
American Journal Of Social Sciences And Humanity Research 119 https://theusajournals.com/index.php/ajsshr 

 
 

 VOLUME Vol.05 Issue12 2025 

PAGE NO. 119-123 

DOI 10.37547/ajsshr/Volume05Issue12-23 

24 
 
 
 

Methodology For Developing Students' Competencies In 

The Field Of Symmetry And Conservation Laws Based 

On An Analog Approach 
 

Musurmonov Mexriddin Ulugbek ugli 

Navoi State University, Basic Doctoral Student, Republic Of Uzbekistan, Uzbekistan 

 

Received: 27 October 2025; Accepted: 18 November 2025; Published: 24 December 2025 

 

Abstract: This article examines the issues related to developing students’ competence in symmetry and 
conservation laws through an analogical approach. Such an analysis, based on comparing the studied phenomena 
and regularities, helps reveal their essence more deeply and comprehensively.  

Generalizing information through analogy makes it possible to gain deeper insight into the nature of physical 
phenomena and to identify similarities in certain properties.    
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Introduction: One of the most perfect and orderly laws 
of nature is the law of symmetry. These regularities are 
reflected in all-natural phenomena and in the 
theoretical formulas that describe them. The deeper 
we study natural phenomena, the more perfect and 
complex the laws of symmetry appear. The application 
of symmetry laws in various physical processes has 
been studied and continues to be explored in many 
fundamental scientific investigations [4]. 

Realizing the above-mentioned possibilities of 
symmetry and conservation laws in physics, effective 
teaching based on the unity of historicism and logic, 
scientific and systematic in educational processes is an 
urgent pedagogical issue. This requires further 
improvement of the methodology, methods and means 
of teaching this subject using modern pedagogical 
technologies. 

In methodological terms, the laws of symmetry and 
conservation play a special role, with the help of which 
all the laws of nature arise as ways of cognition. One of 
the features of conservation laws is that they manifest 
themselves under certain conditions and in the form of 

restrictions or even strict prohibitions on certain 
processes. It is with this opportunity that, in most 
cases, the process of their cognition begins. Whenever 
a person is faced with an impossibility in any processes, 
it is considered that he has made a discovery, which 
represents the amount of new conservation [2]. 

Research shows that sometimes, due to the complexity 
of symmetry laws, cases arise where similarities 
(analogies) in various processes are confused with 
symmetry. This is because the similarity of formulas 
describing phenomena or physical processes cannot 
reflect the differences in their underlying essence. 

From this point of view, let us consider the following 
analogous relationships between the well-known 
gravitational and electromagnetic interactions. 

“Generalizing information based on analogy makes it 
possible to delve deeply into the essence of physical 
phenomena and to reveal similarities in certain 
properties. Below is a depiction of the functional 
relationship between studying the kinematics and 
dynamics of rotational motion in physics and studying 
translational motion in an analogous manner”. 

Table 1 

Translational motion Rotational motion 
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displacement ∆𝑠 rotational angle ∆𝜑 

acceleration a angular acceleration 𝜀 

velocity 𝜗 angular velocity 𝜔 

𝜗 = 𝜗0 + 𝑎𝑡 𝜔 = 𝜔0 + 𝜀𝑡 

𝑎 = 𝜗 − 𝜗0/𝑡 𝜀 =  𝜔 − 𝜔0/𝑡 

𝑆 = 𝜗0𝑡 + 𝑎𝑡2/2 𝜑 = 𝜔0𝑡 + 𝜀𝑡2/2 

2𝑎𝑠 = 𝜗2 − 𝜗0
2 2𝜀𝜑 = 𝜔2 − 𝜔0

2 

mass m moment of inertia I 

force F moment of force M 

momentum 𝑝 = 𝑚𝜗 angular momentum 𝐿 = 𝐼𝜔 

the fundamental equation of 

dynamics 𝐹 = ∆𝑝/∆𝑡 

the basic equation of dynamics  

𝑀 = ∆𝐿/∆𝑡 

mechanical work 𝐴 = 𝐹∆𝑠 work done 𝐴 = 𝑀∆ 𝜑 

kinetic energy 𝐸 = 𝑚𝜗2/2 kinetic energy 𝐸 = 𝐼𝜔2/2 

The study of Coulomb’s law can be presented in a 
manner similar to the universal law of gravitation. The 
torsion balance used in Coulomb’s experimental setup 

is essentially the same as that in Cavendish’s 
experiment. The phenomena themselves, as well as the 
laws and physical quantities that describe them, are 
also symmetric. 

