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A Plane Wave In Air With E I (x, Z) = 20e”{J(3x+4z)} \hat{y}\, \mathrm{V/m} \text{ S
Incident Upon The Planar Surface Of A Dielectric is a fundamental problem in electromagnetics
that involves analyzing how electromagnetic waves interact with different media. Understanding this
scenario is crucial for applications ranging from wireless communication and radar systems to
optical devices and material characterization. This article provides an in-depth exploration of this
specific plane wave, its properties, the physics of wave interaction with dielectric surfaces, and the
methods used to analyze such problems for effective engineering and scientific solutions.

Introduction to Plane Waves in Air

A plane electromagnetic wave is a wave whose electric and magnetic field vectors are uniform in
planes perpendicular to the direction of propagation. In free space or air, such waves propagate with
minimal attenuation, making them ideal for studying fundamental wave phenomena and practical
wireless communication.

The given electric field expression is:

\[

\mathbf{E} i(x,z) = 20 e~{J(3x + 4z)} \hat{y}\, \mathrm{V/m}
\]

Here, the wave propagates in the \(x-z\) plane with the electric field oriented along the \(y\)-axis. The
wave's phase variation depends on both the \(x\) and \(z\) coordinates, indicating a specific
propagation direction.

Understanding the Wave Parameters

Electric Field Expression and Its Significance

The electric field:

\[

\mathbf{E} i(x,z) = 20 e”~{J(3x + 4z)} \hat{y}
\]

contains several key components:



- Amplitude (20 V/m): The magnitude of the electric field at the origin.

- Phase Factor \(e”™{J(3x + 4z)}\): Encodes how the phase of the wave varies with position.

- Wave Vector \(\mathbf{k}\): Derived from the phase term \(3x + 4z\), indicating the wave's
propagation direction.

Since the phase varies as \(3x + 4z\), the wave vector \(\mathbf{k}\) in Cartesian coordinates is:

\[
\mathbf{k} = \beta x \hat{x} + \beta z \hat{z} = 3 \hat{x} + 4 \hat{z}

\]

The magnitude of \(\mathbf{k}\) (wavenumber \(k\)) is:

\[

k = |\mathbf{k}| = \sqrt{3°2 + 472} = 5\, \mathrm{rad/m}
\]

The wave propagates in a direction making an angle \(\theta\) with the \(x\)-axis, where:
\[

\cos \theta = \frac{\beta x}{k} =\frac{3}{5} = 0.6

\]

\[

\sin \theta = \frac{\beta z}{k} = \frac{4}{5} =0.8

\]

This indicates the wave propagates at an angle \(\theta\) such that:

\[
\theta = \arccos(0.6) \approx 53.13"\circ

\]

Wave Propagation in Air and Its Characteristics

In free space (air), the wave propagates with the intrinsic impedance \(\eta 0 \approx 377\,
\Omega\), and the wave number \(k 0\) is related to the frequency \(f\) by:

\[

k 0 =\frac{2\pi}{\lambda}

\]

where \(\lambda\) is the wavelength in air.

Given the wave number \(k = 5\, \mathrm{rad/m}\), the wavelength in air is:
\[

\lambda = \frac{2\pi}{k} = \frac{2\pi}{5} \approx 1.257\, \mathrm{m}

\]

The wave's phase velocity in air:

\[
v = \frac{\omega}{k} = c \approx 3 \times 10" {8}\, \mathrm{m/s}

\]
since air is non-dispersive at these frequencies.



Interaction with a Dielectric Surface

Scenario Setup and Boundary Conditions

The wave described in air incident upon a planar surface of a dielectric material. The dielectric,
characterized by its relative permittivity \(\varepsilon r\), influences the wave through reflection and
transmission phenomena.

Assuming the dielectric occupies the half-space \(z > 0\), and air is in \(z < 0\), the interface is at
\(z=0\).

The key boundary conditions at the interface are:

1. Continuity of the tangential electric field:

tEnathbf{E } {t}~{(air)} = \mathbf{E} {t}"{(dielectric)}
\2]. Continuity of the tangential magnetic field:

tEnathbf{H } {t}~{(air)} = \mathbf{H} {t}~{(dielectric)}
\]

These conditions ensure the electromagnetic fields are physically consistent across the boundary.

Reflections and Transmissions at the Dielectric Interface

When the incident wave strikes the dielectric surface, part of the wave is reflected back into air, and
part transmits into the dielectric. The reflection and transmission depend on:

- Incident angle \(\theta i\): Calculated from the wave vector components.

