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Q1 (a)

Section A : Basic Electronics Engineering + Analog Electronics + Electrical Materials

For the circuit shown in figure below, the two identical Si PN junction diodes are
connected in parallel and a 0.5 V of forward bias is applied. Diode D, is heated to 400°K
temperature and diode D, was kept at 300°K temperature. Calculate the ratio between
the current flowing through diode D, and diode D, (Ideality factor of 5i = 2).
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Q1(b)

The average magnetic moment along the field direction per spin in Bohr magnetron
when a paramagnetic spin system is subjected to a uniform magnetic field is
3.2 x 10 Bohr magnetron. Calculate the uniform magnetic field applied if the
temperature is 27°C. (1 Bohr magnetron = 9.27 x 1072 A/m?).

qu_ [12 marks]
= = N_E 5 =
I % ke O
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Q1 (o)

Consider the circuit shown in figure below :

6V

If both transistor have parameters p C, =40 pA/ V2 and Vo, = 0.9V then calculate the
output voltage V.

iy ¢ i [12 marks]
@1 = -
NGse = No
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Q.1(d)

Write a short note on Top-down technique and bottom-up technique used in
nano-material synthesis.

[12 marks]
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Q.1 (e)

The Hall coefficient of a certain silicon specimen was found to be -8.25 x 10> m3/C
at 300° K. If the conductivity is 2.50 U/cm, then find :

(i) type of semiconductor
(ii) density of charge carrier

(iif) mobility of charge carrier

[12 marks]
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Q2 (a)

Consider the circuit shown in figure

c/2 N c/2

Find the relation between input V,; and output V. (Assume the op-amp is ideal).

h A v, [20 marks]
u
e e
Z) VI-VC 4 (Vi) (& + Vi =D
T R
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Q.2(b)

Zirconium has an HCP crystal structure and a density of 6.51 g/cm?®.

(i) Calculate the volume of its unit cell in cubic meters if the atomic weight of Zirconium
is 91.2 g/ mol.

(ii) If c/a ratio is 1.593, then compute the values of c and 4.
[20 marks]

U)i%{“d = AN - 4% - lume OTF'
Na (qi‘-)- Uni-ted -
= (1

D/z 6 Lif)

5 from gues

Volum e et BRARE =

=

651 X 6023 X1D

- ca= Ay ? *Af -_?,éiiia'f—ll?ém
Volj‘m-e e [2595 KIUZ‘S: 242 43
A= [-gar%;o"o = 140l A
) 0= 1-2348 A
£ = L6
o~ O
O = g, G0 P10

0.31,3 AN A
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Q.2 (c)

Determine the small signal voltage gain of the circuit shown in below figure having

CoW '
parameters V=08V, k= M”Z—‘E =1.2mA/V? X = 0. Also calculation gate-to-source

voltage (V5p)-

oV

R, =68k

[20 marks]

116968 mAf,

-




Do not

MADE ERASY Question Cum Answer Booklet | Page 160f73 | on

HK . Vs

l l
? S 11

= - mVgs (R ﬁ’,,)
= 0:8695Vy

Vo = Stok. vy

S k13§ K




Do not
e MADE ERSY Question Cum Answer Booklet | Page 17 0f 73 | Mmein

this margin

Q.3 (a)| The electron mobility of Indium (In) is measured to be 7.5 cm?/ V-s and the resistivity of
Inis 9.43 % 10~® Q-m at room temperature (27°C).

(i) Calculate the number of free electrons donated by each In atom in crystal.

(if) If the mean free path of electrons in In is 8.2 nm then calculate the mean speed of
electrons in In.

(iii) Calculate the thermal conductivity of In at room temperature.

(Assume atomic mass of In = 115 g/mol and density = 7.3 g/cm?]
[20 marks]
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Q.3(b)

A silicon transistor with B = 50 is used in a self bias circuit as shown in figure below.

TVcc=20V

=
K
AAAA
YYYy

=
2
AAAA
Yyyy

"al—

The operating point is Q(11.5 V, 1.5 mA). For stability factor S <2, determine the values

of R, R, and Rp.

