CLASSROOM PRACTICE TEST-02
NETWORK THEORY (SOLUTIONS)

( ANSWER KEY )
1 (a) 14 (b) 27 (a) 0 (a) 53 (b
2 (a) 15  (b) 28 (b) a1 (b) 54 (a)
3 (b) 16  (d) 29 (c) 42 (a) 5  (a)
4 (b) 17 (a) 30 (c) 83 (o) 56 (a)
5 (c) 18 (a) 31 (d) 4 (b) 57  (c)
6 (d) 19 (b) 32 (b) 45 (c) 58 (a)
7 (b) 20 (c) 33 (d) 46  (d) 5  (c)
8 (c) 21 (d) 34 (a) a7  (a) 60  (c)
9 (b) 22 (b) 35 (d) 48  (d) 61 (d)
10 (d) 23 (o) 36 (b) 49 () 62 (a)
1 (d) 24 (b) 37 (a) 50 (d) 63 (b)
12 (b) 25  (c) 38 (c) 51 (a) 64 (b)
13 (c) 26 (a) 39 (a) 52  (d) 65 (c)
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(a)

Loop-1:
-V, +(4+4s)l,-sl, =0
V, =(4+4s)l,-sl,

Loop-2:

1
-V, +|2s+—|l,-sl, =0
2 ( 23)2 1

1
V, =-sl,+|2s+— |l
2 1 ( 23)2
From (1) and (2)

(4+4s) -s
Z= 1

(a)
L=L,+L,—2M
X, = X, + X, — 2X_

X =2+6-2x3=20Q

For maximum power transfer,

R=13+j2|
R = 3.6Q
(b)

Applying superposition therom, it is known that if all current source value are doubled, then node
voltages also are doubled.

(b)

-, when C increases, o, will decrease.
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Bandwidth = % = thus constant
©
The A -connected impedance can be replaced by Y connected impedance using

15
~T g
= 5Q

(@)
Conditions for two port reciprocal network,
Parameter Condition

Z Zyy = 7y,

Y Y, =Y,

h hyy = —h,,

ABCD AD-BC=1

(b)

The above problem will be solved by the use of superposition principle.

Disabling iy,
40 ——sj
A
Vo (2 . 220
i1 = V_azﬂcost
442 6
= 1.67+/2cost
Disabling V,
4Q 4_i2
AW

®, E=

-, Total current through 40 resistor.

ib(2f4j

1 0x/§ cos2t

3 = 3.33v/2cos2t
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i1 - i2

=1 .67x/§ cost —3_33\/5 cos 2t

. R, current through resistor | = \/(1.67)2 +(3.33)2
= 3.72A
Power loss in resistor = 2R = (3.7202 x 4
= 555 W
8 ©
WY T !
R L C
Al
.
)
A%

Total impedance of RLC series circuit is

at resonance X, = Xg
Z =R
X, = X¢
X, = IX,
) I
= jloL = _](D_C
Vil = [Vi|
Vi
v
I
VC

At resonance, RLC series circuit voltage across L and C have equal magnitude but 180° out of phase
from each other.

9. (b)

Transients and linearity is not dependent. A circuit which is linear may have transients. Transients
are there when energy storage element like inductor and capacitor are present, both are linear.

10. (d)

Transmission Parameters Network ‘b’

1allla 1+3a 3a | AB
“l32|32] 7| 9 3a+4| |CD
For reciprocity, [AD — BC] =1

(3a+4)(1+3a)—(3a)x9=1

9a2-12a+4 =1
a=1or 1/3
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1. (d)

Selecting the rightmost node as reference node, and leftmost node as V,

20
[
\2 1 Vt 30 Ref.
W ¢ N
50 V,
1A
(<)
N
Now, by nodal analysis
Vi-Vo Vy 1
5 2
7V,-2V, = 10 Q)
Vo VoV
<4< =
and 3 5 vV,
Since, V_ = -V,
Vo VoV
- — = _
"3 5 v,
or-3V,+23V,= 0 ..(2)
[eqn. (1) x 3] + [eqn. (2) X 7] gives
155V, = 30
or V, = 0.1935V
V,= 14839V
il = ﬁ=w=07419A
2
or i, = 742 mA
12. (b)
By resistor combinations, the circuit can be simplified as
1KQ 2K|[4K
3KQ
3V<i> = 4K0
3K||7K

2x4 8 4
KQ|4KQ = = =2
K7k = 2L 2

I T 347 10

IES MASTER Publication



ECE/EE ENGINEERING m

Further

AN

4 2 193
n = - (243 ko =2ko
3V<—> > 4KQ = (3 10) 30

A\

3v<j> ér 2.4664 KQ

Voltage across 4KQ resistor

2.4664

_ 3x|22%0% V54345V
Via X[2.4664+1J

Voltage across (3k || 7k)

[5)
_\10) 6968y

Thus, |V_| = (2.1345)x y 57
—+3+—
3 10
OR V. = 0.697V
13. (c)
Let, P, = Power supplied by 2 sin(2t) A source

P, = Power supplied by 4 cos(4t) A source
P, = Power supplied by 4 sin(2t) A source
So, total power consumed by resistance
P=P +P,+P, (i)
= (I1rms)2R + (|2rms)2 R + (I3rms)2 R
5 2 4 2 4 2
P= || x24|—=| x24| —=| x2
&) =& =&
P = 36W (answer is wrong)

Note: |

P =P, + P, + P,is not valid because 2 sin(2t) and 4 sin(2t) are same frequency terms so first they should
be added together and then power consumed should be calculated.

