EE3109
Answers of Assignment II
Ques. 1 (a)
H  i = η 1 0
( )

n ˆ × E  i
= 120 1
π
z ˆˆ ×
x 3.3
e
-
j 275
z
=
y 0.008754 e
-
j 275
z
A/m
(b)
Γ = η η 2 2 -
+ η η 1
1 = η η 0 0 0 0
ε - η ε + η =
1 1
- +
ε ε = -
0.5 (c)

r r
r r
E  r
= Γ x ˆ 10 e j 275 z = -
x ˆ 1.65 e
j 275
z
V/m H  r = η 1
0
n ˆ × E  r
=
y 0.004377 e
j 275
z
A/m
(d)
T
= η 2 2 η
2 + η 1 = η 0 2 η 0 ε r ε r
+ η 0
=
1
+
2
ε
r =
0.5 (e)
E  t
= Tx ˆ 10 e - j ε
r
275 z =
x ˆ 1.65 e
-
j 825
z
V/m H  t = η 1
2
n ˆ × E  t
=
 y 0.0131 e
-
j 825
z
A/m
(f)
P  i ,
avg = 1 2
Re ( E  i × H  i * )
=
z ˆ 0.0144 W/m
2
P  r ,
avg = 1 2
Re ( E  r × H 
r
)
ˆ 0.00361 W/m
(g)
2 , , ,
2 ,
* = -
z
2
P  P  t t avg = P  i avg - P 
r avg
avg
=
z ˆ0.0108 W/m
=
0.0108 W/m

Ques. 2 (a)
Z
L
=
77
+ j 48
Ω
Γ L
= Z L
-
Z
0 Z L
+
Z
0
= 0.311 + j0.260
=0.4
06 ∠
40 o (b)
SWR = 1 1
+ - Γ Γ
=
2.36
(c)
β = ω p
= 2
0.3 π
=
33.51 rad/m
(d)
0 0
0
f v c
l
=
1.2m
Z in
= Z
Z L
+
jZ tan
β
l Z +
jZ L
tan
β
l
= 28.46 + j25.64=38.31 ∠ 42
o Ω
(e)
V g = 50V, Z
g
= 50
Ω
V i = Z
in Z g +
Z
in
V
g
= 21.21 + j9.40 = 23.20 ∠
23.92 V
= +
= 0.58 - j0.19 = 0.61 ∠
-18.09 A
(f)
,
( *
) o I i
Z g V
g Z
in
o
P i avg = 1
2 Re V i × I i
=
5.22 W
(g)
P L , avg = P i ,
avg
( 1 - Γ 2
)
=
4.36 W

Ques. 3 (a)
Z
0
= 600
Ω f =
200
MHz
λ
= c f
=
1.5
m
l
s
=
0.158
λ d
=
0.356
λ From the Smith Chart The normalize impedance of the stub (point A) is –j0.65 Stub admittance Y
s
= -j0.65/600 = -j1.0833x10-3 Stub impedance Z
s
=1/Y
s
= j923.08Ω
(b)
The normalize admittance of the transmission line at the stub (point B) = 1+j0.65 Using the Smith Chart, SWR (S) = 1.9
(c)
When moving towards load for 0.356λ, we found y
L
on the Smith Chart (point C) y
L
=1.6 - j0.6 by extend y
L
by λ/4, we found z
L
(point D) = 0.55+j0.2 Therefore, Z
L
=330+j120 Ω
(d)
From the Smith Chart at the load (point D),
Γ = Γ
je θ
Γ
= 0.3 ∠ 148

(e)
Voltage minimum is located at point E,
l
min
= 0.5λ-0.045λ = 0.455λ

The Complete Smith Chart
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Ques. 4
(a)
Major advantage: lower loss Major disadvantage: bulky
(b) (i)
2 2 f
c ,
mn
= 2
1
με
⎛ │ ⎝ m a ⎞ │ ⎠ +
⎛ │ ⎝ b n
⎞ │ ⎠
The cutoff frequencies that are lower than 5GHz:
modes f
c
(GHz) TE
10
2.08 TE
20
4.16 TE
01
4.41 TE
11
, TM
11
4.88
(ii)
u
p
=
u
1
-
⎛ │ ⎝ f c
2
f
⎞ │ ⎠
The highest cutoff frequencies is 4.88 GHz for TM
11
or TE
11
modes, corresponding to the highest phase velocity.
u p
,11
= c
1
-
⎛ │ ⎝ 4.88 5
⎞ │ ⎠
2
=
13.59 m/s
(b) (i)
Since the wave impedance of the TE mode (800 Ω) is greater than that of the plane wave in air (120 Ω), it must be operating in a TE mode.
(ii)
u g
= u 1 - ⎛ │ ⎝ 2
c
η 0 1.414 10 8 m/s TE f f ⎞ │ ⎠
= c
Z
= ×

(iii)
TE
10
mode:
