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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
for parts of the questions are indicated in the right margin. Programmable calculators are not allowed.
Do not write on this question paper. Symbols carry their usual meanings.

1. a) The charge entering the upper terminal of the BOX in Figure 1(a) is shown below. How much
energy is absorbed by the BOX between 0 and 9 seconds?

4 (©)
14
. 0.5 .
~ 12v Box .l{::/¢\:‘;: -
1 2 3 4 5 6 7 9 i(s)
0.5
_l =
=1 .5"|
Figure 1(a)
'b) Find the power absorbed/supplied by the dependent source shown in Figure 1(b).
3mA
10 kQ /m\ 5 kQ
M- * > AN

15vCi) S T Y <+>3 v,
M Wv\._
3 kQ) 1kl -
Figure 1(b)

2. a) Anelement is represented by the relation between current and voltage as
v+,
Determine whether the element is linear or not.



3.

b) Calculate the node voltages v;, v2 and v; in the circuit of Figure 2(b).

15V

Figure 2(b)

a) Determine the values of the node voltages of the circuit shown in Figure 3(a).

Uy : ?—% Vo

Figure 3(a)

b) Find Vo in the circuit of Figure 3(b) using mesh current analysis.

2 kQ) 1k 2 mA
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Figure 3(b)
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4.

) Find L in the circuit of Figure 4(a) using superposition.
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Figure 4(a)

b) Calculate the maximum power that can be transferred to R; in the circuit of Figure 4(b).

Figure 4(b)
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks

in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) Find the condition for which the general equation of second degree represents a pair of
straight lines.

b) Identify the curve 17x®+18xy—7y° —16x—32y—18=0. Reduce the equation to its
standard form.

2. a) Test the continuity and differentiability of the following function:
5x—-4 D<cxkl

f(x)=44x*-3x 1<x<2 atx=1andx=2.
3x+4 x>

b) If y=

find y,.

x> +9
3. a) If y= (x2 —IT, then show that (x* =1)y,,, +2xy,,, —n(n+1)y, =0.

b) Expand x*+4x® + 6x* +4x+1 in powers of x+1.

¢) Evaluate Lt (sinx)™".

==

2

4. a) State Euler’s theorem. If u = f(y —Z,Z—X, X— y) then prove that ? + % +% = ().
X Z

X2 2 2 g
b) Prove that the curves —+y?=l and -—+-)—;~,~=1will cut orthogonally if

!

a a
a-b=da-b.
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) Briefly explain Thomson Plum Pudding and Rutherford atom models. What are the
successes and failures of these models?

0

b) According to Bohr atom model show that the expressions for radii and energies of orbiting

272 4

electrons in an atom are , — nh'e, and g — i i, respectively, where the
2 n 2 .

7me 8¢, h* n’

symbols have their usual meaning.

2. a) Why the interatomic or intermolecular bond exists in solid? Briefly explain various types
of bonds in solids. d ‘

b) Draw a typical unit cell of sodium chloride crystal. What is lattice energy? Derive an
expression for lattice energy of sodium chloride crystal.

3. a) What is interference of light? Write down the conditions for constructive and destructive
interference of light.

b) Draw schematically the arrangement of Fresnel bi-prism experiment. Explain how the
wavelength of light can be determined with the help of a Fresnel’s bi-prism.

¢) Suppose that Young’s experiment is performed with blue-green light of wavelength 500
nm. The slits are 1.20 mm apart, and the viewing screen is 5.40 m from the slits. How far
apart are the bright fringes near the center of the interference pattern?

4. a) What do you mean by diffraction of light? Distinguish between Fresnel and Fraunhofer
classes of diffraction.

b) What is diffraction grating? Write down grating equation by mentioning each term. A
diffraction grating having 180 lines/mm is illuminated with a light signal containing only
two wavelengths, L1 =400 nm and A, = 500 nm. The signal is incident perpendicularly on
the grating. What is the angular separation between the second-order maxima of these two
wavelengths?

¢) Show %hat the smallest object that can be resolved in an optical microscope is about the
same size as the wavelength of light being used.
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) Define symmetric and skew-symmetric. If A and B are symmetric matrices, then show that
AB +BA is symmetric and 4B — B4 is skew-symmetric.

b) Prove that adjAB = (adjB)(adjA) .

3001
; g 1101 -
¢) Find the inverse of A= by adjoint method.

0 0 1 2

1 0 1
2. 7 3 5]

2. @) Find the canonical matrix of A= 2 3 4 | andhence find rank.
3 8 1 -2

|4 13 1 =l]

b) Solve the following system of linear equations,
X1+ 2%y —x3 =2
3x1 +x, +2x3 =11
4x, + 4x, — 3x3 = 3
2x; — %, +3x3=9

3. a) Find the differential equation of the family of curves, y = Ae>* + Be>*, where, A and B
are arbitrary constants.

b) Solve the initial value problem: (x+ 1)% +y=Inx, y(1)=10.

c) Solve: (x- y3 +y2sz‘nx) dx = (3xy 2+2y cosx) dy .
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b)

T4

Solve the following differential equations:
(i) ( + y*)dx - 3xy*dy = 0 and
i) 2=yGy®-1.

A 12 V battery is connected to a series circuit in which the inductance is henry and the
resistance is 10 ohms. Determine the current 7 if the initial current is zero.
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) For the circuit shown in Fig. 1(a), find out the values of vy and iy.

200 Q 2kQ o

% C:) 1000§ 16’30<*_‘> 401, <+> v;_élom

Fig. 1(a)

b) For the circuit shown in Fig. 1 (b), find out thevenin equivalent resistance from terminal a-b.

200
AW
iy
100 200
ao A AW o b
100
sa () §100 §IOQ
30V

Fig. 1 (b)

2. a) Use nodal analysis to calculate vpand ipin the circuit shown in Fig. 2 (a).
400 120V

100 %T 200

10

15

10
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e following circuit shown in Fig. 2(b). Use supe

2Q
— AMA—

b) Find current, i, for th rposition theorem. 15

4A

20V
Fig. 2(b)
the current 8 :

3. a) The charge flowing through an electric tube is shown in Fig. 3(a). Find and draw

wave shape through the tube.
q(t) (mC)

10

I 1 1 1 1 e
[ 2 3 4 5 6 1 106

Fig. 3(a)

in the following circuit of Fig. 3 (b). Assume, all resistors are of equal valued

b) Find current, I
E=20V.

(assume any value) and

;
s
1

¢) Find outis, iz and i3 from the following circuit given in Fig. 3(c).




=26

4. a) Find current, I through Rz for the following circuit shown in Fig. 4 (a). Assume, R; = 10 Q, 5
Ro=4Qand R3=5 Q.

Fig. 4 (a)
b) Find /5, Is and V7 from the following circuit shown in Fig. 4 (b), where E=10V,R; =4kQ, 10

Ry=8kQ, R3 =12 kQ, R4 =24 kQ, Rs = 12 kQ, Rs = 10 kQ, R7 = 10 kQ, Rz = 5 kQ and
Ro=5kQ. .

Ry Rg
N

kg R -
—'w3x MA————

Fig. 4 (b)

¢) Find the equivalent resistance with respcct to terminals A and B in the following circuit shown 10
in Fig. 4 (c). Assume all the resistance values are equal to 1 kQ.

A ? NV

Fig. 4 (c)
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper.

1. a) What are dependent sources? Explain different types of dependent sources with circuits. 06

b) The energy absorbed by the BOX in the following figure is given below the box. 09
| Calculate and sketch the current flowing into the BOX. Also calculate the charge which
l enters the BOX between 0 and 12 seconds.

i (1)

10V e BOX

y w(n ()
5 -
5] 7 8 10 12
1 t f 1 ; f f '
1 2 3 4 5 9 t(s)
a _2‘5 -y
¢) Find ¥, in the following network using loop analysis. 10




Ke

2. a) What are Wye to Delta and Delta to Wye transformations? Derive the equations for
Ry, R, and R3 in terms of Ry, R, and R, and vice versa from the following figure.

C# AN » b
R

b) State and explain Ohm’s law, KCL and KVL.

¢) Ifall the resistors of the cube in the following figure are 10 Q, what is the total resistance,
R;?

o— Wy

Wy

O—

3. a) Using loop analysis, find I, in the circuit in figure below.

\ o . 4
k03 Ci)ﬂav 3 1k CDSmA
L 1kQ
[ VAA 2 —ANN——p VA i
1kO 1k .
2Vx<4_> 13 <1‘> 2, 1kQ SV,

qu -
s




g3

b) Use nodal analysis to determine the node voltages defined in the circuit in

following figure.

2V,

4. a) Use Thevenin’s theorem to find I in the following figure.

2 mA 4K
—@ AVA
1y
2 ki)
2k 4 kS

@) i C:) i (i)@ev

b) Use superposition to find I, in the circuit.

2
T — W
4 k)
Sekn
és ) - @
4 mA
12VG:> 2 ki
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the right margin indicate full marks. Programmable calculators are not allowed. Do not write on this

question paper. Symbol(s) preserve their usual meanings. Assume reasonable value if necessary.

1.

a)

b)

a):

b)

b)

A string of suspension insulators consists of three units. The capacitance between each link
pin and earth is one-sixth of the self-capacitance of each unit. If the maximum voltage per
unit is not to exceed 35 kV,

(1) determine the maximum voltage that the string can withstand,

(ii) calculate the string efficiency.

Each line of a 3-phase system is suspended by a string of 3 identical insulators of self-
capacitance C farad. The shunt capacitance of connecting metal work of each insulator is
0-2C to earth and 0-1 C to line. Find the string efficiency of the system if a guard ring
increases the capacitance to the line of metal work of the lowest insulator to 0:3 C.

Single phase ring distributor ABC is fed at A. The loads at B and C are 40 A at 08 p.f.
lagging and 60 A at 0-6 p.f. lagging, respectively. Both power factors expressed are referred
to the voltage at point A.

