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DETAILED EXPLANATIONS

Section A : Network Theory

1. (c)
Given circuit is

yvvy \AAAJ
50 Q L
60VT @ 1a 21000
T 30V
Applying KCL at node 1,
Vi —60+V1 -Va _ 1
20 30
3V, =180 +2V; -2V,
=1
- 60
= 5V, -2V, =60+ 180
= 5V, -2V, =240 (1)
V, -V, +V2 —30+ﬁ 0
30 50 100
10V, —10V; +6V, =180+3V,
- 300 B
= -10V, + 19V, = 180 ...(ii)
Solving equation (i) and (ii),
V, =546V
V, =44V
V, 44 184
=S =—="—=04A
hoo o 100 100 5
2. (b)
To calculate R,;, deactivate all independent sources.
9Q
AVAVAVAV
6Q 6Q
AVAVAVAV AVAVAVAV
Eé 6Q 9Q Eé SRy,
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Using star to delta transformation,

9Q
18Q \
AV‘V‘V‘V
180 180 §E9Q & Ry,
9
Ix =
9 2 9x9
Ry =911 1118) 18] = 9H§ YR =3Q
2
For maximum power transfer, RL = Rth =3Q
3. (b)
V(t) =10 sin ot V
B.W =400 rad/s
10
=—==707V
Vrms \/E
B.W = R
L
400 = 100
L
L=025H
V. 500
= t=—-=7072
Qo v 707
1 /L
We have, Q= R\C
Y100V €
0.25
(70.72 x 100)? = ——
C
c= 22 ~=4.99x10"F
(7072)
4, (d)
Given data, Power factor = 0.6 (lag)
cos 0 =0.6

0 = cos™(0.6) = 53.13°
According to given circuit,
Ry (1+2))
@ R,+1+ ;2
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-1 -1
/0 = tan " 2-—tan
0 Ry +1
o_ 2
1 R2 +1
£53.13° = tan " ————
1+
R2 +1
2Ry, +2-2
tan(53.13°) = R, +5
4
5 (R +5) =2R,
4R, + 20 = 6R,
2R, =20
R,=10Q
5. (d)
At t = 07, the source is disconnected
i;,(07) =i,(0") =0
for t > 0, the source is connected to circuit.
In steady state, inductor acts as short circuit. Applying nodal analysis,
V-24 + K + K = 4Q \%
4 4 6 AVAVAVAV .
3V 7243V +2V )
B =0 [ $4@
8V =72 ' T Z60
V=9V . ]
- 24V
: V_>9 '
i() = 47 =5 A

i(t) = [1(OJr )—i( oo)}e i+1( o0)

t

4 4

i(t)

L 081
""R, 64 8
6x4
= +4=64Q
Where, Req 10
. 9 -8t

6. (b)
To draw the graph,
1. Replace all resistors, inductors and capacitors by line segments.
2. Replace voltage source by short circuit and current source by an open circuit.
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3. Assume directions of branch currents arbitrarily.

4. Number all the nodes and branches.

2
(2)

@)

@)
1
Complete incidence matrix (A,)
1 2 3 4

111 0 -1 1
A=21-11 0 0
310 -1 1 -1
The reduced incidence matrix A is obtained by eliminating the last row from matrix A .
A~ { 1 0 -1 1}
-1'1 0 0

The number of possible trees = | AAT|

1 -
. (1 0 -1 1]l0 1
AAT=191 0 of1 o
1 0
(3 -1
12
aar) =2 TMee-1=5
[AATT =1 g)=e1=
7. (a)
Att=0
AVAVAVAV . _
100 ll&(o’) |0
=200 40 Q
100 V= T
+
V.(07)
. 100 10
i,(07) = 11(0+)=%=§
V(0) = VJO*):%xZO:%OV
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For t = 0*
| | 207
20Q 40 Q
i1(07)
— 100V
200
10 —V
? A “' 3
200
(O = 100_?_ 100 25
L(09 = "4 3%x40 30
Fort>0
| 20
NEEL e
100V =

