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MODEL ANSWER
SUMMER- 18 EXAMINATION
Subject Title: ADVANCED COMMUNICATION Subject Code: ]_7656
Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not
applicable for subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for any equivalent
figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may
vary and there may be some difference in the candidate’s answers and model answer.

6) Incase of some questions credit may be given by judgement on part of examiner of relevant answer based
on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent concept.

Q.1 A) Attempt any THREE: 12 Total
Marks
a) Define the term w.r.t. wave guide (a) group velocity, (b) phase velocity. 4 Marks

Ans: | Phase velocity: Phase velocity is defined as the rate at which the wave changes its phase | 2 Marks
in terms of the guide wavelength.
OR

The phase velocity is the velocity with which the wave changes phase in a
direction parallel to the conducting surface.

The phase velocity is given by equation

— Ve
| O — B S
1}} ‘\/l n 2
_{;.,{,]
Where

V.is velocity of light.
A is free space wavelength
Ao is cutoff wavelength

Group velocity: Group velocity is defined as the rate at which the wave propagates
through waveguide . 2 Marks
Group velocity is given by equation
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]J‘

Where

= 1-'£.-\/1 - (;:}2
OR

v,=v_sinf

V.is velocity of light.

A is free space wavelength

Ao is cutoff wavelength

The group velocity is also can be defined as the velocity of energy flow in the
waveguide system.

b) With neat sketch, describe operations of tunnel diode. 4 Marks
Ans: Diagram
2 Mark
i‘\ BM-M—\,'
Tin dog Operation 2
Mark

Y stemgtcsy,

L5 3 Ceathods).

Kovag
" Cegamrc bOd#:

Mesh sceeen ™

Cohnec tog

" GaSh, Gahs
ot~ Ge  pellet

kKovag
Gon tag + C»Qnodc) Hetghf: }-gm

Operation.

Tunnel diode is a thin junction diode which under low forward bias conditions
exhibits negative resistance useful for oscillation or amplification.

The junction capacitance of the tunnel diode is highly dependent on the bias
voltage and

temperature.

A very small tin dot about 50um in diameter is soldered or alloyed to a heavily
doped pellet of n- type Ge, GaSb or GaAs.

The pellet is then soldered to a kovar pedestal, used for heat dissipation, which
forms the anode contact.

The cathode contact is also kovar being connected to the tin dot via a mesh screen
used to

reduce inductance.

The diode has a ceramic body and hermetically sealing lid on top.

In tunnel diode semiconductor material are very heavily doped, as much as 1000
times more than in ordinary diodes.

This heavy doping result in a junction which has a depletion layer that is so thin

Page2




MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

(0.01um) as to prevent tunneling to occur.

e In addition, the thinness of the junction allows microwave operation of the diode
because it considerably shortens the time taken by the carriers to cross the

junction.

e A current-voltage characteristics for a typical Germanium tunnel diode is shown
in figure.

e Forward current rises sharply as voltage is applied. At point A, peak voltage
oceurs.

e As forward bias is increased past this point, the forward current drops and
continues to drop until point B is reached, this is the valley voltage.

e At point B current starts to increase once again and does so very rapidly as bias is
increases further.

e Diode exhibits dynamic negative resistance between A and B therefore, useful for
oscillator applications.

- l —~
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C) List different display methods used in Radar. Explain any one display method. 4 Marks
Ans: | Different display methods used in Radar are. Display
e A-Scope display methods : 1
e Plan-position indicator (PPI) Marks
A-scope Display :
Explanation
e This is the most popular type of the deflection modulation type display system | : 3 Marks

which indicates the range of the target.

e The A-scope display, shown in figure, presents only the range to the target and the
relative strength of the echo.

e The A-scope normally uses an electrostatic-deflection crt. The sweep is produced
by applying a sawtooth voltage to the horizontal deflection plates. The electrical
length (time duration) of the sawtooth voltage determines the total amount of
range displayed on the CRT screen.

e The ranges of individual targets on an A-scope are usually determined by using a
movable range gate or step that is superimposed on the sweep.

e In addition to this there are various signals displayed on the screen corresponding
to:

o Ground clutter i.e. echoes from various fixed objects near the transmitter
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& from the ground.

o Grass noise i.e. an almost constant amplitude & continuous receiver
noise.

o Actual targets. These signals are usually large.

Re fesence .

pluse \

Ne%b%

objects
Cluticg
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Plan-Position indicator (PPI):

This is an intensity- modulation type displays system which indicates both range
and azimuth angle of

the target simultaneously in polar co-ordinate as shown in figure.

The Demodulated echo signals from the receivers is applied to the grid of the
CRT which is biased slightly beyond cut-off.

Only when Blips corresponding to the targets occur, a saw tooth current applied to
a pair of coils(on opposite side of the neck of the tube) flows.

Thus, a beam is made to deflect radially outward from the center and also
continuously around the tube(mechanically) at the same angular velocity as that
of the antenna.

The brightness spot at any point on the screen indicates the presence of an objet
there.

Normally PPI screens are circular with a diameter of 30cm or 40cm. Long
persistence phosphors are used to ensure that the PPI screen dose not flicker.

faroet @
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d)

Why is the uplink is more than downlink frequency in satellite communication?

4 Marks

Ans:

The uplink frequency is the frequency which is used for transmission of signals from

earth station transmitter to the satellite.
At higher frequency attenuation is more hence more power will be required for
signal transmission to ensure that it reaches the destination with the required
minimum power. Higher power requirements involve the use of high power
amplifiers with high ratings and heat sinks. This will increase the weight and
power supply ratings will not make any difference. However for the satellite
this will result in higher power consumption, which results in avoidable
inefficiency.

