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    Radiation has been used in many fields and areas, including but not limited to astronomy, environmental analysis, industry, medicine, and the military. The use of radiation has brought a revolution in medicine and healthcare due to its astonishing therapeutic and diagnostic applications. It has also been a fact that radiation causes many complications and can harm the human body in many ways. Shielding and protection from radiation are equally important. Researchers, clinicians, and scientists have widely discovered the hazards and harms of ionizing radiation and mechanisms of protection from ionizing radiation. On the other hand, the harms and strength of hazards of non-ionizing radiation are yet to be discovered in detail. Due to the recently emergent uses and applications of non-ionizing radiation in many areas, it is important to investigate the adverse effects of non-ionizing radiation and mechanisms and strategies of protection from non-ionizing radiation. Several investigators have reported non-ionizing radiation. However, those reports are limited to a portion of non-ionizing radiation.




    After reading and analyzing the book “An Introduction to Non-Ionizing Radiation” authored and edited by Muhammad Maqbool, Ph.D., along with other co-authors, I have reached the conclusion that this book provides detailed and to-the-point information about non-ionizing radiation. The book is unique because of the following reasons:




    First, the book discusses and reports information about all types of electromagnetic non-ionizing radiation, from the most energetic ultraviolet radiation to the very low-energy electromagnetic fields and radio wave radiation. Second, the book has also discussed non-electromagnetic (mechanical) non-ionizing radiation, including ultrasound and audible sound. Third, the subject of this book is not just limited to the benefits or harms of non-ionizing radiation, but benefits and harms are discussed in a very systematic way. Fourth, the book is compiled based on the latest information provided about non-ionizing radiation by researchers, clinicians, educators, and scientists in the field. In addition, the style of each chapter of the book is very attractive. Each chapter provides an introduction to a certain type of non-ionizing radiation, the basic properties of that radiation, the benefits of the radiation, followed by the harms and hazards associated with each particular type of non-ionizing radiation. Strategies for how to protect from the adverse effects of each type of non-ionizing radiation have also been given in each chapter.




    Overall, I believe that “An Introduction to Non-Ionizing Radiation” is a very informative and unique book that describes non-ionizing radiation in very detail and to the point. Moreover, the book is written in such a way that undergraduate students, graduate students, professors, clinicians, and researchers can take advantage of this book at the same time. I recommend this book to be a part of every library, university and institution.




    

      Wazir Muhammad


      Department of Physics


      Florida Atlantic University


      Boca Raton


      Florida


      United States
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    In the name of Allah, the Most Beneficent, the Most Merciful. I am very thankful to Allah Almighty for giving me the ability, the capabilities, the resources, and the courage to complete this task.




    Medical and Health Physics is a broad and one of the fast-growing fields around the world, based on the safe use of radiation. The enormous benefits of radiation used in diagnostic, therapeutic, and healthcare applications have made researchers further explore this field. Because of its interdisciplinary nature, medical and health physics is open to researchers, investigators, and educators from many basic and applied fields. The entire area of medical and health physics is based on radiation and its proper uses. Radiation is a blessing due to its revolutionary pros, benefits, and use in many fields. In this regard, I and my friends and collaborators published the book ‘An Introduction to Medical Physics’, a few years ago. With the great popularity of the book around the globe and the demand from students, friends, and colleagues, I feel that it would be very important to move forward and publish more in this area. After looking at the requirements and demands in medical and health physics, radiation sciences, and applied electromagnetic waves, I decided to write another book in this series with the title ‘An Introduction to Nonionizing Radiation.’ Relatively little known about nonionizing radiation and very little published material in this area, I decided to write on the fundamental concepts, characteristic properties, uses, benefits, and especially the harms and hazards associated with nonionizing radiation. The frequent use of lasers, mobile phones, antennas, infrared radiation, visible light, and ultraviolet radiation compelled me to write about and report the latest findings on the harms and hazards associated with the use of nonionizing radiation with their beneficial applications. Thus, this book provides a brief understanding of the fundamental concepts of nonionizing radiation. The book talks about how nonionizing radiation can be used to serve and help people. The book also discusses the nature and strength of harms and hazards one can get from nonionizing radiation exposure. At the same time, this book also talks about how safety and protection from the adverse effects of nonionizing radiation can be attained during its beneficial use by following proper rules, regulations, and guidelines.




    In completing this task, I am very thankful to all authors who contributed valuable ideas to flourish the beauty and depth of the subject matter discussed in this book.




    I am very thankful to Humaira Hashmi and the Bentham Books publisher, who helped and cooperated to achieve this astonishing goal.
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      Abstract




      We interact with several types of radiation in our daily life and on certain occasions. Even though all radiation carries some common properties but there are still several differences between them due to different characteristics and effects. Based on the characteristics and applications, radiation is divided into two main categories: ionizing and non-ionizing radiation. A brief introduction to both types of radiation is provided here. Similarities and differences in radiation are discussed in detail to justify why nonionizing radiation is different than ionizing radiation. Very little has been explored; nonionizing radiation needs more attention. Therefore, more emphasis is put on nonionizing radiation, its properties, classification, wavelength, and energy range, and why nonionizing radiation plays an important role in our lives, which are reported here.
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      INTRODUCTION




      Radiation is a source of energy that originates from a source and travels through space or a medium. Upon interaction, radiation may be able to penetrate, scatter, or be absorbed by materials. Radiation energy can be electromagnetic or particulate. In general, when people hear the word radiation, they often think of nuclear power and radioactivity, and at the most, some people will pay attention to alpha (α) rays, beta (β) rays) and gamma (γ) rays), but radiation has many other forms. Visible light is a familiar form of radiation; other types include x-rays, ultraviolet radiation, infrared radiation (a form of heat energy), microwaves (used in microwave Owens at homes), and radio and television signals. Radiation may be obtained from various sources, including cosmic rays from the universe, and the earth, as well as man-made sources such as those from nuclear fuel and medical procedures. Radiation has been used in many industries, including diagnostic imaging, cancer treatment (such as radiation therapy), nuclear reactors




      with neutron fission, radioactive dating of objects (carbon dating), as well as material analysis. The biggest source, from which we get radiation, is the sun. Radiation carries and transmits energy in the form of waves or particles. Radiation possesses benefits and harms at the same time if overexposure occurs [1].




      Though it possesses dual nature, radiation with zero rest mass is generally considered a wave, and radiation with some rest mass is considered a particle. X- rays, visible light and infrared rays all are waves. Electrons, protons, neutrons, and α-rays are particles since they possess rest mass.




