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Problem 1 

Consider the plane sinusoidal wave below, with f  = 1 GHz and incident electric field given by: 

 

𝐸⃗ 𝑖(0,0,0) = 𝑗𝜇𝑥    (V/m) 

 

 
Calculate the electric field in point A(x = -5 m, y = 1 m, z = -1 m). 

 

Solution 

The total electric field is given by the summation between the incident field and the reflected field 

(if any). To determine the reflected field, it is first necessary to calculated the refraction angle: 

𝜃2 = sin−1 (sin (𝜃)√
𝜇𝑟1𝜀𝑟1

𝜇𝑟2𝜀𝑟2

) ≈ sin−1(2.294) 

This result indicates an evanescent wave, which means total reflection. For the complete expression 

of the reflected field though, it is necessary to calculate the reflection coefficient. To this aim, let us 

calculate 𝛽2𝑧: 

𝛽2𝑧 = 𝛽2 cos(𝜃2) = 𝛽2√1 − [sin(𝜃2)]2 = 𝛽0√𝜇𝑟2𝜀𝑟2√1 − [sin(𝜃2)]2 = ±𝑗4.13𝛽0 = − 𝑗4.13𝛽0 
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It is necessary to pick the negative sign to obtain a physical solution. The reflection coefficient can 

now be calculated: 

𝜂1 = 𝜂0√
𝜇𝑟1

𝜀𝑟1

1

cos(𝜃)
= 230.1 Ω 

𝜂2 = 𝜂0√
𝜇𝑟2

𝜀𝑟2

1

cos(𝜃2)
= 𝜂0√

𝜇𝑟2

𝜀𝑟2

1

cos(𝜃2)
= 𝑗91.3 Ω 

The choice of the negative sign for cos(𝜃2) in 𝜂2 is consistent with the one in 𝛽2𝑧. 

Γ =
𝜂2 − 𝜂2

𝜂2 + 𝜂1
= −0.728 + 𝑗0.686 

The expression of the total electric field in medium 1 is therefore: 

 

𝐸⃗ (𝑦, 𝑧) = 𝐸⃗ 𝑖(𝑦, 𝑧) + 𝐸⃗ 𝑟(𝑦, 𝑧) = 𝑗𝜇𝑥𝑒
−𝑗𝛽1cos (𝜃)𝑧𝑒−𝑗𝛽1sin (𝜃)𝑦 + Γ𝑗𝜇𝑥𝑒

𝑗𝛽1cos (𝜃)𝑧𝑒−𝑗𝛽1sin (𝜃)𝑦 V/m 

The value of the electric field in A is: 

𝐸⃗ (𝐴) = (−0.697 − 𝑗0.893)𝜇𝑥 V/m 

with 𝛽1 = 𝛽0√𝜇𝑟1𝜀𝑟1 =
2𝜋

𝜆0
√𝜇𝑟1𝜀𝑟1 = 167.6 rad/m 

 

 

 

  



Problem 2 

A source with voltage VG = 100 V and internal impedance ZG = 60  is connected to a load 

ZL = 60  through a lossy transmission line with characteristic impedance ZC = 100  and specific 

attenuation  = 30 dB/km. The line length is l = 20 m, the frequency is f = 300 MHz. 

For this circuit: 

1) Calculate the power absorbed by ZL. 

2) Calculate the absolute value of the voltage at section, |𝑉𝐴𝐴|. 
3) Calculate the trend in time of the voltage at section, VAA(t). 

 
Solution 

1) First, let us calculate the reflection coefficient at AA: 

Γ𝐿 =
𝑍𝐿 − 𝑍𝐶

𝑍𝐿 + 𝑍𝐶
= −0.25 

The reflection coefficient at BB is: 

Γ𝐵𝐵 = Γ𝐿𝑒
−𝑗2𝛽𝑙𝑒−2𝛼𝑙 = −0.2177 

where 𝛽 = 6.283 rad/m 

The equivalent input impedance is: 

Z𝐵𝐵 = 64.24 Ω 

Let us now calculate: 

Γ𝐺 = 0.034 

The power absorbed by what is beyond section BB (load plus line) is: 

𝑃𝐵𝐵 = 𝑃𝐴𝑉(1 − |Γ𝐺|2) = 20.8 W 

with  

𝑃𝐴𝑉 =
|𝑉𝐺|2

8𝑍𝐺
= 20.83 W 

This is not yet the power reaching the load, as we need to discriminate what part of the power is 

absorbed by the line. As question 3 requires the calculation of VAA(t), we can proceed by using 

voltage transfer. To this aim: 

𝑉𝐵𝐵 = 𝑉𝐺

𝑍𝐵𝐵

𝑍𝐺 + 𝑍𝐵𝐵
= 51.7 V 

Then, the progressive wave at BB is: 

𝑉𝐵𝐵
+ =

𝑉𝐵𝐵

1 + Γ𝐵𝐵
= 66.1 V 

Finally: 

𝑉𝐴𝐴 = 𝑉𝐵𝐵
+ 𝑒−𝑗𝛽𝑙𝑒−𝛼𝑙(1 + Γ𝐿) = 46.3 V   

The power absorbed by the load is: 

𝑃𝐿 =
1

2

|𝑉𝐴𝐴|2

𝑍𝐿
= 17.8 W 

 

2) From 𝑉𝐴𝐴  → |𝑉𝐴𝐴| = 46.3 V 

B A 

A B 

VG 

ZG 
ZL , ZC 

l 



 

3) Finally, as ∡𝑉𝐴𝐴 = 0 rad,  𝑉𝐴𝐴(𝑡) = 46.3 cos(1.88 × 109𝑡) V 

 

 


