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DETAILED EXPLANATIONS
Section A : Network Theory

1.

(d)

Superposition theorem can’t be used for the given circuit, because while acting one
the circuit violates KVL.

source alone,

(b)
Att=0":
4Q ir(07)
: A AW +l
v(07) 4F 0A
"L 402
1oV i) 4020V z
L
10V
-y = ——=25A
lL(O ) 4 Q
v(07) =0V *t g
At t = 0*: 0.(0") = v (0) =0V 00| 103
i,(0) =i (0)=25A -
i.(0") < i1(0")
N = —(4Q) 2 102 L
UL(O ) ( ) 2 P 2
= —4x E =5V
2 =

(b)

Average power absorbed by a load depends only on fundamental components.
v(t) = 100cos(wt) = 100sin(wt + 90°) V

Vil _100x5

= ——cos¢

So, Pty = 5 cos(90° - 30°) mW

= 250cos(60°) = 125 mW = 0.125 W

(b)
From the given circuit, we have
Vo= 5x10 _50 10
115 15 3
5Q 10 Q
+
+
5V 103V, 3V, Voc
- .

ocopyright: MMIADE ERSY

www.madeeasy.in



14 ESE 2020 Prelims Exam e Classroom Test Series MADE EASY
10
Voo = 3V =3><?=10V
10
Iye = 10 1A

Ry, = Yoc _q00
Isc

V3, Vic 10x10

= = =25W
S0 Proax = 4Rpy, 4Ry, | 4x10
5. (o)
Using transmission parameters,
vV, = AV, - BI,
I, = CV,-DI,
-1
parameter D = T
2 lv,=0
R/2
to Il A'AVKVA' L L °
0A +
Vi EER EER V,=0
-o o
I = —hx—— =
2 "R+®R/2 173
-1 3
D = — =5
I, V,=0 2
6. (b)
V= Req 11 I 2Q
V V - 2 I]. AVWV
-[+ —+ =0 v
T4 2 4 <>
1% v =E4Q t>op
v, © 'z 1
v 8
L R, = (8||4)=§=2.67£2
7. (c)
Redrawing the circuit after source transformation we get,
10Q \% 10Q
AVAVAVAV - ‘VAVAV‘V
I
10V Ct) E§ 10Q CI 100 V
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V, =10 V,+100 V,

10 10 10
3V, +90 =0
V. =-30V
I = _ﬁ = @ =3A
10 10
8. (b)

AAAA AAAA P AAAA AAAA

yvvy yyvvy \AAA yyvy
s s s s s
s s s s s

AVAVAVAV ‘VAVAV‘V ‘ AVAVAVAV AVAV‘V‘V

Q u

2 2 3 s >3
-< -< -< -< -
< < < << <

AAAA R AAAA b AAAA T AAAA

Yvyvy yyvy Yvvy Yyvy
2 2 2 2 2
-< -< -< -< -
‘> <> <> ‘> <>

AAAA AAAA S AAAA AAAA

Yyvvy \AAA \AAAL yyvy

Let the current flowing into the circuit at the node ‘a” will be I. Since the infinite network is
symmetrical about ‘a’, the current I in going from ‘4’ to infinity, is divided equally along the
branches aQ, all, aP and ab as shown in the figure.
The current ‘I’ then returns from infinity and is taken from the network at node “v’.
Again by symmetry, the current flowing along the branches Rb, ab, Sb and Tb are /4.

Total current flowing along ab is I/4 + /4 =1/2

Vy, = I/2%R
Effective resistance R , = R/2.

9. (a)
Initially, C, = 5uFand Q, =17 uC
C, = CuFand Q,=0
Qr = Q+Q,=17uC ...(d)

When C, is connected to C, parallely, the charge is transferred from C, to C,. However the total
charge remains equal to 17 uC. Due to the law of conservation of charge, for the capacitors connected
in parallel.

Vi =V,
Q0 _ 9
Gy Gy
0 7
5 C
7

= —=35uF

C 5 u
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10. (<)
From z-parameter model,
Vi =zl + 20l (i)
Vy = 2yl + 20D, (ii)
Output port is short circuited
V, =0
-z
I, = ZZ? I ...(iif)

From equation (i) and (iii),

22
[ - v _ 3
o ! 5 A2 X201 27_w
11 Zn 27
L = i=1=0.125A=125mA
1 24 8
11. (b)
The total number of possible links are
Il =B-n+1
here, B =14
n =38
Il =14-8+1=7
12. ()
At t = 0~ the circuit will be drawn as
2Q 1 ) 3Q
MW o MWW

i(07)

AAAA
AAAA
vV
w
©

> >
20V (:) I =30 2Q
> >
+
T_UC(O_)

By KVL in the first loop,
2I +31-20

0

20 _4a
5

I

v(07) = v (0)=3x4=12V
i,(0) = i,(0) =0

ocopyright: IMADE EARASY www.madeeasy.in



E & T Engineering | Test2 17

13.

