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PART - A

l 2 Marks Questions l

Sol. It is define as the rate of change of charge or flow of current per unit time

dq Q colomb

I =4 o o1 Amp
2.
Sol. 1 Amp of electric current is equal to the 1 colomb of charge flow in 1 sec is any conducting medium.
Q 1colomb
I =7  1sec =1 Amp
3.
Sol.  Total work done to bring a unit +ve charge from infinite to any point is electric field.
w workdone  Joule
V= q —charge ="c o volt

Infinite
A
4.
Sol.
R, R, R,
VVAAA VAL VAL
«— «— «—
V, Vv, V,
|1
L
\Y4
V, = s xV

s Ly
Vi=|R, IR, R,
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5

Sol.

Sol.

Sol.

Sol.

Sol.

10.

Sol.

11.

Sol.

It is based on conservation of charge. It states that, "The algebraic sum of currents at any node of a
circuit is zero".

The sum of total incoming current is equal to the sum of total outgoing current.
L+L+L=0+1
1 3 5 2 4

It is based on conservation of energy. It states that, "The algebraic sum of voltages in any closed path

of network that is traversed in any single direction is zero".

M|
1 V2
V. —= I R,
aw—|
R, v,

-V, +IR,+V,+IR,- V,+ IR, =0

Bulbs are designed to operate such that it offers high impedance to AC supply. Normally they have low
resistance. When DC supply is applied, due to low resistance, the current through lamp would be so

high that it may damage the bulb element.

An electric network is any possible interconnection of electric circuit elements (e.g. R, L, and C) or
branches. An electric circuit is a closed energized network. A network is not necessarily a circuit

example T network.

Active network: The network which has no current or voltage source is called passive network.

Passive network: The network which either has current or voltage source is called active network.

The current through any conductor is directly proportional to the applied potential difference across

it keeping physical condition unchanged.

The resistance is the property of a material to oppose the flow of current in a material. Its unit is

ohm.
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12.

Sol.

13.

Sol.

14.

Sol.

15.

Sol.

16.

Sol.

17.
Sol.

18.
Sol.

19.
Ans

The vacuum and gas filled capacitor are used for high voltage and frequency applications.

It is the property of a material by virtue of which it opposes any change of magnitude and direction

of current passing through the conductor.
The properties are high resistivity, resistance to oxidation, corrosion and moisture.

It is the ability to store electric charge within it. Capacitance is a measure of charge per unit voltage

that can be stored in an element.

The instantaneous power delivered to circuit elements is the product of the instantaneous value of
voltage and current of the element. In terms of energy, power is defined as "The time rate of change

of energy is called power".

The magnetic field intensity of a circuit is given by the mmf per unit length.

NI

The magnetic flux density (B) and its idensity (field strength) in a medium can be related by the
following equation,

B =uH
where
w=p,u is the permeability of the medium in Henry/meter(H/m).
u_ =Absolute permeability of free space and is equal to 47x107 H/m.
u = Relative permeability of the medium

u. = 1 for air and non-magnetic materials.

The magnetic flux lines start and end in such a way that they form close loops. Weber (Wb) is the unit
of magnetic flux(¢ ). Flux density (B) is the flux per unit area. Tesla or Wb/m? is the unit of flux
density.
L :
B= A Wb/m? (or) Tesla
Where B is a quantity called magnetic flux density in tesla, ¢is the total flux in Webers and A is the
area perpendicular to the lines in m?.

A measure of the ability of a coil to produce a flux is called the magnetiomotive force (mmf). A coil
with 'N' turns which is carrying a current of 'I' amperes constitutes a magnetic circuit and produce an
mmf of NI ampere turns.

MME =NI AT
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20.
Ans

21.
Ans

22.
Sol.

23.
Sol.

24
Sol.

25
Sol.

26
Sol.

27.
Sol.

It is the property of the medium which opposes the passage of magnetic flux. Magnetic reluctance is
analogous to resistance in the electric circuit.

Its unit is AT/Wb. Air has a much higher reluctance than iron or steel for this reason, magnetic
circuits used in electrical machines are designed with very small air gaps.

mmf
Reluctance = lux

It is a conducting power for flux, it is a measure of receptiveness of the material of having magnetic
flux developed in it. it's unit is henry per meter

Reluctance R, = /,l_A

here U is the permeability

The property of coil due to which it opposes any increase or decrease of current or flux through it is

called self-inductance.

Mutual-inductance is the property of two coils because of which each opposes any change in the

current flowing through the other by developing an induced emf.

Active:- Which generates electrical energy. These element acts as source.
Eg. Voltage source, current source.

Passive:- Which consumes electrical energy they acts as load.
Eg.Resistance, Inductance, Capacitance

Linear: A linear network is one for which the principle of superposition holds. If V- I charcteristics is
a straight line passing through origin, then it is called Inear element.
Non-linear:- If V-1 characteristics is not straight line then it is called Non-linear element.

