00065

THE OPEN UNIVERSITY OF SRI LANKA
Faculty of Engineering ‘Technology
Department of Electrical & Computer Engineering
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ECX6243: Microwave Engineering and Applications
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Answer any five (05) questions.
Scientific calculators can be used for the calculations.
Required Erlang tables and daia is atltached.

Q1. Consider a uniform plane wave with the electric field directed in x — direction and incident
normally at z=0 on a perfectly conductive plane.
(a) Write the expressions for the E and H field travelling in the -+z direction
(b) Write the expressions for the reflected wave. ,
(¢} Derive the expressions for total E and H fields.
(d) Compute the surface current flow at z=0, due to the tangential component of H.
If the same uniform plane wave incident normally at z=0 on a loss-less dielectric material,
(e) Write the expressions for the (i) incident fields, and (ii) reflected fields
(f) Derive the expressions for the reflection coefficient and transmission coefficient.
{g) Comparatively discuss the wave propagation in (i) a perfect dielectric materlal and
(i} an imperfect dielectric medium.

Q2. Explain the following terms.
(a) phenomenon of skin effect
(b) electronic polarization
(c) electric susceptibility
Compute the skin depth of aluminium and gold at (i} IGHz a:nd (i1) 10GHZ Conductmties of
the two material aluminium and gold are given as 3.816Xx10° and 4.098x107 respectively.
What can you conclude about the results you have got in (i) and (ii).

Q3. Consider a waveguide with inner dimensions given as @ = 0.28cm and b = 0.56cm.
(a) Tdentify the possible cut-off frequencies up to a four time of the frequency of the
dominant mode for TE,,,, and TM,,,modes which can propagate in the given waveguide.
(b) Compute the range of frequencies which allows only the propagation of the dominant
frequency mode.
(c) If the conductivity of the walls is 5.8%107(1/m, calculate the attenuation constant for the
operation at 35GHz.
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Q4. Tee junctions are usefill microwave components in various microwave applications.

(a) Define three coupling characteristics of the tee junction usmg appropriate equations and. -
notations.

(b) Prove that the perfect matching of a loss-less tee junction is impossible.

Magic tee finds many useful applications in the microwave circuits.

{c) State four applications where magic tee can be used

(d) Derive the expression for the scattering matrix of a loss-less magic tee with an isotropic
medium inside it and the symmetry of the magic tee is as shown in the Figure (Q4)
below. Note: You may assume that the power is fed from port (4).

Symmetry
plane

' | i

(1) § i
\:’: 2 ’
o 1

Figure (Q4)

Q5. Resonators are important in designing oscillators and various other electronic circuits.

(a) Explain the following terms in relation to a microwave resonator:
(1)  resonator efficiency _

(i)  induced loss. |

(b) Define the Q factors for (i) a rectangular resonator and (ii) a spherical resonator.

(c¢) An air filled rectangular cavity with a cross-section of 0.38cmx0.76¢cm oscﬂlates at

50GHz. |

(1)  Calculate the length of the cavity for TE,,, when it is filled with air. -

(i)  Calculate the resonant frequency when it is filled with a dielectric of relative 1

permittivity of €,, = 1.63. - 1

(iii)  Calculate the new Q factor for dielectric medium with and a loss tangent for the |

dielectric is 0.5x 1072 and Q- = 8000. 1

Q6. In a cellular system, frequency reusing improves the capacity and spectral efficiency.
a) Explain the following terms.
(i)  hand-off process
(i)  co-channel interference.
b) Derive the relationship between any two nearest co-channel! cell distance “I)” and the cluster size
"N", Assume each cell has a hexagonal shape. H
c) A total of 50 MHz bandwidth is allocated to a FDD cellular system with two 22 KHz simplex |
channels to provide full duplex voice and conirol channels. Compuie the number of channels !
available per cell if the system uses (i} 4 cell, and (ii) 7 cell reuse techniques. Alsp, assume 1.3 :
MHz of spectrum is allocated to control channels. Give a distribution of voice and control channels.
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Q7. Mobile communication systems have evolved to fatlhidte more efficient data and voice
communications. : :
~2) Explain the role of the i‘ollowmg sub-systems in a mobﬂe communication system:
(i)  basetransceiver station
(i)  mobile switching center
(iii)  home location register
b) Compute the frec-space loss of a signal of 5 ZGHZ for a path length of Skm
¢) Consider two mobile networks: M1 and M2. M1 and M2 has 400 cells with 20 channels per cell
and 100 cells with 50 channels per celi respectively. Find the number of users that can be served
at 2% blocking probability if a user makes two calls per hour at an average call duration of four
mimites when both these networks are operating in maximum capacity.

