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DETAILED EXPLANATIONS

1. (d)
The wave is incident from air to the material. Hence, we have
N =My
Mo
n, = ﬁ
The transmission coefficient
2
= 2n, _ V9 _ 2
m+n L, 1+49
J9
2 2 1
T 1+3 4 2
1

The electric field inside the slab E, = 1E; = > x25=125V/m

The transmitted magnetic field,
E 125x3  5x7 35
Hi= My T 120mx10 16x22 352
The power transferred to the slab is

25 35

=EH = —x-—-=1243W/m?
P=EH =%~ /m
2. (d)

2y =120°
"~ At each reflection, skew ray change its path by 2y.

Y = 60°

We know that acceptance angle for skew rays,
2 2
1 COSY

. -1 ”% —”%
45° = sin | ———

(1.2)cos60°
22
sin 450 = M1 7"
1.2x0.5
2 2 1
ny—n; = ﬁXlZXOS

Jnf -n3 =042 =N.A

Hence, numerical aperture of the fiber is 0.42.
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3. (a)
53 2R 51 2R S
& oo @--———-—-——-- '
2R 4, 2R
i i
i & 2
o] ) S
55 2R Ss 2R 56

The point S, S,, S, Sg are equidistant from origin with d, = 2R.
The constellation points S,, S,, S and S, are equidistant from the origin with distance

d, = JR)? +(2R)? =242R

Since, the square of the distance of the signalling point from origin gives the energy of the
transmitted state.
For equally probable signals, the average energy transmitted for given constellation is

_ 4X(2R)* +4x(2V2R)?

avg 8
2 2 2
E = 4x4R” +4%x8R _ 48R _ 6R2
avg 8 8
4. (b)
6=056-1)x((7-1)=24

If private key = ¢; public key = p then, (e X p) mod ¢ =1
Here, Public key, p = 5 then,
(exp)mod o =1

(ex5) mod24 =1
By options, we get e . =5 but it is discarded as RSA is a Asymmetric type of algorithm.
Asymmetric algorithm means it works on two different keys i.e., public key and private key.
Hence, for e = 29, (e X 5)mod 24 =1 is also satisfied.
Hence, e . =29

5. (a)
* Bandwidth required = AM = DSB > VSB > SSB
* VSB modulation is used for transmission of the video signal in commercial television
broadcasting because of significant low-frequency content.
* For a DSB-SC signal, s(t) = m(t)c(t), hence product modulator is used for generation of DSB-SC
signal.
* Envelope detector is used for detection of AM signal (n < 1).
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()
We know that,
PMMC instrument measure DC current only. Therefore, current measured by PMMC instrument
is

Y=5A (1)
We have,

i = 5+10+/2 sin(314¢ +30°)A

The moving iron instrument and hot wire instrument measures RMS current i.e.,

Note: Hot wire instrument is an electrical measuring device that operates based on the thermal
expansion of a fine wire when current passes through it, causing Joule heating. The expansion of
the wire moves a pointer over a calibrated scale, allowing measurement of both AC and DC
currents, including high-frequency signals. A hot wire instrument measure rms value of the current.

(b)

A Microprocessor consists only of a Central Processing Unit (CPU) and relies on external components
like RAM, ROM, and peripherals to function. In contrast, a microcontroller integrates the CPU,
memory (RAM and ROM), and input/output (I/O) peripherals into a single chip. It makes
microcontrollers ideal for specific control tasks and embedded applications, as they require fewer
external components and connections.

Comparison between microprocessor and microcontroller.

Microprocessor

Microcontroller

Itis used in personal computers.

Itis used inan embedded system.

Microprocessor consists of only a CPU
(Central processing unit)

Microcontroller contains a CPU, memory,
I/Oallintegrated into one chip.

Microprocessor uses an external bus to
interface RAM, ROM and other peripherals.

Microcontroller uses an internal controlling
bus.

Microprocessor is complicated and
expensive with large number of
instructions to process

Microcontroller is inexpensive and straight
forward with fewer instructions to process.

Itis based on Von Neumann model.

Itis based on Harvard architecture.

(c)
Due to high starting torque, DC series motors are used in electric locomotives, cranes etc.
Hence, statement (I) is correct but statement (II) is incorrect.

(c)
FIR filters are always stable as the FIR filters has only zeros and no poles, except multiple poles in
the origin of the z-plane. Thus, Statement (II) is not correct.
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10. (c)
Present State Inputs Next State
Q, J K Qu+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) (1)
11
11. (a)
A B|C
0 0|0 (Q:OFF, Q,: OFF, Q;:ON)
0 1|1 (Q:OFF, Qy: ON, Q5:0FF)
1 0|1 (Qq:ON, Q,: OFF, Q;:OFF)
1 1|1 (Qq:ON, Q,: ON, Q5:0OFF)
12.  (d)

For 10 bit ring counter, f_ . = 10 10

Clock output at ‘P’ four = 10 kHz
= For MOD-20 ripple counter
10 kHz
f out = 20
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
fou = % =39Hz
Clock output at S’ four = 3.9 Hz

_ fux 100 kHz
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13. (d)
S=A0B
R=B
Q,+1= S+tRQ=A6GB+BQ
Q* = AB+ AB+BQ
14. (b)
Priority Interrupts Trigger Vector Address
1 TRAP Level & Edge 0024 H
ond RST 7.5 Edge 003C H
3rd RST 6.5 Level 0034 H
4t RST 55 Level 002C H
5t INTR Level | -
15. ()
Scale of Gate Transistor Examples
Integration| Count Count
SsI <10 <100 7400 and 4000 series logic gate ICs.
MSI 10-100 100-500 | 4-bit adder, 16-bit shift register.
LSI 100-10000| 500-20000 | 4004, 8080, 8085 microprocessors.
VLSI >10000 >20000 | 32-bit microprocessors.
16. (b)
The energy of the discrete time signal is,
°° 2
E= D |xn]
Nn=—co
ol ayl a1y 1 s
= E = 2(—) 22(—) - =
o \25) 41 24
17.  (d)

Length of output sequence, p = 6
Length of impulse response, n = 3
Length of input sequence is, p =m +n -1

6=m+3-1
m=4

Let the input sequence be x[n] = {a, b, ¢, d}
Using tabular method of convolution,
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=

x[n]
hn] a

1 a,-”
2

c
- L7 . /’/ -
0 0-70.70.-
- L
a c
.

1

y[n] ={a,0+b,a+0+c b+0+d, c+0,d
y[nl ={a, ba+cb+d,cd

On comparing with given y[n], we get

a=1,b=0,c=1,d=0

= x[n] =11, 0,1, 0}
18. (a)
Continuous time Discrete time
Time Frequency Time Frequency
Domain Domain Domain Domain
Fourier Continuous Discrete Discrete Discrete
Series periodic Aperiodic Periodic Periodic
Fourier Continuous | Continuous | Discrete Continuous
Transform | Aperiodic Aperiodic | Aperiodic Periodic
19. (d)

Tellegen theorem can be applied to any network- linear or non-linear, active or passive, time-
variant, or time-invariant. According to Tellegen’s theorem, the summation of instantaneous powers
for all the branches in an electrical network is zero. The Superposition, Thevenin and Norton
Theorem are applicable only to linear circuits.

20. (d)

Time domain analysis becomes complex when the system has special input functions and more
inductors and capacitors.

21. (a)
In order to find the thevenin impedance, deactivate all the independent sources in the network.
4 Q 4 Q
AvAvAvAv AvA'A'A' oA
. o
= j4Q = Zn,
o
0 B
= Zp=4Q
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22,

23.

24.

25.