The total impedance of sections AB, BC and CA are 2 + jl, 2 + j3 and 1 + j2 ohms,
respectively. Determine the current in each section.

3-phase ring main ABCD fed at A at 11 kV supplies balanced loads of 50 A at 0.8 p.f.
lagging at B, 120 A at unity p.f. at C and 70 A at 0-866 lagging at D, the load currents being
referred to the supply voltage at A. The impedances of the various sections are: Section
AB =(1+j06) Q; Section BC=(12+j 0:9) Q ; Section CD = (0-8 +j 0:5) Q ;
Section DA = (3 +j 2) Q. Calculate the currents in various sections and station bus-bar
voltages at B, C and D.

Electric power of 50 MW is to be transmitted over a 132 KV, 3-phase, 3-wire transmission
line. The length of the line is 300 km and the efficiency of transmission is 85%. Aluminium
is used for conductor material which has resistivity of 3 x 10° Qm. Calculate the volume
of conductor material required for a power factor of 0-8 lagging.

A sub-station supplies power at 11 kV, 0-8 p.f. lagging to a consumer through a single
phase transmission line having total resistance (both go and return) of 0.15 Q. The voltage
drop in the line is 15%. If the same power is to be supplied to the same consumer by two
wire d.c. system by a new line having a total resistance of 0:05 Q and if the allowable
voltage drop is 25%, calculate the d.c. supply voltage.

12
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4.

a)

b)

=3

The terminals of a single phase a.c. generator which has an internal resistance of 2 Q and
an equivalent internal inductive reactance of 6 Q are connected to a particular RLC series
branch, the R of which is 10 Q, oL of which is 20 Q and 1/@C of which is 40 Q. If the
magnitude of the internally generated emf is 500 V, find the current that flows in the series
circuit and the terminal voltage of the generator. Also draw the phasor diagram illustrating
necessary voltages and currents.

A 110 kV, 50 Hz, 175 km long three phase transmission line consists of three 1.2 cm
diameter stranded copper conductors spaced in a 2 m delta arrangement. Assume that
temperature is 25° C and barometric pressure 74 cm. Assume surface irregularity factor
m = 0.85 (roughness factor), my for local corona = 0.72 and my for general corona = (.82.
Find:

1) Disruptive critical voltage.

i1) Visual corona voltage for local corona.

iii) Visual corona voltage for general corona.

iv)  Power loss due to corona using Peek’s formula under fair weather and wet weather.

15

10
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There are 4 (four) questions. Answer any 3 (three)questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on

this question paper. Symbols carry their usual meanings.

1.

a)
b)

b)

What are the advantages and disadvantages of active and passive filters?

What are the types of active filter? Draw their corresponding circuit diagrams and write
transfer functions.

Derive the voltage transfer function of a first order active low pass filter and design it, such
that the input resistance is 20 kQ, the low-frequency gain is —15, and the —3 dB frequency
is 5 kHz.

Design a summing op-amp to produce the output v, = —10v;; — 4v;, + 5v,5 + 2v;,. The
smallest resistor value allowable is 20 kQ.

Consider the voltage-to-current converter shown in Fig. 2(b). The load impedance is
Zr = 200 Q and the input voltage is v; = —3 V. Determine the load current i and the
output voltage v, if R1=10kQ, R2=1.5kQ, R3=3 kQ and Rr =20 kQ.

Rp
A\
R
v] o ‘VV\: -
e— Vo
+
3
g R2 s ZL liL
Fig. 2(b) B

Briefly explain a precision half-wave rectifier circuit using an op-amp and a diode.

5(5+2)

Draw the bode plots for the transfer function H(s) = R

Design an amplifier system with three inverting op-amps circuits in cascade such that the
overall closed-loop voltage gain is 4, = %‘3 = —300. The maximum resistance is limited to

200 k€ and the minimum resistance is limited to 20 kQ. In addition, the maximum current
in any resistor is to be limited to 60 pA, when vy =6 V.

Date: March 05, 2019 (Afternoon)
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4,

a)

b)

g1

Briefly explain the bandwidth extension and show that the gain-bandwidth product of a
feedback amplifier is a constant.

Derive the ideal form of the general feedback transfer function and define the loop gain
factor. '

The open-loop gain of an amplifier is 4 = 5 x 10*. If the open-loop gain decreases by 10
percent, the closed-loop gain must not change by more than 0.1 percent. Determine the
required value of the feedback transfer function # and the closed-loop gain 4.

10
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There are 8 (eight) questions. Answer any 6 (six) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Assume suitable values for any missing data.

1. a) Draw and developed diagram of a simple 2-layer lap-winding for a 4-pole generator having
14 coils with appropriate commutator segment connections and brush positions.

b) In light of the design in question 1(a), comment on the advantages and disadvantages we
face in case of a lap-winding.

2. a) What is armature reaction? Briefly explain the different effects of armature reaction with -

proper diagrams.

b) Derive the total voltage induced in a rectangular loop of wire rotating in a bi-polar magnetic
field in terms of the speed of rotation with appropriate diagrams.

c) Sketch the power flow diagram of a DC generator with accountings for all the possible loss
components.

d) How can we manipulate the properties of magnetic field to produce different types of AC
and DC machine actions? '

3. a) For a 300 kW, 600 V, long-shunt compound generator, shunt field resistance = 75 €,
armature resistance including brush contacts = 0.03 Q, commutating field winding
resistance = 0.011 Q, series field resistance = 0.012 Q and diverter resistance = 0.036 Q.
Calculate the voltage and power generated by the armature when the machine is delivering
at full load.

b) What is commutation? Explain the process of commutation in a DC generator with suitable
coil diagrams.

¢) “Calculations of flux in a core in any DC machine is at its best accurate to within 5% of the
real answer.” Justify the statement.

d) Write a short note on compensating windings.

4. a) What is the drop reaction triangle? How can this triangle be drawn from the load saturation
curve of a separately-excited generator? Sketch necessary diagrams to justify your answer.
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b) For the linear DC machine shown in Fig. 4(b),
i) What is the no-load steady-state speed of the bar?

ii) If the bar is loaded with 20 N force opposite to the direction of the motion, what is

the new steady-state speed?

=0

' 2562 |
o ) A

Vg =100V ="

N
s

Fig. 4(b)

c) What are major functions of pole cores, pole shoes and armature core in a DC machine?

d) What are the significances using of slip ring and split ring? What is a commutator? Explain

the working principle of a bi-segmented commutator.

B=05T

X X X X
Im

X X X X

07
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question paper.

1. Assume an aribirtary number system ‘Base 32 having 32 bases. The symbols of ‘Base
32’ number system and their equivalent decimal values are shown in Table I.

Base32| 0 | 1 | 2|3 |4|5]|6|7|8|9|A|B|C|D|E]|TF
Decimal | 0 L1213 4|5 |.6.000.849110]{11F12 113114115
Base32 | G| H| I [J|K|L|M|N|O|P|Q|R|S|T|U
Decimal | 16 [ 17 | 18 | 192021 |22 |23 |24 |25|26|27 (2829|3031
Table I

a) Find the value of X. 12
(1) (MNOP . 9A)32=(X)1o
(1) (667154271276727 . 45735)s = (X)32
(iif) (16QP32 . DE)s2 = (X)16

b) (i) Determine the value of base x if (225525). = (IUT)s.. 10

(i) Use 31’s complement to perform the following subtraction operation.
(IVDK24M5)3; - (GINDKV)3,

c) (i) Find the decimal number of the 4221 BCD code: 1001 0101.
(if) Find the Gray code for the binary number: 11011.

2. a) Design a full-subtractor. Show the truth table and construct Boolean expression for all 10
possible inputs. Draw the logic diagram. Realize this using half-subtractor and other
necessary gates. Implement it by 4 x 1 MUX.

b) Find the truth table for the function
Y=AO6BOC.
Show the output of the following logic circuit is also given by the same Y.

C
;@ ;]FDOE @;W“\( f

c¢) Implement the following function with 8 x 1 MUX. Choose the select line w, y , z as
S2, 81, and Sp and x in the input line.
F(w,x,y,2)=II(2,5,6,7,10, 11, 12, 13, 14)



S

A digital display that consists of seven LED segments is commonly used to display
decimal numerals in digital systems. For using this display device, the data has to be
converted from some binary code to the code required for the display. Usually the
binary code used is natural BCD. The following figures show the display device and
the segments which must be illumanted for each of the numerals and the display system.

a
BGD o friew
e T g
SevenSegment] . o
_Decoder” “ |5 ¢
8L =3 ".:<'l.x~ 9 _;

b

Design a BCD to Seven Segment Decoder using minimum number of SSI gates.

The control unit for a chemical process is to be designed. Temperature and pressure are
the two variables to be controlled. The control is exercised by switching a heater on or

off and by opening or closing a valve. The control scheme is shown below where the
central square represents normal operation.

Heater off Heater off Heater off
Valve open Valve open Valve open
Alarm off Alarm off Alarm on
Heater on Heater off Heater off
Valve closed Valve closed Valve closed
Alarm off Alarm off ; Alarm off
Pressure
Heater off Heater off Heater off
Valve open Valve closed Valve closed
Alarmon Alarm off Alarm off
Temperature »

Assign suitable binary variables and construct the K-maps for the two outputs
controlling the heater and the valve, as well as for the alarm. Obtain expressions for the
three outputs in the minimal sum of products and in the minimal product of sums form.

25
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92,

b) A staircase light shown in the following figure is controlled by two switches, one at the

top of the stairs and other at the bottom of the stairs.

(1) Make a truth table for this system.
(i) Write the logic equation in SOP and POS form. -
 (iii) Realize the circuit by only X-OR gate.

