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Section A : Electromagnetics + Basic Electrical Engineering

Q.1 (a)| An L-band pulse radar with a common transmitting and receiving antenna having a
directive gain of 2500 operates at 1300 MHz and transmits 150 kW. If the object is 100 km
from the radar and its scattering cross section is 6 m?, find:

(i) The magnitude of the incident electric field intensity at the object.
(ii) The magnitude of scattered electric field intensity at the radar.
(iii) The amount of power captured by the object.

(iv) The power absorbed by the antenna from the scattered wave.

[12 marks]
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Q.1(b)
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What are the methods of starting of synchronous motors?

[12 marks]
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Q.1 (¢)| Arectangular waveguide with a =2b = 2.4 cm is filled with teflon (¢, = 2.11, loss tangent
of 3 x 107%). Assume that the walls of the waveguide are coated with gold
(0,=4.1 x 107 S/m) and that a TE,, wave at 5 GHz propagates down the waveguide.
Find :
(i) Dielectric attenuation coefficient, o,
(ii) Conductor attenuation coefficient, o .
[12 marks]
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Q.1(d)

The short-circuited tests on two single-phase transformer gave the following results:

200 kVA : 3% rated voltage ; rated current at 0.25 power factor lagging

500 kVA : 4% rated voltage ; rated current at 0.3 power factor lagging
These two transformers are connected in parallel. How do they share a load
at 0.8 power factor lagging?

of 560 kW

[12 marks]
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Q.1 (e)

()

i

The interface x + y = 8 between two media carries no current. If medium 1 (x + y > 8) is

non-magnetic with magnetic field intensity H1 =-34, +2a, -a, A/m. Find :
(i) The magnetic energy density in medium 1.

(i) Magnetization, M, and Magnetic Flux density, B, in medium 2(x + y < 8) with
By = SHy.

(ili) The angles H1 and H make with the normal to the interface.
[12 marks]
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Q.2 (a}| A150kVA, 2500/250 V, single-phase two winding transformer is to be used as an auto
transformer for stepping up the voltage from 2500 V to 2750 V. At rated load, the two
winding transformer has 2.5% loss, 3% voltage regulation and 4% impedance. For the
auto transformer, determine the following;
{f) Voltage and current rating,.
(ii} kVA rating.
(iii) Efficiency.
{(iv) Percentage impedance.
(v) Regulation.
{vi) Short circuit current on each side.
[20 marks]
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Q.2(b)

W

() A 50 Q lossless line has V; = 20¢/2°V and Z; =50¢/®°Q. Find the current at A/8
distance from the load.

(i) A uniform plane wave in air with E= 8 cos(wt —4x-3z)a, V/m is incident on a

dielectric slab (z 2 0) with =12 S e 0. Determine the reflected E field and
H field.

[10 + 10 marks]
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Q.2 (c)

A 4-pole compound generator has armature, series-field and shunt-field resistance of
1Q, 0.5 Q and 100 Q respectively. This generator delivers 4 kW at a terminal voltage of

200 V. Allowing 1 V per brush for contact drop, calculate for both short-shunt and long-
shunt connections:

(i) the generated emf, and

(ii) the flux per pole if the armature has 200 lap-connected conductors and is driven at
750 rpm.

[20 marks]
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Consider an array of two non-directional radiators with spacing 4 = 0.5 A. Determine
the directions of maximum radiation when the radiators are excited as shown in

figure.
, 140"/1 ]40°/A ' J

EE S

The following S-parameters are obtained for a microwave transistor operating at
2.5GHz: §,, =0.852-30° S,,=0.07£56°, S, =1.68£120°, S,,=0.852-40°.
Determine the input reflection coefficient when Z; = Z, = 75 Q.

1 [10 + 10 marks]
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Q.3 (b)

A 4-pole long shunt compound d.c. generator has 1200 armature conductors and running
at a speed of 500 r.p.m. The diameter of the pole shoe circle is 0.35 m and the ratio of
pole arc to pole pitch is 0.7 while the Jength of the shoe is 0.2 m.

Assume the shunt field, series field and armature resistance are 100 @, 0.1 2 and 0.1 @

respectively. If the flux density in the air gap is 0.75 T, load current is 100 A and voltage
drop per brush is 1 V, then calculate load voltage when

(i) armature winding is lap connected.