[20 marks]
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Q.3 (¢)| (i) Anamplifier has a mid-frequency gain of 800. Its upper and lower cut-off frequency
. fyand f; are 16 kHz and 40 Hz respectively. Determine the bandwidth of the amplifier.
What will be the bandwidth if 2% of the output signal is given as a negative feedback?

(ii) Define superconductivity. What are the condition required for superconductor? Also
briefly discuss the properties of superconductor.

[10 + 10 marks]




MBDE ERASY Question Cum Answer Booklet

Page 24 of 73

Do not
write In
this margin




MABDE ERSY Question Cum Answer Booklet

Page 25 of 73

Do not
write in
this margin




Do not
write in
this margin

Q4 (a)
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(i) A crystal oscillator has the following parameters :
L,=033H, C,=0065pF, C,=1pF, R, =55k
(a) Calculate the series-resonant frequency.
(b} By what percentage does the parallel-resonant frequency exceed the series

resonant frequency?

(c) Calculate the quality factor Q of the crystal at series and parallel resonant
frequencies.

(ii) A solid specimen of dielectric has ¢ = 4.1 and tan 6 = 0.001 at a frequency of 60 Hz.
If it is subjected to an alternating field of 45 kV/cm then calculate the heat generated
in the specimen due to the dielectric loss.

[15 + 5 marks]
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s s

- _.__‘__ = ¢82% Nradfg.
\ 033 X 0°865 X161
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Q.4 (b)| Consider the circuit shown below :
fVop =40V
22 MQ ‘% 3kQ
D
s |
S
18 MQ :§ 820 0
L
If VGS(I‘H}= 5V, ID(ON} =3 mA at VGS(ON) =10V, then determine Ingr Vgspand Vi,
5 [20 marks]
Tpé = kn (NG~ V70)
Fem I en '
n ”fv e
W “ J’L—-‘
o
oS |
T
\ i

Vas, = [§ —0°82F, = |2 486V

- b-82) X 6724 =314V
gy = AN (B V
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Q4 (c)

For the circuit shown below, the op-amp is considered to be ideal.

12kQ

AMAA
4 vy
A

(i) For an input voltage V, =4V, find the output voltage V_ and current [ .

(ii) Determine the range of input voltage V, for linear operation if the saturation voltage
of op-amp is 12 V.

[20 marks]
Y eia ( 33 Viviua] Ahewf')
k. eb Ve
> Ve-4 4+ VNpo—-lo -+ =N 5
4 = Gl ja
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Section B : Electrical Machine-1 + Power Systems-2

The single line diagram of a 4-bus power system is shown in figure. Reactances are
given in per unit on a common MVA base. The transformer T, and T, have tap settings
of 0.8 : 1 and 1.25 : 1 respectively. Obtain the bus admittance matrix of the system.
@

| *

ooizs @ 02 @ x-ip16 @

8:1 j0.2 1.25:1 |

o)

[12 marks]
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Q.5(b)| An eleciromagnet, shown in figure, is required to exert a 500 N force on the iron at an
airgap of 1 mm, while the exciting coil is carrying 25 A dc. The cross-section at the air
gap is 600 mm? in area. Calculate the required number of turns in the exciting coil.
x=1mm
MAT v
Core, p=oo ‘ ]
I=25 EIB
|
Exciting coil 4 N 2
- g
Area of cross-section,
600 mm?
R} - _g_?_,( [12 marks]
AR
: F = £ (-Pz K
o= = -
Fo Ly
3. K 7 - i
- NAT xayriX 2 = M A
e W, e 4 T xe2
- 4’( 7 A
= SoonN ¢
5 £ -F 5 = 50D
S ~lX N'X (29 x 4xxio’ X 60 Xlo =
N= €5 14%F
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Q.5 (o)

A 3-¢, squirrel cage induction motor is designed to restrict the maximum starting line
current drawn from 400 V, 3-¢ supply to 120 A. If starting current of motor is six times
the full load current. What is the maximum permissible full KVA rating of motor when

(i) itis directly connected to the supply mains?
(if) itis connected through an auto-transformer with a tapping of 60%?

