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ELEN E3401: Electromagnetics
Spring 2025

Prof. Keren Bergman

Exam 2 Review
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Example 1

I

Loop is coplanar with long, straight wire carrying current, along z-axis:

𝐼𝐼 𝑡𝑡 = 5 cos 2𝜋𝜋 × 104𝑡𝑡 [𝐴𝐴]

a) Determine Vemf induced across 5cm gap
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I

Loop is coplanar with long, straight wire carrying 
current, along z-axis:

𝐼𝐼 𝑡𝑡 = 5 cos 2𝜋𝜋 × 104𝑡𝑡 [𝐴𝐴]
a) Determine Vemf induced across 5cm gap

𝐵𝐵 = �𝜑𝜑
𝜇𝜇0𝐼𝐼
2𝜋𝜋𝜋𝜋 = −�𝑥𝑥

𝜇𝜇0𝐼𝐼
2𝜋𝜋𝑦𝑦

To obtain the flux, we obtain magnetic flux density due to wire:

𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡 = −
𝑑𝑑Φ
𝑑𝑑𝑑𝑑

Φ = �
𝑆𝑆
𝐵𝐵 � 𝑑𝑑𝑠𝑠

Plan to get Vemf : 

Example 1

obtain the flux:

then, get:
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I

Loop is coplanar with long, straight wire carrying 
current, along z-axis:

𝐼𝐼 𝑡𝑡 = 5 cos 2𝜋𝜋 × 104𝑡𝑡 [𝐴𝐴]
a) Determine Vemf induced across 5cm gap

𝐵𝐵 = �𝜑𝜑
𝜇𝜇0𝐼𝐼
2𝜋𝜋𝜋𝜋

= −�𝑥𝑥
𝜇𝜇0𝐼𝐼
2𝜋𝜋𝑦𝑦

In the plane of the loop: �𝜑𝜑 = −�𝑥𝑥 𝑟𝑟 = 𝑦𝑦

Flux passing 
through loop: Φ = �

𝑆𝑆
𝐵𝐵 � 𝑑𝑑𝑠𝑠 =

Φ =
(4𝜋𝜋 × 10−7)(5 cos 2𝜋𝜋 × 104𝑡𝑡 ) × 0.1

2𝜋𝜋 × 1.1 = 1.1 × 10−7 cos 2𝜋𝜋 × 104𝑡𝑡 [𝑊𝑊𝑊𝑊]

Example 1

�
5𝑐𝑐𝑐𝑐

15𝑐𝑐𝑐𝑐
−�𝑥𝑥

𝜇𝜇0𝐼𝐼
2𝜋𝜋𝑦𝑦 � (−�𝑥𝑥 10𝑐𝑐𝑐𝑐)𝑑𝑑𝑦𝑦 =

𝜇𝜇0𝐼𝐼 × 0.1
2𝜋𝜋 ln

15
5
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I

𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡 = −
𝑑𝑑Φ
𝑑𝑑𝑑𝑑

𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡 = −
𝑑𝑑Φ
𝑑𝑑𝑑𝑑 = 1.1 2𝜋𝜋 × 104 sin 2𝜋𝜋 × 104𝑡𝑡 × 10−7

= 6.9 × 10−3 sin 2𝜋𝜋 × 104𝑡𝑡 [𝑉𝑉]𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡

Loop is coplanar with long, straight wire carrying 
current, along z-axis:

𝐼𝐼 𝑡𝑡 = 5 cos 2𝜋𝜋 × 104𝑡𝑡 [𝐴𝐴]

a) Determine Vemf induced across 5cm gap

Example 1
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b) Obtain current flowing through a 4Ω
resistor connected across gap

Loop has internal resistance of 1 Ω.

𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 =
𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡

4 + 1 =
6.9 × 10−3

5 sin 2𝜋𝜋 × 104𝑡𝑡 = 1.38 sin 2𝜋𝜋 × 104𝑡𝑡 [𝑚𝑚𝑚𝑚]

At t = 0, 𝐵𝐵 is max and points in −�𝑥𝑥. As time increases, 𝐵𝐵 will decrease. So the 
induced current is CW – creates increasing 𝐵𝐵 in −�𝑥𝑥

𝐵𝐵 = −�𝑥𝑥
𝜇𝜇05 cos 2𝜋𝜋 × 104𝑡𝑡

2𝜋𝜋𝑦𝑦

I

Example 1

Direction of induced current:
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Propagation in lossy medium: any medium