(iv) Implement the same circuit using two input NAND gate only.

c¢) For the given K-Map, make the truth table for the 4-variable (A, B, C, D) where A is
the MSB and D is LSB.

(i) Find the SOP and POS.
(i) Implement the logic functions by using X-OR gates only.

00 01 -11 10

00 1 1
01 1 1
11 s 1 1
10 1 1




23

B.Sc. Engg.(ME)/HDME, 3" Sem. Date: March 04, 2019(Morning)

ISLAMIC UNIVERSITY OF TECHNOLOGY (IUT)
ORGANISATION OF ISLAMIC COOPERATION (OIC)

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING

Mid-Semester Examination Winter Semester, A.Y. 2018-2019
Course No.: Phy 4313 Time: 90 Minutes
Course Title: Basic Electronics and Semiconductor Physics Full Marks: 75

There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper. :

1. a) What are the majority and minority carriers? Describe the differences between n-type and 5
p-type semiconductor materials.

b) What are the equivalent models available for p-n junction diode? Draw the equivalent
circuit and sketch the forward characteristics for each model. 7

1. © Considering Vz=10 V and Iz (maximum) = 32 mA, for the network of F ig. 1(c), determine 13
the range of R and Ire. that will result in Vg, being maintained at 10 V. Also determine the
maximum wattage rating of the diode.

Fig. 1(c)

2..-8) Discuss the steps of load-line analysis for a circuit having a voltage source, diode and 7
 resistor connected in series. -

b) Sketch V, for the circuits in Fig. 2b(i) and Fig. 2b(ii). Consider Vin = 10 Vppand V=3 8§

I
N
+1

ol |

Fig. 2b(i) Fig. 2b(i)



c)

b)

O

Determine V, for the network of Fig. 2c(i) for the input indicated in Fig. 2¢(ii) using silicon
diode with threshold voltage, V1= 0.75 V. Consider V=5V, C=1 pF and R = 1000 Q.

+ + 15f
5 ;
2 B
h Vv e
& ¢ & :
Fig. 2¢(i) Fig. 2c(ii)

What is rectifier? How many types of rectifiers are there? What are their advantages and

disadvantages? Draw the circuit diagram of a full wave rectifier using two silicon diodes
and sketch the input and output wave shapes Also calculate the average value of the output
voltage.

Sketch the common-emitter BJT conﬁguraﬁon (for both npn and pnp) and indicate the
polarity of the applied bias and resulting current directions. Also draw the collector
characteristics and base characteristics. -

Describe the transistor amplifying action with example.
For the network of Fig. 4(b), determine Ic and Vcg. Assume § = 100.

For the network in Fig. 4(c), Determine Ic, Vce. Assume B = 75.

+22'V

[ s3ka
Tt

Fig. 4(b) Fig. 4(c)
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) Find L{e'z‘tsintcos2 r} and hence evaluate jowe'z’tsintcosztdt.

b) If L {F (1‘)} = f(s), then show that {F—ft)_} i I - f(u) du and use this to find

t L]
2. Evaluate the following:
Ss-2
5 L._1 ’
C {3s2+4s+8}

(i) 7o 65> +225+18 | and
' s> +65" +11s+6

o 1
(iii) L l{_z_(_2__4_} by using convolution theorem.
S48 ¥

3. a) Letu=(l,-1,3, 5),v=(2,1,0,—3)andw=(1,-4,9,18).Findscalarsaandbsothatau +bv=w.

b) Find two vectors of norm 1 that are orthogonal to the three vectors u = 2, 1, -4, 0),
v={_-1,=1,2,2)and w=(3,2,5,4).

4. a) Write down the definition of vector space including 10 axioms. Give an example of vector
space and show that it satisfies axioms 1, 6 and 4 (closed under vector addition and scalar
multiplication and axiom about zero element).

b) What is subspace? Determine which of the following are subspaces of R>.
(i) Set of all vectors of the form (a, 0, b), where a, b are any real numbers.
(ii) Set of all vectors of the form (a,b,c), whereb=a+c+ 1 and a, b, ¢ are any real numbers.

2

13

12

13
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on

this question paper. Assume suitable value for any missing data.

@ a) Draw the detailed transfer characteristics of a pn junction diode composed of Ge, Siand 07

GaAs in the same graph and indicate different regions in the diagram.

b) For a small ac signal as the input, derive the expression for power gain of a common 07

emitter transistor configuration using hybrid equivalent circuit.

iterative analysis method. Assume the diode current is 1.5 mA at a voltage of 0.7 V.

R

Fig. 1(c)
‘What is the purpose of DC biasing in BIT?

esign a full wave rectifier and draw the input and output waveshapes for this circuit.

—_—

w the majority and minority carrier concentrations profile of a pnp transistor in the
vard active mode. Explain the different currents generated due to the flow of these

iers and their relations.

the Vcp-Ic characteristics of an pnp transistor fed with a constant emitter current /g.
ain the conditions for reaching the saturation for this transistor. What happens to /¢
turation? S

is Q-point? Describe the significance of biasing in case of fixing a Q-point and its
on amplification in a common-emitter connection for small signals.

at is an oscillator? Describe the working principle of an oscillator with necessary

ine the static and dynamic resistance of a diode.

Determine I and ¥ for the circuit in Fig. 1(c) with ¥pp =5V and R = 1.1 kQ using the ~ 07

04

05

07

07

06

06

05



o1

¢) What is a virtual ground? What are the characteristics of an ideal op-amp?

d) In the circuit of Fig. 3(d), If =50, find I, Is, Vi, Icand Ve.

+ 10V

—10V

Fig. 3(d)

a) Fot the circuit in Fig. 4(a), calculate the values of Ir, Is, Vs Va Icand Ve.
+5V +3V

Fig. 4(a)

b) Implement the expression Vo = —5u + 1.5v + 3.3x + 7y — 11z using op-amps.

c¢) Write down Shockley’s equation for the diode current. Explain the mode of operation of
a PN junction diode under the forward and reverse bias conditions.

d) What are a and S for a BJTY? Derive the expression by which & and 8 are related to each
other.

06

08

08

06

06

05
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols carry their usual meanings.

1. a) Calculate the equivalent resistance Rap in the circuit shown in Fig. 1(a), where, Ri1=10 Q, 5
R2=3Q,R3=6Q,Re=12Q,Rs=1Q,Rs=4Q,R7=1Qand Rg=5 Q.
R, Rs R,

20— AN—E AM——A— A,
Rzg R; R §R8_

Ry

bo-
Fig. 1(a)
b) Find the voltages and currents in the circuit shown in Fig. 1(b) by applying Kirchhoff’s 6

voltage law (KVL) and Kirchhoff’s current law (KCL), where E; = 10 V, E; = 5 V,
Ri=2Q,R;=8Qand R3=4 Q.

iI ) R1 R3 ii
AAY A
" | + VI - 3 £ V3 "
= E] : R2 g V2 EZ
l iz
Fig. 1(b)
¢) Obtain the equivalent resistance Rqs for the circuit shown in Fig. 1(c) where, E =120V, 10

Ri=125Q,Re=5Q, R3=10Q, Re= 15 Q, Rs=20 Q and Rs= 30 Q and use it to
determine the current 7.

R1 R3

Edp g § R,

Fig. 1(c)



2%

d) In a household, a 120 W personal computer (PC) is run for 4 h/day, while a 60 W bulb
runs for 8 h/day. If the utility company charges Tk. 4.5/kWh, calculate how much the
household pays for the year 2016 on the PC and the bulb.

2. a) Determine the voltages at the nodes shown in Fig. 2(a), where Ri=2 Q, R = 4 Q,
R3=8 Q and R4= 4 Q using Nodal Analysis.

R;

Fig. 2(a)

b) What is superposition principle? For the network shown in Fig. 2(b), whefe, E=100V,
Ri=20Q,R:=30Q,Rs=8 Q,Re=10 Q, Rs= 15 2,R¢=10Q and R7= 10 Q. Use
superposition theorem to determine the voltage across the resistor Ra.

R| R3 Rs
MA—T W
E Rzg R, R, §R7 CP‘A
b
Fig.2(b)

¢) Using mesh analysis, find i1, iz and i3 in circuit shown in F ig. 2(c).

30O

iz

300 300

Fig. 2(c)

3. a) Find the Norton equivalent network of the circuit shown in Fig. 3(a) between the terminal
a-b where, E=4 V, R; =8 kQ and R, = 50 kQ.
R,

10



b) Define maximum power transfer theorem. For the circuit shown in Fig. 3(b), find the

160

Thevenin equivalent circuit at terminal a-b.

2A

10V

4. &) Whatisadmittance? Determine current Io of Fig. 4(a) using Norton’s theorem.

2

Fig. 3(b)

0 b

50 .
320°A ¢
8Q 20
10Q
ey
T j4Q
Fig. 4(a)

b) Use nodal analysis to find vo in the circuit of Fig. 4(b). Let @ = 2 krad/s.

2 pF
I

+

10 sinmtA(T) Zkﬂg b 3

50 mH

<.1.>0.1 Ve § Vo

4 kQ +

Fig. 4(b)

15

15
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Figures in
the left margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper.

1. a) Define surface and volume elements in (i) Rectangular, (ii) Cylindrical and (iii) Spherical 5
coordinate systems.

b) Define Electric Field (E), Displacement density (D) and Potential. In what ways D is ' 5
different from charge densities? ’

¢) The separation between the parallel plates of a capacitor is very small compared with their . 5
area. As a result, the plates can be approximated as infinitely extended surfaces with

uniform charge surface density' Under this approximation find the electric filed £ at 1)
outside and (ii) insdie the capacitor.

d) The electron beam in a certain cathode ray tube possesses cylindrical symmetry as shown 10
in Fig. 1(d) below, and the charge density is represented by the volume charge density
pv==0.1/(p* + 107®) pC/m* for 0 < p < 3 x 10 m, and p, = 0 for p > 3 x 10™* m. () Find
the total charge per meter along the length of the beam; (b) if the electron velocity is
5 x 107 m/s, and with one ampere defined as 1 C/s, find the beam current.

z .
T Charge density pg=-0.1/(p?+10-%) pC/m?