(iii) it is designed for the use with star-delta starter?
[12 marks]

d) j:/Sb'-: GJ:P[ == éPU

_'I’;Stj = |10 A
ma X

3
@7{ K20 =2 {3854- kv A

i) Ao =06 @

i B o (Y 4 Th =222
/40!
T Wit - A
(Max)

— (3856 kv A
(3% MM%‘,’ Z

— 27.04&kv A

Mot e wsenf Max = o =
[

wuja > {LX4t0X 34691 = 924 KVA
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Q.5(d)

A 230V, 20 hp, 60 Hz, 6 pole, 3-¢ induction motor driving a constant torque load of
rated frequency, rated voltage and rated hp, has a speed of 1175 rpm and an efficiency
of 92.10%. Determine the new operating speed if a system disturbance causes 10% drop
in voltage and 6% drop in frequency. Assuming the friction, windage and stray power
loss remain constant.

Ny =13S 2w
N = = Jewo vpM

12 k
7.0 Dlo [12 marks]

S, = 1280 1135 - 00%833
i BEEE .

9 g-o0dB x W L A X CRRD,
|
£ x i 044 f X Re

5 @ 8243
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Q.5 (e)

Consider the Y,

bus Of @ 4-bus power system,

%6 2 25 0
2 _10 25 4
Yous = |25 25 -9 4
0 4 4 -8

where first, second, third and fourth row refers to bus 1, 2, 3 and 4 respectively and all
the given entries in matrix are in per unit. Draw the reactance diagram of given power

system.
: [12 marks]
}L__‘.\S$ —{:\éﬁ
@ ’]’ 0% EL 153
1
b U5

—06°25

Hdmittang o Jeund o1 bus.

Sun 85 Row 8”%
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@ MADE ERSY Question Cum Answer Booklet

Q.6 (a)| The figure shows the single line diagram of a simple three-bus power system with
generation at bus-(1) and bus-(2). The voltage at bus-(1) is V = 1.0£0° pu. The voltage
magnitude at bus-(2) is fixed at 1.05 pu with real power generation of 400 MW. A load
consisting of 500 MW and 400 MV AR is taken from bus-(3). Line admittances are marked
in per unit on a 100 MVA base. The line resistances and line charging susceptances are

neglected.
® Y12 = 40 @ P, = 400 MW
O Y13 = 20 Yn =20 O
Slack bus |V,|=1.05
V, =1.020° @

I

500 MW 400 MVAR

Using Newton-Raphson method, start with the initial guess of V{9 = 1.05 + j0 and

V%=1.0+j0and keeping |V,| =1.05 pu, determine the phasor values of V, and V, after
one iteration.

[20 marks]
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Q.6(b)| (i) The fuel inpuits for two plants are given as :
F, = 0.005P7 + 2P, + 10 Rs/hr
F, = 0.005P %+ 0.75P, + 15 Rs/hr

The loss coefficients are B,; = 0.0015, B,, = 0.0025 and B,, = -0.0005. The cost of
power received by each plant is 2.6 Rs/ MWhr, then calculate the generating schedule
and the load received by the system.

(ii) A generating station having a capacity of 200 MW and it is supplying 600 x 10° units
in a year, the load factor of the unit is 0.60. Find plant utilization factor, plant capacity

factor and reserve capacity of the plant.
[14 + 6 marks]
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Q.6 (c)

The following test data were taken as a 7.5 hp, 4-pole, 208 V, 60 Hz, Y-connected induction
motor having a rated current of 28 A.
DC test: Vi =907V, 1, =280A
No-load test : V,=208V; f=60Hz; P, =420W
I =812A; ,=820A and] =818 A
Blocked rotor test :
V,=25V,f=15Hz, P, =920 W
[, =281A,5L,=280A,1=2764A
(i) Draw the equivalent circuit of motor and find its parameters. Assume the stator and
rotor are equal reactances.
{if) Find the slip at the pull-out torque and find the value of the pull-out torque.

{Consider AC resistance to be 1.5 times of DC resistance)
[20 marks]
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Q.7 (a)

A single machine is connected to a load centre through a transmission line as shown in

figure. The load centre is represented by a reactance connected to an infinite bus. The

generator is initially operating with P, = 1.0 pu and the magnitudes of voltages V, and

V, are 1.0 pu. Assume Xg =03pu, X,=01puy, X=04puand X, =0.1 pu.

(i) Find the maximum step increase in mechanical power that will not cause transient
instability.