10 2 pF
2H§ 3 A 200
I

Writing KVL equations for t > 0

t
1 200 100
40iy + ——— [ ipdt = 100-=——=—+
’ 2><106£2 3 3
4082 L9085, = 0
dt 2
di, (0") T 6T e 1
) o~ %108 iy (0%) [x—
dt 2 [12( )] 40
_ 6
— ><106><§=1X710
2 x40 30 2x8x6
_ 3 _
- T1O00xA07 _ 125 453 _ 10.415%10°A /s
2x8x6 12
di, (0*
200 _ 10415 x 10° A/s?
dt
8. (a
att=0"
V() =V0)=0V
att>0
V(o) =1V

t
V() = 1(1 —e_RCJ
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= -2 x 10%(f) + 8

avt) _ 1 ke
dt RC
v 1
dt  RC
9. (b)
L —4x107
i(t) = T[V(f)—S]
i(h) = _%xw*?’ [V(t)-8] = _%x1o*3V(t)+4><10*3
i = 2i(t)-8x10~°
() 1070
Hence, Ry, =2x10°Q
. -r—i—8X10_3—4us
1me constant = Ry,  2x1 0’
10. (d)
According to given circuit
V, = -5I,
Substituting the value of V, in the given equation,
V, = =251, - 6I,
v, = -31l,

I, =8 x (-51,) - 31,
I, = (-40 - 3)I, = -431,
Input impedance

L e s
i, 43 43

11.  (c)

Y;, # Y,,, hence network is non reciprocal

Y, _

Y. = -1/3 =—Ve, hence network is active.

21 1/3

12. (a)

In s-domain, the circuit can be drawn as below:
I(s)

6Q

200 =2

2s
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The admittance
Y(s) = 1 LS 1 +gs_5+4s(s+3)
()= 642s 725 ~2(s+3) 5 10(s+3)
457 +125+5
Y) = "o +3)
1 10(s+3)
20) = Y(s) 452 +125+5
Poles, s = -0.5, -2.5
Zero = s=-3
13. (d)
20 29
I
ol 4:1 1:6 |,
60 Q
AC
SOllI'CeCi> g | | | | g _12]9
[
| 80
Zl Zi Z2 Zé Z2
7y 1 60—12]}
= — ZIZ Q
Zy " 36 2 [ 36
5 j 5-]
o 2-Lla=""lQ
. (3 3) 3
- 24 j -7 2 j
So, Z2=8+2 +5 /- +6]3+5 /- 9;5]
Z; 29 5.)
=16 = Z{i=16| —+—
Z 1 (3 3’
. 29+5j
So, le—2j+Z{=—2]+16( ])
| =6/ +464+80j  464+74;
B 3 - 3
464 +74j
le(ig )Q

Z, is the impedance seen by ac source.
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14. (a)

Converting the two delta network formed by resistors 4.5 Q, 3 Q and 7.5 Q into equivalent star
network, we have,

4Q

45x75
= = ———— =225Q
Ry =Re 45+75+3
75x3
= =—=15Q
Ry=Rs 45+75+3

45%3

———=09Q
5= Ry 45+75+3

The simplified network is

The network can be simplified as follows:

58Q
AAAA
\AAAJ
225Q 2.25Q
A B
AAAA
\AAAJ
6Q
225Q 295 Q 225Q
A B
7.45 Q
A B
R, =745 Q

15. (d)
For the given tree, the possible fundamental cut-sets are {1, 6, 8}, {2, 6, 8, 3}, {8, 7, 5, 3} and {4, 7, 8}.
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16. (<)
To calculate R,;, the equivalent circuit is
WA ah
vvvy \AAAJ
IO
230 &
< \%
KVL in loop-1
8+ 2[,=0 ...(i)
KVL in loop-2
V=1,+2I,
v
I, = 3Q=R,
Calculate V;,
I I
< V
30 <i 21, I
Isc = _IO
KVL in loop-1
21, =8I,
1 .
I, = ZIO ...(ii)
KVL in loop-2
3[,=0
I,=0
Hence, I.=0
Vth = Rth Isc =0V
Thevenin equivalent circuit is
—————o
§§ Ry=3Q
L— o
17.  (d)
According to reciprocity theorem,
i W
I, I,
ocopyright: [MADE ERSY www.madeeasy.in
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18.

19.
20.

