(f) Explain about different steps for solving a network
by Norton's theorem.

CIRCUIT & NETWORK THEORY 3.  Design a band stop constant-K type filter with
(THEORY - 02) cut-off frequencies of 4 KHz and 10 KHz and
[Code : EET - 301] ’ nominal characteristic impedance 500 ohm. [10
Full Marks : 80 Time : 3 Hours 2 Fin'd z paxam.eters for the given network. All
Answer any five questions including Q.Nes.1 & 2. re31§taces oo 10
Figures in the right-hand margin indicate marks. i ' L
e +o—> WY <to+
1. Answer the following in short : [2 x 10 L >
‘ at is form factor 2~ =1 2 3]
ﬁWhat do you mean by bandwidth ? 2 | Y
_ JQ\;What is a band-stop Filter ? ]
(d) Define Reciprocity theorem ? =5 : o
) gyBeﬁne Reluctance ? 5. Using Thevenin's Theorem, find the current in 5C2
(f) Define Selectivity ? Resistance. [10
‘—@’/ﬁeﬁne co-efficient of coupling 7 100
() What do you mean by apparent power ? W
(i) What do you mean by Transmission parameters ? & .
() State Lenz's law ? ’ ‘Y‘M’ WY
2. Answer the following : [5%6 50V 120 2Q :
(a) State and explain maximum power transfer T 34 5Q
theorem ?
(b) State and explain relation between line and phase

quantities in a Delta connection.

/Uggg superposition theorem find the current
= flowing in 10 Q resistor. ;

(d) Draw the explain hysteresis loop of a magnetic
material. ' .

(e) A circuit takes a current of 8A at 100 V, 50 Hz
and the current lagging behind by 30° from applied
voltage. Calculate the resistance and inductance

of the circuit.

Two impedance z =10 +j 1.5 Q and z, = 8 ¥ iG

"« 6Qareconnected in parallel. If total current taken

_/is 20A. Find the current taken by each branch
and different power consumed by the circuit.[10
Use Nodal analysis to determine the voltage across
10 Q resistor. [10

7.

40Q




[ ANSWERS TO 2018 7]

12 % 10

\!‘v Answer the fellowing In short ¢
@) What Is torm factor ?

Ans, Form thetor s detined i the rtio between
rs vadue and average vialoe of an alterating quantity.

RMS vilue

e K,
Averape value

Forae sinusoidal quantity, k= 11
For hall wave rectified wave, K~ 0.5,
N What do you mean by bandwidth ?

Anse Band width (B.W) s detined oy the
differcnce of upper hall' frequeney (1) fo the Tower hall
frequeney(l)).

e BW.= (-,
() What is a band-stop Filter ?

Ans. 1Cis a filter that passes most frequencies
unaltered, but attenuates these in o specific range (o very
low Tovels, Ttis the opposite of a band pass filter, 1 has
marrow stop band, The gain ves, frequency of this type
filter is given below,

A
4
Gamn
Pass Stop
band band Pass band
N
3 : ™|
0 e, e,

(d) Define Reciprocity theorem ?

Ans. It states that - In any branch of a network
or circuit, the current due to a single source of vollage
(V) in the network is equal to the current through that
branch in which the source was originally placed when
the source is again put in the branch in which the current
was originally obtained.

(¢) Define Reluctance ?

Ans. Reluctance : 1 is defined as the ratio of
mmf{ to magnetic flux. It represents the opposition to
magnetic flux and depends on the geometry and
composition of an object. It's unit is AT/Wb i.c.

Ampere turn
Weber

(1) Define Selectivity ?
Anw. Selectivity is defined as the ratio between
bl width (13, W.) and resonant frequency (K).

. o BW
., seleotivily = ——
(

I has no anit.,
(). Define co-cfficient of coupling ?
o ; . )

Ans, Co-cfficient of coupling (k) : The fraction
ol magnetic fux produced by the current in one coil that
links with the other coil is called co-cfficient of coupling
(k). k= 1, when the flux produced by one coil completely
links with the other coil and is called magnetically tightly
coupled,

(h) What do you mean by apparent power ?

Ans. Apparent power (s) is defined as the product
ol circuit's voltage and current. It is also the combination
of reactive poewr and true power. It's unit is VA.

(i) What do you mean by Transmission
parameters ?

Ans. Transmission Parameters : These are the
parameters which are used in transmission of power
networks i.c. particularly in two-port networks. They are
represented by A, B, C and D respectively.

(j) State Lenz's law ?

Ans. Lenz's Law : It states that the current
induced in a circuit due to change or a motion in a
magnetic ficld is so dirctted as to oppose.the change in
flux and to exert a mechanical force opposing the motion,
It obeys Newton's 3rd law and the law of conservation
ol energy.

2. Answer the following : [S5x6

(a) State and explain maximum power transfer
theorem ?
Ans. Maximum Power Transfer Theorem :
Statement : A Resistive load, being connected to
a dc network receives maximum power when the load
resistance is equal to the internal resistance of the source
network as sum from the load terminals,

Explanation :

Let’s consider a generator supplying electrical

powcer over a transmission line a load resistor R, as
shown in fig-1.



fig—1
Let Eg= voltage generated inside the generator.

. R,= the internal resistance of generator plus the
resistance of the two line conductors.

The current delivered to load resistance.
L
(Ro+R)) :
Power delivered to load resistance
o E;

=]“R = xR
TR R

- EXR,
(Ro +Ry)*
The power will be maximum when
L
dR
So !
dP  E;(Ry+ R2)—2R (R, +R.)E; h
dR, (R, +R.)’

= E? (R,+R 2R (R,*R) E=0
= B2 (R;tR )'=2R, (R, R E?
= (R,fR)=2R,

= R,=2R,R,=R,

=|Ry =R,

The value of the maximum power transfermed is

E’R,  ER,_Eg

P = 2 2

mx (R, +Rp) 4R; 4R,
Ez

—~|p . =—2

max 4RL

(b) State and explain relation between line and
phase quantities in a Delta connection.

Ans. Relation between line and phase quantities
in a Delta connection :

R =]

/ N,

L
Y1
L, - L,
B
© > >
I I, Fig.-1 Fig.-2

Let us consider a delta-connected load in which
L. 1, @B are the phase currents and I, =1, =1, =1 be
the line currents for the balanced loads.

For balanced loads I, = I, = L.

But the line current considered will be the phasor
. (534
sum or difference. L2

Considering the fig-2,
OABC is a rhombous, AC diagonal is joined. '

Triangle OAP is considered, which is a right angled
triangle:

ZAOP =30°,

B3

.. OP =0A cos30°=I; %

. OB=20P =2xI; X% =31,

~ I, =431, =1, . (Proved)

Similarly in other phasors also \ I, = J3 Ly |-

Next, as there is no neutral present and phase
voltage, line voltages will be equal.

Vo=V, |-




=({) Using superposition theorem find the current
flowing in 10 £ resistor.

50
VY

.

2(,.;@ 2100 1505 4AQD

Ans.

Step-1 : First we have to consider the source 20A
znd other source 4A is open circuited (0.C.) as drawn
below.

50
v

4A
1092 1592

o

In the given circuit by applying current division

technigue,

ANV

(15+5 0
J=20A7——""""—_5g, 8
! (15+5+10) 30
Step-2 : Then we consider the source 44 and the
other source 20A is open circuited (0,C.) as given below,

13.33(T)

50
J\,I!'y\
| =
0.C :-; 100 150 G)"A/
] 7 7
e
o

Applying current division formula,

& 15 5 -
1" =4A zm=4/%=2A(T)
. Finzlly zpplying superposition theorem
techmigue, current in 102 resistor = I, + [ !
=13.33+2=15.33A. (Ans)
(dj Draw the explain hysteresis loop of a
magnetic muterial.
Ams, The pheromenon of lagging of magnetisation

or induction flux density behind the magnetising force is
called as magnetic hystersis.

- L >
ArQ tCCCeiNY B BT
I A
P
S.—l;!I C 777
* fig-1 /i
& D//
0 G
‘4/{ H—>
E
fig-2

Let’s consider a core of specimen of iron be wound
with a number of turns of wire and current be passed
through the solenoid. A magnetic field of intensity ‘H
proportional to the current folowing thro:x g{l the solenoid
is produced. Let the magnetising force ‘H’ is increased
from zero to maximum value and then gradually reduced
to zero. If the value of flux density ‘B’ in the come to
various values of magnetising force ‘H’ are determined,
then we have found B-H curve. :

" If the direction of flow of current is reversed the
magnetising force ‘H’ is reversed. Let the current be
increased in the negative direction until the induction
density ‘B’ becomes zero. At B=0, the demagnetising
force H=OD which is required to neutralize the residual
magnetism. If the demagnetising force ‘H’ is further
increased to previous maximum value and again gradually
decreased to zero further increased in origional or positive
direction to the maximum value, there is a closed loop
ACDEEF is formed. This loop is called hystersis loop as
shown is fig-2. :

(e) A circuit takes a current of 8A at 100 V, 50
Hz and the current lagging behind by 30° from

applied voltage. Calculate the resistance and

inductance of the circuit.

Ans. Given data :

I=8A, V=100 volt, F = 50 Hz, ¢ = 30° (lagging)

In the following circuit (Z) = % = l(;_O =12.5Q.