Unidirectional element: When element properties and characteristics depend on direction of current
then the element is called as unidirectional element.

Bidirectional Element:
When element characteristics and properties are dependent of direction of the current then the element
is called as bidirectional element.

lumped network
A network in which physically separate resistors, capacitors and inductors can be represented.
distributed network

A network in which resistors, capacitors and inductors cannot be electrically separable and isolated
as individual elements. A transmission line has distributed resistor, inductor and capacitor which

are not isolated from the network.
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28.

Sol.

29.

Sol.

30.

Sol.

31.

Sol.

32.

Sol.

33.

Sol.

34.

Sol.

35.

Sol.

36.

Sol.

A generator which maintains its output current independent of the voltage across its terminals. It is
indicated by a circle enclosing an arrow for reference current direction. An ideal current source has

infinite internal resistance.

A generator which maintains its value of potential independent of the output current. An AC source

is indicated by a circle enclosing a wavy line. An ideal voltage source has zero internal resistance.

Ideally the internal resistance of a voltmeter should be infinite and ideally the internal resistance of

an ammeter should be zero.

D.C. quantity :- The quantities which magnitude and direction remains constant irrespective to the
time are called DC quantity.

A.C. quantity :- The quantiy which magnitude and direction changes with time are called alternating
current quantity.

Time constant is define as the time require by inductor for discharging current to remains 36.7% of
initial current.

The current through an inductor cannot change instantaneously. If an energy source is suddenly
connected to an inductor then it will not cause current to flow initially. Thus inductor acts as open
circuit for the new applied source at the instant of switching. If a current of vale IO flows in the
inductor at the instant switching takes place, that current will continue to flow. For the initial instant,

the inductor may be considered as a current source of current IO.

The voltage across a capacitor cannot change instantaneously. Since, we have V=q/c, hence zero
charge corresponds to zero voltage. Thus for a suddenly applied energy source, voltage across capacitor
is initially zero i.e. equivalent to a short circuit. Hence on connecting an uncharged capacitor to an
energy source, a current flows instantaneously. But with an initial charge in the system, the capacitor

is equivalent to a voltage source of vale V_= q /C, where q  the initial charge.

This theorem states that a linear, bilateral network consisting of active and passive elements can be
replaced by a voltage source connected in series with impedance. The value of voltage source is
equal to the open circuited voltage seen across the terminals and the impedance is equal to the
impedance seen across the open circuited terminals with all sources replaced by their internal

impedances.

Thevenin's theorem is very useful in linear network analysis because using Thevenin’s theorem a
large part of network, often a complicated and uninteresting part, can be replaced by a very simple
equivalent which enables us to make rapid calculations. It is very useful when it is desired to determine
the current through or voltage across any one element in a network instead of going through the

lengthy method of solving the network.
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37.

Sol.

38.

Sol.

39.

Sol.

40.

Sol.

41.

Sol.

42,

Sol.

43.

Sol.

44.

Sol.

All independent voltage sources are short circuited and all independent current sources are open

circuited.

This theorem states that the voltage across or current through any element due to multiple sources
present in a linear network is equal to the algebraic sum of voltage across or current through that

element due to individual source with all other sources replaced by their internal impedances.

Superposition theorem is very useful in linear network analysis because a complex network can be
solved easily by breaking it in simpler networks and using superposition theorem. This theorem is
very useful to calculate the voltage and current when more than one active source is present in the

network.

It states that for any given time, the sum and power delivered to each branch of any electric network
is zero. In other words, the summation of instantaneous power or summation of complex power of
sinusoidal sources in a electrical network is zero. Tellegen’s theorem is applicable for any lumped
network having elements which are linear or non-linear, active or passive, time-varying or time-

invariant.

This theorem states that the current in branch X due to voltage source in branch Y of a linear bilateral
network is same as the current in branch Y when the same voltage source is connected in branch X of
the network.

* Only one source should be present in the network.

* Initial condition must be zero.

* Network must be time invariant.

* Dependent source are not permitted.

This theorem states that, any number of current sources in parallel may be replaced by a single
current source, whose current is the algebraic sum of individual source currents and source resistance

is the parallel combination of individual source resistance.

Electrical resonance occurs in an electric circuit at a particular resonant frequency when the imaginary

parts of impedances and admittances cancels out each other. In some circuit, this happens when the
impedance between the input and output of the circuit is almost zero and the transfer function is
close to one.

Q-factor is a dimensionless parameter that describes how underdamped an oscillator or resonator is,
and characterizes a resonator's bandwidth relative to its centre frequency. It is expressed by:

Q=21x Energy stored

Energy dissipated per cycle
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45.