14.

Now, at t = 0* the circuit can be redrawn as

20 v 39
MWW i MW
L L i,(0Y) =0
Ci)zov 230 20 230 w0
[ 12V §2H
3x12
= =72V
v 2+3
: 24i(0*
Also; v = 3i0t)+ 2400
dt
att =07 i=0
24i(0*
[ 2di0)
dt
di(0"y v 72
or P E—?—3.6A/s
(b)

The degree of each node in a fully connected graph is equal to (1 - 1)

(a)

For the given circuit L,
where M
and L

when number of turns get halved,
L
and L}

L,

L,

fo

oC

L+L,£2M
LiL,
NZ
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15. (d)
. 1 4 )
i(t) = gt A (given)
0 = T I 0)
s) = = = .
8(5 +1) 8(2s+1) 4(2s+1)
2
as per the question,
R
AVAVAVAV
e L1
© ) 1%
The KVL equation in the loop
1. (R+i] I(5)
s Cs
1 1+ RCs
Lo (2
s s
C ..
I(s) = (1+ RCs) ...(ii)
Comparing with equation (i), we get
1
= —=0.25F
¢ 4
and RC =2
1
Rx— =
1 2
R=8Q
16. (c)
The circuit can be redrawn as
6Q 120
203
By applying KVL in loop (i), we get,
3V, = 61, +12i, + 6(i; - 1)
3V, = 24i, - 6i, ...(i)
by applying KVL in loop (ii), we get
V., = 12i, + 3V _+6(i, - i;)

ab
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17.

18.

Vub

Vab

From equation (i) 3(121,)
361, - 241,

or L

From equation (ii) and (iii)
Vub
Vub
73

or s
)

(a)

18i, + 3[12 x )] - 6i,
18i, + 36i, - 61,

18i, + 30i, ...(i)
24i, - 6i,

~6i,

6.

—ip ...(iii)
12

. 1).
1812 - 30(5) Iy = (18 - 15)12

3i,

3Q

From the given characteristics, it is clear that,

when V = 0V (short circuit)
I =-3A
and when V=1V
I = 0 A (open circuit)
Network becomes,
I
Network +
with _
independent Ise=3A
sources -
Voe = 15V
Igo = -1=3A
15
Ry, = 3 5Q

and maximum power transferred is

P

max

(@
Here Z,

and Z

@)

Ve (15?2 15x15
4Ry, 4x5 20

4745 =11.25W

joL = j x 1000 x 103 = j
[
joC  1000x107°

~j
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Zeg =1+ (Z |1 Z9)
_1DED 1
—]t] 0
I =0
19. (d)
In order to obtain Norton’s equivalent across the terminals ‘0" and ‘¢’ the circuit can be redrawn as
b c
b Cc I
SC
? 20Q ? AAA
AAAA \AAAJ
\AAAJ L 20Q

100
2 (:) 5V

AAAA
\AAAS
=
o
o)
‘_»\
O/
[uy
N
>
{5}
O/
I
Q1
>
Y
Q1
<

ISC = T=12A
10x 20
and Ry, = 20+10=6.67Q
20. (b)
1 2
1 2
4
7
1
3 ~ 3
4 4
7
8 /s
22. (b)

The reciprocity theorem is not applicable to the circuits with time varying elements.
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23. (d)
Considering the given circuit,
Rl R3 ZIx 0A
AAAA AAAA o
\AAAJ + \AAAJ _ 5
2Ry,
+
s
10V C:) Ry, SR, <¢ 2, Vp
<

I, _
0

Vi, = 2RI+ R,I. = (R, - 2R,)I,
Vi, will be equal to zero, when R, = 2R,.

Inoption (a) = R,=15Qand R,;=30Q = R, # 2R,
In option (b)) = R,=15Qand R;=10Q2 = R, #2R,
Inoption (c) = R,=20Qand R;=40Q = R,# 2R,
Inoption(d) = R,=20QandR,=10Q = R, =2R,

So, option (d) is correct.