PF = Power factor = cos ¢ = cos 30 = 0.866

- Resistance (R) =Z cos ¢ = 12.5 x 0.866
=10.392 O -

Reactance (X)) = Z sin ¢ = 12.5 x 0.5 = .25 Q.

ButX, =oL=2nfL=2x 7 x 50 x L

2. 6.25=100 L

6.25
L———§:
100 0.0199 H. (Ans)

i



() Explain about different steps for solving a
network by Norton's theorem.

Ans. Different steps for solving a network by
Norton's Theorem.

R, R,
AV AN A
IL
v(® R, R,
I8

Step-1 : In order to find the current in the load

resistance (R ), we have to short circuit (S.C.) the
resistor 'R,

The current flowing through short circuit terminal
= I will be found out.

RZ
R,+R;

I =Ix

v v
R, +(R,[R;) g , R

~ V(R,+R;)
" RR,+RR,+R R,

R,

Sl =1x
. R, +R,

_ V(R,+R;) R
Rle +R2R3 +R3Rl (RZ +R3)

_ VR,
" RR,+R,R; +RR,

Step-2 : Norton's equivalent resistance (R,) will
be found out by eliminating the energy sourcei.e. V is to
be short circuited and we have to look into the circuit.

A
Al

ANV A~
R, R,
SC R, < Look
R,.R, RR,+R,R;+R;R,

"'RN=R3+ RI+R2= RI+R2

Step-3 : The Norton's equivalent circuit is to be
drawn as follows.

.
I d

Lsc Ry % Bu

Ry
Current through R, =[x Ry +R,

These are the steps to be followed for solving
Norton's theorem.
3. Design a band stop constant-K type filter with
cut-off frequencies of 4 KHz and 10 KHz and
nominal characteristic impedance 500 ohm.[10

Ans. Given
f = 4KHZ
f, = 10KHZ
R, =500 Q
L_ L
Ro - CZ CI
I S

Ci= 4nR (f, - 1))

=26.52 x 10°F

f, = -

= = -9
C, LR, 95.49 x 10°F
Ll - C:ZI{O2 h ;
=23.87 mH
L2 = ClRO2

=6.63 mH



Here C,=0.02652 x 10°F=0.02632 ni
C.=0,09549 x 10 F=0.,00540 nt

N 2387mH 23.87mH
e TR ‘_m"b‘\__
PO
i N it
0.02632uF %6. SmH
0.02632uk
To.0oss0ur
o— c i)

(Design Circuir)

Fig. Design Circuir.
4. Find z parameters for the given network. All

resistaces are in Ohm. |10
i I\

—a -
i VALY I <=0+

....u_.ﬂ"“l/v..-.—_
!
MW
t s
LN
h %
¥)

- O

Anms.
Step-1 : Put I =0, find Z“, Z
I 1.

T"I_T“”S‘L{j <
v, ?1)?
|

I-1,

L ¥ =0-1). L ssss1)
kVL in loop-1 will be,

O=@-I)x1+ 2L+ (1, -1) x2 (i)
V,=2(—1L) ..(ili)
L=—31 wn(iV)
From equation (ii) utilising (iv)

Q=L -1 +21 +2] +6[

or, 5I, =—5I,

= L=+,

<«
ll

Prom () V= (1t x|

LT

!

=

From (i) and (iv),
V,=2(L+3 =21+ j=dn]
2 :' =

|

Next port-1 s to be O.C,
L=0 e =0

O— > VWA« < O
2 1, |
- 9 b 2 \’ \
v, é 1 ;
C (Supply)
O— O
V,=(l,- I) %2 toerl V)

O=2(~1)+31,

e (V1)

Thus trom (v),

\f:=[1,-1,x( £ _)
TT K242+

Us ron
Ing Theveniy' S Ihcorcm. find the current
in 5Q Resistance, (1o



. 100Q
WW—
‘ —WWW W\
SOV—:;L_—- 120 20 '
34 ESQ
Ans.

Step-1 : The 5 resistor will be open circuited
first and O.C. voltage V., or V.. will be found out.

100
A M
| 120 20 o
- 3A
50V | . T

Now we have to apply super position principle.
Therefore one source is to be considered at once
and other source is eliminated.

_AVA
100
_AMA AN $+
- 120 (L 20 6.0
50V — T 0.C T
240
AW O +
= gl VOC
sovT e

<. Vo, or Vi, =50V,
Next 3A is considered and 50V S.C.

10Q J
—ANAN ANAA O +
12Q 20 <L
== 3A 0.C
50V T

12Q and (10 +2)Qare in parallel= (12 11 12)=6Q.
. Current in each path = 1.5 A.
i.e. in ZQ, 10Q current = 1.5 A.

The circuit is drawn below.

+
1 —0
6 3A
3a (1 =
—0 ;
" Vo, =6x3=18V )
or Vi, =18V

o Vg = Vg + Vi =50+18=68 V.

Step-2 : Thevenin's equivalent resistance-(R,)
can be found out accordingly,

" “
£ —AMA— —’VW‘—(———A
12 2 o)
S.C o - +
0.C _ 0.C
o T
14x10
R, =(12+2)|[(10)=
— = i =5.833 Q).
24
Step-3 : Thevenin's equivalent circuit.
R,=8.33Q
—AMY

V. =68V DI 25Q

1= 68
8.33+5
6.  Two impedancez =10+j1.5Qandz, =8 +

j 6Q are connected in parallel. If total current
taken is 20A. Find the current taken by each

=15.101 Amp. (Ans)



Use Nodal analysis to determine the voltage

branch and different power consumed by the 7 S
circuit. [10 across 10 Q resistor. [10
\18A
Ans. Given Z = (10+j15)Q = 18,5_73 \:)fSQ
' W
Z,=(8+6)Q2
, = (84)6) IOQ
= 10]36.870
Total current I =20 A ‘% 2000 %409
i 0
=1=20/0° A | = 24V

Total impedance
Ans. Now the current source 18A can be

ZZ, _(0+]jI5)@8+j6)
- Z,+Z, (10+j15+8+j6)

_ (10+15)@8+j6) _ (1857°)x(10[36.87")

converted to voltage source.

(18+j21) 27.66/49.4°
180]93 87°
=6.51|44.47°
= 27.66/49.4° l44.47°
Applied voltage V =1Z = 20[0° 6.51144.47° The nodes are marked as 1, 2, 3, 4.
Node-1 (Applying KCL), [ =, + |
= 130.2|44.47° el
L (24-V) V-V, vi+lad-v,
V 130.2|44.47° 8 4 8
]l = E’ = _I—SIS—T = 723 —12530
| L 24-V, 2V, -2V, 4V, 4144V,
8 8
V. _130.2[44.47° 5.05(76
L=z T T10Bes [2.6° _3Vi-2V, -V 4144
8
V = 130.2|44.47 = 24-V = 3V, - 2V, -V, + 144
=>4V -2V VvV =_ 120
44.47° f = 13_02,7L60 Node_zt A 2. 3 ----(])
) 76 2 (Applying KCL), I, =1, + 1,
> 0
,IIO :u=l2_+vz—vgzvz+zovz—20\’3
4 200 10 200
12.53° I,=7.23]-12.53° = 50(V,-V,) =V, + 20 V,-20 v,
BV, -50V,~ v, ~20V, +20V, = 0.

=>50V—71v+70v~0 2)

Power consumed
Node-3 (Applying KCL), I, + =1

P =VIcosO
=130.2%20%cos 44.47°
V, +1
= 11858.26 watt >tV vi-v v
4 10 40




_, Vi +720-5V, +4V, —4V, _v 4(0 +720x20) +120(~500-100)

b 40 ‘ —1(~3600—0)— 36000 3
=, VTV, =9V, + 0=V, ~ 4(710-80)+ 2(~500—100)—1(200+ 355) 52y
= 5V, +4V, - 10V, =~ 720. .(3)
Equating equation (1), (2) and (3) we have, 4 -2 -120
By applying Cramer's rule, 50 =71 0
4 =2 -17V,] =120 v, 5 4 =720
50 —71 20 ||V, |=| o.] i
5 4 -10j1Vvy] [-720 4(=71x~720) + 2( 50x ~720) — 120( 50x 4+ 71x 3
1875
4 -120 -1 | =112.256 V
50 0 20 . Voltage drop across 1002 resistor
Ty 54 —EO :10 - —V,-V,= 112256 - 11.52
0 1 20 =100.736 volt (Ans.)
5 4 -10
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Full Marks : 80  (Code - EET-301) Time : 3 Hours
Answer any five questions including Q.Nos. 1 & 2

The figures in the right-hand margin indicate marks.

1. Answer all questions : [2%10

(a) What do you mean by supermode ? Explain.
) Define Selectivity ?

(c) _What is a band-pass filter ?
(d) What is a band-stop Filter ?

(e) Find the hybrid parameters for the two port
network.

\Q Define co-efficient of coupling ?
—(g)-What is reasonance condition ?

_(1h)-What do you mean by form factor ? State its value
for sinusoidal waveform.

(i) What do you mean by ideal constant voltage

source and current source ?
(j)~What is form factor ?
2. Answer any six questions : [5%6

(a) Find the number of turns required to produce a

flux density of 2T in a core of mean magnetic

length of 260 cm when the coil carries a current
of 5A. Assume the permeability of the core is
1000.

(b) Obtain the value of R, so that maximum power
has to be transferred to the load and find the
amount of the power in the figure below :

5 12V
w—i
44 50 £20 %RL
|
1t
gV

(c) State and explain relation between line and phase
quantities in a Delta connection.

