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1 (a)

Section A : Analog Circuits + Electromagnetics

A two element array consists of collinear hertz dipoles. The element spacing is % .Find

the directivity of the array when the elements are excited in phase.
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1(b)| Two planar slabs of equal thickness but with different dielectric constants are shown in
below figure. E, in air makes an angle of 30° with the z-axis. Calculate the angle that
E makes with z-axis in each of the three regions A, B and C.

z

EU
30°
| €
A 2¢,
3&
g ST s T

@p) [12 marks]
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% (c)

Find:
(i) The reflection coefficient at the load-end.

(i) Reflection coefficient at a distance of 0.2A from the load-end.

(iif) Impedance at a distance of 0.2 from the load-end.

c) Guan’ 2, - 200 [12 marks]
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1(d)

| A

Consider the circuit and the gain-frequency characteristics given below. Find the value
of R, and R..

v, El>—o V, 1‘0 w(krad/s)
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Q.1 (e)

Ql )

In the following amplifier circuit, assume that R = 2 MQ, R, =100 kQ, R, =2 kQ,

8, =10mS, A =0and 7, = <.
Find A, R, , R andAiz

in/

[12 marks]
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Q.2 (a)| In a certain region for which ¢ = 0, & = 2 4, and & = 10g,, the displacement current
density is, T, =60 sin(10°t —Bz)d, mA/m?.
(i) Find Dand H.
(ii) Determine f.
[20 marks]
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Q.2(b)| (i) A silicon transistor with § = th =100 is used in the circuit shown below. Find the
maximum input supply voltage ‘V” for which transistor remains in saturation region.

=08 V.

=0.2 V and VBEsat

Assume VCE o

12V

2.5k

(ii) Forinput voltage of 2 volt, it is noted that the above circuit is in cut-off region upto
100°C. Calculate the reverse saturation current (I.,) of the circuit at room
temperature. (Assume room temperature as 37°C)

[12 + 8 marks]
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2 (c)

=

(i) Determine the s-parameters for the given two-port network:

________________________

< T r ©

AAAA

vyyYy
oo
<

(if) A uniform loss-less transmission line with a characteristic impedance Z = 100 Q
has a length of 0.65A. The line is driven by a time-harmonic source with a 2 V
Thevenin voltage and a 50 Q internal impedance. The line is terminated by a load
Z, = (25 - j25)Q.

1. Determine the input impedance of the line.

2. Determine amplitude of the forward wave, V.
[10 + 10 marks]
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Q.3 (a)

Q?) &

X
(i) Inaone-dimensional device, the charge density is given by Py = %

If electric field, E =0 at x = 0 and potential V=0atx =g, find V and E.

A
(i) Two 1 transformers in tandem are to connect a 50 Q line to a 75 Q load as shown

in below figure.

. A
Z,=50Q e e % 75 Q)
. TR
4 4

Determine the characteristic impedance Z ; if Z , = 30 Q and there is no reflected
wave to the left of A. '

[12 + 8 marks]
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Q.3 (b)

Q5

W
In the following amplifier circuit, assume that V,, = 15V, uNcox"L_=225 nA/V?,

Vin=-3V,R;=22MQ, R, =75k, R, =10 kQ, R, =220 kQ, A = 0.015 N

+Vpp

(i) Draw the dc equivalent circuit and find the Q-point for the amplifier.

(ii) Draw the ac equivalent circuit of the amplifier. Assume all capacitors have infinite

value. Obtain the values of R, , R_ , and A_ for the small-signal equivalent circuit

of the amplifier as shown below:

[20 marks]
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Q.3 ()| (i) Consider a plane wave with an electric field intensity E = ~E, cos(wt — Bz)§ V/m
where E, = 1200 V/m and f= 400 MHz propagating is in free space. Assume lossless

propagation.

1. What is the direction of propagation of wave?

2. Calculate the instantaneous and time averaged power densities in the wave.

3. Calculate the total instantaneous and time averaged power transmitted by the
wave.

4. Suppose a receiving dish antenna is 2 m in diameter. How much power is

received by the receiving antenna if the surface of dish is perpendicular to the
direction of propagation of the wave?

(ii) Obtain a wave equation of the electric scalar potential V for a time varying field.