- Material properties: Permittivity \(\varepsilon r\), permeability \(\mu 0\) (assuming non-magnetic
dielectric).

- Wave polarization: Since the electric field is along \(\hat{y}\), the wave is \(s\)-polarized (TE mode).

Reflection and transmission coefficients for TE waves:

\[

R s =\frac{\eta 2 \cos \theta i-\eta 1 \cos \theta t}{\eta 2 \cos \theta i + \eta 1 \cos \theta t}
\]

\[

T s = \frac{2 \eta_2 \cos \theta i}{\eta 2 \cos \theta i + \eta 1 \cos \theta t}

\]



where:

-\(\eta_1 = \eta 0 \approx 377\, \Omega)), in air.
-\(\eta_2 = \eta 0 /\sqrt{\varepsilon r}\), in dielectric.
- \(\theta i\): incident angle.

-\(\theta t\): transmission angle, found via Snell's law:
\[

\sin \theta t = \frac{\sin \theta i} {\sqrt{\varepsilon r}}
\]

Calculating Reflection and Transmission Coefficients

Given the incident wave's propagation direction, the incident angle with respect to the normal (the
\(z\)-axis) is:

\[

\theta i = \arccos \left( \frac{\beta z}{k} \right) = \arccos \left( \frac{4} {5} \right) \approx
36.87~\circ

\]

Using Snell's law, the transmission angle:

\[

\sin \theta t = \frac{\sin 36.87~\circ}{\sqrt{\varepsilon r}}
\]

which depends on the dielectric's relative permittivity.

The reflection coefficient \(R s\) can be computed once \(\varepsilon r\) is known:
\[

\eta 2 = \frac{\eta 0}{\sqrt{\varepsilon r}}

\]

Field Transmission and Reflection

The total electric field in the air (incident + reflected):

\[

\mathbf{E} {total}”{(air)} = \mathbf{E} i + \mathbf{E} r

\]

where the reflected wave \(\mathbf{E} r\) has the same magnitude scaled by \(R s\) and propagates
in the reflected direction.

In the dielectric:

\[

\mathbf{E} t =T s\mathbf{E} i
\]



transmits into the dielectric medium with altered phase and amplitude based on the transmission
coefficient.

Significance of the Wave Interaction

The interaction between the incident plane wave and the dielectric surface has practical
implications:

- Reflection Loss: Determines how much power is reflected, affecting antenna design and signal
strength.

- Transmission Efficiency: Influences the effectiveness of wave propagation through dielectric
materials in devices like waveguides, filters, and lenses.

- Material Characterization: Reflection and transmission coefficients help determine dielectric
properties, essential for material science.

Applications and Practical Considerations

- Wireless Communication: Understanding wave reflection at building surfaces or atmospheric
interfaces.

- Radar and Remote Sensing: Analyzing how waves reflect from various terrains and objects.

- Optical Devices: Designing lenses and coatings that control wave transmission.

- Electromagnetic Compatibility (EMC): Minimizing reflection and maximizing transmission in
electronic systems.

Conclusion

Understanding a plane wave in air with a given electric field expression incident upon a dielectric
surface involves analyzing wave propagation, boundary conditions, and the resulting reflection and
transmission phenomena. The detailed calculation of wave vectors, incident angles, and Fresnel
coefficients enables engineers and scientists to predict electromagnetic behavior at interfaces

Frequently Asked Questions

What is the significance of the given electric field expression



E I(x, z) = 20e”{j(3x + 4z)} Ey V/m in describing a plane wave
in air?

The expression indicates a plane electromagnetic wave propagating in air with an electric field
component along the y-axis, where the phase varies with position (x and z) according to the wave

vector components. The amplitude is 20 V/m, and the exponential term describes the wave's spatial
variation and phase progression.

How do the wave vector components relate to the spatial
variation in the electric field of the plane wave?

The wave vector components (k x = 3, k z = 4) determine the direction and wavelength of the wave.
They define the wave's phase variation in the x and z directions, indicating the propagation direction
and spatial frequency of the wave in those axes.

What are the boundary conditions at the planar dielectric
surface for the incident wave?

At the dielectric interface, the tangential components of the electric and magnetic fields must be
continuous. This means that the incident electric field's tangential component (Ey) and the
corresponding magnetic field component must match with those of the reflected and transmitted
waves at the boundary.

How does the dielectric surface affect the propagation of the
incident plane wave?

