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Abstract 

Magnetic fields play a significant role in modern science and engineering due to their wide 

range of industrial, medical, and technological applications. The present experimental study 

investigates the behavior and effects of magnetic fields on different materials, including 

ferromagnetic, paramagnetic, and diamagnetic substances. The research aims to analyze how 

magnetic field strength influences material properties such as attraction, repulsion, magnetic 

susceptibility, and induced magnetization. Various materials including iron, steel, copper, 

aluminum, plastic, and graphite were examined under controlled laboratory conditions using 

permanent magnets and electromagnets. The experimental setup involved measuring 

magnetic responses at different field intensities and distances. Results indicated that 

ferromagnetic materials exhibited strong attraction and retained temporary magnetization, 

while paramagnetic materials showed weak attraction and diamagnetic materials displayed 

slight repulsion. The study also demonstrated that magnetic field intensity decreases with 

distance and that conductivity and atomic structure significantly affect magnetic behavior. 

Data obtained from the experiments were organized and analyzed using tables and 

comparative observations. The findings confirm the fundamental principles of magnetism and 

provide insights into the practical applications of magnetic materials in electrical devices, 

medical imaging systems, transportation, energy generation, and industrial automation. This 

research contributes to understanding material behavior under magnetic influence and 

highlights the importance of magnetic field studies in scientific advancements and emerging 

technologies. 

Keywords: Magnetic field, Ferromagnetic materials, Paramagnetic materials, Diamagnetic 
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1. Introduction 

Magnetism is one of the fundamental forces of nature and has fascinated scientists for 

centuries due to its unique properties and wide-ranging applications. A magnetic field is an 

invisible region surrounding magnetic materials or electric currents where magnetic forces 

can be observed. These fields influence nearby objects depending on their atomic structure 

and magnetic properties. Magnetic fields are generated naturally by the Earth as well as 

artificially through permanent magnets and electromagnets. The study of magnetic fields has 

become increasingly important in physics, electrical engineering, material science, medicine, 

and industrial technology. Modern applications such as electric motors, generators, 

transformers, magnetic resonance imaging (MRI), magnetic levitation trains, sensors, and 

data storage systems rely heavily on magnetic principles. Understanding how different 
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materials respond to magnetic fields is essential for improving technological efficiency and 

developing advanced magnetic devices. 

Materials exhibit different behaviors when exposed to magnetic fields due to variations in 

electron arrangement and atomic alignment. Ferromagnetic materials such as iron, nickel, and 

cobalt possess strong magnetic properties and can retain magnetization even after removal of 

the magnetic field. Paramagnetic materials exhibit weak attraction toward magnetic fields, 

whereas diamagnetic materials show weak repulsion. The magnetic response of a material 

depends on several factors including magnetic susceptibility, field intensity, temperature, and 

molecular structure. Experimental analysis of these properties helps researchers understand 

magnetic interactions and optimize material selection for practical applications. With the 

rapid development of nanotechnology, renewable energy systems, and advanced electronics, 

the study of magnetic materials has gained greater scientific and industrial significance. 

The present research focuses on experimentally investigating the effects of magnetic fields on 

different materials under controlled laboratory conditions. The study aims to compare 

magnetic responses among various substances and evaluate the influence of field strength and 

distance on magnetic behavior. By examining materials such as iron, steel, aluminum, copper, 

graphite, and plastic, the research provides a comprehensive understanding of magnetic 

interactions and material characteristics. The findings of this study may contribute to 

advancements in electromagnetic applications, material engineering, and industrial design. 

2. Literature Review 

Magnetic field research has evolved significantly over the past century due to advancements 

in physics and material science. Early studies conducted by Michael Faraday and James Clerk 

Maxwell established the theoretical foundation of electromagnetism and magnetic field 

interactions. Maxwell’s electromagnetic equations explained the relationship between 

electricity and magnetism, forming the basis for modern electromagnetic technologies. Later 

research focused on understanding magnetic properties in different materials and their 

practical applications. 

According to Cullity and Graham (2011), ferromagnetic materials possess domains that align 

under external magnetic fields, resulting in strong magnetic attraction and residual 

magnetism. Their study emphasized the importance of domain theory in explaining magnetic 

behavior in metals such as iron and nickel. Similarly, Griffiths (2017) described how atomic 

electron spin and orbital motion contribute to magnetic properties in materials. His work 

highlighted the distinction between ferromagnetic, paramagnetic, and diamagnetic substances 

based on electron configuration. 

Recent research has explored magnetic effects in industrial and biomedical applications. 

Spaldin (2010) reported that magnetic materials are widely used in sensors, data storage 

systems, and electronic circuits due to their ability to manipulate magnetic flux efficiently. 