Table 7-1

𝛼𝛼 = 𝜔𝜔
𝜇𝜇𝜖𝜖′

2 1 +
𝜖𝜖′′

𝜖𝜖′

2

− 1

1/2

𝛽𝛽 = 𝜔𝜔
𝜇𝜇𝜖𝜖′

2 1 +
𝜖𝜖′′

𝜖𝜖′

2

+ 1

1/2

𝜂𝜂𝑐𝑐 =
𝜇𝜇
𝜖𝜖𝑐𝑐

=
𝜇𝜇
𝜖𝜖′ 1 − 𝑗𝑗

𝜖𝜖′′

𝜖𝜖′

−1/2

𝑢𝑢𝑝𝑝 =
𝜔𝜔
𝛽𝛽 𝜆𝜆 =

2𝜋𝜋
𝛽𝛽 =

𝑢𝑢𝑝𝑝
𝑓𝑓

𝜖𝜖′ = 𝜖𝜖 𝜖𝜖′′ =
𝜎𝜎
𝜔𝜔
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1. Lossless 𝛼𝛼 = 0 𝛽𝛽 = 𝜔𝜔 𝜇𝜇𝜇𝜇

𝜂𝜂𝑐𝑐 =
𝜇𝜇
𝜖𝜖

𝑢𝑢𝑝𝑝 =
1
𝜇𝜇𝜇𝜇 𝜆𝜆 =

𝑢𝑢𝑝𝑝
𝑓𝑓

2. Low-loss: 
𝜖𝜖′′

𝜖𝜖′ ≪ 1 𝛼𝛼 =
𝜎𝜎
2

𝜇𝜇
𝜖𝜖

𝛽𝛽 = 𝜔𝜔 μϵ

𝜂𝜂𝑐𝑐 =
𝜇𝜇
𝜖𝜖

𝑢𝑢𝑝𝑝 =
1
𝜇𝜇𝜇𝜇

𝜆𝜆 =
𝑢𝑢𝑝𝑝
𝑓𝑓

2. Good conductor: 
𝜖𝜖′′

𝜖𝜖′ ≫ 1 𝛼𝛼 = 𝜋𝜋𝑓𝑓𝑓𝑓𝑓𝑓 𝛽𝛽 = 𝜋𝜋𝑓𝑓𝑓𝑓𝑓𝑓

𝜂𝜂𝑐𝑐 = 1 + 𝑗𝑗
𝛼𝛼
𝜎𝜎

𝑢𝑢𝑝𝑝 =
4𝜋𝜋𝜋𝜋
𝜇𝜇𝜇𝜇

𝜆𝜆 =
𝑢𝑢𝑝𝑝
𝑓𝑓

Propagation in lossy medium: approximations
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Propagation in lossy medium: any medium
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Example 2

Animal tissue: 𝜖𝜖𝑟𝑟 = 12, 𝜇𝜇𝑟𝑟 = 1,𝜎𝜎 = 0.3
𝑆𝑆
𝑚𝑚

𝑎𝑎𝑎𝑎 𝑓𝑓 = 100𝑀𝑀𝑀𝑀𝑀𝑀

Is it a low loss dielectric or good conductor?

𝜖𝜖′′

𝜖𝜖′ =
𝜎𝜎
ωϵ

=
0.3

2𝜋𝜋 × 108 12 × 8.85 × 10−12 = 4.5 Neither! 

Have to use full equations for 𝛼𝛼,𝛽𝛽, 𝜂𝜂𝑐𝑐

𝛼𝛼 = 9.75
𝑁𝑁𝑁𝑁
𝑚𝑚 𝛽𝛽 = 12.16

𝑟𝑟𝑟𝑟𝑟𝑟
𝑚𝑚 𝜆𝜆 =

2𝜋𝜋
𝛽𝛽 = 0.52 𝑚𝑚

𝑢𝑢𝑝𝑝 =
𝜔𝜔
𝛽𝛽 =

2𝜋𝜋 × 108

12.16 = 0.52 × 108
𝑚𝑚
𝑠𝑠

𝜂𝜂𝑐𝑐 =
𝜇𝜇0

12𝜖𝜖0
1 − 𝑗𝑗4.5 −1/2 = 39.54 + 𝑗𝑗𝑗𝑗.72 Ω



11

Example 3

Wet soil: 𝜖𝜖𝑟𝑟 = 9, 𝜇𝜇𝑟𝑟 = 1,𝜎𝜎 = 5 × 10−4
𝑆𝑆
𝑚𝑚

3GHz wave with amplitude 10 V/m is incident on wet soil (ignore reflection)

At what depth will amplitude reduce to 1 mV/m?

