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Electric Circuits

(Solutions for Volume-1 Class Room Practice Questions)

1. Basic Concepts

01. Ans: (¢)
Sol: We know that;

. dq(t)
1(t)y= ——
O=—
dq(t) = i(t).dt
i(t), Amps
L ettt Gttt
3 _____
0 3 4 5 6 7 > tpsec)
Spsec

q= I i(t)dt = Area under i(t) upto 5 psec

0

q=qiltqf + qs |
(Ex3x5)+(5><1><2+(1x3)j+(5><1><1+(1><3)j
q=15uc

02. Ans: (a)
Sol:

* *yaA

8V 8V§ R sv320 - 8V

D §

Applying KCL at node ‘b’
I+4=4
= [=0A

And §:4
R
= R=2Q

03. Ans: (a)
Sol: The energy stored by the inductor (1Q, 2H)
upto first 6 sec:

Estored upto 6sec = J. PL dt
= J.[Lm.i(t)} dt
dt

—![2[5(3&}3@ dt +'2[(2[a(6)}<6j dt
S.[d
+£(2{a(—3t+18)}x(—3t+18)jdt

18t dt+jo dt+.6[(—6[—3t+18] )dt
2 4

S S 1O

=36+0-36=01J
(or)

stored upto 6 sec = E L l t=6sec

E

%L(i(t) o)

=l><2><02 =01J
2

04. Ans: (d)
Sol: The energy absorbed by the inductor

(12, 2H) upto first 6sec:

Eabsorbed = Edissipated + Estored
Energy is dissipated in the resistor

Edissipated = '[PRdt = J.(l(t))2 R dt
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05.

Sol:
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2 4 6
=j(3t)2 ><1dt+j(6)2 ><1dt+j(—3t+18)2 x 1dt
0 2 4

2 4 6
= [9t” dt+[36dt+ [ (91" +324-1080)dt
0 2 4

=24+72+24
=120]

. Edissipated = 120 J
And E 0J

storedupto 6sec

". Eabsorbed = Edissipated + Estored
= Eapsorbed = 120J+0J=120]

Ans: (a)
Point (=20, 0) > V=-20V and [ = 0A
I — 0A
»> o A
I +
+
Is (D Rs SRy v=_20v
oB

By KVL = I[sRs-V =0
= IRg+20=0

I A
T [iimoa
+
Is (D ov =Rs V=0V
B
=I=-2A
Substituting I in eq (1)
Rs =10Q

2 A(D

10Q2

From the diagram;
I[=-1Aand V=-10V

06. Ans: (a)
Sol: VA

-V

07. Ans: (b)
Sol: +V

08. Ans: (e)
Sol: i

V A

+5-1
I £1

0
—/1 3

Y

09. Ans: (¢)

Sol: v

-1

0
-V

e |

* linear
* Passive
* bilateral

* Non linear
* Active

* Unilateral

* Non linear
* Passive

* Unilateral

* Linear
* Active

* Bilateral
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10.
Vi 2) e
Sol: M
v 4v

SO

Vil ) 10v

()ByKVL=+10+8+E+4=0

E=-22V
2)ByKVL=+V,-2+4=0
V,=-2V
3)ByKVL=+V,+6-8-10=0
V, =12V
11. Ans: (d)
Sol: 30 20
>

1
O T T

Here the 2V voltage source and 3V voltage
source are in parallel which violates the
KVL. Hence such circuit does not exist.
(But practical voltage sources will have
some internal resistance so that when two
unequal voltage sources are connected in
parallel current can flow and such a circuit

may exist).

12. Ans: (d)

Sol: v ( - wj
120 s ’
v, WW — —
5
I‘"(D VJ: 50 v, 2Q§v+m
Applying KVL,
-V, +12| [, —&j+2(lm —ﬂj =0
5 5
-V, +121 _%"'21111 _32V, =0
141, =%Vl
70
Vi=—IL_ ........ 1
1 49 in ( )

Substitute equation (1) in equation (2)

Vout :2 Iin_ExEIin
5 49

:2[—_25j I
7

:__5()Iin
7
V., =-7.1431,

ut .y

13. Ans: (¢)

Sol: 10

1

= 0V
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By nodal =
V-20+V-4=0
V = 12volts

Power delivered by the dependent source is
Pger = (12 x 4) = 48 watts

14. Ans: (d)
Sol: 051

y—

0.51
P m—
1
> — W\
L3I 10 I

(O NVE™RN 20

Applying KVL,
=V + 1.5] +21=0
=V=-351I

15. Ans: (¢)

Sol:

100 Vg 2Vx

M —e——<=
/’_' -
eyl

AN oV"c

50

AW '| '

80 ! || 1

15V =

By using KCL
V,+15

L2V, =0 = V=1V

By using nodal Analysis at V, node

Y220 5 V,=421V
16.
Sol:
+
vV ——

ByKVL:>1—i1—i1:O

11 =0.5A
By KVL = — i — i, +1 = 0
1L, =0.5A

ByKVL=V;-05+2+05-V,=0
V=V +2V

17.

Sol: As the bridge is balanced; voltage across (G)
is “0V™.
By KCL at node “A” = -+ 5m+5m =0
Is = 10mA
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18.
Sol: Given data:
Vg =5V and V¢ = 4sin2t then V|, =?

Q

1A
+

5Q= Vg=5V
N V¢ = 4sin2t

2A

S
dv,
ic = Cdve _ i(4sin2t) = 8cos2t
dt dt
By KCL; -1 — 2 + ii+i. = 0
1. =3 — 8cos2t
We know that;
di
vi =L =29 3 geost)
dt dt

= 2(—8)(—2)sin2t
Vi = 32sin2t volt

19.

Sol: V =7? If power dissipated in 6€2 resistor is

Z€10.

1Q 60 B v, s5Q
— MWW— S ——

— 0A

+

20£0° G) éjlﬂ §5Q GDV

20.

Sol:

Pso=0W (Given)
= i,5.6=0

jm— i6Q =0 (V6Q = 0)
Vl _Vz

—0:V, =V
6+ 8 b

By Nodal =
0
Vi —20£0° L+0 ~0
1 Jl
V=102 245 =V,
By Nodal =

O+ﬁ+u =0
5 5

V =2V, =2(10+2 £45%

-~V =20+2 £45°
Ans: (d)
I, Vv 20

VVVV

L

v @ §4Q o

Note: Since no independent source in the
network, the network is said to be
unenergised, so called a DEAD network™.

The behavior of this network is a load

resistor behavior.

By Nodal =

4 Vv V-2 ~0
3V =28l
Req=%=§ﬂ
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21. Ans: (a)
Sol:

Y
Y

>

R; § 3A A R —WV

e R,
L
1A WA on
T @O

Apply KCL at Node — 1,
[=Igitlgz=1+1=2A
Apply KCL at Node — 2,
L=-L-1=-2-2=-4A

Sol: l
1F=Z, Zs \/\/ 7
=
3F 7y
Ze 2F ||
X A 1
7y

Fig.1

22,

7,7
21:ZA+ZB+( A Bj

leL' C:lF

oM

Z,=1F
23.
Sol: Z., =7
2Q 4Q
—j4
Zab = »ﬁ |_|
i2
20 4Q
b

Since 2 * 4 = 4 * 2; the given bridge is
balanced one, therefore the current through
the middle branch is zero. The bridge acts

as below :
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25.
a a L A— . . . .
Sol: On redrawing the circuit diagram
20 40
B
Zip = Zyp = § § Q R R
3
20 40 A
b b R R or 3R or 100R
4x8 8
Zab = = — Q
448 3
24. R
T B AW
Sol: Redraw the circuit diagram as shown below: X
- RE = Ror 3R or 100R
a —_— >
A VWV
30 30 - R
” Ry,
30
d Cc +— Ry
B
30 10 = R =r,
b A
As bridge is balanced
. : So Ryg=RIR.=RIR=R/2
Using A to star transformation: '
a 26. Ans: (b)
1Q | Sol: The equivalent capacitance across a, b is
o calculated by simplifying the bridge circuit
1o )@ as shown in Fig. 1 to Fig. 5. [ C=0.1uF]
d ¢ ¥ Re Rg—
40 2o
3 a
30 1Q
b \/\/
c d
b
N
4 7
Rpy=1+—=-Q bo b
3 3 Fig. 1
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| 0.05uF

Cab = 0.1 MF
Note: The bridge is balanced and the answer

is easy to get.

27. Ans:(a)

Sol: Consider a A connected network

Then each branch of the equivalent A

3z _ z
3

connected impedance is

28. Ans: (a)
Sol: Network is redrawn as

a s
Reg= 1§ §Rw
N

RC
R, =1+1+—
I+R

eq
Ry,  2+2R +R

eq
1+R,, 1+R,,

=2+

R +R; =2+3R
R’ -2R_-2=0

ch=(1+\/§)§2

29. Ans: (¢)

Sol: Applying KCL
loaso=21+1=3i
lpi2so=(1-31) A

(1-31)  1/8Q

1A {)

Applying KVL in upper loop.

8 2 4
A 0i- 13
4

1—LA
13
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B 2 B i Xi B i Since the violation of KCL in the circuit ;
4 4 13 52 physical connection is not possible and the
circuit does not exist.
30. Ans: (a)
Sol: i 6 VY 4Q 32. Ans: (b)
Sol: Redraw the given circuit as shown below:
-1ov E 20 2 * +
Applying KCL at Node V 3 A(D 15V §SQ Vo
A . +i, =0 i, (1) i
2 4 }3A
i =Yy 6“0 —>————e—
3A 0A
Put in equation (1), we get
3iy— 5+ iy — 2.5+, = 0 -G
5i,=7.5 ooy
iy = 1.5A Vo= -15V
V=-1V
I _ V=2ig -1-3 o 33. Ans: (d)
dependent souce 4 4 Sol: Redraw the circuit diagram as shown below:

.. Power absorbed = (Igependent source) (21x)

=(-1)(3)=-3W
31. Ans: (d)
Sol: Vo=7?
M
2A
50V,
3A
By KCL = +2+3=0
+5#0

Across any element two different voltages at
a time is impossible and hence the circuit

does not exist.

Another method:
By KVL =
5+10=0
150 !
5V<i> (jr 1oV <5Q

Since the violation of KVL in the circuit, the

physical connection is not possible.
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34. Ans: (d) Apply KCL at node A
Sol: Redraw the given circuit as shown below: 4-v, _ v, L Yo +2
2 2 2
I 3v, 1
T 5Q
@) @ov 5
Vo ==V
3
(Here polarity is different what we assume
By KVL = “ Voz_—zv
~10-10=0 3
200
37.

35.
Sol:

36.
Sol:

Since the violation of KVL in the circuit, the

physical connection is not possible.