(a)
Circuit is under steady state and hence, capacitor acts as open circuit and inductor acts as short
circuit.

s a o o b
oyl -
5A(D E§5Q Ci)SV EESQ
B <
V. =5x5=25
V, =5 Volt
Hence, V,=25-5=20V

(b)

The Routh array for the characteristic equation is

§° 1 c
s b |1
st e —1 0
b
s’ 1
1
For stability, >y
bc>1
(d)

The corner frequency associated with a pole causes a slope change by -20 dB/decade and the
corner frequency associated with a zero causes a slope change by 20 dB/decade. Therefore, from
the given bode magnitude plot, we can write

S
K(E+l)
6= P 241
011

Alsol we have 20log, K = 40
K =10%=100
K =100
T(s) = 100(s + 40) _500(s +40)
(%) = o $T10)(s+20) (s +10)(s+20)
10 20
(b)
Let C, be the self capacitance and C, be the distributed capacitance of the coil
1
Given: = ———— =360 (True value)
iven Q, wRC,
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1
and Q,= m = 359.8 (measured value)
Q1 360 (Co+Cy
Q, ~ 359.8 Cs
C
or, o1 =1.00055
S
Ca
Cc. = 0.000555 = 5.55 x 10~*
S

26. (<)
The given block diagram can be redrawn as shown in figure.

The block diagram can further be simplified as below:

R G +G S,
B 1+G,H, ¢
C (G +G3)Gy GGy + GGy
R 1+G,H, 1+GyH;
27. (d)
Given:
[=25A R,
o @ I AvAvAvAv o
R,=0.029Q yI, :
O,
200V, 4 kQ
- 2% ~=5x10"=0.05A
V' 4x10
I, =25-0.05=245A
V. 200 20000
=—=——=—"—=81.632Q = ;
R, I, 245 245 true value of resistance
R, = ¥= % =80 Q = measured value of resistance
R, —Rr 80-81.632 -1.632
Error, €, = Ry 81632 - 81632

-1.632x100 -163.2 _

g = - =_2%
"E, 81.632 81.632
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28.

29.

30.

31.

(c)

v, (f) = L%
If i,(t) = u(t) = v, (t) = LO(t) i.e. a sudden change in current would require an infinite voltage
across the inductor. Thus, the inductor does not allow sudden change in current.

) Cdv,

W= g
Ifo () =u(t) = i(t)=CO(t) ie.asudden change in voltage would require an infinite current to
flow through the capacitor. Thus, the capacitor does not allow sudden change in voltage.
Therefore, statement 3 and 4 are incorrect.

(d)
| . 169 . o
On comparing the transfer function —————— with 5——————, we get
s +13s+169 s° +28w,s + w;,
o2 =169 = o =13rad/s

B _ 13,
Xo, =13 = &=5,""2x13

For second peak undershoot, n = 4
nm 4m 4m 81

- b e BA-057 13 \E JEENE

8n .
= rT 1343

(a)

Integral controller improves steady state performance while derivative controller improves transient

-
|

state response.

(b)

Given,
) K K/t
Open loop transfer function, G(s) = S+ 1) =3 (5+1/7)
On comparing with standard open loop second order transfer function,
2
G(s) = s(s+2&w,,)
, K K
We get, mn=: = wnz;
1 1 1 1
2 m = — et = = =
s, T : 20,1 ( K )'c 21K
T
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. oL

JK

2
S K (0AV_ K g5k, -k,
& K 08) " K

Hence, the amplifier gain must be multiplied by 0.25 to increase damping ratio from 0.4 to 0.8.

32. (o)

0 1 B 17
We have, A= 5 387,

The characteristic equation of the system is given by

s 01 [0 1
|sI-A] =0 = [0 s}__—Z _3}‘=0
s -1
2 s+3 =0 = s(s+3)+2=0

= §2+35+2=0
On comparing with standard second order equation,

s2+28m,5+02 =0 = o2=2 = ,=+2rad/sec

3

2&(1)” 3 = & 20, 2 2
As & > 1, the given system is over-damped.
33. (o)
Y(s) . o
To calculate m, set R(s) = 0 and redraw the given circuit.
s
D(s) +
= oo Ye)
2s

Y(s) _ 3 _ 3 __ 3
D(s) 4s+1+3(2s) 4s+1+6s 1+10s
Ys) 3

- D(s)  1+10s
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34.

35.

36.

(©)
Given, Rp =50 k, Rc =5 kQ, hy, = 50, r, = 5 kQ

T
The circuit can be drawn as below,

RS
Vs
We know, the gain of CE amplifier is,
= _gm
—h fe

= x5kQ =
RC 5kQ

(@)
We know, the transconductance of n-channel MOSFET is,
& = 2K,(Vgs = Vi)

= 8, =2x05%x4=4m0
. . o Sm
The unity gain-bandwidth is, fr= s A
21(C s +C,y)
&5 &
i 4x%1073
- ST m01+001)x10 2
B 4x107°
= fr 2mx0.11x 1072
= o B0 = —GHz

T

(b)

* The numerical difference between no load (V,;) and full load voltage (Vﬂ) is called inherent

voltage regulation. The percentage regulation is defined as

V.-V
A 100%
Vi

%R =

* The maximum temperature rise in a large transformer is determined by the full load test. This

test is called, back-to-back test, regenerative test or Sumpner’s test.

» Skin effect, is defined as the tendency of alternating high-frequency currents to crowd toward

the surface of a conducting material. This phenomenon restricts the current to a small part of

the total cross-sectional area and so has the effect of increasing the resistance of the conductor.
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37.

38.
39.

40.

41.

42.

By using multi-stranded wire, the individual strands provide more surface area collectively,
effectively reducing the skin effect and minimizing power losses. Hence, skin effect can be
minimized by using multistrand wire. Therefore, statement 4 is incorrect.

(d)
Since B is very large. Hence, we assume,

Iy =1 =0

I, = 0-Vpp+15_15-0.7 _143 —143mA

R 10 10
VBE
Iy = Ig1e™'T =143 mA
Ve
1%

IC2 = IO =IS2€n T
Since, emitter area of transistor Q, is one fourth of transistor Q,, hence,

I., =4I

s2 s1

VBE
I, = 4] —=
‘ o1 exp( n VTJ
=4I, = (4 x 1.43) mA = 572 mA
(a)

(a)

The 8086 uP does not have 20 bit register to store 20-bit address. Hence, the memory is divided
into logical segments of size 64 kB. Each segment will have Base address and offset address for
the given memory location. The 8086 uP has dedicated hardware to produce 20-bit address by
using two 16-bit registers which holds the base and offset address respectively.

(a)

A monostable multivibrator, also known as a one-shot multivibrator, has one stable state and one
quasistable (or unstable) state. On the application of trigger, the circuit enters into the quasi-stable
state, but it returns to the stable state on its own after a certain time. The duration of the quasi-
stable state is determined by the time constant (RC) of the circuit. Hence, both the statements are
true and Statement (II) is the correct explanation of Statement (I).

(d)
In a superconductor,
(i) Entropy decreases on going from normal state to superconducting state.
(ii) In an ideal superconductor, there is a marked drop in the thermal conductivity when
superconductivity sets in.
Thus, Statement (I) is not correct.

(d)

Amplifier exhibit some non-linear behaviour that causes voltage gain to vary as the input voltage
changes resulting in distortion. The use of negative feedback decreases the distortion and will
cause the amplifier to behave more linearly.
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43. (a)

Output of Gate 1=X® X =1
Output of Gate2=1® X =X
Output of Gate3=X® X =1
Output of Gate 4 =1® X =X
Output of Gate 5=X® X =1

Repetition of output pattern after 2 gates

Output of Gate 57 =X ® X =1
Output of Gate 58 =1® X =X

4. (o)
The INHIBIT function is available in integrated circuit form for an AND gate, with one of its
inputs negated by an inverter. Whenever this input is logic ‘1", the output is 0 i.e. inhibiting the
input. The output expression for INHIBIT logic for a 2-input AND Gate is, Y = AB

45. (b)
The output of D-flip flop is,
Qt+1)=D
From the given circuit, D =x@& Q)
= Qt+1) =x® Q)

which is the characteristic equation of T flip-flop.