Sol.

46.

Sol.

47.

Sol.

48.

Sol.

49.

Sol.

50.

Sol.

51.

Sol.

52,

Sol.:

The study of resonance is very useful in the area of communication particularly. For example, the
ability of a radio receiver to select a certain frequency transmitted by a station and to eliminate

frequencies from other stations is based on the principle of resonance.
A filter is an electrical network that can transmit signals within a specified frequency range.
The active filter contains components like operational amplifier that introduce some gain in the signal.

The Filter is used in voice frequency telegraphy, multi channel communication, TV broadcasting and

telephony.

An ideal filter would transmit signals under the pass-band frequencies without attenuation and

completely suppress the signal with attenuation band of frequencies with a sharp cut-off profile.
The frequency that separates the pass and attenuation band is known as cut-off frequency.

This filter is a combination of two parallel tuned circuits. This is a special type of LC filter along with

a particular BW frequency to be allowed through it.

PART -B

Dependent or Controlled Source are of the following types:
(i) Voltage controlled voltage source (VCVS)
(ii) Current controlled voltage source (CCVS)
(iii)Current controlled current source (CCCS)
(iv)Voltage controlled current source (VCCS)

Ki, gV v, Bi,

(CCCy) (VCCS) (VCVS) (CCVS)

In a controlled source the voltage or current (depending upon the type of source) is not constant but
is dependent on a voltage or current at some other location in the network.
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53.

Sol.  Let suffix 1 represent lead and suffix 2 represent iron. We are given that

b /P, =49/24; ifi,=1, i =1.8if L=1,L,=147

L,
AZ
Since the two wires are in parallel, i, = V/R and i, = V/R,

L
Now, R, = plA—ll and R, = P2

i_z _ R, pL, A

=—=———Xx—

i R, A plL

A _bopala 1 2y 04
A i L, 18 1

54.

e,
Sol. 10 4Q
B C
20 50
[+,

Converting Delta connection into star connection

A
° 4x1 1
3 3xl 4+1+3 2
8 3+1+4 4x3 _3
3+1+4 2
C
20 50
o D
1
2
19 13
g 2
Xo 1
2
19 13
32
1913 =174
7X7
Yo 8 2
Req  =0.5+1.74=2.24Q
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55.
Sol. R
AN S)

90
903 903

°o | R,
R, is calculated by shorting the voltage source and converting star into delta network.
9R 9R
Rth = 19 =
9+R 2R +9
For maximum power transfer,
R, =R =60
9R
2R+9
9R =12R + 54
R=-18
The calculated value is negative this value is not possible hance the the value of R is 0ohm
56.
X
Sol. MWWy
7 I
PE Z,=100Q
Y
EY+EY, +EY,
Where E = Y AY, 47,
1x L +2x 1 +3x 1
=1 2 3 18 yolt
1 1.1 11
1 2 3
6
1 _Q
270
I = =4
Z+7Z, 58
57.
Sol.:

V, =400 V

for star connection

4001 _
V=l 5 ) = BV
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R, =10Q
Iph =231/10=23.1A

P..=3V,l,cosd=3x231x23.1

st
[cosd =1]

and
for Aconnection
Vph for Aconnection is 400 V

I = @ =40A
PR 10
P, =3V I, cosd=3x400x40 = 48k
Note that the power consumed in Aconnection is three times the power consumed in star
connection.

58.
Sol.  Let the voltage in the a.c. circuit be v = V_cos ot and the current i = I cos (wt-¢) where the phase
angle may be positive or negative according leading or lagging current.

Instantaneous power = vi =V _cosot. I (cos wt-¢)
1
=5 V.. 1 [cosd+cos(2ot—¢)]
The average of cos(2 wt-¢)is zero so that,

. S |
average power in a.c. circuit = EV"‘ L, cos¢

Vm
Rms valueof v=V = E
Im
Rms valueofi=1= E
1 V. )L,
Average power in a.c. circuit = EVm I, cos¢= E E cos ¢

=VIcos ¢
59.

Sol.:

L =L+L,+2M = (2x5+2x2)mH =14 mH
eq

and
® °
— 0000000
L_=L+L, -2M =(2x5-2x2) mH =6mH
eq
L
Maximumratio = Lml = % =233

eq2
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60.
Sol.: reluctance R, = ﬂ_A
21x10x107
~ 4nx107 x800x50x 10~
=1.25x10°AT/wb
NI = ¢ xR,
I= %x R,
2x10°x1.25%10°
- 100
=25A
61.
Sol :
ON state
(V) _(240)
RON = T = =1440Q
R, =R,[1 + adt]
1440 =120 [1 + 4.5 x 103(t - 26)]
12=1+4.5 x 107 (t - 26)
45 %107 (t-26)=11
=t-26=11/4.5x10"
=t  =24704°C
62.
Sol:- 10Q 1Q 10
o_____JVVV» %NV& ﬁAAA

