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Electromagnetic waves and radiating systems

Electromagnetic waves and radiating systems are fundamental concepts in physics and engineering
that describe the propagation of energy through space via oscillating electric and magnetic fields.
These phenomena underpin a wide range of modern technologies, from wireless communications
and radar systems to medical imaging and remote sensing. Understanding how electromagnetic
waves are generated, how they propagate, and how radiating systems are designed to efficiently
transmit these waves is essential for advancing applications in science and industry. This article
delves into the nature of electromagnetic waves, the principles behind radiating systems, and their
practical implementations.Understanding Electromagnetic WavesWhat Are Electromagnetic
Waves?Electromagnetic (EM) waves are oscillations of electric and magnetic fields that travel
through space at the speed of light, approximately 3 x 108 meters per second. Unlike mechanical
waves, which require a medium to travel through, EM waves can propagate through the vacuum of
space, making them essential for long-distance communication and astronomical observations.They
are characterized by several key properties:Wavelength (?): The distance between successive
peaks of the wave.Frequency (f): The number of wave cycles passing a point per second.Wave
speed (c): The speed at which the wave propagates, equal to the speed of light in a
vacuum.Amplitude: The maximum strength of the electric or magnetic field.The relationship among
these properties is given by the fundamental equation:\[ c = \lambda \times f \]The Spectrum of
Electromagnetic RadiationElectromagnetic waves encompass a broad spectrum ranging from very
low-frequency radio waves to extremely high-frequency gamma rays. The spectrum is typically
divided into regions based on wavelength and frequency:Radio Waves (? > 1 mm): Used in
broadcasting, radar, and wireless communication.Microwaves (1 mm > ? > 1 cm): Applications
include microwave ovens, satellite communications, and radar systems.Infrared (700 nm ? 1 mm):
Employed in thermal imaging and remote controls.Visible Light (400 ? 700 nm): The only part
detectable by the human eye.Ultraviolet (10 ? 400 nm): Used in sterilization and fluorescent
lighting.X-Rays (0.01 ? 10 nm): Critical in medical imaging and security scanning.Gamma Rays (? <
0.01 nm): Emitted in nuclear reactions and astrophysics research.The diverse applications of EM
waves depend heavily on their wavelength and frequency, which influence their interaction with
matter.Principles of Radiating SystemsWhat Are Radiating Systems?Radiating systems are devices
or configurations designed to generate and emit electromagnetic waves into space. They convert
electrical energy into electromagnetic energy with specific directional and spectral characteristics
tailored to their intended application.Common types of radiating systems include antennas, optical
transmitters, and specialized resonators. The efficiency, directivity, and frequency response of these
systems are critical parameters in their design.Fundamentals of Antenna TheoryAntennas are the
primary radiating systems used in radio, television, satellite communication, and radar. They serve
as the interface between guided electromagnetic energy in transmission lines and free-space
waves.Key concepts in antenna theory include:Radiation Pattern: The spatial distribution of radiated
power, which can be omnidirectional or directional.Gain: A measure of how effectively an antenna
directs energy in a particular direction.Bandwidth: The range of frequencies over which the antenna
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operates effectively.Impedance Matching: Ensuring maximum power transfer between the source
and the antenna.Designing efficient antennas involves optimizing these parameters to meet specific
performance criteria.Mechanisms of RadiationElectromagnetic radiation from a radiating system
typically originates from oscillating charges or currents:Oscillating Currents in Antennas: Alternating
current in a conductor produces a time-varying electric field, which in turn generates a magnetic
field, resulting in EM wave emission.Dipole Radiation: The simplest antenna type, consisting of two
conductors with an oscillating voltage, producing a characteristic radiation pattern.Resonant
Structures: Elements like Yagi-Uda arrays or parabolic dishes enhance directivity and gain by
resonating at specific frequencies.The efficiency of radiation depends on factors such as antenna
size relative to wavelength, materials used, and the surrounding environment.Generation and
Propagation of Electromagnetic WavesGeneration of EM WavesElectromagnetic waves are
generated by accelerating charges. In practical systems:Oscillators and Transmitters: Electronic
circuits produce high-frequency alternating currents that feed antennas to produce EM
waves.Resonance: Antennas are often designed to resonate at specific frequencies, maximizing
radiation efficiency.Modulation: Information signals are embedded into carrier waves through
amplitude, frequency, or phase modulation.Propagation of EM WavesOnce generated, EM waves
propagate through space, with their behavior influenced by mediums, obstacles, and environmental
conditions:Line-of-Sight Propagation: Typical for high-frequency waves like microwaves and optical
signals, requiring a clear path.Reflection and Refraction: EM waves bend or bounce when
encountering different media or surfaces, affecting signal direction and strength.Diffraction and
Scattering: Waves bend around obstacles or scatter off rough surfaces, influencing coverage
area.Attenuation: Signal strength diminishes over distance due to spreading and
absorption.Mathematical models like the Friis transmission equation help predict the received power
based on transmitted power, antenna gains, wavelength, and distance.Applications of
Electromagnetic Waves and Radiating SystemsCommunication SystemsElectromagnetic waves are
the backbone of wireless communication:Radio and television broadcasting rely on radio
waves.Cellular networks use microwave frequencies for mobile communication.Satellite
communication employs microwave and radio frequencies for global coverage.Radar and Remote
SensingRadar systems emit microwave signals and analyze the returned echoes to detect objects,
measure distances, and map terrain. Remote sensing satellites use various EM wavelengths to
observe Earth's surface and atmosphere.Medical and Industrial ApplicationsEM waves are utilized
in:X-ray imaging for medical diagnostics.MRI systems leveraging radiofrequency waves and
magnetic fields.Industrial heating and material processing using microwaves.Scientific Research
and Space ExplorationAstronomers detect gamma rays, X-rays, and radio waves from celestial
sources, providing insights into the universe's origins and phenomena like black holes and neutron
stars.Advances and Future Directions in Radiating SystemsEmerging TechnologiesInnovations
include:Phased array antennas for dynamic beam steering.Metamaterials to manipulate
electromagnetic waves in novel ways.Miniaturized antennas for Internet of Things (IoT)
devices.Wireless power transfer systems to eliminate cables.Challenges and
OpportunitiesDesigning efficient, compact, and environmentally friendly radiating systems remains a
priority. Future research focuses on:Reducing electromagnetic pollution.Enhancing signal security
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and robustness.Developing sustainable and energy-efficient transmission
technologies.ConclusionElectromagnetic waves and radiating systems form the cornerstone of
modern communication, imaging, and sensing technologies. From the fundamental physics of wave
propagation to advanced antenna design, understanding these principles enables engineers and
scientists to develop innovative solutions that connect the world. As technology progresses,
continued research into more efficient, versatile, and sustainable radiating systems will unlock new
applications and enhance existing ones, shaping the future of wireless connectivity and
electromagnetic science.Keywords: electromagnetic waves, radiating systems, antennas, wave
propagation, wireless communication, spectrum, antenna design, modulation, radar, remote
sensing, technological advances

Electromagnetic Waves and Radiating Systems: An In-Depth ExplorationElectromagnetic waves
and radiating systems form the backbone of modern communication, sensing, and energy transfer
technologies. From the radio waves enabling wireless communication to the intense beams used in
medical and industrial applications, understanding the fundamental principles, mechanisms, and
engineering considerations of electromagnetic radiation is essential for advancing both scientific
knowledge and technological innovation. This article offers a comprehensive review of
electromagnetic waves, their generation and propagation, and the key design principles of radiating
systems, aiming to serve as a detailed resource for researchers, engineers, and students
alike.Introduction to Electromagnetic WavesElectromagnetic (EM) waves are oscillations of electric
and magnetic fields that propagate through space at the speed of light, approximately 3×10^8
meters per second in vacuum. They encompass a broad spectrum, including radio waves,
microwaves, infrared, visible light, ultraviolet, X-rays, and gamma rays.Historical Perspective and
Fundamental TheoryThe theoretical foundation of electromagnetic waves was laid in the late 19th
century through the work of James Clerk Maxwell, who unified electricity and magnetism into a set
of four equations?Maxwell?s equations. These equations describe how electric and magnetic fields
are generated and altered by each other and by charges and currents.Key points include:Maxwell?s
Equations: Describe the behavior of electric and magnetic fields.Wave Solutions: Predict the
existence of self-sustaining electromagnetic waves.Speed of Propagation: Equal to the speed of
light in vacuum, linking optics and electromagnetism.Characteristics of Electromagnetic
WavesElectromagnetic waves possess several defining properties:Frequency (f) and Wavelength
(?): Related via the speed of light (c = ?f).Amplitude: Determines the wave?s intensity.Polarization:
The orientation of the electric field vector.Phase and Phase Velocity: The position within the wave
cycle and the speed at which the wave phase propagates.Energy and Momentum: Carried through
space, enabling energy transfer across distances.Generation of Electromagnetic WavesThe
production of electromagnetic waves involves accelerating charges or time-varying currents and
charges in physical systems.Fundamental Mechanisms of RadiationOscillating Charges: An
accelerating charge produces a time-varying electric and magnetic field, emitting
radiation.Time-Varying Currents: Oscillating currents in antennas generate EM waves through
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electromagnetic induction.Sources of Electromagnetic RadiationNatural Sources: The Sun, stars,
lightning, cosmic phenomena.Artificial Sources: Radio transmitters, microwave ovens, lasers, and
various electronic devices.Types of Radiating SystemsOscillating Electric Dipoles: Simple models
for antennas like dipoles.Loop Antennas: Magnetic dipole sources.Complex Antenna Arrays:
Phased arrays, parabolic dishes, and more sophisticated systems.Propagation of Electromagnetic
WavesOnce generated, EM waves propagate through space, encountering various media and
environmental conditions.Propagation in Free SpaceIn vacuum or free space, electromagnetic
waves travel in straight lines, with their intensity diminishing with distance according to the
inverse-square law.Propagation in MediaRefraction: Bending of waves due to change in medium?s
refractive index.Reflection and Reflection Coefficients: Bouncing off surfaces.Diffraction: Bending
around obstacles.Absorption: Loss of wave energy due to medium?s properties.Wave Attenuation
and LossesVarious factors cause attenuation:Material absorptionScatteringMultipath effects leading
to fadingUnderstanding these factors is crucial for designing effective radiating systems and
communication links.Electromagnetic Radiation and Its ApplicationsElectromagnetic waves underpin
a wide spectrum of applications, each with unique system requirements and design
challenges.Wireless CommunicationRadio and Television Broadcasting: Long-range transmission
utilizing radio waves.Cellular Networks: Micro- and millimeter-wave systems for high-speed
data.Wi-Fi and Bluetooth: Short-range, high-frequency systems.Remote Sensing and
RadarSynthetic Aperture Radar (SAR): Imaging of Earth's surface.Weather Radar: Monitoring
precipitation.Air Traffic Control: Tracking aircraft.Medical and Industrial ApplicationsMedical Imaging:
MRI (magnetic resonance imaging) uses RF waves.Therapeutic Devices: Microwave ablation for
cancer treatment.Material Processing: Microwave heating for industrial purposes.Energy Transfer
and Wireless PowerEmerging technologies seek to transfer energy wirelessly via resonant coupling
or electromagnetic induction.Design Principles of Radiating SystemsCreating efficient, directed, and
controlled electromagnetic radiation requires sophisticated engineering of radiating systems,
primarily antennas.Antenna FundamentalsRadiation Pattern: Spatial distribution of radiated
energy.Gain and Directivity: Measure of how focused the radiation is.Input Impedance: Compatibility
with feeding sources.Bandwidth: Range of frequencies over which the antenna performs
effectively.Types of AntennasDipole Antennas: Simple, omnidirectional in the horizontal plane.Patch
Antennas: Compact, suitable for integrated systems.Yagi-Uda Arrays: Directional with high
gain.Parabolic Reflectors: Highly directional, used in satellite dishes.Phased Arrays: Electronically
steerable beams.Design Considerations and ChallengesEfficiency: Maximizing radiated power while
minimizing losses.Bandwidth: Ensuring operation over desired frequency ranges.Size and Form
Factor: Especially critical for mobile and embedded systems.Environmental Robustness: Handling
weather, physical obstructions.Interference and Compatibility: Complying with standards and
avoiding cross-system interference.Advanced Topics in Radiating SystemsMetamaterials and
Reconfigurable Antennas: Enabling dynamic beam shaping.Beamforming Techniques: Improving
directivity and reducing interference.MIMO (Multiple Input Multiple Output): Increasing capacity in
wireless systems.Mathematical Modeling of Electromagnetic RadiationAccurate modeling is
essential for designing and optimizing radiating systems.Maxwell?s Equations in Frequency
DomainThe frequency domain approach simplifies the analysis of steady-state sinusoidal
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fields:\(\nabla \times \mathbf{E} = -j \omega \mathbf{B}\)\(\nabla \times \mathbf{H} = \mathbf{J} + j
\omega \mathbf{D}\)Where \(\mathbf{E}\), \(\mathbf{H}\), \(\mathbf{D}\), and \(\mathbf{B}\) are the
electric field, magnetic field, electric displacement, and magnetic flux density, respectively.Wave
Equations and SolutionsBy combining Maxwell?s equations, wave equations for electric and
magnetic fields can be derived:\[\nabla^2 \mathbf{E} + k^2 \mathbf{E} = 0\]Where \(k =
\frac{2\pi}{\lambda}\) is the wave number.Solutions involve spherical, cylindrical, or planar wave
functions, depending on the geometry.Numerical MethodsComputational techniques facilitate
complex system analysis:Finite Element Method (FEM)Method of Moments (MoM)Finite Difference
Time Domain (FDTD)Method of Moments (MoM)These methods help predict antenna radiation
patterns, impedance characteristics, and system performance.Emerging Trends and Future
DirectionsThe field of electromagnetic waves and radiating systems continues to evolve
rapidly.High-Frequency and Terahertz SystemsEnabling ultra-high-speed wireless
communications.Supporting imaging and spectroscopy applications.Reconfigurable and Adaptive
AntennasSmart systems that dynamically alter radiation patterns.Integration with software-defined
radio (SDR).Metamaterials and Nano-AntennasManipulating electromagnetic waves at
sub-wavelength scales.Enabling compact, efficient radiators for integrated circuits.Wireless Power
and Energy HarvestingWireless charging for devices.Ambient energy harvesting from environmental
EM sources.ConclusionElectromagnetic waves and radiating systems constitute a fundamental
domain bridging physics, engineering, and applied sciences. Their generation, propagation, and
manipulation underpin virtually all modern wireless technologies, medical devices, and industrial
applications. Advances in materials, computational modeling, and system design continue to push
the boundaries of what is achievable, promising increasingly efficient, versatile, and integrated
electromagnetic systems. A thorough understanding of the principles outlined in this review provides
a solid foundation for ongoing research and innovation in the dynamic

QuestionAnswer

What are electromagnetic waves and how do they propagate through space?
Electromagnetic waves are oscillations of electric and magnetic fields that propagate through space
at the speed of light. They do not require a medium to travel and are generated by accelerating
charges, often emitted by radiating systems such as antennas.

How do antennas function as radiating systems for electromagnetic waves?
Antennas convert electrical signals into electromagnetic waves for transmission and vice versa for
reception. They act as transducers, radiating the energy stored in electrical circuits into space as
radio waves or other electromagnetic frequencies.
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What is the significance of the electromagnetic spectrum in communication technologies?
The electromagnetic spectrum encompasses all frequencies of electromagnetic radiation. Different
bands are utilized for various communication applications, such as radio, television, mobile phones,
and satellite communications, making it fundamental for modern wireless technologies.

How does the concept of resonance apply to radiating systems like antennas?
Resonance in radiating systems occurs when the length of the antenna matches a specific fraction
of the wavelength, maximizing radiation efficiency. Proper resonance ensures strong signal
transmission and reception with minimal power loss.

What are the primary factors affecting the propagation of electromagnetic waves in free space?
Factors include frequency, wavelength, atmospheric conditions, obstacles, and polarization. These
influence aspects such as signal strength, range, and quality of electromagnetic wave transmission.

How do electromagnetic waves interact with different media, and what implications does this have
for radiating systems?
Electromagnetic waves can be reflected, refracted, absorbed, or transmitted depending on the
properties of the media. Understanding these interactions is essential for designing effective
radiating systems and ensuring efficient signal propagation.

What are the recent advancements in electromagnetic wave technologies and radiating systems?
Recent advancements include development of phased array antennas, metasurfaces, 5G and
beyond wireless technologies, and compact high-efficiency radiators. These innovations enhance
communication speed, range, and adaptability for various applications.

Related keywords: Electromagnetic spectrum, antennas, radio waves, wave propagation,
electromagnetic radiation, transmission lines, polarization, waveguides, antenna design,
electromagnetic compatibility