46. (a)
Given, tp ;= 25 psec, f;, =20 GHz
For the ripple counter to work properly,

Ty 2 ntpd
. L
= fox < ntpd
- (20 x 10%) < .t
nx25x10712
. 1
= n <
20x10° x25x 10712
_ 1000
= = 7500
= n<2

The maximum number of J-K flip-flops that can be used is 2.
= Maximum possible MOD of counter with 2 flip-flops is 2> = 4.
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47. (o)
Inputs ———| , oxed = Pr Fu:i ble [—> O
nputs AND array o— ogra able utputs
OR array
PROM
Fuses Fused Fixed
Inputs ——e——e—| Programmable OR arra Outputs
AND array y
PAL
Fuses Fused Fuses Fused
Inputs ——e——e—| Programmable —o Programmable —— Outputs
AND array OR array
PLA

48.

49.

50.

51.

(a)
Input combinations (0110), to a 4 x 1 MUX makes it act like a XOR gate. Thus,

Y =AB+ AB 3 3 _
_A®B = X=YC+YC=(A®B)C+(A®B)C

()

According to reciprocity theorem,

Vo _ Y%
I, I

()
For negative feedback.
(B.W);> (B.W)
Also, the gain of the amplifier decreases due to negative feedback.

(d)
The common mode gain of BJT differential amplifier is given as
-R
T
E

Since, the resistance of ideal current source is very high, hence A decreases and the CMRR of the

amplifier is increased.
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52.

53.

54.

(d)
Dry oxidation Vs Wet oxidation

Parameter Dry Oxidation Wet Oxidation
Oxidizing agent Dry oxygen (O,) Water vapour (H,0O/Steam)
Reaction Si+ O, =»Si0, Si + 2H,0 —SiO, + 2H,
Oxidation rate Slow Fast
Oxide thickness Thin Oxide (<100 nm) Thick Oxide (>100 nm)
Oxide quality Very high Lower than dry oxide
Electrical properties | Low interface state More interface state
Surface roughness Smooth Rough
Dielectric strength High Lower
Temperature 900-1200°C 800-1100°C
Growth control Excellent Poor
Time required Long Short

(b)

L . 1
Saving in conductor material = ZPu

where voltage ratio, a, =

Saving in conductor material

Vg 2420 11
Vi~ 2200 10

L><100%

ap
10

Load

= —x100% = %
11 X 90.9%

Hence, option (b) is correct.
()
Hamming code is used to detect and correct single-bit errors. When the data word and parity bits
in check word is even, then there is no error. In the 7-bit hamming code, we have 4 data bits and
3 parity bits given by

P P, Dy Py D5 Dg Dy

10 11 1 1 1
We have,
¢, =135 7) =1111 — Even number of 1’s, so no error.
= ¢ =0
C,=(23,6,7)=0111 — Oddnumber of 1’s, so error present.
= C, =

N

G, =@4,56,7) =1111 — Even number of 1’s, so no error.
= =0
Check word, C = C, C, C; = 010 = decimal 2
So, error is present at position 2 of the Hamming code, hence reverse the corresponding bit detected
in code.
So, correct code = 1111111.
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55. (c)
In an n-type semiconductor,
—(Ec—EF)
n = ND - NCe kT
For degenerated semiconductor, the Fermi level lies inside the conduction band. Hence,
Nc . Ne 3x10Y¥ 5
— For option (¢) : —= = =107 <<1
Np, <<1 { p (c) Np 3%102
56. (a)
We know o = L
! 1+p
do. P
B (1+p)7
g 1 9B
= o  14B B
0
N 9o = L (0.8%) = 289 —0.00987%
o 1+80 81
57. (b)
We know, Fill factor = ——
Voc - Isc
Pm
- 0-5= 0 8x100x10°2
= Maximum output power, P, =40 mW
p, P 40x107
Efficiency, n = =& =—"—= =0.2=20%
YT B, TGxA (100x107°x2)
G — Input light in W/cm?
58. (b)
We have,
n, =15 n,=12
Brimaxy = 01 Mbps
02
BT(max) = o

S

where, 6, = RMS pulse broadening due to intermodal dispersion on the link.

,_ 02
0.1 x 10° = .
0.2 6
= —=2x%x10" sec
%~ 01x10°
LTllA
G =
s 23¢
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2x10'6=L5A8 ...Aznl_n2:1-5_1-2
2/3x3x10 n 1.5
L 2x107° x 23 x3x10°
15% (1.5-1.2)
1.5
2x107° x24/3x3x10°
L = 2XA0TX2O 30T _ 4 g
0.3
L = 7000 m =7 km
59. (a)
We have,
n, =15 n,=12
. . (1.2
Critical angle 6, = SIn 15
6. = sin!(0.8)
0, = 53.13°
For TIR to occur, angle of incidence (0) must be greater than critical angle (6. = 53.13°). Hence,
statement (1) is correct. However, it also must be less than acceptance angle.
Mathematically,
6 > 53.13° ...(i)
0<0, ...(ii)
Combining (i) and (ii), we get
53.13°<0<0,
Hence, statement (4) is correct.
60. (d)
DHCP (Dynamic host configuration protocol) is not a multiple access protocol. It is a network
protocol used in Internet Protocol (IP) networks to automatically assign IP addresses and other
configuration information to devices on a network.
61. (d)

At t = 07, the source is disconnected
i;,(07) =1,(0") =0
for t > 0, the source is connected to circuit.
In steady state, inductor acts as short circuit. Applying nodal analysis,

v-24 V V 4Q v
+—+— =0 AAAA
4 4 6 \AAAJ l(oo)
3V-72+3V+2V 0 . Lio
12 ® E: <
8V =72 5169
V=9V —24V
V 9
i) = =4 A
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t

[i(07)=i(=) Je ™ +i(e)

i(t)

9 9\ —
i(t) = Z+(O—Zje T (1)
L 08 1
T=—=——==
Req 64 8
6x4
= +4=64Q
Where, Req 10
. 9 8t
62. (b)
Given, G, =10 cm3s!

L

T, =T,= 10 ps
Np =10 cm™

excess carrier concentration under illumination,

_ _ - - -6 16
An =Ap=1,G, =1,G; =10 x 10 x 10
An = Ap =101 cm™3
electron concentration, n = n,,+ An

=N, + An
=10 + 10" ~ 10 cm™
2 1042
. n; (10 x 10 ) 11 ~
hole concentration, p= N_D+ Ap = T+ 10 = 10" em™®

63. (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

45%x75
Ry =R 45+75+3
75%3
=R = ————=15Q
Ry =Rs 45+75+3
45x%x3
=R = ——=09Q
Ry =R, 45+75+3
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The simplified network is

The network can be simplified as follows:

5.8Q
AAAA
\AAAJ
225Q 2.25Q
A B
QAAA
6Q
225Q 2.95Q 225Q
A B
7.45Q
A B
R,; =745 Q
64. (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}.
65. ()

To calculate R,;, the equivalent circuit is

5Q A 1Q
AAAA AAAA
AAA AAA

—

AAAA
\AAAJ

3Q <i 21,
1%

KVL in loop-1

8[+2I,=0 ...(i)
KVL in loop-2
V=1I,+2I,
1%
E =3Q=Ry
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Calculate V;,

5Q A 1@
VVV% QAAA
Il IO
L V
230 0 I !
S < 0 m ;
@ loop-2 sC
Isc = _IO
KVL in loop-1
21, =8I,
1
I, = ZIO
KVL in loop-2
3I,=0
I, =
Hence, I, =
Vth = Rth Isc =0V

Thevenin equivalent circuit is

AAAA
VVVv
e
=
[
@
e}

66. ()

DPSK bit stream is obtained by XNORing current bit to previous bit. Assume bit ‘1" as initial

reference bit.

