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1 (a)

Section A : Materials Science + Basic Electrical Engineering

+ Electronic Measurements and Instrumentation

Strontium has an FCC crystal structure, an atomic radius of 0.215 nm, and an atomic

weight of 87.62 g/mol. Calculate the theoretical density for strontium crystal.
[12 marks]
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Q.1(b)

Define commutation. Also suggest methods to improve commutation in a DC machine.

[12 marks}
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Prove that “the torque developed by a d.c. motor is directly proportional to the flux per
pole and armature current”.
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(d)

3 p= @;omn)l}@ [ %0

An1kQ resistance with an accuracy of £10% carries a current of 10 mA. The current was
measured by an analog meter of 20 mA range with an accuracy of £2% of full scale.
Compute the power dissipated in the resistor and determine the accuracy of the result.

[12 marks]
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Q.1 (e)

A thermometer at room temperature of 30°C is dipped suddenly into a bath of boiling
water at 100°C. It takes 30 seconds to reach 97°C. Calculate the time required to reach a

temperature of 98°C.
[12 marks]
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2 (a)

(i)

(if)

(ii)

A barium titanate pickup has dimensions of 5 mm % 5 mm x 1.25 mm. The force
acting on it is 5 N. The charge sensitivity of barium titanante is 150 pC/N and its
permittivity is 12.5 x 10~° F/m. If the modulus of elasticity of barium titanate is
12 x 105 N/m?, calculate the strain. Also calculate the charge and the capacitance.

The inductance of a moving iron instrument is given by

L=(12+ 66 - 0% pH
where 0 is the deflection in radians from zero position. The spring constant is
12 x 10° Nm/radians. Calculate the deflection for a current of 8 A.

In a proximity inductive transducer, the coil has an inductance of 2 mH when the
target made of Ferro-magnetic material is 1 mm away from the core. Calculate the
value of inductance when a displacement of 0.02 mm is applied to the target in a
direction moving it towards the core. Show that the change in inductance is linearly
proportional to the displacement.

[8 + 6 + 6 marks]
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Q.2 (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 length of the shoes is 0.2 m.

Assume the shunt field, series field and armature resistance are 100 2, 0.1 Q and 0.1 Q
respectively. If the flux density in the air gap is 0.65 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.

(i) Armature winding is wave connected.
[20 marks]
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Q.2 (c)| Anelectrodynamometer wattmeter is used for measurement of power in a single phase
circuit. The load voltage is 100 V and the load current is 9 A at a lagging power factor of
0.1. The wattmeter voltage circuit has a resistance of 3000 Q and an inductance of 30 mH.
Estimate the percentage error in the wattmeter reading when pressure coil is connected:
(i) on the load side, and
(ii) on the supply side.
The current coil has a resistance of 0.1 Q and negligible inductance. The frequency is
50 Hz. Comment upon the result.

[20 marks]
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() A steel cantilever is 0.25 mm long, 20 mm wide and 4 mm thick.

1. Calculate the value of deflection at the free end for the cantilever when a force
of 25 N is applied at this end. The modulus of elasticity for steel is 200 GN/m?.

2. AnLVDT with a sensitivity of 0.5 V/mm is used. The voltageisread ona 10 V
voltmeter having 100 divisions. Two-tenths of a division can be read with

certainty.
Calculate the minimum and maximum value of force that can be measured with
this arrangement.
(i) Anac LVDT has the following data: Input = 6.3 V, Qutput =5.2 V, range £0.5 in.

1. Plot the output voltage vs core position for a core movement going from
+0.45 in. to -0.30 in.

2. Determine the output voltage when the core is -0.25 in. from the centre.
[14 + 6 marks]
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3(b)| (i) State the applications of synchronous motors. Compare synchronous motor with
induction motor.

(i) Compare with neat sketches squirrel-cage and slip-ring three-phase induction motor
with reference to construction, performance and applications.

[10 + 10 marks]
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Q.3 (c)

(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.

(if) Write a short note on optical properties of semiconducting Nanoparticles.
[10 + 10 marks]
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Q.4 (a)| A 110 kW belt-driven shunt generator running at 400 r.p.m on 220 V bus bars continues
to run as a motor when the belt breaks. As a motor it takes 11 KW. Find the speed at
which it will run as a motor if the resistance of the armature and field are 0.025 Q and

55 Q respectively. Brush contact drop is 2 V.
[20 marks]
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Q.4 (b)

How frequency is measured with help of Wein's Bridge? Explain with mathematical
derivation and circuit diagram. Enumerate other applications of Wein’s bridge.

\

[20 marks]
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Q.4 (c)| Explain briefly the polarization occurring in dielectric materials. What are different types
of polarization occurring in dielectric materials?

If a dielectric material contains 3.2 x 10' polar molecules/ m® and the relative permittivity
of material is € = 2.4 with applied external electric field E =10*4, V/m, then calculate
the value of polarization and dipole moment of each molecule. (Consider all molecules

have same dipole moment).
[20 marks]
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Q.5 (a)

Section B : Materials Science + Basic Electrical Engineering

+ Electronic Measurements and Instrumentation

Consider a cylindrical silicon specimen 7.0 mm in diameter and 57 mm in length.

(i} A current of 0.25 A passes along the specimen in the axial direction. A voltage of
24 V is measured across the two probes that are separated by 45 mm. What is the
electrical conductivity of the specimen?