3.

(d) Find the equivalent inductance of the following

circuit ;
T LTy
. 4H
i e
3H 5H 6H

o N

(e) Draw the power triangle for R-L series circuit.
State the expression for active, reactive ,and_

apparent power.
(f) Using superposition theorem, find the current
flowing through 10 € resistor.

5Q
AAAA

20A(}) § 150 (DA

g 102

(g) A circuit takes a current of 8A at 100 V, 50 Hz'
and the current lagging behind by 30° from applied
voltage. Calculate the resistance and inductance
of the circuit.

(hy Explain hysteresis loop with diagram.
A circuit consisting of a coil of resistance 12 Q
and inductance 0.15 H is series with a capacitor
of 12 pF is connected to a variable frequency
supply which has a constant voltage of 24V
calculate,

(i) The resonant frequency

(i) The current in the circuit at resonance

(i) The voltage across the capacitor and coil at
_ resonance. [10
Determine the z-parameters of the network shown
in fig. [10




~5< Two impedances of which are given by Z = 15 +
jl0Qand Z, =8 —j 6 Q are connected in parallel.
_If the total current supply is 15 A, what is the
power taken by each branch ? Find also the p.f.
of indjvidual circuit. (10
6. Design a band stop constant-K type filter with
cut-off frequencies of 4 KHz and 10 KHz and
nominal characteristic impedance 500 ohm. [10

7.  Calculate the loop currents using mesh analysisin -
circuit shown in the figure below and indicate the -

polarity of currents ? [10
C AW A
6 Q
10V ——
250
20% 20
20 :
D VWW B
6 Q
ANSWERS TO SET-1 ‘i
1. Answer all questions : [2x10

(a) What do you mean by supermode ? Explain.

Ans. Supernode is formed is a network when

there is a voltage source along with presence of two

nodes or a node with reference node. This is given
below :-

" -
Rt "
R 2 R.
l b - '
l V@ l 2 TR
| | Rz '
I I
Lo i e ] 4
Super node . =
Or
TN
Super node (—'/1 f\ 2\\4'
% VWA—
: \_ | /r

(b) Define Selectivity ?

Ans. Selectivity is defined as the ratio between
band width (B.W.) and resonant frequency (f)).

ie., selectivity =

It has no unit.
(c) What is a band-pass filter ?

Ans. Those filters which allow transmission of
frequencies between two designated cut-off frequencies
and reject all other frequencies is knows as Band pass
filters.

(d) What is a band-stop Filter ?

Aums. It is a filter that passes most frequencies
unaltered, but attenuates these in a specific range to very
low lovels. It is the opposite of a band pass filter. It has
narrow stop band. The gain vrs. frequency of this type
filter is given below.

/ A
Gain \
Pass Stop .
band band Pass band
0] fcl fc2 1
(e) Find the hybrid parameters for the two port
network.

Ans. Hybrid parameters in the two-port network
arc hn’ hlZ’ h.’.l’ hzz‘

Vi =h I+ b V) oo (@)
L=k, T+ 1™, s (ii)
A Vi’
n- I _ hl__ vV, -
L L
h, = I, Voo’ h,= v, 1,0

Unit of b, is ‘ohm’, h,, and h,, has no unit and
h,, is ‘mho’

(D) Define co-efficient of coupling ?

Ans. Co-efficient of coupling (k) : The fraction
of magnetic flux produced by the current in one coil that
links with the other coil is called co-efficient of coupling
(k). k=1, when the flux produced by one coil completely

links with the other coil and is called magnetically tightly
coupled.



(g) What is reasonnnce condition ?

Ans. Resonant conditions in a series RLC circuit
arc as follows :-

Here the circuit will draw maximum current and
inductive reactance is equal to capacitive reactance. Also
voltage drop across inductor is cqual to voltage drop
across capacitor and the power factor is unity.

(h) What do you mean by form factor ? State Its
value for sinusoidal waveform,

Ans. Form factor is defined as the ratio between
rms value and average value of an alternating quantity.

Fus. (/m /\/2)

e, k= form factor = — = ~= =
: k. (21 /)

1.e. for sinusoidal wave form, form factor=1.11.

() What do you mean by ideal constant voltage
source and current source ?

Ans. Ideal Constant Voltage Source : This type
of energy source generates volige of a given time
variation but neither the magnitude nor time variation of
the generated voltage chenges with the megnitude of
current drawn from it. Therefore the terminal voltage of
this source remains constant for all values of o/p current
from zero current to blunt S.C.

V (t)
(dC) (a.c.)

Ideal Current Source : This type of energy
source generates current of a given variation but neither
the magnitude nor the time variation of the gencrated
current with the load i.e o/p current remains constant
for all values of load range from zero resistance to ‘oo’

resistance
t() o

(d.c.) (a.c.)

(J) What Is form factor ?

Ans. Form factor is defined a5 the ratio 4., e
s value and average value of an alternating o Yz,
ALY,

RMS‘ value

C., K
Iy K " Average value

For ac sinusoidal quantity, ., = 1.1]
For half wave rectified wave, k= 0.5,
2. Answer any six questions : 1576
(1) Find the number of turns required tg Provdue
a flux density of 27T in a core of mean MAgnet,
length of 260 cm when the coil Carries 4
current of SA. Assume the permeability 4
the core is 1000.
Ans. Given data
B = Magnetic flux density =2 Tesla
/ = Mean magnetic length = 260 cm =2 6,
[=5A, p = 1000,
We know B = pH.

= B=ji fH.

B 2 _10° 22
or H= Bop, 4m=107 21000 4z
AT
=[5092.35 —
m
MMf = HI/ = NI
HI  159235x26

___=828.1 say ‘829’

~ No. of turns = 829" (Ans.)
®) e

Obtai /the value of R so that maximum
powér has to be transferred to the load and
find the amount of the power in the figirt

below :
5 12V
—W—i =
44 =5 R
f 550 z20 3
4
Ans. Step-1 : R, is to be open mrcmted and

have to fing \



e { L Ans. Relation between line and phase quantities
‘ " 12V in a Delta connection :
4 5Q ¢
20 e I=1
7
| | .
Fig.-1 -
(Fig.-1) N
Step-2 : Now we have to convert 4A source into
voltage source

0 s | e

Y
20V ) 12V 2.0 oo -
Mesh ' I, I, Fig.-1 Fig.-2
s
| —o : o
‘o2 | Let us consider a delta-connected load in which
(Fig-2) _ I, I, nd I are the phase currents and I, =1, =1, =1, be
AW Sc o+ the line currents for the balanced loads.
4A (Tb i 4 OI For balanced loads I, = I, = L.
50 ‘ : -
i | (Vi) But the line current considered will be the phasor
| 1 o & sum or difference.
(Fig.-3) % bV = g A e ==
L= =1L -I,,L =L - =1,
Applying KVL in the mesh (fig.-2) PR e g R
-51-51-12-21+20=0 B = e
g L=y -l =1
=-121=-8orl=1 = -3— A=0.67A ' Considering the fig-2,
5 OABC is a thombous, AC diagonal is joined.
o Vg, =2I+8=21+8=2x 3 +8=933V Triangle OAP is considered, which is a right angled
Step-3 : Then we have to find ‘R, by eliminating triangle.
the energy sources and looking from the o.c. end, Z/AOP =30°,
" s.C
e s -, OP =0A cos30° =T, x-\/zé
o.c 6 20 -
: .. OB =20P =2x], xiz—?’— =31,
5+5]@2 —E—Z-—EQ—I%Q
* Ry = 10+2 12 1, =31, =1, (Proved)
. According to maximum power transferred
theorem, ' o
R =R, =166 Q (Ans) Similarly in other phasors also N I, =3 L &

Maxxmum amount of power transferred to the’
2

| Next, as there is no neutral present and phase
voltage, line voltages will be equal. .

[ Ve=V. .

Vi _
load= "R, ~4x166

= 13.1 Watt (Ans.)

(c) State and explain relation between line and
phase quantities in a Delta connection.



(d) Find the equivalent inductance of the
following circuit :

I N2

3H 5H 6H

o N

Ans.
/-P\ /‘_\
® coil-1 4H coil-2 * coil-3

o—Tin— NE 113N ‘mn—o
A 3H 5H C 6H B

L, =3H, L,=5H,L,=6H,
M,,=4H, M,,=2H, M, =3H
The equivalent inductance between A, B
=L, +L,-2M,
=3H+5H-2x2=4H.
Equivalent inductance between B, C
L Lpe=L+tL-2M  =5+6-2x3=5H
Equivalent inductance between A, C
=L +L,+2M,
. L, =3+6+2x4=17H.
. Leg =L, +L, +L,,=17+5+4=26H
(e) Draw the power triangle for R-L series circuit.
State the expression for active, reactive and

apparent power.
~ Ans. Power triangle for R — L series circuit.

C
Q=VxIsin¢
=1X
A P=VIcos ¢B SR
=]R
In triangle ABC

AB = P = VI cos ¢ = Active power

BC = Q = VI sin ¢ = Reactive power

AC = S = VI = Appanent power.

Active power P =PR = VI cos ¢ watt OR KW,

Reactive power Q = Py = VI sin ¢ VAR OR

KVAR
Appanent power S = VI = VA OR KVA

Using superposition theorem, find the
[ current flowing through 10 Q resistor.