Ans: (b)
Redraw the given circuit as shown below:
By KVL =
10-10=0 Rk
0=0 10v(2) 10 1) 10V25Q
KVL is satisfied -
I5Q = E =2A
5 ———d

I5Q =2A )
Ans: (d)

20 A 2Q

MW +—AWW

_i —_—> —_ _
4V - 20 2 v, T 2V
Fig. 1

The diode is forward biased. Assuming that
the diode is ideal, the Network is redrawn

with node A marked as in Fig. 1.

Sol: The actual circuit is

2A®)

?a
2Q 20
4v 4V
2Q 10

[~
[=))

ob

2Q 20

MWW
WW

203 102

.
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a 2: Applying KCL at node V
| | ¥
| V2LV oy
§19 6 12
N 3 O VLY oy v=gy
6 12
(i 4V
X Applying KVL in outer loop
2
, %3 Q = -V+1(Vo) +Va =0
0C., §§Q b = Vp=V-Vy=8-4=4V
b
1 40.
b Sol: By KVL
=V,-6-10=0
38. Ans: (b) V.= 16V
Sol: %}_ P4o = (8 * 2) = 16watts — absorbed
—20V+ B Psa = (24 * 2) = 48 watts delivered
. Q2 10V P3o = (6*2) = 12 watts — absorbed
— +
10V — A Piov = (10 * 2) = 20 watts — absorbed
= 5V .
L7
6V
Voltage across 2A =10 +20+ 10— 5 VD J . 2V (D 2A
=35V B
0A 42A
.. Power supplied = VI T e
=35x2=70 W
Since; Py = Paps = 48 watts. Tellegen’s
39. Ans :(d) Theorem is satisfied.
Sol: v, 10
41
V() M
60
" AW Y <= 0 a Sol: By KVL in first mesh
Vo —
12V §12Q =>Vi-6+6-12=0
V=12V
ob P12y =(12 x 9) = 108 watts delivered

ACE Engineering Publications
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6V
)
/
3A
* +
6V<;> ) 12V (t 12V

Pso = (12 x 3) = 36 watts — absorbed
Psv = (6 x 6) = 36 watts — absorbed

Psyv = (6 x 6) = 36 watts — delivered
Pq = (12x6) = 72 watts — absorbed

Since Py = Pas; Tellegen’s theorem is
satisfied.
42. V. AZA?A I
Sol: o
+ 40
30 16V A
§‘_’ + 4 )4V = L13 J Volt
4A
By Nodal =
Vo VLA
3 2 2
SV 4-2V3 ..o, (1)
6
By KVL =
V3 =21+4V53=0
5V3=21=0.............. (2)
By KVL =
V= V3 .......... (3)
Substitute (3) in (1), we get
_24
T

01.

Sol:

V3=g Voltand I = @A
17 17

P30 = 0.663W absorbed

P = 64W absorbed

Psa = 69.64W delivered

Pyo =24.91W absorbed

P4vz = 19.92Wdelivered

= 89.57W ; Tellegen’s

Since Pdel = abs

Theorem is satisfied.

2. Circuit Theorems

The current “I” = ?
1Q
AW
1Q 1Q
+| Vo oo
IV—— 1A
A
- I
1Q 1Q

By superposition theorem, treating one

independent source at a time.

(a) When 1A current source is acting

Z/*%

Since the bridge is balanced ; I, =

alone.

a(® IQ§
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(b) When 1V voltage source is acting By super position theorem; treating only one
alone independent source at a time
(a) When 10V voltage source is acting
1Q 10 10 alone
20 1Q
g 20 — AW MWW
YT o
— — x1
L
IOVCi‘ " + 2iX1
10 /*\\1* 0
By KVL =
IL=0A
; . 10 =2ix; —iy ~2iy1 = 0
Since the bridge is balanced. oA
i =
(c) When 2V wvoltage source 1is acting :
alone (b) When 3A current source is acting
alone
20 Vi 1Q
I3T § 20 1Q 1Q — AMWA—Y AMWA—
v®) ¢ M3 B2ig
AN 1Q 10 < I/ 21k
2
L=2 =0.66A By Nodal =
3 Vo, (V-2
By superposition theorem ; I=1; + I, + I3 P 1 B
[=0+0+0.66A 3V-4i,=6........... (1)
I1=0.66A And
=2V _v_ ...
02. 2
Sol: 0 10 Put (2) in (1), we get
— AW —— W — 3
= o= -ZA
x 5
.. . 3 7
k=il Tle=2-—=—
1t 1o 5
i, =72 Six=1.4A
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03 05. Ans: (¢
Ri j=3A (©)
Sol: ’—W\/Vj Sol: =
1Q 30 v
W > W T F———oa
Resistive % + 2A —_ 5V =
120V ‘I: Network Ry 50v Fie
_ ) S - o b
A For finding Norton’s equivalent resistance

R;
PR3 =60 W
For120V—>1,=3 A

For 105V — i =%x3:2.625A

For 120V —> V,=50V

For 105V — V, =%x50=43.75V

V,=120V = I’'Rs = 60 W= I= /%

3

For V=105V

2
py=|105 |60} g =459W
120\ R,

04.
Sol:

Ans: (b)

It is a liner network

.. V4 can be assumed as function of ig; and
12

V, =Ai +Bi
80=8A+12B — (1)
0=-8A+4B - (2)
From equation 1 & 2
A=25B=5

Now, Vx = (2.5)(20)+(5)(20)
V=150V

independent voltage sources to be short
circuited and independent current sources to

be open circuited, then the above circuit

becomes
10 o.C. 30 scC
r/\/\/\/\,——o —AMAN—e—o—0 2
0.C. s.c. | 40 §
<
W o b\
_ _ Ry
—SRy=3+4=7Q
06. Ans: (b)
. 20 10
Sol: , MWW
- VX _
S0 3R 2V,
b o

Excite with a voltage source ‘V’

a I 2Q \'!
o AMA—
: v T

<
MM

Apply KCL at node V;
IR/ (3

1 1
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=2V, -V, -1=0...... (1) 07.
Apply KCL at node V, Sol: 30

_ — AW o
YooV V‘+&+2VX:O *

1 +
Vs~ Vi 2V, =0 ...... ) 10020 10 §j19 §j49 Vi
But from the circuit, _
Ve=21....... 3) ’
Substitute (3) in (2) Here j1Q2 and — j1Q) combination will act as
=2V, -V +41=0 open circuit.
4V2 -2V, +81=0 The circuit becomes
From (1),
2V =V, +1 o
S 4 Vy—(Va+ 1)+ 81=0 -
+ .
=3V, +71=0 100 20(>) ;53 40 v,
|
=V, = —7— —
Substitute (2) in (1) . :100400 xj4
th .
2V1—[—E]—I=O 3+)4
3 ~ 80./36.86° V
2V, +11—1=0:>2v1 -
3 3 08
=V, = -2 Sol: Thevenin’s and Norton’s equivalents across
3 a, b.

S V=V +V = 21+ (— %j

_4
= V= il

3

= X = i Q

L3 By Nodal =

4

:>Req:§Q %_10_{_%_&:
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Vo V_ Ve 200 .
5 5 4 [ Wea
15
ﬂ: 10+ Vi 150V i) = 5 @ §ZOQ
5 5
V, (V.V L b
— = — 4+ —
5 10 5
09.
Vo= (ﬂj Sor e
¥ 5 ol ) _ a
Vth = ISOV, V=100V iav rrrrrrrrr 'Wib I

28 b
L
X—10+X=0
5 5
EAAET
5
V=25V
y.= 2V _2x25
5 5
VX_IOV
ISC:(&—FSJ —l—SA
15
Isc= —A
SC 5
Ru = Vi =@ =20Q
ISC E
2

Super nodal equation
=1,—0.21, + 1, -1 =0
I=1,+0.8i
. .V
V=801,;1,= %
- Inside the supernode, always the KVL is
written.

By KVL =
100i, + 2i, — 80i, = 0

SO.SQ%

L &b

_ V. 08xV
102 80
\Y% 1
—=R e ——————
I L 1
7+7
102 100
=50.5Q.
R =50.5Q
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10. 11.
Sol: V2 Sol:
10Q
60 80 80 60 . J10Q
AW R AN
+ + N & ) 150
+) 110£10° \ O~ 100£07(~
( ) { Vi 9020 ~) \ R,
By Nodal = The maximum power delivered to “Rp” is
Vi _11020° Vv, _90£0° _, Rp= R +(Xs+X, )’
(6+18) (6218) (6+18) 56“8) Here Rg= 100 ; Xs = 10Q & Xy = — 15
2V =200£0" = Vi, = 100£0°.
" " Ry = /107 +(10-15)?
Rth:
R.=5+/5Q.
80§ giso _100£0°
Ra 10+ jLl0—jl15+55)
0F Z60 P = 1,545 = 236W
o : : 12.
R = (6 +j8)[|(6+18) = (3 j4)Q2
Sol: o
REEED) : — iXe
100.£0°(~) R 100.£0°(~) I
- - 100
The maximum power delivered to 10Q2 load
Ry = [3+j4] = 5Q resistor 1s:
7y =10 Xc=10+j(-X
| 10020" Lo TR J=Xe)
8+ j4) K =—Xe
So for MPT; (Xs + X)) =0
P=I? xRy © for MPT: (X5 %1)
Prax = 125 x 5=625 W 10=Xc=0;
XC =10

. Poax = 625 watts

ACE Engineering Publications
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__ 100£0° o 7 =Y v 02+04)0
(10+ 10— j10+10) 1
Ponax = [IPRL = 5%(10) = 250W 2 =2,=(02-04)Q
Pmax = 250 Watts
14,
13. Ans: (b) Sol:

Sol:
1Q ji1Q a
2111 %
+V, -
2040°VG~D p——1 e T Vo
b

For maximum power delivered to Z;,

Z, =th
1Q i o (1+Vy) a
< FEE¥ < O-----71
T Vo- + '
.' — o} T Vo v @ 1A
0‘1
b
Zin
. —jl .
i=(1+ Vo)x J‘1=(1+v0)(0.5—10.5)
=]
But
Vo = —iyx

=— (1+Vy) (0.5 —j0.5)
(—l—j) Vo = 1 +Vo
=V (-1 --1)=1

V, = L =-0.4+j0.2
—2—]j
Applying KVL

+V,-jl1+V,)+V=0
=V ==V, H1(1+Vy)
=0.4-j0.2+j1(0.6+j0.2)
V=(0.2+04)V

Z.

The maximum true power delivered to “Z;”
1S
0
Vo= [ 2240 ii515) = 5042 245°
—15+)5+5

Zin = (39)II(5135) = (5 —j5)Q

Zu=(5-35)
+

5042 £45° 9

Zi=Zs = (545 Q

_5072245°
S—-j5+5+)5)

P=1’5= |52 | .5 =250 Watts
oo Poax = 250 watts

= 5/2.£45°

15. Ans: (¢)
Sol: ©

N0,

[

P

MW

b
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Maximum power will occurs when R = Rg
=R=1Q

N0 §IQ

b
2
max l Xl:lw
2 4
25%0f P, —ixi-Ly
474 16

1a(®) 20 Z x

b
current passing through ‘R’

I:l)( 1 = 1
1+R 1+R
2
~P=IR= ! R=i
1+R 16

=(R +1)*=16R
—R?+2R+1 = 16R
=R’ 14R+1 =0

R = 13.9282Q or 0.072Q

From the given options 72m() is correct

16. The network ‘N’ shown in figure contains
only resistances.

E=1V and 0V

I=0A and 2A

V =3V and 2V respectively.