21.

22,

23.

()

Whenever an ideal voltage source and ideal current source are connected in series, the current

through the combination would be same as the current source. Hence, it will behave like an ideal

current source alone and if they are connected in parallel, it will behave like an ideal voltage

source alone.
(b)
(b)

* FPorced current is the current due to the external voltage source while the initial condition is

zero, which gives zero state response.

* Natural current is the current because of initial conditions with all external voltage sources set

to zero, which gives zero input response.

(c)
For a series RLC circuit,
X, =Xt —XC|=mL—i
4 oC
At low frequency, oL << 1/mC, hence the circuit impedance is capacitive with
1
Xeq = ToC
At high frequency, oL >>1/mC, hence the circuit impedance is inductive with

Xeq=mL

(d)

Tie set matrix gives the relation between the tie set currents and branch currents. Thus, the order

of B s is (b - n + 1) x b and it's rank is (b - n + 1). Further, the submatrix corresponding to twigs (B,)

is not an identity matrix and the submatrix corresponding to links (B)) is a identity matrix of order

(b-n+1).
(d)

For unity power factor, imaginary term of impedance should be zero.

(R+ ij)(R - é)

R+joL+R--1
oC

Z(jw) =
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24.

25.

(R+ jcoL)(R —mjcj(zR — joL+ ]c)

()

Z(jo) = . .
(2R+ joL —])(212 — joL+ ])
oC oC
R*) (o* L
i - | WLR? - — || =/ ——=
Imaginary term ( (DCJ [ C (DCZJ
. RZ((DL_L) _E(wL_L)
oC) C oC
For unity power factor, Imaginary term = 0
(- E)for-1] -
C oC
o |
- \c
(d)
From linearity,
Vout = Kl Vsl + K2 Z's2
ForV,=6V,i,=0,V_,. =5V, hence
out 6K1
5
5= 6K1 = K1 =g
ForV,=0,i,=3A,V_, =8V, hence
Vo = Ky x0+3xK,
8 = 3K,
8
K, = 3
Therefore for V, =12 Vand i, =9 A
5 8. 5 8
Vout = ngl +§lsz = EX12+§X9
=10+24=34V

(c)
Fort>0

~® L G TV

V(s)><Cs+m = o
Ls 5
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=
26. (a)
When, load
Power factor,
27. (b)

I
V(S)[LCs? +1] = 2 xLs

V(s) =

V(t) = 10\/2 sin(wt)

Iy .
V(t) = _coOC sin(wgt) V

Z, =500 £-90° = ~j500
Zoy =12, 11500 Q]
_ =500jx500 ~500;

Zea ™ 500-500]  1-;

2502/ —90° - 180° + tan " 1

250422 - 225°
cos ¢ = cos(-225°)
cos ¢ = 0.707 (lag)

Il Il I’Z IZ
+
Y 1:5 Y T
1695§ g | E E§ 25Q V,
i _1
V, 5
I
[ = -5
v, = 161, 16l
V, = 161, +80I5
V-
80
= 161, + 801, - —V.
v, 1 2755 "2
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= 161, + 801, —%Vz

17V, = 16, + 801,

V_EI +@
1717 1y

V, 16 80

i < = =] +—1I
from (i), 5 ity

V—@I | 400
2 171 17

16 80
Vil |17 17 ||k
V2] |80 400 |1
117 17 |
16 80

|17 17
[z] = 80 @

117 17

I (i)

I ...(ii)

28. (d)
29. (b)

ZS = RS +]X5

v, @) [] 7, =R, +jX,

For maximum power transfer

*

Z =7
i.e., R, = Rgand X; = -X,

S

30. (o)
When the switch S, is closed at t = 0, I(0*) = 24/6 = 4A which decays exponentially with time
constant RC =6 x 2=12s. At =5s, V (5) = 24 (1- ¢%/12) =8.178 V. Since, with S, closed at t = 5s, 4 Q
is shorted, I_jumps to a new value given by I (t=5) = V (t = 5)/2 = 4.089 A which then exponentially
decreases with reduced time constant.

I

c

4A

5s 10s
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31. (a)

av;
dt
Vyls) = KsV/(s)

For V<

where K is any constant.
sRC

- vy
1+sRC i)

from the circuit, Vy(s)

For the required condition, RC << T.