Q8. Thermal noise cause signal strength degradations in microwave communication receivers.
a) Define the term receiver noise figure.
b) Describe two different types of horn antennas with appropriate illustrations.
¢) List three advantages of using a horn antenna in microwave comimunication sysiems.
d} Consider the microwave system shown in Figure (Q8) below, where the bandwidth is 1 GH?
centered at 20 GHz, and the physical temperature of the system is T = 300 K.
i What is the equivalent noise temperature of the source?
ii.  What is the noise figure of the amplifier, in dB?
iii.  What is the noise figure of the transmission line and amplifier, in dB?

Noisy Source Transmission line Amplifier
Ns =-80dBm IL=1.2dBm G=12dB
Ta = 130K

Figure (Q8)
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000t
0142
0868
2347
4520

282
1.054
1.422
1.826

2.260

2722
3.207
3,713

4,239

4.781

15339

5911
6.496
7.093
7.701

8.319
8.946
9.583
10.23
10.88
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12.21
12.88
13.56
14.25

14,94
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16.34
17.04
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22.85
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0.05

.0005
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3.329
3.878
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5.032
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6.250
6.878
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§.170

8.831 |

9.501
10.18
10.87
11.56
12.26

12.97
13.69
14.41
15.13
15.86

16.60
17.34
18.09
18.84
19.59

20.35
21.11
21.87
22.64
23.41

24,19
24.97
25.75

0.1

0010
0458
1938
4393
7621

1.146
1.579
2.051
2,558
3.092

3.651
4.231
4.831
5.446
6.077

6,722
7.378
8.046
8.724
9.412

10.11
10.81
11.52
12.24
12.97

13.70
14.44
15.18
15.93
16.68

17.44
18.21
18.97
19.74
20,52

21.30

22.08

22.86
23.65
24.44

25.24
26.04
26.84

Erlang B Tratfic Table

Mazimum Offered Load Versus B and N

0.5

0050
1054
3490
J012
1.132

1.622
2,158
2,730
3.333
3.961

4.610
5279
5964
6.663
7.376

8.100
8.834
9.578
10.33
11.09

11.86
12.64
13.42
14.20
15.00

15.80
16.60
1741
18.22
19.03

19.85
20.68
21.51
22.34
23.17

24.01
24.85
25.69
26.53
27.38

28.23
29.09
29.94

1.0

0101
1526
A555
8694

1.361

1.909
2501
3.128
3.783
4.461

5.160
5.876
6.607
7.352
8.108

8.875
9.652

10.44-

11.23
12.03

12.84
13.65
14.47
15.30
16.13

16.96
17.89
18.64
19.49
20.34

21.18
22.05
22.91
23.77
24.64

25,51
26.38
27.25
28.13
29.01

29.89
30.77
31.66

Bisin %
}

£

0204
2235
6022
1.092
1.657

2.276
2.835
3.627
4.345
5.084

5.842
6.615
7.402
3.200
9.010

9.828
10.66
11.49
12.33
13.18

14.04
14.90
15.76
16.63
'17.51

18.38
19.27
20.15
21.04
21.93

22.83
23.73
24.63
2553
26.44

27.34
28.25
29.17
30.08
31.00

31.92
32.84
33.76

)