(i) Compute the resistance over the entire 57 mm of the specimen.
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5 (b)

) I :
g'= Sl

>l
[+ (8 xm K38

= T{ﬁ: |z|.601/3
/

A voltage of (0.6 + 0.4 sin wt - 0.1 sin 2wf) volts is applied across the circuit shown

below.
Electro-static

/ Ammeters \

SO0 —O—
W Mc A [ ety
)
)

V, 0= 10 rad/sec
Where, MC : Moving coil instrument
MI : Moving iron instrument

Determine the reading of each instrument. (Assume only one instrument is connected
at a time)
[12 marks]
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5 (<)

(i) A linear resistance potentiometer is 50 mm long and is uniformly wound with a
wire having a resistance of 10,000 Q. Under normal conditions, the slider is at the
center of the potentiometer. Find the linear displacement when the resistances of
the potentiometer as measured by Wheatstone bridge for two cases are:

1. 3850 Q.

2, 7560 Q.

Are the two displacements in same direction?

If it is possible to measure a minimum value of 10 Q resistance with the above
arrangement, find the resolution of the potentiometer.

(ii)) Determine the Miller indices for the planes shown in the following unit cell:
z 1

/

2

1
2

[6 + 6 marks]
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5 (d)

State few advantages of Rotating Field Alternator over Rotating Armature Alternator.

[12 marks]
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A customer has to choose between two DVM machines with following specifications:

Machine A is a 4% digit DVM with error specification as 0.2% of reading +10 counts
whereas machine B is 4 digit DVM with error specification as 0.2% of reading +2 digits.
If a dc voltage of 100 V is read on its 200 V full scale and customer decides to take the
instrument with less percentage error, then which instrument is most suited to the

customer?
[12 marks]
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Q.6 (a)

s

(i) A100kVA, 50 Hz, 440/11000 V, 1-phase transformer has an efficiency of 97.23%
when supplying full load current at 0.83 power factor lagging and an efficiency of
98.72% when supplying half full load current at unity power factor. Find the core

* loss and the copper loss corresponding to the full load current. At what value of
load current will maximum efficiency be attained?

(i) A two pole, 50 Hz induction motor supplies 15 kW to a load at a speed of 2950 rpm.
Calculate:

1. Motor’s slip.
2. Induced torque in the motor.
3. Operating speed of the motor if its torque is doubled.
4. Power supplied to the motor when the torque is doubled.
[Assume friction and windage loss is zero.]
[10 + 10 marks]
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5 (b)

Two different voltmeters are used to measure the voltage across R, in the circuit of

R %251(5.2

a4,

figure shown below.

VT 30V —0

R, Vo

332

—o

AAAA

Meter1:S=1kQ/V, range 10 V
Meter 2 : S =20 kQ/V, range 10 V
Calculate:
(i) voltage across R, without any meter across it,
(ii) voltage across R, when meter 1 is used,
(iii) voltage across R, when meter 2 is used, and

(iv) error in the voltmeters.
[20 marks]
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(i) For adielectric, establish an expression for the relationship between the polarizability
and permittivity. How does this relation lead to Clausius-Mossotti equation?

(ii) When an NaCl crystal is subjected to an electric field of 1000 V/m, the resulting
polarization is 4.3 x 108 C/m?. Calculate the relative permittivity of NaCl.

[15 + 5 marks]
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(@)[ A 4-pole, 250 V, wave-connected shunt motor gives 10 kW when running at 1000 rpm
and drawing armature and field current of 60 A and 1 A respectively. It has 560
conductors. Its armature resistance is 0.2 Q, Assuming a drop of 1 V per brush, determine
(i} Total torque, (if) Useful torque,
(iii) Useful flux per pole, (iv) Rotational losses,
(v) Efficiency.
and also represent it through power-flow diagram.
[20 marks]
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' (b)

(1)

(ii)

(L

we know Hhat

Draw a basic CRT arrangement to show electrostatic deflection and obtain relation
for velocity of electron when entering field of deflecting plates. A CRT has an anode
voltage of 2000 V and parallel deflecting plates 2 cm long and 5 mm apart. The screen
is 30 cm from the centre of the plates. Calculate the input voltage required to deflect
the beam through 3 cm. Assume the input voltage is applied to the deflecting plates
through amplifiers having an overall gain of 100.

A single strain gauge having resistance of 120 £ is mounted on a steel cantilever
beam at a distance of 0.15 m from the free end. An unknown force F applied at the
free end produces a deflection of 12.7 mm at the free end. The change in gauge
resistance is found to be 0.152 Q. The beam is 0.25 m long with a width of 20 mm
and a depth of 3 mm. The Young’s modulus for steel is 200 GN/m? Calculate the

gauge factor.
' D

[10 + 10 marks]
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What are the types of cubic crystal structure? Derive the atomic packing factor of all the

cubic crystal structures.
[20 marks]
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;_—B APE = YxY nwn x = O.140 Y
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Explain the principle of operation and design a digital frequency meter.
[20 marks]
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(b)

(i) Calculate the linear atomic density in the [1 1 0] direction in BCC iron which has
lattice constant of 2.89 A.

(ii) The critical magnetic field for superconductor Niobium is 10° A/m at temperature
8 Kand 2 x 10° A/m at a temperature of 0 K. Calculate the critical temperature of

Niobium.

(iii) The following 10 observations were recorded when measuring a voltage:

1 2 3 4 5 6 7 8 9 10
417 |42 418 |42 (421 (419 (425 |42 |419 (418
Find;

1. mean,

2. standard deviation

3. probable error in a single observation.

[6 + 6 + 8 marks]
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()

(ii)

A12-pole, 3-phase alternator is coupled to an engine running at 500 rpm. It supplies
an induction motor which has a full-load speed of 1440 rpm. Find the slip and the
number of poles of the motor.

Draw the power flow diagrams of a DC generator and a DC motor.
[10 + 10 marks]
\
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