32. (d)
Loop analysis is based on analyzing the network with the help of KVL equations. The loop matrix
so obtained from the simultaneous equations cannot be zero and negative and is independent of
voltage and current sources and depends on the value of resistances.

33. (d)
Given circuit,
di(ty 5
i
Slope TR /
| dit)
For inductor, vV, = LT
3 = LE = [ = %2241{
34. (a)
8 A
R o0
thl ‘[
_ Va _, 8= Vi
Ry, +2 Ry, +2
8Ry, +16 =V,
Vi, -8R, =16 (1)
9A
Rth
Vi ~[ T4V
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Vi —4
Ry,
Vy, —4
Ry,
IRy, = Vy, -4
Vi -9R,, = 4 ...(id)
From equation (i) and (ii)
R, =12 Q
Vi, =16 +8x12
=112V

35. (a)

|7_> | T

Y

y = 1' XR_],XL+ 1’ ><R+]’XC
R+]XL R_]XL R_]XC R+]XC

R-jX,  R+jXc

R>+X? R%>+X32

For the resonance, imaginary part of admittance is equal to zero.

X Xc
7 v T pr.e2 0
R*+X; R +X¢

Xr Xc

RZ+X? R%+X2
X (R* + X3)
X R2+X; X2 = XcR?+ X X?

Xc(R? +X?)

1
R*+X? = z(XLR2 + X X3)

RZ
X? | —+Xc | X +R? =0
Xc

The equation is quadratic giving two values of inductor for which the circuit exhibits resonance.

36. (a)
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37. (c)
Other requirements for reciprocity theorem:
(i) Network should have only single-source.
(ii) Network should not have dependent sources.

Section B : Digital Circuits

38. (o)
(10),, = (1010), [Switches D, and D, are closed]
The current flowing in 12.5 kQ branch,
I,= =04 mA
3 125kQ
The current flowing in 50 kQ branch,
I = = ~01mA
1 50kQ
out = ~[(04)mA + 0.1 mA] x 20 (k)
=-10V

The negative sign is present because the summing amplifier is a polarity-inverting amplifier.

39. (c)
(15);=(1111),
(10W1Z2), x (1111), is calculated as
10W1(@) — 1
10W1Z

10W1Z
10W1Z

Y01011001

From above, weget W=Y=2Z=1

40. (c)
Number of quantization levels for 12-bit DAC
=212 =4096

1 _
Resolution = —>—— = 0.244x 10
22 -1

The smallest reading possible which corresponds to 1 LSB is 0.244 x 107 x 10

=244 mV
41. (a)
A B|C
0 0|0 (Q:OFF, Q,: OFF, Q5:0N)
0 1|1 (Q:OFF, Q,: ON, Q;:OFF)
1 0|1 (Qq:ON,Q,: OFF, Q:OFF)
1 1|1 (Q;:ON,Q,:ON, Q;:OFF)
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12. (b)
F(A, B, C) = X(1, 3, 5, 6)
Dy D, D, D;
A 0 O 2 | G
Al | OO 7
0 1 A A
B C
LDy o %
BVOo— D 44q F=%(1,3,5,6)
A D, MUX
Ao— D,
43. (c)
Present State Inputs Next State
Qn ] K Qn +1
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 1
1 1 1 0
11
00 10 00
01 10
(0) (D
H
4. (o)

00110010) = (50),,
1V=Kx50 = K=20mV
The largest output will occur for an input of (1111111 1), = (255),,
Vout(max) =20mV x (255)10
=510V
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45.

46.

47.

48.

49.

()

* For ECL logic family, the logic levels are negative, with logic 1 having a level of -0.9 V and
logic 0 having a level of -1.7 V which are not compatible with other logic family gates.

* In ECL, the current is continuously being drawn, hence dissipating significantly more power
than those of other logic families.

(c)
The given circuitis a Binary Ripple Up Counter. The output is cleared when Q,Q - =11 corresponding
to the state

Qc Qp Qq Mod 6
1 1 0 ~ 7 ripple counter

()

* A synchronous sequential machine M is characterized by a quintuple given by M = (x, z, y, f, F)
where x = a set of input functions, z = a set of output functions, y = a set of various states of the
machine, f = f(x;, y,) = state-transition function and F = F(x, y), an output function.