Antennas and wave propagation by bakshi

Antennas and wave propagation by Bakshi is a foundational topic in the field of telecommunications
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and wireless communication systems. Understanding how antennas work and how electromagnetic
waves propagate is essential for designing efficient communication systems, from radio
broadcasting to satellite communications. In this comprehensive article, we delve into the principles
of antennas, the mechanisms of wave propagation, and insights from Bakshi?s influential work in
this domain, providing a detailed overview suitable for students, engineers, and enthusiasts
alike.Introduction to Antennas and Wave PropagationAntennas serve as the critical interface
between guided and free-space electromagnetic waves. They are responsible for transmitting and
receiving signals in various wireless communication applications. Wave propagation describes how
electromagnetic waves travel through different media, facing phenomena such as reflection,
refraction, diffraction, and attenuation.Bakshi?s contributions have provided a structured
understanding of these phenomena, emphasizing their practical implications in system design. This
section introduces the basic concepts, setting the stage for more detailed discussions.Fundamentals
of AntennasWhat Is an Antenna?An antenna is a metallic structure designed to radiate
electromagnetic energy into space or to receive electromagnetic energy from space. It converts
electrical signals into electromagnetic waves and vice versa.Types of AntennasDepending on
design and application, antennas are classified into various types:Dipole Antennas: The simplest
form, consisting of two conductive elements.Monopole Antennas: A single element over a ground
plane.Loop Antennas: Circular or rectangular loops, often used for short-range
communication.Yagi-Uda Antennas: Directional antennas with multiple elements, used for TV and
radio.Horn Antennas: Used in microwave frequencies, with a flared shape for high gain.Parabolic
Reflector Antennas: Dish-shaped antennas for satellite communication.Key Parameters of
AntennasUnderstanding an antenna?s performance involves several parameters:Gain: Measures
the concentration of radiated power in a particular direction.Directivity: The ability to focus energy in
a specific direction.Radiation Pattern: Graphical depiction of radiated power as a function of
direction.Bandwidth: The range of frequencies over which the antenna operates effectively.Input
Impedance: The resistance seen by the source, affecting power transfer.Wave Propagation
PrinciplesElectromagnetic Wave Propagation in Free SpaceElectromagnetic waves, once radiated
by an antenna, travel through space following certain principles:Line-of-Sight (LOS): The most
straightforward propagation mode, dominant in satellite and microwave communications.Reflection
and Multipath: Waves reflect off surfaces, causing multiple propagation paths.Diffraction: Waves
bend around obstacles, enabling communication beyond the line of sight.Scattering: Waves scatter
when encountering rough surfaces or small objects.Factors Influencing Wave PropagationSeveral
factors affect how waves propagate:Frequency: Higher frequencies tend to have higher
attenuation.Environment: Urban, rural, or indoor environments introduce different reflection and
absorption phenomena.Obstacles: Buildings, mountains, and trees can block or reflect
signals.Atmospheric Conditions: Weather effects like rain, fog, and ionospheric conditions influence
wave behavior.Bakshi?s Approach to Antennas and Wave PropagationBakshi?s work emphasizes
the practical aspects of antenna design and wave behavior, integrating theoretical foundations with
real-world applications.Analytical TechniquesBakshi advocates for detailed mathematical modeling,
including:Maxwell?s Equations: Foundation for understanding electromagnetic fields.Antenna
Radiation Integrals: For calculating field patterns.Propagation Models: Such as the Friis
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Transmission Equation, which relates transmitted and received power considering distance and
system gains.Design ConsiderationsKey considerations from Bakshi?s studies include:Optimizing
antenna parameters for specific applications.Matching impedance to minimize reflection
losses.Ensuring radiation patterns align with coverage requirements.Choosing appropriate
frequencies based on environmental factors.Wave Propagation Modeling and SimulationBakshi
emphasizes the importance of simulation tools like:NEC (Numerical Electromagnetics Code): For
antenna modeling.Ray Tracing Models: To predict signal behavior in complex environments.Finite
Element Methods (FEM): For detailed field analysis.Applications of Antennas and Wave
PropagationUnderstanding and designing for wave propagation phenomena are vital across multiple
fields:Wireless Communications: Cellular networks, Wi-Fi, Bluetooth.Satellite Communications:
GPS, TV broadcasting, and internet services.Radar Systems: Weather monitoring, aviation, military
applications.Radio Astronomy: Observing celestial sources.Indoor and Urban Propagation:
Designing buildings and urban infrastructure for better connectivity.Design Challenges and
SolutionsDesigning effective antennas and managing wave propagation involves overcoming
several challenges:Signal Attenuation: Mitigated through antenna gain enhancements and
repeaters.Interference: Managed via frequency planning and filtering.Multipath Effects: Reduced
using diversity schemes and advanced signal processing.Frequency Congestion: Addressed
through spectrum management.Bakshi?s work suggests practical solutions, including:Employing
directional antennas to reduce interference.Using advanced modulation schemes to cope with
multipath.Incorporating adaptive systems that adjust parameters based on environmental
feedback.Future Trends in Antennas and Wave PropagationThe field continues to evolve with
emerging technologies:Smart Antennas: Adaptive beamforming for increased capacity.MIMO
Systems: Multiple-input multiple-output configurations for higher data rates.Millimeter-Wave
Communications: For 5G and beyond, requiring new antenna designs.Reconfigurable Antennas:
Capable of dynamically changing their properties.Exploration of Terahertz Waves: Promises
ultra-high-speed wireless links.Bakshi?s insights remain relevant, highlighting the importance of
understanding fundamental principles while innovating with new materials, techniques, and
computational tools.ConclusionAntennas and wave propagation by Bakshi provides a
comprehensive framework for understanding the critical aspects of wireless communication
systems. From the basic design principles of antennas to the complex phenomena influencing wave
behavior, Bakshi?s work emphasizes a balanced approach combining theory, modeling, and
practical application. As wireless technology continues to advance rapidly, mastery of these
concepts ensures engineers and researchers can develop systems that are efficient, reliable, and
capable of meeting future communication demands.By appreciating the intricate relationship
between antenna design and wave propagation, professionals can optimize system performance,
troubleshoot issues effectively, and innovate in the rapidly changing landscape of wireless
technology. Whether for terrestrial, satellite, or emerging terahertz communications, the foundational
knowledge presented here rooted in Bakshi?s teachings remains essential for success.
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Antennas and Wave Propagation by Bakshi is a comprehensive resource that delves deeply into the
fundamental principles, design considerations, and practical applications of antennas and the
physics of wave propagation. As wireless communication continues to evolve rapidly, understanding
these concepts is crucial for engineers, students, and enthusiasts alike. This guide aims to provide a
detailed overview of the core ideas presented in Bakshi?s work, offering clarity and insight into the
complex world of electromagnetic waves and antenna systems.Introduction to Antennas and Wave
PropagationWireless communication relies fundamentally on the transmission and reception of
electromagnetic waves. At the heart of this process are antennas, which serve as the interface
between free space and electronic circuits. Bakshi?s treatise emphasizes the importance of
understanding wave propagation mechanisms to optimize antenna design and improve signal
quality.Why Study Antennas and Wave Propagation?Enable wireless communication: From mobile
phones to satellite systems.Optimize system performance: Gain, directivity, and bandwidth.Advance
technological development: 5G, IoT, and satellite communications.Fundamental Principles of Wave
PropagationWave propagation describes how electromagnetic waves move through different media.
Bakshi categorizes wave propagation into several modes, each with distinct characteristics and
applications.Types of Wave PropagationGround Wave PropagationSky Wave
PropagationLine-of-Sight (LOS) PropagationGround Wave PropagationGround waves travel along
the Earth's surface and are primarily used for medium and long-distance radio
communication.Characteristics:Follows the Earth's curvature.Attenuates with distance due to
absorption and ground conductivity.Applications:AM radio broadcasting.Maritime
communication.Sky Wave PropagationSky waves are reflected or refracted by the ionosphere,
enabling long-distance communication beyond the horizon.Characteristics:Multiple hops via
ionospheric layers.Highly frequency-dependent.Applications:Shortwave radio.International
broadcasting.Line-of-Sight PropagationThis mode involves direct transmission between antenna
systems within the visible horizon.Characteristics:Limited by Earth's curvature.Highly reliable at
microwave frequencies.Applications:Satellite links.Microwave radio links.Antennas: Types,
Parameters, and DesignBakshi provides a detailed exploration of various antenna types, their
parameters, and design principles to optimize performance in different applications.Types of
AntennasDipole AntennasLoop AntennasYagi-Uda AntennasParabolic ReflectorsPatch and
Microstrip AntennasLog-Periodic AntennasKey Parameters of AntennasRadiation PatternDescribes
the antenna's directional dependence of radiated power.GainMeasure of directivity and efficiency;
higher gain indicates more focused radiation.DirectivityThe ratio of maximum radiation intensity to
the average in all directions.BandwidthRange of frequencies over which the antenna operates
effectively.Input ImpedanceCompatibility with feeding circuitry; typically 50 ohms in RF
systems.PolarizationOrientation of the electric field; influences signal reception and
transmission.Design ConsiderationsFrequency of Operation: Determines size and type.Radiation
Pattern Requirements: Directional vs. omnidirectional.Environmental Factors: Ground effects,
nearby objects.Physical Constraints: Size, weight, and material.Wave Propagation and Antenna
InteractionUnderstanding how antennas interact with propagating waves is essential for system
optimization.Antenna Radiation MechanismAntennas convert electrical signals into electromagnetic
waves and vice versa. The process involves:Current distribution on the antenna elements.Oscillating
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electric and magnetic fields radiating outward.Near field (reactive zone) vs. Far field (radiation
zone).Near Field vs. Far FieldNear Field:Exists close to the antenna (within a
wavelength).Dominated by reactive fields.Not suitable for radiation pattern measurement.Far
Field:Located at distances greater than several wavelengths.The radiation pattern is
well-defined.Used for antenna characterization.Factors Affecting Wave PropagationFrequency:
Higher frequencies tend to have shorter wavelengths and different propagation
characteristics.Environmental Conditions:Atmospheric humidity.Obstacles and terrain.Ionospheric
activity.Antenna Parameters:Directivity.Polarization.Practical Aspects and ApplicationsBakshi
emphasizes practical considerations in designing and deploying antennas for real-world
applications.Antenna Placement and OrientationProper height and orientation maximize
coverage.Avoiding obstructions enhances signal strength.Signal Losses and AttenuationFree space
path loss: Inherent decrease in power over distance.Multipath fading: Reflection causes interference
patterns.Absorption: Material and atmospheric effects.Modern Applications of Antennas and Wave
PropagationWireless Local Area Networks (WLANs)Cellular and 5G networksSatellite
communicationRadar systemsGlobal Positioning System (GPS)Advanced Topics Covered by
BakshiBakshi?s work extends into advanced areas, including:MIMO (Multiple Input Multiple Output)
systemsBeamforming techniquesAntenna array designElectromagnetic compatibility (EMC)
issuesMetamaterials for antenna miniaturizationSummary and Future PerspectivesUnderstanding
antennas and wave propagation is vital for advancing wireless technology. Bakshi?s comprehensive
approach combines theory with practical insights, emphasizing the importance of tailored antenna
design and understanding propagation environments.Future TrendsIntegration with IoT
devicesDevelopment of reconfigurable antennasUtilization of metamaterialsExploration of
millimeter-wave frequenciesSustainable and eco-friendly antenna materialsConcluding RemarksBy
mastering the principles outlined in Bakshi?s work, engineers and researchers can develop more
efficient, reliable, and innovative wireless communication systems. The intricate interplay between
antennas and wave propagation remains a fascinating domain with endless possibilities for
technological advancement.This guide offers a detailed overview inspired by "Antennas and Wave
Propagation by Bakshi," designed to serve as a foundational resource for students, professionals,
and enthusiasts eager to deepen their understanding of electromagnetic theory and antenna
engineering.