0526
3813
5994
1.525
2219

2.960
3.738
4.543
5.370
6.216

7.076
7.950
5.835
9.730
10.63

11.54
12.46

~13.39

i4.32
15.25

16.19
17.13
18.08
19.03
19.99

20.94
21.90
22.87
23.83
24.80

25.77
26.75
2772
28,70
29.68

30.66
31.64
32.62
33.6]
34,060
3558
36.57
37.57

10

AL1E
3954
1271
2.045
2.881

3,758
4,666
5.597
6.546
7.511

8.4387
9.474
10.47
11.47
12.48

13.50
14.52
15.55
16.58
17.61

18.65
19.69
20.74
21.78
22.83

23.39
24.94
26.00
27.05
28.11

29.17
30.24
31.30
32.37

3343

34.50
35.57
36.64
37.72
38.79

39.86
40.94
42.01

15

1765
7962
1.603
2.501
3.454

4.445
5.461
6.498
7.551
8.616

9.651
10.78
11.87
12.97
14.07

15.18°

16.28
17.41
18.53
19.65

20.77
21.90
23.03
24.16
25.30

26.43
27.57
2871
2985
31.00

32.14
33.28
34.43
35.58
36.72

37.87
39.02
40,17
4132
42.48

43.63
44,78
4564

2500

1.000
1.930
2.945

~ 4.01C

5.109
6.230
7.369
8.522
9.685

10.86
12.04

13.22-

14.41
15.61

16.31
18.01
19.22
20.42
21.64

22.85
24.0¢6
23.28
26,50
27.72

28,94
30.16
31.39
32.61
33.84

35.07
36.30
37.52
3875
39.99

41.22
42.45
43.68
4491
46.15

47.38
48.62
49.85

4286
1.449
2.633
3.891
5.189

6.514
7.856
9.213
10.58
11.95

13.33
14.72
16.11
17.50
18.90

20.30
21770
23.10
24.51
2592

27.33
28.74
30.15
31.56
32.97

3435
35.80
37.21
38.63
40.05

4146
42,88
44.30
45.72
47.14

48.56
49.98
51.40
52.82
54.24

55.66
57.08
58.50
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40

6667
2.000
3.480
5.021
6.596

8.191
9.800
11.42
13.05
14.68

16.31
17.95
19.60
21.24
22.89

24.54
26.19
27.84
29.50
31.15

32.81
34.4¢6
36.12
37.78
39.44

41.10
4276
44.41
46.07
47.74

49.40
51.06
52,772
54.38
56.04

57.90
59.37
61.03
62.69
64.35

66.02
67.68
69.34




24,33
25.08

~25.83
26.59
27.34
28.10
28.87

29.63
30.40
3117
3154
32.72

33.49
34.27

35.05

35.84
30.62

" 3741
38.20
38.99

- 39.78
40.58

41.38
42.17
42.97
43.77
44.58

4538
46.19
47.00
47.81
48.62

49.43
50.24
51.05
51.87
32.69

53.51
34.33
55.15
55.97
36.79

57.62
58.44
59.27
60.10
60.92

26.53
27.32

28.11
28.90
29.70
30.49
31.29

32.09
32,90
33.70
3451

3532

36.13
36.95
37.76
38.58
39.40

40.22
41.03
41.87
4270
43.52

44.35
45.18
46.02
46.85
47.68

48.52
49.36
50.20
51.04
51.88

52.72
53.56
54.41
55.25
56.10

56.95
57.80
58.65
59.50
§0.35

61.21
62.00
62.92
63.77
64.03

27.64
25457

29.26
30.07
30.82
31.6%
32.51

3333
34.15 .
34,98
35.80
36.63

37.46
38.29
3912
38.96
40.80

41.63
42.47
43.31
44.16
45.00

45.85
46,69
47.54
48.39
4924

50.09
50.94
51.80
52.65
53.51

54.37
5523
56.09
56.95
57.81

58,67
59.54
60.40
61.27
62.14

63.00
63.87
64.74
65.61
66.48

30.80
31.66

3257

33.38
34.25
35.11
35.98

36.85
37.72
38.60
39.47
40.35

4123
42.11
42,99
43.87
44,76

45.64
46.53

47.42

4831
49.20

50.09
50.98
51.87
52.77
53.66

54.56
55.46
56.35
57.25
38.15

59.05
59.96
60.86
61.76
62.67

63.57
64.48
65.39
06,29
67.20

68.11
69 02
69.93
70.84
71.76

32.54
33.43

34.32
3522

- 36.11

37.00
37.90

38.80
39.70
40.60
41.51
42.41

43.32
44.22
45k3
46.04
46.95

47.86
48.77
49.69
50.60

5152

52.44
53.35
54.27
55.19
56.11

57.03
57.96
58.88
59.80
60.73

61.65
62.58
63.51
64.43