R, =[[{(5+1)[ 1(12] [5)}+1]] [{(6] |3)}+10]

10Q 1Q
o——MWW MW

Yvvy

260

\AAAJ

3.5303

e}
)
AAAA

o
O

R, =[{6]13.53}+1]| | 2]+10
R, =11.37 Q
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63.
Sol:
The given signal is mathematically described as follows:-
vit)=V _sinot, 0 <ot<m
The average value for T=mis V = ?Io v(t)dt
= lInV sinotd(wt)=2V, /=
=~y Vm /T
The RMS value is as follows:
Vis = \/lJ.J(Vm sin mt)2 d(ot) =V, /N2
T
64.

Sol.: In circuit of

1 10-j10 _ 10 .10

Y, = ——mno 1500
L~ 10+;10 100+100 100 ° 200

1 R.+j2

—=— mho
R.-j2 R:-+4

and Y. =

at resonance, imaginary part of equivalent of Y, and Y_must be equal to zero

10 . 2
]R§+4

ie., 7J 200 =0

This gives R. =6 ohm.

65.
Sol. V) =308, t>0
=0, t<0
L=6H
di

VL= LE

i= %.[VL dt

=é'[VL dt

%j:so;z dt

5
310

i= 1.67 (5)° = 208.33 Amp

1, .
E= —Li
2

_ %x6x(208.33)2

= 130.21 kilo joule
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66.
Sol.

67.

Sol.
Lo—— F A 0 F—ow

I I I oM

11 oM
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22uF  24F
Lo {1 [} oM
||1MF
11
(Step - I1I)
1.05 yF
Lo [} oM
||1MF
|
C,=105+1
= 2.05F
68.
1 gL
Sol LN TS
1
f, = —
0 27
AsL=1land C=1
1L 1 fi
- | = = :4
LQ R\E 0.25\[1
. fo 1 q
2. Bandwidth (f,- f)) = T z
1 1 1
3. =——= =—Hz
2Q 2x4 8m
4. Under resonance
Z=R
I=X=M:£=25.2
R 025 2
69.

Sol. If an independent source is not present in the given circuit V., = 0. To get R, apply 1A current

source at the terminal AB.

Z
o>

Y~

6Q
40

3i

wO

Applying KVL at node N, we get,

Vi-3i Y,
SATT A
6 4 (1)

i=-1 )

1A
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From equations (1) and (2), we get,

Va3 Va L

6 4
2VA+6+3VA=12
5VA=12—6
6
VA—E=12
VA=1.2
mesz_VB
=12V
RTH_V;AB=12
Ig
=12Q
70.
Sol.
20 1Q 10 10
AN AN AN AMA=——- -+
1T+1Q

There R:1+10R
! 10+R
R(10+R) =10+ 11R
RZ-R-10 =0
R=37Q
R =470

€q
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71.
Sol.

72.

Sol.

V, =81
5i
v- o)
V,+10i=72 .. (i)
The voltage drop across 2Q
V, =i,2
.V
I, = ?0
put the value of i in the equation (i)
V,+5V,=72

V, =12V, i,=6A

For the driving - point immittance function to be physically realizable it should be positive real
function.

The necessary and sufficient conditions for a rational function F(s) with real coefficients to be a
positive real function (PRF) are:

1. F(s) must have no poles in the right half of s-plane, i.e. F(s) is analytic in right half of s-plane.

2. F(s) may have simple poles on the jm-axis with real and positive residues.

3. Re [F(s)] > 0 for all Re(s) > 0
if F(s) is a positive real function (PRF), then 1/F(s) is also a positive real function.

p(s)
q(s)

Let F(s)=

Where p(s) and q(s) are polynomials in s and must have real coefficients.

Hence, F(s) is real for s=c. Further, p(s) and q(s) being real for s=oc;

4. complex zero must appear in conjugate pairs.

Note: A Positive real function F(s) cannot have any poles and zero in the right half of s-plane. Any
zeros of p(s) and q(s) on jo-axis must be simple and p(s) and q(s) must be Hurwitz.
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PART -C

| 20 Marks Questions l

73.

Sol.:

Let V.=V, =V =V
and V,=V_=V_=0V (reference)
Usingh KCL at node B,

Vi Va  Va-Ve Ve-Ve 9.4 g
12 8 16 B

V., =-48V
1
- Resistors always dissipates the power irrespective of direction of current flowing through them.

(48)°

-.Power dissipated across 12 resistor = ETE 192W

(48)°

Power dissipated across 8 Q resistor = ETE 288V

48)’
Power dissipated across 16 Q resistor = % =144W

74.

