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Section A
.1 (a)| Find the node voltages V,, V,, V, and V, in the circuit given below:
6
l"‘"""
' [12 marks]
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Q.1(b)

Implement a Full subtractor with two 4 x 1 multiplexers.
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A strain gauge having a resistance of 120 Q and a gauge factor of 2 is connected in series
with a ballast resistance of 120 & across 15 V supply as shown below:
120 Q2

Strain
gauge

s
+° s

15V
Calculate the difference between the output voltage (voltage across the strain gauge)
with no stress applied and with a stress of 150 MN/m?2. The modulus of elasticity of the
material undergoing strain is 200 GN/m?.
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A(d)| A typical paper clip weighs 0.59 g. Assume that it is made from BCC iron. Calculate:

() The number of unit cells.

(i) The number of iron atoms in the paper clip.

(Assume for BCC iron, lattice parameter a, = 2.866 % 10-8 cm, atomic mass = 55.847 g/ mol,
Density p = 7.87 g/cm®)

[12 marks]
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Q.1 (e)

Determine the current i, , and 7, at f = 0* for the circuit given below. Assume that the
voltage source is applied at ¢ = —.
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D.2 (a)
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(i) Anassembly line has 3 safe sensors and on own switch. The line

should keep moving unless any of the following conditions arise:

1. If the emergency switch is pressed.

2. If the sensor 1 and sensor 2 are activated at the same time.

3. If sensor 2 and sensor 3 are activated at the same time.

4. If all the sensors are activated at the same time.

Design a combinational circuit for above case using only two input NAND gates.

(ii) In a particular design which uses 5 bits for integral part and 7 bits for fractional
part, the result of some operation is 7B8 Hex. Find the corresponding decimal

equivalent. CUNSOY

e [15 + 5 marks]
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Q2(b)| (i) Determine theload impedance Z, that maximizes the average power drawn from
the circuit shown below,

10sinat V E~) z
: -6 0

Find the maximum power drawn from the circuit.

(i) Derive the expression for the average power of an AC circuit.

[20 marks]
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Q.2 ()

(i) A long n-type semiconductor bar is placed along positive x-axis and is illuminated

by a constant light source at one end (at x = 0). This illumination resulted in the
generation of excess carriers at the surface (at x = 0) and these excess carriers are
diffused into the bar. The variation of the minority carriers, in the bar along the
positive x-axis, is given by,

X

wy
Pu(X)=puo+pne ¥ ;x>0

Prove that L is the average distance travelled by the diffusing carriers before they
recombine.

ii) In an n*-p-n* transistor with uniform base doping, the neutral base width (that is,
P pmg

LY

the undepleted portion of the base) is 1.2 um when V., = 5 V. The depletion layer of
the collector-base junction extended into base region for this case is 0.3 pm. Find the
value of the collector-base voltage V., at which the entire base gets depleted. Neglect
the built-in potential as well as the depletion layer width at the emitter-base junction.

= e ‘. [14 + 6 marks]
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Q.3 (a)

A combinational circuit consists of inputs A, B, 5,5, (= S) and an output F defined as
follows:

(i) If(S=0)then F=A.

(i) If(S=1)thenF=A+B.

(iii) If (S=2)thenF=A - B.

(iv) If (S=3)then F=B.

Build the logic circuit with a full adder, a 4 x 1 multiplexer, XOR gate and an inverter.

[20 marks]
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Q.3 (b)| Consider a CsBr crystal (one Cs* - Br~ pair per unit cell) with a lattice parameter (a) of
0.430 nm. The electronic polarizability of Cs* and Br~ ions are 3.35 x 104° F-m? and
4.5 x 10-%® F-m? respectively, and the mean ionic polarizability per ion pair is
5.8 x 10~ F-m?. Determine the value of dielectric constant at (i) very low frequencies

and (ii) optical frequencies.
- [20 marks]
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Q.3 (c)| Consider the circuit shown in the figure below:
+5V

BpCoxWV

The transistor parameters are V., =-1.5V and =0.5mA/ V2. Calculate:

(i) The value of V.
(ii) The value of I,.
(iii) The value of V,
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i A 4% digit and a 3—;— digit voltmeter on 100 V and 10 V range respectively are
used for voltage measurements.
1. Find the resolution of each meter.
2. How would a voltage of 0.4312 V be displayed on these two meters?