      Radiation with zero rest mass (waves) is classified into two categories: Electromagnetic waves (or electromagnetic radiation) and mechanical waves.




      

        Electromagnetic and Mechanical Waves




        There are many types of waves, and although they all have things in common, there are also characteristics and behaviors that distinguish them from each other. The two major classifications of waves, based on their nature and characteristics, are called electromagnetic waves and mechanical waves [2]. A brief description of those waves is given below:




        Electromagnetic waves do not need a medium for their propagation and can pass through a vacuum. Visible light, ultraviolet (UV) rays, and microwaves are examples of electromagnetic waves or electromagnetic radiation. Big vacuums exist between the earth and the sun, but the light emitted from the sun can reach the earth because the light is electromagnetic in nature and passes through the vacuum. An electromagnetic wave carries electric and magnetic fields. Both fields oscillate perpendicular to each other as well as to the direction of propagation of the wave. Due to this behavior, electromagnetic waves or electromagnetic radiation are also called Transverse Waves. The propagation of an electromagnetic wave, with transverse electric and magnetic fields, is shown in Fig. (1).




        Mechanical waves are those waves that need a medium for their propagation and cannot pass through a vacuum. The medium in which these waves propagate could be gas, liquid, or solid. Sound and other acoustical waves are examples of mechanical waves. When sound (mechanical waves) propagates, it oscillates the medium in a direction parallel to the direction of the wave propagation. Due to this behavior, mechanical waves are also called Longitudinal Waves. Propagation of sound (mechanical wave) with longitudinal oscillations, is given in Fig. (2). Mechanical waves are also called elastic waves, as their propagation depends on the elastic properties of the medium through which the waves pass.




        
[image: ]


Fig. (1))


        Electromagnetic wave propagation with perpendicular electric and magnetic fields.



        
[image: ]


Fig. (2))


        Sound wave propagation, making compressions and rarefactions.



        Electromagnetic waves are produced by the vibration of the charged particles, and are caused because of varying magnetic and electric fields. Maxwell’s equations imply that a time-varying electric field generates a time-varying magnetic field and vice versa. These varying fields are thus described as “interdependent,” and together they form a propagating electromagnetic wave. The ratio of the strength of the electric-field component to that of the magnetic field component is constant in an electromagnetic wave. It is known as the characteristic impedance of the medium (η) through which the wave propagates.




        Mechanical waves are caused by a disturbance in a medium and propagate in the form of compressions and rarefactions. Due to their different natures and characteristic properties, both kinds of waves travel at different speeds. Electromagnetic waves, which are also called electromagnetic radiation, travel with a constant speed of c = 3 x 108 m/s in free space. The index of refraction of air (n = 1.0003) is nearly the same as the index of refraction of free space or vacuum (n = 1.0), therefore, electromagnetic radiation also travels with the same speed c = 3 x 108 m/s). This is the highest speed in the Universe, and hence no material object can travel faster than electromagnetic radiation. On the other hand, the speed of mechanical waves like sound depends upon the medium’s temperature and its elastic properties. In general, sound waves travel with a speed of 331 m/s at 00C in air and increase roughly by 0.6 m/s for each degree rise in temperature.




        The energy carried by electromagnetic radiation (also called a photon) of frequency f and wavelength λ is given by,




        

          

            	[image: ]



            	(1.1)

          


        




        where h is Planck’s constant, given by h = 6.626 x 10-34 J.s. In the SI system, energy is measured in Joule (J), frequency in Hertz (Hz) or oscillations per second (s-1), and wavelength in meter (m). Other units of energy are Electronvolt (eV), where 1 eV = 1.602 x 10-19 J. Wavelength can also be expressed in the units of Angstrom ([image: ]) or Nanometer (nm), where 1[image: ] = 1 x 10-10 m, 1 nm = 1 x 10-9 m, and 1 nm = 10 [image: ].




        If the energy of electromagnetic radiation is given in the unit of eV and if its wavelength is expressed in nm, the following equation relates them:
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            	(1.2)

          


        




        Example 1. The frequency of electromagnetic radiation or photon is 8 x 1013 Hz. Calculate its energy and wavelength.




        Solution: Given that, f = 8 x 1013 Hz. E =? λ =?




        To calculate the energy of the photon, use equation (1.1)




        E = hf = 6.626 x 10-34 J.s. x f = 8 x 1013 s-1




        Which gives E = 5.3 x 10-21 J


      




      

        Types of Radiation




        Radiation can be divided into many types based on its properties and applications.




        Based on its interaction with the human body and atoms of the interacting medium, radiation is classified into two major types: Ionizing Radiation and Non-ionizing Radiation [3]. To understand the difference between the two types of radiation, we need to know some basic relevant concepts.




        

          Bohr Atomic Model




          Being the basic building block of matter, an atom has always been the center of studies and investigation. Several renowned scientists provided various models of an atom to develop a way to provide a reasonable explanation of the properties and behavior of objects. John Dalton, Joseph John Thomson (known as J.J. Thomson), and Ernest Rutherford all put their efforts into this regard. However, all models explained the atomic structure in a limited way with many shortcomings until Danish physicist Niels Bohr proposed his own model with some basic postulates about an atom and its structure. Bohr Model is the most authentic and basic model, with some limitations, which provides a reasonable explanation of how atoms give rise to and contribute to the basic properties and behavior of objects. Bohr Model also covers the shortcomings of previous models about an atom. Fig. (3) gives a picture of an atom described by the Bohr Model.




          
[image: ]


Fig. (3))


          A picture representing Bohr Atomic Model.



          Some of the basic postulates and ideas of the Bohr Model are summarized below [4]:




          1. Each electron moves in a fixed and stable circular orbit or states around the nucleus in an atom with fixed energy. Each orbit corresponds to certain energy. The stable orbit or state is called the ground state. An electron does not absorb or radiate energy if it is in its ground state. The energy of an orbit or, more precisely, the energy of an electron in orbit is given by equation (3).




          

            

              	[image: ]



              	(1.3)

            


          




          where n is the orbit for which energy is being calculated, and Z is the charge number of the atom. For the hydrogen atom, Z = 1, and its only electron resides in the n = 1 state. Therefore,




          E1 = -13.6 (12/12) eV => E1 = -13.6 eV




          2. An electron can reside and move only in those orbits in which its angular momentum (L = mvr) is an integral multiple of ‘h/2π’. Using this postulate and calculations, we can find the radius rn of an electron in the nth orbit, given by equation (1.4).