Data: o 0 1 o o0 1 1 0 O 1T 1 1 1 O
"l

& NAAAAAAAAAAAAA

XNOR: 1/ 0 1 1 0 1 1 1 0 1 1 1 1 1 0
So, DPSK bit stream is 01101110111110.

67. (b)
Q =90; IF = 475 kHz, f, = 950 kHz
image frequency f. = f, +2IF
= 950 + 2(475) = 1900 kHz

image frequency rejection ratio o = 41+ Q?p?

where o = Jsi _fs _1900 _ 950
P T T 950 T 1900

3
2

3 2
o= 1+(90)2(§) =135.00
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68. (a)
Under channel length modulation,
Iy = Ipg (1 +AVpy)

dl 1
ﬁ = —= }"IDsat
ps "
1 1
= = =20kQ
= 07 Mpe  0.01x5x107
69. (b)
1. SCRis a p-n-p-n device having 3 junctions
plnl|p|n
h L s

2. Gunn diode is a junctionless device as it is formed by only N-type material.

3. BJT is a double junction device having two p-n junctions, creating three regions; emitter, base
and collector.

4. Solar cell is basically a p-n junction diode. Hence, it is a single junction device.

70. (b)
For equal and opposite line charge, the equipotential surface is non concentric cylinders as shown
in the figure below:

Field lines

=
A\

Equipotential
Lines

71. (a)

72. (d)
Even though there is negative feedback and open loop control system is stable, we can have closed
loop system as unstable depending on the open loop gain K. Thus, statement (I) is not correct.

73. (c)
Just as analog filters are designed using the Laplace transform, recursive digital filters are designed
using z-transform. The relationship between the recursion coefficients and the filter's response is
given by z-transform. Thus, Statement (II) is not correct.
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74.

75.

76.

77.

78.

(a)

Self complementing code is a binary code in which the complement of a number is equal to the
code for the 9’s complement of that number. 2421 is a self-complementing code. For example,
consider the 2421 code of 4,, = (0100),.

The complement of (0100), is (1011), which is 2421 code for (5),,

: 4+5=9

(b)

Dry oxidation uses pure oxygen, resulting in a denser, higher quality oxide layer that grows more
slowly than wet oxidation.

Wet oxidation uses oxygen and water vapour, resulting in a faster growing oxide layer with a
lower density than dry oxidation.

(d)
The amplitude of sidebands in angle modulated signal is proportional to ] (8). However, | (B)
decreases with increase in “B”. Hence, statement (I) is correct but statement (II) is incorrect.

(b)
For dominant mode,
o 3x10°
Jao = 207 x05x1072
Given, operating frequency, f=1 GHz
Since f < f, vy = a + j0 i.e. the wave is attenuated,

2
where, o = OyUo€ (fci] -1

2nx2x10° (30

T 3x108 (1)
2nx2x10

~ ﬁ

=30x10° =30 GHz

(30)

~ 400m
~ 1257 m!

()

The dominant mode in a rectangular waveguide is TE,

11T

TE, TE; TE,
Due to change in orientation of the guide, the field orientation does not change, but ‘a’ becomes
smaller dimension than ‘b’. As the field orientation doesn’t change, TE,, mode is excited in the

waveguide.
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79. (o)
The maximum current rating for each of the resistors is obtained as below,

v, (+ =20,05W = L=/b= 22 054
3 R V2

AAAA

AQ05W)=> 1= 5= [*2-054

Thus, for safe operation current I = min {0.1 A, 0.5 A, 0.5 A} =01 A
Now, on applying KVL,
-V, +(0.1)100 + (0.1)2 + (0.1) = 0
V,=10+02+0.1

Vy =10.3 Volt
Now, Voo = % =0.2 Volt ....(on applying voltage division rule)
80. (d)

* AM is more susceptible to noise because noise affects amplitude, which is where information is
stored in an AM signal. FM is less susceptible to noise because information in an FM signal is
transmitted through varying the frequency, and not the amplitude.

* FM requires more complex and expensive transmitters and receivers, as they need to generate
and detect frequency variations accurately and precisely.

81. (d)
Properties of ideal operational amplifier:
* Open loop voltage gain is infinite, (A, = =)
* Input resistance is infinite, R, = o
*  Output resistance is zero, R, = 0; thus no loading effect.
* Bandwidth is infinite i.e. the op-amp can amplify signals of any frequency without attenuation.
*  Zero offset i.e. it produces zero output voltage when the input differential voltage is zero.
e CMRR is infinite.
e Slew rate is infinite so that the output can change instantaneously with respect to input.
Properties of practical operational amplifier:
*  Open voltage gain, A,, = 10°
*  Output Resistance, R, = (50 to 100) Q
* Input resistance, R; =1 MQ to 2 MQ
* Non-zero offset
*  CMRR = 10° or 120 dB
e Slew Rate = (0.5 to 1) volt/usec
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82. (c)
Constant Constant
T Field scaling Voltage Scaling

Channel Width (W) 1/s 1/s
Channel length (L) 1/s 1/s
Gate Oxide Thickness (t,,) 1/s 1/s
Gate capcitance (C,) 1/s 1/s
Power Dissipation (P) 1/s s
Drain-Source Current (I}) 1/s S

83. (a)

In communication systems, noise refers to any unwanted signal that interferes with the transmission

and reception of the intended message. Noise can be categorized into different types based on its

source and nature:

1. Thermal Noise (Johnson-Nyquist Noise):

Caused by the random motion of electrons in conductors due to temperature.
Present in all electronic devices and communication channels.

Increases with temperature and bandwidth.

Can be minimized using cooling techniques.

Noise power P, = kTB

Mean square noise voltage, Vn2 =4 kTBR

2. Shot Noise:

Arises due to the discrete nature of charge carriers (electrons and holes) in semiconductor
devices.

Common in diodes and transistors, affecting low-current circuits.

Can be reduced using proper circuit design and filtering.

Mean square noise current, iﬁ =2gIB where I = Avg. DC current

3. Flicker Noise (1/f Noise):

Observed at low frequencies, typically below 1 kHz.

Its power spectrum follows an inverse frequency dependence (hence the name 1/f noise).
Occurs in semiconductors and vacuum tubes.

Can be minimized by using high-frequency operation.

V2 o 1
f

4. Gaussian Noise:

A statistical model where noise follows a normal distribution.
Used in theoretical analysis of communication systems.
Managed using signal processing techniques like matched filtering.

2
—(x-1)
262 ) .

e , where | = mean; 6° = variance

PDF = 5
2no
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84. (o)
For a schedule to be conflict serializable, there should be no cycle present in its precedence graph.

Schedule S,

T T
R[X]
R[X]
R[Y]
WIX]
WIY]
WIY]

Precedence Graph:

Since the precedence graph is having cycle, hence S, is not conflict serializable.

Schedule S,
T T,

R[X]

R[X]
R[Y]

Precedence Graph:

Since there are no cycles in the precedence graph, hence S, is conflict serializable.

Schedule S,

T T,
R[X]
WIX]
R[X]
WIY]
R[Y]
WIY]

Precedence Graph:
Since there are no cycles in the precedence graph, hence S, is conflict serializable.

