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Abstract
The magneto-optical properties of atmospheric air molecules describe how air molecules interact with both magnetic 
fields and light. Studying these properties is crucial for understanding atmospheric dynamics, enhancing remote 
sensing for environmental monitoring, developing new materials for sensors and optical devices, refining medical 
imaging techniques like Magnetic Resonance Imaging, and advancing fundamental scientific knowledge with potential 
practical applications. The objective of this study is to investigate the magnetic optical properties of air within a weak 
magnetic field ranging from 0.122 T to 0.986 T using experimental methods. The analysis focuses on the variations 
in transmittance across the visible spectrum with changes in magnetic field intensity. Results indicate a decrease in 
transmittance with increasing wavelength, demonstrating a direct correlation between transmittance and magnetic 
field strength. The magneto-optical properties, specifically transmittance, exhibit a decreasing trend with increasing 
wavelength, with minimum and maximum transmittance values recorded at 460 nm and 664.755 nm, respectively. 
Additionally, the transmittance of air spectrum is directly influenced by the applied magnetic field. Moreover, the 
intensity ratio associated with Raman spectra shift decreases with increasing Raman spectra shift, with higher intensity 
ratios observed in the presence of a magnetic field compared to non-magnetic conditions. Furthermore, the magneto-
optical response tends to shift towards higher wavelengths with increasing magnetic field strength.
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Аннотация
Магнитооптические свойства атмосферного воздуха описывают взаимодействие молекул воздуха как с 
магнитными полями, так и со светом. Изучение этих свойств имеет важное значение для понимания динамики 
атмосферы, совершенствования дистанционного зондирования для мониторинга окружающей среды, разработки 
новых материалов для датчиков и оптических устройств, совершенствования методов медицинской визуализации, 
таких как магнитно-резонансная томография, и для продвижения фундаментальных научных знаний с возможным 
практическим применением. В работе исследованы магнитооптические свойства воздуха экспериментальными 
методами в слабых магнитных полях от 0,122 до 0,986 Тл. Изучены изменения коэффициента пропускания в 
видимом спектре при разной интенсивности магнитного поля. Полученные результаты показали уменьшение 
коэффициента пропускания с увеличением длины волны, что указывает на прямую корреляцию между 
коэффициентом пропускания и величиной магнитного поля. Отмечено снижение магнитооптических свойств, 
в частности коэффициента пропускания, при увеличении длины волны. Зафиксированы минимальные и 
максимальные значения коэффициента пропускания при длинах волн 460 нм и 665 нм соответственно. Замечено, 
что отношение интенсивностей, связанное со сдвигом спектров комбинационного рассеяния света, уменьшается 
с увеличением его смещения. При этом более высокие отношения интенсивностей наблюдаются в присутствии 
магнитного поля по сравнению с немагнитными условиями. Магнитооптический отклик имеет тенденцию 
смещаться в сторону больших длин волн с увеличением напряженности магнитного поля.
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Introduction

The presence of oxygen in air shows air has a spectrum 
paramagnetic and hence air buoyancy accounts for roughly 
3 % of the diamagnetic force while for pure oxygen gas, 
the buoyancy increases by 15 % [1]. Since the magnetic 
field affects the different properties of air and water the 
di electric constants for air is єa equal to 1 and water is єw 
equal to 80 [2]. The polarization occurs when atoms and 
molecules are exposed to external electric/magnetic fields 
are applied. The polarization of constituent molecules in a 
mixed-element gas-like air can be difficult to understand. In 
general, for gas the effective electric field (Eʹ) can be used 
to calculate the average dipole moment of the medium 〈p〉 
as, 〈p〉 = є0γmolEʹ.