5Q
A

20A(Y) é 10Q % 150 QB‘*A

Ans.
50
AAA—
20A(3) ﬁ 100 ‘%159 QL

Step-1 : The 20A source is considered and 4A
source is deactivated i.e., open circuited (o.c.).

" ' 50
AN
-

0.C

20A D 1092 150
. X

20A |
- The equivalent resistance across AB

22x10 200 20
=(15+5)||(10) = = =
( )”( ) 20+10 30 3

Ill = current in 10 Q resistor

ek (15+5) 40
S (15+5+10)_?-A(T)

Step-2 : 4A source is considered and 20A is o/c.

5Q
l ol <4A C
0.C 1
4A
10y 15Q

20A ‘D



Equivalent resistance across CD.

{10 35} jj(15) a2 W 154,

15415212
15 4x15
g I“ =4A x = =
; 10+5+15 30 2A(¢)
Step-3 : Net current in 10 Q resistor )
. 40 34

_q_q_Y A_-T_
=L -1} == -2=""=11.33A. (Ans)

A circuit takes a current of 8A \at 100 V, 50

Hz and the current lagging behind\l{y 30° from

applied voltage. Calculate the resistance and
inductance of the circuit. y

Ans. Given data :

[=8A, V=100 volt, F = 50 Hz, ¢ = 30° (lagging)

In the following circuit (Z) = —\-I/— = 1—(;9 =12.580.

PF = Power factor = cos ¢ = cos 30 = 0.866

-. Resistance (R) = Z cos ¢ =12.5 x 0.866
=10.392Q

Reactance (X,) =Z sin ¢ = 12.5 x0.5=6.25 Q.

But X, =oL=2nfL=2xmX 50xL

s 6.25=100 =L
& L= 6.25 =0.0199 H. (Ans)
100w

@Explain hysteresis loop with diagram.

Ans. The phenomenon of lagging of magnetisatiqn
or induction flux density behind the magnetising force 1
called as magnetic hystersis.

€ 0 —>
ATt Os .
1 i .
i 7,7
So-lé o) //’
fig—1 /]
D y
O/G
~ —
E F H
fig—2

Let’s consider a core of specimen of iron be wound
with a number of turns of wire and current be passed
through the solenoid. A magnetic field of intensity ‘H’
proportional to the current folowing through the solenoid
is produced. Let the magnetising force ‘H’ is increased
from zero to maximum value and then gradually reduced

to zero. If the value of flux density ‘B’ in the come to
various values of magnetising force ‘H’ are determined,
then we have found B-H curve.

If the direction of flow of current is reversed the’
magnetising force ‘H’ is reversed. Let the current be
increased in the negative direction until the induction
density ‘B’ becomes zero. At B=0, the demagnetising
force H=OD which is required to neutralize the residual
magnetism. If the demagnetising force ‘H’ is further
increased to previous maximum value and again gradually
decreased to zero further increased in origional or positive
direction to the maximum value, there is a closed loop
ACDEF is formed. This loop is called hystersis loop as
shown is fig-2.

3. A circuit consisting of a coil of resistance 12
" and inductance 0.15 H is series with a
capacitor of 12 uF is connected to a variable
frequency supply which has a constant
voltage of 24V calculate.
(i) The resonant frequency
(i) The current in the circuit at resonance
(iii) The voltage across the capacitor and coil at

resonance. - [10

Ans. In the following question, given that :

R=12Q,L=0.15H,C=12pF. =12 x 10°F.

V =24 Volt.

1
. Resonent frequency (f)) = m

1
= 2015x12 %1078

=118.7Hz
Current in the resonant circuit

=2 2nf,.C

1
=V.=

=223.6 V.
¢ x1187x12x107° 223



-

. Voltage across the coil = Voltage across “R’ Stmilarly,
Z, =R+jX, V, =201, + 10 (1, + 31)
X, = 0oL =2xfL=2xx1187x015 = 111.8Q butl, =0

V, = 10L

L Zy= R X =122 £11187 = 112440
2 Ve =1y X, = 2% 112,44 =224 88V,

o1l
Determine the z-parameters of the network
shown in fig.

A _)V‘W 1‘1‘\ ( =N
L 200 20 Q L
10 Q v,
! 2[1 -
Ans -
20Q

First We have to O.C. (2 - 2Y)
terminal such that L,=0

b}
a5 Z” = ‘l bah

.. from V/p port side,
V=20 L+ 10 =31,

V

¥, =50 = Z,=7 =

1

1 11
-V, =V.d across AB

=20><211+10><311=701,

h

0Q

\Iw
= Z=7 =70Q
21 Il

Next the port (1 - 1Y) is O.C
1=0

-V, =20Q21, + L) + 10Q21,+1)
vV, = 201, + 101, (-1, = 0)

Vv, =301,

orZ,,= ]- =300

n

\’
or,Z,= 7. = 10Q (Ans)

Two impedances of which are given by Z =
15+ j10 Q and Z, = 8 — j 6 €2 are connected
in parallel. If the total current supply is 15 A,
what is the power taken by each branch ?
Find also the p.f. of individual circuit. [10
Ans. | .
I z,=(15+j10)Q
e fticot
15A
L z,=(8-j6)Q
__)‘_{ }__
v, f
Given that

Z,=(15+j10)Q=18/33.69°
Z.=(8-j6)Q=10-36.87°
I=15A

= 150°

1Z, 15x(8+j6)

L= Z ) T W5+ 510)+ (8-36)

= 6.425[46.73A.

1Z,  15x(15+j10)

L =25z, T 5100+ 86

=11.623.82° A
Power taken by branch (1) is

P, =1°R, =(6.425) x 15 =619.2 watt
Power factor of branch 1 is

Cos 6, =log (33.69) = 0.832 (log)
Power taken by branch (2) is

P,=F.R,=(11.6)" x 8 = 1076.78 watt.
Power factor of branch 2 is

Cos 6,=log (36.87) = 0.8 (lead)



6.  Design a band stop constant-IK type filter with
- cut-off frequencies of 4 KHz and 10 KHz and
nominal characteristic impedance 500 ohm.

[10
Ans. Given
f = 4KHZ
f, = 10KHZ
R, =500 Q
I"l L2
R = ,’— = ,’—
0 C, ok
==l g
C= 4R (F, - 1))
=26.52 x 10°F
fz - f]
= = -9
C,= 2R, = 9549 X 10°F
L,=CR?
=23.87 mH
L,=CR{
= 6.63 mH
Here C,=0.02652 x 10 F = 0.02652 pF.
C,=0.09549 x 10 F = 0.09549 pF.
23.87mH 23.87mH
—U0 0 — — Y00 —
o— | ——a
| } L
0.02652F 6.63mH
0.02652F
T0.09549uF -
O— ‘o)
(Design Circuit)

Fig. Design Circuit.
7.  Calculate the loop currents using mesh
analysis in circuit shown in the figure below
and indicate the polarity of currents ? [10

C ‘/wa A
0
10V4;
250
2032 N, 20
20
D AW B
6 Q)

Ans. The following circuit can now be represented

* in wheatstone bridge as drawn below :

3
L= AMiAE
2Q2

Now we have to take different loops as shown in

- . the figure, i.e. DCBD, CABC and DBAD.

. Loop DCBD, the KVL equation or meh equation

1s,
-2 -1)-6(,-1)-21,+10=0

o, -2I +2I, -6l +6l-2] == 10
- 101, + 2L+ 61, =-10

o, « =SL L+ =10 . .cviiivminnnie (1)

Loop-2 i.e. ‘CABC’ applying Mesh equation,
- 6L, - 5(I,- 1) + 2(I,-1) =0

o, -6l,-5L+5[,+2L -2 =0

o, -2I-9L+5L=0......... (ii)

Loop-3 “DBAD’, applying Mesh equuation
+6(1,- 1)) + 5(1, - L)-2L,=0

o, 6l -6l + 5L, - 51, - 21,=0

o, -6l -5L+9L =0 ... (iii)

Solving the three equations using Cramer’s rule,



L{-s 1 37 [-§
|2 —2 —() 5 = 0
|1 _6 ""5 I() 0

A = =5(=81425)—1(=18+30)43(10~-54)
= =5x(=56)-12-132=136
-5 1 3

A=| 0 =9 5 |==5-81425)=1(0)+3(0)

=5 49

(5 -0 3

A,=[=2 0 5 |=-5(0)+5(-18+30)+3(0) = 60
{_—6 0 49

[ 1 =5

Ay=|-2 -9 0 |=-50)-1(0)-5(10~-54) =220
-6 =5 0
1=ﬁ=ﬂ=—2.05/\
A 136
1=ﬁ=—60—=—0.44A
2 A 136
l=£=~22—0=—1.6]A
3OA 136

-Ve Signs indicate that the direction of loop currents
choosen are opposite.

SET— 2

Full Marks : 80 (Code - EET-301) Time : 3 Hours
Answer any five questions including Q.Nos. 1 & 2
The figures in the right-hand margin indicate marks.
1. Answer all questions : [2x10

(a) What do you mean by apparent power ?
) Express the given voltage (5+3/)V to polar
form.
" 19 What is resonance 7
What is active element and passive clement?
(e)-Draw the circuit constant k high pass filter.
(f) What do you mean by bandwidth ?
@ Define Reluctance ?
(h) State K.V.L.
State maximum power transfer theorem.
j) What is Node and Mesh ?

