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Abstract: 

The exploration of physics is shaping a new approach to artificial intelligence (AI) 

discovery. By leveraging data, knowledge, prior information, and fundamental laws, physics has 

provided valuable insights into the AI paradigm across various scales of matter, energy, and 

space-time. Simultaneously, AI draws from and contributes to the principles of physics to 

enhance its own advancement. This article will explore the relationship between AI and key areas 

of physics, including classical mechanics, electromagnetism, statistical physics, and quantum 

mechanics. Also, Artificial intelligence (AI), a field of computer science, has the ability to analyze 

intricate medical data. Its capability to identify meaningful patterns within datasets can be 

applied to diagnosis, treatment, and various other healthcare applications. By analyzing data 

patterns and utilizing parameterized functions, deep learning techniques can identify underlying 

structures within raw data and generate reliable predictions based on observed trends. 

Furthermore, this article explores the use of deep learning in addressing physical problems, 

providing concrete examples and comparing its effectiveness with traditional methods to 

highlight the advantages of artificial intelligence 
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Introduction:  

Physics, as a fundamental natural 

science, plays a crucial role in enhancing our 

understanding of the objective world. It 

primarily focuses on the study of matter, 

energy, space, and time, along with their 

properties and interrelationships. In a 

broader sense, physics seeks to analyze 

natural phenomena to uncover underlying 

principles. Statistical mechanics, for 

instance, has contributed to theoretical 

advancements in neural networks within 

statistical physics. Over time, physical 

knowledge has been systematically gathered, 

validated, and integrated into practical 

theories, serving as a foundation for various 

scientific disciplines and engineering 

applications. By effectively combining prior 

knowledge with AI, it becomes possible to 

extract richer and more meaningful features 

from limited datasets, ultimately enhancing 

the generalization ability and interpretability 

of neural network models [1].  

Artificial Intelligence (AI) is a field 

dedicated to studying theories, 

methodologies, and applications that 

simulate and extend human intelligence to 

solve various problems. As a subfield of 

computer science, AI seeks to understand 

the nature of intelligence and develop 

intelligent systems capable of mimicking 

human behavior. Computer programs 

designed to enable such functionalities are 

known as artificial intelligence systems. The 
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AI domain encompasses a wide range of 

techniques derived from computer science 

and statistics, addressing challenges in 

knowledge representation, search and 

optimization, planning, pattern recognition, 

learning, creativity, and human-computer 

interaction [2]. AI plays a key role in 

scientific computing projects, often 

employing data-driven approximations as 

alternatives to exact physical models, 

making it useful for reasoning and decision-

making. Additionally, AI provides novel 

insights into how we perceive ourselves and 

interpret the world around us. This emerging 

interdisciplinary framework—where 

physical science informs AI development—

is known as the physical science of artificial 

intelligence [3]. Despite AI’s significant 

impact across multiple domains, deep 

learning models often suffer from a "black 

box" problem, making their inner workings 

difficult to interpret. 

 

History and Review in AI: 

The emergence of Artificial 

Intelligence (AI) as a field coincided with 

the development of computers in the 1940s 

and 1950s. During its early stages, the 

primary focus was on enabling computers to 

replicate human-like tasks, essentially 

studying human behavior in various aspects. 

By the 1960s and 1970s, this led to 

philosophical debates about the relationship 

between human brains and computers, 

questioning whether their differences were 

truly significant. This era, often referred to 

as "classical AI," had its limitations in terms 

of potential. However, the 1980s and 1990s 

introduced a fundamentally different 

approach—a bottom-up strategy aimed at 

constructing artificial neural systems to 

achieve AI. This shift greatly expanded 

possibilities and sparked new inquiries into 

the nature of intelligence. AI has evolved 

beyond simply imitating human 

intelligence—it can now develop its own 

forms of intelligence. While some 

approaches still draw inspiration from the 

human brain, AI now has the capability to 

surpass human cognitive abilities in speed, 

efficiency, and scale. This shift introduces 

the possibility that an artificial brain could 

eventually outperform a human one. In 

recent years, the field has advanced 

significantly, with AI making remarkable 

strides in finance, manufacturing, and the 

military—accomplishing tasks beyond 

human capability. Additionally, AI systems 

are increasingly integrated into physical 

bodies, enabling them to perceive and 

interact with the world in their own unique 

ways. These systems can learn, adapt, and 

make autonomous decisions, raising 

important questions about their role and 

impact on the future of humanity [4].  