Fig. 1(d)

2. a) Define stream lines of an electric field vector. How is the equation of a streamline obtained 5
from the field components? Given the electric field E = (4x-2 ya,—(2x+ 4y)c"zy V/m.

Find the equation of the stremline that passes through the point P(2, 3, -4).

b) A point charge of 0.25 pC is located at r = (, and uniform surface charge densities are 10
located as follows: 2 mC/m? at r = 1 cm, and —0.6 mC/m?atr= 1.8 cm. Calculate D at:
(1) r=0.5cm, (ii) r = 1.5 cm, (iii) r = 2.5 cm and (iv) what uniform surface charge density
should be established at r = 3 cm to cause D =0 atr=3.5 cm?



b)

b)

o2

Fig. 2(c) represents a coaxial cable having an inner radius ¢ =1 mm and an outer radius
a=4mm. The space between the conductors is assumed to be filed with Teflon ( &=2.1).
The total charge on the inner conductor is 50 nC. Using Gauss’s law calculate the charge

densities on each conductor and the electric field £ in a<p<b and p>b.

Teflon
Fig. 2(c)

State Gauss's law. Show that the point form of this law ( Maxwell’s First equation) can be
expressed as VeD= p,. Determine an expression for the volume charge density

2 2x2y &

Z

z z

associated with each D field: (i) D=4xy a,+ a4, ===l C/m? and .
z .

(ii) D= zsinga , +2zc0sda, + psinga. C/m’.

The potential distribution ¥ (x,y,z) in a region is given as, ¥ = x2y(z+3) V. Find (i) £
at (3, 4, -6) and the charge within the cube 0<x,y,z<1. (Hint: Use gradient operation
on V)

A charge is carried in the field of an infinitely extended line charge from point B to point A
as shown in Fig. 4(a). Find the work done if the movement occurs along (i) the circular
path and (ii) the radial path.

z

z
I Lin.e charge Line charge
density p, C/m density p, C/m
A
----- - by Pk .
{ y—tr Z i
- 2 -.-. _‘= :_
B
J . Mior 2
Fig. 4(a)

An electric field is expressed in rectangular coordinates by E = 6x%a, +6ya,+4a, V/m.

Find: (a) Vmn if point M and N are specified by M (2, 6, -1) and N (-3, -3, 2); (b) Vm if
V=0at Q (4, -2,-35); (c) Vnif V=2 at P (1, 2, -4).

An electric - dipole located at the origin in free space has a moment
=3a, -2a,+a,nC.m. Find the potential at point P( 2, 3, 4) due to that dipole.

125

13

10

10
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Do not write on this question paper. Assume reasonable value for any
missing data and assume that the power devices are ideal.

. a) (i) Explain why you will prefer to use power electronics rather than linear electronics to 09
convert same amount of high power.
(ii) Following is a circuit used for power processing purpose. Identify the power electronic
devices/components) used in this circuit and mention their control characteristics (Which

devices are controlled/uncontrolled turned on and turned off.)

b) (i) Why is the reverse recovery characteristic of a semiconductor device considered so 07
important? (ii) Following is a reverse recovery characteristic of a semiconductor device
whose data are as follows: Area, A= 150 amp-ps, area B= 120 amp-ps, di/dt=40A/us.

Find (i) Irr and (ii) the reverse recovery time, tr.

o
I
F PR o
> ¢
0.25 Izg g
\ B
Irr

¢) Propose a simple diode circuit with passive elements that provides under-damped current 09
so that a thyristor can be turned off forcefully. The dc source voltage of the circuit is
220 V. Design the circuit for a damping factor of 45000 ohm/henry. Take resonant angular
frequency as 10° rad/s and capacitance as 0.05uF. Find the equation of the decaying
current with initial conditions of v¢(t=0)=0 and i(t=0)=0.



a)

b)

b)

o4

Following is a diode circuit whose input voltage is vs=381sin314t (V), and the battery
voltage is E=100 V. The current stops conducting at $=215°. (i) Draw the wave-shape of
the vo and also (ii) calculate the average value of the output voltage.
L
e W e
VL
+

x:évs\“’ T E
M/

Draw (i) the output voltage wave-shape and calculate, (ii) the commutation angle and (iii)
the average output voltage of the following circuit. Following data are given: The input is
sinusoidal with rms voltage of 220 V, frequency=50 Hz, Ls=10mH and L=15A.

The wave-shape of the load current of an uncontrolled ac to dc converter is shown in the
following figure (i) Draw the wave- shape of the input current for full wave conversion, (ii) *
Calculate the average value of the load current and (iii) Ignoring the ripple value of the
input current calculate the THD and input power factor of the converter.

Alo

ITA
9A

v
-+

T2! T

“A full bridge rectifier with a source inductance for a highly inductive load provides less
output voltage than that of a rectifier without source inductance”-Justify the statement with
proper circuit diagram including wave-shapes of input voltage, input current and output
voltage with mathematical expressions (the input is sinusoidal).

A single phase bridge diode rectifier with a finite source inductance Ls=5 mH has a load of
constant current of 10 A. It has a frequency of 50 Hz. The input voltage has the wave-
shape shown in the following figure. Now, (i) Draw the wave shapes of source current and
output voltage and (ii) calculate the commutation angle and average value of the output

A
voltage. S A 200V
100V
T2 3T/4 .
T/4 T t

15

10



a)

b)

/05"

Draw the circuit diagram of a full bridge controlled rectifier neglecting the effect of source
inductance. The rectifier is feeding a large dc motor whose current is essentially constant. If the
thyristors are fired at ot = o and at ot = n+o for a sinusoidal input to get full-wave rectified
voltage, (i) draw output voltage, (ii) input current wave-shapes, (iii) find out the expression
of average value of the output voltage and (iv) If the load is replaced by a resistive load
state whether the input current will be continuous or discontinuous.

Draw vs, isand v, waveforms and identify the devices conducting for various intervals for
a=30° for the following converter where input is 50 Hz sinisoidal.Find the expression of
average output voltage of the converter.

is * .
—_—
#Tl Dy
/ - Vo
Vs \U D, Y./ Iy

T2

12

13
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper. Symbols preserve their usual meanings.

1. a) What do you mean by a protective relay? Write the functions of protective relay. 8
How is a protective relay different from a Circuit Breaker?

b) “Dead zone cannot be present in a typical power system”, explain this statement 9
using proper diagram. Explain different methods of backup protection.

c) Differentiate between Current Transformer (C.T.) and Potential Transformer (P.T.). 8
Why should secondary of C.T. not be kept open circuited?

2. a) Explain ratio error and phase angle error with proper equation. A C.T. has a single 12
turn primary and 400 secondary turns. The magnetizing current is 90 A while the
actual primary current is 2078 A. Secondary circuit phase angle is 28°. Calculate the
core loss current, actual ratio and ratio error when the secondary carries SA current.

b) Explain resistance switching with proper diagram. Write down the conditions of 13
resistance switching for different types of oscillation.

3. a) What do you understand by ratings of a circuit breaker? Explain different ratings of 15
a circuit breaker.

b) A three phase alternator has the line voltage of 11 kV. The generator is connected to 10
a circuit breaker. The inductive reactance of the circuit breaker is 5 ohm per phase.
The distributed capacitance of the circuit breaker between phase and neutral is
0.01 pF. Determine the following : (i) peak restriking voltage across the circuit
breaker (ii) frequency of restriking voltage transient (iii) average rate of restriking
voltage transient (iv) maximum rate of rise of recovery voltage. Neglect first pole to
clear factor.

4. a) What do you mean by arc extinction? What are the methods of arc extinction? 10
Explain in details how ionization of gas occurs in the circuit breakers.

b) Explain the working principle of air-blast circuit breaker, What are the problems of 15
conventional air-blast circuit breaker? Explain the mechanism of modifying the
conventional structure.
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1. a) What are Rankine Cycle and Brayton Cycle? How many energy conversion processes 10

are there? Draw the figures of photovoltaic system and thermoelectric cooling system
with proper labeling.

b) Describe Faraday’s law of electromagnetic induction. With proper circuit diagram, find 7
out the dynamic equation of singly excited electromechanical system.

c) State the law of energy conservation. Mention three conventional and non-conventional 8
energy sources and explain them briefly.

2. a) What is co-energy? Draw the e-q curve of a simple charged capacitor and point out 10
energy and co-energy and write the corresponding integral equations. For energy in

) / 1
electrostatic field, show that W= W g4 = ECez.

b) The magnetic circuit shown in the following figure has dimensions as 15
Ac= Ay =10 cm?, g2 = 0.060 cm, lc = 40 cm, N = 600 turns, L = 70,000 for core
material, B = 0.1 T. (i) Find the core and air gap reluctances (ii) Flux ¢ and current i
(iii) Write a MATLAB script where the inductance of the magnetic circuit should be
plotted as function of core permeability over the range 100 < p, < 100000.

: f_ Magn.eiic I b Mean core
i i _flux lines : length I,
+ & h |
i 4 | [ — 1
A 7%  Airgap 1 : Air Sapl;'!'t
T b permeability e,
= length
o . ’ ghg ¥ : Arca A,
; ]
\ ! y
Winding, | “=—=—==== e e Mugnelic core
N turns permeability /¢,
Area A,

3. a) Define self inductance and mutual inductances. Show that the expression of energyina 10

. . 1 1 y
doubly excited magnetic system is 7, = EL”I'IZ + ELzzif +L,i,




e i e e e

Write a MATLAB script to plot the inductance of a magnetic circuit with p. = 70,000
as a function of air-gap length where the air-gap is varied from 0.01 cm to 0.10 cm. For
initializing circuit parameters, assume any value.