[15 + 5 marks]
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Q4 (a)

(i)

(i)

Design a voltage divider bias network using a depletion type MOSFET with
Ings =10 mA and V, = -4 V to have a Q-point at I, = 2.5 mA using a supply of
24 V. In addition, set gate voltage, V. =4 V-and use R, = 2.5 R_with R, = 22 MQ.
(All the notations used are standard one)

Design a voltage regulator using zener diode that will maintain an output voltage
of 20 V across 1 kQ load with an input that will vary between 30 and 50 V. Specify
the proper value of limiting resistor R_ and the maximum zener diode current I

zm'

[10 + 10 marks]
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.4 (b)

(i) A2cm x1cm waveguide is made of copper (o, = 5.8 x 107 S/m) and filled with a
dielectric material for which € = 2.6, u = 1, 5,= 10 S/m. If the guide operates at
12 GHz, evaluate attenuation constant due to dielectric losses (o)) for TE,, mode.

(i) Alossless 60 Q line is terminated by a load of 60 +60 Q.1f Z, =120 -j60 Q, how far
(in terms of wavelength) is the load from the generator?
[10 + 10 marks]
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R4 (c)

(i)

(i)

Design a monostable multivibrator using 555 IC which generate a pulse of 1 ps
width when trigger input is applied. Use a capacitor of 325 pF. Explain the circuit
operation with waveforms.

A full-wave rectifier uses a transformer with secondary voltage of 50 V_ . and

diode having internal resistance of 20 Q. A 6 H inductor of DC resistance 30 Q is
connected in series with load resistance of 650 . If line frequency is 60 Hz and DC
resistance of secondary winding is 45 Q, calculate:

1. Ripple factor.
2. DC output voltage and AC output voltage.

3. Regulation factor.
[15 + 5 marks]
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Q5 (a)

85

Section B : Analog Circuits + Electromagnetics

: T
An electric field strength of 10 uV/m is to be measured at an observation point 0= 5

500 km from a %- monopole operating in air at 50 MHz.

(i)

(ii) Calculate the current that must be fed to the antenna.

What is the length of the dipole?

(iii) Find the power radiated by the antenna.

(iv) If a transmission line with Z; = 75 Q is connected to the antenna, determine the
standing wave ratio.

[12 marks]
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()

R %g/ SOL A
st B [ sg—a2c |

i o T

s
A

In a conducting medium, the magnetic field is given as
H = y22i, +2(x + 1)yzd, —(x+1)z%a, A/m.

Determine the conduction current density at point (2,0, -1). Also find the current enclosed
by the square loop y = 1,0<x<1,0<z<1. '

§ [12 marks]
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1.5 (¢}

DY)

Prove that Bypass capacitor in common emitter amplifier is used to enhance the voltage
gain of the amplifier.

2 12 k
Corafder copmon onStler qmq,)u '_f]eer [12 marks]
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Q.5(d)

An application requires the use of a band pass filter having a roll-off rate of 40 dB/ decade
and cut-off frequencies f, = 2 kHz and f, = 4 kHz. Using the Sallen and Key sections, a
band pass filter is designed to get maximally flat Butterworth frequency response. The
low pass and high pass sections are shown in figure below.

R, R, R, R,

gﬁ

~
_-.?
=

(v ]

AA
YWy

=y

=

A
=
[#3)
AA
YYYy
i}

Vm* C

C A in 3
T ;ov : = 0V T ov

(a) 2 order low pass section (b) 2 order high pass section
(Assume R, =1kQ, C= 108 F and C,=10"F)
Determine the numerical value of R,, R, and R.
[12 marks]
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Q.5 (e)

Consider the circuit shown below:

+Vec (18V)
Re=16Q
Ry;=12KkQ
Cl
il B=40
100 F

Determine:

(i) Quiescent point
(i) DC input power
(iii) Output Power
(iv) Power Efficiency

(Assume base current due to ac source, I; =5 mA rms)

12 k
(@) for Quietcend Gp@!v’\,? & C 3¢ ,Vce) [12 marks]
O,
(ﬁ@n%&ﬂ@y e aroJ?&?g ; (‘oamcf%ot’\ open cfroud €
/“/ﬂ
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L =5 42 T FVge = ©
Vo e (v - 63 kv / w/!% cf I '3 €
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@)

.6 (a)| (i) Consider the circuit shown in figure below:

Fowey e;f ;f ?Q?»Qnﬂﬁ z Pout

gl

P

RS 2
AAAA AAAA
¥

Vil R v,

[ %] ?‘W[ e
' 0

vy
V.

2

(=]

Assuming the two op-amps to be ideal, calculate the value of V—V‘E%/—
=K

(ii) If the diodes in the circuit shown below are ideal and the breakdown voltage V, of
the zener diode is 5 V, find the power dissipated in the 100 Q resistor.