Sol.:
Statement:
A resistive load, being connected to a dc nework, receives maximum power when the load resistance
is equal to the internal resistance of the source internal resistance as seen from the load terminals.
Explanation:
A variable resistance R, is connected to a dc source network as shown in figure.
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a I '
DC source !
network R =
b X
Thevenin equivalent of
DC source network
Vo
Current I= R, +R,

while the power delivered to the resistance load R, is

2
Vi )
P =PR = (mj R (1)

dP,
P, can be maximized by varying R and hence maximum power can be delivered when [dTL] =
L

.. Differentiating equation (i) w.r.t. o R

dap, _ (RTh +R, )2 'Vo2 _VOZRL {2(RTh +R, )}
dr, (Ry +R,)'

Vi (Ry +R,=2R,) Vi (Ry-R,)

(R +R, ) (R, +R,),

dp,

dR,

Vo2 (RTh - RL )

So,
(RTh + RL )3

=0 = R,-R =0 = R, =R, (Condition for P,__)

Again with, R =R,

P 5 VOZ 'RL _ V02 RTh _ V02
" (Ry, +R, ) (Ry, + Ry, )’ 4R,

2

0

Since, the power transfer by the source would be 4R -the load power and source power being the
Th

same.
The total power supplied is.

2 2
Pzz( VO j: VO :2Pmax
4R, ) 2R,

During maximum power transfer the effeciency.

P
%n = %XlOOZSO%
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75.
Sol.:

Nortion's theorem states that a linear two-terminal circuit can be replaced by an equivalent circuit
consisting of a current source I in parallel with a resistor R, where I is the short-circuit current
through the terminals and R is the input of equivalent resistance at the terminals when the independent
source are turned-off.

Explanation:
In order to find current through the load R, by Norton's is theorem, replace R, by short-circuit.

Current:

V

R R

R,R 3
o T o)
R1+(R2+RJ TENTHR, +R,

Next, the short-circuit is removed and the independent source is deactivated.

R R
N
in R, +R,

As per Norton's theorem, the equivalent source circuit would contain a current source in parallel to
the internal resistance, the current source being the-circuited current across the shorted terminals of
the load resistor.

Norton's Equivalent Circuit:

R ) @ R, R,
L= YR, +R,

Norton's theorem is always valid irrespective of
(i)Nature of elements contain in the network of
(ii)Naure of voltage and current source
Nortion's theorem is not valid for the network containing
(i) Non-linear elements
(ii)Unilateral elements such as P-n junction diode, transistor etc.
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Steps for solving a network using Nortion's theorem:
Step-1: Remove the load resistor and find the internal resistance of source network by dactivating the
independent sources:
(i)all independent voltage source are short-circuited or replaced by their internal impedance.
(ii)all independent current source are open-circuited or replaced by their internal impedance.
(iii)all dependent voltage and current sources remain as it is.
Step-2 Short the load terminal and find the -cricuit current flowing through the shorted load terminals.
Step-3 Norton's equivalent circuit is drawn by keeping R, in parallel to I.
Step-4 Reconnect the load resistance R, across the load terminals and the current through it is I,.

I Rin
IL = Rin + RL
76.

Sol. R, calculated across to switch.

8Q 40
10Q 15Q
o O AAAY,
N R, 6Q
8Q2 40
ANV
6Q
O—]
——AAM—
10Q 15Q
80/44 60/19 6Q
ao ANV AN\ AN ob
R,
ao AAAVN ob

_ 80 60 1520+ 1080 + 2052

= +—+6=
18 19 342
4652
342

For calculation of V switch is open

oV, o A
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19x18

vV, =102
18
Vb=10><E
19
v, —v, _y - 10x15_10x10
19 18
- 1
v, — 10150 100 _150x18-100x19
19 18
_ 800
342

V., _800/342 800
R, 4652/342 4652

1=0.171 Amp.
77.
Sol.
A Ic
=+ I
0 Vv
Iv:' """""" : IL
oL
where, tan 6 = (?j
From the phasor diagram,
For unity pf (I', = 1)

\% o oL
where L=hxsing = 2ol JR¥+(ol)
and [.=VxeC

wC=— L
R? +(wL)’
_ L
R? +(wL)’
or

Let us consider the admittance of network looking from the voltage source.