If E =10V and I is replaced by R = 2Q), then
determine V.

Sol: For, E=1V, I=0A then V =3V

—Oa
+
E=1V N Vo3V
L b

Fig.(b)
Voc = 3V (with respect to terminals a and b)
For, E=0V, 1=2A then V =2V

l: N Z\if—l 1=2A
9

Fig.(c)

Now when E = 10V, and I is replaced by

R=2Qthen V=7
a
E=10V N \Y% R=2Q
|
b
From Fig.(b) using homogeneity principle

When E =10V,
—o a
+
E=10V N Vo= 30V
L ob

For finding Thevenin’s resistance across ab

independent voltage sources to be short

X O OB 0 Ty ) LT g1 el T VTN (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




Lo,
1% N
v -
v v
R4

Engineering Publications

21

Postal Coaching Solutions

circuited & independent current sources to

be open circuited.

—Ca a

N = Ruy
—:b—‘ b
Fig.(d) Ruy

Fig.(c) is the energized version of Fig. (d)

N
RaZ V2V (D124
= R, =§= 10

. With respect to terminals a and b the

Thevenin’s equivalent becomes.

Rth: 1 Q

V[h:3 OV

Rth: 1Q a

V=30V e 20

V =30x =20V

2+1
S V=20V

17.

Sol: Superposition theorem cannot be applied to

fig (b)
Since there is only voltage source given:

Isc N

K

— 30V

Fig (¢)

By homogeneity and Reciprocity principles

to fig (a);
Isc = 6A
For Ri:

|

th —> N

P

Statement: Fig (a) is the energized version

of figure (d)

10V —_

Fig (a)
10= Rth' S by ohm's law
Ry =2Q.

I=4A

1Q§ 2Q§

Fig (b)

6x2
2+1)

I=4A
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18. Ans: (b) a
. [szn zum . N | oo
4 Z,, Z, |0 v —o——l
10=Z11(4)+Z1»(0) Fig.(c)
4 =175 (4) + 7 (0) . .
Norton’s resistance between a and b is
1.5Q2
AMMW——WW—
a e— ——O0—— a
50 % §1Q 6A N = Ry
L=
Ry Fig.(d)
10
Zy =?=2-5 Fig.(a) 1s the energized version of Fig.(d)
4 4A 2
Z21 = Z = 1
20V Rx
1, =1 _ 6 _oga
6.5+1 7.5 .
=Ry = % =5Q
19. Ans: (b) ) )
Sol: With respect to terminals a and b the
. f,A_o_ Norton’s equivalent of Fig.(b) is
20V T . N ] }IA )
Fig.(a) 5Q Isc=3A
— . 1 \
A% N 60V
+ —U—T .. From Fig.(b)
Fig.(b) a
- L
\Y4 N T 60V
Using reciprocity theorem, for Fig.(a) + f)—
a ar
lA Jr N 2OV = V SQ ISC = 3A
. LT N
b b
=>V=-15V
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20.
Sol: 1O
R, 1020 [ "W0a
20V L, SA
30 A A
T +
e +
e §Rz 25\’§SQ 502 25V
- B
A A A
5A 5A
+
+ = 25V = 25v(V)5A
25V=50 _
B B B
PAB = PSQ = P25v = P5A = 5*25 = 125 watts
(ABSORBED)
21. A
Sol: ‘ .
§3Q
4V 12V 2V
b
By Mill Man’s theorem;
V' = VG, +V,G, +V,G,
G, +G,+G,
4 12 2
i_7+f J—
=2 2 1 = w =_
(1 1 2%2
—+—+1
2 2 a
1 %I
2 %g
-1V

b

22. Ans: (d)
Sol:

50 §5mH 2puf
+

10sin100t

+

~)

10sin200t

10Q

Since the two different frequencies are
operating on the network simultaneously;
always the super position theorem is used to
evaluate the responses since the reactive
elements are frequency sensitive

1.e., Zp =joL and Zc :.L Q.
joc

23.

Sol: In the above case if both the source
arel100rad/sec, each then Millman’s theorem
is more conveniently used.
24. 1

Sol:

1020°A @ 20 10

L
‘||||—4|
L

ACE Engineering Publications
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25. 1
: %\/2\/\%—*'\‘/‘\(/\3\/7 I(s) (s+3)
Sol: Wy § S _q (s) = s
Lk V(s) 1
10V(*) @ §3Q@ ) Si s
_ S 1
= =y(s) = o—
(s+3) Z(s)
s+3
Nodal equations VZ(s) = ( S ]
i=GV | .
i=1i =1+ — =R+ —
) o 1 SC
10=21; +3(1; —12) .......... (1) S 3
0=4i +2ix +3(12—11) cevvrrnenen. (2) 1
_ R =1Q and C = —F are in series
V=V, 3
10=2V,-3(Vi=V2) ceeiieinn. 3)
0=4Vy+ 2V, +3(Va—V1) coeoiir.. (4) Mg Y
Sol: The impulse response of first order system is
Vl 30 V2 K -2t
Y IM > e .
K
+ + So T/F=L(I.R)= ——
10A(h) V220 40 5V, s+2
B - sin 2t k y (1)
. . s+2
G(s) = K
3. Transient Circuit Analysis s+2
. K K
01. i(t) | (‘](D)| \/(02 42 22
Sol:
£G(jo)=—tan ' 2= —tan'1=-"
(jo) 5 2
V(O=u)(£) N So steady state response will be

i(ty=e'A fort>0 (given)
Determine the elements & their connection

Response Laplace transform

— =System
Excitation Laplace transform

transfer function

y(t) =

K sin(Zt - Ej
272 4
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03. 04.
Sol: Sol: V(s) 1 1
—— = H(@s) = Z(s) = =
1Q 2H
16) Y© ( ! + b + st
+ + R sL
S5V — 1
_+ V() | i) __IF H(s) = f
10sint [l A Sj
B . 1
H(jo)| = —— =1
By KVL = v(t) = (5 + 10sint)volt (1 n 1 n Jj
Evaluating the system transfer function H(s). J
Desired response L.T _ V(s)=1(s) H(s) =sin t
= System transfer function .
Excitation response L.T v(t) = sin t volts
\I/((Ss)) OO Zzs) o 05.
R+SL+———
SC 1%
Sol: T = =
HS) = 75 R
2
i2s +s+1 ) Reg:
H(w) = ! 20 9Q
1 . WW MWW 1
I+ —+2j» l
.]0‘) ® §
. . 20 —
II. E s ¢ = =
valuating at corresponding s of the Rey = (22)+9=10Q
input I
H(jo)lo=0=0
HG 0o = %4-45" Ry =(2]/2)+9=100
2 Leg: 1H
III.@ = H(s) 11}
V(s)
Leg 2H
I(s) =H(s)V(s) — 2H
1
i(t)=0 x5+ —=x10sin(t —45°) .
V2
i(t) = 7.07sin(t-45)A
OBS: DC is blocked by capacitor in Lqg=@2]|2)+1=2H
teady stat L
vieady SHe LT = — =£=0.2sec
R, 10
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06.
Sol: T =R¢q Ceq
Req: 20 1Q
29§ «— R,
Req=3Q
Ca | IF IF
Cq=1F
.t=3x1=3sec
07.
Sol: 1=R¢qC
Reg:
20 1Q
2Q§ «— R,
Req=3Q
S 1=3x1=3sec
08.

Sol: Let us assume that switch is closed at
t = — oo, now we are at t = 0~ instant, still the
switch is closed i.e., an infinite amount of
time, the independent dc source is connected
to the network and hence it is said to be in
steady state.

In steady state, the inductor acts as short

circuit and nature of the circuit is resistive.

i (0%)
X
M
20Q
2A 2A
0A 2A Y 0A
30Q P P N 20Q
2A Q oV o)} ov
— > _

Att= 0 : Steady state: A resistive circuit
Note: The number of initial conditions to be
evaluated at just before the switching action is
equal to the number of memory elements present
in the network.

1 t=0
i(0)=2=1i(0")

E (0) = % Li(0)

%><4><22 = 8J = E_(0")

2 A

2 A

+ +
2A<T 60V 60vVZ30Q 4
YA
o T
Fort=>0
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2A

20Q
WW
+ VvV -

For t > 0 : Source free circuit

L 4 1
Ip=2A;1=—=— = — sec
R 20 5
iy =2¢ for 0<t<oo
di, -5t
V, =L — = -40e"" V for 0<t<o
dt
iL“
2A
0 >t
VL“
0 > t
—40

t=51t= 5><§ = Il sec for steady state

practically i.e., with in 1 sec the total 8 J

stored in the inductor will be delivered to the

resistor.

2A

()
o/

4H

i

20 Q

AW
+ VvV -

Fort>0

2A
()
o/

Vi(0)

iL(9+)

2Av A2A
20 Q

MWW
+ V(0" —

Att=0": Resistive circuit :
Network is in transient state

By KCL:

—2+i(0)=0
il(0H)=2A

V(0") =R ir(0") [By ohm's law
V(0)=20(2)=40V

By KVL:
V(0 + V(0 =0

VL(0) = =V(O) = —40V =V, ()] __.
Observations:

t=0" t=0"
il(0)=2A il(0H=2A
i00(0)=0A i0a(0)=2A
Va0a(0) =0V Va0a(0) =40V
Vi(0)=0V V(0 =—-40V
Conclusion:

To keep the same energy as t = 0 and to
protect the KCL and KVL in the circuit (i.e.,
to ensure the stability of the network), the
inductor voltage, the resistor current and its
voltage can change instantaneously i.e.,

within zero time at t=0".
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2

ir(t)

ZOQ§

4H VL(t)

Fort>0

iL(t)=2¢"A for 0<t<ow
Vi(t)=—-40e' Vfor0<t<oo

Conclusion:
For all the source free circuits, Vi(t) = —ve
for t > 0, since the inductor while acting as a

temporary source (upto 5t), it discharges
from positive terminal i.e., the current will
flow from negative to positive terminals.
(This is the must condition required for
delivery, by Tellegan’s theorem)

3) V(0 =—-40V
V)|, . =—-40V

p di® = =40
dt ot

_dlL(t) = ﬂ _—@ = —10 A/sec
dt | _. L

Check :

iL(t)=2¢"A for 0<t<oo

di (9 =—10e”" A/sec for 0<t< o
dt

M = —10 A/sec
dt t=0"

09.
Sol:

10Q

il(0)=24A
V(0)=-96V
iL(t)=2.4¢"""A for 0<t<oo

10.