The dielectric surface causes part of the incident wave to be reflected and part transmitted into the
dielectric medium. The reflection and transmission coefficients depend on the dielectric's
permittivity, permeability, and the incident wave's angle of incidence, affecting the amplitude and
phase of the resulting waves.

What is the expected behavior of the reflected wave when the
incident wave strikes the dielectric surface?

The reflected wave will have an electric field component that depends on the reflection coefficient,
which is determined by the impedance mismatch at the interface. Typically, the reflected wave may
undergo phase reversal or attenuation depending on the dielectric properties and the angle of
incidence.

How can the incident wave's parameters be used to determine
the transmission into the dielectric medium?

By applying boundary conditions and Fresnel equations, the incident wave's amplitude, angle of
incidence (derived from the wave vector components), and the dielectric's permittivity can be used
to calculate the transmitted wave's amplitude, phase, and direction within the dielectric.



What practical applications involve plane wave incidence on
dielectric surfaces as described?

This scenario is relevant in antenna design, radar systems, optical coatings, and wireless
communication, where understanding how electromagnetic waves interact with dielectric materials
helps optimize signal transmission, reflection, and absorption characteristics.

Additional Resources

A Plane Wave In Air With E I (x, Z) = 20e” {j(3x+4z)} \hat{\mathbf{y}} \, V/m \text{ Incident Upon
The Planar Surface Of A Dielectric is a fundamental scenario in electromagnetics that encapsulates
the behavior of electromagnetic waves interacting with different media. This setup is central to
understanding wave propagation, reflection, transmission, and the underlying physics governing
wave-material interactions. In this comprehensive review, we explore the characteristics of the
incident plane wave, analyze its interaction with a dielectric interface, and discuss the theoretical
and practical implications of such phenomena.

Understanding the Incident Plane Wave

Wave Description and Mathematical Representation

The given incident wave is expressed as:
\[ \mathbf{E} i (x, Z) = 20 e”{j(3x + 4z)} \hat{\mathbf{y}} \, V/m\]

This represents a monochromatic plane wave propagating in free space (air), with its electric field
oscillating along the y-axis. The wave vector \(\mathbf{k} = (3 \hat{\mathbf{x}} + 4
\hat{\mathbf{z} })\) indicates the direction of propagation and the spatial variation of the field.

Key observations include:

- Amplitude: The electric field amplitude is 20 V/m, which is typical for many practical applications.
- Phase variation: The phase factor \( e~ {j(3x + 4z)} \) indicates the wave’s oscillation pattern in
space, with the wavefronts oriented perpendicular to the wave vector.

- Propagation direction: The wave propagates in a direction characterized by the wave vector
\(\mathbf{k}\). Its magnitude is \(|\mathbf{k}| = \sqrt{3°2 + 472} = 5\), and the direction makes
an angle with the axes, which can be derived from the ratios of the components.

The magnetic field \(\mathbf{H} i\) associated with this electric field can be derived using Maxwell’s
equations, assuming free space permeability \(\mu_0\):

\[ \mathbf{H} i = \frac{1}{\eta 0} (\hat{\mathbf{k}} \times \mathbf{E} i)\]



where \(\eta_0 \approx 377\, \Omega) is the intrinsic impedance of free space.

Physical Significance

This wave exemplifies a typical plane wave scenario where the electric and magnetic fields are
mutually perpendicular and the wave propagates in a uniform medium. The simplicity of the plane
wave allows for analytical solutions at interfaces and is widely used in antenna theory, radar
systems, and optical applications.

Interaction With a Dielectric Surface

The Interface Setup

When this incident wave encounters a planar dielectric surface, several phenomena occur:

- Reflection: Part of the wave reflects back into air.

- Transmission (Refraction): Part of the wave transmits into the dielectric medium, potentially
changing direction and magnitude.

- Absorption: If the dielectric is lossy, some energy converts into heat, but this is not specified here.

The interface is typically assumed to be flat, planar, and infinite, simplifying the boundary conditions
and enabling the use of Fresnel equations.

Boundary Conditions

At the interface, the electromagnetic boundary conditions require:

- The tangential components of \(\mathbf{E}\) to be continuous.

- The tangential components of \(\mathbf{H}\) to be continuous.

- Normal components of \(\mathbf{D}\) and \(\mathbf{B}\) to satisfy boundary conditions, depending
on the dielectric’s permittivity \(\epsilon r\) and permeability \(\mu_r\).

