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1. Introduction 

Since its invention in the latter half of the 20th century, the laser has revolutionized numerous 

fields, particularly industry and medical. It is one of the most important modern inventions.  Rapid 

advancements in this technology have increased its significance as a special and extremely 
responsive light source by enabling its usage in a wide range of applications requiring high 

precision, concentrated energy, and sophisticated control [1].  The basic physics underlying the 

processes of laser production and interaction with matter continues to be a rich field of theories and 

models that are essential for directing and continuously enhancing laser technologies, even in the 

face of enormous technical developments [2]. 

The foundation for comprehending the basic workings of lasers and creating new uses for them 

is laid by theories of laser physics.  Gaining a thorough understanding of stimulated emission 
phenomena, their physical characteristics, and how lasers interact with industrial materials and 
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tissues can help develop new technologies and enhance performance in a range of applications [3].  

But theoretical advancement is the main factor driving this field's advancement; a shallow grasp of 

basic theories can stifle creativity and make performance improvement more difficult, particularly in 

the areas of industrial processing and medical care [4]. 

The deep theoretical understanding of the physical principles governing laser interactions with 

tissues and materials is still lacking, despite notable advancements. This is especially true when it 
comes to mathematical models and the theoretical interpretation of the various observed phenomena 

[5].  It should be mentioned that advancements in technology have not always been fully consistent 

with theoretical models, which restricts the capacity to forecast laser behavior in novel scenarios or 

for attributes that are not accurately estimated [6]. 

Thus, it is crucial to carry out a thorough theoretical analysis of the fundamental theories of 

laser physics.  In addition to guiding new research and models that will enable the advancement and 

development of laser technologies, this seeks to establish a strong conceptual framework that will 
allow for a more accurate understanding and analysis of present and future applications, ultimately 

leading to safer and more effective performance in the industrial and medical domains. 

With an emphasis on foundations that can offer a cogent theoretical dimension to help guide 
future developments, the main goal of this research is to fill the current knowledge gap by reviewing 

and analyzing the fundamental theories that explain the physical principles of stimulated emission, 

laser properties, and its interaction with various materials.  Along with offering a theoretical 
framework grounded in contemporary scientific models, this advances understanding of laser 

phenomena and opens the door to better applications, particularly in the two fields that most 

urgently require funding and theoretical development, industrial processing and medical treatment. 

2. Fundamental Theories and Principles of Laser Physics 

comprehension lasers' characteristics and range of applications requires a comprehension of 

the physical laws regulating their creation and interaction with matter.  In this chapter, the 

fundamental theories—such as natural decay and stimulated emission theory—as well as 

mathematical models explaining how lasers interact with materials and categorizing different types 

of lasers and their physical characteristics are reviewed [7]. 

2.1. Natural Decay Theory and Stimulated Emission 

The foundation of laser theory is stimulated emission theory.  It asserts that when stimulated, 
high-energy atoms or molecules can release photons in unison.  A photon with the same wavelength, 

phase, and orientation is released when an atom changes from a higher to a lower energy state. This 

phenomenon is known as stimulated emission [8].  This causes identical photons to multiply, a 

process known as amplification.  In contrast, natural decay undermines the collection and orientation 
of laser radiation by causing an atom to release photons in an uncoordinated manner.  Developing 

effective laser systems requires striking a balance between these two phenomena.  The optimal 

balance between excitation and emission is usually attained by means of optical or chemical tuning 

mechanisms [9]. 

2.2. Properties of Lasers 

Different characteristics set lasers apart from other types of light sources.  Among these 

attributes are [10]:   

- Coherence: Lasers can be used for precise imaging and targeting because of their great 

longitudinal and lateral dispersion.   
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- Directionality: Energy may be carefully concentrated into small areas thanks to the laser 

beam's narrow divergence angle.   

- Spectral Narrowness: Applications needing high frequency precision can make use of lasers' 

narrow spectral width.   

- Tunability: The laser output's wavelength may be readily changed as needed, which is a 

significant benefit in a variety of applications. 

2.3. Models in Mathematics to Explain Laser-Matter Interaction 

Mathematical models based on dynamic equations that characterize concentration variations, 

spectrum distributions, and excitation and emission conditions in the emitting medium are used to 

comprehend laser-matter interaction.  The rate-rate model, which addresses how light interacts with 
the active medium while accounting for physical processes including diffusion, transmission, and 

absorption, is among the most widely used.  Predicting amplification efficiency, laser unit 

properties, and ideal operating conditions is made possible by this approach.  The behavior of a laser 
beam in various systems is also represented by the wave model, which connects inductive fluxes and 

the wave characteristics of light [11]. 