65.36

66.29
67.22
68.15
£9.08
70.02

70.95
71.88
72.82
73.75
74.68

34.68
35.61

36.53
37.46
38.39
39.32
40.26

41.19
42,12
43.06
44.00
44.94

45.88
46.82
47.76
48.70
45.64

50.59
51.53
52.48
53.43
54.38

55.33
56.28
57.23
58.18
59.13

60.08
61.04
61.99
62,95
63.90

64,36
65.81
66.77
67.73
68.69

69.65
70.61
71.57
72.53
73.49

74.45
75.42
76.38
77.34
78.31

38.56
39.55

- 40.55

41.54

- 42.54

43.53
44.53

45,53
46,53
47.53
48.54
49.54

50.54
51.55
52.55
53.56
54.57

55.57
56.58
57.59
58.60
39.61

60.62
61.63
62.64
63.65
64.67

65.68
66.69
67.71
68.72
69.74

70,75
717
72,79
73.80
74.82

75.84
76.86
77.87
78.89
79.91

§0.93
§1.95
82.97
83.99
85.01

43.0¢
44.17

45.24
46.32
47.40
48.48
49.56

50.64
51.73
52.81
53.89
54.98

56.06
57.14
58.23
59.32
60.40

61.4%
62.58
63.66
64.75
65.84

66.93
68.02
69.11
70.20
71.29

72.38
73.47
74.56
75.65
76.74

77.83
78.93
80.02
8111
8§2.20

83.30
84.39
85.48
86.38
87.67

38.77
89.86
90.96
92.05
93.15

47.09
48.25

4940

50.56

5171

52.87
54.03

55.19
56.35
57.50
58.66
59.82

60.58
62.14
63.31
64.47
65.63

66.79
£7.95
69.11
70.28
71.44

72.60
73.77
74.93
76.09
77.26

7842
79.59
80.75
8L.92
83.08

84,25
85.41
86.58
8774
88.91

90.08
91.24
92.41
93.58
94.74

95.91
97.08
98.25
99.41
100.6

51.09
52.32

53.56
54.80
56.03
57.27
58,51

59.75
60.99
62.22
63.46
64.70

65.94
67.18
68.42
69.66
70.90

72.14

73.38
74.63
75.87
771.11

78.35
79.59
20.83
82.08
83.32

84.56
85.80
87.05
88.29
8%.53

90.7%
92.02
93.26
9451
95.75

06.99
98.24
95.48
100.7
102.0

1032
104.5
1057
107.0
1082

59.92
61.35

62.77
64.19
65.61
67.04
68.46

69.88
T1.31
12,73
74.15
75.58

77.00
78.43
79.85
81.27

82,70

34.12
85.55
86.97
§8.40
85.82

91.25
92.67
94.10
95.52
96.95

98.37
99.80.
101.2
162.7

1041

105.5
106.9
108.4
109.8
111.2

112.6
114.1
115.5
116.9
118.3

119.8
1212
122.6
i24.0
125.5

90.97
92.64
94.30
95.97
97.63

99.30
101.0
102.6
1043
106.0

167.6
105.3
111.0
112.6
114.3

116.0
117.6
1193
120.9
122.6

124.3
125.9
127.6
1283
130.9

132.6
1343
135.9
137.6
139.3

140.9
142.6
144.3
1459
147.6




%91 61.75
S92 . §2.58
93  63.42
94 6425
95 65.08
96 65.92
97 66.75
98 67.59
99 63.43
100 69.27

65.49
66.35
67.21
68.07

68.93 .

69.79
70.65
71.52
72.38
F~25

67.36
68.23
69.10

69.08

70.85

71.73
72.61
73.48
74.36"
75.24

72.67

73.58.

74.50
75.41
76.33

77.24
78.16
79.07
79.99
80.91

75.62

. 76.56

77.49
78.43

7937

$0.31

81.25
82.18
&3.12
84.06

79.27
80.24

8§1.20

S82.17 -
83.13 .

84.10
85.07
86.04
87.00
§7.97

86.04
87.06
28,08
89.10
90.12

91.15
92.17
93.19
9422
95.24

94.24
95.34
96.43

. 97.53

98.603

99.72
100.8
101.9
103.0
104.1

i01.8 -
1029
104.1 -

105.3

064

107.6
108.8
108.9
1111
1123

N is the number of servers. The numerical column headings indicate blocking probability B in %.
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1094 - 1269 1493
C1107 1283 1509
119 - 1298 1526
1132 1312 . 1543
144 1326 1559

115.7 134.0 157.6
116.9 135.5 159.3
118.2 136.9 160.9
1194 1383 162.6
120.6 139.7 164.3

Table generated by Dan Dexter
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