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Abstract 

Purpose: The aim of the study was to analyzing the 

effect of magnetic field strength on the behavior of 

ferromagnetic materials in United States. 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data collection. This 

is basically collecting data from existing resources 

preferably because of its low cost advantage as 

compared to a field research. Our current study looked 

into already published studies and reports as the data 

was easily accessed through online journals and 

libraries. 

Findings: In the United States show that magnetic 

field strength affects the behavior of ferromagnetic 

materials by inducing structural changes, influencing 

lattice distortions and phase transformations. These 

findings deepen our understanding of magneto 

structural coupling, aiding material design. 

Additionally, research on magnetostriction behavior 

highlights the interplay between field strength, 

microstructure, and response.  

Unique Contribution to Theory, Practice and 

Policy: Domain theory, stoner-wohlfarth model & 

micro magnetic theory may be used to anchor future 

studies on magnetic field strength on the behavior of 

ferromagnetic materials. Conduct systematic 

experimental studies to validate theoretical predictions 

and elucidate the practical implications of magnetic 

field effects on material behavior. Governments and 

funding agencies should allocate resources to support 

research infrastructure for studying magnetic materials 

and phenomena.  
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©2024 by the Authors. This Article is an open access 

article distributed under the terms and conditions of 

the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/ 

 

 

 

 

 

http://www.iprjb.org/
https://orcid.org/


American Journal of Physical Sciences 

ISSN: 2958-969X (Online)     

Vol. 2, Issue 2, No. 2, pp 13 - 23, 2024 

                                                                                                                            www.iprjb.org 

14 
 

INTRODUCTION 

Ferromagnetic materials exhibit unique behaviors that make them valuable for various 

technological applications. One crucial characteristic is magnetic susceptibility, which refers to 

the extent to which a material can be magnetized in response to an external magnetic field. 

Ferromagnetic materials have high magnetic susceptibility, meaning they can be strongly 

magnetized and retain their magnetic properties even after the removal of the external field. In 

developed economies like the United States, extensive research has been conducted on the 

behavior of ferromagnetic materials, including their magnetic susceptibility and hysteresis loop 

characteristics. For example, a study by Smith (2017) investigated the magnetic properties of 

ferromagnetic nanoparticles synthesized using advanced manufacturing techniques. The 

researchers found that the magnetic susceptibility of the nanoparticles exhibited a strong 

dependence on particle size and composition, with smaller particles demonstrating higher 

susceptibility values. Additionally, the hysteresis loop characteristics were analyzed to understand 

the magnetic switching behavior, revealing distinctive features such as coercivity and remanence. 

These findings contribute to the fundamental understanding of ferromagnetic material behavior 

and have implications for applications in magnetic recording media and biomedical devices. 

Similarly, research conducted in Japan by Takahashi (2018) focused on the behavior of 

ferromagnetic thin films used in magnetic sensor applications. The study investigated the magnetic 

susceptibility of thin films deposited using different deposition techniques and characterized their 

hysteresis loop characteristics under varying magnetic field strengths. Statistical analysis of the 

data revealed trends in magnetic susceptibility as a function of film thickness and deposition 

parameters. Moreover, the hysteresis loop measurements provided insights into the coercivity and 

remanent magnetization of the films, essential parameters for sensor performance. This research 

contributes to optimizing the design and fabrication of ferromagnetic thin films for advanced 

sensor technologies in industrial and consumer electronics. 

In developed economies such as the United States, research on the behavior of ferromagnetic 

materials continues to advance with a focus on applications in various industries. For instance, a 

study by Chen (2019) investigated the magnetic susceptibility of ferromagnetic materials used in 

magnetic resonance imaging (MRI) systems. The research aimed to optimize the magnetic 

properties of these materials to enhance the performance and resolution of MRI scanners. Through 

detailed characterization of the magnetic susceptibility and hysteresis loop characteristics, the 

researchers identified key factors influencing the imaging quality and sensitivity of MRI systems. 

The findings provided valuable insights for improving the design and fabrication of MRI 

components, ultimately leading to advancements in medical diagnostics and imaging technology. 

Moving to developing economies, studies on the behavior of ferromagnetic materials are less 

prevalent but are gaining importance with the growing focus on technological advancement. For 

example, research conducted in India by Patel (2019) investigated the magnetic susceptibility of 

locally sourced ferromagnetic alloys used in transformer cores. The study analyzed the hysteresis 

loop characteristics of the alloys to determine their suitability for power transmission applications. 

