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Q.7 (a)(a)(a)(a)(a) A certain lossless transmission line is 1.6 m long and has characteristic resistanceA certain lossless transmission line is 1.6 m long and has characteristic resistanceA certain lossless transmission line is 1.6 m long and has characteristic resistanceA certain lossless transmission line is 1.6 m long and has characteristic resistanceA certain lossless transmission line is 1.6 m long and has characteristic resistance
RRRRR00000 = 500  = 500  = 500  = 500  = 500 ΩΩΩΩΩ. The line is operating in air and fr. The line is operating in air and fr. The line is operating in air and fr. The line is operating in air and fr. The line is operating in air and frequency of operation is 500 MHz.equency of operation is 500 MHz.equency of operation is 500 MHz.equency of operation is 500 MHz.equency of operation is 500 MHz.

(i)(i)(i)(i)(i) The line is terminated with a short circuit. It is observed that the maximumThe line is terminated with a short circuit. It is observed that the maximumThe line is terminated with a short circuit. It is observed that the maximumThe line is terminated with a short circuit. It is observed that the maximumThe line is terminated with a short circuit. It is observed that the maximum
voltage at any point on the line is 11.56 volts. What will be the magnitude ofvoltage at any point on the line is 11.56 volts. What will be the magnitude ofvoltage at any point on the line is 11.56 volts. What will be the magnitude ofvoltage at any point on the line is 11.56 volts. What will be the magnitude ofvoltage at any point on the line is 11.56 volts. What will be the magnitude of
input voltage? Determine the current through the short circuit.input voltage? Determine the current through the short circuit.input voltage? Determine the current through the short circuit.input voltage? Determine the current through the short circuit.input voltage? Determine the current through the short circuit.

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

(ii)(ii)(ii)(ii)(ii) The shorThe shorThe shorThe shorThe short cirt cirt cirt cirt circuit is rcuit is rcuit is rcuit is rcuit is replaced by a replaced by a replaced by a replaced by a replaced by a resistance load of 200 esistance load of 200 esistance load of 200 esistance load of 200 esistance load of 200 ΩΩΩΩΩ. The input voltage. The input voltage. The input voltage. The input voltage. The input voltage
is varied so that 100 Watts of power is delivered to the load. Find theis varied so that 100 Watts of power is delivered to the load. Find theis varied so that 100 Watts of power is delivered to the load. Find theis varied so that 100 Watts of power is delivered to the load. Find theis varied so that 100 Watts of power is delivered to the load. Find the
reflection coefficient, voltage standing wave ratio and power in the incidentreflection coefficient, voltage standing wave ratio and power in the incidentreflection coefficient, voltage standing wave ratio and power in the incidentreflection coefficient, voltage standing wave ratio and power in the incidentreflection coefficient, voltage standing wave ratio and power in the incident
wave.wave.wave.wave.wave.

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

Solution:
Given data, l = 1.6 m; R0 = 500 Ω; f = 500 × 106 Hz

(i)(i)(i)(i)(i) From the question V0
+

S C/

z = 1 –z z = 0
z

Vmax = 0 1V +  + Γ 

For short circuit line, Γ = 0

0
1L

L

R R
R R

−
= −

+
⇒ |Γ| = 1

⇒ 11.56 = 0 [1 1]V + +

⇒ 0V + =
11.56

5.78 V
2

= ⇒ 0V +  = 5.78 V

Now, Is(z) =
0 0

0 0

j z j zV V
e e

z z

+ −
− β + β−

At z → –z

Is(z) =
0 0

0 0

j z j zV V
e e

z z

+ −
β − β−

At z = 0, Is(z = 0) = 0 0 0 0

0 0 0 0
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β l =
π × =2

1.6 16.75
0.6

⇒ cosβl = –0.5
sinβl = –0.86

∴ Vo = jZosinβl IL
= j500 × –0.86 × 0.023
= –j9.89 � 10∠–π/2

∴ Input voltage, Vo = 10∠–π/2 V

⇒ Is(z = 0) = [ ]5.78 5.78
1 2 0.023 A

500 500
− Γ = × =

∴ Current through short circuit, Isc = 2.312 mA

(ii)(ii)(ii)(ii)(ii) V0
+

RL = 200 Ω

z

100 W

Γ

(a) Reflection coefficient; Γ:

Γ = 0

0

200 500 3
200 500 7

L

L

R R
R R

− − −
= =

+ +

(b) Voltage standing wave ratio; S:

S =
1 1 3/7 10

2.5
1 1 3/7 4

+ Γ +
= = =

− Γ −

(c) Power in the incident wave, Pin:

As, power delivered to the load;

PL = { }
2

02

0
1 | |

2

V

R

+

− Γ

⇒ PL = {1 – |Γ|2}Pinc

⇒ Pinc = 2 2

100
122.5 W

1 3
1

7

LP
= =

− Γ −

∴ Pinc = 122.5 W

End of Solution
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Q.7 (b)(b)(b)(b)(b) Realize a ‘sum’ output of a full adder by using appropriate number of circuitRealize a ‘sum’ output of a full adder by using appropriate number of circuitRealize a ‘sum’ output of a full adder by using appropriate number of circuitRealize a ‘sum’ output of a full adder by using appropriate number of circuitRealize a ‘sum’ output of a full adder by using appropriate number of circuit
blocks shown below and inverters.blocks shown below and inverters.blocks shown below and inverters.blocks shown below and inverters.blocks shown below and inverters.

Sum = ((Sum = ((Sum = ((Sum = ((Sum = ((AAAAA     ⊕⊕⊕⊕⊕     BBBBB) ) ) ) ) ⊕ ⊕ ⊕ ⊕ ⊕ CCCCCiiiiinnnnn)))))

IN5

IN0

IN2

OUT

IN1

(Circuit Block)

IN3

IN4

The circuit block has six inputs IN0, IN1, ... IN5 and one output ‘OUT’.The circuit block has six inputs IN0, IN1, ... IN5 and one output ‘OUT’.The circuit block has six inputs IN0, IN1, ... IN5 and one output ‘OUT’.The circuit block has six inputs IN0, IN1, ... IN5 and one output ‘OUT’.The circuit block has six inputs IN0, IN1, ... IN5 and one output ‘OUT’.
[20 marks : 2022][20 marks : 2022][20 marks : 2022][20 marks : 2022][20 marks : 2022]

Solution:
Sum = ((A ⊕ B) ⊕ Cin)

From the given circuit block, the XOR operation can be implemented as below:

A

B

A

Y A B =   ⊕

A

B

A

The operation of the circuit can be explained as below

• If A is 0, both transistors in the inverter will always be in cut-off. Thus, the inverter
doesn’t affect the output. The output will be equal to B passed by the transmission
gate.

• If A is 1, the inverter acts like an inverter passing the complement of B to the output.
The transmission gate doesn’t affect the circuit because it is in the blocking state.
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The sum output of full adder can be realized using the given circuit block as below:

A

B

A

A

B

A

Cin

Cin

Cin

Y A B =   ⊕

Y  C = ( )  ⊕ inA B  ⊕

Cin

End of Solution

Q.7 (c)(c)(c)(c)(c) (i)(i)(i)(i)(i) A telephone network consists of two end offices and one intermediate switchA telephone network consists of two end offices and one intermediate switchA telephone network consists of two end offices and one intermediate switchA telephone network consists of two end offices and one intermediate switchA telephone network consists of two end offices and one intermediate switch
with a 1 MHz full duplex trunk between each end office and the intermediatewith a 1 MHz full duplex trunk between each end office and the intermediatewith a 1 MHz full duplex trunk between each end office and the intermediatewith a 1 MHz full duplex trunk between each end office and the intermediatewith a 1 MHz full duplex trunk between each end office and the intermediate
switch. The average telephone is used to make four calls per 8 hour workswitch. The average telephone is used to make four calls per 8 hour workswitch. The average telephone is used to make four calls per 8 hour workswitch. The average telephone is used to make four calls per 8 hour workswitch. The average telephone is used to make four calls per 8 hour work
daydaydaydayday, with a mean call duration of six minutes. T, with a mean call duration of six minutes. T, with a mean call duration of six minutes. T, with a mean call duration of six minutes. T, with a mean call duration of six minutes. Ten peren peren peren peren percent of the calls arcent of the calls arcent of the calls arcent of the calls arcent of the calls areeeee
long distance. What is the maximum number of telephones an end officelong distance. What is the maximum number of telephones an end officelong distance. What is the maximum number of telephones an end officelong distance. What is the maximum number of telephones an end officelong distance. What is the maximum number of telephones an end office
can support?can support?can support?can support?can support?