Table 2 

Gravitational interaction Electromagnetic interaction 
obeys Newton’s third law obeys Newton’s third law 

𝐺 = 6,67 ∙ 10−11 𝑁 ∙ 𝑚2/𝑘𝑔2 
determined by the Cavendish 

experiment 

𝑘 = 9 ∙ 109 𝑁 ∙ 𝑚2/𝐶2 
determined by the Coulomb 

experiment 
𝐹1,2 = 𝐹2,1 𝐹1,2 = 𝐹2,1 

central forces central forces 

𝐹 = 𝐺
𝑚1 ∙ 𝑚2

𝑟2
 𝐹 = 𝑘

𝑞1 ∙ 𝑞2

𝑟2
 

the intensity of the Earth's gravitational 
field 

𝐸 =
𝐹

𝑚
 

𝐸 = 𝐺
𝑀

𝑟2
 

the intensity of the electrostatic field of 
a charge 

𝐸 =
𝐹

𝑞
 , 

𝐸 = 𝑘
𝑞

𝑟2
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gravitational potential  

𝜑 = 𝐺
𝑀

𝑅
 

 

electrostatic potential of a charge 

𝜑 = 𝑘
𝑞

𝑅
 

potential energy of gravitational 
interaction 

𝑊 = 𝐺
𝑚1 ∙ 𝑚2

𝑅
 

potential energy of electric interaction 

𝑊 = 𝑘
𝑞1 ∙ 𝑞2

𝑅
 

Based on the symmetry of electrostatic and 
gravitational fields, these formulas for field intensity 
and potential can be provided in ready-made form 
through analogy, or they can be derived using the same 
principles when considering the electrostatic field. 
When considering the problem of electric field 
strength, we focus students’ attention on the 
symmetry of the field lines for a point charge and a 
charged plane. Based on this symmetry, it is easier, for 

example, to explain why the field inside a conducting 
sphere is always zero. 

Based on the law of conservation of energy, it is 
possible to derive formulas expressing the oscillation 
period of a spring pendulum, a mathematical 
pendulum, and an oscillatory circuit.  

This material can also be presented in the form of Table 
3. 

Table 3 

Mathematical pendulum Spring pendulum Oscillatory circuit 

   

𝑊𝑝 
′ = 𝑐𝑜𝑛𝑠𝑡 

 

𝑊𝑝  𝑊𝑝  

𝑊𝑝 
′ = 𝑐𝑜𝑛𝑠𝑡′ = 0 

 

𝑊𝑝 
′ = 𝑐𝑜𝑛𝑠𝑡′ = 0 

 

𝑊𝑝 
′ = 𝑐𝑜𝑛𝑠𝑡′ = 0 

 

(
𝑚𝜗2

2
+

𝑚𝑔𝑥2

2𝑙
)′=0 (

𝑚𝜗2

2
+

𝑘𝑥2

2
)2=0 

(
𝐿𝐼2

2
+

𝑞2

2𝐶

′

) = 0 

(
2𝜗𝜗′𝑚

2
+

2𝑥𝑥′𝑚𝑔

2𝑙
)=0 (

2𝜗𝜗′𝑚

2
+

2𝑥𝑥′𝑘

2
)=0 (

2𝐼𝐼′𝐿

2
+

2𝑞𝑞′

2𝐶
)=0 

𝑚𝜗𝜗′ = − 𝑚𝑔
𝑥𝑥′

𝑙
 

𝑚𝜗𝜗′ =- 𝑘 𝑥𝑥′ 
𝐿𝐼𝐼′ = −

𝑞𝑞′

𝐶
 

𝑥′ = 𝜗 𝑥′ = 𝜗 𝑞′ = 𝐼 

𝑚𝜗′ = − 𝑚𝑔
𝑥

𝑙
 𝑚𝜗′ =- 𝑘 𝑥 𝐿𝐼′ = −

𝑞

𝐶
 

𝜗′ = − 𝑔
𝑥

𝑙
 𝜗′ = −

𝑘 𝑥

𝑚
 𝑞′′ = −

𝑞

𝐿𝐶
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𝑥′′ = 𝜗′ 𝑥′′ = 𝜗′ 𝑞′′ = 𝐼′ 

𝑥′′ = − 𝑔
𝑥

𝑙
 𝑥′′ = −

𝑘 𝑥

𝑚
 𝑞′′ = −

𝑞

𝐿𝐶
 

𝜔2 =
𝑔

𝑙
 𝜔2 =

𝑘 

𝑚
 𝜔2 =

1

𝐿𝐶
 

𝑥′′ = −𝜔2𝑥 𝑥′′ = −𝜔2𝑥 𝑞′′ = −𝜔2𝑞 

𝑇 = 2𝜋√
𝑙

𝑔
 

𝑇 = 2𝜋√
𝑚

𝑘
 

𝑇 = 2𝜋√𝐿𝐶 

Here, it is appropriate to focus students’ attention on 
the fact that oscillations of different nature are 
expressed by equations of the same type, and the 
symmetry of the processes under analysis is manifested 
in this case [4]. 