So, S, and S, conflict serializable.
www.madeeasy.in
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i Ve l:IlO“ t}latl

Substituting, G = 6.67 x 10-1! Nm?/kg?
M = Mass of earth = 5.98 x 10* kg

We get, T = (0.314 x 3/2) psec
86. (b)
Given system, y(t) = ufx(t)}
Let x,(t) = V(t), then y,(t) = u[V(t)]

x(t) = KV(), then yy(t) = ulkV(H] = ku[V(t)] = ky, (1
For x(t) = x,(t) + x,(t),

y(t) = ulry(t) + %) # ufr,(B) + ufxy(h)
The system satisfies the homogeneity principle but not the superposition principle.
Hence, the system is non-linear.

y(t) = V(D)

Yo(t) = ufV(t - )} = v (t - £)
Hence, the given system is time-invariant.
Since the response at any time depends only on the excitation at time ¢ = £, and not on any future
values, hence the given system is causal.

87. ()
For py(x) to be a probability density function,
“+oo
[ px(x)dx =1

+oo oo

J ae gy =1 = 2J' ae 0% dx =1

oo 0

-10x 1°
e 2a

2 = — = =

= ”{_10:‘01:1012515
88. (d)
. 1
Given, B, = DX (SNR), = 60 dB
Since the signal power remains constant and Noise power = N B is directly proportional to B, we
have
B,(SNR), = B,(SNR),
B B
= (SNR), = 2-(SNR); = I<(SNR); = 2(SNR);
2 21
5]

= 10 log(SNR), = 10 log 2 + 10 log (SNR),
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= (SNR),(dB) = 3 + (SNR),(dB)
= (SNR),(dB) = 3 + 60
= (SNR), = 63 dB
89. (d)
For coherent binary signalling schemes,
a2,
P = min
¢ Q{ 2N J
A2
For coherent ASK, d .. = \/E , where E, = TCTb
AT,
Pe(ASK) - Q{ 4N, ]
For coherent FSK, din = «2Ep
AT,
Pygsiy = QL 2N, J
For coherent PSK, d_ .. = \J2E
/Acz Ty
Popsiy = Q{ N, ]
Hence, option (d) is correct.
90. (b)
The amplitude of the input signal is symmetrically distributed about zero. Hence,
P(A,) = P(A,) = 0.5, where A, and A, are the step-sizes
So, the quantization noise power will be,
Af A3
= —|P(A)|+—=[P(A
Ng = SLIP(A)] 52 P(8y)
0.5 2 271 0.1
= —1(0.3)" +(0.1)° |=—[0.09+0.01]= —
Ng = 7103 +(01) =] 1=
N
- Q7 240
91. (a)

* At high frequency, skip distance is high and for the frequency less than critical frequency, skip
distance is zero.

Value of parameter for the optical horizon

e Microwave bending correction factor K = - -
& Value of parameter for the radio horizon

Hence, K>1 = Value of the parameter for the radio horizon is smaller than optical horizon.
Hence, statement 3 is incorrect.
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92. (c)
. L Total magnetic moment
Intensity of magnetization =
Volume
Given, Magnetic moment = 3 A-m?
Mass of the bar = 7.9 x 10 kg
-3
Volume = Mas.s _ 7.9%x10 = 1x10-5m3
Density  7.9x10
3
Intensity of magnetization = ke 3x10° A/m
1x10
93. (c)

* Diamagnetic substances are slightly repelled by a magnet, hence they have a small and negative
susceptibility.

* Paramagnetic substances are feebly attracted by magnets, hence they have a small and positive
susceptibility.

* Ferromagnetic substances exhibit a strong attraction to magnetic fields, hence they have a
large and positive susceptibility.

* Superconductors exhibit perfect diamagnetism, i.e. they completely expel magnetic fields.
Hence, their susceptibility is -1.

94. (c)
Bucky ball (or) Buckminster fullerene has total 60 carbon atoms with sp? bonding arranged in a
football shape having 20 Hexagons and 12 pentagons with a carbon at vertex of each hexagon,
polygon and a bond along each hexagon and polygon edge.

95. (d)
Hysteresis loss of transformer is directly proportional to frequency.
PH f
P, «f = _Hya _J2
Hy Py, h
fo 75
Py, = Z=xPy =—x50=375W
Hy2 = 27 Hy 100
96. (a)
. Ry
Spectral efficiency = 3 10 bps/Hz
We have, C= R=Blog2(1+%)
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S
ST
N 2101
EbRb _ 210 -1
NyB
10)(& = 210 -1
Ny
B _ i[ 10 1]=—1023=102.3
N, 10 1
97. (a)
* P(s-a-1)
y —_—
z f
Step 1: To propagate the fault at output, ie.,, f= P,
Putz=0,thenf=P
Step 2: To detect the s-a-1 fault, we need to force the value at P to 0 in the fault-free circuit.
For P=0, xand y can be 00 or 01 or 10
So, test vectors are: X Yy z
0 00
010
1 00
98. (c)
For sequence generator using counters, if ‘n” is the required number of flip-flops,
max.(0’s, 1’s) < 27 -1
= 2<on-t
= n=2
To generate 0110
All 4 states are different, so total 4 states are required i.e. 2FFs are required.
99. (b)

Given: t=15min=15x60=sec; N,=3x10%atoms/cm?®; D =3.14 x 10 cm?/s

Dose, Q = % N, VDt = %x3x1020J3.14x10‘14 %15 x 60
T T

=2x3x30x107 x 102 = 1.8 x 10'®> atoms/cm?
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100. (a)
We have, Path difference = 0.1 inch
= 0.254 cm . 1inch = 2.54 cm
0.254
= ——m
100

Phase difference = 1.06 radian

2n .
Phase difference = T(Path difference)

1.06 = 2n X 04
’ A 100
) = 21 x 0.254 —0.015m
1.06 x 100
8
f= LO_Z =20GHz
1.5x10

K band is ranging from 18-27 GHz.
Hence, option (a) is correct.
Note:
* Toavoid complex calculation, we can proceed with approximation, answer will not be changed.
e Band Frequency range

L 1-2 GHz

S 2-4 GHz

C 4-8 GHz

X 8-12 GHz

Ku 12-18 GHz

K 18-27 GHz

Ka 27-40 GHz

101. (a)

* Symmetric encryption is a encryption technique where data is encrypted and decrypted using
a single, secrete crytographic key.
Eg:- ¢ Data Encryption Standard (DES)
* Triple Data Encryption Standard (Triple DES)
* Advance Encryption Standard (AES), etc....
* Asymmetric encryption is a encryption technique where data is encrypted and decrypted
using different keys.
Eg:- ¢ Rivest Shamir Adleman (RSA)
 Elliptical curve cryptography (ECC)
* The Diffie-Hellman key exchange method, etc.
Hence, option (a) is not asymmetric encryption technique.

ocopyright: IMIADE ERSY www.madeeasy.in



56

ESE 2026 Prelims Exam e Classroom Test Series MADE EASY

102.

103.

104.

105.

()
The attenuation constant for the compartment material (assuming the compartment material as
non magnetic),

= mfugo = Jrx 500 % 10% x 4mx 1077 x 4 x 10°

4m x 10035
400 x 3.14 x 2.23
= 2800 Np/m
The wave amplitude after passing through the compartment wall will be
E = Ee*
= ().8¢-2800 x 5 x 103
=(.8¢71
= 0.8 x 8.315 x 1077
=6.652x 107 V/m

Q
|

(d)
We have,

EMF per turn, E, = 18 Volts
Thus,

Secondary voltage
Number of secondary turns = E
t

230

Since, the number of turns can’t be a fraction, therefore, N, = 13 (nearest whole number)
For N, =13,
Number of primary turns,

Vi 2340

N, = Np| 2L |=13 ==
! 2(V2J ( 230 )

N, =132.26 ~ 133 turns

()

The emf per turn of a transformer is given as

E \/ETEf 1 ¢max = 4'44f 1 ¢max

N

(c)
We know that,
Energy stored in the magnetic field,

1. .,
= —Li
E 2
1.
= =L(1
0.5 2()
L =1 Henry
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We also have, No¢ = Li
Li
N=5%
1x1
N = 1102 = 1000 turns
106. (d)

107. (c)

Silica gel is used to absorb moisture and prevent entering the oil tank while breathing. It is
used in an oil transformer breather.