Sol:

5 ST 7320
kW

t=0
800 Q § 2

il

+

Ve(0H) =50V ; i(00) =62.5mA
t

V() = 50e "7V for t>0

i. = C dd\ic
By Ohm's law
t
= 2x10°50 e M x— L
1.6x107°
_100x10°°
C 1.6x107
1
16
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11.
Sol: Case (i):t<0

50Q
MW

+
Ve(07)

22000 (Po.ia

Ve(0) =20V & i(0) =0.1A

"." Capacitor never allows sudden changes in
voltages

Ve(0) = Ve(0) = Ve(07) = 20V

Case (ii): t>0

500
MW
+
Ve —= 20uF i(0+) § 200Q G 0.1A

To find the time constant T = ReqC
After switch closed
Req=50Q2 C =20uF

i(0") =0A
T=50x20n
T = Imsec

Ve(t) = Ve = 20eV™
Ve(t) =20eV"™V;  0<t<wo

12.
Sol: After performing source transformation;
20Q 10 QQ
AW * MWW
+ - + -

59T

By KVL;
. : di
51, 301L_5d_tL =0
di+5iL =0
t
D+5iL=0

i) =Ke™ A for 0<t<w

T = — sec
5

13.
Sol: i, (0) =10A ; i (0) =2A
L
i ®=1Ie-"

L

1
T=—=-=1sec
R 1

i ®=10e" A

t

Similarly, i, (t) = I, e *
v

T =— =2 sec
R
_¥

iLZ(t) =20¢? A
14. )
Sol: VCS))

|+
Ve(07)
6 mA D sS4k L [- ) S 2k0
0\_/ 3kO

At t=0": Steady state: A resistive circuit
By Nodal:

ACE Engineering Publications
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V.(07)  V.(0) 15.
- 6mA s < =0
ma 4K " 2K Sol: By KCL:
Ve(07) =8V =V(0") i(t) = ir(t) +iL(t)
i _ VR(t) 1 t
ok == f_[OVL(t) dt
6 mA *‘fm2 .
Ve [ ¢
V(t . 1
6mA<D v, Z4kQ - z 2k _ % +i,(0) +ffvs(t) dt
l 6 mA 3kQ d
e L L i(t)=4t+5+4+t
=0 i(8) [(—2500 = 8+ 16 + 5 = 29 A = 29000 mA

Fort> 0 : A source free circuit
Vi=6mx4K=24V

16. Ans: (¢)

17.
T=ReqC=(5K)2u=10msec Sol: $ 20 u(-1)
VSA 20
24V
8V —0 0 0 (:)+ ZO
—o 00 0 B
J’_
iL(0) Ve(@)
s 20V (j) -
Vo =8e " =8¢V for 0<t< 1 kO 10 kO
i, = C% =-16e''" mA for 0<t<oo !
dt By Ohm's law ? 0 V
By KCL:
ic+ig=0 Att=0": steady state: A resistive circuit.
ir=—ic=1.6¢"""mA for 0<t<oo Ht=0
- _ _ +
Observation: Ve(0) =20V =Vc(0)
In all the source free circuit, ic(t) =—-ve for i, (07) = 2 = 20mA =i, (0%)
t > 0 because the capacitor while acting as a I
temporary source it discharges from the +ve N
terminal i.e., current will flow from —ve to iLl 0.TH Ve 200 nF
+ve terminals. -
L kO 10 kQ
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>0 .
For t > 0: A source free RL & RC circuit V. (0) - Vc\l (s)— 5 ~0
0.1 S
T = K = 100 psec 5
V() =V,(5)+=
e =200 x 107 x 10 x 10* =2 m sec S
5 5 20
Tc_ho - _ V (0)=Lts| ———+—|=—+5=—
7, 0 = =L L(2Rs+3) s} 3 3
19. Ans: (d
Observation: ns: (d) 8A
. . Sol: att=0
1L < 1c ; therefore the inductive part of the 4i(0)
1
circuit will achieve steady state quickly i.e., L e V. (0) — 6 +
20 times faster. Rg
t V., =2x3=6
Ve =20e * V for 0<t<o V, =6V II
_t E,+6-8R=0 E,
ip =20e * mA for 0<t<ow E,=8R -6
y, -1 4 B -«
dt By Ohm's law E2 —4R=0 R 4A
dV E2 = 4R
i. = C = 8R—6=4R ‘ |
dt By Ohm's law 4R =6 | |
R=1.50Q Ey
18. Ans: (¢)
Sol: 20. Ans: (d)
. <
R=10Q Sol: at t<0 1000
/ VVVV
s 1/2s u(-t) n
5 1A=i (0) Y f\\{;(O') f) 1A
Loopl -
5/(1
\V4 ‘(S)— A(AS)
¢ 1 1
R+ A + A ' i
5 Apply KVL in loopl = V(07)-100=0
B 252 B 5 = Vc(0) =100V
" 2Rs+2+1  s(2Rs+3)
2s
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Att=0"
10022
v,(07)=0 RUE
L di(0+) ~0 1A :: vi(0H) L 100V
dt
di0r)
dt
21.
Sol: Case-1 att=0"

By redrawing the circuit

>

I

10V =

WW
1Q J

202 I

Current through the battery att=0" is

10

— Am

3 p
Case -2 att=o0

MWW

1Q l
10V

2Q %

Current through the battery att =0 is 10 A

22.

20

Sol:
+

60V T

MWW

+
10 oy 310
N +
Ve(07)

i1 (09

Att=0: Steady state: A resistive circuit
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()t=0:
60

iL(0) = =5 =20A =i, (0)

Via =20V =Vc(0) = V(0

20
WW
%IQ 1Q
+
60V " ic(t)
20V
Fort>0 ' —|_ c

+
60V ic(07)
20V
Att=0": A resistive circuit :
Network is in transient state
Vi (0) =20V
Nodal :
20 — 60 )
+20+1.(0") =0
2 c(07)
ic(0H)=-4A
23.
Sol: Repeat the above problem procedure :
_dgft) = Vi(0) = 0 A/sec

t=0"
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M - & = —10° V/sec
dt C

t=0"

24,
Sol: Observation: So, the steady state will occur
either at t = 0" or at t = oo, that depends

where we started i.e., connected the source

to the network.

10 kQ +ch(OO) 12 kQ
+0V =
T o +
100v(*) Ve  40kaZ Ves(®)
‘ <

At t = oo : Steady state: A Resistive circuit

Ve (0) = ;OLIO(MOK =80V

2 uF 3|l,|lF
| |

+ - 1T
V(o) V(o)

e—— g0V ———*

n -
V. () = 80><3qu 2V
: (2+3)uF
V. (o) = S0x2uE 5y
’ SuF
25.
Sol: 20 0A
MWW »
+
+ 40 Vac(07)
18V —/ -
- +
iL(07) Ve(0)

Att=0": Circuit is in Steady state: Resistive circuit

i(07)=3 A=i(0)
V4Q =4x3=12V

+ +
Voe(0) == 2C
12V N
Vo(0) == C
V.0) = 255
2C+C
=4V =V, (07)
Ve(0) =8V =Vc(0")
N B
§4Q 4V
+ 2C
18V —— 1
ic(t)
8V
Ny
— C
T
Fort>0

and redrawing the circuit

2V 000

20

40Q 4v

X O OB 0 Ty ) LT g1 el T VTN (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




& ACE 3 ot
By Nodal; (1).t=0"
12;18 n 12 -8 +i2c(0+) -0 ByKCL:>1L(t)+1R(t):O

26.

Sol:
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-6 4 . N
7+z+lzc(0)= 0

izc(0+) =2A= izc(o_)
% ~1,(0) +3+i.(0) = 0

ic(07) =0 A=ic(0)

t=0" t=0" t=0"
il(0)=5A i (0)=5A
di, (07) _ Vi (0) _

40
dt L
ir(0)=-5 A ir(0") =-1A
w = —40 A/sec
dt
ic(0)=0A ic(0") = 4A
w = —40 A/sec
dt
Vi (0)=0V
Vi (0H) =120V
w = 1098 V/sec
dt
Vr(0)=-150V
Vr(0H)=-30V
w = —1200 V/sec
dt
Ve(0) =150V
Vi (0H) =150V
M = 108 V/sec
dt

t=0"= i.(0) +ir(0) =0
in(0)==5 A

Vr(t) = R ir(t) [By ohm's law

Vr(0) =R ig(0") =30(-5)=-150 V
By KVL = Vi (t) — Vr(t) = Vc(t) =0
Ve(0)=VL(0)—-Vr(0)=150V

(ii). Att=0"

By KCL at 1¥ node =
— 4+ () +ir(t) =0
—4+i(0") +ir(0) =0
iR(0)==i (0 +4
iR(0)=-5+4=—1A
VRr(t) = R ir(t) [By ohm’s law
Vr(0) =R ir(0")
Vr(0H=-30V
By KVL = Vi (t) — Vr(t) — Vc(t) =0
VL(0") = VR(07) + V(07
=150-30=120V
By KCL at 2™ node;
— 5+ ic(t) — ir(t) =0
ic(0H=4A

(iii). t = 0"

By KCL at 1¥ node =
—4+i(t) +ir(t)=0

O+M+iiR(t) =0
dt dt

VR(t) = RIR(t) |By Ohm’s law
d d .

— V,.(t) = R —1,(t
T Ve® = R 00

By KVL =
ViL(t) = Vr(t) = V() =0
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d VL(t) _ dVR(t) _ ch(t) -0 Nodal = Ve(o) - 25 + V() -2=0
dt dt dt 10 5
By KCL at node 2: Ve(o) =15V
—5+ic(t) — ir(t) =0 T=R;qC=(51]10).1=(10/3) sec
0+ Licw - Liwm = 0 V. =15+(10—15)e_(1°t/3)
dt 7 dt ® c
d Ve=15-5¢"""V for t>0
—i.(0") = — (-40) = 40 A/sec
dt © i —cWYe _ 50 A for 120
dt
27.
Sol: Transform the network into Laplace domain 29. 1) IA
Sol:
MM S T -
R /\ /\ \‘/). R
l("_’) I(s) éSLQ 73] \\/\v__\/.—v” f
S - domain That is the response is oscillatory in nature
V(s) = Z(s) I(s) 30.
By KVL in S-domain = Sol: i(0)=0A=i(0")
I-RI(s)-sLI(s)=0
(s) - sL1(s) o - YA
) = ~ — R
L R
s+ L T = — Sec
l(t) = 167%1 A fOr tZO l(t) — X+ (0 _ Xj e—t/‘r — X(l —t/‘r)
L R R R
28. vV, = L(;‘(t) —V e ™ fort20
Sol: By Time domain approach; g
Ve(0)=5%x2=10V=V(0") i(‘f)
10Q y(s) 120 v
MWW—s AW R
+} _.OO 0 >t
25v(%) N2 V() D 2a

]

At t =o0: Steady state: A resistive circuit
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Vo iA(ut)
\
v T —£ sec R
R >
. >t —o 0
—00 O
i.e., the response is constant
Expontionaly Increasing Response
31. 33.
- 1 B
Sol: Vc(0)=0=Vc(0") Sol: i, = 100u(t) =V,
Vc(OO) = V
- _ 1 di,
t=RC i1=|10u(t)-——= |A
e 100 dt
V=V +(0-V)e
=V(1-"®) fort > 0 A N
T e |
ic:CdVC =Xe’”RC fort>0 R A 20 =0
dt .
= i(t) RN 1. 4
200 dt
V‘f(t) Substitute i;;
di
V . +40i, = 800u(t)
T =RCsec dt
>t
~o |0 SIi(s) —1(0+) + 40I.(s) = il
S
i iL(07) = 0A =i (0")
" (s)— 800 20 20
\A - s(s+40) s s+40
=R
R : T “RCsec = Iit) = 20u(t) — 20e " u(t)
—o0

Expontionaly Decreasing Response

32.