(i)

A capacitive transducer is used for the measurement of linear displacement, X as
shown below:

5cm

/

5cm
/ 7
Displacement
Dielectric e / X
material / T
lem X=2cm X=0cm

The parallel plate has a dimension of 5.0 cm x 5.0 cm and is separated by a distance
of 1.0 cm. The space between the plates is filled with a dielectric material 1.0 cm
thick, which has a dielectric constant of 4.0. If dielectric constant for air is 1.0,
determine the value of the capacitance when X is equal to

1. 0.0cm 2, 20em

[6 + 14 marks]
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Q4 (b)| (i) Design RS flip-flop using NMOS.

(i) A 50 kVA, 2000/200V, 50 Hz transformer has an iron loss of 400 watt. The high
voltage winding has a resistance of 0.6 Q and low voltage winding have a resistance
of 0.006Q. Calculate the efficiency if the load has power factor 0.8 (lagging) and

operating at half-load.
[10 + 10 marks]
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Q.4 ()| () Determine y-parameters of circuit shown below in s-domain.
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(ii) For the circuit shown below,

40 6V
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14V 30 320 2o
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find the current 7 .

[12 + 8 marks]
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5 (a)

In the astable multivibrator shown in figure below:

Vee
2R,
9 8 4
.;R
! Ic
6 555 3
2

5
_— foolpp
.

where, R, =2.2kQ, R;=3.9kQ and C=0.
Determine:

(i) Positive pulse width.

uF

(ii) Negative pulse width.
(iif) Free running frequency.

(iv) Duty cycle.
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Q.5 (b)

A thermistor has a resistance of 3.9 kQ at the ice point (0°C) and 794 Q at 50°C. The
resistance temperature relationship is given by,

R= ocRg/ L

where, R = resistance at temperature (I) in Kelvin,
R, = resistance at ice point (273 K),
o, B are constants.

(i} Calculate the constants ¢t and B.

(ii) Calculate the range of resistance measured in the case of temperature variation
from 40°C-100°C.

o
%/\/\)42/\"3., R o=
Sy

T 2713 E ﬂos_ 39 kS

=1 [12 marks]
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Q.5 (c)| The circuit given below shows how an 8-bit MUX can be used to generate a four-variable
logic function, even though the MUX has only 3 SELECT inputs. Three of the logic
variables A, B and C are connected to the SELECT inputs. The fourth variable D and its
inverse D are connected to selected data inputs of the MUX as required by the desired
logic function. The other MUX data inputs are tied to a;LOW or a HIGH as required by
the function.

(i) Setup atruth table showing the output-Y for the 16 possible combinations of input
variables.

(ii) Write the sum of products expression for Y and simplify it.

+5Vo
J; i [
D - EN Dy D; D, D, D, D, D, D,
Ao 5 8 x 1 MUX
Bo— 5
Co— 5

Y
[12 marks]
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5(d)

A base bias circuit in figure below is subjected to an increase in temperature from 25°C
to 75°C. If B = 100 at 25° and 150 at 75°C, determine the percentage change in Q-point
values (V. and I ) over this temperature range.

T +12V

Rc=560Q
1001(9%1{3 ¥

Neglect anv change in and the effects of any leakage current
gl y change in V. and the eff f any leakag

?’c"i”"" \325 = 1w Ric = 150¢

.!, &ng:‘) \109 (:[_L ;&FW

[12 marks]
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5 (e)

A sequential circuit has one flip-flop, two inputs X and Y, and one output S. It consists
of a full adder circuit connected to a D flip-flop as shown. Derive the state table and
state diagram of the given sequential circuit.

