0

1
L 1 3)
Vi Zy
Consider port 1 as open so that current I; = 0 equation (2) will become

Vo =7Z»nh
v, )
I_ = ZZZ Wlth Il = 0

12 1

2

e eatatat(C)

Vo Zp

From equations (3) and (4) condition for electrical symmetry in terms of Z — parameters is
1 1

Zy Zay
Or
211 =1y

Q4. Derive condition for electrical symmetry in terms of Y - parameters.
Answer:

Y- Parameters are given as

L=YVi+YpVe----(1)

L=Y2uVi+ YnVr--(2)

Consider port 2 as open so that current I = 0 equation (2) will become
0=Y2Vi+ Y2V,

Y Vi=-Y2V,
Y21

~ Ay =y
v, ! 2

Substituting V, from above equation in equation (1)
L=YnuVi+ YV,

L =YV + Yn(- % A

1_1 VY — Y1510
2 Yiq
Consider port 1 as open so that current I; = 0 equation (2) will become
0=YuVi+YVy--(1)

withl, =0 — — — —(3)

YiVi=-YiuVs
Y12

— L2y =y
¥, 2 1

Substituting V; from above equation in equation (2)
L=Y2Vi+ YV,
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Y,
L=Yul— LZVz] + Y2V,

IZ Y11Y22 Y12Y21

Vz Y22
From equations (3) and (4) condition for electrical symmetry in terms of Y — parameters is
Yi1Yor = V1Yo YiaYop — V1515

Yl 1 B YZ 2

withl, =0 — — — —(4)

Or
Yii=Y»

QS. Derive condition for electrical symmetry in terms of T - parameters.
Answer:

T — Parameters are given as

V;=AV, - Bb----(1)

I =CV;, - DL----(2)

Consider port 2 as open so that current I, = 0 equation (1) and (2) will become
V1 AV,

=CV,
11 c
=g Withly =0————(3)

Consider port 1 as open so that current I; = 0 equation (1) and (2) will become
V=Bl

I, =DI,
L C |
=g withh =0— == ()

From equations (3) and (4) condition for electrical symmetry in terms of T — parameters is
c C

A D
Or
A=D

Q6. Derive condition for electrical symmetry in terms of T’ - parameters.
Answer:

T’ — Parameters are given as

V,=A’V, -B’[}----(1)

L=CV-DI;----(2)

Consider port 2 as open so that current I = 0 equation (2) will become
CV,=DL;

11 C' B

V1 =5 withl, =0 3)

Consider port 1 as open so that current I; = 0 equation (1) and (2) will become
Vz = A’Vl

Iz = C’Vl

L, ('

VZZIWlthll—O————(4)
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From equations (3) and (4) condition for electrical symmetry in terms of T” — parameters is
c' C’

A D'
Or
A =D

Q7.Derive condition for reciprocity in terms of Z - parameters.
Answer:

Z — Parameters are given as

Vi=Znuli + Zplh----(1)

Vo =711 + Zylr----(2)

Consider port 2 short so that voltage V, = 0 equation (2) will become
0="72u1 +Zyh----(2)

o1y = -Zpnlh

I = (-Zas/ Zo1)],

Substituting I; in equation (1)

Vi =7Z1((-Zao) ZoD)l) + Z12]a

L_ 221 WithV, =0 — — — —(3)

Vi ZipZyy = ZiaZa :

Consider port 1 short so that voltage V| = 0 equation (2) will become
0=2n1 + Zj21----(1)

Zinly =Zph

L = (-Zu/ Zi)l

Substituting I, in equation (2)

Vo =701l + Zox((-Z11/ Z12)])----(2)

L 2L WithV, =0 — — — —(4)

Vo ZizZay — ZniZa '

From equations (3) and (4) condition for reciprocity in terms of Z — parameters is

Z _ Zy;
L1221 — Z11233 213221 — 211422
Or
Ly ="

Q8.Derive condition for reciprocity in terms of Y - parameters.
Answer:

Y- Parameters are given as

L=YVi+YpVe----(1)

L=Y2Vi+YnVy--—--(2)

Consider port 2 short so that voltage V, = 0 equation (2) will become
L =YV,

‘I/,—21=Y21wi1:hV2 =0———-—-(3)

Consider port 1 short so that voltage V| = 0 equation (1) will become
L =YV,

I
Va
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From equations (3) and (4) condition for reciprocity in terms of Y — parameters is
Yi2=Ya

Q9.Derive condition for reciprocity in terms of T - parameters.

Answer:

T — Parameters are given as

V1 = AV2 - BIz————(l)

11 = CV2 - DIZ—-——(Z)

Consider port 2 short so that voltage V, = 0 equation (1) will become

V1 = BIZ

I 1 b

A BWlt V, =0 3)

Consider port 1 short so that voltage V| = 0 equation (1) and (2) will become
0= AV2 - BIQ

AV2 = BIZ

I, =(A/B)V;

Substituting I, in equation (2)

I, = CV, - D((A/B)V»)----(2)

h_BC—AD v —0——— _(4

v, = B withV; = 4)

From equations (3) and (4) condition for reciprocity in terms of T — parameters is
BC — AD 1

B B
Or AD-BC=1
OrAr=1

Q10.Derive condition for reciprocity in terms of T - parameters.
Answer:
T’ — Parameters are given as
V,=A’V, -B’[}----(1)
L=CV-DI}------ (2)
Consider port 2 short so that voltage V, =0 equation (1) and (2) will become
0=A’V,-B’I};----(1)
A’Vl = B’Il
I, =(A’/B’)V,
Substituting I, in equation (2)
L, =CV-D'((A"/B")V)----(2)
L _BC—AD v —0— —— (3
v, B witn V; = 3)
Consider port 1 short so that voltage V| = 0 equation (1) will become
V2 = — B’Il————(l)
1—1——i ithV; =0————(3
Y withV; = 3)
From equations (3) and (4) condition for reciprocity in terms of T’ — parameters is
B'C'—A'D’ 1
B B
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OrA’D’-B’C’ =
OrAr =1
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