Sol: It’s an RL circuit with L=0 = 1t =0 sec

i(t)Z%,VtZOSo, St=0sec

IL(t) = 20(1-¢™*") u(t)

iy = 1ou(t)—$d‘d—Lt

i) = (10-8¢™*") u(t)
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34. | - % .
=1-= >
Sol: By Laplace transform approach: ve® =1 2 e V fort=0
2 Q V(t) l Q Y;C
1 é [V 5
- T=4S€C
2V
@) 2 Lwr v 12V
_ V. » t
Fort>0 —® 0
Transform the above network into the N
Laplace domai
aplace domain % A
20 VO 10
MWW Ie(s) - T=2s¢ecC
1
4 >t
i + 20 éLZs Vc(s) 0
s () __l
J 35.
For t> 0 Sol: By Time domain approach ;
Ve(0) =6V (given)
Nodal = V() =10V
) 1
V(s) - = V(s) — — 40
s 4 YO, s _ WY |
2 2 14 ] +0V- l +
+ —
$ 10V (f) V(o) =10 V
V-
]
[.(s)= 1 Att=oo: Steady state : Resistive circuit
I+-
]
t=RC=8sec
:>ic(t):%e2 Afor t>0 Ve=10+(6-10)e™®
Ve=10-4¢™
By KVL =
L Ve(0)=6V
V -— -1 =0
c® 2s s c(®) i. = Cdd\;c =e ™ =i

1 1
Vel(s) = 5+ 1@

Eu = [ 4 dt =167
0
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Att =0 : Steady state: A resistive circuit
Sol: 10A 104 10A By KVL =
. 108 . 0A ! V-V (0)=0
IOACD_OV vz e ovgsH 10AY Vei(0-) =V =Ver (07)
in() Vea(0) =0V = V(0")

Att=0": Network is not in steady state i.c., unenergised
t=0:
i(0)=0A =i, (0)
Vi(0H=10x10=100 V

¢
2100 v,0)

|

At t = 0" : Network is in transient state : A

IOAQ)

resistive circuit

ip(00) = 10 A (since inductor becomes short)
L = El = 0.5 sec

R 10

i) =10+(0-10)e™”"

=10(1-e ") Afor0<t<o

T =

V.(t) =L %iL(t) =100e? V for 0<t< oo

Li? =%x5x102 =250]

EL |t:51 ort=o

1
2

37. Ans: (b)
Sol:

1.(07) -
+
_ Vc2(0_)

i(07) = 0A =i (0")

\% C

F

Fort>0

Fig (a)

At t=0": A resistive circuit: Network is in

+

transient state.

i(07) = x(0")

By KVL =
-Ri;(0)-V-Ri;(07) =0

i1(0+):%:i2(0+)
OBS: iL(t) = i1(t) ~ i2(t)

Att=0"=
iL(0+) = 1;(0+) ~ i(0+)

= 0A = Inductor: open circuit
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I

38.

Sol: Evaluation of ir(t) and ei(t) for t > 0 by
Laplace transform approach.
iL(07) = 6A; i (0) = 4A
e1(07) = 8V; ey(w0) = 8V

20 ¢ 1) 29
— MW
8
i —
16V — S 0.5H§ V) 6A
+L8
—2F
S V()
Fort>0

Transform the above network into Laplace

domain.
2Q0) Ei(s) 20
—MWW AW
8 S
16 —— s s
? T 8s 2% D é
-—=° S
s
v ir(s)
S-domain:
2Q0) Ei(s) 20
—WWW AW
8 3V
sl ©f
S IR s
T ‘ 5
Nodal in S-domain
8
E(s)-16/s )= E ()43
+ g + S =0
2 - 2+—
S 2

T sls? 485432

2
E (5 §(s +6s+32]

03]

el(t)=8—4e™ sin 4tV fort >0

Ae(t)

. \/

()= E,(s)+3
242
2
i(t) = 4+2e™ cos 4t A

for t > 0 w, = 4 rad/sec

iL(t) A

: \/\[\/\

>t

€ =1 (A critically damped system)
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39. 02.
) .4 oL . _ _
Sol: mt|t:t0 = tan (?j Sol: V,, =V, = j (t)dt =2V
Here the frequencies are same, by doing
ot, =tan"' e
simplification
1 1
001 v(t) =2 — 342 (cos10tx — —sin 10t x— )
2n(50)t, = tan ( j 2 L2
+ 10t
t, =32.14x —— a0y 3cos10
=2+
to = 1.78 msec. sin ot
So, by switching exactly at 1.78msec from SO Vims = . [(2)? +( )
the instant voltage becomes zero, the current V2
is free from Transient. =485V
40. 03.
1 et
Sol: o, + ¢ = tan™ (wCR) + g Sol: X, =X = [, x(the =0
T 1 T 1T A
2t, +—=tan ((DCR)+— X == x(t\dt= =
4 rms T o ( )d \/g
T 0 1 T T =
2t +—=tan | 2 — |]) [+ ==—+—
4 ( (2j( )j il ) 04. Ans: (a)
Sol: For a symmetrical wave (i.e., area of

01.

Sol:

2t zgz t, =0.785sec

4. AC Circuit Analysis

= :—j (t)dt

=3+0+0=3A

N RO

i 4\/5 2 5\/5 2
=\/3 +[f) J{fj +0+0+0

=52A

positive half cycle = area of negative half
cycle.) The RMS value of full cycle is same
as the RMS value of half cycle.

0s.
Sol: Complex power, S = VI*

L.
=
[
(o

I
1l

30020V @
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+
30020°V (-

06.

Sol:

07.

Sol:

ACE Engineering Publications

I 20 i12.50
——WW—— w5

2/
1
L T

N
.
)

300£0°

T2+ jl25+4- 8
= [=40£-36.86°
-.Complex power, S = VI*

=300 £0° x40 £36.86°

= 9600 +j7200
..Reactive power delivered by the source
Q=72000 VAR

=72 KVAR

=1

Z=il+(5D|(1+j2)=1.4+]0.8
5 A0
Z PO 448
=6.2017£-9.744° A
I+ 2)
-l 2
=6.2017£27.125° A
_1-jD
-l 1+ 2
= 3.922/-81.31°A
E»= (14D, = 8.7705£ —17.875° V
Eo=0.5L, = 1.961/-81.31°V

I:

different

operating on the network simultaneously

Since two frequencies are

always the super position theorem is used to
evaluate the response.
By SPT: (i)

10V ——

Network is in steady state, therefore the

network is resistive. Ir;(t) = % =5A

(i1) \F
IH
li

iRZ(t) +
20 AD Scos2t

Network is in steady state

As impedances of L and C are present

because of @ = 2. They are physically
present.
: 1

Z1=joL; Zc= ——| -
L y j(oC| = 1

, 2

P20y J|

ira(t) .

g (520

Network is in phasor domain
Nodal =

vV V. vV-520
—F+—+——=0

2 2 —-j0.5
V=6.32/18.44°

gy = % =3.16.218.44" =316

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




Lo,
/% N
v \ 42
v v
) (4
NS, Engineering Publications

ira(t) = R.P[Iro¢™]A L= 2 Zn+450= Y27 H49
_ 0 .
= 3.16cos (2t +18.44 ) i3(t) = Real part[I}éwt]mA
By sup‘er posn%on theorem, = _ 2 cos(oot + 45"+ m)mA
lR(t) = lRl(t) + le(t) . _ \/E N 450 A
= 5+3.16c0s (2t+18.44%)A i3(f) = — 2 cos(ot +45)m
08. Ans: (c) 11.
vV V VvV
1 1 . _ v v . + .
Sol: — _I(S)(erszr—j:O Sol: 1 R 7 77 812 +)18
s +1 S L ¢
9s 4252 41 . [=8+6j
S+ 428" +
Ils = = =
()[ i j T 1= +100 = 10A
I(s) + 25°I(s) + 2sI(s) =— 12.
i Sol: By KCL =
2. .
i(t)+2dd21+22=cost —I+I +1Ic=0
t =
2. .
29T ()= cost V. V320
dt dt IL= ARSI 0
L j(3>.[j
3
09. ~S 8
_320° 3.,0° 0
Sol: V= V2 +(V, -V.)’ === 347
V=Vrg=LR [=32-90°+4290°
100 =1.20; I = 5A =—j3+j4=jl =1290"
%
Power factor = cosd = Ve Ve _ 1
vV Vi 13. Ans: (d)
So, unity power factor. Sol: I
10.
Sol: By KCL in phasor — domain 135
=-I,-IL-13=0 90 =2 rad/sec
_ 45 "V
L=~ + 1)
i(t) = cos(ot + 90°)
I, =1290"=j1 b
o _ vV Vv 0
L=120"=(1+j0) L =lc=—=—2/,90
ZC XC
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A% \% \%

I, 1

I,= = =—— /45" Power fact =t ==
) Triol 2412 il ower factor cosd | [
Therefore, the phasor I; leads I, by an angle _ 6 _ 0.6 (lag)
of 135°. 10
14. 1S.
Sol: 5
Sol: =412 +12 = 10= /I +8 | il %R
+ ¢ +
Ir = 6A 300£0° (~ iy
R 50Hz > = C B :
L=1=4I; +(I, -I.) T

= 2 — 2
10 6" + (IL Ic) Network is in steady state.