L

2. Answer any six questions [5%6

(1) ‘The potential difference measured across a cojl

is 4.5 V, when it carries a die, of 9 A, again

carries 9 A at 50 1z a.c. supply of 25 V. Find oy

the inductive reactance and apparent power
consumed by the coil if supply voltage is 25 V,

() Write the analogy between cleetric and magnetic
cireni

(¢) Explain about different steps for solving a network
by Norton's theorem,

(d) A cireuit consisting of a coil of resistance of 24Q)
and inductance of 0,15 1 in series with a capacitor
of 20 puf connected to a variable frequency supply
which has a supply voltage of 24 V. Caleulate [5

(i) Resonant Frequency

(i) Current in the circuit at resonance

(i) Voltage across the capacitor and coil at resonance,

(¢) Discuss briefly the B-I1 curve of ferro-magnetic
material,

(N Explain constant k-high-pass filter with
diagram.

(g) State and explain maximum power transfer
theorem ?

(h) Design T-scction of the high-pass filter having an
infinite frequency characteristics impedance of
300€2 and cut-off frequency of 2000 Hz.

3. Usingsuperposition principle, find the current 3Q

resistance. [10
6 Q
—“AAWWW—
154
1 Q 20
———ANWY W
154
% 30

4. Compute the network resistance between

terminals B and C in the given figure. [10
A
1O 10
3Q 3Q
B MWWy c
1 Q



M Find 7z parameters for the giving network,  [10
] 20 A

Vl =10

J ] .

AW

20

~

ar

| 6— < —+

s

6.

T

In the circuit shown -in figure below, the battery
has remained switched on for a long time. Suddenly
the switch is closed. Find an expreysion for current
in the circuit as a function of time, the Values of
R =2Q, R, =40, =2 and V = 12V, [10

=M

| R0 R, = 40
ye12V] : : gL-ZH

Using source conversion technique reduce the
following circuit to a single current source across

AB. (10
AMA : AMA A APAA
ny Yoy yny
402 ‘L 40 l 40
10A ZA0 120%
QD L
T2V
_I__ 6V
Vi

ANSWERS TO SET-2 )

1. Answer all questions : [2x10
(n) What do you mean by apparent power ?

$) is defined as the product
mbination

Ans. Apparent power (
of circuit's voltage and current. It is also theco
of reactive poewr and true power. It's unit is VA.

(b) Express the given voltage (5+3/)V to polar
form.

Ans. Let V = (54§3) Volt which is in rectangular
form.

. In polar form,
V = 5.83 [30,96"
suy 5.83 |319 volts,

(c) What is resonance ?
Ans. Resonance is defined as a Phenomenon in
which the frequency is not constant but is oscillating at a
frequency

]
b= 2mdic
Where f, = Resonant frequency.

Where L and C are the inductance and
capacitance of the said RLC series Circuit.

- Under resonance, in a series RLC circuit,
current = max. but in parallel resonance, current = min.

(d) What is active element and passive element?
Ans. Active Element :
A circuit clement is said to be active if it has the
ability to supply energy that activates a circuit. -
Example - Generators and Batteries.
Passive Element
A circuit element is said to be passive if it absorbs
energy.
Example - Resistor, Capacitor, Inductor.
(e) Dr;aw the circuit constant k high_pass filter.

Ans. The circuit diagram of constant-k Hp filter
in T and 7 network is given below::

2C c

Z,/2) 4
Z,32 Z I

(T-n/w) (1 - N/w)

() What do you mean by bandwidth ?

Ans. Band width (B.W.) is defined as the
difference of upper half frequency (f)) to the lower half
frequency(f)).

ie. BW.=f =¥ .
(g) Define Reluctance ?

Ans. Reluctance : It is defined as the ratio of
mmf to 'magnctic flux. It represents the opposition to
magnetic flux and depends on the geometry and
composition of an object. It's unit is AT/Wb i.e.

Ampere turn
Weber



]

() State KV.L,

Ang. Kirchhoft's Mesh Law = (KRVE)

e any closed cireuit or esh thoe algebrate sunvot
endy acting in that cireuit or meshis equal to the algebraie
sum of the products of the cutrent and resistances of
cach part of the cireuit,

Kirehhof’s Curvent Law (KCL) @

I any network of wires carrying currents, the
algebraie sum of all currents mecting at a point is zevo,
(1) State wnximum power teanster theoven,

Auns, This theorem states that na does civeuit
maximum power is transfered trom a souree 1o load
when the load resistance iy made equal to the nternal
vesistance of the souree as viewad trom the load terminals
with load removed and all et sources replacad by thete
internal resistances.

() What is Node and Mesh ?

Ans, Node @ A node of a network 18 an
equipotential surtace at which two or more cireult
elements are joined.

Mesh : A mesh s the most elementary torm of a
loop and it cannot be further divided into other loops.

2. Auswer any six questions @ I5x6
(2) The potential ditference measured across s
coil is 4.5 V, when it carries a d.c. of 9 A,
again it carries 9 A at 50 Hz a.c. supply of 25
V. Find out the inductive reactance and
apparent power consumed by the coil it supply
voltage is 25 V.,
Let

Ans, R = DC resistance

L = Inductance of the coil
Giventhat PD =435V

1=9A
V 453
ForDC R= —=—=05A
1 %
When AC current at 50 Hz
; . vV 25
v i =—=—=7
- 1 9 e

i

S0 .\L 2

Il
(EW]
A

P
w
<

A

4
£

shm b @ 870 % 10 H,
0 2rex S0
1:.
l = \ L& o T‘::_,\ \) ._\
7A :. !‘\\

—Apparent power 8 = V1
=23 x9=225VA

e

() Write the analogy between clectric and
thnenetic civeuit
Ans.

Magnetic Circuit Electric Circuit
mmt . emf
l. Fluxs=——————  |l. Curcent= —/——
Relue tance resis tance
2. MME (anpere-turn) |20 EME (volt)
3. Flux (&) 3. Current (1)
4. Flux Denstity B 4. Current Density
L § X 1
5. Reluctances S =—— |3, Resistance R=t—
‘l:\ A
\ & e
6. Permeances—————/0. Conductance =
reluctance
1
resistance
7. Reluctivity 7. Resistevity
8. Permeability = S. Conductivity =
1 1
reluc tivity resistvity
9. Here in the series 9. In the series electric
magnetic cireuit, circuit. R=R_ = R_ =S
=S, +8§,+§,+..+§, R,+...~R.
and tor parallel, Inparallel
S = Reluctance . R = Rexistance
1.t 1. 1 1 1 1 1 1
S & 8. s, s, R R, R, R R
(c

) Explain about different steps for solving a
network by Norton's theorem.

Ans. Different steps for solving a network by Norton's

Theorem.
R,
e ’\i\r\ —A
e
G <:> R:% %R;
- i




Step-1 : In order to find the current in the load
resistance (R ), we have to short circuit (S.C.) the
resistor 'R.".

The current flowing through short circuit terminal
=l will be found out.

Lo = Ix Ry
R, +R,
R|+(R21|R3) R+_P_\_1R3
' "R, +R,
_ V(R2+R3)

" RR,+R,R,+R R,

R,
R;+R;

Ve =1x

_ V(R, +R,;) R
RR, +R,R, +R,R, (R, +R,)

~ VR,
RR, +R,R, +R,R,

Step-2 : Norton's equivalent resistance (R,) will
be found out by eliminating the energy source i.e. Vis to
be short circuited and we have to look into the circuit.

AN A
R R,
1
SC R2 & I_;OOk
(
RI'RZ R|R2+R2R3+R3R|
Ry, = R3+R]+R2= R,+R,

Step-3 : The Norton's equivalent circuit is to be
drawn as follows.

ok ir,

Ry
. Current through R =1, % Ry+R,

These are the steps to be followed for solving

Norton's theorem. ‘
(d) A circuit consisting of a coil of resistance of
240 and inductance of 0.15 H in series with
a capacitor of 20 pF connected to a variable
frequency supply which has a supply voltage

of 24 V. Calculate [5

(i) Resonant Frequency

(ii) Current in the circuit at resonance

(iii) Voltage across the capacitor and coil at

resonance.
Ans. .
R L &
L 24 Q 0.ISH  "20 uF=20x10*F.
\
(<)
_/
24V

» 1
i) .. R t fi ‘£ =
(1) esonant frequency ‘f) riJLC

1 - e g
~ 2m/015%20x10° ~ 27 %3
=01.93 Hz,
(i1) Current in the circuit of resonance
I A
® R 24 '