6 sin2t + 4 cos4t

P=P +P,
P, = Power supplied by 6 sin2t A
P, = Power supplied by 4 cos4t A
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So,
P = (I1rms)2R+(I2rms)2R
5 2 4 2
_ (ﬁj Xz{ﬁj <2
P = 52w

Note : Il
Here superposition of power is valid P = P, + P,

because two sinusoidal sources of different frequency are acting on a network.
14. (b)

By nodal analysis

210 i1l =20
3Q
V. W
15A D ’ Ve
4> 3i,
.
Ref.
At node 1,
Vi-V, Vv
a4 4 1 -
1 2 5
or 3V,-2V, = 30 ....(1)
At node 2
V,-V, 'V, .
—< e
T 3 0%
.V,
Where, 1, = >
V. 3V
V, -V, +—2 = =
So, V, =V, 3 >
So, -15V, +8V, = 0 ...(2)
[eq. (1) X 5] + eq. (2), gives
-2V, = 150
or, V,= 75
V,= 40V

Power supplied by dependent source is
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3V,

P= “xV, =(-60)(-75) = 4500W

or P=45kW

15. (b)

Using super position theorem.

For 1V source, let current through 2Q is I,

by short circuiting 2V source and open circuiting current source. the equivalent circuit is:

"™

1Q +
210
£

WE) -

1022 z10

£10

A
YW\

(Fig. 1)
I, = OA because the bridge made by 1Q is balanced.

for 1A source

By short circuiting the 2V and 1V source, let current flow through 2Q is I,

A
102 o 10
1A W’
210 =10
B
(Fig.2)
Using current to voltage source transformation the equivalent circuit will be same as fig.(1) so |, = OA.
for 2V ;
short circuiting 1V source and by open circuiting 1A current sources the equivalent circuit is
MWW c
10 L
10 210
< | s
3\ 20
210 %19
D
redrawing this as
1 10
A
I3 20 e

I, = 0 (because bridge is balanced)
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—WW———WA——
10 10
10 10
L W—a—
=
2V
I, 20
R = 3Q
€q
2
l, = §Amp.
So, =1 +1,+1, =0+0+2/3
2
I==Amp.
3 p
16. (d)
ForR,,
Short circuiting the voltage sources and open circuiting the current sources.
A
60Q < R,
B
R, = 60Q
ForV,,
40V
- +
U
60V Men 600 B)15a| v,
Using KVL equation in loop
-60-40+V, =0
= Vth = 100 V
Vin _ 100
= - = —=@©
So, I Ry, 0
= Norton equivalant circuit does not exist.
17. (a)

By drawing frequency-domain equivalent circuit

3Q

N
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By KVL
2l
9. 3l(s)+ (s) 2
s s s
1) 11 1
or S) =
31542
3
or i(t) = ﬂe(—2/3)t
3
1 t
Now, V()= 5{ i(t)dt-2
t
_ 22 (3] _o
3 2 0
= —11e(-283)t 49
V() = [9-11e2)1 u(t)
18. (a)
Q, = 300uC at 6uF capacitor
Vo= & - 300 =50V
0 C 6
The two parallel capacitors have an equivalant capacitance of 3uF . Then this capacitor is in series with
6uF .
Time constant, t = RC_= 20x(3X6) = 40
o 3+6
At, t =0
300
KVL gives V, = 5 50V
and at t =« capacitor behave open circuit
SO V., > 0
= V., = 50 eV

19. (b)

By drawing equivalent frequency-domain circuit including the initial current in the inductor.

10

AN
VVV

sL=2s

L(3eBu(t))= % Ci)

(remove —Ve sign)
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3 +2
I(S)= s+8 _ s+95
1+2s  (s+8)(s+0.5)
and V(9 = 2sl(s)-2
Thus,  V(s) = (s+8)(s+0.2)
2s-8 A B

+8)(5+05) (s+8) (5+0.5)

J 3.2
0.5
s+8_s+05
Taking inverse (Laplace transform)

>
Il
/—\/—\/—\

Thus, V(s) =

V(t) = [3.2e781-1.2e705 Ju(t)

20. (c)
VC = VO e—t/‘l:
Att=1t, V.=V,
V1 = VO e—t1/‘|:
Att=1t, V.=V,
V2 = Vo e—tz/l’
equation (i) / (ii)
V1 e—t»]/’l.’
V2 = e—tz/’t
v, Ihtp]
= v, = ¢ °
\Z
V. t, —t
|n_1 _ 1
= ( sz - T
t, -t
= T 7 ny,
21. (d)
In s-domain
Zy,
4/s 3

3/s T

[discharging of capacitor]

(i)

...(ii)

N_1
=
& T

AN
VvV
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22,

4
Z. = —l4
™ S||
i><4

s
- i+4
s
LA
™ s+

(b)

s — 1 for long time i.e., steady state

4

10
asin2t V(~)
1H
V, =4sin2t; o=2
V, = 232.0°
Z=1+j2=2.24,63.4°Q
-V
| ===1.26 £-63.4° Amp
Z ~——
(rms)
i(t) =1.26+/2 sin(2t — 63.4°)
i(t) =1.78sin(2t - 63.4°) Amp
S — 1 for long time,
V(t) = 4sin2t Volt
i(t) = 1.78 sin(2t — 63.4°) Amp
V()4
—ve going
zero
2
T T > t
+ve going
zero
zero with zero with
+ve slope —ve slope

Vi (t) =V, sinet =V, sin0
V=0 =06=0, = (zero with —ve slope)

So, V(t)=sin2t = 2t=m,t =g

So, at 2t = n; i(t) = 1.78 sin(2t — 63.4°)
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i(t) = 1.78sin(n—63.4°)

i(t) = 1.59 Amp
V()4
i(t)

1.59 Amp

At the instance, S — 2 inductor current,
S52,t=0
i(07) = 1.59 Amp

Fort=0*, S—2,L — current source

IARNZERNN

S—>2

i =1.59 Amp.