𝐸𝐸 𝑧𝑧 = 𝐸𝐸0𝑒𝑒−𝛼𝛼𝛼𝛼 = 10𝑒𝑒−𝛼𝛼𝛼𝛼

𝜖𝜖′′

𝜖𝜖′ =
𝜎𝜎
ωϵ =

5 × 10−4

2𝜋𝜋 × 3 × 109 × 9 × 8.85 × 10−12 = 3.32 × 10−4

𝛼𝛼 =
𝜎𝜎
2

𝜇𝜇
𝜖𝜖 =

𝜎𝜎
2

𝜇𝜇0
9𝜖𝜖0

= 0.032

1𝑚𝑚𝑚𝑚
𝑚𝑚 = 0.001 = 10𝑒𝑒−0.032𝑧𝑧

ln 10−4 = −0.032𝑧𝑧

𝑧𝑧 = 287.82 𝑚𝑚

→ 𝑙𝑙𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
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Example 4

Medium 1 Medium 2
Plane wave

𝜖𝜖𝑟𝑟1 = 2.25, 𝜇𝜇𝑟𝑟 = 1 𝜖𝜖𝑟𝑟2 = 4, 𝜇𝜇𝑟𝑟 = 1

non conducting  no losses  𝜂𝜂 → real

�𝐸𝐸𝑖𝑖 = �𝑦𝑦8 cos 6𝜋𝜋 × 109𝑡𝑡 − 30𝜋𝜋𝜋𝜋
𝑉𝑉
𝑚𝑚

a) Obtain 𝐸𝐸1 𝑥𝑥, 𝑡𝑡 ,𝐸𝐸2 𝑥𝑥, 𝑡𝑡 ,𝐻𝐻1 𝑥𝑥, 𝑡𝑡 ,𝐻𝐻2 𝑥𝑥, 𝑡𝑡

𝜂𝜂1 =
𝜂𝜂0
𝜖𝜖𝑟𝑟1

=
𝜂𝜂0
2.25

=
𝜂𝜂0
1.5 =

377
1.5 = 251.33 Ω 𝜂𝜂2 =

𝜂𝜂0
𝜖𝜖𝑟𝑟2

=
377

4
= 188.5 Ω

Γ =
(𝜂𝜂2−𝜂𝜂1)
(𝜂𝜂2+𝜂𝜂1) =

1
𝜖𝜖𝑟𝑟2

− 1
𝜖𝜖𝑟𝑟1

1
𝜖𝜖𝑟𝑟2

+ 1
𝜖𝜖𝑟𝑟1

=
1
2 −

1
1.5

1
2 + 1

1.5
= −0.143

𝜏𝜏 = 1 + Γ = 1 − 0.143 = 0.857

First steps – obtain the reflection/transmission coefficients

Media 1 and 2 are non-conducting
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𝐸𝐸𝑟𝑟 = Γ𝐸𝐸𝑖𝑖 = −1.14 �𝑦𝑦 cos 6𝜋𝜋 × 109𝑡𝑡 + 30𝜋𝜋𝜋𝜋

𝐸𝐸1 = 𝐸𝐸𝑟𝑟 + 𝐸𝐸𝑖𝑖 = �𝑦𝑦[8 cos 6𝜋𝜋 × 109𝑡𝑡 − 30𝜋𝜋𝜋𝜋 −1.14 cos 6𝜋𝜋 × 109𝑡𝑡 + 30𝜋𝜋𝜋𝜋 ]

𝐻𝐻𝑖𝑖 = 𝑧̂𝑧
8
𝜂𝜂1

cos 6𝜋𝜋 × 109𝑡𝑡 − 30𝜋𝜋𝜋𝜋 = 𝑧̂𝑧31.83 cos 6𝜋𝜋 × 109𝑡𝑡 − 30𝜋𝜋𝜋𝜋
𝑚𝑚𝑚𝑚
𝑚𝑚

�𝐻𝐻 =
1
𝜂𝜂
�𝑘𝑘 × �𝐸𝐸

𝐻𝐻𝑟𝑟 = 𝑧̂𝑧
1.14
𝜂𝜂1

cos 6𝜋𝜋 × 109𝑡𝑡 + 30𝜋𝜋𝜋𝜋

𝐻𝐻1 = 𝐻𝐻𝑟𝑟 + 𝐻𝐻𝑖𝑖 = 𝑧̂𝑧[31.83 cos 6𝜋𝜋 × 109𝑡𝑡 − 30𝜋𝜋𝜋𝜋 + 4.54 cos 6𝜋𝜋 × 109𝑡𝑡 + 30𝜋𝜋𝜋𝜋 ]