2.4. Laser Types and Their Physical Characteristics  

Lasers are separated based on the medium and excitation source that are utilized [12, 13]:   

- Gas lasers, these lasers use gases like carbon dioxide or argon and have a broad variety of 

wavelengths and strong conductivity.   

- Relying on metals like neodymium and iodine, metal lasers are known for their great power 

and good efficiency in producing radiation with wavelengths ranging from visible light to infrared.   

- Solid-state lasers are distinguished by their ease of control and interaction with the stimuli. 

They use solid crystals like cerium (green) or sapphire (blue).   

- The physical characteristics of other kinds, like fiber lasers, pulsed lasers, and others, change 

based on the use. 

3. Laser Interaction with Synthetics and Biomaterials 

A theoretical basis for describing and forecasting laser performance in industrial and medical 

applications is an understanding of how lasers interact with synthetic and biomaterials.  The 
mathematical models and theories in optical physics that define absorption and emission 

mechanisms, ascertain how a material reacts to directed light, and provide the possibility of directing 

the process's end result serve as the foundation for this explanation.  The investigation of these 

interactions ignores applied or experimental aspects in favor of concentrating on basic models and 

principles because the research is theoretical [14]. 

3.1. Mechanisms of Absorption and Emission 

The process by which a substance absorbs photon energy and elevates its atoms or molecules to 
higher energy levels is known as the absorption mechanism.  The wavelength and the characteristics 

of the material, such as transmittance and reflectivity, determine how much absorption occurs.   

Emission Mechanism, Radiative or non-radiative emission mechanisms can be used to restore a 
material to its ground state following activation.  Stimulated emission is important in laser 

interactions, particularly when stimulation is continuous or pulsed [15]. 
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3.2. Impact of Laser Power on Materials and Tissue 

A number of theoretical variables influence how lasers affect materials, including [16, 17]:   

- Wavelength and Intensity, the quality of the interaction is determined by the wavelength.  
Basic lasers used in medical treatments, for instance, frequently contain wavelengths (like infrared) 

that correlate to high tissue absorptivity.  

- The intensity and duration of the pulse have an impact on the energy concentration and 
exposure time, which can result in a number of processes such physical rupture, solidification, or 

vaporization.   

- Metrics like the absorption coefficient are used to express the material's capacity to absorb 

and transform energy, which is determined by its composition and concentration. 

3.3. Theories describing how lasers interact with materials and tissues 

The theory of energy loss and accumulation describes how energy builds up in a substance 

until it reaches a threshold, at which point it manifests as observable biological or physical 

changes.  According to the selective absorption idea, some tissues or materials have particular 

wavelengths that allow for accurate targeting and reduce damage to unwanted locations.  The 

transport of heat following laser absorption and the ensuing physical events (such as vaporization, 

solidification, or thermal maturation) are described by the thermal diffusion theory. Analytical 

computer models: these forecast interaction results based on material parameters, wavelength, and 

duration using diffusion equations and numerical computations.  Mathematical models of laser-

matter interaction are theoretically precise, adaptable, and essential for developing new 

technologies and enhancing current ones [18]. 

4. Medical Laser Applications: Theoretical Justifications for Their 

Diagnostic and Therapeutic Benefits 

Based on cutting-edge physics principles, laser applications in the medical field are 

groundbreaking accomplishments.  The exact and focused interaction of laser beams with 

biological materials and tissues is what determines how effective they are.  The theories that 

describe energy transfer and its consequences in tissues must be studied in order to completely 

comprehend these applications, which helps to improve their effectiveness in diagnosis and therapy 

[19]. 

The idea of absorption, which describes how lasers interact with tissue components and cause 

part of the energy to be converted into heat or chemical processes, provides the foundation for laser 

tissue treatment.  For instance, a laser with a particular wavelength (such the Nd:YAG laser at 1064 

nm) can be used to treat microvascular disorders like rosacea or enlarged blood vessels because 

hemoglobin can better absorb the energy.  Targeting some tissues over others is made possible by 

the absorption coefficient (μ_a), which varies depending on the kind of tissue [20]. 