Porcelain is widely used for making transformer bushings.

Buchholz relay is a safety device to protect a transformer from internal faults, like impulse
breakdown of the transformer insulating oil or transformer coil turns insulation failure, etc. It
consists of two floated hinges accomplished with a mercury switch, one at the top and other
at the bottom, both are in an oil-filled chamber. The upper float mercury switch is connected
to an alarm circuit and the lower float mercury switch is connected to an external trip breaker.
The presence of the cooling fins increases the outer surface area of the tank, thereby enhancing
the tank cooling capacity.

Feedback Input Output
topology impedance impedance

Voltage series  increases  decreases
Voltage shunt decreases  decreases
Current series  increases increases
Current shunt decreases increases

108. (b)

* Portable Batteries are used for starting, lighting and ignition in internal-combustion engine
vehicles.

Note:

1. Power Generating Unit Efficiency 2. Electric Power Plant Operation speed
* Hydraulic turbine 85-90% Hydro 80-1275 rpm
. Solar cell 10-12% Steam 1500-3000 rpm
*  Diesel Engine 25% Diesel 500-1000 rpm
. Fuel cell 60-70%

2. The secondary batteries are classified as below:

(i) Automotive batteries: These are used for starting, lighting and ignition (SLI) in internal-
combustion engined vehicles.

(ii) Vehicle Traction Batteries or Motive Power Batteries or Industrial Batteries: These are
used as a motive power source for a wide variety of vehicles.

(iii) Stationary Batteries: These fall into two groups (a) standby power system which is used
intermittently and (b) load-levelling system which stores energy when demand is low
and, later on, uses it to meet peak demand.
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3. The electromechanical energy converters are of two types:

* Gross-motion devices: such as electrical motors or generators.

* Incremental motion devices: such as microphones, loudspeakers, electromagnetic relays

and electrical measuring instruments, etc.

109. (d)

Bridges

J

l

|

|

Resistance Frequency Capacitance Inductance
Measurement Measurement Measurement Measurement
Wein's Bridge * Schering Bridge
* D’sauty Bridge
Small . Maxwell’s
Resistance ° Voltr.n(;zter Ammete.zr method * Lin terms of L inductance | |
—~ (R<19Q) =>. Kelvm.s double bridge method  Also known as comparison
4 terminal ¢ Potentiometer method bridge
L
[L—lj bridge
Medium * Wheatstone bridge method '
> Resistance ¢ Substitution method Maxwell’s
(1Q<R < 100k<) => * Ohm meter method e Lin terms of C capacitance
2 terminal * Voltmeter -am.meter meter « (1<Q<10) comparison
e Carry-foster slide bridge
Large ¢ Direct deflection method « High Q coil .
| .| Resistance e Loss of charge method (0 >10) Hay’s bridge |<—
(R > 100 k) * Meg-ohm bridge methord
3 terminal * Megger method * Low Q coil Anderson’s o
*(Q<1) bridge
* Measurement
of incremental Owen'’s
inductance bridge =
*@<1
110. (a)
AR/R
We have, Gauge factor, Gf = ALJL
AL AR/R
. =@
Gs
0.010
AL 200
L 21
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Note:

* Gauge factor, G.F =
e Poisson’s ratio, y =

*  Young’'s Modulus =

AL 0010 _  10x10
L~ 200x21 200x1000x21
AL

< =238x10°

Stress = Strain x Young's modulus
Stress = 2.38 x 107 x 200 x 10°
Stress = 4.76 x 10° N/m?

(AR/R)

Al
(AL/]) * Longitudinal strain = T
(AD /D) AD
e Lateral strain = ——
D
S _ Force
tress = Area

(where, D = Diameter; L = Length)
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111. (a)
Types of Instruments
v l
Absolute Instruments Secondary Instruments
¢ Output in terms of the instruments constant. * Output directly in terms
* High accuracy; Low operational power of parameters
Eg: Tangent Galvanometer, Rayleight Current Balance * High accuracy
Absolute Electrometer-used as standard instrument * Used as general purpose meter
for calibration of secondary instrument l
Analog Instruments Digital Instruments
e Output varies continuously w.r.t input. e Output varies discretely
l with respect to input.
Null Deflection Instruments Deflecting Instruments
* Indicate end of measurement ¢ Indicate end of measurement by the deflection of pointer away from zero.
with zero/Null deflection. * Having some operational power loss.

* Low Accurracy

* Instruments are more suitable under dynamic conditions
than null type of instruments as the intrinsic response
of null type are slower than deflection type instrument.

* Operational power =0
* High Accuracy
Eg.: AC, DC Bridge

! ' i

Indicating Instruments Integrating Recording
¢ Give instantaneous values Instruments Instruments
* Eg. Ammeter, Voltmeter, Wattmeter * Give the sum total * Maintain a continuous record
+ Indicating type instruments are generally * Eg. Energy meter e Ex: Recording voltmeter

second order having £<1 (0.7 < £ <0.8)

:
: + ; :

Induction Effect Thermal Effect Electrostatic Effect Magnetic
* Qo< (¢, 9y) e Qo I? . 012 dc Effect o
* Eg.Shaded Pole * Eg. Hot wire instrument 4o * Based on the principle
instrument, Split (gives rms value) * Quadrant Electrometer that a current-carrying
ring instrument e Thermocouple instrument ¢ Kelvin multicellular voltmeter conductor produces a

Absolute Electrometer

!

¢ Bolometer magnetic field arount it.

Moving Coil Instrument Moving Iron
dL
. o< 2 2=
: } 0=
PMMC Electrodynamometer ¢ Measures both AC and DC
Qo] Ol I, AM ¢ Non-linear scale
* Measures only DC 46 * Spring controlling torque
. y * Measures both AC and DC p g A g g
. Lm?ar scale . « Non-linear scale e Air friction damping
* Spring controlling torque
e Eddy current damping * *
« Accuracy : ED > PMMC > MI Attractive type Repulsive type

* Sensitivity: PMMC > MI > ED
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112. (b)
In squirrel-cage induction motors, the rotor slots are slightly skewed in order to eliminate magnetic
locking between the stator and rotor and to reduce magnetic helm.

113. (d)
3
SNR = — J:
© 81 fufe
3 (40x10%)°
SNR = 52 (10x10%)? x (10x 10°)
3 (400
SNR = —5 X-—%
sn® 10
SNR = 2.43
114. (d)
_______________ .
d " d,

Height of antenna =36 m=h + R
R=36-14m
R =346m
R = radius of first Fresnel’s zone

dd 1/2
R=173 #j ...fin GHz
((dl +dy)f f

A=30cm=03m

8
f= 3x10° _ 1GHz
0.3
1/2
346 = 173 %2
(dy +dy)1
did
4 = 01172 ..(1)
1+dy
Distance between the antenna is D = d, + d,
Accroding to given question we have,
2
d, = g(dl +dy) ..(if)

from equation (i) and (ii)
d,=12mandd,=6m
D=d +d,=18m

Hence, option (d) is correct.
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115. (a)
(BW)py = (BW)py
Af Af ]
L41|2f, = | =+1|2f
(fm j I (fm "
Hence, Afpp = A
KpAm fn = KfAm
Kf = 3000 Kp
116. (c)
117. (d)
Class A:
0...... .
(1st Octet) (Remaining octets)
Class B:
10...... .
(15t Octet) (Remaining octets)
Class C:
110...... . . .
(1st Octet) (Remaining octets)
Class D:
1110......
(15 Octet) (Remaining octets)
Class E:

(1st Octet) (Remaining octets)

In Class E IP address, the higher-order bits of the first octet are always set to 1111. Thus, option
(d) is correct.

