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Detailed Explanation

Section A : Analog Circuits + Electronic Measurements and Instrumentation

1. (d)
The forward resistance of a p-n junction diode when diode is used in DC circuit and applied
forward voltage is DC, is called as static forward resistance.
The resistance offered by the p-n junction diode under AC condition is called as dynamic forward

resistance.
2. (c)
3. (d)
The rms value of voltage at secondary winding
_ B0 76.667 V
rms(s) 3

[ it is connected to a step down transformer]
Now, maximum voltage at the secondary winding is equal to

Ee = 76667x32V
= 108423 V
The peak I BB 075 ma
e peak output current, me) ~ 10%x103 +85 m
Im(s) 10.75
NOW, IL(an) = T = T =3.422 mA
4. (d)
R
f 10
9% : = —x100 = x100=1%
% Regulation R, 00
5. (9

os5ke D1y

(OFF) D, A ON) D, ¥ (ON) 10kQ
0.5kQ 10V

5V-|- -|-

Diode D, will be in ON state, then we find that voltage V, will be equal to 5 - 0.6 = 4.4 V.
Now, for V, = 4.4V, diode D, will be OFF.

44-0.6

- Current through diode D, is equal to I, = x107° =7.6 mA
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6. (a)
Let us take the open circuit test,
1 A
+ Voe -
AVAVAVAV
R
@ssv 8kQ 3
For diode to be in ON state,
Voe > 07V
R
—F—F—(3.5) >
R+8kQ (3:3) > 07
R+8kQ
R
8kQ <4
R
R > 2 kQ

7. (o)
For the circuit given in the question,

g = B+1 _ 100+1 _o04

Rc
1+B{R} 1+100Xﬁ
B+ Re

8. (c)
For I positive, we have D, = ON and D, = OFF
V = Rl Im
VO o Im

For I negative, we have D, = OFF and D, = ON
V, = Vp, =0V (since the diode is ideal)

Ry "y 10kQ
9. (C) WW— MW
V., =-R/, R,
R !
I'= o lhn (0 V, =-T'R) =

O~
]
ol
N =
—
TN
—_
+
| =
N =
N—
|
N
o
—
S
5
III—‘
T
S
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10. (<)
V., = V,-V,=500-440 = 60 uvV
500+ 440 940
ch = —2 272470},{\/
CMRR = 2
Acm
A,
A - —1d — &OO =50
en CMRR 100
V. . = [5000 x 60 + 50 x 470] x 1076 = 0.3235 V
11. (o)
B T;-Tx
% = b,
0,4 = Bic+ 05+ 0y
Now 0,0 = 0,c+ 0, =8+20=28°C/W
where, Bj 4, = total thermal resistance (Junction to ambient)
0,c = total thermal resistance (Junction to case)
0, = total thermal resistance (case to heat sink)
0,4 = total thermal resistance (heat sink to ambient)
Oca = Bcs + 054
B T;-Tx
% = b,
T, = (28 x2) +25=156 + 25 = 81°C
12.  (d)
Ie 1
= —=—A/V
Now, S =y "6
Now, because of degeneration the gain of the amplifier reduces by (1 + g, R;)
20
1+ 8m RE = E
8m RE =1
Rp = 26 Q
13. (c)
- A&
2
1+
p
I, =1 1+z =4.3x(1+i) =43 mA
B 50
5-(0.7) 43 . 3
= — = —><10 =1(X)OQ
now, Iy R = R i3
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14. (c)
Assuming that the MOS is in saturation region.
Iy = K, (Vgg t V)2

0.4 = 0.2(Vg. - 0.8)2
Vee = J2+08=221V
Now, Ve =221V (- Vg=0)
V, =I,R,-5
= 04x103%x5x103-5=-3V
Vg = 221+3=521V

15. (¢
Both the transistor are matched thus

3
Vpsi = Vbsa 2521-5\/

and Vps = Vg
Mncoxw 2
= ———(Vpe =V
I o WVes —Vr)