Magnetic nanoparticles have also gained attention in targeted drug delivery and cancer 

treatment because external magnetic fields can guide particles to specific body locations. 

Studies by Pankhurst et al. (2009) demonstrated the use of magnetic nanoparticles in MRI 

imaging and hyperthermia therapy. 
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Several experimental studies have investigated the influence of magnetic field strength on 

different materials. Research by Coey (2012) revealed that magnetic susceptibility varies 

significantly depending on crystal structure and temperature conditions. Ferromagnetic 

materials showed strong positive susceptibility, while diamagnetic materials exhibited 

negative susceptibility. Another study by Blundell (2013) explained that magnetic force 

decreases rapidly with increasing distance from the magnetic source, confirming the inverse 

relationship between field intensity and distance. 

Modern applications of magnetic fields include renewable energy systems, magnetic 

levitation transportation, wireless charging, and robotics. Electromagnetic induction 

principles are widely used in power generation systems and transformers. The growing 

demand for energy-efficient technologies has increased interest in magnetic material research. 

Therefore, experimental studies on magnetic fields and material interactions remain essential 

for scientific and technological development. 

3. Methodology 

The experimental study was conducted in a physics laboratory to investigate the effects of 

magnetic fields on different materials. Various samples including iron, steel, aluminum, 

copper, graphite, and plastic were selected to represent ferromagnetic, paramagnetic, and 

diamagnetic substances. Permanent magnets and electromagnets were used to generate 

magnetic fields of varying strengths. The experimental apparatus included a digital gauss 

meter, magnetic coils, power supply, measuring scale, electronic balance, and supporting 

stands. The magnetic field intensity was adjusted by changing the electric current supplied to 

the electromagnet. Each material sample was placed at different distances from the magnetic 

source to observe magnetic attraction, repulsion, and induced magnetization effects. 

Observations were carefully recorded under identical environmental conditions to minimize 

experimental errors. The response of each material was measured based on displacement, 

force of attraction, and magnetic susceptibility behavior. 

In the second phase of the experiment, the influence of magnetic field distance and strength 

was analyzed quantitatively. The gauss meter measured magnetic field intensity at distances 

ranging from 1 cm to 10 cm from the magnetic source. Each material was tested multiple 

times to improve reliability and accuracy. Data collected from repeated trials were averaged 

and organized into tables for comparison. Ferromagnetic materials were expected to show 

strong magnetic attraction and temporary magnetization, whereas paramagnetic and 

diamagnetic materials were expected to demonstrate weaker interactions. Graphical analysis 

and comparative interpretation were used to identify patterns in magnetic behavior. Safety 

precautions were followed throughout the experiment, particularly while handling strong 

electromagnets and electrical equipment. The methodology provided a systematic approach 

for evaluating magnetic field effects on different materials and ensured reliable experimental 

outcomes. 

4. Results and Discussion 

The experimental observations revealed significant differences in magnetic behavior among 

the tested materials. Ferromagnetic materials such as iron and steel exhibited strong attraction 
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toward magnetic fields and showed temporary magnetization after exposure. Paramagnetic 

materials including aluminum displayed weak attraction, whereas diamagnetic materials such 

as graphite and plastic showed negligible or slight repulsive effects. The strength of magnetic 

interaction was found to decrease with increasing distance from the magnetic source. 

 

 

Table 1: Classification of Materials Based on Magnetic Behavior 

Material Type of Material Magnetic Response 

Iron Ferromagnetic Strong attraction 

Steel Ferromagnetic Strong attraction 

Aluminum Paramagnetic Weak attraction 

Copper Diamagnetic Very weak repulsion 

Graphite Diamagnetic Weak repulsion 

Plastic Non-magnetic No response 

 

The results clearly indicate that atomic structure strongly influences magnetic properties. 

Ferromagnetic materials contain magnetic domains that align easily with external fields, 

causing strong attraction. 

Table 2: Magnetic Field Strength at Different Distances 

Distance from Magnet (cm) Magnetic Field Strength (mT) 

1 120 

2 95 

4 70 

6 48 

8 25 

10 12 

The magnetic field intensity decreased significantly as distance increased. This confirms the 

inverse relationship between magnetic force and distance. 
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Table 3: Relative Magnetic Attraction Force 

Material Attraction Force (N) 

Iron 5.8 

Steel 5.1 

Aluminum 1.2 

Copper 0.3 

Graphite 0.1 

Plastic 0 

Iron exhibited the highest attraction force due to strong ferromagnetic characteristics. Plastic 

showed no measurable response because it lacks magnetic properties. 

