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ABSTRACT

Electromagnetic wave propagation is an invisible phenomenon that cannot be detected by the human
senses. To understand wave propagation, one must first learn what wave propagation is and the basic
principles that affect wave propagation. This chapter introduces the atmospheric windows which allow
electromagnetic radiation from bands to penetrate Earth. Helmholtz equations, i.e. the equations which
govern wave propagation, and the properties of waves (such as propagation constant and characteristic
impedance) are then briefly explained. When waves encounter different media during its propagation,
they may be reflected, refracted, or diffracted. These phenomena are also covered. The last part of this
chapter concisely explains the terminologies commonly used to describe electromagnetic radiation.

THE ATMOSPHERIC WINDOWS

The composition of the Earth’s atmosphere is such that it allows certain wavelengths of electromagnetic
(EM) waves to pass through and absorb some in certain wavelengths. The areas of the EM spectrum
that are absorbed by the atmospheric gasses, such as water vapor, carbon dioxide and ozone, are known
as the absorption bands. In contrast to the absorption bands, there are areas of the EM spectrum where
the atmosphere is transparent to specific wavelengths. These wavelength bands are known as the atmo-
spheric windows (see Figure 1).

The atmosphere absorbs most of the wavelengths shorter than ultraviolet, most of the wavelengths
between infrared and microwaves, and most of the longest radio waves. Only the visible light, some
ultraviolet, infrared and short wavelength radio waves are able to penetrate the atmosphere, and bring
information about the universe to our instruments here on the ground. The main frequency ranges al-
lowed to pass through the atmosphere are called the radio window and the optical window. The radio

DOI: 10.4018/978-1-7998-2381-0.ch005

Copyright © 2020, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



Electromagnetic Wave Propagation

window is the range of frequencies from about 5 MHz to 300 GHz (wavelengths of 100 m to 1 mm). The
low frequency end of the window is limited by signal absorption in the ionosphere. The upper limit is
determined by signal attenuation caused by water vapor, carbon dioxide and ozone in the atmosphere. In
order to observe the universe in all the EM spectrum, some of the observation equipment are put in space.

The optical window (thus optical astronomy) can be severely limited by atmospheric conditions, such
as an overcast sky, air pollution, and light pollution from cities or populated area, and blinding interfer-
ence from the bright sun light. Radio astronomy is not hampered by most of the conditions mentioned
here. Observation can be carried out using a radio telescope in broad daylight, which cannot be done
with optical telescope. However, at the higher frequencies in the atmospheric radio window, clouds and
rain can cause signal attenuation. For this reason, sub-millimetre wavelengths radio telescopes are built
on the highest mountains, where the atmosphere has the least chance for attenuation, due to the low
humidity level at higher altitude. One good example of such telescope is the Atacama Large Millimetre/
submillimetre Array (ALMA) (Yeap & Tham, 2018), where the array of telescopes was built on the
Andes in Chile.

ABSORPTION AND EMISSION LINES

When the radiation from an object passes through a gas cloud, some of the electrons in the atoms and
molecules of the gas absorb some of the energy of the EM radiation. The EM radiation emerging from
the gas cloud will be missing those wavelengths that are absorbed. The spectrum will show dark absorp-
tion lines. The atoms or molecules in the gas will re-emit EM radiation at those same wavelengths. If we
then observe this re-emitted EM radiation from the clouds of gas in the space between the stars, we will
see bright emission lines at the exact frequencies of the absorption lines. These phenomena are known
as Kirchhoff’s laws of spectral analysis (see Figure 2).

Figure 1. The atmospheric windows

AW [

T T T T T T T T T T T T T
Oinm  inm  10nm  100nm  1pm  W0pm 00pm 1mm  dem  i0em im W0m  100m  1km
Wavelength

Atmospheric
Opacity

Long-wavelongth
Radio Waves obsarvabla
Gamma Rays, X-Rays and Ultraviolet o e
L the ik " atmosphe:

blocked,

g/ y the upper
(best observed from space).

79



9 more pages are available in the full version of this document, which may be
purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/electromagnetic-wave-propagation/250941

Related Content

Gaussian Optics
Mey Chern Loh (2020). Analyzing the Physics of Radio Telescopes and Radio Astronomy (pp. 130-142).

www.irma-international.org/chapter/gaussian-optics/250944

Wavelength Allocation and Scheduling Methods for Various WDM-PON Network Designs With
Traffic Protection Securing

Rastislav Réka (2020). Design, Implementation, and Analysis of Next Generation Optical Networks:
Emerging Research and Opportunities (pp. 1-39).
www.irma-international.org/chapter/wavelength-allocation-and-scheduling-methods-for-various-wdm-pon-network-

designs-with-traffic-protection-securing/231760

The Brain Tumor Segmentation Using Fuzzy C-Means Technique: A Study

Jyotsna Rani, Ram Kumar, Fazal A. Talukdarand Nilanjan Dey (2017). Recent Advances in Applied
Thermal Imaging for Industrial Applications (pp. 40-61).
www.irma-international.org/chapter/the-brain-tumor-segmentation-using-fuzzy-c-means-technique/179763

Fundamentals of a Radio Telescope

Kim Ho Yeapand Kazuhiro Hirasawa (2020). Analyzing the Physics of Radio Telescopes and Radio
Astronomy (pp. 33-55).

www.irma-international.org/chapter/fundamentals-of-a-radio-telescope/250937

Infrared Thermography in Swimming: Thermal Characterization of Swimming Technique
Ana Sofia Domingues, Filipa Barbosa, Adérito Seixas, Marcio Borgonovo-Santos, Eduardo M. Pereira,
Ricardo Vardasca, Joaquim Gabriel, Ricardo J. Fernandesand J. Paulo Vilas-Boas (2017). Innovative
Research in Thermal Imaging for Biology and Medicine (pp. 199-219).

www.irma-international.org/chapter/infrared-thermography-in-swimming/175108



http://www.igi-global.com/chapter/electromagnetic-wave-propagation/250941
http://www.irma-international.org/chapter/gaussian-optics/250944
http://www.irma-international.org/chapter/wavelength-allocation-and-scheduling-methods-for-various-wdm-pon-network-designs-with-traffic-protection-securing/231760
http://www.irma-international.org/chapter/wavelength-allocation-and-scheduling-methods-for-various-wdm-pon-network-designs-with-traffic-protection-securing/231760
http://www.irma-international.org/chapter/the-brain-tumor-segmentation-using-fuzzy-c-means-technique/179763
http://www.irma-international.org/chapter/fundamentals-of-a-radio-telescope/250937
http://www.irma-international.org/chapter/infrared-thermography-in-swimming/175108