_ %x 60 107°(1.5 - 1)>

= %x60x10'6 =75 A
16. (c) 2R
Applying KCL at node V, we get, MWW
R
V,-3 V,+6 V,
+ + =
R R 'R L :I>_°VO
4V, = 3V R
3 3V o—\WW—
vV, = ‘ZV -6V o—AMAM—
R >
2R 2R/2
NOW, VO = (14‘?)‘/_'_ <
= -3 X 3 = _—9=—2.25V
4 4
17.  (b)
V
[, = = 2 0 mA
E 100 100
I= === nA-1mA

07 BTRY1 4941
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18. (¢
V, = Vi
[
Aor
1+L = _E
oL Yo
2 2
o, 199%
22
Ao, 1.996
2 0.004
Aor  1.99%
2x1.9% A
0.004 O
Ay, = 998V/V
19. (c)
20. (<)
21. (b)
22. (c)
In a voltage sensitive bridge, the bridge output is given by the following expression.
E; AL
= —XGFx—
Fo 4 L

AL
where, E; =8 V, G.F = 3 and T =50 um/m

%><3><50><10‘6

o
Il

o = 300 uV

23. (a)
The generalized expression for the gauge factor of a strain gauge is given by the expression
Ap/p
GF = 1+2V+—"—-~
AL/L
Ap/P
AL /L
1+2V where, V is the Poisson’s ratio
1+ 2(0.75)
25

As it is specified as a metal, the term

G.F
G.F
G.F
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24. (d)
25. (c)
26. (b)
27. (c)
Output voltage of piezoelectric crystal,
e = gPt
where, g = 0.01 V-m/N
P = 1.6 x10° N/m?
t =3x10°m
e, = 001 x1.6x10°%x3x10°=48V
28. (b)
fr Horizontal tangencies
We know that, fx  Vertical tangencies
fr _ 4
6 2
fy = 12kHz
29. (a)
Given, emf of standard cell, E;, = 2V
[, = 800 mm
Let, test cell emf is E,, l, = 850 mm
The voltage of any point along the slide wire is proportional to length of slide wire.
ie., E o< |
E _h
E, b
E, = llel =@x2=2.125v
L 800
30. (b)
Given, Iypsp = 10A,V,, =01V
0.1 3
= —=10x107"Q
Rv = 70
I
o Az 100,
Ippsp 10
R -3
R, = —m 10007 ;99 mo
s m-1 10-1
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31. (d)
i : C-n’Cy
distributed capacitance, C, = 2.1
n p—
fr _2f
where, n = EZTZZ
C, = 220 pF; C, =10 pF
220-40 180
= ———=—-=60pF
C, 3 3 p
32. (a)
33. (0
Deflect; p - Lhifs
eflection, Y E,
. Voltage applied to deflecting plates,
2dE,D
E, = 4E,
L,
2x5x10™ x2500x 3x 102
E, = > V=125V
0.3x2x10
34. (d)
Given full scale reading is 19.999 V, i.e., 4% digit DVM is used in 10 V range.
1 1
Resolution = —=x10V (N =4for 45 DVM)
10 2
= %xlOV=%=1mV
10 10
35. (d)
2
istor- = 10kQx—=0.2kQ
For Resistor-1, AR, 100
5
istor- = 5kQx——=0.25kQ
For Resistor-2, AR, 100
Total resistance possible in series, R = 10 kQ + 5 kQ + 0.2 kQ + 0.25 kQ
R = 1545 kQ
Original resistance, R’ = 10 kQ + 5 kQ =15 kQ
% Error = Mx100%=%xloo%
% Error = 3%
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36.

37.
38.

39.

40.

41.

42.
43.

44.
45.

46.