X— >

S FA

il

r [12 marks]
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Q.6 (a)

(i) Consider the circuit shown in the figure below:
R
e (LSB) dyo——AWW——
1 L R/2
+5 V; forlogic—0 dio—NW——4 MWW
4=11 (MSB) d v
BRTE S Lo AAAA in
5 V; forlogic—1 VYV — v,
= R/7 p
d; o—MM——

Derive an expression for output voltage V,, in terms of input logic values. Using
the result obtained, determine the value of V, for all the possible binary
combinations of input and comment on the operation performed by the circuit.

(ii) Define the terms resolution, settling time and temperature sensitivity with respect
to digital-to-analog converters.

do

[15 + 5 marks]
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.6 (b)
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In a dynamometer type wattmeter the moving coil has 500 turns of mean diameter 30 mm.
Estimate the torque if the axes of the field and the moving coils are at (i) 60° (ii) 90° when
the flux density produced by field coil is 15 x 10 Wb/m?, the current in moving coil is
0.05 A and the power factor is 0.866.

[20 marks]
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2.6 (c)

(i) Ina silicon pn-junction, the ratio of electron current crossing the depletion region
to the total current is defined as the electron injection efficiency. Determine the
expression for electron injection efficiency as a function of N /N, where
N, = acceptor concentration on p-side and N, = donor concentration on n-side.
Assume T = 300K, Tyo = Tno and p =24 My

(ii) The critical magnetic field for a superconducting tin at 4 K and 3 K are 0.02T and
0.03T respectively. Calculate the critical magnetic field at 2 K.

Na, p N Nd [10 + 10 marks]
e
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.7 (a)

-—

o0t = Mo(UT) * pmn o
0% = Hof 5—Tg) = 4003 3T

guglel=) s =i ie T

YT Te-0-816T=4-A4U8

O 1Y) T, = |=85 2 Te = [66;/3L|34.L

0305 . 01 FXTD>T

/(q..ausu)
{DC'PTL) SN 1-0)F X10 (3*‘3 WBM)

He Yo T.0° [H = P/JJ

(i) Draw alogic circuit for 4-bit even parity che

(ii) Solve for ‘x” in the below equations for the given number systems:
1. (70)g + (122), = (211),
2. (135);, = (x)g + (78)g [14 + 6 marks]
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Q.7 (b)

A star connected 3 phase alternator delivers a 3-phase star connected load at a power
factor of 0.8 lagging. A wire connects the load and alternator. The terminal voltage at no
load is 2500 V, and at full load of 1460 kW is 2200 V. Determine the terminal voltage
when it delivers a 3 phase star connected load having a resistance of 6 £ and reactance
of 8 Q per phase. Assume constant current and field excitation. Neglect the armature

resistance.
[20 marks]
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.7 (c)

Design a parallel binary multiplier that multiplies a 4-bit number B = B,B,B. B, by a 3-bit

number A = A,A,A, to form the product P = P,P.P,P,P,P,P,.

[20 marks]
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.8 (a)

() A 3 phase, 10 kW, 6 pole, 50 Hz, 400 V delta connected induction motor runs at
960 rpm on full load. If it draws 85 A on direct on line starting, calculate the ratio of
the starting torque to full load torque with Y-A starter. Power factor and full load
efficiency are 0.88 and 90% respectively.

(i} A 6 pole, 50 Hz, three phase induction motor has a maximum torque of 200 N-m
when it is running at a speed of 900 rpm. The resistance of the rotor is 0.25 Q.
Neglecting the stator impedance, determine the torque at 5% slip.

[10 + 10 marks]
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.8 (b)

Consider the common emitter amplifier as shown in the figure below:
VCC

Derive the expression for the overall voltage gain of the transistor A (s) as a function of
input capacitance C.. Also draw the approximate magnitude plot for the voltage gain
Ay(s). [Assume V, = o]

[20 marks]
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Q8 ()

Consider the linear ramp generator with trigger and ramp waveform as shown below:

VCC

Trigger

L

IC
555

10.01 UF

!

Vee
& R
RI:E y
- VE
=
::Rz
7 *‘ =
6 V(]lll
-+
Ve=2cC

Trigger
U at PIN2>—¢
: T o
: Ve= 3V
A, PIN 6

Determine the time period (T) of ramp waveform.

[20 marks]
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