Why air-gap is used in electromagnetic circuits? What would be the effect on the
circuit if the air-gap is varied? Explain briefly.

What are the losses of an electro-mechanical system? Write the energy balance
equation and explain briefly.

What is co-efficient of coupling? Show that, the co-efficient of coupling is the
geometric mean of coupling factors k| and k.

Explain the concept of duality in an electromagnetic system.

For the following magnetic circuit the core dimensions are: A. = 1.8x107° m?
l.=0.6 m, g =2.3%x10° m% N = 83 turns. Assume the core is of infinte permeability
and neglect the effects of fringing fields at the air gap and leakage flux. (i) Calculate
reluctance of core and air-gap. For current i= 1.5 A, calculate (ii) total flux (iii) flux
linkage of the coil and (iv) coil inductance (v) Number of turns required to achieve an
inductance of 12 mH.

|, Core:
i | /| meanlength [,
o1, area A,
permeability u
N wrns
e | Air gap
- 8
T

10

10
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question paper.

L

a)

b)

c)

b)

Based on the theorem of Shannon’s éapacity, explain all possible ways that make the data
rate capacity different between LOS and non-LOS links. What are the two widely used
types of twisted pair cables?

Why is a gap used between uplink and downlink frequency ranges for FDD? Which 3GPP
release did introduce Device-to-Device (D2D) commxmlcatlon? How does carrier
aggregation increase the data rate?

An electromagnetic wave has wave number 62.83 rad/meter and magnetic field intensity .

0.2 amp/meter in air. The gain of the receiving antenna is 20 dBi. Determine the power
received by the receiving antenna.

Write down the names of the companies which play major role in the development of 3GPP
specifications. Which series of 3GPP specifications is dedicated for LTE? How much data
rate, approximately, has been recently achieved in 5G tests? Give examples of applications
that require very low latency. What is the major difference in the RAN structure between
LTE and UMTS?

How is the range of operating frequencies changing in the case of 5G cellular
communication compared to technologies up to 4G? What can be the advantages and
disadvantages of this new frequency range? Write down a few particular frequency values,
which will be commonly used, within the frequency range for 5G.

Write down the function of ICX when a Robi user calls another Robi user. How are voice
calls managed presently for LTE users in Bangladesh? Compare the advantages and
disadvantages of VoIP and TDM when international voice calls are routed.

Derive an expression for Doppler shift and show that it is less at lower frequencies in
wireless communication.

Why did Bangladesh reject an offer for connection with the SEA-ME-WE-3? How
expensive was this offer of connection? In the design of an antenna, what are the basic steps
used in the process?

The estimated flat range of the frequency response of a multipath channel is 100 kHz. A
user is traveling at 120 km/hour. The frequency of the transmitted signal is 6 GHz. Both
frequency selective fading and slow fading need to be avoided. What is the permissible
range of symbol rate? Also, mention which technologles among GSM, UMTS and LTE,
can avoid frequency selective fading.

10

10

12
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ITO

a) Derive an expression for received power in the case of two-ray model for a large distance
between the transmitter and the receiver.

b) A user is allocated 2 slots in every TDMA frame in GPRS. Determine the instant data rate,
overall gross data rate, and overall net-data.

c) With enough present bandwidth capacity on submarine cable, should Bangladesh continue
with some share of internet service via ITC? Give reasons. If 5G cellular communication is
now deployed in a village in Bangladesh but the villagers do not experience good data rate,
then what may be the possible reason for poor data rate?
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper. Symbols preserve their usual meanings.

a) What is a network? Why is the Internet called network of networks? As a network designer, you
are asked to develop an inter network (Internet) with basic network components. Briefly define
each of the components and their working principles using suitable illustrations.

b) Design a network for an educational institution like TUT to provide students and faculty
members with the access to online information. Use suitable illustrations.

c) “Network has made telecommuting available to individuals”, explain with suitable example.

a) As a network engineer, to create a computer network, you are asked to select between circuit
switching and packet switching; what do you choose? Justify your answer using suitable
illustrations. Mention the advantage and disadvantage of circuit switching and packet switching.

b) You want to send 100 data from a source to a destination. Explain how data passes using
following methods.
1) Circuit switching,
ii)Packet switching.
Use suitable illustrations. Explain which technique is better: i) with respect to guaranteed
service, and ii) with respect to faster delivery time.

a) You are asked to create networks between computer devices by choosing from the five different
network topologies classified by Area Network (AN). Write those five categories. Briefly
explain each of them with suitable diagrams.

b) Explain Ring Topology, Start Topology and Bus Topology. Discuss the advantages and
disadvantages of these three topologies. For the Internet connectivity which topology is suitable.
Justify your answer. What is Ethernet?

¢) -~ What is Throughput in networking? Why is it important for data transfer? How does bottle neck
occur if throughput is not considered perfectly.

a) Why do we need queue in the packet switching? How does queue create data loss in the
network? Mention four sources of packet delay in the figure. Briefly explain each of them using
suitable illustrations.

b) What is routing table? How does routing table work? Explain using suitable illustration.

¢) Network can be classified into two categories by their component roles i.e., P2P and Client-
Server. Write down the role of P2P network and Client-Server network. Write down the
examples of different servers.

10

10

12
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All symbols bear their usual meanings. Assume reasonable values for missing data.

1. a) What is the difference between SNR and dynamic range? What are the the effects in SNR 4+5
value when Vs=V,, Vi>>V,and Vs<V,?

b) Define modulation index for amplitude modulation (AM). When is the carrier said to be 4;%6
over-modulated and what is its after effect? Show that multiplication of a signal g(t) by
cos @t shifts the spectrum G(w) by +w.

c) ‘For many baseband signals, the wavelengths are too large for reasonable antenna 343
dimensions’- Explain with an example. What can we do in this regard to solve this
problem?

2. a) Define and explain multiplier and nonlinear modulators. Why are nonlinear modulators 743

also known as single balanced modulators?

b) What are the schemes that can improve spectral efficiency of amplitude modulation? In 4+4
which of the following cases, ordinary amplitude modulation (DSB-LC) will be more
suitable? Explain.

i.  Point to point communication.
ii. Broadcast communication system.

¢) A scheme for coherent demodulation is shown in Fig. 2(c). Show that this scheme can 7
demodulate the AM signal [A+ m(t)Jcos @t regardless of the value of A, where m(t) is
the message signal.

x() y(®)
[A + m(1)] cos et Output
Low-pass de
filter blocker | ’
COS !
Fig. 2(c)
3. a) Explain the process of frequency mixing. Define up and down conversions. 6+3

b) Name the methods for generation of SSB signal. Using the single-tone modulating signal ~ 2+14
cos mmt, verify that the output of the SSB generator by phase shifter is indeed an SSB
signal, and show that an upper-sideband (USB) or a lower-sideband (LSB) signal results
from subtraction or addition at the summation junction. Also demonstrate the coherent
demodulation of this SSB signal.
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Define and explain quadrature amplitude modulation (QAM). With an example show how
you can separate the baseband signals in this scheme.

What are the advantages of Vestigial Sideband (VSB) amplitude modulation? Mention the
use of VSB in broadcast television along with its associated problems.

Why is the advantage of AM over DSB modulation? State the condition for demodulation
of AM by an envelope detector.

6+7

3+4

243



14

B.Sc. Engg.(EE), 7" Sem. * Date: March 04, 2019 (Afternoon)

ISLAMIC UNIVERSITY OF TECHNOLOGY (IUT)
ORGANISATION OF ISLAMIC COOPERATION (OIC)

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING

Mid-Semester Examination Winter Semester, A.Y. 2018-2019
Course No.: EEE 4701 Time: 90 Minutes
Course Title: Digital Signal Processing [ Full Marks: 75

There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper.

1. a) What are the major applications of Digital Signal Processing? What are the limitations 12
of Digital Signal Processing?

b) Describe Digital Signal Processing scheme with schematic diagram. Why is it 13
necessary to introduce an analog low-pass filter before ADC?

2. a) Ananalog signal contains frequencies up to 10 kHz. 15
i) What range of sampling frequencies dose allow exact reconstruction of this
signal from its samples?
ii) Suppose that we sample this signal with a sampling frequency Fs = 8 kHz.
Explain with proper diagram what happens to the frequency component
F1= 5 kHz after passing through the DAC.
iii) Repeat part (ii) for a frequency component F2 =9 kHz.

b) Describe the aliasing effect with proper example and diagram. _ 10

L% ]
=)
—

What is the fundamental difference between convolution sum and correlation process? 12
Explain it with proper example and diagram.

b) The discrete-time system 13
y(n)=ny(n-1)+x(n), n=0
is at rest [i.e., y(—1) = 0]. Check if the system is linear time invariant and BIBO stable.

4. a) Determine the total solution forn =2 0 of a discrete-time system characterized by the 12
following difference equation:
y[nl +y[n—1] - 6y[n — 2] = x[n],
for a input x[n] = (—3)™p[n] and with the initial conditions y(—1) = 1 and
y(=2)=-1.

b) Derive and draw approximately the real part, imaginary part, magnitude and phase 13
response for the following system:
hin] = a™uln], lal <1.
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in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper.

. a) Write the properties of autocorrelation of an energy signal and a power signal. Explain the 13
bandwidth of different data in different perspective.

b) Classify the following signals as energy signals or power signals. Find the normalized 12
energy or normalized power of each.

(i) x(t) = A cos 2mfyt for —o <t < oo
_h T —
(i) %(6) = {A cos2nfot for —2<t<-L whereT, =1/f
il eflsewhege 5
A exp(—at) for t>0,a>
t) =

(i) x(6) {0 elsewhere
2. a) Explain uniform and non uniform quantization? Which kind of quantization is used for 13

speech communication? Explain in details.

b) Inthe compact disc (CD) digital audio system, an analog signal is digitized so that the ratio 12
of the peak-signal power to the peak-quantization noise power is at least 96 dB. The
sampling rate is 44.1 kilo samples/s.