* Synchronous sequential machines are typically deterministic i.e. if the input sequence is repeated,
then the output sequence is repeated.

* As the number of states increases further, more bits are used for encoding.

* In a Mealy circuit, output depends on the present state and current input.

* In a Moore circuit, output depends only on the present state.

(d)
OR-AND logic is equivalent to NOR-NOR logic, hence we get

Y= (X1 +X1 +X2)'(X2 +X1 +X2)

X
X

Y= (X1 +X1-X5) (X + X1 - Xp)

Y= (X +X)(Xq + X7)(Xo + X7)(Xp +X5)
Y = (X1 +Xp)(Xp +X7)
Y=XX+X - X=X0X=X;0X,

(d)
o fer _ 100kHz
For 10 bit ring counter, f_ . = 10 10
Clock output at ‘P’ four = 10 kHz
= For MOD-20 ripple counter
10 kHz
fout = 20
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50.

51.

52.

Clock output at ‘Q" = f . =05kHz
= For 4 bit parallel counter,

0.5kHz
fout = 16
Clock output at ‘R’ four = 31.25 Hz
= For 4 bit Johnson counter
31.25
fou = v =39Hz
Clock output at ‘S’ four =39 Hz
(d)
S=A0B
R=B8B

Q,.,=S+RQ=A®B+BQ

Q* = AB+ AB+BQ

(d)

Sum = 2m(1, 2, 4, 7)
Carry = Xm(3, 5, 6, 7)
Borrow = Zm(1, 2, 3, 7)

A B C (P) Q@ ®
Sum/Difference Carry Borrow
0 00 0 0 0
0 0 1 1 0 1
0 10 1 0 1
0 1 1 0 1 1
1 00 1 0 0
1 0 1 0 1 0
1 10 0 1 0
1 11 1 1 1

Hence, the ROM can be used as a Full Adder with P as the Sum and Q as the Carry. Also, the ROM

can be used as a subtractor with P as the Difference and R as the Borrow.

(a)
Size of decoder : n x 2"
For 32 x 10 ROM circuit, decoder has 32 = 2" outputs.
= n=>5
Size of decoder =5 x 32
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53.

54.

55.

56.

(b)
Initially before the clock, D-FF output is 0 and input of XOR gate is 0 and b,,.
So, after 1 clock pulse, b, ® 0 = b,
after 2 clock pulse, b, ® b,
after 3 clock pulse, b, ® b
So, it will work as binary to gray code converter.

(b)
From the given 4 bit binary parallel adder,
A=A =1, A,=A,=0,C =1

For EX-OR gates:
Logic 1 ?} > B

B.

1

Which is the complement of given input.
Therefore, the output of 4 bit binary parallel adder,

S,5,5,S,=1001 +1's complement (B, B, B, B,) + C, |

= 1001 + 2's complement (B, B, B, B)
=1001 - (B, B, B, B,)
(.- negative numbers are represented by corresponding 2’s complement.)
=9-B
5,5,5,S,=9s complement of B.

(d)

Binary Gray

0000 —> 0000 (0)
0001 —> 0001 (1)
0010 —> 0011 (3)
0011 —> 0010 (2
0100 —> 0110 (6)
0101 —= 0111 (7)
0110 —= 0101 (5)
0111 —> 0100 (4
1000 —> 1100 (12)
1001 —>= 1101 (13)

Addition of decimal equivalent of all gray code:
1+3+2+6+7+5+4+12+13 =53

(d)

In a staircase switch, the switch in each floor has independent control over the lamp irrespective of

the position of the switch in other floor. It can be implemented by an XOR Gate. For option (d),

Y= AB+AB=A+B+A+B
Y=A+B+A+B=A+1=1
Hence, option (d) does not represent XOR gate.
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57.

58.

59.

60.

61.

62.

(c)

The maximum frequency at which the counter operates reliably is

1 103
Joax = T ax 50430 HZ
1t g * Lstrobe xoU+
=435 MHz

(b)
Eight clock pulses will be required, since the data is entered serially. Since the clock period is 100
ns, this shift register requires 800 ns to load the 8 bits.