Mathematically, at the interface \(z = 0\):

\[

\begin{cases}

\mathbf{E} i+ \mathbf{E} r = \mathbf{E} t\\
\mathbf{H} i+ \mathbf{H} r = \mathbf{H} t
\end{cases}

\]



where subscript \(r\) indicates reflected wave, and \(t\) indicates transmitted wave.

Wave Reflection and Transmission

Fresnel Coefficients and Their Calculation

The reflection and transmission coefficients depend on the polarization:

- Parallel (p) polarization: Electric field in the plane of incidence.
- Perpendicular (s) polarization: Electric field perpendicular to the plane of incidence.

Given the wave’s electric field along y and the wave vector components, the plane of incidence can
be identified, and Fresnel equations can be applied to compute the reflection coefficient \(R\) and
transmission coefficient \(T\):

\[
R s = \frac{\eta 2 \cos \theta i-\eta 1 \cos \theta t}{\eta 2 \cos \theta i + \eta 1 \cos \theta t}
\]

\[
T s =\frac{2 \eta 2 \cos \theta i}{\eta 2 \cos \theta i + \eta 1 \cos \theta t}
\]

where:

-\(\eta_1\) and \(\eta_2\) are the intrinsic impedances of air and dielectric.
-\(\theta i\) and \(\theta t\) are the angles of incidence and transmission, related via Snell's Law:

\[
n 1\sin \theta i = n 2 \sin \theta t
\]

with \(n_1 = 1\) for air, and \(n_2 = \sqrt{\epsilon r}\) for the dielectric.

Features and Implications of Reflection and Transmission

- Reflection depends on the dielectric’s permittivity; higher \(\epsilon r\) generally results in higher
reflection.

- Transmission angle: Usually altered according to Snell’s law, which can cause bending of the wave.
- Power conservation: The sum of reflected and transmitted power equals incident power (minus any
absorption).

Pros:



- Enables control of wave propagation using dielectric layers.
- Fundamental in designing optical coatings and antennas.

Cons:

- Reflection losses can be undesirable in some applications.
- Total internal reflection occurs at certain angles, complicating wave behavior.

Practical Applications and Significance

Electromagnetic Compatibility and Antenna Design

Understanding how plane waves interact with dielectric surfaces is essential for designing antennas,
radars, and communication systems. For instance, dielectric coatings are used to enhance antenna
directivity or suppress unwanted reflections.

Optical and Photonic Devices

The principles governing wave interactions at interfaces underpin the functioning of lenses,
waveguides, and optical fibers. Precise control over reflection and transmission is critical for high-
efficiency systems.

Material Characterization

Reflectance and transmittance measurements help determine dielectric properties like permittivity
and loss tangents, facilitating material characterization in research and industry.

Advanced Topics and Considerations

Complex Permittivity and Lossy Dielectrics

In real-world scenarios, dielectrics are often lossy, characterized by a complex permittivity:

\[
\epsilon = \epsilon' - j \epsilon"



\]

This introduces attenuation in the transmitted wave and modifies reflection/transmission
coefficients, requiring more sophisticated analysis.

Oblique Incidence and Non-Planar Interfaces

While the current discussion assumes normal or straightforward incidence, oblique angles introduce
polarization-dependent behavior and more complex boundary conditions.

Waveguide and Fiber Optic Contexts

The principles extend to waveguides and fibers, where total internal reflection is harnessed to
confine and guide electromagnetic waves efficiently.

Conclusion

The scenario of A Plane Wave In Air With E I (x, Z) = 20e” {j(3x+4z)} \hat{\mathbf{y}} \, V/m \text{
Incident Upon The Planar Surface Of A Dielectric encapsulates a fundamental interaction in
electromagnetics. From the basic wave properties to complex interface phenomena, this setup
provides critical insights into how electromagnetic energy propagates, reflects, and transmits across
media boundaries. Its applications span telecommunications, optical systems, material science, and
beyond. Mastery of these concepts enables engineers and scientists to design more efficient,
effective, and innovative electromagnetic devices and systems.

Features & Pros:

- Clear understanding of wave behavior at interfaces.
- Enables precise control over electromagnetic propagation.
- Foundation for advanced optical and RF systems.

Challenges & Cons:

- Requires detailed material characterization.
- Complex phenomena like total internal reflection and absorption can complicate analysis.
- Assumptions like ideal planar surfaces may not always hold in practical scenarios.

In summary, the study of plane waves incident on dielectric surfaces remains a cornerstone of
electromagnetics, offering both fundamental insights and practical tools for technological
advancement.
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