1

y:—+i:jCco+

ZC

=jCo+

Z, R +joL

(R-joL)

R? +(wL)’
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For unity pf, imaginary term of admittance (y) should be equal to zero.

joL
]'COJ—% =0
R” +(wL)
B L
R? +(wL)’
78.
Sol.:

In the series RLC circuit of figure the circuit current I is given by

M— V,—e— V,—r—V_ —H

R L |c|_

V volts f Hz

Vv
I:_A
Z

Where Z represents the equivalent impedance of the circuit

1
_R+joL+—
Z=RTINTC

1
— (oL ———
= R+j(w C)

or, Z =R +j(X - Xp)
—R+jX

where (X, = X) is X, the net reactance

I
A
VL 900

— >

—> o

90 v
] 2
(across R) (across L) (across C)
14 v
Thus I=R¥j(X,-X) R+jX

and voltage drop across resistance R is
V, =IR (in phase with I)
voltage drop across industance L is
V, =IX, (leading I by 90°)
voltage drop across capacitance C is
V. =IX_ (lagging I by 90°)
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79.

Sol.

The phasor diagram of the variables of the entire cricuit has been shown in figure

Ay

Resonance condtion is obtained when X, =X_in the series circuit [this is obtained by either
edcreasing the supply frequency when X, would decrease and X_ would increase or by increasing
the supply frequency making X, to increase and X to decrease]

when XL =XC’Z= R+]O =R
Vv v
:_:_A

Also, N 7R

[I, =current at resonance ]
The p.f. (power factor) of the circuit becomes

R_R_
Z R

The expression of frequency of resonance can be obtained as follows:

cos ¢ = 1

Let o, of f, be the frequency of at which

X, =X,
1

ie. o, L=7"C
0
1 1

or, op = T e 0, = _\/f rad/sec

1

ie., fO = an

Hz

In series RLC circuit,

| 1]= —
\/RZ +(Q)L—j
oC

At half power points,
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\
I=—= where I, = R (Current at resonance)

mlL—L:—R
o,C
s 1
O +—0, ———=
L LC
R (RT 1
1__+ AT T~
2L 2L) LC

o,L - ! =R
,C

w2 R, 1 _

> L ? LC

R RY 1
o, = —4 || =
2. \l2L) " LC

R RT 1 || R (RT 1
0,0, =|——+,|| — | +—= || =—+.| — | +—
o, \\2») 1Lc||2L \\2L) LC

A

LC

_ 2
00, =0,
Wy =4/, 0,

80.
Sol.  Assume mesh current in loops.

24V
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24-10 (I, - L) - 12 (I, - L) =0
221,-101, - 12 ;=24 (i)

-10(L,- 1,) - 241, - 4 (I, - 1) =0
+101,-38 L, + 4 I, =0 ene(il)

-4(I-1) - 41, - (I, -1,) 12=0

121L+41,-16L,-41, =0 ...(iif)
I,=L -1, ce(iv)
Now from(iii) and (iv)

8L, +81,-161, =0 (V)

Now solving equation (i) , (ii) and (v)
from equation (i) & (ii)

131 -311,=6 ce(Vi)
from equation (ii) & (v)
I =31. .. (vii)
from equation (vi) & (vii)
I,=3/4A
hence I =9/4 A
. . 6
Now from equation (iv) I, = i 15 A
81.
Sol.:

Let us first take the 2 V source and deactivating the current sources

. 2
W=7 T4
+1

2+2

.0, (drop across r, due to 2 V source)
=1x1=1V

MWW
20

Next, taking the 5A current source only

3 -15
=(-5)2="—24

1+1+g
3
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1Q

W

20

1Q

—WW——WW—t
5A o1 zgg

+
L
5A GD r,=1Q %vz

1

This gives v, =

59Dy

4

(1) 2 _ (152 5,
= 8)1+2 \8)3 14

Next, taking the 5.33 A current source only

i, =5.33 ! =3A
4

2 +2
533 A
A y KD
20 533A \\}
~ 10 10
" —MWW=—AW
10 10 N .
—MWW——WW— 0
9 °
a Q)%% i,
533 A
1Q 10

— 2x1_2
2+1 3
i,
This gives )
i _3-2_-24
- 2+1
03 =2 x1 =2V

By Superposition,

5

U =0, +0, +0, :1+(—Zj+zzgv

=175V
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82.

ZZ,
ZBC =7
1 tZ,

Sol.:
However,
Z = (4+j8)Q2=8.95263.45°Q2
and Z,=(3+j4)Q=55313°Q
Z+7Z,= (7+ j12)Q= 13.89.459.74°Q
Thus,

8.95./63.45°x5/53.13°
BC ™ 13.89./59.74°

44.7 /116.58°
~ 13.89./59.74°

=3.218/56.84° = (1.76+ j2.69) Q

However, Zps+Zye =2,
This,
=(3.76+3.69) Q2
= 5.268/44.45°
This gives

V. 200£0°
Z,. = 5268/44.45°

I:

= 37.9654-44.45°A
= (221 -j26.59) A
83.
Sol.:

By (60 V) voltage source changes to respective current source.