QuestionAnswer

What are the key principles of antennas discussed in Bakshi's 'Antennas and Wave Propagation'?
Bakshi's 'Antennas and Wave Propagation' covers fundamental principles such as radiation,
directivity, gain, impedance matching, and polarization, providing a comprehensive understanding of
how antennas transmit and receive electromagnetic waves effectively.
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How does Bakshi explain the concept of wave propagation in different media?
Bakshi explains wave propagation by analyzing electromagnetic wave behavior in free space and
various media, emphasizing factors like reflection, refraction, attenuation, and the impact of the
Earth's atmosphere on signal transmission and range.

What are the recent trends in antenna design highlighted in Bakshi?s book?
Recent trends include the development of microstrip antennas, phased array antennas, and
reconfigurable antennas, with Bakshi discussing their advantages for modern wireless
communication systems such as 5G and satellite communication.

How does Bakshi approach the topic of antenna parameters such as directivity and bandwidth?
Bakshi provides detailed mathematical formulations and practical examples to explain key
parameters like directivity, gain, bandwidth, and efficiency, highlighting their importance in designing
effective antennas for specific applications.

What insights does Bakshi offer regarding wave propagation phenomena like ground wave and
space wave propagation?
Bakshi discusses ground wave propagation for short to medium distances, especially at lower
frequencies, and space wave propagation for line-of-sight communication, analyzing factors
affecting their effectiveness and applications in communication systems.

Related keywords: antennas, wave propagation, Bakshi, electromagnetic waves, antenna design,
signal transmission, radio waves, microwave propagation, antenna theory, electromagnetic
spectrum

The electronics of radio

the electronics of radio is a fascinating field that combines principles of physics, engineering, and
technology to enable wireless communication. From the early days of crystal radios to modern
digital radios, the electronic components and circuits that make radio work are diverse and complex.
Understanding the electronics of radio involves exploring key components, circuit design, signal
processing, and how these elements work together to transmit and receive audio, data, and other
information over distances without physical connections.Fundamentals of Radio ElectronicsRadio
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electronics is based on the transmission and reception of electromagnetic waves. These waves
carry information in the form of modulated signals, which are then demodulated at the receiver to
recover the original message. The core concepts include electromagnetic spectrum, modulation
techniques, and the electronic components that facilitate these processes.Electromagnetic
Spectrum and Frequency BandsRadio waves are a subset of electromagnetic radiation with
frequencies ranging from about 3 kHz to 300 GHz. Different frequency bands are allocated for
various uses:Very Low Frequency (VLF): 3?30 kHzLow Frequency (LF): 30?300 kHzMedium
Frequency (MF): 300 kHz?3 MHzHigh Frequency (HF): 3?30 MHzVery High Frequency (VHF):
30?300 MHzUltra High Frequency (UHF): 300 MHz?3 GHzSuper High Frequency (SHF): 3?30
GHzEach band has specific applications, such as AM/FM radio, television broadcasting, satellite
communication, and radar.Key Electronic Components in Radio SystemsThe electronics of radio
rely on several fundamental components that work together to modulate, transmit, and demodulate
signals.AntennasAntennas are crucial for transmitting and receiving radio signals. They convert
electrical signals into electromagnetic waves and vice versa.Types of antennas include dipole,
monopole, loop, Yagi-Uda, and parabolic dishes.Design considerations involve frequency, gain,
polarization, and size.OscillatorsOscillators generate stable radio-frequency signals essential for
carrier waves in transmission and local oscillators in receivers.Types include LC oscillators, crystal
oscillators, and dielectric resonator oscillators.Crystal oscillators are prized for their frequency
stability.AmplifiersAmplifiers boost weak radio signals during transmission and reception.RF
amplifiers operate at high frequencies to increase signal strength.Low-noise amplifiers (LNAs) are
used at the front end of receivers to amplify signals without adding significant noise.FiltersFilters
select desired signals and reject unwanted frequencies.Types include band-pass, low-pass,
high-pass, and notch filters.Crucial in tuning and channel selection processes.Detectors and
DemodulatorsThese circuits extract the original information from modulated carrier
signals.Amplitude Demodulators (envelope detectors) are used in AM radio.Frequency and phase
demodulators are used in FM and PM radios.Radio Circuit Design and Signal ProcessingDesigning
effective radio circuits involves understanding the flow of signals through various stages, from
generation to reception.Transmitter CircuitryA typical radio transmitter includes:Audio/Signal Source:
Provides the message to transmit.Oscillator: Generates the carrier wave.Modulator: Combines the
message with the carrier, using amplitude, frequency, or phase modulation.Power Amplifier: Boosts
the modulated signal for transmission.Antenna: Radiates the signal into space.Receiver CircuitryA
typical radio receiver involves:Antenna: Captures the incoming radio waves.RF Amplifier: Amplifies
weak signals.Tuner/Filter: Selects the desired frequency band.Demodulator: Extracts the audio or
data signal from the carrier.Audio Amplifier: Amplifies the extracted audio for loudspeakers or
headphones.Types of Modulation Techniques in RadioModulation modifies a carrier wave to encode
information.Amplitude Modulation (AM)Varies the amplitude of the carrier wave in proportion to the
message signal.Common in AM radio broadcasting.Simple demodulation via envelope
detection.Frequency Modulation (FM)Varies the frequency of the carrier wave.Used in FM radio
broadcasting, offering better noise immunity.Demodulation involves frequency discriminators or
phase-locked loops.Phase Modulation (PM)Changes the phase of the carrier wave based on the
message signal.Used in some digital communication systems.Digital Radio and Modern
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ElectronicsAdvancements in electronics have led to digital radio technologies, offering higher fidelity,
more channels, and efficient spectrum use.Digital Modulation TechniquesQuadrature Amplitude
Modulation (QAM)Orthogonal Frequency-Division Multiplexing (OFDM)Phase Shift Keying
(PSK)Components in Digital RadioDigital Signal Processors (DSPs) for encoding and
decoding.Microcontrollers and integrated circuits for control.Software-defined radios (SDRs) that use
software for modulation/demodulation.Applications of Radio ElectronicsRadio electronics underpin
many modern technologies:Broadcast Radio (AM/FM)Television BroadcastingSatellite
CommunicationsWireless Internet and Wi-FiMobile Phones and Cellular NetworksRadar and
Navigation SystemsConclusionThe electronics of radio is a dynamic and essential field that
continues to evolve. From the fundamental electronic components like oscillators, filters, and
amplifiers to complex digital modulation schemes, radio electronics enables global communication
and information exchange. Understanding these principles not only provides insight into how radios
work but also highlights the sophisticated engineering that powers modern wireless
technology.Whether you're an aspiring engineer, a hobbyist, or simply curious about how wireless
communication functions, exploring the electronics behind radio offers a gateway into a world of
electromagnetic phenomena and electronic innovation.