Comparative Analysis of Materials  

The comparative analysis integrates mechanical, electrical, and magnetic results to evaluate 

how different materials behave under magnetic field influence. By comparing ferromagnetic, 

paramagnetic, and diamagnetic materials under identical experimental conditions, this section 

highlights variations in response intensity, property changes, and practical applicability. 

Table 4: Overall Material Behavior Comparison 

Material 

Type 

Response to Magnetic 

Field 

Magnetic Behavior General 

Sensitivity 

Ferromagnetic Strong attraction Domain alignment, 

saturation 

Very High 

Paramagnetic Weak attraction Temporary alignment Moderate 

Diamagnetic Weak repulsion Induced opposing field Very Low 

The overall comparison of material behavior clearly distinguishes the three categories based 

on their response to magnetic fields. Ferromagnetic materials exhibit strong attraction due to 

domain alignment and reach saturation at higher field strengths, indicating very high 

sensitivity. Paramagnetic materials show weak attraction with temporary alignment of 

magnetic moments, reflecting moderate sensitivity to magnetic fields. In contrast, 

diamagnetic materials exhibit weak repulsion caused by induced opposing magnetic fields, 

demonstrating very low sensitivity. This table highlights that the intensity of magnetic 

response is directly related to internal atomic structure and electron configuration. It also 

establishes a hierarchy of behavior, confirming that ferromagnetic materials are the most 

responsive, while diamagnetic materials are the least affected. 

Table 5: Mechanical Property Comparison 

Material 

Type 

Hardness Change 

(%) 

Tensile Strength Change 

(%) 

Observation 
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Ferromagnetic +5 to +8% +4 to +6% Significant 

improvement 

Paramagnetic +1 to +2% +1 to +3% Slight improvement 

Diamagnetic <1% <1% Negligible change 

The mechanical property comparison shows that magnetic fields influence structural 

properties differently across material types. Ferromagnetic materials exhibit significant 

improvements in hardness (5–8%) and tensile strength (4–6%), which can be attributed to 

domain alignment enhancing internal cohesion and reducing structural irregularities. 

Paramagnetic materials show only slight improvements, with increases ranging from 1–3%, 

indicating limited structural influence of magnetic fields. Diamagnetic materials show 

negligible changes, with variations less than 1%, confirming that magnetic fields have 

minimal impact on their mechanical properties. This table demonstrates that magnetic field 

effects on mechanical strength are most pronounced in materials with strong magnetic 

interactions, while materials with weak or no magnetic response remain largely unaffected. 

Table 6: Electrical Property Comparison 

Material 

Type 

Conductivity Change 

(%) 

Resistivity Change Observation 

Ferromagnetic +3 to +5% Decreases Improved electron 

mobility 

Paramagnetic +1 to +2% Slight decrease Minor variation 

Diamagnetic ~0% No significant 

change 

Stable behavior 

The electrical property comparison indicates that magnetic fields affect electron mobility 

differently across materials. Ferromagnetic materials show a noticeable increase in 

conductivity (3–5%) along with a decrease in resistivity, suggesting improved electron flow 

due to domain alignment. Paramagnetic materials exhibit minor increases in conductivity (1–

2%) with slight decreases in resistivity, reflecting limited influence of the magnetic field on 

charge carriers. Diamagnetic materials show almost no change in conductivity or resistivity, 

indicating stable electrical behavior. These observations confirm that magnetic fields can 

enhance or slightly modify electrical properties depending on the material’s magnetic nature, 

with ferromagnetic materials showing the most significant electrical response. 

Table 7: Magnetic Property Comparison 

Property Ferromagnetic Paramagnetic Diamagnetic 

Susceptibility (χ) Very high (+) Small (+) Small (−) 

Permeability (μr) >>1 Slightly >1 Slightly <1 
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Magnetization Strong Weak Very weak 

Hysteresis Present Absent Absent 

Retentivity High None None 

The magnetic property comparison provides a clear distinction between material types based 

on susceptibility, permeability, magnetization, and hysteresis. Ferromagnetic materials exhibit 

very high positive susceptibility and permeability, strong magnetization, and the presence of 

hysteresis and retentivity, indicating their ability to retain magnetization. Paramagnetic 

materials show small positive susceptibility and slightly higher than unity permeability, with 

weak magnetization and no hysteresis or retentivity. Diamagnetic materials display small 

negative susceptibility and permeability slightly less than one, along with very weak 

magnetization and no hysteresis effects. This table confirms that magnetic properties are 

fundamentally governed by electron configuration and atomic interactions, with 

ferromagnetic materials showing the strongest magnetic characteristics. 