I =l =+8A . v [30020°]
I -8 =48 q ‘ZC‘_|(1/jwc)|
I —8 = —8(Not acceptable)

=VoC

=300 x21 x50x159.23x107°
Since I} = Zl # 0. Ic=15A

L
[= 12 +12
I -8=8 R *lc
I =16A 25 = 2 +157 25
I > 1I¢ Ir = 20A k %
ICZSA + N +
"’) C

360.20°
50Hz

: 7o}
> 120.20° Vg = RIg|By ohm’s law
I, = 10A 300=R.20
(e e = 84 R =150
Network is in steady state

I, = 16A IR=@:24A
15

8
I, leads 120.20° by tan ™! (gj So the required Ic = /25 — 247

voc =7
(8
I; lags 12020° by tan I(EJ 360 x2m xfx159.23 x107°=7
f=19.4Hz
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OBS: Ic= l 18.
Z. 1 1
SOl:Y:Y1+Yc:Z_+Z_
Zc= .LQ ' ‘
joc _ 1 N 1
Asfl=Zc T =1l 30240° (1
joc

16.
Sol: Pso = 10Watts (Given)
2
= Pavg = Irms R
10 = Tms™-5

Iims = \/5 A

Power delivered = Power observed
(By Tellegen’s Theorem)
Pr = Lms2( 5 + 10)

Vi Lnscos = (V2] (15)
50
72

cosd = 0.6 (lag)

xx/Ecos¢=2 x15

17. Ans: (d)
Sol: Vi =14V

A 4
4

VR:3V

v

Ve=10V

V= VE+(V, -V, )

=J(3)? +(14-10)*
V=5V

—ioc + = /400
30
=joc + % (cos40° —jsin40°)

Unit power factor = j —term = 0
sin 40°
30
_ sin40’
 21x50x30
C=68.1uF

= 68.1uF

19. Ans: (b)
Sol: To increase power factor shunt capacitor is
to be placed.
VAR supplied by capacitor
= P (tan¢;—tan¢y)
=2x10’[tan(cos™" 0.65) — tan(cos'0.95)]
=1680 VAR

2
VAR supplied = Z—:VZO)C:168O

C

= 12680 = 337uF
(115)* x27x60
20.
0 _ono
Sol: Z=X= 160£10” =90 =32/30°

I 5,-20°-90°

$=30° (Inductive)
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24.
Vrms :@V.Llnns :i )
160 5 v: |\
Real power (P) = —= x——=x c0s 30" Sol: P, = —™ = =480 Watt
\/5 \/E o g R 60 atts
=2003 W V =24020°
160 5 1 _V_240
Reactive power (Q) = —=x—=x— g= —=—-=
\/5 \/E o) R 60
=200 VAR I - l:l:%o —6A
Complex power = P+Q = 200(+5 +j1) VA 2 Xy
o= YoV _240_ 5,
51, Z. X. 80

Sol: V=4/10°and 1=2 £-20°

Note: When directly phasors are given the
magnitudes are taken as rms values since
they are measured using rms meters.
Vims =4Vand I ,c =2A

A%

Z=—-=2230°:¢=30° (Inductive)

P=10/3 W, Q=10VAR
S =10(+5+j1) VA

22.
Sol:

Ans: (a)

S=VI*
=(10£15°) (2. £45°)
=10+j17.32

S=P+jQ

P=10W Q=17.32 VAR

23. Ans: (¢)
Sol: Pg = (Ims)> X R
=10
rms ,\/E
2
10
Pr=|—| x100
()

25.

Sol:

I. > I¢ : Inductive nature of the circuit.

1=y + (1, —1. ) =4 +3

SA

I )
Power factor = TR:§: 0.8 (lagging)
Ans: (a)
+£1 +ybh
=30 1Q
i 100£0°
100.£0° (9 | 10020 40
3 ) 14Q
30
NW is in Steady state.
V =100£0° = Vs = 100V
100£0°
= LO :>| Il| =20 = Iims
(3+j4)Q
10020°
L=——" =|L=12A=TIm
-0 S
P=P,+P;

= (Ilrms)z-3 + (IZrms)2-1
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2
=20°3 + [@] )

2
P=6200 W
Q=Qi+Q
= (lirms) "4 + (Tams) (1)
=3400VAR

So, S = P+jQ = (6200+j3400) VA

26.
Sol: S0Q  1mH 1mH
—WW——a 41118
I
+
SSin(SOOOt)GD % 1mH =—C
50Q 50 i50
—WW——ae 21118
I
+ .
55in(50000(~) § i50 — X,
when [ =0,
= impedance seen by the source should be
infinite
=>7Z=o

S Z =(50435) + (35) 1| 31(5 —Xo)
SxiG-X,) _,
B+i6-X)
—§(10-X,)=0
S X, =10= =10

oC

c-_ -
5000 10

=50+ 5+

20 uF

27. Ans: (¢)

Sol: 1, =\/32 +[%T +(%T
=25 =5A

. . . _ 2
Power dissipation= I, R

=52x10
=250 W
28.
Sol: XC = XL
= m = )y, the circuit is at resonance
Ve = QVs£—90°
oL _X, _
Q R R
_ X
o,cR R
= V¢ =200£-90"
=—j200V
29.
Sol: Series RLC circuit

f=1. . PF=cos¢=0.707(lead)
f=1fy  PF=cos¢=0.707(lag)
f=1,, PF=cos¢=1

30. Ans: (b)

Sol: Network is in steady state (since no switch is

%{ L ic

given)

1x10°20°A(%)
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LetI=1mA 33.
4H 1F
o = 0o(Given) Sol: — N —{(—
10Q
= IR =1 —\VWWA— IF
I = QI£-90" = —jQI i
Ie = QI1£90°=jQI ~
IL+1c=0 A Fig. B
[Ir + If = [T QI The given circuit is shown in Fig.
=1y1+Q* >1 Zag=10+27,
e+ 1] = L+ QI where, Z, - (—_Jjn(jm__lj
—11+Q? >1 ® @
o)(e-3)
31. Ans: (¢) —R®. ©
Sol: Since; “I” leads voltage, therefore capacitive ;J +j4o- EJ
effect and hence the operating frequency {
f <A 4 - —
( O) > 0)‘2
R i 12
®
1 oL, .
R (A For circuit to be resonant i.e., o = Z
1
@ o= — = 0.5 rad/sec
0 e 2
Q)
.". Oresonance = 0.5 rad/sec
32. 34.
Sol: Y= ! + ! . L ) .
Ry +joL o j Sol: (i) EzR = circuit will resonate for all the
.
oC
R, - joL R, +j/oc frequencies, out of infinite number of

= +
R? +(oL)’ RZ+(1/0C)

j—term =0

rad/sec

frequencies we are selecting one
frequency.
1e., my= 1 rad/sec
JLC 2
then Z =R =2Q.
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ey

t
1(t) = 5cos— A
® 5

=_j20.

jo,c

ZL :jOJ()L :ng N ZC =

=127 _ 1 4
2+2+42-j2 2

) 5 t 0

1L = —cos| ——45" |A

) & j
I2+52) 1

o= ———=2 = z45°
2+242-j2 2

i =icos(%+45°j A

T2

2 R+I?

Pavg = IL(rms) c(rms) *

5/ Y 5/°N
%.2+%.2

R

=25 watts
... L 2 . 9V
(11) c # R” circuit will resonate at only one
frequency.

1.e., at @y = L:irad/sec

JLC

mho

Bl

4
V_10£0°
z

%

=8.,0°

t
1(t) = 8cos— A
(t) p
ZL:jﬂ)oL :jIQ

ZC:

=10

j0,C

. 1
IL= &zﬁl.étaﬂl[gj
24+1+2—-31 4

.85 [t 1(1]
ip= ——cos| ——tan"'| —
4 4 2

_ e+ —£I4 tan_l(lj

2+il+2—jl 4 2

2
i.= %cos 1+tan’1 1
4 4 2

R+I2_ R

Crms

2
Pe=1

Lrms

25) (245
{f} '2+[fJ 2

= 40 watts

35.
Sol: (i) Z,, =2+(Z, 12 1|2)
= 24X [ Xcl|2
_ 242X, X (X X — 20X, - X))
(X X ) +4(X, =X )

j—term =0
= 2(X—Xc)=0
XL = XC
o,L = 1
0,C

®, :L:;:lrad/sec

JLC V44
At resonance entire current flows

through 2Q only.
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bloey =212=4Q S=P+jQ
0 V2
X =Xc Active power (P)= 5
. R” +(oL)
(i) V,(t)=V,, sin(ZjV V2
P=
Z =40 R*(1+Q’)
t : v?
(t)_Vl—()ZESI 1 :1R z—z 2
z 4 4 R7Q
\Y4 as Q is doubled, P decreases by four times.
V=2, =—7 sm(%)V =V, =V, Y
. v, V. ( t j 37.
i. = =—"cos| — 1
dt 2 4 Sol: Z¢=——
joC

iL ZLJ‘VL.dt = u Vm
L 2

v
.= —2sin 1—900 A
2 4

OBS: Hereip. +ic=0

= LC Combination is like an open

circuit.
36. Ans: (d)
R
Sol: AW 2142
L
Q = OJ_L < Vv >
R
Q= % = 2 xorginal — Q —doubled
S=VlI
B \% R joL
R+ _](nL R - joL
. V' VijeL
R?+(wL)’ R?+(wL)

0=0;Zc =0 = C:opencircuit =iy =0

® = 0;Z. = 0= C :Short Circuit = i, = R—“‘LO"
2
Transform the given network into phasor

domain.

—

{ En 400
v
0
En £0° <~ - ° 1
T C

Network is in phasor domain.
ByKCLinP-d = I=L+1,

- E,£0°
==
R
I E,,£0° E, £0°
2= = :
R, +; R, .
joC oC
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38.

Sol:

EmLOO
R,
(,020212 =0A

w=0=])=

®:(0andewo) j the current phasor I, will

always lead the voltage E,, £0°.