The Electronics of Radio: An In-Depth Exploration of How Radio WorksRadio technology has
revolutionized communication, connecting people across vast distances and enabling instant
information exchange. At its core, the electronics of radio encompass a complex interplay of
electronic components and circuits that enable the transmission, reception, and interpretation of
radio signals. Understanding these electronic principles not only provides insight into how radios
function but also opens the door to innovations in wireless communication, broadcasting, and
modern digital systems. In this comprehensive guide, we'll explore the fundamental components,
circuitry, and principles that underpin radio electronics, providing a detailed map of how radio
devices operate from a technical perspective.The Basics of Radio CommunicationBefore diving into
the electronics, it's essential to grasp the fundamental concepts of radio communication. Radio
involves transmitting signals through electromagnetic waves?specifically, radio waves?that travel
through space. These signals carry information such as audio, video, or data.How Radio Signals Are
Transmitted and ReceivedTransmission: An electronic device called a transmitter modulates an
electrical signal with information, then amplifies and converts it into radio frequency (RF) signals.
These are radiated through an antenna into the air.Reception: A receiver captures the RF signals
via an antenna, then demodulates and amplifies them to recover the original information.Core
Electronic Components in Radio SystemsThe electronics of radio devices rely on several key
components, each serving specific functions within the transmission and reception
chain.OscillatorsOscillators generate continuous wave signals at specific frequencies. They are
foundational for both transmitting and receiving:Function: Create stable, precise RF
signals.Types:LC Oscillators: Use inductors and capacitors.Crystal Oscillators: Use quartz crystals
for stability.Voltage-Controlled Oscillators (VCOs): Frequency can be modulated by
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voltage.Modulators and DemodulatorsModulators: Impose information (audio, data) onto RF carriers
by varying parameters like amplitude, frequency, or phase.Demodulators (Detectors): Extract the
original information from the modulated RF signals.Common Modulation Types:Amplitude
Modulation (AM)Frequency Modulation (FM)Phase Modulation (PM)AmplifiersAmplify signals at
various stages to ensure proper power levels for transmission or clarity in reception.Low-noise
Amplifiers (LNAs): Used at the receiver front-end to amplify weak incoming signals without adding
much noise.Power Amplifiers: Boost signal strength to drive antennas for transmission.FiltersFilters
isolate the desired frequency band and eliminate unwanted signals or noise.Types:Bandpass filters:
Allow specific frequency ranges.Notch filters: Remove specific interfering frequencies.MixersMixers
combine two signals, typically to convert frequencies (frequency translation), which is vital in
superheterodyne receivers.DetectorsDetect the modulated signal to recover the original
information.Oscilloscopes and Test EquipmentUsed for testing and troubleshooting radio
circuits.The Radio Receiver: A Closer LookThe typical radio receiver comprises several stages,
each utilizing specific electronic components to process incoming radio signals.Antenna and
Front-EndAntenna: Converts electromagnetic waves into electrical signals.Matching Network:
Ensures impedance matching for maximum power transfer.LNA: Amplifies weak signals with
minimal noise interference.Tuning and FilteringTuner: Selects the desired frequency through
variable inductors or varicap diodes.Bandpass Filter: Removes signals outside the target frequency
band.RF AmplificationFurther amplifies the selected RF signal to suitable levels for
processing.Frequency Conversion (Mixer Stage)Uses a local oscillator (LO) to convert RF signals to
an intermediate frequency (IF), which is easier to process.This stage involves a mixer
circuit.Intermediate Frequency (IF) ProcessingIF Amplifiers: Provide selective amplification.Filtering:
Sharp filters improve selectivity.DemodulationExtracts the original audio or data from the IF
signal.Different techniques are used depending on modulation type (AM, FM).Audio Amplification
and OutputAmplifies the demodulated audio signal for speakers or headphones.The Radio
Transmitter: An OverviewTransmitting involves generating, modulating, amplifying, and radiating
signals.Signal GenerationOscillator creates the carrier wave at the desired frequency.ModulationThe
baseband audio/data signal modulates the carrier through an electronic modulator circuit.Power
AmplificationThe modulated RF signal is intensified to cover the transmission distance.Antenna and
RadiationThe amplified RF signal is fed to an antenna, converting electrical energy into
electromagnetic waves.Modulation Techniques and Their Electronic ImplementationsModulation is a
critical aspect of radio electronics, enabling the transmission of information.Amplitude Modulation
(AM)Varies the amplitude of the carrier wave based on the audio signal.Implemented using analog
multiplier circuits or tube-based modulators.Frequency Modulation (FM)Varies the frequency of the
carrier wave according to the input signal.Achieved with varactors (voltage-variable capacitors) in
oscillator circuits.Digital ModulationIncludes schemes like PSK, QAM, and FSK.Implemented with
digital signal processors and complex circuitry.Modern Advances and Digital Radio ElectronicsWith
digital technology, radio electronics have evolved significantly:Software-Defined Radio (SDR): Uses
software to perform most radio functions, allowing flexibility and multi-band operation.Digital Signal
Processing (DSP): Enhances filtering, demodulation, and decoding.Integrated Circuits (ICs):
Miniaturize components, making radios more compact and power-efficient.Power Supplies and
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Circuit Design ConsiderationsReliable power supplies are essential for stable radio operation:Linear
Regulators: Provide clean power with minimal noise.Switching Power Supplies: Offer efficiency but
require careful filtering to prevent interference.Designing radio circuits involves attention to:Shielding
to prevent electromagnetic interference.Proper grounding to reduce noise.Thermal management for
high-power components.Troubleshooting and TestingUnderstanding the electronics of radio also
involves knowing how to troubleshoot:Use an oscilloscope to visualize waveforms.Employ a
spectrum analyzer to examine signal spectra.Check components for proper voltages and signals at
each stage.ConclusionThe electronics of radio encompass a sophisticated network of components
working in harmony to enable wireless communication. From oscillators and filters to mixers and
demodulators, each element plays a vital role in ensuring signals are transmitted and received
accurately. Advances in digital technology continue to transform radio electronics, making devices
more versatile, efficient, and capable than ever before. Whether you're an engineer, hobbyist, or
enthusiast, understanding these fundamental principles provides a solid foundation for exploring and
innovating within the realm of radio technology.

QuestionAnswer

What are the main electronic components used in radios?
Radios primarily consist of components like resistors, capacitors, inductors, transistors, diodes, and
integrated circuits, all working together to receive, select, and amplify radio signals.

How does a superheterodyne radio receiver work?
A superheterodyne radio converts incoming radio frequencies to a fixed intermediate frequency
using a mixer and local oscillator, making it easier to filter and amplify the desired signal before
demodulation.

What role do antennas play in radio electronics?
Antennas convert electromagnetic waves into electrical signals (and vice versa), enabling the radio
to transmit and receive radio frequency signals effectively.

How do transistors function in modern radios?
Transistors act as amplifiers and switches in radios, boosting weak signals and enabling the
processing and demodulation of radio waves for audio output.
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What is the significance of tuning circuits in radios?
Tuning circuits, typically composed of inductors and capacitors, select the desired radio frequency
station by resonating at a specific frequency, filtering out unwanted signals.

How has digital technology impacted radio electronics?
Digital technology has enabled more efficient signal processing, digital tuning, noise reduction, and
the integration of smart features, improving sound quality and user experience.

What is the purpose of the oscillator in radio circuits?
The oscillator generates a stable radio frequency signal used as a local oscillator in
superheterodyne receivers, essential for converting incoming signals to an intermediate frequency.

How do integrated circuits simplify radio design?
Integrated circuits consolidate multiple electronic functions into a single chip, reducing size, cost,
and complexity, and enhancing reliability and performance in radio devices.

What are the challenges in designing radio electronics for high-frequency signals?
Challenges include maintaining signal stability, minimizing noise and interference, managing
parasitic capacitances and inductances, and ensuring efficient impedance matching at high
frequencies.

Related keywords: radio circuitry, electronic components, radio frequency, modulation,
demodulation, oscillators, amplifiers, tuners, antennas, signal processing

Electromagnetic waves and radiating systems solution manual

Electromagnetic Waves and Radiating Systems Solution Manual: A Comprehensive
GuideElectromagnetic waves and radiating systems solution manual serve as essential resources
for students, educators, and professionals working in the fields of electrical engineering,
communications, and applied physics. This solution manual typically accompanies textbooks on
electromagnetic theory, antenna design, wave propagation, and radiating systems, providing
detailed answers and explanations to complex problems. Understanding electromagnetic waves and
radiating systems is crucial for designing efficient communication systems, radar, satellite
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technologies, and wireless networks.In this article, we will explore the importance of solution
manuals in mastering electromagnetic waves and radiating systems, delve into key topics covered,
and offer tips on how to effectively use these manuals to enhance learning and practical
application.Understanding Electromagnetic Waves and Radiating SystemsElectromagnetic waves
are oscillations of electric and magnetic fields that travel through space carrying energy. Radiating
systems, commonly referred to as antennas, are devices that transmit or receive these waves. A
solid grasp of both concepts is fundamental for engineering applications such as wireless
communication, radar, and remote sensing.Key Concepts in Electromagnetic WavesMaxwell?s
Equations: The foundation of electromagnetic theory, describing how electric and magnetic fields
propagate and interact.Wave Propagation: Understanding how waves travel through different media,
including free space, dielectric materials, and conductors.Polarization: The orientation of the electric
field vector of the wave, which affects antenna design and signal reception.Reflection, Refraction,
and Diffraction: Phenomena that influence wave behavior when encountering obstacles or interfaces
between media.Fundamentals of Radiating SystemsAntenna Types: Dipole, loop, patch, and array
antennas, each with unique radiation patterns and applications.Radiation Patterns: Graphical
representations of how an antenna radiates energy into space.Gain and Directivity: Measures of an
antenna?s ability to focus energy in a particular direction.Impedance Matching: Ensuring maximum
power transfer between the antenna and transmission line.The Role of a Solution Manual in
Electromagnetic Waves and Radiating SystemsA solution manual provides step-by-step solutions to
problems presented in textbooks, offering clarity on complex concepts and mathematical
derivations. Here?s why it is indispensable:Clarifies Difficult Concepts: Many electromagnetic
problems involve advanced mathematics and physics. A solution manual breaks down these
problems into manageable steps.Enhances Problem-Solving Skills: By studying worked-out
solutions, students learn problem-solving techniques and methods useful in exams and practical
scenarios.Supports Self-Learning: Enables independent study by providing guidance without the
need for constant instructor intervention.Prepares for Competitive Exams: Many engineering
entrance and certification exams include questions on electromagnetic theory and
antennas.Common Features of an Effective Solution ManualDetailed Explanations: Beyond just
answers, providing the reasoning behind each step.Clear Diagrams and Illustrations: Visual aids to
help understand wave propagation, antenna structures, and radiation patterns.Verification of
Results: Cross-checking solutions with theoretical expectations or practical benchmarks.Coverage
of All Problems: Including numerical problems, conceptual questions, and design
challenges.Additional Notes: Tips, common pitfalls, and alternative solution methods.Typical Topics
Covered in Electromagnetic Waves and Radiating Systems Solution ManualsSolution manuals for
this subject usually align with standard textbook chapters, covering a wide range of theoretical and
applied topics. Below is a breakdown of common chapters and problems you might encounter:1.
Maxwell?s Equations and Wave EquationsDerivation of wave equations from Maxwell?s
equations.Solutions to the wave equation in free space and guided media.Boundary conditions and
their applications.2. Plane Wave PropagationCharacteristics of uniform plane waves.Reflection and
transmission at media interfaces.Skin depth and wave attenuation in conductors.3. Transmission
Lines and WaveguidesTransmission line equations, characteristic impedance, and standing
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waves.Waveguide modes and cutoff frequencies.Power flow and losses in waveguides.4. Antenna
FundamentalsCurrent distribution on antennas.Radiation resistance and efficiency.Far-field and
near-field concepts.5. Antenna Arrays and Pattern SynthesisArray factor calculations.Beam steering
and side lobe control.Practical design considerations.6. Electromagnetic Compatibility and
InterferenceSources of interference.Shielding and grounding techniques.Regulatory standards and
testing methods.How to Use an Electromagnetic Waves and Radiating Systems Solution Manual
EffectivelyMerely having access to a solution manual is not sufficient for mastering the subject. Here
are some best practices to maximize its benefits:1. Attempt Problems Independently FirstBefore
consulting the solution manual, try solving problems on your own. This strengthens critical thinking
and highlights areas where you need help.2. Analyze Each Step ThoroughlyDon?t just read the
answer; understand the reasoning and methodology behind each step. This understanding is crucial
for applying concepts to new problems.3. Cross-Reference with Textbook TheoryLink the solution
steps back to the relevant theory in the textbook to reinforce conceptual understanding.4. Use the
Manual for Exam PreparationPractice problems from the manual regularly to build speed and
confidence for exams or interviews.5. Collaborate with PeersDiscussing solutions with classmates
can reveal alternative approaches and deepen comprehension.Where to Find Quality
Electromagnetic Waves and Radiating Systems Solution ManualsAccessing reliable and
comprehensive solution manuals is key. Here are common sources:Official Publisher Resources:
Many textbooks come with authorized solution manuals available for instructors or
students.University Libraries and Course Websites: Professors often provide solution sets for
coursework.Online Educational Platforms: Websites like Chegg, Course Hero, or specialized
engineering forums.Open Educational Resources: Some solution manuals are freely available under
open licenses.Professional Engineering Societies: IEEE and similar organizations sometimes offer
resources for members.ConclusionThe electromagnetic waves and radiating systems solution
manual is an invaluable tool for mastering one of the most important subjects in electrical
engineering and applied physics. It bridges the gap between theory and practice, demystifying
complex problems and enabling learners to develop a strong foundation in electromagnetic theory
and antenna design.By effectively utilizing these manuals alongside rigorous study and practical
application, students and professionals can enhance their knowledge, solve real-world problems,
and contribute to advances in communication technology and electromagnetic research. Whether
you are a beginner or an advanced learner, integrating solution manuals into your study routine will
significantly improve your understanding and performance in this challenging field.