Mathematical models that explain biological and chemical responses, such as vaporization, 

shrinking, or cell killing, are used to explain tissue response to laser treatment.  For instance, a 

certain energy threshold is established when removing extra tissue or skin tags with an IPL (CO₂) 

laser.  The targeted tissue is precisely removed by surface vaporization that occurs when the 

threshold is crossed.  These theories aid in figuring out how much energy is needed to be effective 

without causing harm to nearby tissue [21]. 

https://international-journal-of-applied-sciences.jo/
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The conversion of laser energy into heat that results in tissue changes is explained by thermal 

reaction models.  For instance, the heat produced by absorption during laser acne therapy 

eliminates bacteria and eliminates lesions while protecting good skin tissue.  To ensure accurate 

treatment administration and the intended outcomes, thermodynamic equations are utilized to 

calculate heat propagation and identify the regions that would be most efficiently impacted [22]. 

Since every tissue type has a unique absorption profile for a specific wavelength, the ability to 

alter the wavelength characteristics is essential to the efficacy of laser treatment.  The precise 

removal of decayed tissue without causing harm to nearby healthy tissue is made possible, for 

instance, by the Arota (Er:YAG) laser's wavelength of 2940 nm, which is specific to the absorption 

of water, a significant component of gingival and dentin tissues.  By achieving accurate targeting 

through the use of interference and wave models, treatment efficacy is increased and collateral 

damage is decreased [23]. 

Achieving high efficacy in medical applications requires a grasp of the dynamics of laser-

tissue interaction, as demonstrated by physical theories pertaining to radiation absorption, 

bioresponse, and the thermal interaction model.  To attain more accurate targeting and safer 

interactions, for instance, knowledge of these theories enhances the design of laser types employed 

and allows for modification of wavelength, light intensity, and application time.  Therefore, 

theoretical research results in the creation of more effective treatment strategies that lower the 

possibility of harm and help to achieve better therapeutic results [24]. 

5. Applications of Lasers in Industry 

It is evident from examining laser applications in the industrial sector that knowledge of the 

mechanical and thermal dynamics underlying laser-material interaction is essential to the physical 

theories controlling the effectiveness of cutting, welding, and surface treatment procedures.  

Theoretically, this knowledge is founded on intricate mathematical models that use radiation 

absorption theories, wave interference equations, and heat conduction equations to explain how 

energy moves from the laser beam to the target material [25]. 

Understanding how laser energy is accurately focused on the surface to produce localized 

melting or vaporization, which optimizes the process, is one of the key pillars.  Cutting efficiency, 

for instance, relies on the laser's capacity to cause a quick thermal reaction and then moderate 

cooling to avoid unintended structural damage.  In this context, heat conduction equations—which 

consider material qualities like conductivity, boiling point, and optical properties—are used to 

generate mathematical models that describe heat transport.  These models are used to forecast the 

efficiency of cutting or welding based on process needs and are based on theories about heat 

transfer, whether it be conduction or radiation. 

Furthermore, ideas pertaining to beam characteristics and wave interference are crucial for 

welding process optimization.  By using constructive or destructive interference, laser energy can 

be concentrated in a tiny area, improving control over the physical characteristics of the industrial 

process.  Because they enable us to see how waves interfere and impact the distribution of laser 

energy within the material, interference and propagation models are therefore essential for 

evaluating process efficiency [26]. 

At a higher level, the mechanical design of the laser system—represented by the choice of 

wavelengths, power, and smoothing or precision beam guiding techniques—determines the 
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efficacy and efficiency of industrial processes.  Choosing the best laser type for a given industrial 

process requires an understanding of how the laser interacts with the material's physical properties, 

such as refraction, absorption, and conduction.  An illustration of this is the application of fiber 

lasers in welding, where theories depend on knowledge of how the fibers transmit radiation across 

various structural bands and interact with the properties of the material. 

Thus, the foundation for increasing the effectiveness of industrial processes utilizing lasers is 

theories explaining energy transfer, interactions, and interference effects.  Increased investment in 

theoretical knowledge makes it possible to forecast process results, enhance product quality, and 

save waste—all of which advance scientific and technical advancement in this crucial area.  It 

should be noted that in order to advance our understanding of the physical dynamics of this 

interaction, more intricate models that take into account the difficulties posed by the material being 

processed, technological limitations, and contemporary industrial demands must be created. These 

models must incorporate the interaction of mechanical, thermal, and optical processes [27]. 

6. Results and Discussion 

The results showed that the theory based on stimulated emission and natural decay provides a 
fundamental framework for understanding how a laser beam is formed, as well as its distinctive 

properties, such as narrowing and directivity, which are essential for achieving effectiveness in 

practical applications. The precise application of these theories in the design and development of 
various laser sources directly determines the variability in laser properties, such as wavelength, 

power, and directivity. Based on these theories, it was explained how precise control of these 

variables can improve laser performance and enable precise targeting in both medical and industrial 

fields. The results were obtained through theoretical analysis based on mathematical models and 

interpretation of the interactions between laser beams and materials. 