A\ 4

+
10 =V, 10
Vg = —i
Vg(0%) = -i(0*) = -1.59 Volts
Fort>0, S—>2
‘i
+
10 = Vi 10
4 )
1H

—2+i+i+i;=0

di .
a=2[1—|(t)]

Att = 0*
%(0+):2[1—i(0+ﬂ=—1.18A/sec
As Vg = —i

d d.
2v.(0)=-Zi(0*)=1.18V

™ R(0 ) dtl(O ) 8V /sec
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23. (c)
1
X = 2nfC
\ a1 [ =Xe
- - - = 0,=tan"| —— |=tan"!| —=C | =0
When X, =0, Z, = R, I, R, y=1an ((och an [ R
1 = 1L,+1,
as, cy X1 Z = JR?+x21 = 1| and
_ X
o, = tan 1[—%} Tee
& I, = constant
[ = I+l
as 1 1Y
0, = -90°
24. (b)
Since the current V,/4000A passes through 2kQ and 4V source and no current in 3KQ resistor.
The KVL equation
V
4+(2x108 X _14+3x103%x(0)-V, =0
(2 )£4oooj <10°x(0) -V,
VX
or 4+7—Vx = 0 -V =8V
or V. = V,
To find R,
Due to the presence of dependent source R, cannot be obtained directly. So it is obatiend by finding short
circuit current I ., then
R Voc
™ Isc
2KQ 3KQ
\N\I" VAVAVA o}
y lsc
V
v 1) 2000 ~° V=0
O
L =0.8x103 A
Here, L, = (2+3)K -
Voe 8
— - =10KQ
Therefore, RTh - ISC 08><10_3
25. (c)

For Z, (equivalant thevenin impedance across load.
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26.

10+j10
Ly,
Z = 10+j10 (i)
for maximum power consumed in the load, when X is variable
dP.
dXe
X = X
X, = —10Q
therefore load impedance Z = 10-j10 from equation (i)
so maximum load power P__ = (I PR, ...(ii)
when R = 10Q & X, =10Q
then L= 1.
| Vin
10+ j10+10 - jXg
_ _ 10020°
b= 1= 104 0+10-10
100
= 50 T 5A
so, from equation (ii)
o = (52 x 10
o = 250 W
Note : We can use,
Vin
P = E here, it is also valid.
Vin

but it is not recommended to use IR when impedance is given.
L

(a)
By super position theorem

Using 3A current source only :

50
W
i1
3A(t) =150 =50
1 = X 15 =1.8A
1 15+10
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Using 5A current source only :

. 5 p—
= 12 = [20+5JX5—1A
Therefore,
i2 1 0,
2.1 _ 100 = 35.714%
ixX 00 = (1.8+1)X °
27. (a)

Since R is variable

Z, across R is by short circuiting 100.,0° V source, we get

(10 +j10Q)

th

l—nsg

Zth = 10 +j10 — j15
Zth = 10-j5
S0, R = [Z,]=+10?+5% =550

For Vth

open circuit voltage across terminal of R is

(10 +j10Q) l oy
100.£0°C) l_
—|——j15 Q
V. = 100-0° (as no current flow in the circuit)

oc

so, Thevenin equivalant circuit is

—

Z,

Vth@ ‘l §RL =550

I

if, R_=5V5Q then | = |, @nd corrosponding power consumed in R will be maximum
so, Pmax = I%ax RL
(100 £20°)°
= T oXR
(Zy +R))
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_ Vin
e Zy +R

(1007 o
(10-j5+5+v5) (545)

2
. UOF (55

I=1

T J21.18- 8]
_ (1007
T (21.76)?
P = 236W
Note : If impedance is given don’t use
L. v
max 4RL
28. (b)
To find R,
300Q
W * + *
17KQ 5KQ SV, 1KQ =R,
0.03V,
A <+
Rth
Here, V, =0=>0.03V, =0
R, = 1KQ
Thus for maximum power transfer to R,.
R, = R, = 1KQ
To find V,, =V,
300Q
WA * + * o
2.5sin440t mV (~ 17K 5KQ =V, 1KQ V,
© e 0.03V, o¢
Voo = -0.03V,(1000)=-30V,
3864
= 2.5x1073sin440t) x| —————
where V, (2.5 ) [3864 T 300)
Note : 17KQ|| 5KQ = 3.864KQ
3864 .
- Vq,=-30V_=-30x2.5x10"3 x———————sin440t
Now, Voo = T e T 3864+ 300)
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=  -69.596sin440tmV
V2
—Th__1.211sin2 440t uW
Pmax = Th
=1.211uW
29. (c)
R 05V,
s |
MW + - oA
10
+
Dwsr | vZ s
OB
let the current in the circuit is |
using KVL in loop, we get,
10£30° — Ix1 - 0.5(51) - 51 =0
10430 ..ii)
8.5
from equation (i) and equation (ii)
10 £30°
51 = volt
Voc 17 (i)
for |,
Short cricuiting the terminal AB,
R 05V,
N & A
10

