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Chapter

Electromagnetic and Acoustic 
Waves in Bioengineering 
Applications
Ivo Čáp, Klára Čápová, Milan Smetana and Štefan Borik

Abstract

The textbook deals with the analysis of oscillations, mechanical and elec-
tromagnetic waves and their use in medicine. The individual chapters are based 
on the theoretical foundations of the issue and describe the use of relevant 
disciplines in medical practice. The chapter on oscillations is a starting point for 
explaining the basic principles of waves and focuses on explaining the nature of 
magnetic resonance. The chapter on mechanical waves explains the nature and 
properties of sound, infrasound, ultrasound, and medical applications, such as 
lithotripsy or ultrasonography. The chapter on electromagnetic waves discusses 
their basic principles, origin and properties, and applications of individual fre-
quency bands from long wavelengths to gamma radiation in therapy and diagnos-
tics. The chapter on wave manifestations explains phenomena such as interference 
and diffraction and their use in applications such as optical imaging systems, 
holography, virtual reality, etc. The description complements the explanation 
of the quantum properties of radiation, which are essential for understanding 
applications such as laser scalpel, fluorescence microscopy, spectroscopy, gen-
eration and detection of X-rays and gamma rays. Special attention is paid to the 
perception of EM waves by the human eye and the perception of sound by the 
human ear.

Keywords: oscillations, resonance, attenuation, waves, acoustic waves, sound, 
ultrasound, ultrasonography, lithotripsy, MRI, magnetic resonance,  
hearing apparatus, audiometry, auscultation, piezoelectric transducers, 
electromagnetic waves, radiofrequency, microwaves, infrared radiation,  
visible light, ultraviolet radiation, X-radiation, gamma radiation,  
quantum properties, radiodiagnostics, ionizing radiation, therapy by radiation, 
optical methods, photoplethysmography, photometry, colorimetry, human 
eye, microscopy, endoscopy, fibroskopy, laparoscopy, interference, diffraction, 
refraction, standing waves, wave resonance, waves transmission, energy of waves,  
photo-acoustic imaging, waves generators, waves sensors, wave detectors

1. Foreword

In nature, various events take place all the time. From a human point of view, 
these events can be divided into internal (intracorporeal) and external (extracor-
poreal). The human organism, as well as its components, is in interaction with its 
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surroundings. This interaction, on the one hand, affects the state of the organism, on 
the other hand, reveals everything about the state of the organism. This is the basis 
of different methods of treatment (therapy), such as targeted action on the body to 
eliminate the disease, and methods of examination (diagnosis), in which the doctor 
seeks to detect the disease and its causes.

In addition to the mechanical, thermal, electrical, and magnetic forms of 
interaction used in diagnostics and therapy, the richest interaction channel are 
waves - mechanical (sound, infrasound, ultrasound) and electromagnetic (radio 
waves, microwaves, visible light, infrared, ultraviolet, X-ray, radioactive gamma 
radiation). Radiation of various kinds is used in medical diagnostics and therapy. 
Today, highly sophisticated devices such as USG (Ultrasonography), CT (Computed 
Tomography), MRI (Magnetic Resonance Imaging), PET (Positron Emission 
Tomography), SPECT (Single Photon Emission Tomography), and many others are 
used. For a correct and thorough understanding of the principles of such devices, 
it is necessary to know the properties of mentioned types of waves as well as the 
methods of their generation and detection.

To understand the laws of generation, propagation, and detection of waves, 
we first get acquainted with oscillations that are the source of waves. The oscilla-
tions take place in one place, while the waves represent the propagation of oscil-
lations into the surrounding space in a given transmission medium. The first part 
of this textbook, therefore, focuses on an analysis of oscillations. It is followed 
by an analysis of the waves themselves. We will describe especially mechanical 
waves in the material substances, and electromagnetic waves, which can also 
propagate in a vacuum. The wave behavior of waves is followed by a simple 
explanation of their quantum character, which is important for understanding 
phenomena such as ionization, spectroscopy, generation of laser radiation, and 
the like.

The authors of this textbook aim to explain the theoretical fundamentals of phe-
nomena that apply in medical diagnostics and therapy, and which are important for 
explaining the function of sophisticated devices of medical radiology and nuclear 
medicine. To master the problems of this textbook, knowledge acquired in the sub-
jects of mathematics, physics, electrical circuits, and electromagnetic phenomena is 
supposed. The introductory chapters only briefly summarize this basic knowledge 
without a deeper detailed explanation. For more information on some special topics 
we recommend, e.g., Bronzino [1], Bronzino [2], Čápová [3], Hall [4], Rubin [5], 
Street [6], Webb [7], Wise [8].

The textbook is intended mainly for university students in the field of bio-
medical engineering, but it will also serve others interested in a closer look at the 
technical means used by modern medicine.
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