Where є0 denotes the permittivity of free space, and 
γmol denotes the molecular polarizability of the gas [3]. 
The composition of air primarily comprises oxygen (O2), 
nitrogen (N2), carbon dioxide (CO2), and water vapor 
(H2O). Oxygen (O2) is notably paramagnetic, while N2, 
CO2, and H2O are diamagnetic [4–6]. This distinction in 
magnetic properties results from the molecular structures 
of these constituents: O2 possesses unpaired electrons, 
leading to its paramagnetic behavior, whereas N2, CO2, and 
H2O have all electrons paired, rendering them diamagnetic. 
Thus, when exposed to a magnetic field, O2 is attracted to 
it, while N2, CO2, and H2O are weakly repelled [7]. 

Paramagnetic materials exhibit positive magnetic 
susceptibility, whereas diamagnetic materials display 
negative susceptibility. Among common atmospheric gases, 
carbon dioxide, nitrogen, and most combustion byproducts 
are diamagnetic, whereas oxygen possesses paramagnetic 
properties [8]. This distinction implies that when subjected 
to an external inhomogeneous magnetic field, oxygen tends 
to be attracted to certain areas while combustion products 
are repelled from these regions. However, the impact of 
relatively low magnetic field strengths on combustion 
enhancement is primarily attributed to the paramagnetic 
nature of oxygen. This is because diamagnetic materials 
typically exhibit only a weak magnetic dipole moment 
[9]. Early investigations by Ueno and Esaki [10] laid the 
foundation for such studies, focusing on the effects of 
magnetic fields on the combustion of methanol catalysis. 
They noted significant fluctuations in combustion 
temperature with varying frequency and amplitude when 
magnetic field strengths exceeded 0.9 T. These fluctuations 
were attributed to the paramagnetic characteristics of oxygen 
and the forces exerted on air by the magnetic field [11]. 

The research gap identified in this study is the limited 
understanding of the combined behavior of air molecules 
in the presence of magnetic fields and their consequent 
optical properties at Standard Temperature and Pressure 
conditions. While some research has investigated the 
magnetic properties of individual molecules in magnetic 
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fields ranging from 0.1 to 1 T, there is a notable absence 
of studies focusing on the optical effects. Despite 
knowledge about the paramagnetic nature of oxygen and 
the diamagnetic properties of nitrogen, carbon dioxide, 
and water vapor, there remains a gap in comprehensively 
understanding their collective behavior under magnetic 
influence. Addressing this gap is crucial for gaining insights 
into fundamental air behavior under magnetic fields and 
unlocking potential applications across various disciplines.

Literature Review

Oxygen and nitrogen molecules are paramagnetic 
or diamagnetic, with a permanent or induced magnetic 
dipole moment, respectively. The electromagnetic force 
experienced by molecules with an induced magnetic or 
electric dipole moment is substantially weaker than the 
force experienced by paramagnetic or polar molecules, 
which have a permanent dipole moment. As a result, only 
induced dipole moments affect the mobility of molecules. 
Unpaired electron spins produce a magnetic dipole moment 
is μs = n(n + 2)μe, where n is the number of electrons 
(unpaired). Because an oxygen molecule, O2, has two 
unpaired electrons, n = 2, the μs for oxygen is 2.8 μe. The 
oxygen molecule has paramagnetic characteristics due 
to its nonzero magnetic dipole moment value [12]. The 
effects of a crossing magnetic field on nanosecond pulsed 
corona discharge show that corona discharge creates more 
routes and develops uniformly in space. The application of 
a magnetic field to the discharge can also impact discharge 
uniformity. Due to frequent particle collisions and a small 
energy difference between rotational levels, a dynamic 
equilibrium between the rotating motion of N2+ and the 
translational motion of O2 and N2 is easily attained in 
atmospheric air. As a result, the rotational temperature of 
N2+ is nearly identical to the temperature of the gas. As the 
airflow velocity increases, the intensity of Optical Emission 
Spectrum (OES) increases, which correlates to an increase 
in discharge [13].