()

Error on reading 100 mV = 100 mV x % =0.5mV

also, error due to 5 counts = 200 x5mV =05mV
2000
Hence, Total error = 0.5+05=1mV

The DVM will read between (100 - 1) mV and (100 + 1) mV, i.e.,, between (99 mV and 101 mV).
(d)
(b)

()

Given, resistance of ammeter, R = 2Q
Test resistance, R, = 100 Q
R
% error = —“x100=i><100=2%
Ry 100
(b)
For closed Lissajous pattern,
umber of Tangencies in Horizontal plane
Jfy _ Number of Tangencies in Hori 1pl
f.  Number of Tangencies in Vertical plane
o 33
Koo f 1

Hence, option (b) is correct.
(a)

(b)
(a)

(a)
()

Analog data acquisition systems are used when low accuracies can be tolerated.

Section B : Signals and Systems-1 + Basic Electrical Engineering-1

()

n

For system 1, y(n) = 2 x(k) = Invertible
k=—co

Inverse system, y(n) = x(n) - x(n - 1)

For system 2, y(n) = 0 = Non invertible

For system 3, y(n) = cos[x(n)] = Non invertible
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47.
48.

49.

50.

For system 4,

Inverse system,

(c)
(a)

Since,

Taking Fourier transform,

and also given that,

so, X(w) will be

(c)

=
=

N
I

n 1 n-k
2 (—) x(k) = Invertible
2\ 2

yn) = x(m) = x(n=1)

y(t) = x(t) cost

Y(0) = %[X(w -1)+ X(0+1)]

[using modulation property of Fourier transform]

Y(w)
1
[O]
2 2
X(w)
2
w
-1 1
X(w)
2
N IET 2sint
1 1 Tt
|
£100,—t u(t) LT. 100i01
(s+1)
4100 100 Lo 1907001
ot e ul) 101
dt (s+1)

d thO

100 17100
et(d—tlooe_tu(t)) L. (5= 1) % 100!

(b)

lel

Only complex exponentials are periodic.

Wi+t
x(t)=¢ T=d

(because of this term x,(t) is non-periodic)
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51. (a)
52. (b)
Load, P = 500 kW
Load kVA, s= L2 20 50003 kva
cosd¢ 0.707
Power factor angle, ¢ = cos10.707 = 45°
Load kVAR = S x sing = 500+/2 x sin45° = 500 kVAR
Thus a synchronous motor when connected to improve power factor in over-excited condition
will operate as a synchronous condenser. The power required to be supplied by synchronous
condenser, therefore is 500 kVAR and p.f is zero (leading).
53. (b)
The fl in th . it ¥ = MMEF _ Nlil _ Nlil MA
¢ Hxan the creutt, "~ Reluctance [/pA 2mr
According to Faraday’s law, the emf induced in the second coil is
d¥Y  —100x200x500x 4mx 107 x10™ diy (t)
e = - _— =
2 2 adt 2mx 101072 dt
14
= — —(3sin100mt) = -
=g 7 oS ) =-6m cos100mt V
54. (c)
Copper loss is not included in no-load losses of dc machine.
55. (b)
I; I
I, 480Af*
+
E
waf o 2ov [] Load
0.02Q ‘
200
= —=5A
Ir = 10
I, =1+1 =480 +5=485 A
The armature voltage drop, IR, = 485x0.02=9.70V
For generator, E = V+I[R, =200+970=209.7V
56. (c)

The generated emf in dc generator is given by,

PONZ
60 A
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57.

58.

59.
60.

P = Number of pole = 6
¢ = Flux per pole in Weber
N = Speed in rpm = 1500 rpm
Z = Number of conductors
A = Number of parallel paths =2
E = Generated emf = 200 V
Total number of conductors = Number of slots x Number of conductors in each slot
24 x 40 = 960 conductors

60xExA  60x200x2

Flux per pole, o = PxNxZ  6x1500x960 =2.78 mWb

()

Due to idleness of field coil, only residual magnetism will be absent. So, for the period of developing
residual voltage only, it needs separately excited source. After that, the machine will pick up
automatically.

()
Air gap flux in alternator is due to current in armature as well as dc excitation on field winding
also. Hence statement 2 is not correct.

(d)
(a)

As nuclear plants require long period of time to heat upto operating temperature, these power
plants may take many hours, if not days to change their power output. Hence these are best suited
for base load operation.