Artificial intelligence encompasses a 

diverse set of algorithms [5] and advanced 

modeling techniques designed for large-

scale data processing. The rise of big data 

and deep neural networks has led to 

innovative solutions across numerous 

domains. The academic community has 

increasingly explored AI applications in 

traditional disciplines, aiming to advance AI 

while enhancing conventional analytical 

modeling techniques [6]. The pursuit of 

general artificial intelligence remains a long-

standing goal for humanity. Despite the 

significant progress AI has achieved over the 

past few decades, the realization of true 

general intelligence and brain-like cognitive 

abilities remains a complex challenge [7]. 

Artificial intelligence (AI) is a 

multidisciplinary field focused on 

developing theories and systems that 

replicate and enhance human cognitive 

abilities. Its primary aim is to enable 

machines to perform tasks such as learning, 

reasoning, problem-solving, and planning 

[8], allowing them to operate autonomously 

in complex scenarios. The advancement of 

physics represents a structured interpretation 

of natural phenomena, contributing to the 

study of brain-like science in artificial 
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intelligence. The human brain processes 

experiences through mechanisms closely 

linked to what can be described as a 

"physical sense," while physics itself 

introduces new methodologies and tools to 

enhance AI research [9]. In many ways, both 

AI models and physical models have the 

ability to share information and predict 

complex system behaviors [10]. While they 

may have overlapping objectives, their 

approaches differ. Physics seeks to 

understand natural mechanisms by 

leveraging prior knowledge, patterns, and 

inductive reasoning [11], whereas AI, 

particularly model-agnostic systems, derives 

intelligence through data-driven extraction 

techniques [12]. 

 

Use of Artificial Intelligence in Physics: 

The advancement of artificial 

intelligence and physics has long been 

interconnected. Innovations in physics have 

played a crucial role in shaping AI 

methodologies and theories, while the 

integration of machine learning in physics 

research has enhanced computational 

efficiency. The upcoming sections will 

explore various areas of physics where AI 

has been effectively applied, providing 

insights into its impact across different 

domains. 

AI plays a significant role in 

Atmospheric Physics through the application 

of various algorithms, including neural 

networks, decision trees, and fuzzy logic. A 

specialized subset of AI is widely utilized in 

this field to tackle challenges such as 

analyzing pollution mechanisms and 

detecting cyclones. Techniques like Self-

Organizing Maps and clustering help 

address these complex problems, which are 

difficult for humans to solve manually. 

Additionally, AI enhances the accuracy and 

efficiency of weather predictions, leading to 

more reliable forecasts. Researchers at 

Northwestern University utilized AI to 

identify three new glass-forming systems, a 

process that would have otherwise required 

extensive experimental time. By applying AI 

algorithms, they significantly accelerated the 

discovery process. This advancement not 

only enhances the efficiency of detecting 

new particles but also reduces the time 

needed for complex experiments. Similar 

AI-driven approaches are expected to benefit 

nanoscience as well. Additionally, Springer 

Nature, in collaboration with UNSILO, has 

provided extensive datasets to support the 

discovery of new materials in nanoscience 

[13]. 

The Schrödinger equation can be 

solved using deep learning techniques to 

determine the ground state energy, which 

represents the lowest energy level of a 

particle in a one-dimensional box. In 

quantum mechanics, a quantum state is 

described by a wave function that indicates 

the probability distribution of different states 

for particles. A significant advancement 

resulting from the collaboration between 

physics and AI is quantum computing, 

which has led to the development of some of 

the most powerful computational systems to 

date. Neural networks have also been shown 

to effectively represent ground state wave 

functions. A notable contribution in this 

field comes from Giuseppe Carleo, who 

introduced AI techniques into many-body 

quantum systems. In a recent Science 

publication, Carleo proposed an innovative 

approach in condensed matter physics, 

treating quantum states as computational 

models that map system configurations to 

complex numbers. His work leverages AI 

methodologies to approximate quantum 

states, offering new insights into quantum 

mechanics [14, 15]. 