          

            

              	[image: ]



              	(1.4)

            


          




          where Z is the charge number of the atom under consideration, and 1 [image: ] = 1 x 10-10 m




          3. An electron can move from a lower energy level E1 to a higher energy level E2 if it absorbs enough energy. The electron in the upper energy does not stay there longer and falls back into a lower energy level by emitting a light photon or electromagnetic radiation with energy (ΔE) equal to the difference in the energies of two orbits. The energy of the emitted electromagnetic radiation is given by,
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              	(1.5)

            


          




          Where f is the frequency and λ is the wavelength of electromagnetic radiation emitted and traveling with a speed c = 3 x 108 m/s.


        




        

          Excitation and De-excitation




          According to Bohr’s postulates, an electron can neither gain nor lose energy as far as it stays in its own orbit or state, called the ground state. States closer to the nucleus of an atom, have less energy as compared to states away from the nucleus. The energy of an electron in its orbit is always negative, which shows that the electron is not free and is in a bound state. An electron in its orbit will gain energy and will be moved to one of the higher energy states if it gains energy from outside. This process of gaining energy from an electron and moving to a higher energy state is called excitation. The higher energy state where the electron excites is called an excited state. Energy can be provided to the electron through various means. For example, a photon or another particle can interact with the electron, transferring enough energy to the electron to go to an excited state. The energy can also be provided through heating or applying potential differences.




          Once the electron goes to the excited state, it cannot stay there for a long time. Why? Because the electron has more energy than it had when it was in its ground state. As a matter of fact, a system is most stable if it is in the lowest possible energy state. As much the energy of a system increases that much it gets unstable. The most stable state of a system is the one in which the system has minimum energy (and maximum entropy). The energy of an electron in an excited state is high because it has gained energy from outside. To stabilize itself and the atom, this electron must remove the extra burden of energy. As a result, it emits energy and falls back into its lower energy state. This process in which an unstable electron in a higher energy excited loses energy and falls back into its lower energy state is called de-excitation. In this process, the difference in the energies of the electron when it is in the excited state and when it falls back to a lower energy state (mostly its ground state) is emitted in the form of a photon or electromagnetic radiation. The energy of the emitted photon is equal to the difference in the energies of the states involved in the transition of the electron. The processes of excitation and de- excitation are shown in Fig. (4). It must be noted that.
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Fig. (4))


          The process of excitation and de-excitation of an atom. 



          

            	In the processes of excitation and de-excitation of an atom, the electrons do not leave the atom. They only transit from one state to another state.




            	The total amount of energy remains conserved. As much energy is absorbed by electrons from outside, that much energy is emitted in the form of electromagnetic radiation.




            	An electron cannot absorb energy which is not enough to take it to the next level.




            	No matter through what source energy is provided to electrons, the emitted energy is in the form of electromagnetic radiation.


          


        




        

          Ionization




          Another process that can occur inside an atom when it absorbs energy from outside is the process of ionization. Every electron is bound to its atom by a certain energy. Assume that a photon or a particle interacts with an electron inside an atom and transfers energy to the electron. If the energy given to the electron is big, then instead of moving to an excited state, the electron will be knocked out and leave the atom permanently. This process is called the ionization of an atom. Why is this process called ionization? A neutral atom contains an equal number of positively charged protons inside its nucleus and negatively charged electrons in its orbits or shells. When an atom is ionized and an electron is knocked out of the atom permanently, the atom has a deficiency of one unit of negative charge. As a result, the atom is no more neutral, and a net or access positive charge exists. This charged atom is called an ion.




          More energy is needed to ionize an atom as compared to the energy required to excite the atom. When an atom is excited, it still has a hold of the electron moved to an excited state. The electron is still bound to the atom. On the other hand, when the atom is ionized then the atom loses its hold on the electron. The knocked-out electron is free with zero potential energy and does not belong to the atom anymore.


        




        

        Ionizing and Non-ionizing Radiation




        After discussing the phenomenon of excitation and ionization of an atom, we are in the position to define and distinguish between ionizing and non-ionizing radiation. Radiation that is energetic enough to knock out an electron from an atom and ionize the atom, is called ionizing radiation. Examples of ionizing radiation are electrons, protons, neutrons, x-rays, and γ-rays. On the other hand, non-ionizing radiation is radiation that does not have enough energy to ionize an atom. Non-ionizing radiation, however, can excite an atom by providing enough energy to an electron inside an atom to move it to one of the higher energy excited states. Examples of non-ionizing radiation are visible light, ultraviolet radiation, infrared radiation, microwaves, and acoustic waves (audible sound and ultrasound). The type of electromagnetic non-ionizing radiation changes with the wavelength and energy of radiation.

[image: ]



      




      

        The Energy of Radiation and the Human Body




        Human body cells and tissues are composed of atoms. When radiation of any type interacts with the human body, it can benefit the body in many ways. For example, exposure to ultraviolet radiation provides vitamin D to the body, which helps the body in many ways. On the other hand, radiation can also damage the body upon interaction. Both ionizing and non-ionizing radiation have their own benefits and harms to the body tissues and cells [3, 5]. In general, due to its high energy and ionizing ability, ionizing radiation is more damaging than non- ionizing radiation because it has the ability to bring permanent changes to the atoms of body cells. In this book, we are going to talk about the benefits and harms of non-ionizing radiation only.




        

          The Quantitative Difference Between Ionizing and Non-ionizing Radiation




          We have discussed the conceptual and qualitative differences between ionizing and non-ionizing radiation. However, we also need to draw a quantitative borderline where ionizing radiation resides on one side of the borderline and non- ionizing radiation stays on the other side of the border. In other words, we need to find out what is the borderline energy, if more energetic than that specific energy, radiation is considered ionizing and if it is less energetic than that energy then it is non-ionizing. Since our main goal is to discuss the interaction of non-ionizing radiation with the human body, and the benefits and harm of non-ionizing radiation to body cells and tissues, therefore, for calculation of the energy, which separates ionizing and non-ionizing radiation, is also based upon radiation interaction with the human body. For this purpose, we assume that the human body is water equivalent (as considered in many applications).




          Water (H2O) is composed of two hydrogen atoms and one oxygen atom. Water comprises from 75% body weight in infants to 55% in the elderly and is essential for cellular homeostasis and life. Thus, to ionize body tissues we should find out the ionization energy in water molecules. Therefore, it would be justified if we found the ionization energy of the smallest atom, the hydrogen atom. The atomic number or charge number Z of hydrogen is 1. To calculate the borderline energy between ionizing and non-ionizing radiation we use equation (1.3) in the calculation, given below:
En = -13.6 (Z2/n2) eV



          The only electron in the hydrogen atom of the water molecule will occupy the first energy level [4, 6].