(ii1) Voltage across the capacitor

= Cu :IOXC=1XL
@,
O, = 2ch0>< c=2n x91.93x20x10*®

=0.01154



L
Ve, =1, % =1x =86.65V steel
S ®C 001154 ? cast steel
Voltage drop across the coil i.e. across (L) aast Eol
V., =Voltage across ‘L’=86.65V i H T o)
(under resonance) () Explain constant k-high-pass filter with
Vp = V = 24 V (under resonance (across ‘R’) diagram.
(e) Discuss briefly the B-H curve of ferro- Ans. The circuit diagram of constant-k Hp filter
magnetic material. in T and © network is given below :
Ans. B-H Curve for Magnetic Materials 2C 2C
The (B-H) curve (or magnetisation) curve l I I I i I I
indicates the manner in which the flux density (B) varies @./2) Z./2) |
with magnetising force (H). ! JL . z s 1 zZ3a
For Non-magnetic materials : z S =
For non-magnetic materials (i.e. air, copper, rubber,
\Lvood etc.) The relation between B and H is given by B (T - n/w) (- N/w)
= Mghle , 7 Fig 13.5)
Since p, is constant equal to 47 x 107H/m. Here Z, = Series arm impedance
. B H
Hence B-H curve for a non-magnetic material is _ ! 1
a straight line passing thorugh the origin as shown in jo2C  jo2C
(fig.8.2).
1
(wb) g e (13.26)
m* 0 Similarly Z, = shunt arm impedance
' =3¢} PRR— (13.27)
of —H "
(AT m) DIRPETILY. SNIE G L
ZZ,=jol . - oC K?= R;
For magnetic materials :
For magnetic materials (i.e. iron, steel, etc.) The 77 = L _ K= R2
relation between B and H is given by B ne ' 0
B=puH . . (8.7) 3
But p_is not constant but varies with the flux SRo=—= (13.28)
density. Hence the B-H curve of a magnetic material is ’ C
not hqe?r (Fig. 8.3) shows the B-H curve of a magnetic (i) Cut-off Frequency (f.) :
materia’s. By putting Z =1i.e.
saturation ) . w,=oorf,=o
wb B 7, knee Slmllarly by takmg Z +4Z, 0
2 B _
e A : 1 4jogLC+1
- or, +4joL=0 or, =~ =0
0 —> H (AT’m) _ joC joC

The non- Imearlty of the curve indicates that or, 1- jo2LC =0 or, 4joiLC=l

relative permcablllty p’of a magnetlc material is not :
constant. The magnetisation curve is varied according or, o2 = Y.
to different magnetic materials (fig. 8.4). g



28e= 2JLC
P o 1
e = GadLe e (8.29)

Thus the pass band (P.B) will lie in between
1
4 LC

tooo .

The impedance vrs frequency characteristics is

given below,
! zZ,
/ :
i

_O e

2,

(]
]
I
1
I
H -4z,
<«—SB>—>
SB35

(Fig.13.6)

The cut-of frequency at the interception of the -

curves Z, and—4Z, is indicated as f_. The filter transmits
all the frequencies between f, and co.

Design of HPF (Constant k-type)

L
We know that Z,Z, = k2 =Ré ZE

L 1
~ork?= C similarly f.= m ..... (13.35)

1
~fe = Ten’Le
Y by
or, LC= T 6nf2
WL
but Rj = C or L = CP,
. (crg).c= s
a 16m°£3
.
= 16r° 2R3
1=
- C= JafR, (13.36)

Similarly L= CR}

1 , _Ro
anf.R, - Ko™ anf, (ANS)
@ State and explain maximum power transfer
theorem ?
Ans. Maximum Power Transfer Theorem :
Statement : A Resistive load, being connected to
a dc network receives maximum power when the load
resistance is equal to the internal resistance of the source
network as sum from the load terminals.
Explanation :

~ L=

Let’s consider a generator supplying electrical

power over a transmission line a load resistor R, as
shown in fig-1.

fig—1
Let E_= voltage generated inside the generator.

R = the internal resistance of generator plus the
resistance of the two line conductors.

The current delivered to load resistance.

I= By
(Ro+Ry)
Power delivered to load resistance
. E,
P= 1 RL = _:—., X RL
(Ro+Ry)"
EIR,
(RO + RL)2
The power will be maximum when
dp
——f
dR

So

dP  E3(R,+R})-2R (R, +R|)E;
dR, (R +R,)




— Elz (R,#R -2R, (R +R ) E;—-O
= E} (R,#R )=2R, (R*R)) E;
= (R#R )=2R,

= R=2R,-R=R,

=|Ry=R_

The value of the maximum power transfermed is
i ERy _ ER, E
(R +R;)* 4R}

g2

4R,

max

EZ

2

max = 4RL

—_—
—

(h) Design T-section of the high-pass filter having
an infinite frequency characteristics
impedance of 300Q and cut-off frequency of
2000 Hz.

Ans. Given that R =300 Q
f.=2000Hz.

But we know that

R, 300

= =11.93mH
4nf,  4nx2000

L=

I 1
T 47R f.  4mx300%2000

The T-section of High Pass Filter (HPF) is shown
as fig-1.

¢ =0.133pF

2C 20
| 11
0 11
0.266pF 0.266uF
L 2§ 11.93mH
Fig.-1
3. Using superposition principle, find the
current 32 resistance. [10
6 Q
r——"—w 7
15 4
10 20
AW Wy
154
% 30

Ans.

I, 3Q
=
60 i
15A" 6Q2
10 20 I; ISA@ 2Q
30
1Q

Considering upper 15A source and deactivating
lower 15A source we have.

6Q2 |I' 3Q resistor and the combination in series
with 1Q resistor. We have to find current in 1Q
resistor by current deviding rule

6/ 3=232-18 10
6+3 9
20+ 1Q =30
: 2 2
I :15 :15X—=6A
50 4 243 3
Then 6A devides between 3Q and 6 Q resistor
6
I, =6x =6x—=4A(]
0L TRy gt )

Considering lower 15 A source nd deactivating
upper 15A source the circuit is redrawn as

—— A AAAA
6Q

Q[ 2q b 3
I
15A

3Q | 6 and combination is in series with

6x3
20 6|f3=—=2Q
I 6+3

2Q0+20 =40

=3A

1
Current through 2 resistor 15x -y

Now Current through 3Q resistor

6 6
3_3><-9-=2A(i)

=3X

So total current through 3Q resistance
=4+2=6A({)
Compute the network resistance betweel
terminals B and C in the given figure. [10



18 1Q
1Q
B 1Q
L AMA— C
10.5 Q
Ans.
I1x7 7
And finally we got, R, = =—Q
A 1+7 8
7 10.5%1
R =— R =
¥ 8Q £ 10.5+1
10.5 .
=——=0913 QL
1Q 10 _ 115 -
0
3Q 3Q
B AW C
1Q

The inner star side is now connected into delta
(A) as shown below :

B

. The resistance between B, C is

7 7
(R,+R,)I(R,) =(§+§) 1(0.913)
(delta)
' %x0.913
R, +R,R; +R;R =2 ——=0.6Q. (Ans)
Here R,2=R‘ 2 121 I 7410913
3 4
' 5.  Find z parameters for the giving network.
=2x3+3x3+3x2 =£1_—_-7Q (10
2 3
: I,
R,=2L-H_1050 ol D22 .
Rl 2 T h T
21 21 ' v
Ru=g =379 M 1o 320 31, |
2
The circuit is again drawn below. _lg [




Ans
- &
13\ ]é'Q |
v,® ) N 31, ‘l/z
£ Y] L:
B A B = ¥
In loop-1, applying KVL,
V,=( -L) % I courerencee. (1)

In loop-2, applying KVL,
0=(L-1)x1+2L+(,-1)*x2 ... (i)

In loop-3,
V,=2(,-1) e (iii)
And I, = 3], e (iv)

From equation (ii) by putting the value of I, in
equation (iv) we have, k
0=(L-1)+2,+2I,-2x(@l)
=(I,- 1)) + 21, + 21, - 6],
=35I, - 71,

7
QI', 513 = 7]| = 13 =§ll
R ¢ 7 2
From equation (i), V, =1, - T_;'Il = -—5-1I
Z, :Yl=—2=—0.4Q
5
Also from (iii) & (iv),

1,31
v,=2(,-1)=2(,-31)=2{h =3

v, 16
" zz,=-l—2—=—?=3.zg (Ans.)
|
[=0 20
o S ol,
t = /vl ok %29 |
: v, : Q)— v,
X
\ Loop 0 Z
lJ (o) |

Next Port (1 - 1') is open circuited, I, =0

V= (1 - 1) X 2

From Loop -A

And 0 =2 (I, - L) +2lgoneen. (vi)
Applying Current division formula,
I, =1 - : |
= X o= -=
5717 242401 52

2 4
From equation (v), V, = (1,= 5 1)x2=21,- 312

2

6
or,V2=§l

V. _6

22

2
Also, V, =1, x 1= glz

Vy 2
= Z =|—=§=O.4Q
2

Thus |7 7z, |7 |32 12

6. In the circuit shown in figure below, the

battery has remained switched on for a long
time. Suddenly the switch is closed. Find an
expression for current in the circuit as a
function of time, the Values of R=2Q, R, =

40 T.=2H and V = 12V o
SZ
L R, =2Q R,=4Q .
V= 12 V.T- L=2H
Ans.
Sz
I MM\\r-] VWW
R, =2() R,=4Q .
y=12V | %L”“

The steady state has reched after opening the

switchatt=0—



.
..

sides,

GRS
l(O)—Rl"‘Rz—2+4='2A

When the switch is closed,

v=iR +L 4
LR+ h
Taking Laplace transformation on both sides,

v [

3 I(S).R, + L [SI(S)—i(0)]
12
§ = 418) +2 [SI(8)—2]

12
or, 5 =41(S) +2SI(S)—4

2,
or, S+ =1(S) [2S +4]

(45 Y 12) (4s+12)
I(S)= S = S. . M

(2S+4) (@S S@S+H

(@8+6)__ 6 38
orl8)=5s+2) SS+2) S(5+2)

6 + 2
- S(S+2) (S+2)
Taking Inverse Laplace transformation on both

oy a2t -l
i()=2e +L [S(s+z)] _

§ w4 b
S(S+2) S S+2

P B dé‘ 6 _ 4
8+ MSlkea 2
6 © 3 3

©§(S+2) S S+2

L_{S(si 2)]= 3-3e2 =3(1-¢")

s =2-eM=3(1-¢)

=2eM4+3-3e 2 =3-¢"' (Ans.)