(a) o=0 = oo
L / E,£0° 50)
0 E,
R,
(b) o=0
= o0
U L= ~\‘\
ol = e - Emzo";m
B
E,,Z£0° o
R,=0=1, = I =E_ oCZ90
0+—
joC

A/Rz =0

g =<

(a)
\\\ R>
E.mc L ,'I

(b) $

o)
/
d
,
&

I
= >Em £0°
0 Em \RZZOO
R1
39.
E.,Z0°
Sol: 1211 +Iz; Il =m—0
Ry
E_Z0°
12:—.—
R, +joL

_ E

—U(w_L]
JRZ+(WLY R,

(1) If "o" Varied

. E._,
R
(a) L - >Epm £0°
\. I g
iy T Vo=0
® =00
E_m Em
oy R ——R,—f
- 1 En20°
w:w\ _____ ’mZO

1. If “R,” is varied
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Ry=c 5. Magnetic Circuits
(a) ° / p En £0° 01.
E Sol: Xc = 12 (Given)
(D—}i . \ Xeq = 12 (must for series resonance)
2 1 Rz . . .
i So the dot in the second coil at point “Q”
Leg=L+Ly—2M
"‘\Rz =0 Lo =L, +L, —2Ky/L|L,
. oLy =oLl, +oL, -2K/L|L,0.0
R, /Rz—oo 12=8+8-2K+/838
1
(b) 0 ok > Em ZOO = K=0.25
I
; : ', 02.
RN Sol: Xc = 14 (Given)
l.,/” Xieq = 14 (must for series resonance)
\Rz =0 So the dot in the 2™ coil at “P”
' Leg=L;+Ly+2M
40. Ans: (a) Leq=Li+L+K/L\L,
Sol: The given circuit is a bridge. oL = oL, +oL, +2K m
I = 0 is the bridge is balanced. i.e.,
7 7. =R-R 14=2+8+2K,/2(8
1 44— N2 IN3
Where Z; = RiHjoL,, =K=05
J
Z, =R, -
4 e 03.
. o Sol: L., = 4H+2-2+6H+2-2+8H-2-2
As R; Rs; is real, imaginary part of
7 7= 0 L = 14H
1 £4=
®  4H-2
R L a @
OLR,——t =0 or ko ! R
WL, o oC,R, \
[ ]
or Q =Q,
2H
where Q is the Quality factor.
2H
* ey
8H-2-2 6H+2-2
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04. Ans: (¢) From equation (2)
Sol: Impedance seen by the source 6 _
P , Y 2 H(30x107(9) +50)I,(5) =0
Zy= l—g +(4-j2) §
[(s)= ——— 4)
_ 10£30° L p) s (30x10° (s)+50)
16 Substitute eqn (4) in eqn (3)
=4.54-j1.69 V.(s) ~5%107 (s) (-6)
S)=
277 s(30x107 (3)+50)
0S. 45Q Apply Initial value theorem
Sol: 2 _=5x10° (5)(=6)
N s -3
z =(N_1j 7z O .. s (30x107 (s)+50)
2 > (t)—_5X10_3X(_6)—+1
R, =n’5 * . 30x10°°
For maximum power transfer; Ry, = Ry 07.
n’5=45=n=3 8
Sol: R, '=—=20Q
2
06. Ans: (b) R, =3+R, '=3+2=5Q
Sol: . |5smH
1 30mH °30mH+ [, = w22l =2,20°
6V —
_ \
500 I
- I—lzn:2 =1L, =1£20°A
2
Apply KVL at input loop
-6-30x10’3$+5x10'3£-50i1=0...(1) 08.
dt dt Sol: By the definition of KVL in phasor domain
Take Laplace transform Ve ViV, = 0
s=Vo—V2=
—§+[—30><10’3 (s)—50]1,(s)+5x107 s (s)=0-..(2) v
s V,=Vy-V,=V|[1-—2
Apply KVL at output loop Vs
di di V=171
_ i R
V,(s)-30x10 1 +5x10 1 0 By KVL
Take Laplace transform Vs =joLi.IitjoM (0)
V,(8)=30x107s1,(s)+5x107 sI,(s)=0 V2 = joLx(0)FjoMl
Substitute I>(s) = 0 in above equation V, = Vs(l - E/IJ
V,+5%x 107 sli(s) =0 ......... (3) ‘
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01.

Sol:

02.

Sol:

03.
Sol:

%

6. Two Port Networks

The defining equations for open circuit
impedance parameters are:
Vi=Zuli+Z1h
V=7 litZl,
10 4s+10

[7)-

S S
10 3s+10 [
S S

Ans: (b)
-1

The matrix given is % = {y“
4 Ya
2

%2}
Yo

|~ O

since Y11 #Y22
= Asymmetrical, and
Yio#ya ¢

= Non reciprocal network

Convert Yto A :

- o |F
% 310 §

N ’
N 24

02'

1 -
|

1F=S mho

| |
[

—mbho

_02

1¢©

—_

AW
YWV
—_—

AW
W\

—mbho

—mbho
3

1o 02

l’c

ACE Engineering Publications

Fig:A Fig:B

2 1
PO S =S
vy =| 3 3 Y =
* 12 *|-S S
3 3
S+g —S—l
Y = 31 23 mho
-S-— S+=
3 3
04.
Sol:
10 10 2 ----- -<
o—MWN—>wW—o0 o—e MW \/\ o
210
o o S o
1 1
gmho 7
AW o o—eo—W—— o
1 £1 s!
3 3 2
0 O L 0
2 1 1 1
{3 3 _| 2 2
YA - _l g :| YB 1 1
3 3 )
7 5
Y = 6 6
5 5
6 3
0s.
Sol: Convert Y to A : Convert Yto A :
10, - == N 20 oo
1 o—é?vw»——m%,—oz 1 o—%MM——ZIMII;h;/;—OZ
N Elo S N, B0/
1o N 02 1o N 0?2
1 1
—mbho o
lo— 3 M 69  o—M——o
=1 1 s 3
Z _mho F —mho 2l F1
3 3 ) 6
1° °2 o )
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2 _1
Y\ = 31 23 mho Yp
3 3
il
R i
6 6 2
06.
1+L_1 1
Sol: T, =T, = I‘J
—_]1
1+
-

T32 21:19; Zz = 00
11
_O 1
T = (T1)(T2)(T3)

13 2+ 34
T= . .
-1+52 33

07.

2 1
Sol: TI:Z:{ }

2 3
T, =
o

T2221:0;22:ZQ

1 0
Tzzll
2

T=[T:] [T,]

35 3
T=

N —

[ =

SNESPN

08. Ans: (a)
Sol: For I, = 0 (O/P open), the Network is shown

in Fig.1
I 2Q L=0
to A o +
3L
10
V1 § \l/ 3 I1 VZ
21
- O O —
Fig. 1
V1 = -2 Il (1)
Z, = & ==2
I1

V2 =-6 I] + V1 ............... (2)

From (1) and (2)

V2 = -6 Il -2 11

or V,= —-81;

ZZI ~ & =-38

Il
For I, = 0 (I/P open), the network is shown
in Fig.2
L
I] =0 % 12
to AW o +
2
1Q I ©
V1 §J/ ? VZ
(o]
- O O —
Fig. 2

Note: that the dependent current source with

current 3 I; is open circuited.

V]ZIIQ, lezﬂzl
I2
vV
V2:312, 222=_2:3
IZ
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-2 1 12.  Ans: (¢)
A5 )
- )|
Sol: Y, =—
Vi V,=0

09.
Sol: By Nodal
-1, +V, =3V, +V, +2V, -V, =0
-1, +V,+V,-2V, =0
Y{4 _4}0
-3 2
(Z1=Y"

We can also obtain [g], [h], [T] and [T]" by

re-writing the equations.

10.
Sol: The defining equations for open-circuit
impedance parameters are:

Vi=Zuli+Z21h

Vo =2l +Zxl;

In this case, the individual Z-parameter
matrices get added.

(2) = (Za) + (Zv)
10 2
12]= { 2 7}9

11.
Sol: For this case the individual y-parameter
matrices get added to give the y-parameter
matrix of the overall network.

Y=Y.t Yy

The individual y-parameters also get added
Y11= Yiat Y etc

1.4 -04
[Y]= { }mho
-04 14

13.
[z
1+Z—1 Z,
Sol: (i).[T, | = 2
"‘ 1
— 1
_ZZ
1 Z,
(11)'[Ta]: L 1_}.5
_ZZ ZZ

[T,] and [T,] are obtained by defining

equations for transmission parameters.

14.
Sol: In this case, the individual T-matrices get

multiplied

(T)=(T1)x (Tn1)
1+s/4 s/2) (8 4
(T)=(T1)(TN1):( 1721 J (2 5J

_ (3s+8 3.5s+4
6 7
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15 . _1_[2 —3}
Sol: Zin:Rin:&:AVZ_BIZ:VZ_ZIZ’ -1 2
I, CV,-DI, V,-3l, Now h parameters
V, =10(-1,) 21, =-1, +V,
-1, V
Z. =R, =£Q L=—b+—2 ... (5)
13 I, 2
Substitute (5) in (1)
16.
-1, V
Vv te :Il V1=211_1+_2
Sol: -+ =2, y N3 1 2 2
1 1,=0 2y 2 3 1
o §§2 21 V, =21, +=V, weeren. (6)
= V= (4 | 4)11 |12=0 ) . 7
s 301
= le =20 Vi — —
hel 2 2
Vz = (4 H 4)12|11=0 30 = =10 __1 l
= = IA
=77 =20 ) 1
By KVL = e 7, 3
31 I g=[]" {% 3
1 _vyv. L= - -
b 275 2 2
V, =1,
17. Ans: (a)
= 221:192212 I
27 1 Sol: Y,, =—2% -
Z _ |:1 2j|Q 22 V2 ‘V 0
Just use reciprocity of fig (a)
2 -1
3 3 1A
Y=2"= O N —
-2
3 3 0.5Ay <+> v
Now [T] parameters;
V, =21 +1, ........ (1)
V=1 +2L,.......... (2) Now use Homogeneity
= 11 = V2—212 ......... (3) 5A
Substituting (3) in (1): N
V, =2(V, —21)+1, =2V, =31, ......(4) 254y ®sv
2 3
T=
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So,Y,, :I_Z‘V=0 :é: 1mho Note: In an ideal transformer, it is impossible to
v, 5

This has noting to do with fig (b) since fig ‘Z’ parameters do not exist. Similarly, the y-

(b) also valid for some specific resistance of | Pparameters.

2 Q at port-1, but Yz, , Vi=0. So S.C port-1

express Vi and V; interms of I, and I, hence the

19. Ans: (¢)

18. Sol: Zn:V—l2
cor VoMo - Ll
V, N, I, V11, R I,
Ezn , n I W<
Vl 1 1'+ . +2
1 VIZHVZ V1 V2
=V, ==V, - (01, = R
n V, -V, _1 '
Ly R :
STZB ) N
o 1_1_2_1;—11_112_1
T1:T71_ O 1 n Il Il Il
L N &_l+1_l+n
n 0] , n n
TIZT—I_ l
. n I = ﬂjll
n

12=T+(o)v2 o _(14n Va-V,
| ? n R
0 —
— n
¢ -1 0 £:(1+n (n—lj
n v, n nR
h:[o —n} Lz n’R
n 0 I, n’-1
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20.
-]
Sol:
N,
N, J
-—

For series parallel connection individual

h-parameters can be added.

. Fornetwork 1, h; = g[l
[t o] [1 o0
o1l =11
For network 2, h, = g;l
o o ro-
1o 1 0 1
1 0 1 -1 2
+
-1 1 0 1 -1

.. overall g-parameters,
—1}_1_1{2 1}
2 3|1 2
g_{2/3 1/3}

1/3 2/3

7. Graph Theory

~h=

2|

01. Ans: (¢)
Sol: n>h+1
2

Note: Mesh analysis simple when the nodes are

more than the meshes.