Electromagnetic Waves and Radiating Systems Solution Manual: A Comprehensive Guide to
Understanding and Solving Complex ProblemsElectromagnetic waves and radiating systems are
fundamental topics in electrical engineering and physics, forming the backbone of modern
communication, radar, remote sensing, and many other technological applications. For students and
professionals alike, mastering these concepts often requires delving into complex mathematical
formulations and physical interpretations. A solution manual for electromagnetic waves and radiating
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systems serves as an essential resource, providing detailed step-by-step solutions, clarifications,
and insights that facilitate deeper understanding and effective problem-solving.In this guide, we will
explore the core principles of electromagnetic waves and radiating systems, discuss common
problem types, and highlight strategies for approaching solutions systematically. Whether you're
studying for an exam, working on research, or developing new antenna designs, understanding the
structure and utility of solution manuals can significantly enhance your learning
process.Understanding Electromagnetic Waves and Radiating SystemsElectromagnetic waves are
oscillations of electric and magnetic fields that propagate through space at the speed of light. These
waves are characterized by their frequency, wavelength, amplitude, and polarization. Radiating
systems, such as antennas, are devices designed to generate, direct, and receive electromagnetic
radiation.The Nature of Electromagnetic WavesWave Propagation: Electromagnetic waves
propagate through free space or media without requiring a material medium.Maxwell?s Equations:
The foundation for understanding wave behavior, Maxwell?s equations describe how electric and
magnetic fields are generated and altered.Wave Equation: Derived from Maxwell?s equations, the
wave equation governs the behavior of the electric and magnetic fields.Radiating Systems
OverviewSources of Radiation: Accelerating charges and currents, antennas, and other devices
generate electromagnetic waves.Antenna Types: Dipole, monopole, patch, and parabolic reflector
antennas, among others.Radiation Pattern: The spatial distribution of radiated power, crucial for
understanding antenna performance.Common Types of Problems and Their Solution
StrategiesElectromagnetic wave and radiating system problems can broadly be classified into
several categories:Wave Propagation and Field CalculationsProblem Types:Deriving electric and
magnetic field expressions for specific waveforms.Calculating power density and Poynting
vector.Determining the wave impedance in different media.Solution Strategies:Use Maxwell?s
equations to derive field expressions.Apply boundary conditions at interfaces.Utilize phasor
representation for sinusoidal steady-state problems.Calculate the Poynting vector to find power
flow.Antenna Radiation and Pattern AnalysisProblem Types:Deriving the far-field pattern of an
antenna.Calculating directivity, gain, and efficiency.Analyzing the effect of antenna geometry on
radiation characteristics.Solution Strategies:Use the current distribution to compute the vector
potential.Apply the far-field approximation.Use integral formulas for radiation patterns.Normalize the
pattern to find directivity and gain.Transmission Lines and WaveguidesProblem Types:Computing
characteristic impedance and propagation constants.Analyzing standing waves and
VSWR.Designing matching networks.Solution Strategies:Employ transmission line equations.Use
Smith charts for impedance matching.Calculate reflection coefficients and power transfer
efficiency.System Design and Performance EvaluationProblem Types:Designing antennas for
specific gain and pattern requirements.Evaluating the impact of lossy media.Analyzing the effects of
reflections and multipath.Solution Strategies:Use approximation techniques for complex
geometries.Consider dielectric properties and material losses.Simulate system behavior using
numerical methods when analytical solutions are intractable.Utilizing the Solution Manual
EffectivelyA solution manual for electromagnetic waves and radiating systems is more than just a
repository of answers; it is an educational tool that promotes understanding through detailed
explanations. Here are some tips to maximize its benefits:Approach Problems ActivelyAttempt to
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solve problems independently before consulting the manual.Use the manual to verify steps,
understand alternative methods, and clarify misconceptions.Study Step-by-Step SolutionsFollow
each step carefully, noting any assumptions or approximations.Pay attention to the derivation
processes, not just the final answers.Cross-Reference Theoretical ConceptsConnect solution steps
to fundamental principles such as Maxwell?s equations, boundary conditions, and wave
equations.Reinforce your theoretical understanding through practical problem-solving.Practice
VariationsUse the manual to explore variations of standard problems.Modify parameters and
observe how solutions adapt.Seek ClarificationsIf a solution step is unclear, consult textbooks or
online resources for additional explanations.Engage with online forums or study groups to discuss
challenging problems.Example Problem BreakdownProblem: Derive the far-field radiation pattern of
a thin half-wave dipole antenna.Solution Outline:Current Distribution: Model the current as
sinusoidal along the dipole length, with maximum at the center and zero at the ends.Vector Potential
Calculation: Use the current distribution to compute the vector potential A in the far field, applying
the appropriate integral expressions.Electric and Magnetic Fields: Derive E and H fields from the
vector potential, employing the radiation zone approximations.Radiation Pattern: Calculate the
power density \( S = \frac{1}{2} \text{Re} \{ E \times H^ \} \) as a function of angles to visualize the
pattern.Results Interpretation: Analyze the directional characteristics, noting the maximum radiation
perpendicular to the antenna axis and nulls along the axis.Tip: Refer to the solution manual?s
detailed derivation to understand each step?s physical reasoning and mathematical basis.Final
Thoughts and RecommendationsMastering electromagnetic waves and radiating systems requires a
combination of theoretical understanding, mathematical proficiency, and practical problem-solving
skills. A solution manual for electromagnetic waves and radiating systems plays a crucial role in this
learning journey by providing clarity, confirming correctness, and illustrating problem-solving
methodologies.Key takeaways:Always understand the physical principles before diving into
calculations.Break complex problems into manageable parts.Use the solution manual as a learning
aid, not just a source of answers.Practice diverse problems to build confidence and
adaptability.Connect mathematical solutions to real-world applications to appreciate their
significance.By approaching electromagnetic wave problems systematically and leveraging
comprehensive solution manuals, students and engineers can deepen their understanding, improve
their analytical skills, and innovate in the design and analysis of radiating systems.End of Guide

QuestionAnswer

What are the key concepts covered in the 'Electromagnetic Waves and Radiating Systems' solution
manual?
The solution manual covers fundamental principles of electromagnetic wave propagation, boundary
conditions, radiation from antennas, waveguides, and the analysis of radiating systems, including
derivations and problem-solving techniques.
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How can I effectively use the solution manual to understand electromagnetic wave problems?
Use the manual to review step-by-step solutions, understand the underlying principles, and
cross-reference explanations with textbook concepts. Practice solving problems independently first,
then compare your solutions with those in the manual for better comprehension.

What are common challenges students face when studying electromagnetic radiating systems, and
how does the solution manual help?
Students often struggle with complex boundary conditions and radiation pattern analysis. The
manual clarifies these topics with detailed solutions, diagrams, and explanations to enhance
understanding and problem-solving skills.

Are there specific chapters in the solution manual that focus on antenna theory?
Yes, the manual includes dedicated sections on antenna theory, covering topics like antenna
radiation patterns, gain, directivity, and impedance matching, with illustrative problems and
solutions.

Can the solution manual assist with designing practical radiating systems?
While primarily focused on theoretical problems, the manual provides foundational insights into
design principles, aiding students and engineers in understanding how to approach real-world
radiating system design tasks.