          Ionizing energy for the electron in the first level of the hydrogen: In this case, n = 1 and Z = 1. Putting values in the equation,
En = -13.6 (Z2/n2) eVE1 = -13.6 (1)2/(1the)2 eV E1 = - 13.6 eV



          Thus, the minimum amount of energy needed to ionize a hydrogen atom by knocking out its electron from the n = 1 state is 13.6 eV. To convert this energy into wavelength and find what electromagnetic radiation carries this energy, we use equation (2) given below:
E (eV) = 1240 / λ (nm) λ (nm) = 1240 / E (eV)λ (nm) = 1240 / 13.6 (eV)λ = 91.2 nm



          Knowing that hydrogen and oxygen atoms are bonded in a water molecule, the body tissues also contain other elements like carbon, and other factors into consideration, the upper limit of energy for radiation to be nonionizing, is approximately 10.12 ± 0.13 eV [7-11]. The exact quantity of minimum energy to ionize a tissue varies and depends upon the nature and constituent elements of a tissue. This energy of 10.12 ± 0.13 eV corresponds to a wavelength of 122.5 ± 1.5 nm.




          This wavelength 122.5 ± 1.5 nm, falls in the high energy ultraviolet radiation category closer to x-rays. Therefore, ultraviolet radiation and any other electromagnetic radiation with energy lower than (wavelength longer than) ultraviolet radiation are classified as non-ionizing radiation. In the same way, x- rays and γ-rays are classified as ionizing radiation due to their higher energies (shorter wavelength) than ultraviolet radiation.




          Since there is no charge on a γ-ray or on an x-ray, therefore this radiation is called indirectly ionizing radiation.


        




        

          Ionization Produced by Electron or β-rays




          An electron or a β-ray is an ionizing particle or can be classified as ionizing radiation. When an electron interacts with an atom, it knocks out another electron from the atom and ionizes the atom. No matter what is the energy of the incoming electron, it has the ability to ionize the atom no matter how small its energy is. In the previous section, we have discussed that the minimum energy electromagnetic radiation needs to ionize a body atom is approximately 10.12 ± 0.13 eV. A charged particle, like an electron or β-ray, possesses the ability to ionize an atom upon interaction, even if its energy is much smaller than 10.12 eV. Why is an electron ionizing radiation or ionizing particle even with low energy? How is it possible? Coulomb’s law of electrostatic interaction answers this question.




          When an electron with a very low kinetic energy, say 5 eV, interacts with an atom of the body cells or tissues, it starts repelling other electrons of the atom in the body it interacts with, due to its negative charge. Repulsion causes an increase in energy or adds energy to a system. As the bombarded electron reaches closer to an electron of the body atom, that much the electron of the atom gains more energy due to electrostatic repulsion from the incoming electron. As a result, the energy of the system increases. More energy is transferred to the electron of the atom as soon as the interacting electron comes closer to the atom. A stage reaches which the bound electron gains enough energy (10.12 eV or more) to be knocked out of the atom, and hence the atom ionizes.




          Fig. (5) shows how an electron raises the energy of the system when it comes from outside and gets closer to an atom (of a body cell). As this incoming electron gets closer to the atom, it is repelled by other electrons of the atom. The electrons of the atom are shown to be located inside a well in the figure because they are bound to the atom by the electrostatic force of attraction by the positively charged nucleus of the atom. When the distance between the incoming electron and the atom decreases, the energy V of the system (potential energy due to interaction) increases. The increase in energy mostly goes to the nearest electron of the atom on the path of an incoming electron. The closer the interacting electron comes to the atom more increase in the energy of the system and the nearest electron to the atom occurs. This increase in energy continues until the interacting electron comes so close that the electron of the atom on the path of the incoming electron has enough energy to overcome the electrostatic force of attraction by the nucleus and leaves the atom permanently. Once the electron leaves its atom, the atom ionizes. In this entire process, even if the energy of the incoming electron is very low, due to repulsion, the energy of the system shoots above 10.12 eV, and an atomic electron is knocked out, ionizing the atom. The increase in energy follows Coulomb’s law of electrostatic forces and electrostatic potential energy [12, 13]. Mathematically, the increase in electrostatic potential energy V of the system is given by the following equation:




          

            

              	[image: ]



              	(1.6)
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Fig. (5))


          Charged particle interaction with an atom of body cells.



          where q1 and q2 are the magnitudes of two charges interacting with each other, r is the distance between them, and K is called the electrostatic constant or Coulomb’s constant. The value of K is given by K = 8.9875517923 x109 Nm2/C2, which can be rounded to K = 9.9 x 109 Nm2/C2.




          Example: An electron is coming from far and interacting with an atom of body tissue. At what distance the energy of this electron will raise above 10 eV and will be able to ionize the atom? Assume that the body tissue is equivalent to water with Zeff =7.42 and Coulomb constant K = 9 x 109 N.m2/C2.




          Solution:




          The magnitude of the charge of electron = e = 1.602 x 10-19 C




          The magnitude of the charge of a tissue atom = Zeff.e




          Zeff.e = 7.42 x 10-19 x 1.602 x 10-19 C




          Zeff.e = 1.188 x 10-18 C




          Electrostatic energy of repulsion = V = Kq1q2/r




          where q1 = e and q2 = Zeff.e and eV = 10 eV = 16.02 x 10-19 J, the energy due to electrostatic repulsion.

[image: ]



          Thus, the incoming electron’s energy will rise above 10.12 eV and will be able to ionize the atom when it is at 10.69 [image: ] from the atom.


        




        

          Ionization by other Charged Particles and Neutrons




          Charged particles like a proton, positrons, and α-particles ionize atoms in a similar way as an electron does [14, 15]. However, when the incoming interacting particle is positively charged then the negatively charged electrons of the body atom attract those charged particles but are repelled by the positively charged nucleus of the atom. When this charged particle passes through the atom, it pulls away from an electron (or electrons) from the atom due to electrostatic attraction and ionizes the atom.




          Neutron does not ionize an atom due to the electrostatic force of attraction or repulsion because it is a neutral particle. On the other hand, it ionizes an atom by knocking out one or more of its electrons by a direct head-on collision. Therefore, a neutron is called indirectly ionizing radiation [16, 17].