25. (b)
Here, the 8 Q resistance in parallel with the 16 V source can be ignored.
the circuit can be redrawn as

WX
I \AAAJ \/
6 ACD E§ 20 r Ci 16V
By KVL in the outer loop, we get,
4I'’ -KI+16 +2(I"-6) = 0
KI-4
or I = T (1)
- 40-KI
Also, I = 6—I’=6—(M) = —
6 6
[ 40 -
or = 67K ...(id)
The power dissipated in the 2 Q resistor is 50 W.
P,, = 2x2
2
40
= x 2
50 (6 + K]

40

6+K ~ V25=5
or 40 = 30+5K
or K=2
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26. (d)
For maximum power transfer

* . * .
ZL = Z :(Rs+]Xs) =R, - jX,

/- Vind0® _ Vi
Z;+Z; 2R,
1, 1 V2 V2
= —[PR==-—"_xR, =
Average power, Pan 5 2 2R, )2 T
27. (a)
Here v,(t) is negative means current direction is opposite in the coils
Mdi (t)
M = |”9(t)|. _ N _os5H
dij(t)] 16
dt
28. (b)
For a symmetrical two port network,
1 T 2
Y = Y»
Ah =1
and A =D
29. (b)
The circuit can be redrawn as,
R
AyevaA{
I
40V—T =T 5R
When I =0, 40V = 5R
R=8Q
30. (b)
At t = 0~ when switch was closed.
The voltage across the capacitor is
10x2
'U(O_) = 5 = 4: V

~.- Capacitor does not allow the sudden changes in the voltage across it.
v(07) = v(0") =4V
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31. (b)
For a series RC circuit,

- v Vs ( 1 j Vs
ere, = ; ==
© R4 1 {joC) joRC+1
joC
Phase difference between V¢ and V,
¢ = tan'wRC
AsoToT,RT¢T,CToT
Asol ol
32. (b)
The time constant for RC circuit is
T = Req Ceq
here, Req =2Q
4F+4F)(8F) 8Fx8F
and C_ = ( JBF) _ =4F
®“  (4F+4F)+8F 16 F
T = 2x4=8sec
33. (o)
Vo(s s+1
Hs) = ofs) __ (s+1)
I(s) (5s+8)(3s+2)
i(t) = 4u(t) = I(s) =4/s
(s+1)
= ——————x4
Vol®) = GsreyEsra) < M
H 1 m & X
Final value, slgr}]sVO (s) = 500 (55 +8)(3s+ 2)
- ><4_i 1 =0.25
S 8x2" 16 4
34. (b)
From h-parameter model,
Vi = byl + hy,V, (1)
I, = hyl, +h,,V, ...(id)
From transmission parameter model,
vV, = AV, -BI, ..(iii)
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I, = CV,-DI, ...(iv)
-V
where, B = T
2 ly,=0

From equation (i) and (ii), keeping V, = 0, we get,

_hll

B =
h21

35. (d)
Power efficiency of the source can be more than 50%. But power efficiency will be 50% when
maximum power is being delivered to R;.

36. (d)
Power factor in any circuit is given by cos ¢ where ¢ is the angle between voltage and current in
the circuit.
The voltage across and current through the capacitor are in phase quadrature.
¢ = 90°
and cos 90° = 0 (Power factor)
38. (c)
Any combination and interconnection of network elements like resistor, capacitor, inductor or

electrical energy sources are known as networks, however a closed energized network is known
as a circuit. A network need not contain energy source but a circuit must contain energy source.

Section B : Digital Circuits

39. (o)
fx, %, %) = TIM(O, 1, 5)
X2 X3
n 00 o1 11 10
ol o | o ([T | 1
1_2| 0 ||1 1
flxy x, x5) = X2 +x1%3
40. (d)

f = E’IEZIO +E1X2[1 + xleIz + x1x213
= flexg, + flefs + xlfzfg, + X1XpX3
= (x1 Oxp)x3 +(x; ®x7)X3

= X @x2 (-Bxs
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41.

42,

43.

44.

45.

46.

(d)
ForS=1, f =(A+B)= OR gate
forS=0, f=B = NOT gate

(b)

For minimum value of “y’ the value of “x” should be minimum

minimum value of x
(23), + (21),

(b)

(a)
Q+
Hence, it represents a T-flip-flop.

4
(110), = (42 +4+ 0)1 = (20)y9

Xy+xy =x0y

Q®X=0X+0X

(xy+xy)Sx=yDx

(b)

e >

B

C

@ |
R

:Dofsum

in

So, minimum 9 two-input NOR gates are required to design a full-adder circuit.