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

(ii)(ii)(ii)(ii)(ii) In a pure ALOHA system, the channel bit rate is 2400 bits/second. EachIn a pure ALOHA system, the channel bit rate is 2400 bits/second. EachIn a pure ALOHA system, the channel bit rate is 2400 bits/second. EachIn a pure ALOHA system, the channel bit rate is 2400 bits/second. EachIn a pure ALOHA system, the channel bit rate is 2400 bits/second. Each
terminal transmits a 100 bits message every minute. Determine the maximumterminal transmits a 100 bits message every minute. Determine the maximumterminal transmits a 100 bits message every minute. Determine the maximumterminal transmits a 100 bits message every minute. Determine the maximumterminal transmits a 100 bits message every minute. Determine the maximum
number of terminals that can use the channel.number of terminals that can use the channel.number of terminals that can use the channel.number of terminals that can use the channel.number of terminals that can use the channel.

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

Solution:

(i)(i)(i)(i)(i) Given that, Full duplex trunk = 1 MHz
The average telephone is used to make 4 calls per 8 hour work day with a mean call
duration of 5 minutes.

=
4 1

0.5 Calls/hour
8 2

= =

The mean call duration of 6 minutes is
= 0.5 × 6 = 3 min/hour

The 20 telephones can share the circuit in an hour.
Given 10% of calls are long distance so 200 telephone can share a long distance
circuit.

The number of circuits =
1MHz 250 circuits
4 kHz

=

The maximum number of telephones support are
= 250 × 200 = 50000

(ii)(ii)(ii)(ii)(ii) Given that, pure ALOHA channel bit rate is 2400 bps.
Each terminal transmits = 100 bits/minute.
Let the number of terminals be N.
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Maximum channel bandwidth for pure ALOHA is 18.4% of channel bandwidth i.e.
18.4% × 2400 bps.

18.4
2400 bps

100
× = 100

bits/sec
60

N ×

N =
18.4 24 60

264.96 265
100
× × = �

End of Solution

Q.8 (a)(a)(a)(a)(a) An airAn airAn airAn airAn air-filled r-filled r-filled r-filled r-filled rectangular waveguide is to be constrectangular waveguide is to be constrectangular waveguide is to be constrectangular waveguide is to be constrectangular waveguide is to be constructed for single mode operationucted for single mode operationucted for single mode operationucted for single mode operationucted for single mode operation
at 15 GHz. The design condition is that the frequency is 20 percent higher thanat 15 GHz. The design condition is that the frequency is 20 percent higher thanat 15 GHz. The design condition is that the frequency is 20 percent higher thanat 15 GHz. The design condition is that the frequency is 20 percent higher thanat 15 GHz. The design condition is that the frequency is 20 percent higher than
the cut-off frequency for the fundamental mode, while being 20 percent lowerthe cut-off frequency for the fundamental mode, while being 20 percent lowerthe cut-off frequency for the fundamental mode, while being 20 percent lowerthe cut-off frequency for the fundamental mode, while being 20 percent lowerthe cut-off frequency for the fundamental mode, while being 20 percent lower
than the cut-off frequency for the next higher order mode.than the cut-off frequency for the next higher order mode.than the cut-off frequency for the next higher order mode.than the cut-off frequency for the next higher order mode.than the cut-off frequency for the next higher order mode.