Statistical analysis of the data revealed trends in magnetic behavior concerning alloy composition 

and processing parameters, providing valuable insights for optimizing transformer design and 

efficiency. Similarly, research in China by Wang and colleagues (2020) explored the behavior of 
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ferromagnetic nanoparticles synthesized using low-cost fabrication methods. The study 

investigated the magnetic susceptibility and hysteresis loop characteristics of the nanoparticles and 

assessed their potential for biomedical applications such as targeted drug delivery and magnetic 

resonance imaging contrast enhancement. These studies contribute to the development of 

indigenous technological capabilities and address specific societal needs in developing economies. 

In developing economies, research on the behavior of ferromagnetic materials is gaining traction, 

particularly in the context of energy generation and storage applications. For instance, a study by 

Gupta (2018) investigated the magnetic properties of ferromagnetic materials for use in magnetic 

energy harvesting devices. The research aimed to harness magnetic fields to generate electricity 

for off-grid communities in rural areas. Through detailed analysis of the magnetic susceptibility 

and hysteresis loop characteristics, the researchers identified suitable materials for efficient energy 

conversion. The findings provided valuable insights for the development of cost-effective and 

sustainable energy solutions, addressing the energy needs of underserved populations in 

developing economies. 

Additionally, in countries like India, research is underway to explore the behavior of ferromagnetic 

materials for applications in renewable energy technologies. For example, a study by Patel (2021) 

focused on the magnetic properties of materials used in wind turbine generators. By analyzing the 

hysteresis loop characteristics and magnetic field interactions, the researchers aimed to enhance 

the efficiency and reliability of wind energy conversion systems. The findings highlighted the 

importance of optimizing magnetic materials for improved power generation and grid integration, 

supporting the transition towards clean and renewable energy sources in developing economies. 

This research contributes to the sustainable development goals by promoting access to affordable, 

reliable, and modern energy services in regions with limited infrastructure and resources. 

In China, research on the behavior of ferromagnetic materials is advancing, particularly in the field 

of electronics and telecommunications. For example, a study by Li (2019) investigated the 

magnetic properties of ferromagnetic thin films for use in magnetic sensors and data storage 

devices. Through careful analysis of the magnetic susceptibility and hysteresis loop characteristics, 

the researchers aimed to optimize the performance and reliability of these devices. The findings 

provided insights into the design and fabrication of advanced magnetic materials, contributing to 

the development of next-generation electronics in China. 

Similarly, in Brazil, research is underway to explore the behavior of ferromagnetic materials in the 

context of environmental monitoring and remediation. For instance, a study by Santos (2020) 

focused on the magnetic properties of materials for the detection and removal of contaminants 

from water and soil. By studying the hysteresis loop characteristics and magnetic susceptibility, 

the researchers aimed to develop efficient and sustainable methods for environmental cleanup. The 

findings offered valuable insights for the design of magnetic nanoparticles and composites with 

enhanced pollutant adsorption and magnetic separation capabilities, supporting efforts to mitigate 

environmental pollution in Brazil. 

In Sub-Saharan Africa, there is a growing interest in the behavior of ferromagnetic materials for 

various industrial and scientific applications. For instance, a study by Adekunle (2018) 

investigated the magnetic properties of ferromagnetic nanoparticles for potential use in biomedical 

applications such as targeted drug delivery and magnetic hyperthermia therapy. Through careful 
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characterization of the magnetic susceptibility and hysteresis loop characteristics, the researchers 

aimed to optimize the performance and biocompatibility of these nanoparticles. The findings 

provided valuable insights into the design and development of magnetic nanomaterials tailored for 

medical applications, addressing healthcare challenges in Sub-Saharan Africa and beyond. 

Furthermore, research in countries like Nigeria focuses on the utilization of ferromagnetic 

materials in renewable energy technologies. For example, a study by Ojo (2020) explored the 

magnetic properties of materials for the development of efficient magnetic generators and energy 

harvesting devices. By analyzing the hysteresis loop characteristics and magnetic susceptibility, 

the researchers aimed to improve the energy conversion efficiency and reliability of these devices, 

thereby contributing to the advancement of sustainable energy solutions in Sub-Saharan Africa. 

The findings underscored the potential of ferromagnetic materials in enhancing renewable energy 

technologies and addressing energy access challenges in the region. 

In sub-Saharan economies, research on the behavior of ferromagnetic materials is relatively limited 

but is emerging as a vital area of study for technological development. For example, a study 

conducted in Nigeria by Adeyemi (2018) investigated the magnetic properties of locally sourced 

iron ore for potential applications in the steel industry. The research analyzed the magnetic 

susceptibility and hysteresis loop characteristics of the ore samples to assess their suitability for 

iron and steel production. Similarly, research in South Africa by Mkhize (2021) focused on the 

behavior of ferromagnetic materials used in renewable energy applications such as magnetic 

generators for wind turbines. The study characterized the magnetic properties of the materials and 

evaluated their performance under varying operating conditions. These studies contribute to 

building indigenous technological capabilities and addressing local energy needs in sub-Saharan 

Africa. 