(d)

CD
AB

00
01

11

10

Therefore, the simplified expressions can be given as:

f(A,B,C,D)

—ABD
0 01 |11 10
Ix [l x H—az
X | |1 AD
1
1 D

= AB+CD
= AD+CD = ABD+CD
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47. (o)
F(ABCD)

thus, only one two-input NAND gate is required.

A+B+ACD+ ABC+ ACD+ BCD
A(1+CD+BC+CD)+B(1+CD) = A+B = AB

49. (b)
D = BQ,+A
which is equal to the excitation equation of a SR-flip flop
D = RQ,+S
50. (c)
AB
h~, 00 01 11 10 B
0 T\ | —~A4BC
I
01 Q 1 || x [\1
1] 1 1 |1 F'FD
10| X
—AD
CcD
f(A,B,C,D) = CD+AD+BD+ ABC
51. (d)
fw, x, y, z) = Zm(4, 5,7, 8,10, 12, 15)
wx | yz | yz | yz | yz
00 0 0 0 0| I,=0
01 1| 1| 0| L=y+z
11 1 0 1 0 | L=yez
0| 1]0]o0]|1|6L=z
L(B) = y+z
I,(A) = yOz
52. (b)
QA QB TA TB Qj@ Q-l;
(Qa*Qp) | (Qa*Qp)
0 0 0 1 0 1
0 1 1 1 1 0
1 0 1 0 0 0
0 0 0 1 0 1
Thus, MOD =3
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53. (c)
f; = 2kHz
f, = 256 kHz
MOD = %=128
n = [log,(MOD)|=7
54. (c)
Jou = Lt L+ L+ I+ 1
fouu = CBA+CBA+CBA+CBA+CBA
= ABC+ ABC + ABC + ABC + ABC
foulA, B, C) = =m(0,4,6,3,7) = =m(0, 3,4, 6,7)
55. (<)

Z = 1thus A>B
X = 1thusA =8B
butif X=0and Z =0, then Y =1, and hence A < B.

56. (c)
Total states = 14
3
foo= 220 a7,
14
58. (d)
2r+3+4r+4+r+4+3r+2 = 2r2+2r+3
10r+13 = 2r2+2r+3
2r2-8r-10 = 0
r2-4r-5 =0
r=5-1
» Radix cannot be negative
r=>5
59. (b)
3-bit gray code is
000
001
011
010
110 —
111 = Two clock cycles are required
101 =
100
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60. (d)
The circuit will combine two 4-bit ADC and will result in an 8-bit ADC circuit. It is used to reduced
number of comparator in the circuit.

61. (o)
CD
ABN_00 01 11 10
00| @
01 @ @
nll @
o @ |®
62. (b)
I
AJ AB ABC
C v:,‘ :7\_ y
B ~
BC
Y = ABC+BC [ The nodes acts as wired OR logic]
= B(AC+C) = B(A+C)
63. (a)
F(A,B,C..) = A+AB(1+C+CD+CDE+.....)
= A+AB
= A+B = two NOR gates are required.
65. (b)
Min decimal base = x=7
(216), = 2x72+7+6

2x49+7+6=98+7+6=(111),,

66. ()
The decimal equivalent of number 44 can be represented as
(44);, = (00101100),
Now, 2’s complement representation of (-44),, = (11010100),

67. (a)
BC BC
S, 00 01 11 10 TS, 00 01 11 10
ol o | o | 1|1 ol o[ 1| o0 |1
1l oo | 1|1 1o 1] 0] 1
Fl FZ
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5 w0 o 0
" 1 11 1
0| o 0 0 ITI
P1 b F2 =
11 o | o | o 1
F,F, = BC

68. ()
F(A,B,C) = AC+B
The following function can be represented on a K-map as

BC

A 00 01 11 10

0] 1 1 1 0

1 1 1 0 0

To calculate the maxterms we just have to see the position of zeros.

F(A, B, C) = TIM(2, 6, 7)
70. (d)

F = (AE+AB+C)(E+A1§+AB)
= AB+AB-C+(AB+AB)-C
= (AB+AB)C+ ABC+ ABC
= ABC+ ABC+ ABC + ABC

71.  (b)
]0 Qo ]1 Ql

. [

CLK

ho K o K Qut+1) Qut+1)

Q QQ & O 0 0

0o 1 1 1 0 1 3 stable
state

1 0 1 1 1 0

0 1 0 0 0 0 —p>Repeat

Hence, the circuit is a mod-3 counter.
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72. (d)
ROM is an example of a combinational circuit.
73. (d)
The time required for addition in a parallel adder does not depends upon the number of input
bits.
74. (o)

In TDM, MUX can be used at transmitting end and DeMUX can be used at receiving end.

0000
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