The method of electroacoustic and electromechanical 
analogies is widely used in calculating 
electromechanical and electroacoustic transducers, 
because it allows students to understand the laws of 
electrical circuits and to mathematically model 
complex physical processes. 

Such analogies are especially useful for determining the 
characteristics of complex mechanical systems with 
several degrees of freedom. Analyzing them by solving 
differential equations requires a great deal of effort. 

Our pedagogical research shows that students’ 
competencies regarding conservation laws, in 
particular the law of conservation of momentum, are 
insufficiently developed. They only have the 
understanding that the law of conservation of 
momentum is relevant for explaining certain 
mechanical realities of mechanics or the mechanical 
picture of the universe. An integrative approach, 
however, allows us to see that the law of conservation 
of momentum has a certain role not only in explaining 
the mechanical picture of the universe but also in 
understanding molecular and quantum phenomena 
[8]. 

Using the principles of symmetry, isn't it possible to 
create a unified theory according to which all particles 
originate from particles belonging to the same species, 
and all types of interactions originate from 
fundamental interactions between particles belonging 
to the same species? Since, in our opinion, it is 
extremely difficult to solve this problem, first of all, 
when theoretically solving most problems of physics, it 
will be necessary to imagine the concept of a material 
point that has no properties and dimensions, with the 

properties of the smallest particle (for example, a 
Planck particle) that actually exists in nature. Because, 
according to Planck, “the measuring quantities used in 
modern physics were developed to meet the needs of 
the earth's culture” [5]. Considering that such mutual 
equality of the values of fundamental forces, that is, 
symmetry, which exist in practice, are not accidental, 
the Planck particle claims that it is the smallest particle 
of the whole being. 

CONCLUSION 

In conclusion, these analogies play an important role in 
developing physical thinking, searching for new 
theoretical approaches, and in the scientific education 
process. However, one should not confuse similarity 
with symmetry, since the ontological nature and 
theoretical foundations of the two interactions are 
different. Therefore, a comparative study of 
gravitational and electromagnetic processes serves to 
gain a deeper understanding of physical phenomena 
and to illuminate their general laws. 

REFERENCES 

1. Bekpulatov, U. R., Musurmonov, M. U.,  Hamidov, 
B. Kh. (2023). The role of the principles of 
symmetry in the formation of the general 
theoretical foundation of scientific knowledge and 
scientific worldview. ISJ Theoretical & Applied 
Science, 03 (107), -P.7-15.  

2. Musurmonov M.U. Methodological analysis of the 
properties of space and time symmetry. 
International scientific journal science and 
innovation. aprel, 2024. -P. 30-35 . 

3. Musurmonov M.U. “Developing students’ 
competencies in symmetry and conservation laws 
based on an analogical approach” // “International 
Scientific and Practical Conference on Current 
Problems and Solutions in Physics, Mathematics, 
and Computer Science in the Context of 



American Journal Of Social Sciences And Humanity Research 123 https://theusajournals.com/index.php/ajsshr 

American Journal Of Social Sciences And Humanity Research (ISSN: 2771-2141) 
 

 

Continuous Education. – Samarkand, 2025. –P. 
195–198. 

4. Musurmonov M.U. The Role of an Integrative 
Approach in Developing Students’ Competencies 
on the Principles of Symmetry and Equivalence in 
Physics // Digital Transformation: Education, 
Science, and Society Proceedings of the 
International Scientific Conference on the topic. –
Navoi, 2025. –P.  108–110. 

5. Musurmonov M.U. “Opportunities for Developing 
Students’ Competencies on the Principles of 
Symmetry and Conservation Based on an 
Interdisciplinary Approach.” Scientific-
Methodological Journal of Physics, Mathematics, 
and Computer Science, 6/2024, pp. 166–175.  

6. Toxanov, S. & Abzhanova, D. & Faizullin, A. (2022). 
Development of an information and educational 
portal of distance learning based on educational 
data mining. Scientific Journal of Astana IT 
University. 9. 22-35. 
10.37943/AITU.2022.48.68.003. 

7. Kostolny Jozef, Bohacik Jan. (2019). Development 
of an Education Information Portal with 
Microservices. 368-371. 
10.1109/TELSIKS46999.2019.9002184  

8. Bekpulatov, U.R. (2020). Physical style of thinking - 
methodological basis for the formation of a 
scientific worldview. ISJ Theoretical & Applied 
Science, 09 (89), p. 480. Philadelphia, USA.  