(i)(i)(i)(i)(i) Determine the guide dimensions Determine the guide dimensions Determine the guide dimensions Determine the guide dimensions Determine the guide dimensions aaaaa and  and  and  and  and bbbbb.....
[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

(ii)(ii)(ii)(ii)(ii) Find the propagation constant, wavelength and phase velocity for the guidedFind the propagation constant, wavelength and phase velocity for the guidedFind the propagation constant, wavelength and phase velocity for the guidedFind the propagation constant, wavelength and phase velocity for the guidedFind the propagation constant, wavelength and phase velocity for the guided
mode.mode.mode.mode.mode.

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

Solution:

(i)(i)(i)(i)(i) Assume, TE10 mode with a × b,

Given, 
10 01TE TE1.2 0.8C Cf f f≤ ≤

⇒
10TE1.2Cf =

01TE0.8 Cf f=

Now, 10TECf =
2 1.2
c f
a

=

⇒
83 10

2a
×

=
915 10

1.2
×

⇒ a = 1.2 cm

Also, 01TEcf =
2 0.8
c f
b

=

⇒
83 10

2b
×

=
915 10

0.8
×

⇒ b = 0.8 cm

(ii)(ii)(ii)(ii)(ii) (a)(a)(a)(a)(a) Propagation constant; γg :

For air filled waveguide;

γg = jβg

∴ βg =
2

1 cf
f

 β −   

∴ fc =
8

2

3 10
12.5 GHz

2 2 1.2 10

c
a −

×= =
× ×

⇒ βg =
2 29

8
12.5 2 15 10 12.51 1
15 153 10c

ω π × ×   − = −   ×   
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βg = 173.65 rad/m

∴ γg = j173.65 /m

(b)(b)(b)(b)(b) Guided wavelength ; λg:

λg =
2 2

0.036 m
173.65g

π π= =
β

⇒ λg = 3.62 cm

(c)(c)(c)(c)(c) Phase velocity; vp :

vp =
8

8

2 2

3 10
5.43 10

12.5
11

15
c

c

f
f

×= = ×
   −−      

∴ vp = 5.43 × 108 m/s

End of Solution

Q.8 (b)(b)(b)(b)(b) (i)(i)(i)(i)(i) Design a block level architecture of a seven coefficient FIR filter by usingDesign a block level architecture of a seven coefficient FIR filter by usingDesign a block level architecture of a seven coefficient FIR filter by usingDesign a block level architecture of a seven coefficient FIR filter by usingDesign a block level architecture of a seven coefficient FIR filter by using
appropriate number of multipliers, adders and registers. Assume that all theappropriate number of multipliers, adders and registers. Assume that all theappropriate number of multipliers, adders and registers. Assume that all theappropriate number of multipliers, adders and registers. Assume that all theappropriate number of multipliers, adders and registers. Assume that all the
input operands arinput operands arinput operands arinput operands arinput operands are available in 8 bit, 2’e available in 8 bit, 2’e available in 8 bit, 2’e available in 8 bit, 2’e available in 8 bit, 2’s complement fixed point s complement fixed point s complement fixed point s complement fixed point s complement fixed point rrrrrepreprepreprepresentation.esentation.esentation.esentation.esentation.
The architecture should give one output per clock cycle.The architecture should give one output per clock cycle.The architecture should give one output per clock cycle.The architecture should give one output per clock cycle.The architecture should give one output per clock cycle.

[12 marks : 2022][12 marks : 2022][12 marks : 2022][12 marks : 2022][12 marks : 2022]

(ii)(ii)(ii)(ii)(ii) Identify the different blocks required, if the FIR filter is to be realized byIdentify the different blocks required, if the FIR filter is to be realized byIdentify the different blocks required, if the FIR filter is to be realized byIdentify the different blocks required, if the FIR filter is to be realized byIdentify the different blocks required, if the FIR filter is to be realized by
using a single multiplier and an adderusing a single multiplier and an adderusing a single multiplier and an adderusing a single multiplier and an adderusing a single multiplier and an adder. Justify your answer. Justify your answer. Justify your answer. Justify your answer. Justify your answer.....