(ii) armature winding is wave connected.
[20 marks]
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Q3 (o)

A plane wave with E =30 sin(wt - z) &, V/m is propagating through a lossy dielectric
medium having an intrinsic impedance of 300£30°Q and p, = 1. Establish the phasor

and instantaneous field expressions for H, and find the loss tangent, propagation
constant, wave polarization and the dielectric constant of the medium at 15 MHz. Also

determine the skin depth and the depth at which the amplitude of the field is 1% of the
value atz = 0.
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Q4 (a)| (i) When a transmission line of finite length is terminated with a load equal to its
characteristic impedance, it appears as an “infinite line” to the sending end source.
Justify this by applying voltage and current equations.
(i) Anairfilled parallel plane waveguide carries the TM, mode. The separation between

the plates of the waveguide is 20 cm. If the phase velocity of the mode is 1.5¢, find
the frequency and guided wavelength of mode.
[10 + 10 marks]
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Q4 (b)

A series motor, with an unsaturated magnetic circuit and 0.5 Q total resistance, when
running at a certain speed takes 60 A at 500 V. If the load torque varies as the fan load
varies with the speed, calculate the resistance required to reduce the speed by 25%.

[20 marks]
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Q4 (9)

A 460V, 25 hp, 60 Hz, 4-pole, Y-connected wound rotor induction motor has the following
impedances per phase referred to stator side:

R, =0.641Q, R, =0332Q;

X;=1106Q,X,=0464Q,and X =263 Q
(i) What is maximum torque of this motor? At what slip and speed does it occur?
(ii) What is the starting torque of this motor?
{(iili) When the rotor resistance is doubled, what is the speed at which the maximum

torque now occurs? What is the new starting torque of the motor?

[20 marks}
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Q.5 (a)

Section B : Computer Organization and Architecture-1 + Materials Science-1
+ Electronic Devices & Circuits-2 + Advanced Communications-2

A hypothetical 32-bit CPU utilizes a fixed length instruction format that supports four
distinct fields: an opcode, a Register Address, a Memory Address, and an Immediate
constant field. The following specifications are provided:

*  The opcode size is 7 bits.

*  The register file contains 32 registers.
*  The system supports a 4 kB RAM (assume byte-addressable).
*  Each instruction is one word (32 bits) long.
Determine the number of bits available for the immediate constant field and calculate
the largest unsigned constant that can be represented within this instruction.
[12 marks]
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Q.5(b)

(i) Iron has a density of 7.87 g/cm? and the mass of an iron atom is 9.27 x 10-% kg. If
the atoms are spherical and tightly packed (Ignore the spaces between the spheres),

1. What is the volume of an iron atom?

2. What is the distance between the centers of adjacent atoms?

(i) Silver has FCC structure and its atomic radius is 1.44 A. Find the spacing between
the (220), (200) and (111) planes.

[6 + 6 marks]
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Q.5 (c)

At300K, an ideal Si p-n junction solar cell has a short-circuit current of 2 A and an open-

circuit voltage of 0.5 V. How does the maximum output power of the solar cell change if
the temperature raises to 400 K?

[12 marks]
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Q.5(d)| Two step index fibers exhibit the following parameters:

(i)

(ii)

A multimode fiber with a core refractive index of 1.5, a relative refractive index
difference of 3% and an operating wavelength of 0.82 um.

An 8 um core diameter single-mode fiber with a core refractive index same as in
part (i), a relative refractive index difference of 0.3% and an operating wavelength
of 1.55 um.

Estimate the critical radius of curvature at which large bending losses occur in both
cases.

[12 marks]
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Q-5 (e)

(i)

(i)

Explain how to check conflict serializability and view serializability of the following
schedule: |

§ 111 (X) ; 73(Y); 13(X); r(Y); 75(2); wa(Y); wy(2); 11(2); wy (X); wy(Z)

The transmitting and receiving antennas with respective heights of 49 m and 25 m
are installed to establish communication at 100 MHz with a transmitted power of
100 Watts. Determine the LOS distance and the received electrical field signal

strength at receiver.
[6 + 6 marks]
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Q.6 (a)

(i) Without normalisation.

original form (-14.75)%212,

Data: (-14.75)*21% is to be stored in the memory.
Calculate the hexadecimal equivalent when the data is stored in the Main Memory

Consider the following hypothetical format used to represent the floating-point data, to
be stored in the memory.
Format: S BE M
{Sign) (Bias Exponent) | (Mantissa)
1 bit 7 bit 12 bit

(ii) With normalisation; and also denormalise the obtained result and bring back to its

[8 + 12 marks]
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Q.6(b)

Consider an MOS capacitor fabricated on P-type Si substrate with a doping of
5 x 10% cm, oxide thickness of 10 nm and N* poly-gate.