The lack of symmetry between left and right circularly 
polarized spectrum in the presence of a magnetic field 
causes Magneto-Optical (МО) phenomena. In two-
dimensional monolayers, optical excitations in the presence 
of a magnetic field allow manipulation of valley pseudospin 
degrees of freedom. Although wave functions in the 
presence of even a small magnetic field differ dramatically 
from those in the absence of the magnetic field, the 
density matrix gauge-invariant counterpart changes 
perturbative. While the position operator in responses to 
electric fields can be replaced by a derivative with respect 
to the wave vector in the modern theory of polarization 
the description of magnetic fields is more complicated 
because it introduces vector coupling to electron dynamics 
and leads to non-perturbative changes in wave functions 
[14]. The electromagnetic fields produced by the induced 
electric and magnetic dipoles can be thought of as the 
optical response of a single spherical Si particle of specific 
size. The spectra of reflection and transmission for arrays 
with particle spacing is less than the wavelength of incident 
spectrum. It has been observed that the condition of 
negligibly modest reflection generated transparency exists. 

The spacing between the particles must be greater than 
several particle diameters for studying the optical response 
of particle arrays. The optical response and local field 
distributions are greatly influenced by particle shape and 
size, particle interaction, and the polarization of incident 
spectrum, whereas electromagnetically coupled pairs of 
gold nanoparticles have a substantial magnetic response at 
visible-spectrum frequencies [15].

A large number, approximate 102 of single-domain 
magnetic nanocrystallites can be found in the characteristics 
of the static magnetic response of multicore magnetic 
nanoparticles. An external magnetic field causes the 
magnetic moments of a multicore particle to change. 
The key point is that the internal rotation of the magnetic 
moment within each nanocrystallite determines a multicore 
particlemagnetic response. 

Due to random orientations of the core easy axes, 
the weak-field magnetic response of a multicore particle 
seems to be independent of anisotropy energy [16]. 
Total scattering, elastic scattering, momentum transfer, 
excitations of rotational, vibrational, and electronic states, 
dissociation, ionization, and attachment are some of the 
processes that are included in the cross sections for electron 
and photon collisions with oxygen molecules (O2). Photon 
impact is calculated using ionization and dissociation 
processes. Collisions of photons and electrons with oxygen 
molecules have been examined far less than those with 
nitrogen molecules because oxygen molecules rapidly 
disintegrate [17]. The mechanism of molecules absorbing 
quanta of energy to alter vibrational and rotational states 
causes molecule absorption. Although nitrogen, oxygen, 
and argon dominate the terrestrial atmosphere, species 
with low quantities but active vibration-rotation bands, 
such as water vapor, carbon dioxide, ozone, and nitrous 
oxide, dominate infrared absorption. A spectrum ray 
passing through the atmosphere bends due to changes in 
molecule density and the associated gradient in the index 
of refraction [18].

Method and Materials

Spectrum forces on small particles are often described 
using the dipole or gradient force as well as the radiation 
pressure or scattering force. In response to a spectrum 
magnetic field, small particles form a magnetic dipole 
moment. To draw the induced dipole, field intensity 
gradients compete with radiation pressure owing to 
momentum transfer from photons in the beam. Intense 
spectrum fields can cause significant forces between 
particles. The induced electric and magnetic dipole 
moments, p and m, are generally represented in terms of 
the particle electric and magnetic polarizabilities, αe and αm, 
respectively, proportional to the external (polarizing) fields, 
E and B. The relationship is described as follows [19]:

	 p = є0єhαeE, m = αmB = αmH,

where αe = i   a1, αm = i   b1. Here e index is for electric 

and m is for magnetic field, k is wavenumber, a1 and b1 are 
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two Mie coefficients, єh is relative dielectric permittivity, 
є0 is dielectric permittivity. The scattering, σs and particle 
extinction, σext cross-sections are written in terms of the 
polarizabilities [20]: 

	 σs = {|αe|2 + |αm|2},

	 σext = σexte  + σextm  = kIm{αe + αm}.

Here σext is the sum of cross-section due to electric and 
magnetic field and also known as imaginary sum (Im) of 
polarization due to electric and magnetic field. 