4 Marks for
Explanation

B)

Attempt any ONE:

06 Marks

Describe rectangular waveguide in TE and TM mode.

6 Marks

Ans:

TE Modes:
K o ——
Tk

11l

" Thansvesse €lectic

CTe)
TE mode stands for transverse Electric mode.
In TE Mode electric Field of the signal is perpendicular to the direction of propagation
through waveguide and the magnetic field component can be in the direction of
propagation.
It is labelled as TEmnwhere m and n are integers denoting the number of half wavelengths
of EF intensity variations along the broader and narrower dimension .
The characteristic wave impedance for TE modes is given by equation.

377
2
- (3)

The cut-off wavelength for TEmnmode is given by-

0=

TM Mode:

3 Marks

(TE mode
Imark
diagram, 2
mark
description.)

3 Marks
(TM mode
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Teansgverse magnetc
€ T™)

TM stands for transverse Magnetic mode. In TM Mode magnetic Field of the signal is
perpendicular to the direction of propagation through waveguide and the electric field
component can be in the direction of propagation.

. Since lines of magnetic force are closed loops, if a magnetic field exists and is changing
in the x direction, it must also exist and be changing in the y direction. Hence TMm,omodes
cannot exist in rectangular waveguides. The formula for characteristic wave impedance for
TM modes is,

Pl 2
Zy = 377 1_(3,_)

Imark
diagram, 2
mark
description.)

b) Sketch the construction of PIN diode and write its operation. 6 Marks
Ans: Constructio
Metallre Contact n diagram 3
4 S Marks,
n -t+ype St Operation
3Marks

Intetnsic st
C sirghtlg, h- dopedd )

P- }-gpe 89
metaltic Conlatt

(a) Schematic

Tnsalatot Anode contact:
5 N

\

cathode contact-
(b) Planar Orientation
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Meted beam
J eads

ingalafog,

(c) Inline Orientation.
Operation:
The PIN diode has following modes of operation:
1. Forward biased:
1. When the diode is forward biased, it behaves as if it possesses a variable resistance
controlled by the applied current.
2. When a PIN diode is forward biased, holes and electrons are injected from the P
and N regions into the I-region.
3. This results in the carrier concentration in the | layer becoming raised above
equilibrium levels and theresistivity drops as forward bias is increased. Thu low
resistance is offered in the forward direction.
4. The high-frequency resistance is inversely proportional to the DC bias voltage
applied to the diode. A PIN diode, suitably biased, therefore acts as a variable resistor.
This high-frequency resistance may vary over a wide
range from 0.1Q to 10 kQ.
2. Reverse biased:
When the diode is reversed biased the space charge regions in the p and n layers will
become thicker. The
reverse resistance will be very high and almost constant.
3. Zero Bias:
At zero bias, the diffusion of the holes and electrons across the junction causes space
charge region of thickness
inversely proportional to the impurity concentration. The diode has high impedance.

Q2

A)

Attempt any FOUR:

16 Marks

Draw the construction of microwave circulator and isolator. List applications Of
each (any two).

4 Marks

Ans:

Circulator:
Construction diagram

(Circulator
construction
1 Mark
Applicaion 1
Mark
Isolator
construction
1 Mark
Applicaion 1
Mark)
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Line paralle!
2 Marks
e ()
Applications:
1. Circulator used as coupling element for reactance amplifier.
2. Circulator used as duplexing and phase lock injection element.
3. Circulator used primarily in radar and communication system.
Isolator:
Construction diagram
Circular waveguide e @ 2 Marks
45° pot ™
Twist .
Resistive o
card -y
lar -
I|AIG
_‘6...'_‘
90“@
Applications:
1. lIsolators are widely used in measuring equipment , medical electronics and
electric power Instruments
2. lIsolator can take over wvarious signals such as temperature
sensor/transmitter, pressure sensor/transmitter, liquid level
sensor/transmitter, humidity sensor/transmitter, flux sensor/transmitter, gas
sensor/transmitter, optical sensor/transmitter.
3. An Isolator is used to shield equipment on its input side from the effect of
condition on its output side for example to prevent a microwave source being
detuned by a mismatched load.
Note: Any other relevant application can be considered
b) Draw and explain the working of two cavity klystron amplifier. 4 Marks
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Ans:

Operation:

1.

The RF signal to be amplified is used for exciting the input buncher cavity
thereby developing an alternating voltage of signal frequency across gap A.
Consider the effect of this gap voltage on the electron beam passing through
gap A by means of an Applegate diagram. At point B on the input RF cycle,
the alternating voltage is zero and going positive.

At this instant, the EF across the gap A is zero and an electron which passes
through the gap A at this instant is unaffected by the RF signal.

Let us consider this electron be called the reference electron egwhich travels

with unchanged velocity v, = /% where V is the anode to cathode voltage.

At point C of the input RF cycle, an electron which leaves the gap A later than
the reference electron called the late electron e;is subjected to maximum
positive RF voltage and hence travels towards gap B with an increased
velocity (v>Vo) and this electron tries to overtake the reference electron ey.
Similarly an early electron e, that passes the gap A slightly before the
reference electron eyis subjected to a maximum negative voltage field. Hence,
this early electron is decelerated and travels with a reduced velocity. This
electron falls back and the reference electron catches up with the early
electron.

Therefore, the velocity of electron varies in accordance with the input RF
voltage resulting in velocity modulation of the electron beam. As a result of
these actions, the electrons in the bunching limit (between A and C) gradually
bunch together as they travel down the drift space from gap A to gap B and
excite oscillations in the output cavity (catcher).

The density of electrons passing gap B vary cyclically with time i.e. the

Diagram
2 Marks

Working 2
Marks.
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