+

@ 10£30°

B
due to short circuit,
vV, = 0 .(iv)
using KVL in the loop
10£30° = IgcRg (V)
10 £30°
= I, = 1 = 10.£30° (Vi)
10£30°
VOC 7
Z = 1, T 10z30° - 0-988Q

sC

if R, = 0Q then Z, = 0 because from equation (v)

IES MASTER Publication



ECE/EE ENGINEERING

10£30° 10£30°

sC Rs 0
VOC ocC
Zth = + =— =0Q
= lse o
30. (c)
By connecting 1A current source at input
10Q v 5Q
AW\ —————— W\,
+
1A<’D 0.2v,{t §4Q 109? v,
O ®
By KCL
X+l = 1+02V
4 15 “
vV V \Y
—+— = 1+0.2| — |x10
o 415 [15)X
v,V
o 4715 15
11 60
—V = = =
o 60 = Ve
Voltage across 1A current source
60 170
V., = V+1X10=ﬁ+10=?
Vi, 170
= _ = —Q
Zn 1 11
31. (d)
21,
3Q

KVL eq. in loop (i)

3L, +(6+j4)L, +(6+j4)1,

9+j4)L, +(6+j4)1, (i)
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KVL equation in loop (ii),

-V, +2L,+(6+j4), +(6+j4)I, = O
= V, = (8+j4)1;+(6+]4)l, (i)
since,
vV, = Z . I.+Z,1, ..(iii)
vV, = Z,1,+Z,1, .(iv)

comparing (i) with (iii) and eq. (ii) with eq. (iv) we get,

. [9+j4 6+j4}

8+j4 6+j4
32, (b)
By definition of y-parameters :
l, = 0.1V, -0.0025V, (1)
l, = -8V, +0.05V, ..(2)
-V,
5 = | .(3)
_V2
and L = 5 --(4)
From eqn. (4) and (2)
_V2
5 7 -8V, + 0.05V,
8v, = 0.05V, +%
or 8v, = 0.25V,
Vool 8
V, T 025
Va
or 71 =32

33. (d)
. Since |, and I, are not independent in circuit () the Z parameter can not be found.

. Y parameter of circuit I:

L= Yy Vi+Y,V,
L = YpuVi+YxV,
1 1 I, 1
— =Y11=_ and ] =__=Y21
Vi V,=0 R Vi V,=0 R
For circuit I,

. Since V, and V, are not independent, the Y parameters can not be found.

. For Z parameter (Circuit Il):
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34,

V, = Zyli+Zypl
PUt 12 = 0
V, = V, and V,=IR 0!
V.
A =R=2Z, from eq. (i)
L I,=0
V2 Al =Zyy =2 =R
L 1,=0 L I,=0
(a)
By definition,
1,
Yor T v
21 V, Vo0
To obtain y,,
|1_> 250 |
o MA—¢ ¢ <0
+
v, 1009? V) 2l
o ’ O O
By KCL
L+, = 2,
or L = 1
l, I 1
v, =V, T2 ° 0.045
Alternatively :
L= Y2 _goav —0.04v 1
;= g =004V, - 0.04, (1)
V.
and |1 + |2 = ﬁ+2l1
or L, = ﬁ+1 = 0.01V, + 0.04V, - 0.04V,,
or l, = 0.04V,-0.03V,
Y, = 0.04
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35. d)

+

MW ~

4
+

N

by KVL in loop (i),

V, = (Ri+R3)L+RsL, ..(i)
by KVL in loop (ii),
Vv, = (aRy +R3); + (R, +R3)I, ...(ii)
On comparing equation (i) and (ii) with standard equation of Z parameter, we have
Z, = R +R, ..(iii)
zZ, = R .(iv)
Z, = oR,+R; (V)
222 = RZ + R3
as,
. Z, # Z, = Network is not reciprocal
. Z, # Z,, = Network is not symmetrical
o Z, = aR, +Z,, (option c is wrong) — from eq. (iv) and (v)
. Z,—-Z,=R, (option d is true) — from eq. (i) and (iv)
36. (b)
s T T T T T T T T T T T T T T T T T T T T T |
I 2V, I
! I
| 3 |
! . ! Supernode
Ll oA .
I I |
1 8Q V., !
V1 i : W @_;_" i V2
+
1A<? 505 v, £20
By KCL
Vi-V . V%
+—= = 1+
8 2 8
or,V,-V, +4V, = 72 ...
Vx — V1 Vx
+ — =
and 3 5 -8
or-5V,+13V, = =320 ..... 2
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and from super node

V, -V, = 2V,
or, V-V, +2V, = 0 ..(3)
From eqn. (2),

_ 13V, +320
1= T 5
Substituting in eqn. (1) and (3)

13vx5+ 320 _\ L4y, - o
or 8, +20V, = 40 ..(4)

13V, +320
and%—v2 L2V, = 0

or 23V, -5V, = =320 ..(5)

Eq. (4)8V, +20V, = 40
+ Eq. (5)x492V, -20V, = —1280
100V, = 1240
or V. = -124V
v = 13V +320 13x(-12.4)+320
' 5 5
or V, = 3L76V

1
Therefore power supplied by 1A source

P = (V;)x1=31.76W
37. (a)

By Yy — A conversion

RX
Y,
RER
3R
23R =R
3R
R= &
R Ry
O W
R
RxR R
R= >~ _R
X R+R+3R 5
R = R Rx 3R E

v~ "2 R{R+3R 5
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Thus,
Ry —
3R/5
o W W
R/5
S 3R5
RTh
Z3R/5
R/5
O W W
3R/5
R 39
6R 39 520 _26p
500 T R g 3
5 20
The circuit reduces as
Ry —
R 26 R
= —+—R+—
R, 5 35 5
40
= —R=1.1428R
Ry, 35
or R, = 1.143Q
38. (c)
By source transformation
3Q = 2A

R/5
3R/5

3R/5

AN

= 3R

A
\AAJ
Pl

3R/5

3R/5

R/5

i >

6RI5 =

AN

39R/20

3R/5

R/5

26R/35

R/5
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o——W—
3Q
60E 60 G an = <: 12V
O—
Thus,
v I ,
3Q 1 30
VAVAVA VAVAVA M——M\—
10 20
Y C) = C 12V
V = ! ><18=E=2.571V
1 1+3+3 7
Now, in the original circuit
V + A\A/: AIA1A
VVV VVV
10 l o 20
3Q 2A 60 60 G 4A
Ref. ) -

By nodal analysis

\Y V.