The Raman effect is the idea of polarizability of a 
molecule, and it is derived from classical theory. When a 
molecule is exposed to a static electric field, the electronic 
cloud is drawn to the positive pole of the field, whereas 
positively charged nuclei are drawn to the negative pole. 
The magnitude μi is determined by the intensity of the 
electric field E as well as the molecule deformability or 
polarizability (α).

	 μi = αE.

When a sample of molecules is subjected to a beam of 
radiation of frequency vi, each molecule in it experiences 
an electric field which varies according to the equation [21]

 	 E = E0sin(2πvit).

A time dependent dipole moment is therefore induced 
in the molecule

	 μi = αE0sin(2πvit). 

An oscillating dipole emits radiation with the same 
frequency as its oscillation frequency according to 
electromagnetic theory. Furthermore, if the molecule 
undergoes any motion, such as vibration or rotation, which 
affects the polarizability on a periodic basis, the dipole 
(which oscillates at the frequency of the applied field) will 
have vibrational or rotational oscillation overlaid on it. 
Consider the case of a vibration of frequency vv that alters 
the polarizability. The polarizability can be expressed as for 
tiny deviations from the equilibrium distance as 

	 α = α0 + βsin(2πv0t),

where α0 is the polarizability in the equilibrium position 
and β represents the change in polarizability during the 
vibration. Consequently, the induced dipole moment is 
given by

	 μi = αE = (α0 + βsin(2πv0t))E0sin(2πvit).

The Raman shift is calculated by using �  – � cm–1,  

where λ0 is laser wavelength and λi is scattered wavelength 

and the МО response are calculated as . Here 

T[0] is transmittance without field and T[t] is transmittance 
after applying the field.

Experimental setup

The experimental setup began with the establishment of 
a magnetic field using a solenoid. The sample under study 
was positioned within the magnetic field generated by the 
solenoid. The intensity of the magnetic field was measured 
using a gauss meter ensuring accurate calibration. The 
overall arrangement of the experimental setup, including 
the solenoid, sample placement, and measurement 
instruments, is depicted in Fig. 1. Following the setup of 
the magnetic field, the experiment proceeded by connecting 
a detector, specifically a web camera, to the Theremino 
spectrometer software for data collection and analysis.

Phenomena of the Experimental Setup and 
Experimental Observation

The experimental setup depicted in Fig. 1 facilitated 
data collection under varying magnetic field conditions. 
Initially, the magnetic field was established using an 
electromagnetic induction device directing the current to 
the solenoid. The intensity of the magnetic field generated 
by the solenoid was accurately measured using a gauss 
meter. Subsequently, the prepared sample was positioned 
within a tube stand. An unpolarized white spectrum was 
then passed through the sample, and a detector placed 
opposite to the spectrum source captured the data. Finally, 
the collected data was transmitted to a computer using the 
Theremino spectrometer software for analysis.

Result and Discussion

Transmittance of Visible Spectrum through Air 
Molecules at Normal Atmospheric Condition 

Fig. 2 illustrates the investigation into the МО 
properties (transmittance) of air molecules. The study 
reveals that under very weak magnetic fields, transmission 
primarily occurs in the low wavelengths of the spectrum 
(400 nm to 550 nm), while absorption becomes more 
prominent in the higher wavelengths (beyond 550 nm to 
700 nm). The magnetic field induces a dipole moment in 
the air molecules impacting their size and vibration [1]. As 
air is slightly paramagnetic due to the presence of oxygen, it 
tends to be pulled towards the center of the magnetic field, 
with a greater effect observed at higher field strengths. 
Consequently, the transmittance is higher in stronger 
magnetic fields compared to weaker ones. Notably, the 
influence of the magnetic field is more pronounced in the 
higher wavelength region, where the size of air molecules 

Fig. 1. Experimental arrangement
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is significantly affected. In the magnetic field range of 
0.349 T to 0.703 T, fluctuations in transmittance and 
absorbance occur due to molecular randomness. However, 
beyond this range (0.720 T to 0.986 T), transmittance 
exhibits a plateau-like curve, indicating a stable magneto-
optic influence on wavelength-dependent transmittance and 
absorbance. Additionally, the transmittance curve displays 
several Gaussian peaks within specific wavelength ranges, 
as depicted in Fig. 2.