Section C : Analog and Digital Communication Systems-2

61.

62.

63.

(d)

* Digital communication systems give better noise performance than any analog communication
system.

* So, among the given choices, PCM provides better noise performance.

(d)

Bandwidth, B = 4 kHz = 4000 Hz
S 100%x 107 s
SNR = = =1.25x10
NoB  2x107" x 4000
Capacity, C = Blog,(1 + SNR)

= 4 log,(1 + 1.25 x 10%) ~ 54.4 kbps

(d)
H(X) = -0.2log,(0.2) - 0.810g,(0.8) bits/symbol
~ (.722 bits/symbol
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64. (c)
The mutual information between two random variables X and Y can be expressed in the following
ways:
I(X;Y) = HX)-HX|Y)=H(Y)- HYIX)
= HX)+H(Y)-H(X;Y)
= HX;Y)-HXIY)-H(YI|X)
65. ()

0.50 \—> 0.50

0
0.40 T~ 050
010—5
% P(x;) | Codeword| I;
% | 050 1 1
X | 040 00 2
x, | 0.10 01 2
Average length of code words,
2
L = > P
i=0

(0.50 x 1) + (0.40 x 2) + (0.10 x 2) bits/symbol
1.50 bits/symbol

66. ()
For a baseband binary transmission,
Ry
o < (Channel BW)
R, £ 2(20 kHz) = 40 kHz
nf, < 40 kHz
For a delta modulator based system, n =1
So, f. < 40 kHz
Jomaxy = 40 kHz

For proper reconstruction of the sampled message signal,
fs = 2f m (max)

2f m (max) = fs(max) =40 kHz
fm(max) = 20 kHz
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67. (c)
Number of message signals, m =5
Sunmaxy = 10 kHz
Minimum sampling rate, Sominy = Zfn(max) = 20 kKHz
Bits/sample, n = log,(L) = log,(64) = 6 bits/sample

Minimum sampling rate of multiplexed signal,
fo = Mf(miny = 5 % 20 kHz = 100 kHz

Minimum bit rate, R, = nf, = 600 kbps

(min)
68. (c)
Both the signals can be used for modelling the binary data for ISI free transmission.

Ry

min —
2

With sinc[TiJ as basic pulse = (BW)
b

With sinc? [TLJ as basic pulse = (BW),.;, =R,
b

69. (a)
inc(1000t & Lrec’c i =500 H
sinc(1000) 1000 (1000 | = fmax z
o crer 1 f). f _
x,(t) = sinc*(1000t) «——— T0° |:reCt(1000J . rect(1000 = fra = 1000 Hz
i 3 CTFT 1 f f f =
x,(f) = sinc3(2000¢) a0 {rect(zoooj*rect(zoooj*rect[zooo ﬂ=> -~ =3000 Hz
x(t) = x;(t) * x,(f) PESLIEN X, () X5(f) = [0 = min{1000 Hz, 3000 Hz} = 1000 Hz
So, Js miny = fmax = 2000 Hz = 2 kHz
70. (b)
Given that, R, = 6 kbps
For baseband pulse shaping using raised cosine filter,
Ry _
(BW)signal = 7(1 +0)=3(1+a)kHz
Given that, (BW) tannel = 4 kHz
For proper transmission of signal,
(Bw)signal - (Bw)channel
31+a) <4
1+a < 4
=3
S L
*=3
-1 0.33
OLmax - 3 -
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71. (d)
2 2 0.50
Yiax = Energy of s(t) = J.|S(t)| dt = J‘ o2t gt
- 0
-2t 0.50 1 1 a1 1m
= |5 | =o(-et) = == 220316
2] 2 2¢  2x272 544

72. (b)
Probability of error for coherent BPSK is,

P, = Q| |==£
(BPSK) { Ny }

Probability of error for coherent BFSK is,

P, mrsk) = Q{ N_J

When both have same error performance,

2E,  E
Ny N
E
e 1 450
Er

73.  (b)

74. (c)

Prefix-free condition is not necessary for unique decodability.
75. (a)
Q000
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