Neural networks have demonstrated 

the ability to represent ground state wave 

functions, making them valuable tools in 

condensed matter and statistical physics. 

Machine learning techniques are widely 

applied in these fields to implement various 

computational algorithms. AI-driven 
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models, particularly artificial neural 

networks, have been developed to analyze 

nuclear physics properties, including atomic 

mass number, neutron separation energies, 

ground state spin and parities, neutron 

capture rates, and branching probabilities 

across different decay channels, such as beta 

decay. Additionally, neural networks have 

been instrumental in identifying electrons 

and detecting heavy quarks, contributing to 

advancements in nuclear and particle 

physics [13]. 

In 2016, researchers successfully 

replicated the Bose-Einstein condensate 

experiment, which had originally earned a 

Nobel Prize in 2001, but this time with the 

assistance of AI. The team initially cooled 

the gas to approximately 1 microkelvin and 

then allowed an AI-controlled system to 

manage the lasers, further reducing the 

temperature to nanokelvin levels. 

Remarkably, the AI was able to complete the 

entire experiment in under an hour, 

demonstrating its efficiency in optimizing 

complex scientific processes [13]. 

Neural networks can be trained using 

image datasets to differentiate between 

gravitational lenses and other celestial 

objects, reducing the manual effort required 

by researchers. AI plays a crucial role in 

identifying these massive objects—such as 

galaxies—whose gravitational fields bend 

light, creating distinctive distortions in 

telescope images. A research team led by 

Nord has been utilizing AI to detect 

gravitational lenses efficiently. By analyzing 

these distortions, scientists can gain deeper 

insights into fundamental cosmic mysteries, 

including dark matter, dark energy, and the 

expansion of the universe. The use of neural 

networks streamlines the traditionally labor-

intensive search for gravitational lenses, 

with one AI-based model successfully 

identifying 761 potential candidates. This 

research has the potential to shed light on 

some of the most enigmatic aspects of dark 

matter [14]. 

Particle physics involves handling 

vast amounts of data generated by large 

particle colliders, far exceeding the capacity 

of manual human calculations. Computers, 

with their efficiency and accuracy, have 

become essential for processing this data. AI 

is now widely applied in high-energy 

physics, playing a crucial role in significant 

discoveries. The detection of the Higgs 

boson, one of the most groundbreaking 

findings in physics, was facilitated by neural 

networks. Researchers at the Large Hadron 

Collider (LHC) analyze millions of data 

points daily, a process that would be highly 

labor-intensive without AI. Since particles 

like the Higgs boson exist within complex 

noise patterns and decay rapidly, AI-driven 

technologies such as neural networks and 

quantum computing processors, like 

annealers, help identify patterns in particle 

collisions. These advancements have made 

discoveries possible that would have been 

exceedingly difficult through traditional 

methods. Additionally, AI has proven 

beneficial in complex calculations, such as 

Feynman diagrams and gauge theory 

computations [15]. 

 
 

Conclusion: 

Today, AI plays a crucial role in 

computing, with applications spanning 

machine vision (Krizhevsky et al., 2012; 

Heisele et al., 2002), natural language 

processing, psychology, and education 

[16,17]. The intersection of AI and physical 

sciences presents new opportunities for 

theoretical research, offering insights into 

the computational and learning capabilities 

of deep neural networks. This article 

provides an overview of the role of AI 

across various scientific disciplines. With 

advanced computational techniques and 

powerful computing capabilities, AI 

influences numerous aspects of daily life, 

from powering platforms like Google and 

Facebook to assisting in medical diagnoses. 

Despite its widespread use, AI's integration 
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into physics has been met with skepticism 

due to the lack of clarity surrounding its 

underlying mechanisms, which require 

further exploration. Nonetheless, its ease of 

use and effectiveness in research make AI a 

valuable tool, highlighting the importance of 

its application in physics and the need for 

continued attention in this field [14]. 
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