The study results reveal that under magnetic 
fields ranging from 0.143 T to 0.194 T, the maximum 
transmittance of air molecules is 0.7 % at a wavelength 
of 460 nm, higher than in the absence of applied field. 
Conversely, peak absorbance occurs at multiple 
wavelengths, including 593.59, 648.36, 655.97, 678.12, and 
689.85 nm, with a maximum absorbance of 0.7 % compared 
to the non-applied field condition. In stronger magnetic 
fields (0.720 T to 0.986 T), the maximum transmittance 
increases to 1.7 % at a wavelength of 664.755 nm, 
exceeding that observed without magnetic field. 
Simultaneously, the maximum absorbance decreases to 
0.6 percent at 544.55 nm compared to the non-applied field. 
Additionally, within the magnetic field range of 0.720 T 
to 0.880 T, the highest absorbance value is recorded at a 
wavelength of 431.34 nm. Overall, the greatest absorption 
occurs at 544.55 nm within the magnetic field range of 
0.918 T to 0.986 T. These findings demonstrate that both 
the wavelength of light and the strength of the magnetic 
field influence the transmittance and absorbance of air 
molecules. The observed variations underscore the intricate 
interplay between magnetic fields and the optical properties 
of air molecules, suggesting the potential for magnetic field 
control to guide transmittance and absorption, offering 
opportunities for MO guidance [22].

Raman Spectra Shift with Intensity Ratio for Air 
Molecules 

Fig. 3 illustrates the relationship between the Raman 
shift and the intensity ratio. In the low Raman spectra shift 
zone, the intensity ratio is observed to be high, whereas 
in the high Raman spectra shift region it decreases. 
Notably, the intensity ratio exhibits larger variations in 
strong magnetic fields compared to low magnetic fields. 
For instance, with the greatest Raman shift measured 

at 10643.4 cm–1 in a low magnetic field, the minimum 
intensity ratio is found to be 0.645. Conversely, under the 
same magnitude of Raman shift, the minimum intensity 
ratio in a high magnetic field is determined to be 0.657 T. 

This observed phenomenon can be attributed to the 
vibration of molecules in the presence of air, leading to the 
formation of a dipole moment. As the size of molecules 
increases from low to high magnetic fields (0.122 T to 
0.986 T), the dipole moment also increases. The incident 
spectrum energy is transmitted to the molecules, causing 
them to vibrate more and become more polarizable. 
Consequently, this results in a modest amount of 
transmittance and a decrease in the ratio of transmitted 
to incident spectrum intensity, ultimately leading to the 
observed Raman shift effect on air molecules. Additionally, 
the МО effects on the air molecules contribute to a higher 
Raman shift as the magnetic field strength increases. 

Magneto-Optical Response in the Presence of 
Magnetic Field in Air Molecules  

The MO response of air at normal atmospheric 
conditions, as depicted in Fig. 4, demonstrates notable 
variations across different magnetic field strengths. 
In the low magnetic field range of 0.122 T (Fig. 4, a) 

Fig. 2. Transmittance of spectrum through air at 0.986 T (a) and 0.122 T (b)

Fig. 3. Raman shift versus ratio of intensity of transmitted and 
incident spectrum (I/I0)