Next steps – obtain fields in medium 1

Medium 1 Medium 2
Plane wave

𝜖𝜖𝑟𝑟1 = 2.25, 𝜇𝜇𝑟𝑟 = 1 𝜖𝜖𝑟𝑟2 = 4, 𝜇𝜇𝑟𝑟 = 1

Example 4
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𝑘𝑘1 = 𝜔𝜔 μϵ1 𝑘𝑘2 = 𝜔𝜔 μϵ2

𝑘𝑘2 =
ϵ2
ϵ1
𝑘𝑘1 =

4
2.2530𝜋𝜋 = 40𝜋𝜋

𝑟𝑟𝑟𝑟𝑟𝑟
𝑚𝑚

𝐸𝐸2 = 𝐸𝐸𝑡𝑡 = �𝑦𝑦8 𝜏𝜏cos 6𝜋𝜋 × 109𝑡𝑡 − 40𝜋𝜋𝜋𝜋 = �𝑦𝑦6.86 cos 6𝜋𝜋 × 109𝑡𝑡 − 40𝜋𝜋𝜋𝜋

𝐻𝐻2 = 𝐻𝐻𝑡𝑡 = 𝑧̂𝑧8
𝜏𝜏
𝜂𝜂2

cos 6𝜋𝜋 × 109𝑡𝑡 − 40𝜋𝜋𝜋𝜋 = 𝑧̂𝑧36.38 cos 6𝜋𝜋 × 109𝑡𝑡 − 40𝜋𝜋𝜋𝜋

Next steps – obtain fields in medium 2 Medium 1 Medium 2
Plane wave

𝜖𝜖𝑟𝑟1 = 2.25, 𝜇𝜇𝑟𝑟 = 1 𝜖𝜖𝑟𝑟2 = 4, 𝜇𝜇𝑟𝑟 = 1

Example 4
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Avg power densities:

𝑆𝑆𝑎𝑎𝑣𝑣𝑖𝑖 = �𝑥𝑥
|𝐸𝐸0

𝑖𝑖 |2

2𝜂𝜂1
=

𝐸𝐸0
𝑖𝑖 = 8

𝑆𝑆𝑎𝑎𝑣𝑣 =
1
2𝑅𝑅𝑅𝑅

�𝐸𝐸1 × �𝐻𝐻1∗

𝑆𝑆𝑎𝑎𝑣𝑣𝑟𝑟 = − Γ 2𝑆𝑆𝑎𝑎𝑣𝑣𝑖𝑖 = −�𝑥𝑥 0.143 2(0.127) = −�𝑥𝑥2.6 𝑚𝑚𝑚𝑚
𝑚𝑚2

𝑆𝑆𝑎𝑎𝑣𝑣1 = �𝑘𝑘
|𝐸𝐸0

𝑖𝑖 |2

2𝜂𝜂1
(1 − Γ 2)

𝑆𝑆𝑎𝑎𝑣𝑣𝑡𝑡 = �𝑥𝑥
|𝐸𝐸0

𝑡𝑡 |2

2𝜂𝜂2
= �𝑥𝑥

𝜏𝜏2 8 2

2𝜂𝜂2
= �𝑥𝑥

0.862 8 2

2(188.5) = �𝑥𝑥124.7
𝑚𝑚𝑚𝑚
𝑚𝑚2

𝑆𝑆𝑎𝑎𝑣𝑣𝑖𝑖 + 𝑆𝑆𝑎𝑎𝑣𝑣𝑟𝑟 = 𝑆𝑆𝑎𝑎𝑣𝑣𝑡𝑡

b) Obtain the average incident/reflected and transmitted power densities:

Example 4

�𝑥𝑥64
2(251.33)

= �𝑥𝑥127.3
𝑚𝑚𝑚𝑚
𝑚𝑚2
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Example 5