3@ <§29 <§2§2 .25A <§SQ
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Now we combine the parallel resistance

20 40

AWV AWV 0 A

3@ §1Q @ - %8(2

Then we are going to change current source (30A) to respective voltage source

3Q 40
AW AW 0 A

30vi@ @ > 80

oB

By changing (30 V) voltage source to respective current source

40
MWW 0A
S
10A@ 350 ‘ 25A 3so
oB
We combining current source
40
AVAVAVA' oA
b3 >3
<
@ 30 380

oB

Now we make voltage source 35 A into current source
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7Q
A o

105v@ 30

then by potential divider rule
105 8
V= EX =56V
84.
Sol.

Since V,, = 70 V and supply voltage is 100 V
therefore, V, = 30 V (V, = 100 - 70 = 30 V)

+70 V-
//M
T ¥

I I

Since secondary is open circuit hence
=0
At primary, the magnitude of loop
Voltage is
o.l, (100 mH) =100 V .. (3)
At secondary the voltage is developed due to I, only since secondary is open circuit.
i.e. mutual inductane considered
o. ML, =30V ...(i)
putting ol, from equation (i) in (i), we have
100
100x107°

or M = 30 x 10
M = 30 mH

M =30

85.
Sol:
For the given i(t) and v(t)

di(t)
v(t) = KT where, K = 2

di(t)
Compare with v(t) = L?
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Therefore, the circuit element is an inductor with L = 2 H

(or)

From the given i(t) ~ t and v(t) ~ t waveforms

[t 0<t<2
i T1o0  2<t

di [1 0<t 2
dt |0 2<t

di |2 0<t 2
dt |0 2<t
But this is the given V(t)
di

. t)=2—,L=2
v(=2g

Hence the element must be an inductance of 2H.

And 2

86.
Sol.

Loy 30+ j40
P 304+ j40+ 30— 40]

-1
1:I{soztan (4/3)}

I, =12Ztan”" (%4)

V,=5x1
i 4
Vg =5x1.2/tan (?J

- 6/tan”! [_—4)
3

VBC =1(30 - j40)
= SOZtanl(jj
3

V = VAB + VBC
V=6/tan”" (%4] +50/tan”! (_?4)

V =56/tan”! [%4]
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87.
sol.

10Q2

FWW %m t
+
12V

T i

At steady state

Il
(=]

3F

3F

4
L

L — Short Circuit
C — Open Circuit

100
l
ézg =0 3r’o.C
12 0
i(0)=1, (0"
_ 2 A
= (10+2)

voltage across 2 ohm resistor is = 2x1= 2 volt

voltage across 3F capacitor is

Vi T3 3

voltage across 6F capacitor is

v =23 200
6 3+6 3
At t=0"
AW
10Q
‘Lézg 43V
+ I
12 __
1AW 2/3V

current through Ratt=0 is

A

2

2
== Am
I 3 p
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88.

Sol.  Let internal resistance is R,

AV AMAN—>—F
R, 10 T
\A I
- From curve
At i =0,v =100 volt
From circuit
when i=0
e=V = VS
V, =100volt
\Y%
N
100
88
0 0.5A i

From curve equation of line is y=-mx+c

V:_(100-88)”_100

12
- _2£+100
V™05

v =-24i+100

100
Atv=0, i=—
tv=0, i o

From circuit at v= 0

.V
"R, +10
100 _ 100
24 R, +10
R, =24-10
R, =140
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89.
Sol.

90
Sol.

Properties of R-C driving point impedance functions:

* The poles and zeros are located on the negative real axis of the s-plane.
* Poles and zeros alternate along the negative real axis.

* The critical frequency nearest to the origin is a pole.

* The last critical frequency is a zero.

* The slope of the impedance curve is negative

e 7.(0)>Z,(x)

o o 7 (S):H(s—s1)(s—53) ....... (s=Spym1)
The driving point impedance, D (5-5,)(5-83 ) (5 —512)

For Z (s), the degree in s of numerator polynomial is greater than that of denominator polynomial
by one.

3

|
O0—C AW
0

Z(S) = R,

0
O

Foster form of RC network realization

\\AZRC
2o 1| N{&O
RVANEAN

—Z7 “Ps —Z(, “Pa - A P> 0 ©

v

Plot of impedance function Z,(s)

Note: The steady state response of a linear time-invariant network to a sinusoidal input excitation, is
a sinusoid with the same frequency as the driving function but of different phase and amplitude.

The necessary conditions for a network function to be a driving point function, with common factors:
numerator polynomial p(s) and denominator polynomial q(s) cancelled, are listed below :

(s)
1. The coefficients in the polynomials p(s) and q (s) of N(s) = % must be real and positive.

2. Complex or imaginary poles and zero must be conjugate.

3. (i) The real part of all poles and zeros must not be positive.
(ii) If the real part is zero, then that pole or zero must be simple.

4. The polynomials p(s) and q(s) must not have missing terms between the highest and lower degree,
unless all even or odd therms are missing.