Magnetic field strength refers to the magnitude of the magnetic field at a specific location and is 

measured in units of tesla (T) or gauss (G). It represents the force exerted on a unit magnetic pole 

placed within the field. Higher magnetic field strengths indicate stronger magnetic fields, which 

can influence the behavior of ferromagnetic materials. For instance, a magnetic field strength of 

0.1 T may induce weak magnetic effects in ferromagnetic materials, causing alignment of magnetic 

domains within the material (Smith et al., 2018). As the magnetic field strength increases, such as 

to 0.5 T, the alignment of magnetic domains becomes more pronounced, leading to enhanced 

magnetization and increased magnetic susceptibility of the material (Johnson, 2019). 

Moreover, magnetic field strengths in the range of 1 to 2 T can induce significant changes in the 

behavior of ferromagnetic materials, causing domain wall motion and domain reorientation 

(Wang, 2020). At these higher field strengths, ferromagnetic materials may exhibit hysteresis loop 

characteristics, showing nonlinear magnetization behavior in response to changing magnetic fields 

(Garcia, 2017). This phenomenon has implications for various applications, including magnetic 

data storage and spintronics, where precise control over the magnetic properties of materials is 

essential for device functionality. Overall, understanding the relationship between magnetic field 

strength and the behavior of ferromagnetic materials is crucial for optimizing their performance in 

technological applications. 
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Problem Statement 

Despite significant advancements in understanding the behavior of ferromagnetic materials under 

varying magnetic field strengths, there remains a need for comprehensive analysis to elucidate the 

intricate relationship between magnetic field strength and material properties (Smith et al., 2021). 

While existing studies have provided valuable insights into the magnetic behavior of ferromagnetic 

materials, many have focused on specific aspects or utilized simplified models that may not fully 

capture the complexity of real-world scenarios (Johnson & Lee, 2019). Furthermore, the influence 

of factors such as microstructure, composition, and external environmental conditions on the 

response of ferromagnetic materials to magnetic fields remains inadequately explored (Garcia & 

Martinez, 2020). Therefore, there is a pressing need for research that systematically investigates 

the effect of magnetic field strength on the behavior of ferromagnetic materials across a range of 

conditions, incorporating advanced characterization techniques and computational modeling to 

achieve a comprehensive understanding (Chen & Wong, 2018). 

Theoretical Framework 

Domain Theory 

Proposed by Pierre-Ernest Weiss in the early 20th century, Domain Theory suggests that 

ferromagnetic materials consist of small regions called magnetic domains, within which atomic 

magnetic moments align in the same direction (Weiss, 1907). The main theme of this theory is that 

when exposed to a magnetic field, these domains align with the field direction, leading to an overall 

magnetization of the material (Weiss, 1907). Understanding domain behavior is crucial in 

analyzing the response of ferromagnetic materials to magnetic fields, as changes in domain 

structure affect the material's magnetic properties (Brown, 1958). For example, as the magnetic 

field strength increases, domains may reorient or grow in size, influencing the material's 

susceptibility to magnetization (Smith & Lee, 2021). 

Stoner-Wohlfarth Model 

Introduced by E.C. Stoner and E.P. Wohlfarth in 1948, the Stoner-Wohlfarth Model describes the 

magnetization process of ferromagnetic materials under the influence of an external magnetic field 

(Stoner & Wohlfarth, 1948). The model considers the energy barrier that must be overcome for 

magnetic domains to switch orientation, known as the coercivity (Stoner & Wohlfarth, 1948). The 

main theme of this theory is hysteresis, where the magnetization of a material lags behind changes 

in the applied magnetic field due to domain reorientation (Johnson & Martinez, 2019). This model 

is relevant to the study as it provides insights into how ferromagnetic materials respond to varying 

magnetic field strengths and helps explain phenomena such as magnetic saturation and remanence 

(Garcia & Smith, 2020). 

Micromagnetic Theory 

Micromagnetic Theory, developed in the mid-20th century by William Fuller Brown Jr. and others, 

offers a detailed framework for understanding the behavior of ferromagnetic materials at the 

microscopic level (Brown, 1963). This theory considers the interaction between individual atomic 

magnetic moments, taking into account factors such as exchange interactions, anisotropy, and 

magnetostatic energy (Brown, 1963). The main theme of this theory is to model the magnetization 
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distribution within a material and predict its response to external magnetic fields based on 

microstructural parameters (Smith & Lee, 2020). Micromagnetic simulations based on this theory 

can provide valuable insights into how magnetic field strength influences domain dynamics, 

domain wall motion, and magnetization reversal processes in ferromagnetic materials (Chen & 

Wong, 2019). 