7:

Ak A AAAA

3 Yiyy wyy

; 4Q 4Q

10 ' 4Q 120
o B
_ Tzov
k. ' T 36V
B .

Ans.

Using source conversion technique reauce
the following circuit to a single current source
across AB. [10

AMRA —
iy

4Q

40 4Q A 40
' 120
10A ¢ 20V
5 "'36V [
B

Using source conversion technique, in the two
branches of voltage sources, the current source
values are

.

36V 20V
) —=34 ——=54
072 @ %0
Again the circuit is drawn,
40
40 | '

104 43 {2 3u \4

5 Ry ={@19 +4 102014

~ 12x4) .. 6x3
"(2+4)l‘(12+4)f6l|3_ 6+3_2Q

Net current inAB=5 -3 =2A
The circuit is redrawn

2A 20

Q-0



SET -3

Full Marks : 80  (Code - EET-301) Time : 3 Hours
Answer any five questions including Q.Nos. 1 & 2
The figures in the right-hand margin indicate marks.
1. Answer all questions : [2x10

(a) Define Port.

(b) Define time-constant in R-L circuit.

(c)- What is a power factor ?

(d) Draw the circuit of constant-k low-pass R-C
circuit.
State KVL and KCL.
What is two port network ?

(g) What is transient ?

(h) hat is non-linear element ? Give two
examples.

(1) Define Resistance and state its unit. What 1is
Conductance ?

k_(j)/Deﬁne temperature coefficient of resistance and
state its effect on conductor and insulator.

2. Answer any six questions : [5x6

(a) Derive the expression for lower and upper half
power frequencies of a resonant series R-L-C
circuit.

(b) Design a band stop, constant K-filter with cut-oft

frequencies of 4 kHz and 10 KHz and nominal
characteristic impedance 500 Q.
(c) Derive the transient current in R-C series circuit
assuming initial charge on capacitor 1s zero.
\J/)/Fm’cfz parameter of the following circuit.

2Q
+o—> AN <0+
I, L
Vv, ?Q §2Q V.
T @ 9 —

(e) Using superposition theorem, find the current
flowing through 10 Q resistor.

5Q
AN

ZOACP 100

§ 15Q D4A

() Discuss biefly about B-H cuve ot terro-magnetic
material.

(2) Draw the power triangle for R-L series cireuit,
State the expression for active, reactive and
apparent power.

(h) Designa highpass filter having a cut-of? frequency
of 1 kHz with a load resistance of 600 Q.

3. Using Thevein's theorem find the current through
the load resistance R . [0

- [ \
4A( ]‘ SR %-—-‘-7-‘-6

A~ [
—_ L '\\\—-—__“

: % {
24V

4. Using nodal analysis find the potential difference
between points B and C of the tollowing

cirucit : [10
AW — B
A ' 12Q
wa 4 20
L : . +
—t 6Q -
055 T 1 -V ' 3y
\% +
C
5.  Using Norton's theorem find the current in 3Q
resistance in teh following circuit : 110
AW~ >1A
4Q
2Q
3Q 5Q
1A 7 QW
18
6.  Find the Y parameters of the two port network as
shown below : [10
& 1:. T
v




7. Twoimpedance z, =10 +j 1.5Qand z, = 8 +

6 are connected in parallel. If total current taken-

is 20A. Find the current taken by each branch
and different power consumed by the circuit.[10

A

ANSWERS TO SET-3 5

1. Answer all questions : [2x10
(a) Define Port.

Ans. A port is defined as any pair of terminals in
to which energy is supplied or from which energy is with
drawn in a network is termed as port.

(b) Define time-constant in R-L circuit.

Ans. The time constant of a series R-L circuit is
L/R second.

(c) What is a power factor ?

Ans. Power factor may be defined

(a) Cosine of the phase angle between voltage.

and current.
(b) the ratio of the resistance to impedance.
. (c) the ratio of the active power to apparent power.
(d) Draw the circuit of constant-k low-pass R-C
circuit.
Ans. The circuit diagram for a low-pass R—C filter
is shown as fig-1.

out

\ 4 \4

(e) State KVL and KCL.
Ans. Kirchhoff’s Mesh Law :- (KVL):

In any closed circuit or mesh the algebraic sum of emfs
acting in that circuit or mesh is equal to the
algebraic sum of the products of the current and
resistances of each part of the circuit.

Kirchhoff’s Current Law (KCL) :

In any network of wires carrying currents, the algebraic
sum of all currents meeting at a point is zero.

(D What is two port network ?
Ans. Two port network consists of ‘4’ terminals
and two ports. Each port contains two terminals.
1 2

Port - 1 Two-port Port - 2
Ve | Network 2!

(g) What is transient ?

Ans. Transient : It is a condition at which the
process is very quick and generally during sudden
opening or closing of a switch transient state occurs.
During this period (transient) there will be sudden rise or
fall in voltage or current.

(h) What is non-linear element ? Give two
~ examples.

Ans. Non-linear element is nothing but an element
in which ohm's law will not hold good and the (p.d. and
current) do not vary propertionally and the graph will not
be linear. Examples of non-linear element (two) are :

(i) Inductor (ii) Capacitor

(i) Define Resistance and state its unit. What is

Conductance ?

Ans. Resistance is a property of conductor Wthh
opposes the flow of current. It is also the ratio between
voltage applied and current carrying in a conductor at a
particular temperature. It's unit is ohm or 2. Conductance
is the reciprocal of resistance.

(j) Define temperature coefficient of resistance
and state its effect on conductor and insulator.

Ans. The temperature coefficient of resistance
may be defined as the ratio of increase in resistance per
degree rise of temperature to the original resistances. It
m ay be represented as ‘OLO’.

AR

Oy =—

Rt

The effect of temperature coefficient of resistance
of conductor is positive i.e. the resistance of all pure
conductors increase with the increase in termperature.
But the effect of temperature coefficient of resistance
of insulator is negative. i.e. the resistance of insulator
decreases with increase in temperature.

2. Answer any six questions : [Sx6
(a) Derive the expression for lower and upper
half power frequencies of a resonant series

R-L-C circuit.

Ans. At half power frequency the net reactance
of the series resonant circuit.




X =f(X -X)=R . = 1-9’LC=0CR

Let f = the frequency when the net circuit = o] LC +oRC-1=
reactance be —ve w2 _ gL
f,= the frequency whemn the net circuit 22 e =
2 o 41.C
reactance is +ve =0, = RC+J——6—— oL L
So R =i(mL—-iC-)=i X
® -R +, /Rz —=
1
o,L-——=R
Thus W2 0,C (1D
I i OX0) et
(DIL_'OE_R ..(2) Again 102 LC
Adding equation (1) and (2) 1
=0 =
1 1 ' w,LC
o,L-——|+| o L-—|=R-R
o,C o, C R 1 R
' L W,—) == W, ————=—
W, — 0, T 2 T LC
11 1
= (m,+m2)L——6 —+—|=0 '
W o
S e
®
= L(o, +m2)—l[w =0 ’
0,0, =L (@2LC-1)=RLC o,
' = ®2LC—-®,RC—-1=0
1 o+o,
:>L(o)l+0)2)=—( )
C\ oo,
. L
o to 1 & 1 , RC+VR’C’—4LC R, [R*-47
=L=— 1 2 X =—x ..(02= 2LC e C
C\ oo, o+0, ) C oo 2L
1 R RY 1
=00, =— ~d3) Lo =——t (— -—
LC ‘2L \2L) Lc
1
0, =—— »
At resonance © Jic ...(4) . R . R 2 o
Comparing equation (3) and (4) we have oL 2C LE
W = 0,0, = 0= 00, (b) Design a band stop, constant K-filter with cut-
off frequencies of 4 kHz and 10 KHz and
But we know ©, — @, = ol 3) nominal characteristic impedance 500 Q.
| 1 ns. Given
As ATBTIET R TLC f, = 4KHZ
putting this value , is equation (5) f = 10KHZ
0= > = R,=500 0
®"071c Telc L 0

l—'w]LC_E 2 _ —]: _2
s o e el el e ine L0 Ry, ¢



1

o di 1
C= o e
1~ 4nR (f, —f)) = R dt~I-c.1—0
=26.52 % 10°F i 1.
= —+—1=0
£ _f dt RC
2"
C,= ZfrR, = 9549 % 10°F d_ 1
dt RC’
- di 1
= = —=—-—.udt
=23.837mH dt RC
L,=CR¢ or, Integrating both the sides,
=6.63 mH .1
Here C,=0.02652 x 10% F = 0.02652 uF. fni=-—=t+constant (k)
C,=0.0954 =0. ,
2 9 x 10 F = 0.09549 uF. Att=0,i=1,
23.87mH 23.87mH 1
—IO 0 — O — : s fnly=——.0+k
RC
— o
11 11 & k=£n IO
0.02652pF 6.63mH s 1
0.02652uF - fni=———t+4n],
RC
0.09549F |
o - or, Eni—fn'IO:—EC—:.t
(Design Circuit) |
i -5 -
Fig. Design Circuit. =/ n(l—] = _ﬁ't
(¢) Derive the transient current in R-C series 8
_circuit assuming initial charge on capacitor .
is zero. : ' . or == e /RC
Ans. 0
W, 4\/1\}\/\# or li=T,e"
S B (d) Find z-parameter of the following circuit.
VT vl 2Q
+o—> AMWW— <o+
L L
y L \Y 1Q 2Q V
When the switch is closed at t = 0 and initial stored ! 2
charge = 0.
“e : , _o-—

| iR+1jidt=v
C



% 2 Q) +
| — A «—02
Loy L, .k
X Y
v, 1Q 20V,
1’ _ | o3

Step-1 : First we have to find Z,and Z,

1 2

ey Z, =&J and Z,, :&}
1,=0 I I=0

Le., 2 - 2! port is open circuited (o.c.)
- From figure-1,1, =0

LV, =1.(19)
2x2
But I, =1 xA2X2) _4L
24+2+1 5
.V, =f1,x1 — &=z,, 2 080
5 " s
Also V, =2l
y
= I =Ix L =I—'
Y 14242
2
Vy=axk o M, 240
5 I, 5

Step-2 : Next we have to find Z , and Z,,

e, Zp =l andﬁ
] I 1,=0 I’ 1=0

P

Here port (1 — 1') is open circuited (o.c.),
from figure-1, putting I, = 0.