Magneto optical properties of atmospheric air molecules

Научно-технический вестник информационных технологий, механики и оптики, 2024, том 24, № 3 
380 Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 3

and 0.986 T (Fig. 4, b), the MO response decreases 
with increasing wavelength of the incident spectrum. 
Specifically, the maximum and minimum values of the 
MO response are observed at wavelengths of 541.9 nm 
and 689.4 nm, respectively. However, in the magnetic field 
range of 0.194 T to 0.703 T, a significant fluctuation in 
the MO response is observed. Here, the maximum MO 
response values exhibit larger variations across different 
wavelengths, with the highest values recorded at 663.9 nm. 
Conversely, the minimum values of the MO response also 
show fluctuations across various wavelengths, with the 
lowest values observed at 661.1 nm. In contrast, under 
magnetic fields ranging from 0.720 T to 0.986 T, the MO 
response increases with increasing wavelength of the 
incident spectrum. The maximum MO response values 
are observed at high wavelengths, particularly at 652.5 nm 
and 663.9 nm, while the minimum values occur at lower 
wavelengths such as 431.2 nm. Comparing the cases of 
0.0, 0.122, and 0.986 T, it is evident that the MO response 
is significantly influenced by the strength of the magnetic 
field. In the absence of a magnetic field (0 T), the MO 
response exhibits relatively stable behavior across different 
wavelengths. However, as the magnetic field strength 
increases to 0.122 T, there is a noticeable decrease in the 
MO response, particularly at higher wavelengths. This 
suggests that a weak magnetic field has a suppressive effect 
on the MO response of air molecules. On the other hand, 
at a higher magnetic field strength of 0.986 T, the MO 
response shows a significant increase, especially at high 
wavelengths. This indicates that a stronger magnetic field 
enhances the MO response of air molecules, likely due to 
increased interactions between the magnetic field and the 
air molecules. Findings highlight the intricate relationship 
between magnetic field strength and the MO response of 
air molecules, with potential implications for understanding 
МО phenomena and their applications in various fields.

Effect of Magnetic Field on Transmittance of 
Spectrum 

Fig . 5 demonstrates the correlation between magnetic 
field strength and air transmittance, with notable 

implications for understanding the МО behavior of air 
molecules. As the magnetic field intensity increases, a 
corresponding rise in air transmittance is observed, 
particularly evident at a constant wavelength of 541.9 nm. 
This phenomenon can be attributed to the influence of 
the magnetic field on the molecular vibrations of air 
molecules. The gradual increase in magnetic field strength 
induces a dipole moment in the molecules amplifying 
their vibrations. This amplification process results in 
enhanced transmittance of the air, signifying the heightened 
interaction between the magnetic field and the molecular 
structure of air. However, as the magnetic field continues 
to increase, the molecular vibrations become more random 
leading to a temporary decrease in transmittance before 
reaching a sharp peak. This decline can be attributed to the 
disruptive effect of increased particle randomness on the 
transmittance of the spectrum. Ultimately, the elevation 
of transmittance in high magnetic fields can be elucidated 
by the heightened particle randomness, which increases 
entropy and polarizability within the air molecules. Thus, 
the observed trends underscore the intricate interplay 

Fig. 4. Observation of the MO response of the air at 0.122 T (a) and 0.986 T (b)

Fig. 5. Magnetic field effect on the transmittance in the air at 
541.9 nm
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between magnetic field strength, molecular vibrations, 
and air transmittance, offering valuable insights into the 
underlying mechanisms governing МО phenomena.

The fitted equation with polynomial 9 degrees for Fig. 5 
is obtained as 

 	 T = 109.48 – 402.12B + 4503.87B2 – 25872B3 + 

	 + 89019.34B4 – 191831.45B5 + 260613.49B6 – 

	 – 216503.43B7 + 100332.12B8 – 19857.034B9.

Here T is transmittance in % whereas B is applied 
magnetic field.