[8 marks : 2022][8 marks : 2022][8 marks : 2022][8 marks : 2022][8 marks : 2022]

Solution:

(i)(i)(i)(i)(i) 7 coefficient FIR filter structure:

+ + + + + +

Z –1 Z –1 Z –1 Z –1 Z –1 Z –1

h(1) h(2) h(3) h(4) h(5) h(6)

x( )n

h(0)

y n( )

where, x(n) = sys i/p
y(n) = sys o/p
h(n) = Impulse response of FIR filter

Since, h(n) has 7 coefficients i.e.
h(n) = {h(0), h(1), h(2), h(3), h(4), h(5), h(6)}

Number of multipliers = 7
Number of adders = 7 – 1 = 6

End of Solution
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Q.8 (c)(c)(c)(c)(c) A QPSK signal is transmitted by satellite. Raised-cosine filtering is used, for whichA QPSK signal is transmitted by satellite. Raised-cosine filtering is used, for whichA QPSK signal is transmitted by satellite. Raised-cosine filtering is used, for whichA QPSK signal is transmitted by satellite. Raised-cosine filtering is used, for whichA QPSK signal is transmitted by satellite. Raised-cosine filtering is used, for which
the roll-off factor is 0.2 and a BER of 10the roll-off factor is 0.2 and a BER of 10the roll-off factor is 0.2 and a BER of 10the roll-off factor is 0.2 and a BER of 10the roll-off factor is 0.2 and a BER of 10–5–5–5–5–5 is required. For the satellite downlink, is required. For the satellite downlink, is required. For the satellite downlink, is required. For the satellite downlink, is required. For the satellite downlink,
the losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBKthe losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBKthe losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBKthe losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBKthe losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBK–1–1–1–1–1,,,,,
and the transponder bandwidth is 36 MHz. Calculateand the transponder bandwidth is 36 MHz. Calculateand the transponder bandwidth is 36 MHz. Calculateand the transponder bandwidth is 36 MHz. Calculateand the transponder bandwidth is 36 MHz. Calculate

(i)(i)(i)(i)(i) The maximum bit rate that can be accommodated.The maximum bit rate that can be accommodated.The maximum bit rate that can be accommodated.The maximum bit rate that can be accommodated.The maximum bit rate that can be accommodated.
[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

(ii)(ii)(ii)(ii)(ii) The rThe rThe rThe rThe requirequirequirequirequired equivalent isotred equivalent isotred equivalent isotred equivalent isotred equivalent isotropic radiated poweropic radiated poweropic radiated poweropic radiated poweropic radiated power.....

Assume that Assume that Assume that Assume that Assume that b

o

E
N

 
  

 ratio for 10 ratio for 10 ratio for 10 ratio for 10 ratio for 10–5–5–5–5–5 BER is 10 dB. BER is 10 dB. BER is 10 dB. BER is 10 dB. BER is 10 dB.

[10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022][10 marks : 2022]

Solution:
Given, Roll off factor, α = 0.2

BER, Pe = 10–5

Losses = 200 dB
G/T = 32 dB/K–1

Bandwidth BW = 36 MHz

(i)(i)(i)(i)(i) We know,

For QPSK, M = 4

BW =
2

(1 )
log

bR
M

+ α

36 × 106 =
2

(1 0.2)
log (4)

bR
+

Rb = 60 × 106 bps

Bit rate, Rb = 60 Mbps

(ii)(ii)(ii)(ii)(ii) The required EIRP,

EIRP = [ ]
0

[ ] Losses [ ]b
b dB dBdB

dB

E G
R K

N T
   + − + +     

= 10 + 10 log(60 × 106) – 32 + 200 + 10log(1.38 × 10–23)

EIRP = 10 + 77.78 – 32 + 200 – 228.6

EIRP = 27.179 db

End of Solution
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