(ii) Find the critical clearing angle and time for a three phase fault at the generator

terminal. Generator is initially supplying power of 1.0 pu. Assume that post-fault
system is identical to the prefault system. (H = 4.0 sec, f; = 50 Hz).

E V. % v ;
2 1 . 2 X,
R | [~ | -

[10 + 10 marks]

K-$)

o 28y ds = | (o)

J | 61

§o

3 Pl §i-fo) ——z(cusgo—wsg,) = 2(2088) - fon (125,

= wh §
b §-§o +£-24) = 2 wifo+ & )

51 = Smfl(Pm

-
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Q.7 (b)

(i) An11500/2300 V transformer is rated at 100 kVA as a 2-winding transformer. If the
windings are connected in series to form an auto-transformer, what will be the
possible voltage ratios and output? Also calculate the power transferred through
conduction and induction and percentage saving in conductor material.

| (ii) Write any four applications of auto-transformers.

[16 + 4 marks]
My, B |#0X10” _ §- 445 A
! I\ oo

3
— Xl — 43.438 A
.=
2.3 60

Prssiple. (prmethons
‘ ——ﬁ’:ﬂg\gcfg K = 13900 X 8605

s
0 1\\156*0 = oo KVA
' |2 A _E?; = _2,3._?-.9_—:: o'l&F
- 43473 lm ha o
¥ i ga’\n‘nd = U" N‘/@X'U—D

- = B3~/

— 160 kv A
(lYldU*!'”ﬂ) E]—ragg%med = \\QU"DX 69§ = |6o

@ p.; - o Kik

Pond = *° ki

( subtvadhv &
@ g-695 Connedh o -

kea = FzeoXg-eds
— So kvA-

-20 kvA
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Q.7 (c)

(i) For a3-¢, induction motor, maximum torque is twice the full load torque and starting
torque is 1.6 times the full load torque. In order to get a full load slip of 5%, determine
the percentage reduction in rotor resistance. Neglect the stator impedance.

(ii) Two generating units rated 300 MW and 400 MW have governor speed regulation
of 6% and 4% respectively from no load to full load. Both the generating units are
operating in parallel to share a load of 600 MW. Assuming free governor action,
determine the load shared by both units and frequency of operation. (Assume
no-load frequency to be 50 Hz).

[10 + 10 marks]
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Q.8 (a)] A 600 kVA, 1-¢ transformer with 0.012 pu resistance and 0.06 pu reactance
is connected in parallel with a 300 kVA transformer with 0.014 pu resistance and
0.045 pu reactance to share a load of 800 kVA at 0.8 pf lagging. Find the load shared by
each transformer when :

(i) both the secondary voltages are 440 V.

{if) the open circuit voltages are respectively 445 V and 455 V. (Also comment on the
results).

[20 marks]
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Q.8(b)| (i) Explain the advantages of HVDC power transmission in detail.

(ii) A d.c. link has a loop resistance of 10 Q and is connected to transformer giving
secondary veltage of 120 kV at each end.

The bridge connected converters operates as follows :
Rectifier: ¢ =15°, X=15Q
Inverter : 8, = 10°, y = 15°, X =15 Q. Allow 5° margin on §, for 3.

Calculate the direct current delivered if inverter operates on constant f§ control.
[14 + 6 marks]
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Q8 ()

(i) A 250 MVA, 60 Hz, two-pole synchronous generator with inertia constant H of
5.4 MJ/MVA. Assume the machine is running steadily at synchronous speed with a
shaft input of 331, 100 hp. The electrical power developed suddenly changes from
its normal value to a value of 200 MW. Determine the acceleration or deceleration of
rotor. If acceleration computed for the generator is constant for a period of 9 cycles,
determine the change in the power angle in that period, frequency of system and
speed of generator at the end of 9 cycles.

(ii) In a transmission line each conductor is at 20 kV and supported by a string of
3 suspension insulators. The air capacitance between each cap-pin junction and tower
is one fifth of the capacitance C of each insulation unit. A guard ring, effective only
over the line-end insulator unit is fitted so that the voltages on two units nearest to
line-end are equal.

x(")
|1
L]
('

)

S

&3]

Calculate the voltage on line-end unit and the value of capacitance C,.
10 + 10 marks]
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