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Q.1(a)

Section A : Advanced Electronics + Electronic Measurements & Instrumentation

A 4-dial] decade box has following resistance values,
decade ‘@’ of 10 x 1000 2 £ 0.1%

decade 't of 10 x 100 Q2 +0.1%

decade ‘c of 10 x 10 R £ 0.5%

decade‘d of 10x1Q £1.0%

The dial is set at 4639 Q.

Find the percentage limiting error and the range of resistance value.
[12 marks]
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Q-1(b)

Obtain a reduced state table and reduced state diagram for the sequential machine whose
state diagram is shown in figure.
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Q.1 (c)

In a dynamometer type wattmeter, the flux density in the fixed coil is 1.1 mWb/m?. The
moving coil of 2.5 cm diameter has 500 turns of copper wire. If the voltage applied
across the moving coil is 100 V, its total resistance is 2000 Q and the wattmeter is
measuring the power flowing in a load having a power factor 0.7, estimate the torque
when the axes of the fixed and moving coils are at (i) 45° and (ii) 90°.

[12 marks]
| g mwb|m®

N=75%00 :
& = ¢ Flin => Pz dSXID

Puastomoe R = 000052
Vv =100V

&M¢ =07

W Koo TW, “ | '
s BRIN &mb
» i
TXU*&SM&"J

o pl . REEREAT
o, 2+ 1 -

R
| 60

a v T

2 a&%q X a,oboxm

: ﬁwxl_o*?ﬂ J
@ B= 45"

—

(= 868X 10677 by Ao

=—

® o =290°
T= anp=dx wx(es et Jx 10043 X T A S0 XLimy

PT o e Rai bt

114]




MRDE ERSY Question Cum Answer Booklet | Page 6 of 65

Do not
write in
this margin

Q.1(d)

Explain the process of diffusion and also, state Fick’s Laws of diffusion. :
[12 marks]
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Q.1 (e)

A thermistor has a resistance of 3980 Q at the ice point (0° C) and 794 Q at 50°C. The

resistance temperature relationship is given by Ry = aRe?/T. Calculate the constants
aand b. (Assume, R, =1 Q)

; [12 marks]
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Q.2 (a)

Phosphorous is diffused into uniformly doped P-type Si with original doping
concentration of the sample being 10" /cm?® at 1100 °C. Given that the solid solubility of
phosphorous in Siat 1100 °C is 102/ cm?’ and the diffusion coefficient at this temperature
is 10714 cm?/ sec.

(i) Calculate the total number of phosphorous atoms per unit area of Si surface after

pre-deposition time of 1 hour. Also calculate the junction depth.

(ii) If after this, drive inis carried out for 2 hours at the same temperature, what will be
the final junction depth and surface concentration?
[Assume erfc(3.12) = 107%)

[20 marks]
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Q.2(b)| Design a circuit that will function as prescribed by the state diagram shown in figure.
Use S-R flip flop for implementation.
1/00 ! 0/10

[20 marks]
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Q.2 (¢)

A voltmeter having a sensitivity of 1000 Q/V reads 100 V on its 150 V scale when
connected across an unknown resistor in series with a milliammeter.

(@)

(i)

(iii)

When the milliammeter reads 5 mA, calculate:
1. Apparent resistance of the unknown resistor.
2. Actual resistance of the unknown resistor.

3. Y%error in the measurement.

When the milliammeter reads 800 mA and the voltmeter reads 40 V on its 150 V
scale. Calculate:

1. Apparent resistance of the unknown resistor.
2. Actual resistance of the unknown resistor.
3. % error in the measurement.

Define the cause of errors. And also conclude the methods to minirize that cause.
[6 + 6 + 8 marks]
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Q.3 (a); The law of deflection of a moving-iron ammeter is given by I = 40" ampere, where 8 is
the deflection in radian and # is a constant. The self-inductance when the meter current
is zero is 10 mH. The spring constant is 0.16 N-m/rad.

(i) Determine an expression for self-inductance of the meter as a function of 8 and ».

(ii) Withn =0.75, calculate the meter current and the deflection that corresponds to a
self-inductance of 60 mH.

[20 marks]
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Q.3(b)| (i) Explain the process for the production of semiconductor grade (electronic grade)
silicon.
(ii) Explain the Czochralski method of the single crystal growth in silicon wafer

preparation.
[20 marks]
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Q.3 (¢)| (i) Define the following Errors in Frequency Meter:
1. The %1 count error
2. The Time base error
3. Trigger Error
4. Frequency Measurement Error
(ii} A frequency meter measuring the ratio of two frequencies displays 1133 when the
pulses of the unknown frequency (f,) are counted over 100 cycles of the known
frequency (f). If f; = 33 kHz, determine f,.
[12 + 8 marks]
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Q.4 (a)| Discuss the PN junction diode fabrication process.