— -2+ =

3 1 0
or%—2+2-571 = 0
or V = —-1.7143 Volts
Voltage across 6Q resistor = V -V, =-4.2853Volts

i, = —4.2853 _ g 71424

Alternatively:

L

Since, i, = 0

(E—4jxl =-0.7142A
7 2

i+, = —0.7142 A
39. (a)
iy
z(§~\l,/’zA -
1Zg
AVAVA L VAVAVA
3Q 6Q
Using conversion delta star
_ 9x6 _ 9x3 7 = 6x3
AT 9+46+3 © 9+6+3 B 9+6+3
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40.

Z,= 30 Z. = 150 Z, =1
The given circuit become as

1.5Q 3Q

AMA
vy

RN

o)

AMA
vy

RN
o)

Using KVL equation at input loop

V, = (1.5+2)l, + 2I, (1)
Using KVL equation at output loop

V, = (3+1+1) I, + 21, ..(2)
Since,

V,=2Z, 1 +2Z,1, ..(3)
& V,=7Z, 1. +Z7,1, ..(4)
On comparing equation (1) with (3) and equation (2) with (4)

Z,= 350
2= 2Q

2 = 50

N N N

2 - 2Q
(a)

By inspection, V, = 5V ....(1)
Nodes 3 and 4 from a super node. Thus by KCL

Ve VaoVy

210
or 6V,-Vy =10 .2

VaVo Vs V-V
10 20 12

|
W
=)
(=)
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or -6V, +9V; +5V, = 325 ..(3)
Also at supernode,
V,-V; = 10 (4
From eqn. (2), V, = 6V, +10 ...(5)
From eqn. (4), V, = 10+V;
= 10+6V, +10
= 6V, +20 ...(6)
Substituting V, and V, in Eqn. (3)
-6V, +9(6V, +10) +5(6V, +20) = 325
or 78V, = 135
or V, = 173077V
Since, V,=V
So, V = 1.731 V [upto three decimal places]

M. (b)

Thereninn equivalant circuit across 10Q in series with 100V battery are drawn in figure 1 and figure (2)

— Vit

100V Rin
Figure 1 Figure 2

In figure (1) by applying KVL equation in loop (1) and loop (2)

We get
50 = 301, -101, (1)
and 50 = —10 1, + 30 I, ..(2)
On solving equation (1) and (2)
I, = 1,=25A

For the mesh containing V,, we have
100-V,, +10(I,)+10(l,) = 0
or V,, = 100 + 10(2.5) + 10(2.5)
n = 150V
From figure (2) we get
Using A —Y conversion

10x10 _ _ 10,
AT %8BT "¢ T 10410+10 3
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42,

3.330)]

-

33302100

\AAS

23.330 2100

AMA

Rth

R, = 3.33+(10+3.33)||(10+3.33)Q =
Alternatively: R, = 10Qas bridge is balanced
So
Rt:ng
+ -
Vin O = R=10Q
. Vi _ 150 _75A
R,+R 10+10
(a)
Given circuit is
I+,

Applying KVL to the loops, for the assumed directions of current flow we obtain.

51, — 100 + 50 — I,

& —200 + 10(l, +1,) + 51, — 100
Thus, 51, -1, = 50 and
on solving

1

0
151, + 10 I, = 300

12.3077 A, 1, = 11.538 A

P.,, = 1,50 = 11.538x50 = 576.9 W (supplied)
P, =1x100 = 1230.77 x 100 = 1230.77 W (supplied)

100V

P200V

= (1,+1,)200 = 23.8457x200 = 4769.14 W (supplied)

10Q
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43. (c)

Using mesh analysis

I
\AAL
-
o]
@
M

=20
30
14 —\AN—
15A D TV,

In mesh 3; (1)
V.
EX = i3~y
iy 2
-+ £+ ==
17373 =0
or ip +2i; = 45 (using i, = 15A)  ....(2)
In mesh 2

or 6i,-3i; = 15
or 2i,-i3 =5 ... 3)

Solving (2) and (3), we get
i, = 11A, i,=17A
Now, V. = 3(i3—i2):3(17—11)=18v
44. (b)

For t < 0, 4u(t) = 0, therefore the circuit reduces to

IR

— VR
AAAS
300 l
1 +
eV 5A
3H§ 57 Ve Cf
iC

circuit is assumed to be in steady state so

A (O‘) = 0 [short circuit]

Ic (O‘) = 0 [open circuit]
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ir(07) = —5A
Vr(0-) = -5x100=-150V
Ve(0-) = 150 V
I (0-) = —ir(0")=5A
At t = 0"

Current in inductor and voltage in capacitor do not change instantaneously, so i (0+) =5A, V. (0+) =150V

The circuit can be represented as

Vg

Py AMNM—— Py

1l +TR’§V(;Q J
0 B

BHIV, F=V Q 5A

27 -
iC

At left node, by KCL

I, = -1A
Vr(0*) = (-1)x30=-30V
ic(0%) = —1+5=4A
VL(0%) = Vg(0%)+Vc(07)

= -30+150 =120V
Thus, V, (0%)=120V,Vg(0%)=-30V,i;(0*)=4A
45. (c)

To find impulse response,

vV, = 3(t)
V,
1
2/s 10
T M o

ol

To find H(s)
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46.