        


      




      

        Non-Ionizing Radiation




        Humans have always been interacting with non-ionizing radiation everywhere in their lives. However, recent developments in devices and technological advances based on non-ionizing radiation have brought a revolution in the 21st century. Devices like mobile phones, microwave ovens, laser technology, communications, medical and health care, and remote sensing; are based on non-ionizing radiation [18-20]. Non-ionizing radiation has a broad spectrum with shorter wavelength ultraviolet radiation at one end and extends beyond longer wavelength radio waves. Visible light, infrared radiation, microwaves, and electric and magnetic fields are examples of non-ionizing radiation. Fig. (6) describes how the wavelengths of various parts of non-ionizing radiation are related to their frequencies.
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Fig. (6))


        Ionizing and non-ionizing radiation with their wavelengths and frequencies.



        

          Types and Sources of Non-ionizing Radiation




          Non-ionizing radiation can be divided into several types or regions based on its wavelength and mode of propagation. A brief description of them is given below:





          

            	
Ultraviolet Radiation (UV) is non-ionizing radiation with wavelengths between 10 nm and 400 nm. They are subdivided into three types: UV-A, UV-B, and UV-C. UV radiation with wavelengths ranging from 315 nm to 400 nm is called UV- A radiation. UV-B radiation has a wavelength range of 280 nm – 315 nm and UV-C has a wavelength ranging from 100 nm to 280 nm. They are obtained mostly from sunlight, welding sources, and UV laser. The sun emits all three types of UV radiation. UV-C rays are absorbed by the ozone layer and never actually reach the Earth. They are mostly obtained from welding sources and torches on the Earth. Both UV-A and UV-B light are important for humans in the production of Vitamin D. However, overexposure to UV rays can cause harmful effects, which could appear immediately or late. Skin cancer, sunburn, and cataracts develop over time with excessive exposure to UV [21].




            	
Visible Light is non-ionizing radiation with a wavelength range of 380 nm – 750 nm and is the region or portion of the electromagnetic spectrum by which humans can see objects in their specific shapes sizes, and colors. This type of non-ionizing radiation consists of seven colors: red, orange, yellow, green, blue, indigo, and violet. Each color is basically representative of a certain wavelength range. It must be noted that light itself is not colored. Various wavelengths of light give the feeling and sensation of a certain color. For example, light with a wavelength range of 630 nm – 700 nm gives the feeling and sensation of red color, therefore, in daily life we call it red light. When all the colors are present at one time, the light is white. When visible sunlight passes through raindrops, the wavelengths are separated due to the dispersion of light and hence we see a colorful rainbow after the rain. The raindrops act as a prism and break the light down into its individual colors. Overexposure to visible light can damage both the eyes and the skin. Good lighting is conducive to increased production and may help prevent incidents related to poor lighting conditions [22].




            	
Infrared Radiation (IR) is electromagnetic radiation with wavelengths 700 nm - 3000 nm [23]. IR with wavelengths 700 nm - 1400 nm is considered near- infrared radiation or IR-A. IR of wavelength 1400 nm – 3000 nm is counted as mid-infrared or IR-B radiation. Infrared radiation with a wavelength between 3000 nm (3 μm) and 1 mm is called Far-Infrared or Infrared-C'. Everything on the Earth gives off some amount of infrared (IR) radiation. The human eye cannot see the IR spectrum, but we can feel it as heat. The skin and eyes absorb infrared radiation (IR) as heat. Workers normally notice excessive exposure through heat sensation and pain. IR radiation is used in furnaces, heat lamps, toasters, night-vision goggles, and lasers seen on the TV remote controls. Sun is one of the biggest sources of IR. About half of the total energy the sun gives off is in the form of IR radiation, which we feel as heat. In large amounts, this type of radiation can damage the eyes and even cause blindness. IR and other radiation from the sun are normally absorbed by the Earth’s surface, atmosphere, and clouds, during the daytime, and heat up the earth’s surface. In the nighttime, the Earth releases the same radiation as heat into the atmosphere. When the atmosphere has a lot of water vapor, along with nitrogen, sulfur, and fluorocarbons, the IR radiation gets trapped and causes the atmospheric temperature to rise. This is called the greenhouse effect. Temperature increases like this cause changes in the weather patterns on Earth and leads to climate change.




            	
Microwave Radiation (MW) consists of an electromagnetic spectrum starting from 1 mm and extending up to about 33 cm. Microwave radiation come from microwave ovens, radar, transmission towers, satellite transmissions, the sun, and Cosmic Microwave Background (CMB) radiation. In a Microwave oven, microwaves excite the water molecules in food and cause them to vibrate very rapidly, generating heat and cooking the food. Atoms and molecules can also emit and absorb MW radiation. Overexposure to MW radiation can cause cataracts and skin burns [23]. There are three subcategories of MW radiation. Extremely high frequency (EHF) waves are used in remote sensors and radio astronomy. Super high frequency (SHF) waves are commonly used in microwave ovens, radar transmitters, cell phones, and satellite communications. Finally, ultra-high frequency (UHF) is used in television broadcasts, walkie-talkies, and cordless phones. Microwaves are sometimes grouped with radio waves because these two types of non-ionizing radiation have some overlap on the electromagnetic spectrum.




            	
Radiofrequency Radiation (RF) is a very long wavelength non-ionizing radiation of the electromagnetic spectrum. The wavelength of RF ranges from a few centimeters (33 cm) up to 3 kilometers. AM and FM radio broadcasts, Wi-Fi signals, cell phones, amateur radio, television, and airport security scanners use radio frequency (RF) waves. This type of non-ionizing radiation is absorbed throughout the body. The effects of RF waves on the body are like MW radiation in terms of heat generation [22]. For example, using a cell phone causes the ear to get warm. Like MW radiation, RF waves are divided into several categories: high frequency (HF), medium frequency (MF), low frequency (LF), and very low frequency (VLF). There is no scientific proof so far that RF non-ionizing radiation increases the risk of cancer or causes any harmful effects on the body.




            	
Extremely Low Frequency (ELF) has the longest wavelength among all electromagnetic waves and is on the far end of the electromagnetic spectrum. Their wavelength is usually bigger than 3 km. This kind of non-ionizing radiation come from power lines, electrical equipment and wiring, and electrical appliances such as electric blankets, refrigerators, razors, and hair dryers. ELF waves can go through water, so they are also used for detection by submarines. Studies performed so far show that there is no experimental evidence showing that normal levels of ELF radiation are dangerous to humans [25].