(2+1) Pl
241+2 2 5

Vv, =21 but I, =1,

= V2=2><Iz><§— = ===z, =—=12Q

&zzlz =%Q=O.4 Q. (Ans)

(e) Using superposition theorem, find tp,
current flowing through 10 Q resistor.

5Q
AN~

20A(Y) § 10Q

§159 Daa

Ans.

50
AN,

20A(3) g s

g 1so (DA

Step-1 : The 20A source is considered and 4A
source is deactivated i.e., open circuited (o.c.).

N B

0.C

204 100 $ 150
Iy

20A
. The equivalent resistance across AB

22x10 200 _20
_(15+5)”(10)'20+10 30 3

Ill = current in 10 Q resistor

oay (15+5) 40, s
=204 (15+5+10) 3 ")

Step-2 : 4A source is considered and 20A 18



10Q2

20A D

Equivalent resistance across CD.

=(10+5))(15) = 22X 15 15
7 15+13 20 2
15 4x15
s 1 =4Ax = =2A(4
' 10+5+15 30 ()
Step-3 : Net current in 10 Q resistor

40
=1 -1}' =?—2:?=11.33A. (Ans)

(f) Discuss biefly about B-H curve of ferro-
magnetic material.

Ans. The phenomenon of lagging of magnetisation
or induction flux density behind the magnetising force is
called as magnetic hystersis.

< L >
AQ_CCCCTTTT s
I't..:.. J B’I‘
A

So—|||| — s
E

fig—1 /
/
D/ /

Let’s consider a core of specimen of iron be would
with a number of turns of wire and current be passed
thrugh the solenoid. A magnetic field of intensity “H’
proportional to the current folowing through the solenoid
is produced. Let the magnetising force ‘H’ is increased
from zero to maximum value and then gradually reduced
to zero. If the value of flux density ‘B’ in the come to
various values of magnetising force ‘H’ are determined,
then we have found B-H curve.

If the direction of flow of current is reversed the
magnetising force ‘H’ is reversed. Let the current be

increased in the negative direction until the induction
density ‘B’ becomes zero. At B=0, the demagnetising
force H=OD which is required to neutralize the residual
magnetism, If the demagnetising force ‘M’ is further
increased to previous maximum value and again gradually
decreased to zero further increased in origional or positive
direction to the maximum value, there is a closed loop
ACDEF is formed. This loop is called hystersis loop as
shown is fig-2.

(g) Draw the power triangle for R-L series circuit.
State the expression for active, reactive and
apparent power.

Ans. Power triangle for R — L series circuit.

In triangle ABC

AB =P = VI cos ¢ = Active power

BC = Q = VI sin ¢ = Reactive power

AC = S = VI = Appanent power.

Active power P = PR = VI cos ¢ watt OR KW.

Reactive power Q = P, = VI sin ¢ VAR OR
KVAR :

Appanent power S = V.I=1? VA OR KVA

(h) Design a high pass filter having a cut-off
frequency of 1 kHz with a load resistance of

600 Q. .
Ans. Cut off frequency f, = 1 KHZ = 1000 HZ
R, =K =600Q
L= Lo = il 47.74mH
4nf, 4mx1000 -
1 ! =0133pF

T4nR,f,  4mx600x 1000

The T section and 8r section is shown as

2C  2C N
2 0.266 0.133
0.266 - -
WF g HF 2L P
47.74 mH 9548 mH 995.45 mH




Using Thevein’s theorem find the current
through the load resistance R, . (10

s

gV

4A v P32 =
o | Ap9 |

h
AdMA ARL

— W

— }54\/]

Ans. Alternate to find V.,

Let V = Nodal voltage at [.

B, W2 \% +V—24
®"Tl0+8 6
:>4=—V—+X—4
18 6
V+3V 4V
=8= =—
18 18
:_>V=18><8=36
4
vV 36
: =—=—=2A
S A TINT:
=, =2A
I(,=v_24=36_24=]—2=2A
6 6 6
Hence V =V, -V =8 x 2 - 6x2
=16 —12 =4volt
So thevenin equivalent circuit is
I
B}
L bg
av] |
4 4 4
I =§=O.5A

Using nodal analysis TInG tne potentiy
difference between points B and C of ¢y,

following cirucit : [10

Let V = node voltage at junction A
Nodal equation in written as

0.55-V_ ¥ 'V +V+3Vl

10 30 (2+6) 40+12

v vV Vv V 3
+_.

0,055 —— = .

oF 10 30 8 52 52 ()
\Y 3V )

VI:EX6:T sl 2

Substituting the value of V|

00554 L4 YV, 3,3
10 30 8 52 52 4

= 12+4+15 V4 4+9 v
120 208

: :il—V + LEA 0.3208V
208

120

or V= DA% =0.1714 volt
0.3208
V,.=0.1714 volt.

Current through the 40Q2 Resistor

v 3x3V
V+3V, T 4ve9v 13V,

. " o
u 52 52 4x52 208



L Vv
PD Across 40Q Resistance =——=
400 40x1,,Q

13V -520
=40 x ——volt =——
208 208 volt
Ve BETS T e, 520V _ 208-520) .-
208 208

312
=——x0.1714
208 volt

=—-1.5%0.1714 =-0.2571 volt.
5. Using Norton’s theorem find the current in
3Q resistance in teh following circuit : [10

_ 1A

1Q

Ans. The 3Q resistor is removed and short circuit
is drawn about the terminals.

To find ISC
40 B

1A A 10 1,

2Q) resistor parallel with 1Q resistor and 4€2
resistor parallel with 52 resistor. A current after
leaving at ‘A’ devides between 2Q) and 1Q similarly
14 current before leaving at ‘B’ devides between
4Q and 5C).
Now L. =1, - L

=379 9 9
To find internal resistance are the 3Q) resistance
the circuit is redrawn with deactiviting current

source.

40
20 Ba
1Q

4Q) in series with 5Q & 2Q in series with 1Q the
combination is parallel
R, = (4+5)Q [ (1+2)Q2 =92 (1 + 22

9%x3 _21__.29_

943 12 4
Nortons equivalent circuit redrawn as

Current through 3(Q) resistance

4 4
6. Find the Y parameters of the two port
network as shown below : [10
+ L . ,Il_ s
3Q 1
\i, 3Q 3Q 11, ‘j
Ans.

I, 3Q 3 5 I
A R \=
\‘,‘f'l 3Q 3Q 31 . \ll 3 31

Port — 2 is short circuited

I~
o
-

- =

Nodal equation at node 1, =

w|

vV, V,
3

ol



when port 1 is short circuited

<
i ~

I, 30 T
30¢ 3], \'A
A
3
2] 1
Vu:—l'—z : 6o mho
>V,
Nodal equation is given as
Vv, V 2V,
L=3[+>*+-—2%=3
=30 =L kat] 222

-V 2V.
=gl 2 a2t
or L (3) 3

2V, -3V, +2V,

:—V2+ =
3 3
= I 1
or |, =% or V—ZZ_E
—_lmho
or Y» 3

[v]=

Wl Wil
|

D | =

e dnin]

Two i pedance z, = 10 + ] 1.5Qandz =g,
j 602 are connected in parallel. If total Current
taken is 20A. Find the current taken by eacp
branch and different power consumed by the
circuit. (10

Ans. Given Z, = (10+j15)Q = 18/57°
Z, = (8+j6)Q2
= 10[36.87°
Total current [ =20 A
=1=200" A
Total impedance
ZZ, _(10+]j15)(8+j6)
2=7+7, (10+j15+8+6)

(10+ jI5)(8+j6) _ (1857)x(1036.87°)
T (18+j21) 27.66/49.4°

| 0
180,93.87 __6.51(44.47°

2= 97.66/49.4°
Applied voltage V = 1Z = 20[0° x 6.5144.47°

=130.2|44.47°

V _130.2(44.47° ;
- — =7.23|-12.53
W=z T T s 1255

0
\Y% 2130.2l44.47 =13-02M

L=z, T 1036’

V=130.2|44.47

447" I, =13.02|7.6°

) 7.6

\5\7\ IlQO
12.53° I,=7.23]-12.53°

Power consumed

P =VIcos®
=130.2x20xcos 44.47°
= 11858.26 watt