𝑘𝑘1 =
𝜔𝜔
𝑐𝑐 =

2𝜋𝜋 × 2 × 108

3 × 108 =
4𝜋𝜋
3

𝑟𝑟𝑟𝑟𝑟𝑟
𝑚𝑚

�𝑬𝑬𝑖𝑖 = 𝑎𝑎0 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗𝑘𝑘𝑘𝑘

A 200 MHz, left-hand circularly (LHC) polarized plane wave with an electric field 
modulus (magnitude) of 5 V/m is normally incident in air upon a dielectric medium 
with 𝜖𝜖𝑟𝑟 = 4, and occupies the region defined by z ≥ 0

a) Write an expression for the electrical field phasor of the incident wave, given 
that the field is a positive maximum at z = 0 and t = 0

𝑘𝑘2 =
𝜔𝜔
𝑐𝑐 𝜖𝜖𝑟𝑟2 =

4𝜋𝜋
3 4 =

8𝜋𝜋
3

𝑟𝑟𝑟𝑟𝑟𝑟
𝑚𝑚

LHC wave:

𝑬𝑬𝑖𝑖 𝑧𝑧, 𝑡𝑡 = �𝑥𝑥𝑎𝑎0 cos 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 − �𝑦𝑦𝑎𝑎0 sin 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘

�𝑬𝑬𝑖𝑖

�𝑬𝑬𝑟𝑟

�𝑬𝑬𝑡𝑡

𝜖𝜖𝑟𝑟2 = 4𝜖𝜖𝑟𝑟1 = 1

z = 0

𝑦𝑦

𝑧𝑧

𝑥𝑥



17

�𝑬𝑬𝑖𝑖 = 𝑎𝑎0 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗𝑘𝑘𝑘𝑘

A 200 MHz, left-hand circularly (LHC) polarized plane wave with an electric field 
modulus (magnitude) of 5 V/m is normally incident in air upon a dielectric medium 
with 𝜖𝜖𝑟𝑟 = 4, and occupies the region defined by z ≥ 0

a) Write an expression for the electrical field phasor of the incident wave, given 
that the field is a positive maximum at z = 0 and t = 0

LHC wave:

𝑬𝑬𝑖𝑖 𝑧𝑧, 𝑡𝑡 = �𝑥𝑥𝑎𝑎0 cos 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 − �𝑦𝑦𝑎𝑎0 sin 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘

𝑬𝑬𝑖𝑖 = [ �𝑥𝑥𝑎𝑎02cos2 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 + �𝑦𝑦𝑎𝑎02sin2 𝜔𝜔𝜔𝜔 − 𝑘𝑘𝑘𝑘 ] �1 2

𝑬𝑬𝑖𝑖 = 𝑎𝑎0 = 5
𝑉𝑉
𝑚𝑚

�𝑬𝑬𝑖𝑖 = 5 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗
4𝜋𝜋
3 𝑧𝑧

𝑉𝑉
𝑚𝑚

�𝑬𝑬𝑖𝑖

�𝑬𝑬𝑟𝑟

�𝑬𝑬𝑡𝑡

𝜖𝜖𝑟𝑟2 = 4
𝜖𝜖𝑟𝑟1 = 1

z = 0

𝑦𝑦

𝑧𝑧

𝑥𝑥
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𝜂𝜂1 = 𝜂𝜂0 = 120𝜋𝜋 Ω

A 200 MHz, left-hand circularly polarized plane wave with an electric field 
modulus (magnitude) of 5 V/m is normally incident in air upon a dielectric medium 
with 𝜖𝜖𝑟𝑟 = 4, and occupies the region defined by z ≥ 0

b) Calculate the reflection and transmission coefficients

𝜂𝜂2 =
𝜂𝜂0
𝜖𝜖𝑟𝑟2

=
𝜂𝜂0
2 = 60𝜋𝜋 Ω

Γ =
𝜂𝜂2 − 𝜂𝜂1
𝜂𝜂2 + 𝜂𝜂1

=
60𝜋𝜋 − 120𝜋𝜋
60𝜋𝜋 + 120𝜋𝜋 =

−60
180 = −

1
3

𝜏𝜏 = 1 + Γ =
2
3

�𝑬𝑬𝑖𝑖

�𝑬𝑬𝑟𝑟

�𝑬𝑬𝑡𝑡

𝜖𝜖𝑟𝑟2 = 4
𝜖𝜖𝑟𝑟1 = 1

z = 0

𝑦𝑦

𝑧𝑧

𝑥𝑥

Example 5



A 200 MHz, left-hand circularly polarized plane wave with an electric field 
modulus (magnitude) of 5 V/m is normally incident in air upon a dielectric medium 
with 𝜖𝜖𝑟𝑟 = 4, and occupies the region defined by z ≥ 0

c) Write the expressions for the electric field phasors of the reflected wave, the 
transmitted wave, and the total field in the region z ≤ 0