(1) How many quantization levels of the analog signal are needed for (S /Ng)pear =
96dB?

(i) How many bits per sample are needed for the number of levels found in part (i)?

(111) What is the data rate in bits/s?

w2

ai—a

) Prove that the probability of bit error Pz = Q £ ), where symbols carry their usual
20‘0

meanings. How can you optimize the error performance? Use antipodal and orthogonal
signals to support your answer.

I3

b) Bipolar pulse signals, s;(t) (i = 1,2), of amplitude +1V are received in the presence of 12
AWGN that has a variance of 0.1 V?. Determine the optimum (minimum probability of
error) detection threshold, y,, for matched filter detection if the a priori probabilities are:
(9) P(sy) = 0.5; (ii) P(s,) = 0.7; (iii) P(s;) = 0.2. (iv) Explain the effect of the a
priori probabilities on the value of y,.

4. a) Derive the impulse response of a matched filter that produces the maximum output sigﬁai 13
to noise ratio. Explain the correlation realization of a matched filter.

b) Whatis correlative coding? Explain Duobinary Coding and Decoding with a demonstration. 12
Also explain precoding with an Illustration.
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper. Use suitable assumptions for missing information.

1. a) Define control system. Write four primary reasons of building control systems. 1+4
b) Using suitable diagram, show different test waveforms used in control systems. 5
¢) Derive the equation of a generalized second order system. Derive the solution 15

of underdamped second order system. Hence find the equation to evaluate the
peak time (Tp) and percentage overshoot (%0S).

2. a) Why is in classical control system design Laplace transformation preferred over 2
differential equations?

b) Derive the transfer function of an electromechanical system shown in F ig. 2(b). 13

Fixed
R Er Field
+ A4
Armature Rotor E .
el) Current ) V¥ (] 49 —F GO [ 6ul9)
L)
= - Om(®)
Fig. 2(b)
¢) For the rotational mechanical system of Fig. 2(c), find the transfer function 10
G(s)=6,(s)/T(s)-
I N-m/rad
I Y Y\ 0:(1) -
}
p—— e =T
) — o
! \
5 I N-m-s/rad
1 N-m-s/rad l_‘j R

Fig. 2(c)
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a) Using block diagram reduction technique find the transfer function,

M

T(s) = C(s)/R(s) of the Fig. 3(a).

Gs(s) [

Re) + 37 o Gefs)
Gi(s) —>1 G5(5)
- + -

+ C(s)
Gi(s) o
+
?ﬁ-— Gafs) [ Gi(s) |
NG
Gs(s)
Fig. 3(a)

b) Using Mason’s rule, find the transfer function, T(s) = C(s)/R(s), for the system

b)

shown in Fig. 3(b).

H(s)
Fig. 3(b)

Define stability of a control system. What remark can be made if a zero appears

in the first column of the Routh table? Explain.

For the unity feedback system shown in Fig. 4(a) find the number of poles in
the left half-plane, the right half-plane and on the jw-axis. Draw conclusions

about the stability of the feedback system..

RG) + 128

C(s)

N s(s7+35°+105°+24s"+485’+965+1285+192)

.

Fig. 4(a)

13

12

10



g

¢) Use Routh-Hurwitz criterion to find the range of K for which the system of 10
Fig. 4(b) is stable.
R(s) 4 _ - C(s)
K(s*-2s+2) -
1
%
s*+2s+4

Fig. 4(b)
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this question paper. All symbols carry their usual meanings.

1. a) Classify power system stability according to the concept of creating imbalance 08
between oppositely acting forces within the system. How could one differentiate
between small disturbance and large disturbance stability? Explain in short.

b) What should be the angular speed of the rotor of a synchronous machine under 02
equilibrium condition? How is it different than that of an induction machine?

¢) Fig. 1 (c) represents the cross-sectional view of a two-pole synchronous machine 15
under loaded condition. i) Draw the rotor mmf phasor for the given field current
direction, ii) Explain the concept of O, iii) Find out the direction of excitation
voltage, iv) Calculate the corresponding electrical angle of 6y and v) Draw the
corresponding phasor diagram considering zero armature resistance.

d-axis




(]

b)

120

Mention the applications of salient pole and non-salient pole machines. In which

case the rotor speed is higher for deliveringpower at a certain frequency? Discuss in
short,

Fig. 2 (b) represents the current injection model of a single machine infinite bus
system.

E/ A
Zi=1llyn
I g | ] - I,
Zio= 1y Zoo = 1lyy
Fig. 2 (b)

i) Derive the expressions for the entries of the bus admittance matrix.

ii) Considering a lossless system, find out the expressions of real and reactive

. power transfer from bus (node) 1 to bus (node) 2.

iii) Find out the expression of maximum real power transfer over the
transmission line (Z2).

Consider a salient-pole synchronous machine characterized by the following
parameters: Xg= 1.2, Xq= 0.8, X¢d = 0.5, Ra = 0 per unit.

The machine is directly connected to an infinite bus of voltage 1.05 per unit. The
amount of real power delivered by the machine is 0.8 per unit at 0.9 power factor
lagging. i) Calculate the g-axis transient voltage (E¢) for the machine, ii) Find out
the expression of real power transfer of the machine.

A 50-Hz synchronous generator having inertia constant H = 10 MJ/MVA and a
transient reactance X4 = 0.3 per unit is connected to an infinite bus through a purely
reactive circuit as shown in Fig. 3(a). Reactances are marked on the diagram on a
common system base. The generator is delivering real power of 0.65 per unit, 0.85
power factor lagging to the infinite bus at a voltage of V = 1.1 per unit. Assume the
per unit damping power coefficient is D = 0.14. Consider a small disturbance of
A% = 12°. Calculate i) the voltage behind transient reactance, ii) the rotor angle at
this operating point, iii) the synchronizing power coefficient, iv) the natural angular
frequency of oscillation, v) the damped angular frequency of oscillation. Obtain
equations describing the motion of the rotor angle and the generator frequency.

E’ X,=03 | Kip=025 2 v=11
O-l-?f — — .
Xd/ =0.20 X]Z =0.25

Fig. 3(a)

05

12

08

15
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b) What is meant by synchronizing power coefficient? How does it affect the steady
state stability limit of a synchronous machine? Explain with the help of power-angle
diagram.

a) What is economic load dispatch problem in power system operation? Mention its
importance from the power supplier point of view.

b) Which constraints are to be incorporated into the system model while studying the
economic load dispatch problem? Explain with examples.

c) What is the difference between local and global optimal point? Which of them
should be sought while running an optimization algorithm? Mention the reason.

d) The fuel-cost functions for three thermal plants in Tk./h are given by
C, = 600 + 5.3 P, + 0.003 P}
C; = 400 + 5.1 P; + 0.007 P}
Where P, P2 and Ps are in kW. The total load Pp is 700 kW. Neglecting line losses
and generator limits, find the optimal dispatch and the total cost in Tk./h by iterative
technique using the gradient method. Consider initial value of A= 7.0 Tk./kWh.

10

05

05

05

10
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I. a) What multiplexing technique is used in the fourth generation lightwave system? Describe
fifth generation of fiber-optic communication system.

b) Derive the equation that provides the minimum bit-rate required for digital representation
of an analog signal of bandwidth Af in terms of signal to noise ratio (SNR). The minimum
bit rate for analog TV transmission is 66 Mbps with a signal bandwidth of 4 MHz. Find
out the SNR value.

c) Compare return to zero (RZ) with non-return to zero (NRZ) modulation formats of the
resulting optical bit-stream. How are TDM based digital hierarchies used in North
America-Japan and Europe different from each other?

2. a) Draw cross-section and refractive index profile for step-index and graded index fiber.

b) Explain ‘numerical aperture’ and express it in terms of fractional index change, A. Using
suitable diagram, derive a measure of pulse broadening in step-index fiber.

¢) Show ray trajectories in a graded-index fiber. How is it possible for all the rays to arrive
together at the fiber output in the graded index fiber? Using geometrical optics, show that
parabolic index fiber doesn’t exhibit intermodal dispersion.

3. a) Find out effective core area, normalized propagation constant and confinement factor for
a fiber with core radius 3.15 pm and normalized frequency, V = 2.3. Also calculate the
value of numerical aperture and effective index taking wavelength, A = 1.2 um and
fractional index, A = 3.25 x1073.

b) Clarify the concept of mode in optical fiber. When does a mode cease to be guided?
¢) What is mie scattering? Compare macro and microbending losses in optical fiber.

4. a) From the expression of normalized spot size find out ‘confinement factor’ for V=2.

b) A typical fiber has ni=1.45, A=1.2 um, A=5x10-3. What will be the maximum value of
core radius for the fiber to behave as a single mode fiber? What is required to be done to

continue with the single mode operation if the core radius is changed to 4 pm?

¢) Define zero dispersion wavelength. Explain fiber birefringence covering degree of modal
birefringence, beat length, fast and slow axis.

8+3

4+4

10

6+5

12

3+2

2+6

3+8
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1. a) What are the different layers of abstraction in digital system design? Draw the 2+5
Gajski and Kuhn’s Y-chart showing different design domains.

b) Briefly explain the vector types in VHDL. 3
¢) With examples show ways to concatenate multiple signals in VHDL. 3

d) Write a complete VHDL code of a 4-bit ALU which can perform addition, 12
subtraction, AND-operation, OR-operation, NOT-operation and XOR-operation.