Nature of Maximum and Minimum Transmittance 
at same Wavelength and same Magnetic Field 

Fig. 6 provides a detailed illustration of transmittance 
variations showcasing distinctive patterns of minimum 
dips (Fig. 6, a) and maximum bumps (Fig. 6, b) across a 
spectrum of incident wavelengths. As depicted in Fig. 6, a, 
there is a consistent trend of decreasing transmittance 
with increasing wavelength across all magnetic field 
intensities (0.122 T to 0.986 T). This trend signifies that 
longer wavelengths tend to yield lower transmittance 
values, evident in the lowest minimum transmittance 
observed across each magnetic field case and the highest 
maximum transmittance observed among each magnetic 
field case in Fig. 6, b. Notably, at a wavelength of 
431.2 nm, the transmittance reaches a minimum of 95 % 
across all magnetic field strengths. Conversely, the lowest 
transmittance value of 76.7 % is observed at a wavelength 
of 649.7 nm. Furthermore, the maximum transmittance 
peaks consistently at 98.1 % at a wavelength of 414.1 nm 
across all magnetic field cases. This consistency in peak 
transmittance underscores the robustness of air molecules 
in response to fluctuations in magnetic field strength 
emphasizing the importance of these findings in elucidating 
the optical behavior of air under diverse magnetic field 
conditions.

The article investigates the behavior of air molecules 
under weak magnetic fields, with a focus on their МО 
properties. Through experimental methods, the study 
observes changes in transmittance across the visible 
spectrum with varying magnetic field strengths. Findings 

reveal that transmittance decreases with increasing 
wavelength, while it also varies with magnetic field 
strength. Notably, the research demonstrates that the МО 
response of air molecules is directly proportional to the 
applied magnetic field, with intensity ratios in Raman 
spectra shifting towards higher wavelengths under magnetic 
influence.

The practical implications of this research are 
significant spanning diverse fields, such as optical 
sensing, environmental monitoring, material science, and 
potential applications in medical and biological contexts. 
Understanding these МО properties offers insights 
into fundamental air behavior and opens avenues for 
technological advancements across various disciplines.

Magnet o-Optical Properties of Air Practical 
Application

Understanding the МО properties of air molecules 
holds significant implications across diverse fields. In 
atmospheric science, the effect of magnetism on light and 
air molecules is crucial. Understanding how magnetic fields 
influence both light and air molecules aids in unraveling 
atmospheric phenomena and refining remote sensing 
techniques for accurate environmental monitoring. In 
medicine, this knowledge contributes to refining Magnetic 
Resonance Imaging technology, improving diagnostics. 
Additionally, it fosters advancements in material science, 
facilitating the creation of novel materials with tailored 
properties for sensors and optical devices. Hence this 
studying МО properties of air molecules fosters innovation 
and progress in multiple scientific and technological 
domains.

Conclusion

The investigation into the MO properties of atmospheric 
air under normal conditions revealed variations across 
magnetic field strengths ranging from 0.122 T to 0.986 T. 
Notably, the magneto-optical property demonstrated 
an increasing trend with rising magnetic field strength, 
while exhibiting a decrease with increasing spectrum 
wavelength. The minimum transmittance recorded was 
0.7 %, observed at a wavelength of 460 nm, whereas the 
maximum transmittance of 1.7 % was noted at 664.755 nm 

Fig. 6. Transmittance (a) for minimal and (b) maximal at certain wavelength
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spanning the magnetic field range from 0.122 T to 0.986 T. 
Additionally, the transmittance of the spectrum through 
atmospheric air displayed a direct, albeit nonlinear, 
proportionality to the applied magnetic field, indicating that 
higher magnetic fields corresponded to higher transmittance 
levels. Investigations into the intensity ratio with Raman 
spectra shift revealed a decreasing trend with increasing 
Raman shift spectra. The magneto-optical response 

exhibited an inverse relationship with the wavelength of the 
visible spectrum, wherein as the magnetic field increased 
gradually, the magneto-optical responses transitioned 
from a decreasing phase to a normal phase, and then to 
an increasing phase with the increment of wavelength in 
the incident spectrum. Particularly, the magneto-optical 
response was notably high in a high magnetic field at the 
higher wavelengths of the spectrum.
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