Regarding the mathematical model explaining laser-matter interactions, it showed that studying 

the characteristics of the target material—whether it be synthetic or living tissue—is crucial to 
comprehending the mechanisms of absorption and emission, which are crucial for comprehending 

how energy builds up and is concentrated in a particular area.  The energy transfer, heat distribution, 

and optical interaction equations all attest to the fact that precise physical models are necessary in 
order to comprehend the anticipated behavior of lasers.  Any enhancement to these models will 

immediately increase the effectiveness of processes that are executed conceptually and improve the 

precision and efficacy of application techniques [28]. 

Additionally, the findings demonstrated that the various laser types (such as gas, metal, or 
solid-state lasers) categorized in the study had diverse physical characteristics, indicating their 

potential for various industrial or medical applications.  For instance, gas lasers are employed for 

procedures that call for particular colors and wavelengths, enhancing diagnostic and therapeutic 
applications, while fiber or solid-state lasers are perfect for cutting applications because of their high 

efficiency in directing energy. 

Regarding laser applications in the medical field, theories that explain how radiation interacts 
with tissue have demonstrated that the success of procedures like skin treatments, tumor removal, 

and eye surgery depends on the laser's ability to precisely interact with tissue and focus microscopic 

energy.  Knowing how the laser spectrum is delicately absorbed and emitted in tissue supports its 

application in ways that reduce damage and produce positive therapeutic effects.  Controlling the 
laser beam's physical characteristics, like its power and wavelength, can precisely guide diagnostic 

and therapeutic processes, adding new dimensions to confidence in therapeutic efficacy. This is 

https://international-journal-of-applied-sciences.jo/


APPLIED 
SCIENCE 

The International Journal of Applied Sciences 
https://international-journal-of-applied-sciences.jo  

 
7 

Vol. 2, No. 1, 2025, pp. 1-8 

  

 

Theories of laser physics and how they are used in industrial and medical settings 

 

confirmed by theories pertaining to its interaction with tissue, including interference, scattering, and 

thermal effects [29]. 

Theories show that knowledge of the physical dynamics governing energy transfer, 
interference, and localized melting of materials is crucial for laser-based industrial operations like 

cutting, welding, and surface treatment.  The strong association between laser qualities and the 

process's end result is confirmed by models that describe heat flow and wave interaction. Improving 

the theoretical behavior of these models can help cut down on waste, improve product quality, and 

shorten processing times. 

Therefore, the theoretical results of this study make it abundantly evident that more physical 

notions need to be consolidated and mathematical models need to be developed in order to make 
more precise predictions about the results of laser applications.  Significant gains in the efficacy and 

efficiency of treatment procedures can be made while lowering the risks and expenses involved by 

researching and refining these theories.  In order to give users and stakeholders more accurate and 
dependable tools for making decisions and to achieve the best outcomes in their diverse fields of 

application, the discussion also suggests that closing the gap between theoretical models and applied 

theories will be a future challenge. In order to address the expanding and varied needs, whether in 

the industrial, medical, or research domains, it also emphasizes the necessity of carrying out 
scientific research and creating contemporary theories and technologies while guaranteeing user 

safety and efficacy [30]. 

As a result, the findings examined in this study provide a strong basis for advancements in laser 
science and technology, opening the door to better working conditions, increased capacity for 

innovation, and more effective and sustainable societal service. 

7. Conclusion 

To sum up, the results of this study support the significance of basic physical theories in 

comprehending and creating laser technologies, increasing their potential for successful use in both 
industrial and medical domains.  Theoretical analysis has demonstrated that improvements in laser-

material interaction models reduce the issues brought on by traditional processes while improving 

the accuracy and speed of industrial processes like cutting and welding as well as the efficiency and 
efficacy of therapeutic procedures like eye and skin surgeries. Additionally, investigating the 

physical characteristics of lasers and the theories underlying how they interact with materials and 

tissues offers a strong scientific basis for creating new instruments and technologies that more 

precisely and specifically address market demands.  Given these results, the study is a significant 
step in broadening the application and development of lasers, highlighting the need for additional 

research based on the theoretical model to improve their capabilities and offer creative solutions that 

satisfy the demands of the industrial and medical sectors, thereby boosting industrial efficiency and 

improving quality of life in a sustainable way. 
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