2. a) If channel width is 10, draw the internal and external connections, while Fs=4and 5

Fc=0.6.
b) Draw the rechability tree and rechability graph for the Fig. 2(b). 10
¢) Find the incidence matrix for the Fig. 2(b). ) 4
d) Write a VHDL testbench of full adder. 6
3. a) What is the necessity of a bitstream file in FPGA? 3

b) Show switch box connection of bidirectional and unidirectional mesh-based FPGA 6
routing architecture.
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What is an Antifuse? What are the main components of a BLE?

Mention nine different values of scalar type STD_ULOGIC.

Mention 6 (six) directory names and their functions of an Embedded Linux system.
What are the major FPGA structural classifications?

Draw a block diagram of SRAM based programmable switch. Also mention the
pros and cons of this type of switch.

Draw the generic block diagram of Mutual Exclusion PN (Petri Net) structure. Also
illustrate with a real-world example.

10
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper.
1. a) Briefly explain direct and indirect semiconductors. From (E,k) diagram, describe (4+4)
direct and indirect electron transition in semiconductors.
b) Define fermi-dirac distribution function. What will be the shape of fermi-dirac (2+6)
distribution function at T= 0 K and also at higher temperatures for the following
cases.
E<E; (i) E>Ep (i) E=Eg

c) A Si sample is doped with 10*7 As atoms/em3.What is the equilibrium hole (9)
concentration ngat 300 K? Where is E relative to E;? (n,=1.5. 101, assuming
ny= N,

2. a) What is Luminescence? Mention its important types according to the excitation (8)
mechanism. Discuss the mechanisms involved in excitation and recombination of
carriers in photoluminescence when a trapping level for electrons is present.

b)  Derive the expressions for concentration of electrons and holes in a semiconductor &)
at equilibrium.

¢) Show schematically electrons and holes concentrations at thermal equilibrium by (8)
using fermi-dirac distribution function, density of states and band diagram for

1) Intrinsic semiconductors,
ii) n-type semiconductors,
iii) P-type semiconductors.

3. a) Briefly explain optical absorption process in semiconductors. Also discuss (6+4)
dependence of optical absorption coefficient “a” on the wavelength of incident
light.

b) Derive the equations for the instantaneous concentrations of excess carriers dn(t) (10)
and dp(t) after a short flash of light is applied at t = 0. Write the expression for
carrier life time.

¢) A 046 um-thick sample of GaAs is illuminated with monochromatic light of (5)
hy = 2 eV. The absorption coefficient o is 5 x 10* cma~t. The power incident on
the sample is 10 mW. Find the total energy absorbed by the sample per second
(J/s).
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a)

b)
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Briefly discuss the process of diffusion. Derive dlfoSEOn current density equations
for electrons and holes.

Discuss the effect of recombination in diffusion process. Derive continuity equation
and diffusion equation for holes and electrons.

In a very long p-type Si bar with cross-sectional area, A = 0.5¢m?® and
Na =10 em=3, we inject holes such that the steady state excess hole
concentration is 5 x 10*°em=2at x = 0. What is the steady state separation between
F, and £, at x = 1000x10™®*m? What is the hole current there? How much is the
excess stored hole charge? Assume that p, =500 em?/V-s and T, =10""5
(m=1.5x101%,-9),

(7

(8)
(10)
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1. a) What is the significance of swing equation in power system stability analysis? What 10
are the assumptions made for representing a synchronous machine by the classical
generator model? Discuss in brief.

b) Consider the rotating part of a synchronous machine represented by a single mass 15
having moment of inertia J (kg-m?). Assuming the rotor was initially at rest (at time
t = 0 sec.), an input torque 7,» (N-m) is applied at the shaft of the rotating mass to
create an angular acceleration a (rad/s?). Considering an output electromagnetic
torque 7.(N-m) gets induced at the shaft due to the acceleration,

1) What would be the direction of 7, ?

ii) What would be the value of the angular velocity of the shaft at

- t=0"sec.?

iii) Write down the corresponding equation of motion in terms of rotor
acceleration.

iv) Rewrite the ‘equation of motion of part (iii) in terms of rotor angular
position (mechanical).

v) Discuss the concept of stationary and rotating reference frames. Which
one is beneficial for the present case? Explain in short with neat diagram.

vi) Obtain the equation of motion in terms of electrical angular position.

viil)  What would be the speed of the rotor once an equilibrium is reached?

viiil)  Represent the equation of motion of part (vi) in per unit form.

2. a) Consider a given abc-dq0 transformation matrix 740 as follows. 10
cos(8,) cos(t?, -120° ) cos(&s +120° )

o=k |-sin(§,) -sin(6,-120") -sin(6,+120°)
k2 kg k2

Ly

q

1 " ;
Show that using £, = \/% and &, =\g , a power invariant transformation can be

achieved.
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b)

b)

[28

Consider a synchronous generator supplying real power, P = 1.2 p.u and reactive
power, Qi = 0.4 p.u with terminal with voltage Vi = 1.10 p.u. The generator is
connected to an infinite bus system having voltage Vy through a transmission line
having reactance X = 0.8 p.u. The machine parameters (in p.u except otherwise
stated) are given in the following table.

Parameter Value Parameter Value
H 2.0 D 3.0
X4 1.6 Xg 0.8
.7 0.6 T 4 sec.
f 50 hz.

Calculate the initial values of the system variables and construct the corresponding
phasor diagram.

What is the necessity of power system modeling? Why should a trade-off be
maintained between modeling complexity and simulation time?

Fig. 3(b) represents the cross-sectional view of a two-pole synchronous machine
under loaded condition.
d-axis

B-axis
%

q-axis

/ !
¥
C-axis
Fig. 3(b)
1) Redraw the diagram including d-axis and q-axis damper coils for
representing the Model 2.2.
ii) Explain the reasons of incorporating the damper coils into the diagram.

iii) Show the variation of air-gap permeance as a function of rotor angle (6im)
and discuss it’s nature.
iv) Obtain the expressions for inductance /cc and /bc.

Explain the necessity of using an exciter for a synchronous machine. Briefly discuss
the capability limits associated with a synchronous generator.

What is a brushless excitation system? Mention its advantages over brushed
excitation systems.

15
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¢) The transfer function model of a DC exciter is shown in Fig. 4c (i). Reduce the 07

block diagram to the one shown in Fig. 4c (ii) and find out the expressions for K and
il

AEef = AVR K’ AEX = AEFD
—-—-> ——— q
57,
Fig. 4c (i)

d) Explain the difference between the constant resistance load saturation curve and the 05
open circuit curve for a separately excited DC excitation system.
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper.

1. a) State types of sources of energy with example. ‘ 06

b) Define the following terms with appropriate equation: 06
1) Power balance
ii) Conversion efficiency
iii) Steady state conversion efficiency.

c¢) State the input energy, output energy and typical conversion efficiency for 13
following energy conversion devices:
1) Steam turbine
if) Electric generator
iil) Incandescent lamp
iv) Solar cell
v) Battery
vi) Power plant boiler
vii) Automotive engine.

2. a) Point out the advantages and applications of solar energy. Explain the 08+05
distinctions between different generations of solar cells.

b) Define following terms in regards to a solar PV system: 12
1) Balance of system
ii) Hard cost
iii) Soft cost
iv) Net metering

3. a) Describe step by step method for designing a solar PV system. 10

b) Design solar PV system for a house with following appliances: 15
i) Four 15 W lamp used for 5 hours a day,
ii) Two 60 W fan used for 4 hours a day and
iii) One 80 W refrigerator with compressor running for 16 hours a day.
The system will be powered by 12 Vdc, 220 Wp (Isc = 8 mA) PV module with
panel generation factor of 4 and 5 days of autonomy. Apply general assumption
elsewhere.
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a) State the zeroth, first, second and third law of thermodynamics.

b) Define following terms from thermodynamics perspective:
1) Thermodynamic equilibrium
ii) Law of conservation of energy
iii) Isolated system
iv) Heat
v) Work
vi) Entropy

10

15
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There are 4 (four) questions. Answer any 3 (three) questions. All questions carry equal marks. Marks
in the margin indicate full marks. Programmable calculators are not allowed. Do not write on this
question paper.

1. a) What is the basic purpose of modulation in wireless communication? Why is the use of
higher and higher frequencies adopted in the course of time? What is the operating
bandwidth for UMTS (from 3GPP) and CDMA2000 (from 3GPP2)?

b) How long is a slot in millisecond and how many chips are there in the slot?

¢) Write down any two OVSF codes with spreading factor 4. Using them, show that a wrong
use of code by the receiver does not allow detection of anything.

2. a) Why scrambling codes can be used to different cells whereas OVSF codes must be used to
differentiate the users in the same cell in UMTS? How many primary scrambling codes
(PSCs) are available and why are so many PSCs required? How many scrambling codes are
available for use in uplink and why are so many scrambling codes required in uplink?

b) Write down any four OVSF codes with spreading factor 8.

¢) Determine and plot autocorrelation properties of the sequence 1110010 by rotating its
whole length.

3. a) Assume that the whole OVSF code tree is used for the data transfer and 128 users were
using spreading factor 128 in the cell. Then cutting off the service of some users, these new
spreading factors have been allocated: 1 user with spreading factor 4, 2 users with spreading
factor 16 and 1 user with spreading factor 32. What is the new number of users in the cell?

b) What are the minimum and maximum values of spreading factor in uplink and downlink in
UMTS? What is the typical value of spreading factor for voice? Determine the data rate in
kbps when the spreading factor is 256.

¢) User A transmits information 1 —1 using OVSF code 1 —1 1 —1. User B transmits
information —1 1 using OVSF code 1 =1 —1 1. Show the spreading of signal and the
composite signal waveform. Then show how user B can detect the correct information bits.

4. a) For Rayleigh fading model, derive the relationship between the amplitude of the received
signal and in-phase and quadrature components of Gaussian random variables.

b) The salaries of employees in a company are normally distributed with a mean of Tk. 50,000
and a standard deviation of Tk. 20,000. Determine what percent of people earn less than
Tk. 40,000. Determine what percent of people earn between Tk. 45,000 and Tk. 65,000.