Therefore, Vo |\/in:6(t) =

Now, if V.
Vo(t)

Since, Vi,(s)

By partial fraction expansion,

(d)

g+2=m=H(5)
6e-tu(t)
L{Vi, (s)H(s)}
s+1
_ [ 6 s )  6s

Yo (S+1J(S+J—(s+1)2
A B _ 68 6
s+1 (s+1)? s+1 (s+1)
(6et—6tet)u(t)
6et(1-t)u(t)

K=1 o K=1

Mutual inductance
Between L= 8H and L= 2H, M,

Between L= 4H and L= 1H, M,,

By KVL

From eq. (3)

I

2

From eqn. (1)

K L.L,

Bol, —jdol, .1
Aol + (5 + job)l, — 20l
—j20l, + (3 + jo)l; (3)

3l; = It is better to obtain L.

3+jo
2jm

13

W8x2=4H
Wax1=2H

..(2)
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. 3+jo 1
_vesia L
L= { s+l (”[ 2j JE‘L&D

1 .
I = J_B—(D[vs +(6+2jo)l; |

Subtituting in eq. (2)

0= %%[Vs +(6+2j(o)l3]+ (5+ j2m)x
8w

(3+jo)

I, — 20l

S

[ (6+j20) (15-6? +230) .
N JELE L >_12®}

I'—j6m+2@2+15—6w2+j23co—4w2 Ve
or 3 20 2

15-!:]170):| v,
jo

Vo Bw
15+170

47. (a)

=i +i (1)
. di
V = R1l1+Ld—t1 .(2)
V= iR, 4 [t 3
- 2" Y2 C 2 ( )
Differentiating equation (3) wrt time
dv di2] 1.
_ = — R —I
dt [dt 2 ¥ ¢t +(4)
Equation (3) can also be written as
V =1i,R, +V,
dv d|2] dV(C)
= = |22RrR
dt [dt 2 gt -~

From equation (4) and (5)

W a0 Lo)
dt Cc dt C

IES MASTER Publication



ECE/EE ENGINEERING
At t=0"

V(0*) = i,(0") R,

V(0’) = IR,
from (2) and (7)

from equation (6)

48. (d)

Fort<O

+
=
o
\./+
«—
Py
Py
N
AMA
vy

= [ﬂj x 3 =2Volts

100 +50

Current in inductor =

At t = 0%, the circuit becomes

,(0) =0
" = L) =1
L1 +R2I—5X5—250A/sec
dthe — L 1 '
avg| _ L) 1
dthe € ~ C
= L = 2000 V/
= 2 5m = SecC.
2 _1omA
500
S5u(-t)=0
(D)
/
+ -
vV — ng 25000
- [10pF
0

As current in inductor can’t change instantaneously; so at t = 0*

1
EJth = 10 mA

Therefore,

10x10-3 +Cﬂ+L =
dt 500
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49,

av 2 10x103
or dt ~  10x106x500 10x106 _
(c)
Case |
t<0

~1400V/s

Switch at position 1, circuit under steady state (capacitor O.C.)

6V—_—

5
]

2F V(0

V(0) = 6V = V(0

Case Il
t>0

20

AN

VVV
: !
BV=—2F i = 1FV,

Using KVL equation

%fidt+fidt+2i .

Taking Laplace transfer

1 l(s) I(S)

+21(s) +

—~
n
-~

|

Taking inverse Laplace

<
o
—
—
=
I}

Vi(t) =
v, (1)

t=4/3 sec.

6
s

6

T 2s+15

62 3

T s+0.75  s+0.75

= 3078

i dt

3e 7%t

t
/
0
t
/
0
3 [ e "dt = _[1 -0. 75t]
[ t = e

0.75

4[1 _ 670.751]
41 —e'] = 2528 V

IES MASTER Publication



ECE/EE ENGINEERING

50. (d)
Case |
fort<0

Switch is at position 1 and inductor is S.C. and under steady state condition.

-
Case Il
t>0

Current will decay exponentially

At t = 0.1 sec.

51. (a)

AR
1/ v i=I(07)
6V —— SC. 210
I(0) = 6/1 = 6A
I(0) = 1(0*) = 6A
6A = 1(0%)
6A=|(0+)
—
———O
1H .
YI
+
6V — 210
- 1Q

ity = 1,(0") e

it) = 6e™'"

N S |
R 1+1 2

it) = 6e*'A

i(0.1) = 6xe20! = 4912 A

1
w = energy stored = EL[|(0.1)]2

- %x1><(4.912)2 = 12.065 J
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52,

By KVL in Mesh-1 :
V= j5ol, —j30)(|1 - I2)

or V= j20l+8wl, ... @
In Mesh-2 :
j6ol, +j20)(|2 —I1) +jBoly = 0
or j8ol, +jol, = 0
or L= ~h ....(2)
8

Substituting in Eqn. (1), we get

— 20l + j3w[%1j=@

<
|

8
\Y 13
|1 = Zin J?(D
13
Leq = E=1'625
(d)
t<o
Q 2500uC
V -y = —0 — Z¥YFYPY V
00 = ¢ 50uF 50
- V (0) = V(0%) = 50V
Draw circuit at t = (0%)
i(0")R e
_ +—_
R *L C 5ov
100V ——i(0" La
T 1©) dt

Since at t = 0™ inductor behave as an open circuit and capacitor behave as short circuit.

i(0")
R dil0") YoV
dt

100V —_—
as i(0*) = 0 circuit is open
So using KVL

—100+Lﬂ +50 = 0
dtlior
di 50 50
dthe = L S04 ° 500 A/sec.
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53.