02. Ans: (¢)
Sol: Loops =b — (n—1) = loops =5
n=7 L b=11

03. Ans: (a)

04.
Sol: Nodal equations required = f-cut sets
=(n—-1)=(10-1)=9
Mesh equations required = f-loops
=b-n+1=17-10+1=8
So, the number of equations required
= Minimum (Nodal, mesh)=Min(9,8)=8

05. Ans: (¢)
Sol: not a tree (Because trees are not in closed
path)
a
C
g
06. Ans: ()
07.
Sol: For a complete graph ;
b=nc, = =) g
n=12
f-cut sets = (n—1)=11
f-loops = (b—n+1)=55
f-loop = f-cutset matrices = n™?
_ 2122 qpl0
08. Ans: (a)
Sol: Let N=1

Nodes=1, Branches = 0 ; f-loops =0

Let N=2 \

ACE Engineering Publications
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Nodes = 2; Branches = 1; f-loop= 0 10. Ans: (d)
Let N=3 Sol:
(@) 1234 —
(b) 2,346 — \/
Nodes = 3; Branches = 3; f-loop = 1
= Links =1
Let N = 4 © 1456 -
(d)1,3,4,5 e —
Nodes=4; Branches = 4; f-loops=Links=1 /
Still N=4
11. Ans: (b)
Sol: m=b-n+1=8-5+1=4
Branches = 6; f-loops = Links = 3 12. Ans: (d)
LetN=>5 13. Ans: (d)
Sol: The valid cut —set is
(1’3’4’6)
Nodes = 5; Branches = 8; f —loops = Links /
=4 etc
Therefore, the graph of this network can 14. Ans: (b)
have at least “N” branches with one or more Sol:
closed paths to exist. % 0 ©)
09. Ans: (b) ©
Sol: ® %) @
2 Y2
1 | 15. Ans: (d) 3
4 -
3 Sol: et
/’ RN .
N6 SN T
2 N ’ N
4 1, 2,” 3N |4
3 3 NS
o —
5
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01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

Fundamental loop should consist only one

link, therefore option (d) is correct.

8. Passive Filters

0=0=>V =V,

= Low pass filter
w=0=V; =0

ViR,

©0=0=>Vy=—i—2_
Rl +R2

“Vy” 1s attenuated =V, =0

w=0=V, =V,

It represents a  high pass filter
characteristics.
2

H(s)=Vi(s) _ S’LC+SRC+1

1(s) SC

2 .
Puts = joi _ LCJTJcoRC+1
joC

®=0=H(s)=0
(o:oo:>H(s):O

It represents band pass filter characteristics

0):0:>V0:0
0)2003V0:0

It represents Band pass filter characteristics

0s.

Sol:

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

0):0:>V0:0
(DZOO:>V():V1

It represents High Pass filter characteristics.

1
H(s)= ——
(S) s +s+1

0=0:S=0=H(s)=1
w=0:S=w=H(s)=0

It represents a Low pass filter characteristics

2
S

His)=———
) s> +s+1

®=0:S=0=H(s)=0
w=0w:S=w=H(s)=1

It represents a High pass filter characteristics

0=0;V, =V,
0=0;Vy=0

It represents a low pass filter characteristics.

®=0=Vy=Vij

0w=0=Vy=Vp

It represents a Band stop filter or notch
filter.

S
s? +s+1

®=0:S=0=H(s)=0

H(s):
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w=0:S=w0=H(s)=0
: A
It represents a Band pass filter H ( o)
characteristics 1
1
11. V2 . BW R Stop Band
2 - >
1 T
Sol: H(s = ZS—+ > {
S”+s+1 0 f= fL
w=0=>S=0=H(s)=1
w=0=>S=w=H(s)=1 Where f, = lRC
It represents a Band stop filter &
. 1
H(jo)= 2
12. f
. 1+ r
Sol: H(s)=—" -
I+s ¢
0=0=>S=0=H(@s)=1 ZH(jw)Z—tan’l(f—j
L
w=0=S=w=H()=-1=1 180" ;
f=0=¢=0" = Omin
It represents an All pass filter 0
f=1L = ¢ =-45 = Omax
13. Ans: (¢)
Sol. . 14. Ans: (b)
— W o Sol:
+ " Gain (dB)
vV, Cc ——= Vo A
. -\ pBop Band __ Pass Band
R S S,
0o=0=Vy=V; V2

R+ 8¢
sc
Vo(S):H( __ 1
Vi(s) SscR +1
. 1 1
H(Jm) I+jocR .t
I+j—
fL

BW

& A
< >

N

F reque?lcy

0 fc

First order high pass filter =
1+sT

Phase shift = 90 —tanoT

Max. phase shift is at corner frequency
1

T

Max. phase shift =90 — tan'@T

w=
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15.

16.

Sol:

17.

Sol:

01.

Sol:

02.

Sol:

=90—tan" (lx Tj
T

=90 -45
=45°
Ans: (d)
Ans: (a)
Half power of series RC circuit is at t = T
(Time constant)
T=RC
Frequency = L
q y RC
Ans: (¢)
Magnitude of voltage gain 0.707 is at half

power frequency

1
0) = —
RC
9. Three Phase Circuits
Ans: (¢)
Z (star):9430 9230 =3/30"Q2
P 27/30°
Ans: (¢)
R
I R
A\
| ‘[
B o , !
Fig.

Let Vi be the line to line voltage

03.

Sol:

05.

Sol:

v
vV =L
"3

Let the total power in star connected load

with phase resistance as R be P,

2 2 2

b3Vl gVl Vi
R 3R R

When one of the phase resistance is

removed, the relevant star load is shown in

Fig.
Power in this star load
2 2
p (M) lv
2 R 2R
i o = 50%
Pl
Ans: (d)

[=15£0°+15£4-120°+15/-240° =0

The circuit is redrawn with switch open as

shown in Fig.1
P

/-
T T f
4003V 300Q[|  Va 100
400V 4 Ny

J 300 Q2 300 O Q
B

Y

R

Fig.1

Open circuit voltage, when the switch is
open = Thevenin voltage
400

V3

To find Thevenin’s equivalent impedance

Phase voltage, Vg, =

short circuit the voltage sources (Fig. 2 & 3)
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Postal Coaching Solutions

R
R o
300 — Zy
n o]
300Q 000
B
Y
Fig.2
=300Q| [300Q 300Q — Zy
O
Fig.3
300
2, =—=100Q

th

.. Thevenin’s equivalent circuit across R, n
is shown in Fig. 4 with the switch closed and
100 Q load across P, Q

Z4=100Q R SW p

AW >~ o
1OOQ§

@ Va="gV

= e
ok

Fig4

RMS value of voltage across 100 Q

resistor = ﬂ V=115.5V
243
06.
Sol:
R
400V 100 i50 Q
3-¢ —i50 Q)
Y e | |
]
B e
Fig.1

The unbalanced load is shown in Fig. 1.

Power is consumed only in 100 Q resistor.

Power consumed in the delta connected

unbalanced load shown in Fig.1 is given by

_ Vo (400)°
R 100

The star connected load with ‘R,’ in each

P = 1600 W

phase is shown in Fig.2.

Fig.2

Power consumed in balanced star connected

load as in Fig.2 is

[4%}2 4007
P, =3x L 3 R
R, .
But given P; =P,
- 1600 = 400°
RX
2300400 _ 44
1600
07. Ans: (b)
Sol: R I
8
400 V 8 6
50 Hz . )
3+ 16
B l MW 4111%
8 i6
Y

Power factor angle of load (¢)
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08.

Sol:

connected balanced load as in Fig. is
P =3 x Vph x Iy x cos ¢
=3 x 400 x __490__ x c0s36.86 = 38400 W
Reactive power consumed by the delta
connected load is
Q1 =3 x Vpn x Iph x sin ¢
=3 x 400 x _ 400
8% +6°
=28800 VAR

Active power consumption remains same

x sin 36.86

even after capacitor bank 1is connected
Reactive power consumed by the delta

connected load at a power factor of 0.9
0, =

38400

i x sin(cos™ 0.9)
0.9

x sin25.84

=18597.96 VAR

- Q2=18597.96 VAR

Reactive power supplied by star

connected capacitor bank = Q; — Q,
= 28800 — 18597.96

=10202.04
= 10.2 kVAR
Ans: (d)
The rating of star connected load is given as

1243 kVA, 0.8 p.f (lag)
Active power consumed by the load,
P=1243x0.8 x10°

& ACE 64 ot
a6 . =16.627 kW
= tan" | — [ =36.86 )
8 Reactive power consumed by the load
Active power consumed by the delta = 12+/3 x sin (cos ' 0.8) x 10

Q1 =12.47kVAR
Reactive power consumed by the load at

unity power factor is
P

Q= —xsin(cos " 1) =0
@

.kVAR to be

connected capacitor bank = Q; — Q,
Qc=12.47kVAR

supplied by the delta

09. Ans: (b)

. A
Sol: ? I
230V : R
N
t < NIB
J
C
Bo

Assume Vy as reference

1‘ VAN
120° 120°
- -
120°
A%
VCN BN
V,, =230£0°

Vi =230£—120°
Vo =230£+120°
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~230£-30° y 230£+30°
X X

C IL,

When we add the two phasors Ig and Ic.
with angles —30° and +30° we will get the
resultant vector with the angle between
—30° and +30°

But,

Ig + Ic should be equal to 17.3913.2180°

Which has angle of 180°

.. We have taken wrong assumption

.. Now take pure inductor in phase B and

pure capacitor in phase C we will get

w?su ACE 65 Postal Coaching Solutions
2 2 o o
Vix 4000= R — 230 132250 L+, = 2302 -120 N 2302 +120
R 4000 X, £90° Xc£-90°
=V 230 559930 _230£-210° 230£+210°
R  13.225 - X X
L C
S Ia=17.391320° A
A B0 e B0 o
: (2nx50xL) 1
Given neutral current Iy =0 W
= Ia+Ig+Hc=0 _07321 o 10° ’? 10
:>IB+IC:*(IA) = Z—=210°+72256.63xC £+210
Ig +Ic =—17.3913 ) . o
v v From the given options by substituting
= BN 4 N —_17.3913 ]
Z, Z. L =7295 mH and C = 139.02 puF we will
~120° o etlg+Ic = 17.39132180°
32304 120 Jr2304+120 — _173913 getlg T ic
Zy Zc L = 72.95mH in phase B and C = 139.02 uF
- 23042_1200 + 230£+120° 4 17.3913,180° A in phase C should be placed.
B C
ssume that pure capacitor in phase B and 11. Ans: (d)
pure inductor in phase C we will get Sol: I = 12A
230£-120° 230£+120°
I +1. = —+ 5
X£-90 X, £90

Now if the same resistances are connected in

delta across the same supply

I
+ e >
A% R /L%
@ R
~ Ny
R
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Lo,
1% N
v -
v v
R4
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Transforming A into equivalent Y

=3(12)=36 A

12. Ans: (b)

Sol: Assume the resistances are equal

ey

= PabsorbedA = 3? = 60 kW """ (1)

Now, if the resistors are connected in star,

= 2 2
B 5 VLV

R 3R R

~ PabsorbedY = 3

2

From equation(1), = V? =20kW

2
PabsorbedY = V? = 20 kW
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