¢) Explain what is actually meant by outage probability of wireless coverage at a particular
distance.

10
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There are 4 (four) questions. Answer any 3 (three) questions. All quesﬁons carry equal marks.
Marks in the margin indicate full marks. Programmable calculators are not allowed. Do not write on
this question paper. Any symbol preserve the usual meaning.

1. a) - For personal area networking (PAN), both IR and Bluetooth technologies have their

,a_dyantages' and disadvantages.- Justify your choice of technology between IR and
Bluetooth technologies by mentioning appropriate applications.

b) You and your friend want to share data between two wireless enable devices with the help
- of Bluetooth. Write down the basic characteristics and parameters of Bluetooth

communication.
What is spread-spectrum frequency hopping of Bluetooth? Briefly explain with g{(amples.

" ¢) At the beginning of the data transferring, how does the Bluetooth device create connection
with another Bluetooth device?

Briefly discuss Bluetooth Piconets. _
How does Bluetooth operate during data transferring? Briefly explain the operation state

with suitable flow chart.

2. a) As a network engineer, to create a computer network, you are asked to select between
circuit switching and packet switching; what do you choose? Justify your answer.

b) Why do we need queue in the packet switching? How does queue create data loss in the
~ network? Mention four sources of packet delay in the figure. Briefly explain each of them.

. ¢) Network can be classified into two categories by their component roles i.e.; P2P and
- “Client-Server. Write down the characteristics of P2P network and Client-Server network.

d). What do you understand by transmission control protocol (TCP), and user datagram
protocol (UDP)? _
What do you understand by connection-oriented and connectionless services?
Is-downloading a music file from the Intefnet connection-oriented or connectionless?
Is email connection-oriented or connectionless?

'3, a) Asanetwork designer, why do you need protocol suite? What do happen among network

components if there is no protocol suite?

~b) Networks are complex, with many “pieces” such as hosts, routers, links of various media,
applications, hardware, software, etc. To deal with these complex systems a layering
based protocol standard called Open Systems Interconnection (OSI) model is widely used.
Write the name of layers of OSI model. Explain the responsible job done by each layer
and how do they contribute to the whole network.

¢) What is the basic difference between OSI model and TCP/TP model? Brieﬂy- explain by
comparing the layers of both models with suitable tabular forms.

12
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4. a) In wireless networking, performance metrics are: i) Throughput, ii) delay, iii) fairness, 12
iv) stability, v) channel fading, vi) energy consumption, and vii) power management.
As a wireless network designer, how do you consider each of them for the efficient
wireless connectivity? Justify your answer by briefly explaining each of them.

b) According- to the IEEE standard, following wireless technologies are widely used 10
according to' the application categories: (802.21), (802.22), (802.11), (802 15:1), ‘
(802.16¢), (2G, 3G), (802.20), (802.15.3), (802.16), (802.15.4).

Write down their names according to the applications and classify them according to the

Area Network (AN).
Also, for the above standards, draw the companson graph for Range \E Data Rate (for

0.01 Mbps to 1000 Mbps)

c) What is Zigbee? In what kind of apphcatlon do you use ZlgbeeV 3
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8

)

b)

c)

Draw an antenna equivalent circuit. What is the main difference between the antenna
equivalent circuit and an RLC circuit? :

What is stub matching? Briefly explain the design procedure of single stub matching.
Design a stub to match a transmission line which is connected to a load impedance of
z, = (450 — j600) Q. The characteristic impedance of the line is 300 Q. The operating
frequency is 20 MHz. ' i
Define: Radiation resistance, directivity, antenna bandwidth.

Derive the expression for radiated power by half-wave dipole.

Find the directivity of an oscillating electric dipole.

Draw the radiation patterns of dipole for dipole length =%/2, A, and 2).

Find out the relationship between Wrand Wk.

Find the basic transmission loss between a ground-based antenna and airborne antenna
when the distance between the antennas are 1.6 and 16 km at frequency /=3 GHz.

What are the advantages of array antenna?
Derive the equation of field strength of a uniform linear array.
A uniform linear array is required to produce an end-fire beam when it is operated at a

frequency of 10 GHz. It contains 50 radiators and are spaced at 0.5A. Find the
progressive phase shift required to produce the end-fire beam.

Date: March 07, 2019 (Afternoon)
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1. a) Classification of Electromagnetic (EM) problems is needed to select the most appropriate
method for solving a given problem. Describe how EM problem are classified based on
(i)  the solution region of the problem
(ii)  the nature of the mathematical equation describing the problem
(iii)  the associated boundary condition

Based on item (ii) above classify the EM problems described by’

L0V v oW
e e'—+cosy e 2]
Ox oxdy oy
o _ 1o
ox*  u® or’
2 2
. (y2+l)gx—f+(x2 +1)2 f:o

b) A 2D electrostatic problem defined as
V¥ (x,y)=0,0<x,y<2
V(x,0)=0,V(0,y)=0
V(%,2)=100, 0<x<2.

Find ¥ (x,y) inside the region using separation of variable technique.

2. a) Derive the generalized Finite Difference (FD) scheme for Laplace equation. The
application of this FD scheme often leads to a large system of sparse simultaneous
algebraic equations. What are the most commonly used methods to solve such sparse

system?

b) The cross-section of a rectangular coaxial cable is shown below. The inner conductor is
maintained at a potential of 100 V. Find V at the interior points numerically using FD
method.

100y
oV
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Derive and draw the computational modules of conventional FD and Crank- Nicholson

2
schemes for the 1-D ka—gp: y ? for 0<r<1/2 and r=1, where r = Af =
ot ox k(Ax)

What are meant by accuracy and stability of an algorithm? How von Neumann’s method
can be adopted to find the stability criterion of an FD scheme. Illustrate the method for a
1-D parabolic type EM problem.

2
Solve the EM problem Z—f:‘; ?, 0<x<I, t>0, subject to initial and boundary
X

conditions
#(x,0)=x(1-x), 0<x<l,
#0,)=0=¢(1,t), t>0
&b,

==

Use Ax=0.25 and r=(

15
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25
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1. a) Briefly explain the significance of Z transformation in designing digital controller [5]
for continuous-time system.

b) Prove that, [10]
n-1
Z[x(t+nT)] =ig? [X(z)—Zx(kT)z"kJ.
k=0
Where, x(7)=0 fort <0 and x(t) has the z fransform X(z).

¢) Find x(k)using direct division method for & — 0,1,2,3,4 when X (z) is givenby, [10]
10z+5 ="

o

2. a) Obtain the z transform of the cosine function, [7]
_Jcosart, 0t
= (t) a {O, t<0-

b)  Mention different methods of obtaining inverse z transform. Obtain x (kT) byusing [10]

the inversion integral method when X (z) is given by,

2 ( 1- e'"T)
X =
(2) (z——l)(z—e‘“r)
¢)  Solve the following difference equation by use of z transform: [8]

x(k+2)+3x(k+1)+2x(k) =0, x(0)=0, x(1)=1.
3 a)  Show that, the. Laplace transform of the impulse-sampled signal x"(r) is same as ~ [10]
the z transform of signal x(¢) ife™ is defined as z,0or e =z,

b) With necessary mathematics, explain the procedure of obtaining z transform by the [15]
convolution integral method. Derive formulas to evaluate the convolution integral

using left half plane. |

4 a) Derive formulas to evaluate the convolution integral using right half plane. [8]
b) Derive the transfer function of the zero-order hold. [10]

1-e™

Gols)=
(5=

¢) Obtain the z transform of, [7]

l1-e” 1

X(s)= —

s s+1°



Table 2-1: Table of z Transform
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X(s) x(1) x(kT) or x(k) X(z)
| Kronecker
: : delta &, (k) ]
1; &=
0, k=0
2. S, (n- k)
5 = 1, n=k i
0, ek -
3, 1 1
- 1 1(%
S O | 1 e
4. 1 ~at —aki 1
s+a & e ] o3 e—aTz—l
o 1 Tz
’ = t kT (1 Fipe )2
6. | y T4 (I+z-’1)
= : kT e o e
= ! ( ) (1_2—1)3
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Table 2.2: Important Properties and Theorems of the z Transform

x(t) or x(k) Z[x(t):] or Z[x(k)]
1. ax(1) aX (z)
' ax, () +bx, (1) aX, (z)+bX,(z)
- x(t+T) or x(k+1) zX (z)-2x(0)
4, x(t+2T) 2’ X(z)-2"x(0)- zx(T)
5. x(k+2) 2’ X (2)-2’x(0)-zx(1)
6. x(t+kT) z* X (2)-2'x(0)-2""'x(T)-...— 2x(kT - T)
;- x(t—kT) z'kX(z)
8. x(n+k) 2 X (z)-2"x(0)-2"'x(T)-...—- 2x(k-1)
9. - x(n—k) z* X (2)
10. tx(t) —ng;X(z)
11. Fex (k) —Z%X(Z)
12; e‘"’x(t) X(ze"T)
13. e “x(k) X (ze)
14. a"x(k) X(i)
15. ka*x (k) —Z%X[EJ
16. x(O) lim X (z) if the limit exists
7 £(e) l,if}[(l_z_l)X(z)] if (l—z")X(z) is analytic on and
outside the unit circle
18. | Vx(k)=x(k)-x(k-1) (1-27") X (z)
19. | Ax(k)=x(k+1)-x(k) (z-1) X (z)-2zx(0)
20. 3 x(k) 1_12-' x(2)
2% a—ix(t,a) é%x(z,a)
22. k"x(k) (-Z%T X(z)
23. | x(kT)y(nT-KT) X(2)¥(2)
24, 3 x(k) x(1)