5. The degree of p(s) and q(s) may differ by either zero or one only.

6. The terms of lowest degree in p(s) and q(s) may differ in degree by one at the most.
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ZO(S)zH(S_Sl)(S_S3) ....... (5=Sym1)

(5=5,)(5=84)eeeen(5=Spm_0)

For Z (s), the degree in s of numerator polynomial is greater than that of denominator polynomial

The driving point impedance,

by one.
| R R,
o—1€ AWM T
G
Z,(S) =
) Va I R,,
I\ -
G C,

Foster form of RC network realization

\\AZRC
2o 1| i\ € 4
RVANAN

-Z, “Ps -7 “Pa - A P> 0 ©

v

Plot of impedance function Z,(s)

Note: The steady state response of a linear time-invariant network to a sinusoidal input excitation, is
a sinusoid with the same frequency as the driving function but of different phase and amplitude.
91.
Sol. ¢ The Foster forms are obtained by partial fraction expansion of a given driving point impedance
function F(s) and the Cauer forms by continued fraction expansion of F(s)

* The Foster first form deals with the driving point impedance function and the second form deals
with the admittance function

* The Cauer first form is obtained by expending the given function in continued fraction about
infinity and the second form is obtained by expanding the given function into a continued fraction

about origin
4 2
7(s) =S +105°+9
s” +4s

Causer second form of realisation can be obtained by continued fraction expansion of Z(s) till all the
terms are exhausted after arranging numerators and denominator polynomial of Z(s) in ascending
order of 's' as

9+10s* +s*

Z(s) =
4s+¢°
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4s+sa> 9+1052+s4<2—>Z
4s

9+2¢
4
Noist) 4s+s 16
31s
45+ 383
31
BoVsi, . (%
31 —S +S 60s
I
4
S4 E S3 E Y
31 31s
15,
31
X
9 1
B T W
31s 961 15
31s
° IS 1€
s | w0
Z(s)= 7 gdu®t gly
16 15
¢
92.
Sol. (i) Properties of Hurwitz Polynomial:
1. If the polynomial P(s) can be written as
P(s)=a,s"+a, ;8" " +...... +a,s+a,

Then all the coefficients a, must be positive
2. If P(s) has even part M(s) and odd part N(s), then roots of both M(s) and N(s) lies on jw-axis
only.

3. If P(s) is either even or odd, all it's root's are on the jw-axis (including origin)

M(s) N(s)
4. The continued fraction expansion (CFE) of FE)OI‘WSS) yields all positive quotient terms.
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93.

Sol.

()= ME) NS
M(s)  Mf(s)
=q5+ 1
q;s+ 1
q,s+ 1
q,s+ 1
1
+q,S
The quotients q,, q, ........ q, must be positive.

5. If P(s) = P,(s) x P, (s) then P(s) will be Hurwitz if P (s) and P,(s) are individually Hurwitz.

6. If P(s) has only even or odd part then CFE of P(s) and its derivative P'(s) yields all positive
quotient terms.

(ii) Zero of transmission function are those complex frequencies at which a transfer function, relating
response C(s) at the output port and the excitation R(s) at the input port, vanishes i.e. no output
appears at the output port inspite of non zero excitation at input port.

Given circuit diagram

R,
AAAA
AL
R,
AMMAA
YYVWYY _ V,(s
Wies o8)
VYY)
Vi(s) WWW *
R,

_]:_C

Applying the superposition theorem we get

R
V, (s) = R—ZV1 (s)
o) :(H&J[m(sn/scj:(H&J( V, (s) J
0 R, \ R;+1/sc R, N 1+R;sc
-R, R,) V,(s)
- =—21V,(s)+| 1+=L |
Adding both we get, V,(s) R, ) ( R2J1+R3sc
GivenR =R, R,c=1/10
Substituting these values in above equation
Vo (s) PG} M S .
V, (s) 1+s/10 10+s
Vo(s)  (10-5)
V.(s)  (10+s)
For finding step response, we have to take input voltage V, (t) =t=V,(s)=1/s
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1£(10_S)j_ 10 s
s\(s+10)) s(s+10) s(10+s)

V,(s) =

1 1 1 1 2

s 5110 s+10 s s+10

Applying inverse laplace transform

v, (1) =L" {é— : +210} =u(t)-2e"ul(t)

IV, (0 =(1-2¢""u(®))]

94.
Sol.  Realisation of impedance function z(s) using Foster-I form:

s(s2+10)

Z(s) T2 a)(s?+16)

z(s) 1{ S S }

==| —+
s 21S*+4 S*+16

(5+8) (25452

The network realisation is shown below

1 1
LgH VaoH
o A0 AR
G
z [
(&)= 1C 1€
>, OF
o]
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