What are the latest trends in electromagnetic wave research reflected in the solution manual?
The manual incorporates recent advancements such as metasurfaces, miniaturized antennas, and
applications in wireless communication, reflecting current trends in electromagnetic wave research.

Where can I access the 'Electromagnetic Waves and Radiating Systems' solution manual legally?
The manual can typically be accessed through authorized textbook publishers, academic
institutions, or purchase via official online platforms. Always ensure you are using legitimate sources
to support ethical and accurate learning.

Related keywords: electromagnetic waves, radiating systems, solution manual, antenna theory,
wave propagation, electromagnetic radiation, antenna design, electromagnetic field equations,
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transmission lines, antenna analysis

Matlab rectangular planar loop antenna

Introduction to MATLAB Rectangular Planar Loop AntennaMatlab rectangular planar loop antenna is
a popular and versatile design in the field of radio frequency (RF) engineering, especially in
applications requiring compact, efficient, and customizable antennas. These antennas are widely
used in wireless communication systems, RFID tags, satellite communications, and experimental RF
projects. Leveraging MATLAB for the design, analysis, and optimization of these antennas provides
engineers and researchers with powerful tools to simulate electromagnetic behavior accurately
before physical implementation. This article explores the fundamentals of rectangular planar loop
antennas, their advantages, design principles, and how MATLAB can facilitate their
development.Understanding Rectangular Planar Loop AntennasWhat Is a Rectangular Planar Loop
Antenna?A rectangular planar loop antenna is a type of resonant loop antenna where the radiating
element is shaped as a rectangle laid out on a flat plane. It consists of a conducting wire or strip
forming a rectangular loop, which is fed at a specific point to excite electromagnetic waves. The
rectangular shape allows for straightforward fabrication, predictable resonant characteristics, and
ease of integration into larger systems.Basic Structure and ComponentsConducting Loop: Usually
made of copper, aluminum, or other conductive materials, forming a rectangle.Feeding Point: The
location where the feed line or transmission line connects to excite the antenna.Substrate
(Optional): In printed circuit implementations, a dielectric substrate supports the conductive
pattern.Ground Plane (if used): Certain designs incorporate a ground plane beneath the loop for
directional radiation patterns.Advantages of Rectangular Planar Loop AntennasCompact Size:
Suitable for applications where space is limited.Ease of Fabrication: Simple geometric shape makes
manufacturing straightforward.Wideband Capabilities: Properly designed loops can operate over a
broad frequency range.Good Efficiency: When designed with appropriate dimensions and materials,
these antennas can achieve high radiation efficiency.Ease of Integration: Compatible with PCB
manufacturing and integration with other electronic components.Design Considerations for
Rectangular Planar Loop AntennasResonant FrequencyThe resonant frequency \(f_0\) of a
rectangular loop antenna is primarily determined by its perimeter and the effective wavelength:\[f_0
= \frac{c}{\lambda} \quad \text{where} \quad \lambda \approx \frac{P}{n}\]\(c\): Speed of light (~3 x
10^8 m/s)\(P\): Perimeter of the loop (sum of all sides)\(n\): Mode number (usually 1 for the
fundamental mode)For a rectangular loop:\[P = 2 (L + W)\]where \(L\) and \(W\) are the length and
width of the rectangle.Dimensioning the LoopTo resonate at a desired frequency, dimensions are
selected so that the loop's circumference approximates one wavelength
(\(\lambda\)):Single-Wavelength Loop: Perimeter \(P \approx \lambda\)Fractional Wavelengths:
Loops can be designed for fractions like 0.5\(\lambda\) for specific radiation patterns.Feeding
TechniquesVoltage Feed: Connecting the feed line at a point on the loop, typically at a side or
corner.Baluns and Matching Networks: Used to match the antenna impedance to the transmission
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line for maximum power transfer.Position of Feed Point: Critical for controlling input impedance and
radiation pattern.Material and Substrate SelectionConductive materials with high conductivity reduce
losses.Dielectric substrates influence the antenna's resonant frequency and bandwidth.Simulating
Rectangular Planar Loop Antennas Using MATLABWhy Use MATLAB for Antenna Design?MATLAB
provides a comprehensive environment for modeling, simulating, and analyzing electromagnetic
structures. Its toolboxes, such as Antenna Toolbox and RF Toolbox, streamline the process of
designing and optimizing antennas without the need for costly prototypes.Key MATLAB Tools and
Functions for Loop Antenna DesignAntenna Toolbox: Offers predefined antenna objects, including
rectangular loops, and functions for visualization and analysis.Custom Scripts: MATLAB's
programming environment allows for tailored simulations beyond built-in functions.Electromagnetic
Simulation: Using Method of Moments (MoM), Finite Element Method (FEM), or Finite Difference
Time Domain (FDTD) techniques implemented or interfaced through MATLAB.Steps for Designing a
Rectangular Loop Antenna in MATLABDefine Geometry:Set the dimensions \(L\) and
\(W\).Calculate the perimeter \(P\).Create Antenna Object:Use `antennaRectangle` object if
available or define custom geometry using `patch` functions.Specify Material
Properties:Conductivity, substrate dielectric constant, thickness.Set Excitation Parameters:Feed
point location.Impedance matching components.Simulate Radiation Patterns and Impedance:Use
`pattern` function for directivity and gain.Calculate input impedance over frequency range.Analyze
Results:Resonant frequency.Return loss (S11).Radiation efficiency.Optimize Design
Parameters:Adjust dimensions or feed position to achieve desired performance.Sample MATLAB
Code Snippet```matlab% Define dimensionsL = 0.3; % Length in metersW = 0.2; % Width in
meters% Create rectangular loop antenna objectrectLoop = antennaRectangle('Length', L, 'Width',
W);% Plot geometryfigure;show(rectLoop);title('Rectangular Planar Loop Antenna');% Define
frequency rangef = linspace(0.5e9, 3e9, 500); % 0.5 GHz to 3 GHz% Calculate input impedance
over frequencyimpedance = impedance(rectLoop, f);% Plot real and imaginary parts of
impedancefigure;subplot(2,1,1);plot(f/1e9, real(impedance));xlabel('Frequency
(GHz)');ylabel('Real(Z) (\Omega)');title('Real Part of Input Impedance');subplot(2,1,2);plot(f/1e9,
imag(impedance));xlabel('Frequency (GHz)');ylabel('Imaginary(Z) (\Omega)');title('Imaginary Part of
Input Impedance');% Radiation pattern at resonant frequency[patternData, angles] =
pattern(rectLoop, f(find(abs(real(impedance))<50,1)));figure;polarplot(angles,
patternData);title('Radiation Pattern at Resonance');```Applications of MATLAB Rectangular Planar
Loop AntennasWireless Communications: Design of compact antennas for Wi-Fi, Bluetooth, and
other short-range systems.RFID Systems: Efficiently designed loops for tags and readers.Satellite
and Space Communications: Customizable antennas for specific frequency bands.Educational and
Research Purposes: Teaching electromagnetic theory and antenna engineering.Prototyping and
Optimization: Rapid testing of various configurations before physical fabrication.Challenges and
LimitationsBandwidth Limitations: Rectangular loop antennas may have narrow bandwidths unless
carefully designed.Impedance Matching: Achieving good impedance match over a wide frequency
range can be complex.Size Constraints: At very high frequencies, the physical size of the loop
becomes very small, which can be challenging to fabricate.Mutual Coupling: When used in arrays,
loops can interact, affecting overall performance.Future Trends in Rectangular Loop Antenna
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Design with MATLABIntegration with Reconfigurable Elements: Using varactors or MEMS to tune
antenna parameters dynamically.Metamaterial Integration: Enhancing performance through novel
materials.Machine Learning Optimization: Applying algorithms to find optimal dimensions and
configurations.Multi-band and Wideband Designs: Developing antennas capable of operating over
multiple frequency bands simultaneously.ConclusionThe matlab rectangular planar loop antenna
remains a fundamental and adaptable design in modern wireless systems. Its simplicity, combined
with MATLAB's powerful simulation and analysis capabilities, makes it an excellent choice for both
beginners and experienced engineers. By understanding the core principles of loop antenna design
and leveraging MATLAB tools, practitioners can efficiently develop high-performance antennas
tailored to specific applications, ultimately advancing communication technologies and RF research.