            	
Laser stands for Light Amplification by Stimulated Emission of Radiation. Laser or laser beams are formed from non-ionizing electromagnetic radiation. A laser beam consists of very highly concentrated, monochromatic, and coherent electromagnetic waves. Lasers can be made from visible light, UV, and IR waves. Store checkout scanners, CD and DVD players, remote controls, dental drills, laser pointers, and laser printers all use lasers [24]. They have many industrial and medical applications as well. Another term similar to the laser is Maser. Masers work in the same way, except they amplify Microwaves and RF waves. Lasers are also made from various elements like argon, helium and neon, ruby crystals, chemicals, and liquid dyes. A medium used to start laser emission is called a gain medium. When not used properly, lasers burn and cause severe damage to tissues, especially in the eye. The narrow beam of light concentrates the effects on the retina, causing blind spots.




            	
Ultrasound Waves are acoustical waves with a frequency above 20,000 Hz. Humans can hear acoustic waves of frequency 20 Hz – 20,000 Hz. Since the frequency of ultrasound waves is above 20,000 Hz, therefore, no sound or noise can be heard when ultrasound waves are in use. Ultrasound waves are non- ionizing radiation used in many applications. Ultrasound is a mechanical wave and hence is different from electromagnetic waves. Ultrasound radiation is widely used in industry, diagnostic imaging, and other biomedical applications [27]. Ultrasound waves are produced in pulses, not continuously, because the same crystals are used to generate and receive sound waves, and they cannot do both at the same time. In the time between the pulses, the ultrasound beam enters the patient and is bounced or reflected by the transducer, the device which generates ultrasound waves. The source of the ultrasound wave is the piezoelectric crystal, which is placed in the transducer. This crystal has the ability to transform an electrical current into mechanical pressure waves (ultrasound waves) and vice versa.


          




          Sources, wavelength range, frequency range, and biological effects of some non- ionizing radiation are given in Table 1.




          

            Table 1 Sources, wavelength, frequency, and biological effects of Nonionizing radiation [21-27].




            

              

                

                  	Non-ionizing Radiation



                  	Source



                  	Wavelength



                  	Frequency (Hz)



                  	Biological Effect

                


              



              

                

                  	UV-C



                  	Welding torches



                  	100 – 280 nm



                  	3x1015-1.07x1015




                  	Skin Cancer

                




                

                  	UV-B



                  	Sunlight



                  	280 – 315 nm



                  	1.1x1015-9.5x1014




                  	Sunburn, Skin Cancer

                




                

                  	UV-A



                  	Sunlight



                  	315 – 400 nm



                  	9.5x1014–7.5x1014




                  	Photochemical cataracts in eyes, erythema including pigmentation

                




                

                  	Visible Light



                  	Sunlight, fire, laser, light bulbs



                  	400 – 700 nm



                  	7.5x1014 – 4.3x1014




                  	Photochemical & thermal injuries in eyes, skin effect, photoaging

                




                

                  	IR-A



                  	Sunlight, thermal radiation, incandescent light bulbs, lasers, remote controls



                  	700 – 1.4 μm



                  	4.3x1014-2.14x1014




                  	Thermal retinal injuries and thermal cataracts into eye, burning, skin effects

                




                

                  	IR-B



                  	Sunlight, thermal radiation, incandescent light bulbs, lasers,



                  	1.4 - 3.0 μm



                  	2.14x1014 - 1x1014




                  	Corneal burn, cataract, skin burn

                




                

                  	IR-C



                  	-



                  	3.0 μm – 1.0


                  mm



                  	1x1014 - 3x1011




                  	Corneal burn, cataract, heating of body surface

                




                

                  	Microwave



                  	Mobile/cell phones, microwave ovens, cordless phones, airport scanners, motion detectors, long- distance telecommunications, radar, Wi-Fi



                  	1 mm – 33 cm



                  	3x1011 - 9x108




                  	Heating of body tissues

                




                

                  	Radio Frequency



                  	Mobile/cell phones, television, FM, AM, shortwave, cordless phones



                  	33 cm – 3 km



                  	9x108 - 1x105




                  	Heating of body tissues, raised body temperature

                




                

                  	Low Frequency



                  	Power lines



                  	> 3 km



                  	< 1x105




                  	Cumulation of charge on body surface, disturbance of nerve and muscle response

                




                

                  	Ultrasound



                  	Transducer, piezoelectric material



                  	< 1.7 m



                  	> 2 x104



                  	Transmission and absorption by body, imaging

                


              

            




          


        


      


    




    

      CONCLUSION




      Electromagnetic and mechanical waves that cannot ionize atoms of the body tissues are called nonionizing radiation. Ultraviolet rays, visible light, infrared rays, microwaves, radiofrequency radiation, and acoustic waves are the types of nonionizing radiation. Nonionizing radiation possesses a longer wavelength and low energy than ionizing radiation. Nonionizing radiation has recently gained high importance due to its frequent use in modern technological applications like mobile phones, microwave ovens, and other biomedical applications.
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      Abstract




      We encounter radiation in our daily life. Emission or transmission of energy in the form of waves or particles is known as radiation. There are two types of radiation – ionizing and non-ionizing. The types and interactions of non-ionizing radiation with a medium, materials, or body tissue are discussed in this chapter. Non-ionizing radiation has less energy than ionizing radiation; it does not possess enough energy to produce ions or ionize body tissues and cells. Non-ionizing radiation includes Static fields, ultrasound, and a part of the electromagnetic spectrum. Sunlight, mobile phones, the earth’s magnetic field and electrical appliances are some of the common sources of nonionizing radiation. Although these radiations have low energy, they have many useful applications, especially in medicine. Non-ionizing radiations originate from various natural and manmade sources. It has always been present and is all around us. These radiations cannot destroy human tissues by ionizing body atoms, instead, they can destroy body cells by excitations, heating, vibration, phonons generation, and chemical changes because of the relatively low energy of the particles of nonionizing radiation. Non-ionizing radiation has many beneficial applications, including uses in agriculture, medicine, industry, and research. As the use of nonionizing radiation increases, so does the potential for health hazards. In this chapter, we will look at non-ionizing radiation, the way it interacts with matter, and some of the potential biological health effects produced by various types of non-ionizing radiation.
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      INTRODUCTION