P

N
o 00 [er e &
e e 06 |ere
o' e|®
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Q.4(b)

In a low voltage Schering bridge designed for the measurement of permittivity, the

branch AB consists of the two electrodes between which the specimen under test may-

be inserted and a resistance R, in parallel, arm BC is a non-reactive resistor R, in parallel
with a standard capacitor C,, arm CD is a non-reactive resistor R, in parallel with standard
capacitor C,; Arm DA is a standard air capacitor of capacitance C,. Without the specimen
between the electrodes, balance is obtained with the following values; C, = C, =120 pF,
C,=150pF, R, =R, =5000 Q. With the spemmen inserted these values become G, =200 pF,
C, = 1000 pF, C, =900 pF and R, = R, = 5000 Q' In each test, 0 = 5000 rad /sec. Find the
relative permittivity of the specimen.

[20 marks]
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Q4 (9

Consider the logic circyit shown in the figure below. Two specific faults are identified
in the circuit:

Fault P: Line g at the input of the NAND gate is stuck at 1 (s-a-1).

Fault Q: Line b at the input of the OR gate is stuck at-0 (s-a-0)

(i) Determine the test vectors (a, b) reqqued to detect fault P and fault ( individually.

(ii) Analyze whether these two faults are indistinguishable. Provide a mathematical
justification by comparing the faulty output function fp(4, b) and f(a, b).

P(s-a-1)
— 5 P
by
Q(s-a-0)
[20 marks]
o F
0
b £ =1
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Q.5 (a)

Section B : Electromagnetics-1 + Basic Electrical Engineering-1
Computer Organization and Architecture-2 + Materials Science-2

A parallel plate capacitor is made of circular discs of radius 0.1 m. The medium inside is
air. The spacing between the two plates is 0.05 m. A voltage of 50 cos 10* ¢ volts is applied
between the two plates. Find the rms value of the displacement current flowing through
the capacitor using Maxwell’s equations.

Also show that the rms value of the total capacitor current calculated from voltage
equation is same as the displacement current.

Assume permittivity of free space ¢, = %x 107 F/m.
T

ieen Yy =01M
Er =L
d = 0\95-'“

VIR Gon 104t

Mo weld Giynii&n; S p
o e v

o H
w6 E
V'K_H_a:/?/g—}_d

vXH = JweE

Qigwmw EL T s

Iq i we E - A




Do not

MABDE ERSY Question Cum Answer Booklet I Page 34 of 65 | e

this margin

¢ ¥ b5
Id 1A wE TXT?

2
T = dotx —Lowiemd x B0 xfx@d
36

P
1 - M‘L}%K’h \Q%ND)”

Jd/%mﬁﬁ e i -n“’") '—i-f—\;

; g™ : ' x——L—— K](KL_Q) _é_- 1Y) Cm,[m“‘t')
///

0 = ot 8 04t
/ Ty~ & TTRID 10 [/10 ) 8im [ 4 )

//,.,_,.»-' W 5 o W
s




MBDE ERS4Y Question Cum Answer Booklet ‘ Page 35 of 65

Do not
write in
this margin

Q.5 (b)

The total core loss of a transformer is found to be 2800 W at 400 V, 50 Hz. When the
transformer is supplied at 200 V and 25 Hz, the core loss is 1000 W. Calculate hysteresis
and eddy current loss at 400 V and 50 Hz. Also calculate hysteresis and eddy current
losses at 800 V, 25 Hz (Assume Steinmetz exponent = 2)

[12 marks]

Case b, Wy = 2600 W ® 4oV, 60H;

V,2e5Hz .
wi‘aiooow_@ 200 Vs> 7g

Lo00 = A (2> + 8ls) —(
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Q.5 (c)

The figure shown below indicates a two-stage pipeline with stage delays indicated below
the stages. Latch delays are to be ignored.

16 F 16 16 H 16 16
/P — i e ol

O/P
8 pisec 24 isec

Clock

(i) Calculate throughput and latency of the pipeline shown above.

{ii) The pipeline stage 2 is now split in three equal sub-stages. Find out the new
throughput and latency for the complete pipeline.

