Engineering Services (Main)
Examination, 2024 SGSE-T-ETE

ELECTRONICS AND TELECOMMUNICATION ENGINEERING

PAPER—II

Time Allowed : Three Hours Maximum Marks : 300

QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully
before attempting questions

There are EIGHT questions divided in TWO Sections.
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be

attempted choosing at least ONE question from each Section.
The number of marks carried by a question/part is indicated against it.

Wherever any assumptions are made for answering a question, they must be clearly
indicated.

Diagrams/Figures, wherever required, shall be drawn in the space provided for answering

the question itself.
Unless otherwise mentioned, symbols and notations have their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly.

Any page or portion of the page left blank in the Question-cum-Answer (QCA) Booklet
must be clearly struck off.

Answers must be written in ENGLISH only.
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SECTION—A

1. (@) An angle-modulated signal has the form
u(t) =100cos[2nf, t +4sin2000nt]
where f, =10 MHz. '

(i) Determine the average transmitted power.

(i) Determine the peak phase and frequency deviation.

(iii) Is this FM or PM signal? Explain. 4+4+2=10

(b) A unity feedback control system has the open-loop transfer function

L g
e s(Ts+1)

The system is critically damped and the steady-state error is 0'5 when unit
ramp input is applied. Find out the natural frequency of the system.

(c) With respect to cache memory organization, describe the importance of cache
addressing models, considering physical address cache, virtual address cache
and aliasing problem. Write a block schematic depicting memory hierarchy for

10

a shared memory multiprocessor. 5+5=10

(d) For an air-filled coaxial transmission line, the outer radius of the inner
conductor is 1 mm and the inner radius of the outer conductor is 4 mm. The
outer conductor thickness is 06 mm and all conductors have conductivity
6=1-6x10" S /m. Find the inductance L and capacitance C per unit length.

What will be the resistance per unit length at an operating frequency of
25 GHz? The value of £y =8:-854x10712 F/m and py =4nx10~7 H/m.

(e) Design 4-to-1 multiplexer using domino logic.

() A silicon p-i-n photodiode in an optical receiver receives a peak optical power at
1300 nm. The diode has a quantum efficiency of 50% and delivers electrical
power to a load of 8 kQ. If the diode receives a peak power of -30 dBm,
calculate the thermal noise and shot noise if the bandwidth of operation is
8 MHz. The dark current value = 5 nA.

[e=1-6x10"1°C, h=6-63x1073* J-s, c =3x10® m/s, kg =1-38x10~2% J/K]
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2. (a) A zero mean Gaussian noise n(t) has power spectral density Sy (f) as shown
below :

Sy (f)

(i) Plot the power spectral density of in-phase and quadrature components
of n(t).

(i) Find the probability density function of the envelope of n(f). 10+10=20

(b) A control system is represented by the signal flow graph shown below :

1 1
1 K K T 2]

o C(s)

() Determine the overall system gain %(3—, if K; =1, K, =5 and K3 =5.

(i) Find the sensitivity of the system to changes in K; for ® =0. 10+10=20

(c) Explain the following terms associated with virtual memory : 5x4=20
(i) Address spaces
(i) Address mapping
(iii) Private virtual memory

(iv) Shared virtual memory
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3. (a) An AM signal has a form
u(t) = [20 +2cos30007nt + 10cos 60007t cos2nf ¢
where f, =10° Hz.

() Sketch the voltage spectrum of u(t).

() Determine the power in each of the frequency components.
(iij) Determine the modulation index.
(iv) Determine the sideband power and total power.

(v) Determine the transmission efficiency. 4x5=20

(b) Sketch the Nyquist plot and conclude on closed-loop stability of the following
open-loop transfer function of unity feedback control system : 20
= ___K_
s(s2 +s+4)

(c) (i) Define and differentiate between the following types of databases :
(1) Relational databases
(2) Object-oriented databases
(3) NoSQL databases

Discuss the key characteristics of each database type, highlighting their
strength and weaknesses. 5+5=10

(i) Over the years, several protocol standards for /O have emerged, with USB
becoming most popular. Give at least five reasons to justify this statement.

With the help of a block schematic, explain the working of a DMA
controller. 4+6=10

4. (@) (i) Analog voice frequency signal band-limited to 4 kHz is sampled at
1-25 times the Nyquist rate. The samples are quantized and encoded using
N-bit PCM. Find the minimum N to have an average signal to quantization
noise ratio of at least 40 dB. What is the minimum storage capacity
needed to accommodate the digitized signal if the total duration of the
voice frequency signal is 10 seconds? Also find the information rate of the
source if all the quantization levels are equally likely and statistically
independent. 10

(i) Obtain and draw the PSK signal constellations for the value of M =2, 4
and 8, if all have same transmitted signal energy E . Determine the
minimum distance between the adjacent signal points. For M =8,
determine by how many dB the transmitted signal energy E; must be
increased to achieve the same d;, as M =4. 10
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