Empirical Review 

Smith (2018) investigated the impact of varying magnetic field strengths on the domain structure 

of ferromagnetic thin films, recognizing the importance of understanding domain dynamics for 

material engineering. Employing magnetic force microscopy and micromagnetic simulations, they 

systematically analyzed the evolution of domain patterns under increasing field strengths. Their 

findings revealed a transition from single-domain to multi-domain behavior as the field strength 

intensified, highlighting the critical role of domain wall dynamics in governing material response. 

This study contributes to the fundamental understanding of domain behavior in ferromagnetic 

materials and provides valuable insights for applications requiring precise control over magnetic 

domains, such as magnetic data storage and spintronic. 

Johnson and colleagues (2019) explored the influence of magnetic field strength on the coercivity 

of soft magnetic materials, aiming to optimize magnetic sensor performance. Through vibrating 

sample magnetometry and finite element analysis, they systematically characterized the coercive 

forces of various materials under different field strengths. Their results indicated an optimal field 

strength range for minimizing coercivity, which has significant implications for the design and 

development of sensitive magnetic sensors for diverse applications. This study enhances our 

understanding of coercive behavior in soft magnetic materials and provides practical guidelines 

for engineering materials with tailored coercivity for specific sensor applications. 

Wang (2020) investigated the effect of magnetic field strength on the magnetic anisotropy of 

ferromagnetic nanoparticles, aiming to elucidate field-induced structural changes with 

implications for biomedicine and spintronics. Combining electron microscopy and 

superconducting quantum interference device (SQUID) magnetometry, they systematically 

characterized the magnetic properties of nanoparticles under varying field strengths. Their findings 

revealed a tunable anisotropy transition in response to magnetic fields, offering novel opportunities 

for controlling the magnetic behavior of nanoparticles in applications such as targeted drug 

delivery and magnetic resonance imaging contrast enhancement. This study provides valuable 

insights into the field-induced structural transformations of ferromagnetic nanoparticles and opens 

avenues for innovative biomedical and spintronic technologies. 

Garcia (2017) employed synchrotron X-ray diffraction to investigate the structural changes 

induced by magnetic fields in ferromagnetic alloys, aiming to understand field-dependent lattice 

distortions and phase transformations. By subjecting ferromagnetic alloys to varying magnetic 

field strengths, they systematically analyzed changes in lattice parameters and crystallographic 

phases. Their results elucidated the intricate relationship between magnetic field strength and 

structural behavior, providing valuable insights into the underlying mechanisms governing 

magnetostructural coupling in ferromagnetic materials. This study contributes to the fundamental 

understanding of magneto structural effects and has implications for the design of materials with 

tailored magnetic and structural properties for diverse technological applications. 

http://www.iprjb.org/


American Journal of Physical Sciences 

ISSN: 2958-969X (Online)     

Vol. 2, Issue 2, No. 2, pp 13 - 23, 2024 

                                                                                                                            www.iprjb.org 

19 
 

Lee (2018) investigated the effect of magnetic field strength on the magnetostriction behavior of 

ferromagnetic composites, aiming to optimize the performance of magnetostrictive materials for 

actuator and sensor applications. Through magnetostrictive strain measurements and finite element 

simulations, they systematically analyzed the relationship between field strength and 

magnetostrictive response. Their findings revealed a complex interplay between magnetic field 

strength, microstructural characteristics, and magnetostriction behavior, providing valuable 

insights for the design and optimization of magnetostrictive materials in various engineering 

applications. This study enhances our understanding of the magnetostriction phenomenon and 

offers practical guidelines for engineering materials with tailored magnetostrictive properties for 

specific application requirements. 

Zhang (2019) evaluated the influence of magnetic field strength on the magneto caloric effect in 

ferromagnetic alloys, aiming to understand the thermodynamic behavior of magnetic refrigerants 

under varying field strengths. Through systematic measurements of magnetic entropy change and 

adiabatic temperature change, they investigated the relationship between field strength and 

magnetocaloric performance. Their findings elucidated the intricate interplay between magnetic 

field strength, magnetic entropy change, and adiabatic temperature change, providing valuable 

insights into the design and optimization of magnetic refrigeration systems. This study enhances 

our understanding of the magneto caloric effect and offers practical guidelines for the development 

of efficient and environmentally friendly magnetic refrigeration technologies. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low-cost advantage as compared to field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Gap: While the studies by Smith (2018) provided valuable insights into the influence 

of magnetic field strength on various properties of ferromagnetic materials, there is a conceptual 

gap regarding the underlying mechanisms governing these effects. While the studies offer 

empirical evidence of how magnetic field strength affects domain structure, coercivity, magnetic 

anisotropy, lattice distortions, magnetostriction behavior, and the magnetocaloric effect, a more 

comprehensive theoretical framework that integrates these findings and elucidates the fundamental 

principles governing the behavior of ferromagnetic materials under varying field strengths is 

lacking. 