(c)

The given state diagram detects overlapping sequence: 11011

(d)

For PMOS
Y= (A-B)(C+D)
Y = (AB)+(C-D)
Y = (A+B)+(C-D)

(d)

The decimal equivalent value
D =527+ b20+ b.25 + b2 + b;2% + b,22 + b, 21 + b,2°

For input = 10001010
D = (1)27 + (0)2° + (0)2° + (0)2* + (1)2° + (0)22 + (1)2! + (0)2°
D=2"+23+2=128+8+2=138
V,=138x10x10°=138V

()

Convert the expression in binary base,

111000

*

(101111),=> (47)y,

100011

(111101),= (61),

111001

*

(10111 0),=> (46)y,
(47 + 61 - 46),, = (62),, = 111110
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63. (c)
(302)
T =121

Let the base is b.

3xb%+0xb! +2x b0

1Txpl+2xp0+p!

2xbt+0x b’
2
30" +2 = b+2+1
2b b
32 +2  bP+2b+1
2b b
302+2=202+4b+2
b2 =4b
b=4

64. (c)
The given circuit is a binary ripple up counter.
The clock frequency is 200 kHz.

fop = ik =%=100kHz
=%=25kHz

=
=

sz

=)

65. (a)

R R R R RR R AR 0000 OO0 0O X
R R R R 0O000 RRrRRERR o000 O R
RFRP OO0 RROO RROO RRLROO >
RPORO RORO RPORO RORO W
OCOOR RRPRRPRO ORRRLR ROOO ™

F=3m@3,4,5,6,9, 10,11, 12)
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66. (c)
A B C D | Z
0 0 0 0| o
000 1 | 0
00 1 0| 0
00 1 1 | o0
01 0 0 | o . _ _
1T o 1 T o CD CD CD CD
0 1.1 0 | O AB| 0 | 1 | 3 | 2
0 1 1 1 | 1 _
1 0 0 0 | 1 gl a | 5 (76 [ 5P
1 0 0 1 | 1
1 0 1 0 1 AB||112 | 113 (@115 [114 A
1 0 1 1 | 1
T 1 0 0 | 1 AB|"s [Yo ['11 |10
1 1 0 1 | 1
1 1 1 0 | 1
1 1 1 1 | 1
Z =A+ BCD
67. (d)
D|IQ|Q"|]|K
00 0 |0|X
0110 X1
11011 |1 |X
11111 [X]0
For |
Q 0
D X
J=D
D||1 | X
For K
Q Q
DI X | 1
K=D
D| X
68. (c)

In a ladder-type D/A converter,

LSB resistance = (2" - 1) MSB resistance
8kQ=(2""11kQ
on-1=193
n-1=3
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B

n =

Let the increased bit length is n” then
n=n+2=4+2=6
So, 2 additional number of resistors are required and their values are 16 kQ and 32 kQ.

69. (d)
For NAND Gate,

A-B =B

‘A

A-B-C = A-BC
For easy understanding let A=1,B=1and C=0

NAND gate does not follow associative law.

70. (a)

71. (o)

[follows commutative law]

[should be equal to follow associative law]

LHS= A.B.-C
=1.1.0=0-0=1
RHS = 1-1-0
=11=0
LHS # RHS
AB
N 00 01 1 10
ool x [[o]] o | x|
01 0 X
o [[x]] o | x|
10 X X

Y = (C+D)(C +D)(A+B)

A o—

B e——
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Five 2 : 4 decoders are required.

[e8)
o]

3:8

Two 3 : 8 decoders and an inverter are required to implement 4:16 decoder.

72.  (b)
Do s Qo AL
X! !
X:I)D—'—Do— Clk—> |
| k|
X s QuH
;:»:> E%CE>
! R i
DFF
o
cax—p Q0
Qi1 =x® Q)
73.  (¢)
fin MOd—14 Mod_14 fout
19x10°
Jou = Tgre1g =0
74.  (b)
75.  (b)

A multiplexer can be used as a logic element due to its ability to select one of several input signals
as the output.

0000
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