54,

V,, is the open circuit voltage across terminal ab

Using KVL equation.

18 + V + 2V -V,

=

By short circuiting the g resistor

Using KVL equation in given loop (1)
18 +V + 2V

=

The current through 10 resistor is |

So

Thus

(@)

+
18V<

+
18V<

D)

18 + 2V + V,
+3x1 V
18 + 3(+3) = 27V
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Using 3A source only :

.15
3A<D =150 =50 :>I1=£XS=1.8A

Using 5A source only :

=150 = 50 <D5A :>i2=—[%j><5=—1A

Therefore, i =i, +i, =1.8-1=0.8A
-, Statement 1 is correct.

Superposition theorem doesn’t apply to power as power is a nonlinear quantity. Hence statement 2 is not
correct.

55. (a)

Given circuit

eq.

10 cos ot

1
Yi T Rejol

_1
2
R+,i
joC
Y, +Y,
1 1
S RtjoL o 1
J R+
joC
R-joL  joC(1-joRC)
R? +(oL)? (1+jReC)(1- jRaC)
R-joL  _ joC | ?C?R
RZ+(0L)® 1+w’R%C? 1+ 0’C?R?
At resonance Img(Y,) = 0 (j term of Y__ will be zero)

So,

eq

(1)

= yeq

oL 3 oC
= R2 + 2?2 1+ @?R2C?
= L+®’R?CL = ’l°C+CR?
= L-CR* = ’’C-w’R?CL
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= L-CR? =

1
At m:zrad/sec. from eqgn. (1) and (2)

eq

56. (a)

»’LC(L -CR?)

i— ! —lrad/sec
VLC  Jax4 4 '

1 1 4
—+ - =—U:>zeq=
2-1 2+1 5

2
Vrms
- [ 2ms | LR
(IrmS)z Req (Req J o

&l
V2) 100 . aow

2x5

NGNS

20-R
4

.2

eq.

First determine thevenin equivalant circuit and then calculate the current through 24¢ to find the power

consumed.

Open circuiting the 240 resistor.
1kQ

|

X

48Vi<) a isvx 10LG3>  V

_’_M_

x>+
A

E 120 Voczvth

~101.12=-1201 =V,

48 -3V, 48-3V,
1000 1000

_420(48—3Vm)
1000

9V =V

-+
3V

X sC

-+
10, > V2120 4

Vth =
But in loop (1)
IX
On solving equation (1) and (2)
Vth =
Vth =
Now by short circuting the 240 resistor
1kQ
I
+
48V () />
@
as vV =

X

but in loop (1) using KVL equation
48

Oand I =-10 1

1000 x |,

(1)

-(2)
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| = 48mA
= | = -480mA
\/ 9
Hence R, = |_th = 8 = 18.75Q
Rth
‘,—\/V\/\;
|24Q
-+
(Vi 240
L Vi 9
2ae R,+24  24+18.75
Ly, = 021A

So power consumed by 240 = I? R = (.21)? x 24 = 1.0584 w

57. (c)
To Find R, :
750 220.6250Q
MA VAVAVA
250 % =150 «— Ry,
)]
R, = (25115)+75+220.625
_ 218 s 200-3050
40
To find V,, -
Vi 75800 V2
W W o
220.625Q
250
2150 ()o2A
3V
O
By KCL
Vi3 ViVy Vi o
25 75 15
3V, -9+V, -V, +5V, 0
or =
’ 75
or 9V1 — V2 = 9 (1)
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58.

Vo-Vi _
Also 75 = 02

or -V,+V, = 15 ..(2)
Solving (1) and (2)
V. = 3V V,=18V

1
V., =V, as no current flows in 220.625Q resistor.

The equivalent ckt now becomes

305Q
1000
18V

Power delivered to 100Q) resistor 1s

2
p = (Lj «100

305+100
= 0.19753 W
or P = 0.1975 W [upto power decimal places]]
(a)
Indicator
Lamp
v, 1000 ((0) v,
+ ”VV — N
l 100Q SV, R, = 400Q
Given, P, = 1W
V2
P = —2Z-
RL 400
2|max = 20V
For V, =20V
L= 22 _g05a<1A
L R, 400
= resistance of lamp is 20Q.
Now, by Nodal analysis
Vi N V, -5V, -1
100 100 s
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59.

or 2V,-5V, = 100l
i Vy — 9V —
Also, 20" 20 ~°
21V, -100V, = O
As, V. = V,-5V,
Y
V. = 5
Substituting in eqn. (1) and (2)
5V
2v,-=1 = 100 I,
6
or V. = 6001
100V.
Similarly, 21V, - 5 T = 9
As V, = 20V
21x20- 101 _ 0
6
From Eqn. (4), we get
Lo TVi_7x252
= 600 600
(c)
+
5A<D =50 = V_(

(Using current source to voltage source transformation)

V =
For Vth

5x5 = 25 volt

..(2)

...(3)

..(4)

...(B)

=——=0.294A

50

V,, is the open circuit voltage across ab so equivalent circuit.