118. (d)
Given; n, =15, L=10 km
A =2%=0.02
. . LmA
The delay difference is, dT, = Y
3

R ST = 10x10 xl.?x0.0Zzlxlo_é ~1ps

s 3x10
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119. (<)
Given; B, - B =70
l 0.143 um
2nBF
We have, B, - B
L ~ (Bx —By)A  70%x0.143x107° 107
= Modal birefringence, B, = o o =
120. (b)
Frequency range: VLF = 3 kHz - 30 kHz
LF =30 kHz - 300 kHz
MF = 0.3 MHz - 3 MHz
HF =3 MHz - 30 MHz
VHF = 30 MHz - 300 MHz
UHF =300 MHz - 3 GHz
SHF = 3 GHz - 30 GHz
EHF =30 GHz - 300 GHz
121. (b)

Two-level memory organization
Independent:

H, T
=
\ H,=1,T,

Average Memory access time (AMAT),
AMAT = H,T, + (1 - H))T,
Hierarchical

CPU L
Hy,
AMAT = H,T, + (1 - H)) (T + T)
Three-level memory organization

II —
LN
Ny

Independent:
L1|H, T,
CPU H,, T,
AMAT = H,T, + (1 - H)H,T, + (1 - H))(1 - H)T,
Hierarchical
CPU L1 |12 | |13 |
H, T, H, T, Hy=1,T,

AMAT = H,T, + (1 - H)Hy(T, + T,) + (1 - H))(1 - H,)(T, + T, + T,)
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122. (c)
There are 256 software interrupts in the 8086 microprocessor.
Some important software interrupts are:
* TYPE 0: It corresponds to division by zero(0).

* TYPE 1: It is used for single-step execution for debugging the program.

* TYPE 2: It represents NMI and is used in power failure conditions.
e TYPE 3: It represents a break-point interrupt.
e TYPE 4: It is the overflow interrupt.

123. (d)
Procedure to find type of feedback:
Step-I: Identify feedback element or feedback network in the given circuit.

Step-II: If feedback element is directly connected to output node, then it indicates voltage sampling

otherwise current sampling.

Step-III: If feedback element is directly connected to input node, then it indicates shunt mixing

otherwise series mixing.
Now,

P. Ry
AAAA
\AAA

* Feedback element-R;.

* R, is directly connected to output, hence voltage sampling.
* R, is directly connected to input, hence shunt mixing.
Therefore, P-voltage shunt feedback.

* Feedback element-R.
* Ris directly connected to output, hence voltage sampling.

* Ris not directly connected to input, hence series mixing.
Therefore, Q-voltage series feedback.
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R.
Ry
o—{—
Vin
<D
£n lT .
¢ Feedback element-R,.
* R;is directly connected to output = Voltage sampling.
* R;is directly connected to input = Shunt mixing.
Therefore, R-voltage shunt feedback.
124. (a)
Mealy Machine Moore Machine

Output Output depends on both the current state Output depends only on the current state.

Dependency and the input.

State Output can change during state transitions | Output changes only when the state changes.

Transitions based on the input.

Output Output can change more frequently Output changes only when the state transitions

Change (because it depends on input and state).

frequency

Number of Typically requires fewer states to Typically requires more states for the same

states represent the same functionality. functionality.

Design Slightly more complex due to output Simpler to design, as the output depends

Complexity dependency on both state and input. only on the state.

Timing Output changes in response to both input Output changes only on state transitions.

Diagram and state transitions.

Examples Used in systems where outputs need to Used in simpler systems where output is
react immediately to inputs (e.g., control less dependent on the input (e.g., counters,
systems, data encoding). sequence detectors).

Output Output can change asynchronously with Output is more stable, as it only changes when

Stability the input. entering a new state.

125. (b)

In a superheterodyne receiver, RF amplifiers uses single tuned amplifiers to achieve more selectivity.
When ‘N’ identical single tunned amplifier are cascaded then overall BW =BW;v 21/N _q1.

When ‘N’ identical double tunned amplifier are cascaded then overall BW is given as

BW =BW,; §(21/N -1y .
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126. (d)
Oscillator is an electronic circuit which generates AC waveform without using AC input.

Types of Oscillator

! !

Non-sinusoidal Oscillator

Sinusoidal Oscillator

Non-sinusoidal oscillators

Sinusoidal oscillators
are non-linear oscillators

are linear oscillators

l

Low frequency
oscillators

U U

¢ LC oscillator/
Radio frequency oscillator

High frequency

oscillators

Also known as

Audio frequency oscillators
@ * Crystal oscillator/
Fixed frequency oscillator

* Wien-bridge oscillator
* RC phase shift oscillator

127. (d)
There are four possible combinations for Voltage and Current with which we can sample at the

output and mix the feedback to the input.
We know that,

Input Output
U U

Mixing Sampling
U |

e Voltage mixing (Series mixing) e Voltage sampling (Shunt sampling)

¢ Current mixing (Shunt mixing) e Current sampling (Series sampling)

Now, let see each column one by one,

P. Shunt Series feedback
U U
Input Output ... (1)
U U
Current mixing Current sampling
Q. Voltage Series feedback
I} I}
Output Input ... (3)
U U

Voltage sampling Voltage mixing
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R. Current Series feedback
| |
Output Input .. (4)
| |
Current sampling Voltage mixing
S. Shunt Sampling and shunt mixing
U U
Output Input .. (2)
4 4
Voltage sampling Current mixing
128. (b)
Initialization:

(8000 H) = 04 H

MOV B, M: (B) = 04 H
MOV C, M: (C) =04 H
MVI A, 00H: (A)=00H
LOOP: (A) = (A) + (B) + (B) + (B) + (B)

=00H+04H+04H+04H+04H=10H
ADD B instruction will be executed for 4 times.

129. (b)
RS1 (PSW .4) RSO (PSW.3) | Register Bank
0 0 0 (00H - 07H)
0 1 1 (08H - 0FH)
1 0 2 (10H-17H)
1 1 3 (18H -1FH)
130. (c)
Given that, D=5cm=5x10?m

l=4cm=4x102m
d=2cm=2x102m
V_=5000V
L =50cm =50 %102 m
The deflection on the screen is given by

VdXLXl
D= %550
2V, xd
V- Dx2V,xd
= 4T L

-2 -2
=5><10 x2x5000x2x10 —500V

50x1072 x 4x 1072
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131. (b)

Output voltage 5x107° _
Sensitivity of LVDT, S, = Disilacemeri = 01 =50x107° V/mm

Sensitivity of instrument, S = Amplification factor x S, \;

=100 x50 x 10 =5V/mm

10V

ivision = ——=0.1V
1 scale division 100

Minimum voltage that can be read on the voltmeter

instrument

1 01v=001v
10

001V

ion = ———— =0.002
Resolution 5V/mm mm
132. (d)
Given
E(zt) = 3sin(wt — kz +30°)a, —4cos(wt —kz+45°)a, V/m
We have,

E, = 4 sin(owt - kz - 45°)
Ey = 3 sin(wt - kz + 30°)
. AY =0, -0, =75
Therefore, A¢ # 180°, and the amplitudes are unequal, hence the wave is elliptically polarized.
At a fixed point say z = 0,
ot =0
3

Ex = —2\/5,' E}/ :E

So, initially the field vector moves from (-x, +y) towards (+x, +v)