[12 marks]
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Q.5(d)

The B-H curve for a hard ferromagnetic material is a parallelogram as shown in figure

below:
B
(Wh/m') S
R= Elo_o LH-{—M’D) r_\/c’7
\ (H+doo) e _E/
il =5 -200 / 200 H(kA/m)
i R 210

(i) What is the total hysteresis loss per cycle?
(ii) Whatis the (BH)_, product?
[6 + 6 marks]
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Q.5 (e)| Explain the following phenomena with respect to superconductors:

(i) Meissner effect (ii) Silsbee rule (iii) Frequency effect

lg=0

[4 + 4 + 4 marks]
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Q.6 (a)

A computer uses a Byte addressable main memory of size 4 MB with a 4-Way Set

Associative cache memory. The block in each cache contains 64 bytes and the tag field
contains 10 bits. Calculate:

(i) The physical address split

(i) Number of main memory blocks
(iii) Cache size

(iv) Tag directory size

(v) Number of comparators needed.

[20 marks]
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Q.6 (b)

(i) What are the differences between Carbon Dots and Quantum Dots?

(i} Write a short note on Top-Down Technique and Bottom-Up Technique used for

synthesis of nano materials.

[10 + 10 marks]
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Q.6 ()| A particular lossless material has u_ =4 and ¢, = 9. A 10 MHz uniform plane wave is
propagating in the Ezy direction with Exc =400 V/m and Eyo = Ez‘J =0 at P(0.6, 0.6, 0.6)
and ¢t = 60 ns.
Determine:
(1) 7 B, A, v, and n @) E@ (iil) H(t)

[20 marks]
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Q.7 (@)| A 3-phase induction motor has a starting torque of 100% and a maximum torque of
200% of the full-load torque. Determine:

() slip at which maximum torque occurs;
(if) full-load slip;
(iii) rotor current at starting in per unit of full-load rotor current.

[20 marks]
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Q7 ()

The magnetic field intensity of a linearly polarized uniform plane wave propagating in
the +Y-direction in sea water (€, =80, 0 =1,6=4S/m)aty=01is '

H= 0.1Sin(1010ﬂ:t—§]ax A/m.

Aty =0, determine the following : k

(i) The attenuation constant, intrinsic impedance, the wavelength and skin depth.
(i) The location at which the amplitude of H is0.01 A/m.

(iii} The expression for E(y, f) and H(y, ¢) at y = 0.5 m as functions of t.
[20 marks]
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Q.7 (d)

(i) A solenoid is 0.25 m long having 1000 turns and has 2.5 A current flowing through
it in a vacuum chamber. When placed in pure oxygen environment, the magnetic
induction exhibits an increase of 1.04 x 10® Wb/ m?. Find the magnetic susceptibility
of oxygen.

(ii} Write a short note on optical properties of semiconducting nanoparticles.
[10 + 10 marks]
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Q8 ()| () Inspherical co-ordinates, let 4y, 4, denotes unit vectors along the 6, ¢ directions.

i

E= @siﬂecos(mt —-Br)dg V/m
r

and H = QI26% sin®cos(wt—Pr)a, A/m
r

represents the electric and magnetic field components of the EM wave at large
distance r from a dipole antenna in a free space. Find the average power (W) crossing

the hemispherical shell located at r =1 km {0 <6< g} .

(i1) A right circularly polarized (RCP) plane wave is incident from air onto a dielectric
interface at an angle of 60° to the normal. It is observed that the reflected wave is
linearly polarized. Calculate the value of the relative dielectric constant (e ) and
the corresponding Brewster’s angle for this interface.

60°60°

- Air € r

Dielectric 2

[10 + 10 marks]
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Q.8(b)| The efficiency at unity pf of a 6600/384 V, 200 kVA single phase transformer is 98% at
full load and at half load. The pf at no load is 0.2 lagging and the full load regulation at
a lagging pf of 0.8 is 4%. Draw the equivalent circuit referred to LV side mentioning all

values.

biinsen , Yt QE_LFL”MB(&” u«m«arﬁj

[20 marks]
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Q.8 (¢)| (i) Find the candidate keys for the relation
R(X, Y, Z, W, P) if all FDs of the set
F={Y—>Z,Z—Y,Z—-W,Y — P} hold for all instances of R.

(ii) Relation R(A, B, C, D, E, F) satisfies following FDs:
AB—-C,C—A,BC—>D, ACD—>B,BE>C CE—FA,
CF—-BD,D — EF.
Determine the closure of LHS of all FD's.
[10 + 10 marks]
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