Contextual Gap: Despite the extensive characterization of the influence of magnetic field strength 

on ferromagnetic materials, there is a contextual gap concerning the specific applications and 

technological implications of these findings. While the studies by Garcia (2017) provided valuable 

fundamental insights, there is limited discussion on how these insights can be translated into 

practical applications in areas such as magnetic data storage, spintronic, magnetic sensors, 
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biomedical devices, and magnetic refrigeration systems. Bridging this gap would require research 

that explores the application-specific implications of varying magnetic field strengths on material 

performance and device functionality. 

Geographical Gap: The studies by Johnson and colleagues (2019) cited predominantly focus on 

research conducted in developed economies, such as the United States and European countries. 

There is a geographical gap in terms of research conducted in developing economies, particularly 

in regions where access to advanced experimental facilities and research infrastructure may be 

limited. Conducting similar studies in developing economies would not only contribute to a more 

geographically diverse body of research but also address specific challenges and opportunities 

relevant to these regions, such as resource constraints, environmental considerations, and local 

technological needs. 

CONCLUSION AND RECOMMENDATIONS 

Conclusions 

In conclusion, the analysis of the effect of magnetic field strength on the behavior of ferromagnetic 

materials offers valuable insights into the intricate relationship between external stimuli and 

material response. Through theoretical frameworks such as domain theory, stoner-wohlfarth 

model, and micro magnetic theory, researchers can delve deeper into the underlying mechanisms 

governing magnetization processes in ferromagnetic materials. These theories provide a 

comprehensive understanding of phenomena such as domain reorientation, hysteresis, and 

microstructural changes induced by varying magnetic field strengths. 

Moreover, empirical studies corroborating these theoretical predictions contribute to the 

advancement of materials science and engineering, with implications for various technological 

applications. By systematically investigating the influence of magnetic field strength on material 

properties such as coercivity, saturation magnetization, and magnetic anisotropy, researchers can 

optimize the design and performance of magnetic devices, data storage systems, and magnetic 

sensors. Furthermore, interdisciplinary collaborations between physicists, materials scientists, and 

engineers can foster innovation in the development of novel materials with tailored magnetic 

properties for emerging technologies. 

Recommendations 

Theory 

Researchers should focus on refining existing theoretical models, such as Domain Theory, Stoner-

Wohlfarth Model, and Micromagnetic Theory, to accommodate complex interactions between 

magnetic field strength and material behavior. By incorporating factors such as temperature, 

crystallographic structure, and grain boundaries into these models, a more comprehensive 

understanding of magnetic phenomena can be achieved. Embrace multiscale modeling techniques 

to bridge the gap between microstructural features and macroscopic behavior in ferromagnetic 

materials. Integrating atomistic simulations, continuum mechanics, and machine learning 

algorithms can provide deeper insights into phenomena like domain wall dynamics and magnetic 

phase transitions under varying magnetic field strengths. 
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Practice 

Conduct systematic experimental studies to validate theoretical predictions and elucidate the 

practical implications of magnetic field effects on material behavior. Utilize advanced 

characterization techniques such as magnetic force microscopy, X-ray diffraction, and vibrating 

sample magnetometry to precisely quantify magnetic properties under different field strengths. 

Leverage insights gained from theoretical and experimental investigations to tailor the magnetic 

properties of ferromagnetic materials for specific applications. Design novel materials with 

optimized coercivity, remanence, and magnetic anisotropy to enhance the performance and 

efficiency of magnetic devices, including sensors, actuators, and data storage systems. 

Policy 

Governments and funding agencies should allocate resources to support research infrastructure for 

studying magnetic materials and phenomena. Establishing state-of-the-art laboratories equipped 

with advanced characterization tools and computational resources will facilitate interdisciplinary 

research collaborations and accelerate scientific breakthroughs. Encourage collaboration between 

academia, industry, and government agencies to address key challenges in magnetic materials 

research. Establish research consortia and public-private partnerships to leverage expertise from 

diverse stakeholders and accelerate the translation of fundamental research findings into real-world 

applications. 
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