      The Electromagnetic (EM) spectrum is known to comprise a wide range of electromagnetic radiations. All electromagnetic waves travel at the speed of light in a vacuum; they do so at different frequencies, wavelengths, and photons energ-




      ies. The EM spectrum is mainly classified into two portions, namely Ionizing radiation and non-ionizing radiation. Ionizing radiation is those electromagnetic radiation that carries enough energy per quantum to ionize atoms or molecules. Non-ionizing radiations are those electromagnetic radiations and mechanical waves that do not carry enough energy per quantum to ionize atoms or molecules. In the electromagnetic spectrum, non-ionizing radiation appears at a long wavelength and frequency lower than that of ionizing radiation. An energy of approximately 30 eV is required to ionize atoms in human tissues. Therefore, radiation with frequencies below 1016 Hz corresponding to 30 eV is termed non-ionizing radiation ionizing. The two main portions of the electromagnetic spectrum have been further categorized in sub-portions based on behavior in the emission, transmission, and absorption of the wave and according to their different practical applications. However, the transitions between the different characteristic ranges are not particularly well defined. This chapter deals with the first portion of the electromagnetic spectrum i.e., Non-Ionizing radiation. Static fields and ultrasound will also be discussed. Static fields and ultrasound are those non-ionizing radiation that does not belong to the electromagnetic spectrum. The reason is that static fields are in no way radiated, and ultrasound is a mechanical wave, not an electromagnetic wave. In addition to non-ionizing electromagnetic radiation, mechanical waves of energy less than 30 eV are also referred to as non-ionizing radiation. Examples of non-ionizing mechanical waves are acoustic waves and ultrasound waves [1, 2].




      Non-ionizing radiation differs from ionizing radiation in the way it interacts with matter. Unlike ionizing radiation, non-ionizing radiation does not have enough energy to cause ionization. Non-ionizing radiation has only sufficient energy to change the rotational, vibrational, or electronic valence configurations of molecules and atoms. Radiation can damage DNA directly or indirectly through reactive oxygen/nitrogen species. When this radiation is absorbed in human tissue biological effects may be observed hence, it is important to understand how radiation interacts. To recognize the presence of NIR and its ability to cause a hazard, first, one needs to understand the radiation itself and its nature [1-3].




      

        Types of Non-Ionizing Radiation




        Non-ionizing radiation is divided into 8 different types, with acoustic waves (audible sound and ultrasound) being the only mechanical waves. All other types of non-ionizing radiation belong to the electromagnetic waves class [4, 5].




        1. Static fields




        2. Ultrasound




        3. ELF (extremely low frequency)




        4. Radio Frequencies




        5. Microwave Frequencies




        6. Infrared




        7. Visible Spectrum




        8. Ultraviolet




        

          Static Fields




          Fields that do not vary with time are referred to as static fields. A static electric field (also known as an electrostatic field) is created by charges that are fixed in space, and a static magnetic field (also known as magnetostatic) is created by the magnet and steady currents.




          A static electric field is the force field created by the attraction and repulsion of electric charges that are fixed in space (“static electricity”).




          A static magnetic field is a force field created by a magnet or by the steady flow of electricity, for example, in appliances using direct current (DC).




          Static electric and magnetic fields occur naturally in the earth’s atmosphere. For example, lightning results from the electrical transfer of the fields generated due to the charge imbalance between the cloud and the ground or within the clouds. The natural magnetic field originates from electric current flow in the upper layer of the earth’s core. It consists of a static component due to the earth acting as a permanent magnet and several other small components, which differ in spectral characteristics and are related to such influences as solar activity and atmospheric events [6]. Man-made sources of static fields can be found in various facilities. In medicine, the most common use of manmade static magnetic field is for medical diagnosis. Examples are magnetic resonance imaging (MRI) and magnetic resonance spectroscopy (MRS) systems.


        




        

          Ultrasound




          Ultrasounds are mechanical waves that can easily transmit through materials like fluids, soft tissues, and solids. It has a frequency higher than the upper human auditory limit of 20 kHz [5].




          Ultrasound is widely used in medicine in Cardiology, Urology, Obstetrics, and Gynecology. Medical ultrasound machines use waves with a frequency ranging between 2 and 20 MHz [5]. The most common application of ultrasounds is fetal imaging and breast imaging.


        




        

          Extremely Low Frequency (ELF)




          Extremely Low Frequency is a part of the electromagnetic spectrum. Radiation with frequencies up to 3 kHz but above 0 Hz, which means fields are time-varying, is considered extremely low frequency. ELF fields at 60 Hz are produced by power lines, electrical wiring, and electrical equipment (e.g., electrical switchyards and welding equipment). Home appliances are the most common applications of ELF which includes electric stove, electric kettle, refrigerator, toaster, hairdryer, television, and computer. In medicine, ELF is used for physiotherapy, the diagnosis, and treatment of psychiatric illness, and the treatment of intractable fractures.


        




        

          Radio Frequencies




          Radiation having frequencies in the range of 3 kilohertz (kHz) - 300 Megahertz (MHz) is referred to as radiofrequency. There is an overlap of radio frequencies with extremely low frequencies at 3 kHz; similarly, the highest range is somewhat arbitrary. The most common and important use of RF is in telecommunications because it can travel long distances.




          RF electromagnetic fields are now used for radio navigation, in radar systems, terrestrial microwave links, analog and digital radio and television broadcasting, amateur radio, mobile services including cellular networks, satellite systems, wireless local area networks (WLANs), induction cooking, dielectric heating (glue drying and plastic welding). Magnetic resonance imaging (MRI) scanners, medical diathermy, millimeter-wavelength whole-body scanners, and RF identification devices (RFID) are a few applications of RF in medicine.


        




        

          Microwave Frequencies




          Microwaves are electromagnetic waves that have a frequency range from 300 MHz to 300 GHz. Microwaves are used in telecommunications and house appliances. The most common application of microwave is a microwave oven, cellular radio, and transmission links between ground stations and orbiting satellites. In medicine, microwave devices are used for a variety of therapeutic purposes, including the heating of selective tumors as an adjunct to chemotherapy treatment (microwave hyperthermia).


        




        

          Infrared




          The ultraviolet (UV), visible, and infrared parts of the electromagnetic spectrum are termed optical light. Infrared waves are named as these waves occur at frequencies just below red visible light in the electromagnetic spectrum. Infrared frequencies range from about 300 gigahertz (GHz) up to about 400 terahertz (THz). Heat lamps, toasters, and TV remote controls are common applications. Infrared lasers can be used for point-to-point communications over distances of a few hundred meters or yards. In medicine, IR radiation is an effective way to reduce muscle pain and inflammation. It is used for the treatment of autoimmune diseases.


