
Answer on Question #79566, Physics / Electromagnetism 

 

A uniform plane wave of 100 kHz travelling in free space strikes a large block of a material having 

ε = 4ε0, µ = 9µ0 and σ = 0 normal to the surface. If the incident magnetic field vector is given by 

𝐁⃗⃗ = 10−6 cos(𝜔𝑡 − 𝛽𝑦) 𝐳̂ tesla 

write the complete expressions for the incident, reflected, and transmitted field vectors. 

 

Solution:   

When an electromagnetic wave travelling in one dielectric medium impinges on another 

dielectric medium with a different intrinsic impedance, part of the incident wave is reflected and 

part is transmitted. 

 

The incident wave fields: 

𝐄⃗ 𝑖 = 𝐸0𝑒
−𝛾1𝑧 ∙ 𝐱̂ 

𝐇⃗⃗ 𝑖 =
𝐸0

𝜂1
𝑒−𝛾1𝑧 ∙ 𝐲̂ 

The reflected wave fields: 

𝐄⃗ 𝑡 = Γ𝐸0𝑒
−𝛾1𝑧 ∙ 𝐱̂ 

𝐇⃗⃗ 𝑡 = −Γ
𝐸0

𝜂1
𝑒𝛾1𝑧 ∙ 𝐲̂ 

The transmitted wave fields: 

𝐄⃗ 𝑡 = 𝜏𝐸0𝑒
−𝛾2𝑧 ∙ 𝐱̂ 

𝐇⃗⃗ 𝑡 = 𝜏
𝐸0

𝜂2
𝑒−𝛾2𝑧 ∙ 𝐲̂ 

where  Γ  is the reflection coefficient,  𝜏 −  transmission coefficient, 𝜂 = √𝜇/𝜀. 

 

(i) The incident wave fields: 

𝐄⃗ 𝑖  has the magnitude  



𝐸0 = 𝐻0√
𝜇0

𝜀0
=

𝐵0

√𝜇0𝜀0

=
10−6

√𝜇0𝜀0

= 10−6 × 3 × 108 = 3 × 102 

𝐄⃗ 𝑖 = 𝐸0𝑒
−𝛾1𝑧 ∙ 𝐱̂ = 3 × 102 cos(𝜔𝑡 − 𝛽𝑦) (−𝐱̂) 

𝛽 =
𝜔

𝑐
=

2𝜋 × 100 × 103

3 × 108
=

𝜋

1500
 

So, 

𝐄⃗ 𝑖 = 3 × 102 cos (2𝜋 × 105𝑡 −
𝜋

1500
𝑦) (−𝐱̂)  V/m 

𝐇⃗⃗ 𝑖 =
𝐁⃗⃗ 𝑖
𝜇0

=
10−6

𝜇0
cos(𝜔𝑡 − 𝛽𝑦) 𝐳̂ =

10−6

4𝜋 × 10−7
cos(𝜔𝑡 − 𝛽𝑦) =

=
2.5

𝜋
cos (2𝜋 × 105𝑡 −

𝜋

1500
𝑦) 𝐳̂ A/m 

 

(ii) We assume that the incident electric field is reflected with a reflection coefficient Γ and 

transmitted with a transmitted with a transmission coefficient τ . That implies that if the electric 

field intensity of the incident, reflected and transmitted waves at the boundary (z = 0) are Ei0 , Er0 

and Et0 respectively, then Er0 = ΓEi0 and Et0 = τ Ei0 . 

𝜏 = 1 +  𝛤 

and 

2 1

2 1

 

 

−
 =

+
= 

𝜂1 = √
𝜇0

𝜀0
= 120𝜋  Ω  

𝜂2 = √
𝜇2

𝜀2
= √

9𝜇0

4𝜀0
=

3

2
× 120𝜋 = 180𝜋 Ω 

2 1

2 1
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0.2

180 120

 

 

− −
 = = =

+ +
 

𝜏 =
2𝜂2

𝜂2 + 𝜂1
=

2 ∗ 180𝜋

300𝜋
= 1.2 

Using the general properties above, we conclude that ( 𝛽𝑟 = −𝛽  because wave propagates in 

opposite direction) 

𝐄⃗ 𝑟 = 0.6 × 102 cos (2𝜋 × 105𝑡 +
𝜋

1500
𝑦) (𝐱̂)  V/m 

𝐇⃗⃗ 𝑟 =
1.5

𝜋
cos (2𝜋 × 105𝑡 +

𝜋

1500
𝑦) 𝐳̂ A/m 

 

(iii)   

𝛽2 = 2𝜋𝑓√𝜇2𝜀2 = 2𝜋𝑓√36𝜇0𝜀0 = 2 ∗ 𝜋 ∗ 100 ∗ 103 ∗ 6 ∗
1

3 ∗ 108
=

𝜋

250
 

So, 

𝐄⃗ 𝑡 = 3.6 × 102 cos (2𝜋 × 105𝑡 −
𝜋

250
𝑦) (−𝐱̂)  V/m 



𝐇⃗⃗ 𝑡 =
3

𝜋
cos (2𝜋 × 105𝑡 −

𝜋

250
𝑦) 𝐳̂ A/m 

 

 

Answer:    

Incident wave: 

𝐄⃗ 𝑖 = 3 × 102 cos (2𝜋 × 105𝑡 −
𝜋

1500
𝑦) (−𝐱̂)   V/m 

𝐇⃗⃗ 𝑖 =
2.5

𝜋
cos (2𝜋 × 105𝑡 −

𝜋

1500
𝑦) 𝐳̂  A/m 

Reflected wave: 

 

𝐄⃗ 𝑟 = 0.6 × 102 cos (2𝜋 × 105𝑡 +
𝜋

1500
𝑦) (𝐱̂)  V/m 

𝐇⃗⃗ 𝑟 =
1.5

𝜋
cos (2𝜋 × 105𝑡 +

𝜋

1500
𝑦) 𝐳̂ A/m 

Transmitted wave: 

𝐄⃗ 𝑡 = 3.6 × 102 cos (2𝜋 × 105𝑡 −
𝜋

250
𝑦) (−𝐱̂)  V/m 

𝐇⃗⃗ 𝑡 =
3

𝜋
cos (2𝜋 × 105𝑡 −

𝜋

250
𝑦) 𝐳̂ A/m 
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