A

Counter-clockwise rotation (viewed in direction of propagation)
It is left-hand elliptical polarization.
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133. (a)
Spectrum of standard AM signal is shown below:
AC
___________ o R
"""""""""" A A
4
_(fc + m) _fc _(fc _fm) fc _fm fc fc +fm
. AC
Now on comparison we get 5 = 10
A_ =20 volt
Al
A 4
20n =16
u=20.8
And for u <1, we prefer envelope detector. Hence, option (a) is correct.
134. (a)
Length of IP address is 4 bytes in IPv4 and 16 bytes (256 bits) in IPv6.
Class A Class B ClassC | ClassD | ClassE

1. Range of first order 0-127 128-191 192-223 | 224-239 | 240-255

2. Egst octet start with 0 10 110 1110 1111

3. Number of possible 27 5 145 221 o B B

networks
4. Number of possible 224 _» L) 28 _9o
hosts per network | = 16777214 hosts | = 65534 hosts | = 254 hosts
5. Network mask 8 bits 16 bits 24 bits - -

* C(Class D addresses are multicast address.
* C(lass E address are reserved for experimental purposes.
Statement 2 and 4 are incorrect. Hence, option (a) is correct.

135. (c)
E(x, t) = 100 cos(wt - 5x)a, V/m

Comparing with, E = E, cos(ot - Bx)

= E, =100
1Ej

Average power, P = ETOXArea
1 (100)? » 12500
= — xmx(10)° = =417 kW

2 120m " 10) 3
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136. (d)
Purpose of bleeder resistance:
The operation of a filter using an inductor is based on the fact that a minimum current flows
through it at all times. The bleeder resistance is used to maintain a certain minimum current
through the choke (inductor) even if no load.
Rectifier filter
o i
Rectifier E L £ = E =
circuit | | T T s Ry = R
Ry = 10R,
* The value of bleeder resistance (Rj) should be such that to draw only 10% of total load current.
* Bleeder resistance can be used as voltage divider for tapping out any desired output.
* Single power supply can be used to provide more voltage.
* It provides better voltage regulation.
* It provides safety to operator by providing discharge path to the capacitor.
137. (a)
We know, P = WQHn x 9.81 Watt
where P = specific weight of water in kg/m? Q = rate of flow of water (m®/sec); H = height of
water fall in meter (head); n = overall efficiency of operation
P =1000 x 50 x 300 x 0.70 x 9.81
P =103.005 MW
P =103 MW
Hence, option (a) is correct.
138. (d)
Bourdon gauges are mechanical devices utilising the mechanical deformation of a flattened but
bent tube that winds or unwinds depending on the pressure difference between the inside and the
outside.
139. (b)

We know, the output of differential amplifier is,
Vy=A,V,+A_V

cm - cm
where, V,=V,-V,=(25-20) mV =5mV
_nhth =(25+20)mV=22.5 mv
cm 2 2

Ay A,
CMRR = = 1000="% = A; =2000
A, 2
V, = (2000 x 5 x 103) + (2 x 22.5 x 1079)
V, =10 + (45 x 103)
V, =10.045 V
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140. (c)
Given circuit is

yyvy yvvy
50 Q L
60VT Q 1A 21000
T 30V
Applying KCL at node 1,
Vi —60+V1 -V, _ 1
20 30
3V, -180+2V; -2V,
=1
- 60
= 5V, -2V, =60+180
= 5V, -2V, =240 ...(i)
V, -V, +V2 —30+£ 0
30 50 100
10V, —10V; +6V, -180+3V, 0
- 300 )
= -10V; + 19V, = 180 ...(id)
Solving equation (i) and (ii), V, =546V
V,=44V
V, 44 184
=4 =—=——=04A
hoo o 100 100 5
141. (b)
To calculate R,;, deactivate all independent sources.
9Q
‘VAVAV‘V
6Q 6Q
AVAVAVAV AVAVAVAV
EE 6Q 9Q EE SRy,
< <
Using star to delta transformation,
9Q
18 Q \
AAAA
\AAAJ
90 Siga 390 R,
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9%~
9 2 9x9
Ry, =91[O118) 18] = 9”5 = 9+2_ 57 =3Q
For maximum power transfer, R, =R, =3 Q
142. (b)
V(t) = 10 sin ot V
B.W =400 rad/s
10
Vrms = E =707V
B.W = R
L
400 = 1%
L
L=025H
V. 500
= —=—-=70.72
Qo v 707
1 [L
We have, Q= R\C
7072 = —= |22
T 100V C
0.25
(70.72 x 100)? = Il
- 0B ~=4.99%10"F
(7072)
143. (d)
Given data, Power factor = 0.6 (lag)
cos 0 =0.6

0 = cos™1(0.6) = 53.13°
According to given circuit,

Ry (1+2j)
ed R, +1+;2
-1 -1
=t 2-t
/0 an an Ry+1
9_ 2
1 R2 +1
£53.13° = tan 4
1+
Ry +1
2Ry +2-2
tan(53.13°) = Ry +5
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3 R, +5) = 2R,
4R, + 20 = 6R,
2R, =20
R, =10 Q

144.

145.

(b)
We have,
We know that,

i=3,j=2D=4km

cluster size, N = i2 + j2 + ij

We have relation

where, R = radius of cell

N =32+22+(2x3)
N =19

D D
T =N or —=VN

and  d = Distance between centres of adjacent cells (4 = /3R )

We can use any of the one relation,

We take

Method (I):

Method (II):

Hence, option (b) is correct.

()

c 10
— = >>1
Loss tangent, "o [2nx 10x10° x80x8.854x 10 12 j

o
Since s >1, hence sea water is acting as a good conductor.

D
Z = JN
d
4
—— =d
J19
d =0.92 km
D
R - V3N
D
57 R
R =0.53 km
d= 3R
d =0.92 km

The amplitude of the radio signal attenuates as

E,=Ee™

Since attenuation is 80%, the amplitude at say distance ‘x" is 20% i.e. 0.2E,.

ie.,

e =0.8
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. 0uo
where, 0. = attenuation constant = 5
\/27t><(10><103)><4n><107><10 \/8n2x102
= o= =
2 2

= o =21x01=02rm"

We have, e =0.2

= -ax =In(0.2)

L= —In(0.2) _ -In(0.2) m
o 0.2n

146. (b)

The maxwell equations for time-varying fields are given as below:

1. VxE= _9B

ot
—~ — 5 oD E

2. VxH=]J+===¢H.di=|| cE+e =" |-ds

3. V.D

4. V.B=0

Hence, expressions 2 and 3 are correct.
147. (d)

Sum = 2m(1, 2, 4, 7)
Carry = 2m(3, 5, 6, 7)
Borrow = X2m(1, 2, 3, 7)

LB c () Q@ ®
Sum/Difference Carry Borrow
0 0 0 0 0 0
0 0 1 1 0 1
0 10 1 0 1
01 1 0 1 1
1 0 0 1 0 0
1 01 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.
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148. (c)
Measurement of pressure can be done by using wire, foil or semiconductor type strain gauges.
The semiconductor strain gauge has high temperature sensitivity because the resistivity of the
semiconductor depend on the intrinsic carrier concentration (n,) which is highly sensitivity to
temperature.

149. (a)
Fast Fourier transform (FFT) algorithm reduces the computational complexity of discrete Fourier
transform (DFT) from O(N?) to O(Nlog,N). Thus, both Statement (I) and Statement (II) are true
and Statement (II) is the correct explanation of Statement (I).

150. (a)
The input impedance of a short circuited lossless line is given by
Z. =272, =]Z,tan Bl

Since, A = %, at a particular frequency, have | = A/4. For [ = A/4
Z. = oo ie. the line behaves as a parallel resonant circuit.

m

Q000
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