() Find C, (Oxide capacitance), V, (Flatband voltage) and V, (Threshold voltage) of
the MOS capacitor.

(ii) Find the accumulation charge (C/cm?) at V:g = Vﬂ, -1V.
(iif) Find the depletion and inversion charge at Vg =2V.

(Assume, x =4.05eV, E, =112V, n,= 100 cm3, ¢ =3.45x10P F/cm,
g = 1.04 x 10'12F/Cm, g=16x% 107° C, V,=0.026 V)
[12 + 4 + 4 marks]
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Q.6 ()

‘A digital satellite communication link, with uplink frequency of 30 GHz transmits data

at 1 Mbps. The downlink provides % of 30 dB. The net uplink losses work out to

0
211.5 dB. Determine the antenna diameter for the transmitting earth station to get overall

E
N—b of 17 dB, in optimal configuration assuming following parameters.
0

(i) Transponder amplifier output of 200 mW.
(ii) Antenna efficiency of 60%.
(iii) Satellite receive antenna gain of 45 dB.
(iv) Satellite receive noise power density of -169 dBm/Hz.
[20 marks]
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Q.7 (a)| (i} Ingeneral, ceramic materials used for engineering applications can be divided into
two groups: Traditional ceramics and Engineering ceramics. Briefly explain them.
(ii} What are the two methods for preparing ceramic raw materials? What types of

ingredients are added to them?
[10 + 10 marks]
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Q.7(b)| A multimode parabolic graded index fibre has an acceptance angle of 8°.

(i) Estimate relative refractive index between core axis (1) and cladding (r,) when
sum of refractive index (RI) of core and cladding is 3.046.

(ii) Also calculate solid acceptance angle, RI of cladding and number of modes if the
diameter of core is 40 um and wavelength is 1.2 pm.

[10 + 10 marks]
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W bRsEe oo Sl o )
Complede mode = ¢nq /

APPIY mate Mode = S g /

Q.7 (¢})| A uniformly doped silicon npn bipolar transistor is to be biased in forward active mode

with the B-C junction reverse biased by 3 V. The metallurgical base width is 1.1 um. The

doping concentrations in different regions are N = 10 cm3, N, = 106 cm™ and

N =10 em=. Assume thatn;=1.5 x 10" cm at T = 300 K.

(i) For T =300 K, calculate B-E voltage (V) at which the minority carrier electron
concentration at x = 0 is 10 percent of majority carrier hole concentration in the
base.

(ii) Determine the minority carrier hole concentration at x” = 0 (in the emitter) for this
bias.

(iii} Determine the neutral base width for this bias.

E B C

[20 marks]
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Q.8 (a)

(i)

(i)

Consider a hypothetical CPU that supports instructions with two register operands,
one memory operand, and 7-bit immediate field. The instruction set size is 120. A
specific program contains 200 such instructions. If the system supports 64 registers
and has a 2 kB memory space (byte-addressable), calculate the total storage space
required to store this program in Bytes.

Explain maximum usable frequency in ionospheric propagation. Derive a
relationship between MUF and critical frequency.

[10 + 10 marks]
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Q8(b)

(i)

(ii)

The spacing between the principle planes in a crystal of NaCl is 2.82 A. It is found
that the first order Bragg’s reflection occurs at 10°.

1. What is the wavelength of X-rays?
2. At what angle, the second order reflection occurs?

3. Whatis the highest order of reflection seen?

Consider a MOSFET whose gate width changes as a function of distance along the
channel as:

W(x) =W, +x

where x = 0 at the source and x = L at the drain. Except for its gate width, assume
that this MOSFET is like the typical MOSFET.

1. TFind an expression for drain current, I, for this device. Ignore the bulk charge
effect.

2. Derive an expression for I, for this device.

sat

[10 + 10 marks]
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Q8 {d

(i)

(ii)

The drawing shows sodium and chloride ions positioned at the corners of a cube
that is part of the crystal structure of sodium chloride (common table salt). The
edge of the cube is 0.281 nm (1 nm = 1 nanometer = 10-% m) in length.

1. Find the distance (in nanometers) between the sodium ion located at one corner

of the cube and the chlorine iont located on the diagonal at the opposite corner.

2. What is the value of the angle 8 in the drawing?

Sodium ion

Chloride ion

o

nanometers

Given the following properties of chromium: Density = 7.19 g/cm?®, atomic
number = 24, atomic weight = 52 g/mol, melting point = 1907°C, boiling
point = 2672°C, number of vacancies = 2.574 x 10* atoms/m?. Calculate the
activation energy for vacancy formation in chromium at 670°C.

[10 + 10 marks]
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