50 Q2 11002

10 sin(100 ) V Zenex 5V
Diode

= [10 + 10 marks]
& ) Dwne do vPrdend Thort 3 -

‘1' W Ui /,
VA2 C\/V‘fr/L Yho vt
l

Va
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Vyme vat e Vi (C o viiteal Short )
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Q.6(b)| (i) An air-filled rectangular waveguide of dimensions 2 =2 cm, b = 4 cm transports
energy in the dominant mode at a rate of 2 mW. If the frequency of operation is
10 GHz, determine the peak value H; of the magnetic field in the waveguide.

(i) In free space, H =0.2 cos(wt—PBx)a, A/m. Find the total power passing through a
square plate of side 10 cm on plane x + y = 1.
[12 + 8 marks]
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Q.6 (c)

&6 ()

(i) The transistor shown in the figure below has V,.=1V, and p,C,, (V—[\‘/—] =2mA/V2,

Determine the drain voltage.
33V

10kQ =R,

1.8VI

i 05kQ =R,

(ii) Define transconductance, dynamic drain resistance and amplification factor of JFET.
[14 + 6 marks]

(P) G\?WQJ/\? Ve = Tu

7t
Aan Cox @9
L
He, .
T
— /,f
G\a, c'\vt_,) /

~1o8 + Vac + T8 <o
A
2B e n%*Uiéf/
-j;\-‘ L.e”
Fpe = 366 Ay <D

%SWE?E&U?» MoSFET P Safurakfon rQ%f@J/l /

-
ZpS : Mfc;g(gg) C chgb\f)/)/“ kD)
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.7 (a)

(i)

(i)

A section of a rectangular waveguide of cross-section 2 cm * 1.5 cm operating in
the dominant mode is to be used as a delay line in a radar at 10 GHz. What should
be the length of the section to realize a delay of 50 nsec?

Draw the voltage standing wave patterns for the following types of load impedances
of the transmission line :

1. Complex Inductive load (R + jX)

Complex Capacitive load (R - jX)

Pure resistive load (R)

Pure Inductive load (+jX)

Pure Capacitive load (-jX)

S

[10 + 10 marks]
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Q.7(b)| (i) The741-IC Op-Amp having the following parameters is connected as shown in the
figure.

Open loop voltage gain A = 20000, R, = 2 MQ, R, =75 Q, f, = 5 Hz, supply
voltage = £15 V and output voltage swing = £13 V.
Find Ay Ry and Ry of the op-amp with feedback.

(ii) Draw the circuit diagram of voltage to current converter with floating load using
op-amp. Derive the necessary equations that describes its operation.
[15 + 5 marks]
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Q.7 (c)

A uniform plane wave is normally incident on an infinitely thick dielectric slab, having
dielectric constant 10 and loss tangent 1072 at © = 10'° rad /sec. If the power density of
the incident wave is 100 W/m?, find the power density of the wave in the dielectric at a
distance of 10 m from the surface.

[20 marks]
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Q.8 (a)

6{%
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The circuit given below is made by three ideal operational amplifiers (op-amp):
|4 ¥ @
~ 2x
1
@ i
EE RS AN }@
10} 2 :
v, + @ )

(i) Specify the type of circuit. Comment upon its CMRR in comparison to op-amp.
(ii) Find the expressions for voltages at points (), (&), (©), @ and ().
(iii) If V; =5V and V,=5.05V and V, (voltage at point (¢)) is 5 V, find the ratio R/R :

and Rz/ R,, when overall gain is divided in the ratio of 10 : 1 between first and
second stage of the circuit.

[20 marks]
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(ii)

o

b) ( ﬁ)

Calculate the loss resistance R,___ if the magnitude of the current is I, = 5 A. Also,
calculate the power radiated and the ohmic loss.

An antenna in air radiates a total power of 100 kW so that a maximum radiated
electric field strength of 12 mV/m is measured 20 km from the antenna.
Find: 1. its directivity in decibels,
2. its maximum power gain if n, = 98%.
[12 + 8 marks]

R Byod- 2800

/ o ohimfe [exser = 0.7 kW

< 70 mc‘*”)

(74
1
e
3
-~
<=
T
B

Do not
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8(b)| (i) The radiation resistance of an antenna is 280 Q and the efficiency factor is 0.8.
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B (c)

(i) For the circuit shown in the figure, assume B = h, = 100.

-10V

3kQ

1. Determine if the silicon transistor is in cut-off, saturation or in active region.

200 Eind Ve Ve, Ve
Assume VC =-0.2 Vand W s O8N,

Esat

(ii) With reference to a BJT, show that g1 < Sl must be satisfied in order to prevent

i O

thermal runaway. Here, P is the heat generated at the collector junction, Tis the
junction temperature and 6, is the thermal resistance between the junction and

the air.

[12 + 8 marks]
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