25V

50 -
10Q qgv

a+

I® =30 @\ Vin

Using KVL in loop (1)
-25 + (56+10+3) |1 + 10

+, =
| F=—eb~
20V
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Using KVL equation in loop (2)

-V, +3+20 = 0
V, = +20+3l
= 20+§x3 = 20+1—5
6 6
V, = 225V

For Rth

By short circuiting the all independent voltage sources & open circuiting independent current source.

The equivalant circuit is

VW YW a
50 10Q
=30 R,
ob
R, = (5+10)|3
= 15|13
_ 15x3 _
T 1543 2.5Q

60. (c)
By definition of transmission parameters
V, = AV, +B(-l,)

|, = CV,+D(-l,)

o— A . MA———0

i 20 4Q +

v, ) § 100 Q A

0 ® 0
V, = 21, +10(, + 1)) = 121, + 10l,

V, = 4L, +10(I, + 1,) = 10I, + 141,

From equation (2)
1
%(VZ - 14'2 )

0.1V, — 1.4,
0.1V, + 1.4 (-1,)
Substituting value of I, in eqn. (1)
V, = 12(001V,-141,)+101,
vV, = 12Vv,-6.8l,

(1)
-(2)

(4
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61.

From eqgn. (5) and (4)

(d)

= 1.2V, + 6.8(l)) ..(5)

= 1.2V, + 6.8(-,)
= 0.4V, + 1.4(-)

1.2 6.8
- 101 14

Vi 48 A 16V

vl

()]
A
N
VAVAVA

N
Q
AVAV
(o]
Qo
R
\_/
~
<

Using node equation at node 1

vV, V,-16+KI,
2 4

- V,—16+K I, +2V,

= V1+%+2V1

V,[2 + K+ 4]
V, [6 + K]

Since Paa

from equation (1) and (2)

= 6
= 2 SV, =2l
= 16+ 24
= 80
= 80
80
= (1)
= 2P <50W
L <22 <5
2
= 2,
< 10V (2)
80 <10V
6+K
80
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(@)

li a b l;
oW <+ +
20
v, 310 s20<P 3l v,
Using KCL equation at node ‘@’
l, = i+v1 —V,
1 2
L = V,(1.5)-.5V,
Using KCL equation at node ‘b’
vV, \,-V,
32+—22 '+3,-l, = 0
\Y (1+1j—v(5)+3| -, = 0
2 2 2 18 1 2 -
= V,-.5V, +3l = |
We know
V1 = Z11 |1 + Z12 |2
V2 B Z21 |1 4 222 |2
\Y/ V.
as , = 0, |_1=Z11 and |_2=221
1 1
\Y/ V.
and as L, = 0, |_1=Z12 and |_2=222
2 2

..(1)

-(2)

Putting |, = 0 in equation (2) and putting the value of V, in equation (1) we get

V, = 5V, - 3, I, = V,(1.5) - .5(5V, — 3I)
l, = V,(1.5) - .25V, + 3, x .5
|, =+1.25V, + 151,
V, -5
— = = _=_=_-4Q
51, 125V, = 1" =75

Putting value of V. in equation (1)

We get —2 =7, =-3.2Q

Put I, = 0 in equation (1) and (2)
Put V., in equation (2)
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63.

64.

1 1 5-
V1 = §V2, |2 = (Vz)(E-ng:sz
V. 6
= |_22 = Zzz =—Q
1\ 6
Z}|2 = (gj (gj = 4Q
(b)
I l,
AMA—2 —
5000 * *
v.(~) V. 2 Vv, ?om
Equation for the two-port are
vV, = 1031, +10l,
V, = —1081, + 10% I,
The characterizing equations of the input and output networks are
Vg = 5001, +V,
vV, = 1041,
Substituting V, in eqn. (2)
-10%1, = —1081, + 10* I,
L= 0 = k01
or 27 px10t ! T U
I
T = 50
1
(b)
Considering section A
1, 20 1,
o — AN —— 0o
+ +
V, 5Q§ v,
e A ® O

(1)
-(2)

.(3)
(4)

..(5)
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Vv, 21, +V,
v, |
l, ?+ 1 =-0.2V, + |,
From eqgn. (2)
I, +0.2V, + 1,
Substituting in egn. (1)
Vv, 2(+0.2V, + 1) + V,
or Vv, 1.4V, + 21,
From eqgn. (3) and (4)
A, B, 14 2
C, D, 02 1
Similarly for network B
. 30 k
o — AN\ ——> 0
+ +
V, 5Q§ vV,
o ° o
V, |
V, 3l, +V,and |, = —?+ 1
I, I, + 0.2V, = 0.2V, + |,
\Y, 3(l, + 0.2v,) + V, = 1.6V, + 3,

Therefore,

The equivalent ABCD matrix

16 3
0.2 1

_A1 B1 A2 BZ
_C1 D1 C2 D2
1.4 2][16 3
02 1][0.2 1
[2.64 6.2
1052 1.6

(1)

-(2)

..(3)

(4
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65. (©)

For the two-port network

Therefore,

or

Also,

or

From eqn. (6),

or

0.05V, + 0.04V,

0.005 -0.004
0.05 0.03

0.005V, — 0.004V,
0.05V, + 0.03V,

0.005 V, — 0.004 V,
1125V, - 0.1V,

Vo oV
R, ~ 100

0.05v, +0.03V,

0

5
—ZV1 so eqn. (4) becomes

1.125V, ‘0'1[‘2\’1}

100

125 80V

(1)
-(2)

..(3)

(4

..(5)

.(6)
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