Matlab Rectangular Planar Loop Antenna: An In-Depth Review and AnalysisIntroductionThe
rectangular planar loop antenna is a fundamental element in the domain of wireless communication
and electromagnetic research. Its simplicity, ease of fabrication, and well-understood
electromagnetic properties make it a popular choice among engineers and researchers alike. When
combined with MATLAB, a powerful computational tool, the analysis, design, and optimization of
such antennas become more accessible and precise. This review delves into the intricacies of
rectangular planar loop antennas, their theoretical foundations, practical considerations, and how
MATLAB facilitates their study.Overview of Rectangular Planar Loop AntennasWhat is a
Rectangular Planar Loop Antenna?A rectangular planar loop antenna consists of a conducting wire
or strip shaped into a rectangle, lying flat on a plane. It functions primarily as a magnetic dipole
antenna, radiating electromagnetic waves through the oscillating magnetic field generated by the
current flowing through its conductive loop.Basic Structure and GeometryShape:
RectangularMaterial: Conductive material like copper, aluminum, or silver-plated
wiresDimensions:Lengths of sides: \( L \) (length), \( W \) (width)Loop circumference: \( C = 2(L + W)
\)Placement: Usually mounted on a non-conductive support or substrateFeeding Point: Typically at
the midpoint of one side, ensuring symmetryApplicationsWireless communication systems (Wi-Fi,
RFID)Magnetic field sensingAntenna arrays and phased arraysElectromagnetic compatibility
testingTheoretical FoundationsElectromagnetic PrinciplesThe operation of the rectangular loop
antenna hinges on the fundamental principles of electromagnetic radiation:An oscillating current in
the loop produces a time-varying magnetic field.The changing magnetic field produces an
electromagnetic wave radiating away from the antenna.The antenna's radiation characteristics
depend on its geometry, current distribution, and operating frequency.Resonance ConditionThe loop
antenna is typically designed to operate at or near its fundamental resonant frequency:\[f_0 =
\frac{c}{2 \pi \sqrt{\epsilon_r}} \times \frac{1}{L_{eff}}\]where:\( c \) is the speed of light\( \epsilon_r \)
is the relative permittivity of the surrounding medium\( L_{eff} \) is the effective length of the loop,
considering the electrical lengthFor a rectangular loop, the approximate resonant frequency is given
by:\[f_{res} = \frac{c}{2 C \sqrt{\epsilon_r}}\]This indicates that the circumference \( C \) plays a
pivotal role in tuning the antenna to the desired frequency.Current Distribution and Radiation
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PatternThe current in the loop is primarily uniform at resonance.The radiation pattern is
predominantly a magnetic dipole pattern, with maximum radiation perpendicular to the plane of the
loop.The pattern exhibits nulls along the axis perpendicular to the plane and maxima in the
plane.Key Parameters and Their InfluenceLengths \( L \) and \( W \)Adjusting \( L \) and \( W \)
modifies the loop's circumference and thus its resonant frequency.Larger loops resonate at lower
frequencies; smaller loops resonate at higher frequencies.Loop Area and Magnetic Dipole
MomentThe magnetic dipole moment \( m \) is proportional to the current \( I \) and the loop area \( A
= L \times W \):\[m = I \times A\]A larger area enhances radiated power but may introduce practical
constraints.Feedpoint ImpedanceTypically around 50 ohms at resonance, but varies with size and
shape.Matching networks are often used to optimize power transfer.BandwidthThe fractional
bandwidth of the loop antenna is generally narrow, but can be increased with techniques such as
adding parasitic elements or using specific materials.MATLAB in Rectangular Loop Antenna
AnalysisWhy MATLAB?MATLAB provides a comprehensive environment for modeling, simulating,
and analyzing electromagnetic structures. Its extensive library of built-in functions, toolboxes, and
visualization capabilities make it ideal for antenna design.Core MATLAB TechniquesNumerical
computation of electromagnetic fieldsSolving integral equations using Method of Moments
(MoM)Visualization of radiation patternsParametric sweeps for optimizationIntegration with antenna
design toolboxesModeling ApproachesAnalytical ModelingUse of closed-form equations for input
impedance, radiation pattern, and gain.Suitable for initial design and quick assessments.Numerical
SimulationDiscretization of the loop into segments.Application of MoM or Finite Element Method
(FEM).Useful for complex geometries or incorporating real-world effects.Parameter SweepsVary
dimensions, frequency, or material properties.Identify optimal configurations.Practical MATLAB
ImplementationExample WorkflowDefining Geometry```matlabL = 0.5; % Length of rectangle in
metersW = 0.3; % Width in metersc = 3e8; % Speed of lightf = 300e6; % Operating frequency in
Hzepsilon_r = 1; % Relative permittivity of free space% Calculate circumferenceC = 2  (L +
W);```Calculating Resonant Frequency```matlabf_res = c / (2  C  sqrt(epsilon_r));fprintf('Resonant
Frequency: %.2f MHz\n', f_res/1e6);```Current Distribution SimulationDiscretize the loop into
segmentsUse MoM to compute current and impedance```matlabN = 100; % Number of
segmentstheta = linspace(0, 2pi, N);x = (L/2)  cos(theta) + (W/2)  sin(theta);y = (L/2)  sin(theta) +
(W/2)  cos(theta);% Create impedance matrix and solve for currents% (Implementation of MoM
omitted for brevity)```Radiation Pattern Visualization```matlabtheta_scan = linspace(0, pi,
180);phi_scan = linspace(0, 2pi, 360);% Compute radiation pattern based on current distribution%
Plot using polar or 3D plots```Impedance and Gain CalculationUse antenna theory equations or
numerical methodsMATLAB scripts can automate these calculations over parameter
sweepsOptimization and Design ConsiderationsImpedance MatchingUse of matching networks such
as LC or transformersMATLAB optimization toolbox can help tune matching componentsBandwidth
EnhancementTechniques:Adding parasitic elementsUsing dielectric substratesEmploying multi-loop
or array configurationsSize ConstraintsFor portable applications, size reduction is
crucial.Techniques include using meandered lines or high-permittivity substrates.Material
SelectionConductive materials with low resistance for efficiencyDielectric substrates for structural
support and dielectric loadingChallenges and LimitationsNarrow bandwidth: Typical of small loop
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antennasEfficiency: Losses in conductors and substrate materialsRadiation pattern distortions: Due
to nearby objects or ground effectsDesign complexity: Balancing size, bandwidth, and gainMatlab
simulations can mitigate some of these issues by allowing detailed parametric analysis, but
real-world measurements and prototypes are essential for validation.ConclusionThe rectangular
planar loop antenna remains a versatile and foundational element in antenna engineering. Its
characteristics can be accurately modeled and optimized using MATLAB, which provides a robust
platform for simulation and analysis. From initial theoretical calculations to detailed numerical
modeling and visualization, MATLAB empowers engineers to explore the design space efficiently,
leading to better-performing, well-optimized antennas suited for a wide range of
applications.Understanding the interplay between geometry, electromagnetic principles, and
practical constraints is key to successful antenna design. As MATLAB continues to evolve with new
toolboxes and algorithms, its role in antenna research and development will only become more
integral, enabling innovative solutions in wireless technology and electromagnetic compatibility.In
summary:The rectangular planar loop antenna's operation hinges on its geometry, resonance, and
current distribution.MATLAB offers extensive tools for modeling, simulation, and
optimization.Practical design involves careful consideration of impedance matching, bandwidth, size,
and materials.Combining theoretical insights with MATLAB simulations leads to efficient, effective
antenna designs suitable for modern wireless systems.ReferencesBalanis, C. A. (2016). Antenna
Theory: Analysis and Design. John Wiley & Sons.Balanis, C. A. (2012). Modern Antenna Design.
John Wiley & Sons.MATLAB Documentation and Antenna Toolbox ResourcesElectromagnetic
simulation literature and tutorials

QuestionAnswer

What is a rectangular planar loop antenna in MATLAB, and how does it operate?
A rectangular planar loop antenna in MATLAB is a model representing a flat, rectangular loop of
conducting wire used for wireless communication. It operates by radiating electromagnetic waves
when driven with an AC current, with its behavior simulated in MATLAB to analyze parameters like
radiation pattern, impedance, and gain.

How can I design a rectangular planar loop antenna in MATLAB for a specific frequency?
To design a rectangular planar loop antenna in MATLAB, define the loop dimensions based on the
desired wavelength (e.g., using a fraction of the wavelength), create the geometry using mesh or
patch functions, and compute parameters like impedance and radiation pattern through
electromagnetic simulation functions or custom scripts tailored for antenna analysis.

Published by: dev.bepol.io Page 26 of 28



Electromagnetic waves and radiating systems Vol. 2025, Issue 2

What MATLAB toolboxes are useful for modeling a rectangular planar loop antenna?
The Antenna Toolbox in MATLAB is highly useful for modeling, analyzing, and visualizing
rectangular planar loop antennas. It provides functions for creating antenna geometries, calculating
radiation patterns, impedance, and gain, facilitating comprehensive antenna design workflows.

How do I analyze the radiation pattern of a rectangular planar loop antenna in MATLAB?
You can analyze the radiation pattern in MATLAB by defining the antenna geometry, computing the
electromagnetic fields using the Antenna Toolbox functions like 'pattern' or
'patternAzimuthElevation', and visualizing the 3D or 2D radiation patterns to assess directivity and
gain characteristics.

What are common challenges when simulating a rectangular planar loop antenna in MATLAB?
Common challenges include accurately modeling the antenna geometry, accounting for mutual
coupling effects, ensuring mesh resolution for precise results, and interpreting simulation data
correctly. Additionally, computational complexity can increase with detailed models, requiring
optimization of simulation parameters.

Can MATLAB simulate the impedance matching of a rectangular planar loop antenna?
Yes, MATLAB can simulate the impedance characteristics of a rectangular planar loop antenna by
calculating the input impedance at different frequencies using the Antenna Toolbox or custom
scripts, aiding in designing matching networks for optimal power transfer.

How do I optimize the dimensions of a rectangular planar loop antenna in MATLAB for maximum
gain?
Optimization can be performed in MATLAB using algorithms like 'fmincon' or 'ga' (genetic algorithm)
by defining an objective function that evaluates gain based on antenna dimensions. Iteratively
adjusting length and width parameters helps find the optimal configuration for maximum gain.

Is it possible to simulate the effect of nearby objects on a rectangular planar loop antenna in
MATLAB?
Yes, MATLAB allows for modeling the environment around the antenna, including nearby objects,
using electromagnetic simulation tools like the Antenna Toolbox and custom modeling techniques.
This helps analyze effects like reflection, absorption, and pattern distortion caused by external
objects.
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