        




        

          Visible Spectrum




          It is the only part of the electromagnetic spectrum which is visible to the human eye. The frequency range is from 400 THz to 789 THz. It is divided into seven colors representing particular wavelengths.Table 1 shows the visible color spectrum, this spectrum is continuous, and there are no clear boundaries between the colors.




          

            Table 1 Wavelength ranges and sensation of color in the human eyes.




            

              

                

                  	Color



                  	Wavelengths (nm)

                


              



              

                

                  	Violet



                  	400 - 420 nm

                




                

                  	Indigo



                  	420 - 440 nm

                




                

                  	Blue



                  	440 - 490 nm

                




                

                  	Green



                  	490 - 570 nm

                




                

                  	Yellow



                  	570 - 585 nm

                




                

                  	Orange



                  	585 - 620 nm

                




                

                  	Red



                  	620 - 780 nm

                


              

            




          




          Violet has the shortest wavelength, around 400-420 nanometers with the highest frequency. They carry the most energy whereas red has the longest wavelength, at around 620 - 780 nanometers with the lowest frequency. Common applications of visible light are Television, computer screen, and fireworks. In medicine, Phototherapy is used in the treatment of acne vulgaris, seasonal affective disorders, depression, psoriasis, eczema, and neurodermatitis.


        




        

          Ultraviolet




          The ultraviolet region is the bridge between ionizing and non-ionizing radiation Ultraviolet means beyond violet, the portion of the electromagnetic spectrum that lies between visible light and x-rays, and the frequency range is 750 THz to 30 PHz. The UVR region covers the wavelength range of 100–400 nm and consists of three sub-regions, UVA (315–400nm), UVB (280–315nm), and UVC (100–280nm) as defined by the International Non-Ionizing Radiation Committee (INIRC) of the International Radiation Protection Association (IRPA) and the Commission International de l’ Eclairage [3].




          The most common source of UV light is the sun. In medicine, UV radiation is used in phototherapy and photochemotherapy, Ultraviolet radiation is helpful in the treatment of skin conditions such as psoriasis and vitiligo.


        


      




      

        Sources of Non-Ionizing Radiation




        Various sources and devices are in use to produce non-ionizing radiation. Some of those sources are natural, and some are artificial in nature.




        

          Natural Sources




          Non-ionizing radiation is produced from several natural sources. The famous among those are:




          • lightning




          • light and heat from the sun




          • the Earth's natural electric and magnetic fields




          • light from other natural sources like the moon and stars.




          The frequency range and various sources of non-ionizing radiation are given in Fig. (1).


        




        

          Artificial Sources




          Non-ionizing radiation is also produced using artificial sources. The famous artificial sources of this radiation are given below;




          • Tanning beds




          • Microwave ovens




          • Wireless devices such as:




          o Cell phones




          o Cell phone towers




          o Wi-Fi equipment




          o Radio and TV broadcast antennas




          • Lighting products such as:




          o LED lights




          o Incandescent light bulbs




          o Compact fluorescent bulbs




          • Power lines and household wiring




          • Handheld lasers and laser pointers




          • Acoustic and ultrasound waves are produced using vibrating sources and transducers




          
[image: ]


Fig. (1))


          The frequency range and various sources producing non-ionizing radiation given on the left side of the Figure.

        




        

          Summary of Types of Non-ionizing Radiation




          This part of the chapter discusses non-ionizing radiation, types, sources of nonionizing radiation, and where it sits in the electromagnetic spectrum. Non-ionizing radiation includes a portion of the electromagnetic spectrum (extremely low frequency, radiofrequency, microwaves, infrared, visible spectrum, and ultraviolet), ultrasound, and static fields. In the modern era, there are more manmade sources of nonionizing radiation than natural sources. These sources are used in various fields like industries, home, telecommunication, and, most importantly, medicine. This section also outlines various natural and artificial sources of non-ionizing radiation production.


        


      




      

        Interaction of Nonionizing Radiation




        When Nonionizing radiation interacts with an atom of a material or tissue, most or all of its energy can be absorbed without altering structural and chemical changes. Instead, kinetic energy is transferred to the atom with which it interacts, causing it to rotate and vibrate more quickly. This energy is transferred to adjacent molecules in the form of heat. However, some nonionizing radiation cause chemical changes in the matter.


      




      

        Mechanism of Interaction




        Nonionizing radiation is relatively low in energy, and the energy is transferred to matter in the form of heat. For example, the microwave radiation inside a microwave oven heats water and food rapidly. Nonionizing radiation differs from ionizing radiation in the way it acts on materials like air, water, and living tissue.




        The electromagnetic part of the nonionizing radiation covers a wide spectral range containing wavelengths of 50 nm and longer. The widespread wavelengths also carry a wide energy range of 30 eV or less. Due to the wide energy range, nonionizing radiation can undergo photoelectric absorption and Compton scattering upon interaction with material or tissue. The energy range of nonionizing radiation is far less than the minimum energy required (1.022 MeV) to start the pair production process. Therefore, nonionizing radiation does not take part in pair production. Because of the dominant probability of photoelectric absorption, nonionizing radiation mostly goes for photoelectric absorption, though Compton scattering cannot be ignored, particularly for the relatively high energy part of nonionizing radiation like ultraviolet rays and visible light. Nonionizing radiation may also take part in the excitation of atoms when interacting with a medium or tissue. Setting molecules in vibrations and rotations can also be attributed to nonionizing radiation.




        Acoustic waves and ultrasound are also a part of the nonionizing radiation family. However, due to their non-electromagnetic nature, they may not go for photoelectric absorption and Compton scattering. Phonon, the quantum oscillation inside a lattice, plays a major role in the interaction of acoustic waves and ultrasound with a medium or tissue and the transfer of energy.




        When nonionizing radiation interacts with a medium or tissue, three possible outcomes are expected as a result of the interaction.




        • It can penetrate and transmit the section of matter without interacting.




        • It can interact with matter and be completely absorbed by depositing its energy.




        • It can interact and be scattered or deflected from its original direction and deposit part of its energy.




        Non-ionizing radiation possesses a wave nature and hence interacts with matter or tissue in four different ways, reflection, refraction, absorption, and diffraction.




        In the process of reflection, non-ionizing radiation interacts with material or tissue in such a way that after the interaction, it travels back to the same medium where it came from before interaction. Certain laws are obeyed in this process, called laws of reflection. A reflection is a form of scattering of nonionizing radiation from material or tissue.
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