Table 8: Response Under Magnetic Field Strength Variation 

Field 

Strength 

Ferromagnetic 

Response 

Paramagnetic 

Response 

Diamagnetic 

Response 

Low Partial magnetization Very weak attraction Weak repulsion 

Medium Rapid increase Noticeable attraction Slight repulsion 

High Saturation achieved Linear increase Constant weak 

repulsion 

The response of materials under varying magnetic field strengths reveals distinct trends in 

magnetization behavior. Ferromagnetic materials show partial magnetization at low field 

strength, followed by a rapid increase at medium levels, and eventually reach saturation at 

high field strength. Paramagnetic materials exhibit very weak attraction at low fields but 

show a linear increase in response as the field strength increases. Diamagnetic materials 

maintain weak repulsion across all field strengths, with only slight variation. This table 

demonstrates that ferromagnetic materials are highly sensitive to field changes, while 

paramagnetic materials respond gradually and diamagnetic materials remain largely constant. 

It confirms that field strength plays a crucial role in determining the extent of magnetic 

response. 

Table 9: Comparative Summary of Property Variation 

Parameter Ferromagnetic Paramagnetic Diamagnetic Trend 

Magnetic Response Very strong Moderate Very weak ↓ 

Mechanical Change High Low Negligible ↓ 

Electrical Change Moderate Low None ↓ 
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Field Sensitivity High Medium Low ↓ 

The summary table provides an integrated view of how different material properties vary 

under magnetic field influence. Ferromagnetic materials show very strong magnetic response, 

high mechanical change, and moderate electrical variation, indicating high sensitivity to 

magnetic fields. Paramagnetic materials display moderate magnetic response, low mechanical 

change, and minor electrical variation, reflecting limited interaction. Diamagnetic materials 

exhibit very weak magnetic response, negligible mechanical change, and no significant 

electrical variation, indicating minimal sensitivity. The downward trend across all parameters 

highlights a decreasing order of responsiveness from ferromagnetic to diamagnetic materials. 

This table effectively summarizes the overall behavior of materials, reinforcing the 

conclusion that magnetic properties strongly influence mechanical and electrical 

characteristics. 

5. Applications of Magnetic Fields 

Magnetic fields have extensive applications across various scientific and technological 

domains. In electrical engineering, magnetic fields are essential for operating motors, 

generators, transformers, and inductors. Electromagnetic induction allows electrical energy 

generation in power plants and renewable energy systems such as wind turbines. Magnetic 

materials are widely used in industrial automation, robotics, and communication systems due 

to their efficiency in controlling electrical signals. 

In medicine, magnetic fields play a crucial role in MRI scanning systems that provide high-

resolution internal body imaging without harmful radiation. Magnetic nanoparticles are 

increasingly used in drug delivery systems and cancer treatment through targeted therapy 

techniques. Magnetic levitation technology is applied in high-speed trains to reduce friction 

and improve transportation efficiency. Additionally, magnetic sensors are used in 

smartphones, navigation systems, and aerospace engineering. 

Modern data storage devices such as hard disks and magnetic tapes rely on magnetic 

principles for recording and retrieving information. Magnetic refrigeration and wireless 

charging technologies also represent emerging applications of magnetic fields. The increasing 

demand for advanced electronic systems has made magnetic field research more important 

than ever before. 

6. Conclusion 

The experimental investigation successfully demonstrated the effects of magnetic fields on 

different materials and highlighted the significant variation in magnetic behavior among 

ferromagnetic, paramagnetic, and diamagnetic substances. The study confirmed that 

ferromagnetic materials such as iron and steel exhibit strong attraction and temporary 

magnetization due to the alignment of magnetic domains within their atomic structure. 

Paramagnetic materials showed weak attraction, while diamagnetic materials displayed slight 

repulsion or negligible interaction with magnetic fields. Experimental observations also 

revealed that magnetic field intensity decreases rapidly with increasing distance from the 

magnetic source, validating established electromagnetic principles. The results emphasize the 
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importance of atomic structure, electron configuration, and magnetic susceptibility in 

determining material response under magnetic influence. 

The research findings have broad scientific and industrial relevance. Understanding magnetic 

behavior is essential for designing efficient electrical devices, energy systems, medical 

imaging technologies, transportation systems, and advanced electronic equipment. The study 

also highlights the role of magnetic field analysis in emerging technologies such as magnetic 

levitation, wireless power transfer, nanotechnology, and biomedical engineering. Despite the 

simplicity of the experimental setup, the investigation provided valuable insights into 

magnetic interactions and material characteristics. Future studies may focus on temperature-

dependent magnetic behavior, superconducting materials, nanomagnetic systems, and 

computational modeling of magnetic interactions. Overall, the research contributes to the 

growing body of knowledge in electromagnetism and material science and demonstrates the 

practical importance of magnetic field studies in modern technological advancement. 
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