�𝑬𝑬𝑟𝑟 = 5Γ �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒𝑗𝑗
4𝜋𝜋
3 𝑧𝑧 =

�𝑬𝑬𝑡𝑡 = 5𝜏𝜏 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗
8𝜋𝜋
3 𝑧𝑧 =

10
3 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗

8𝜋𝜋
3 𝑧𝑧

𝑉𝑉
𝑚𝑚

�𝑬𝑬1 = �𝑬𝑬𝑖𝑖 + �𝑬𝑬𝑟𝑟 =

Example 5

−
5
3 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒𝑗𝑗

4𝜋𝜋
3 𝑧𝑧

𝑉𝑉
𝑚𝑚

5 �𝑥𝑥 + �𝑦𝑦𝑒𝑒𝑗𝑗 ⁄𝜋𝜋 2 𝑒𝑒−𝑗𝑗
4𝜋𝜋
3 𝑧𝑧 −

1
3 𝑒𝑒

𝑗𝑗4𝜋𝜋3 𝑧𝑧
𝑉𝑉
𝑚𝑚



A 200 MHz, left-hand circularly polarized plane wave with an electric field 
modulus (magnitude) of 5 V/m is normally incident in air upon a dielectric medium 
with 𝜖𝜖𝑟𝑟 = 4, and occupies the region defined by z ≥ 0

d) Determine the percentages of the incident average power reflected by the 
boundary and transmitted into the second medium

% 𝑜𝑜𝑜𝑜 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =

% 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 100 × 𝜏𝜏 2 𝜂𝜂1
𝜂𝜂2

=

Example 5

100 × Γ 2 =
100

9 = 11.11%

100 ×
2
3

2

×
120𝜋𝜋
60𝜋𝜋 = 88.89%
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Example 6

3 perfect dielectrics (no loss) From medium 1
Normal incident wave on medium 2 at z = -d
Find 𝜖𝜖𝑟𝑟2and d such that no reflection. 
Express in terms of 𝜖𝜖𝑟𝑟1, 𝜖𝜖𝑟𝑟3 and f

We have no reflections if medium 2 is 𝜆𝜆
4

transformer:

Want 𝑍𝑍𝑖𝑖𝑖𝑖 = 𝑍𝑍01 → 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝜆𝜆
4

transformer: 𝑍𝑍𝑖𝑖𝑖𝑖 =
𝑍𝑍022

𝑍𝑍𝐿𝐿
=
𝜂𝜂22

𝜂𝜂3

𝑙𝑙 =
𝜆𝜆
4 +

𝑛𝑛𝑛𝑛
2

𝑍𝑍03
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𝜂𝜂 =
𝜂𝜂0
𝜖𝜖𝑟𝑟

𝜂𝜂1 =
𝜂𝜂0
𝜖𝜖𝑟𝑟1

𝜂𝜂2 =
𝜂𝜂0
𝜖𝜖𝑟𝑟2

𝜂𝜂3 =
𝜂𝜂0
𝜖𝜖𝑟𝑟3

𝜂𝜂0 =
𝜇𝜇0
𝜖𝜖0

𝜂𝜂1 = 𝑍𝑍𝑖𝑖𝑖𝑖 =
𝜂𝜂22

𝜂𝜂3
→

1
𝜖𝜖𝑟𝑟1

=
𝜖𝜖𝑟𝑟3
𝜖𝜖𝑟𝑟2

𝜖𝜖𝑟𝑟2 = 𝜖𝜖𝑟𝑟1𝜖𝜖𝑟𝑟3

𝑑𝑑 =
𝜆𝜆2
4 +

𝑛𝑛𝜆𝜆2
2

quarter wave  𝜆𝜆2 =
𝜆𝜆0
𝜖𝜖𝑟𝑟2

=
𝑐𝑐
𝑓𝑓

1
𝜖𝜖𝑟𝑟2

𝜆𝜆2 =
𝑐𝑐
𝑓𝑓

1

𝜖𝜖𝑟𝑟1𝜖𝜖𝑟𝑟3
1/4

𝑑𝑑 =
𝑐𝑐

4𝑓𝑓
1

𝜖𝜖𝑟𝑟1𝜖𝜖𝑟𝑟3
1/4 + 𝑛𝑛

𝑐𝑐
2𝑓𝑓

1

𝜖𝜖𝑟𝑟1𝜖𝜖𝑟𝑟3
1/4

Example 6
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