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INTRODUCTION 

The government program adopted in our country 
substantiates the need for its radical reform, 
shows the strategic directions of development 
and the main expected results.  

The new paradigm of education should be 
focused on the formation of needs for constant 
replenishment and renewal of knowledge, 
improvement of skills and abilities, their 
consolidation and transformation into 
competencies. In particular, the knowledge 

paradigm of education should be revised from 
the standpoint of competent approach [1,2]. 

The formation of competencies is one of the 
areas of modernization of general education.  
The modern student of higher education must 
not only master certain knowledge, skills and 
abilities, he must be able to accept the knowledge 
gained in his activities, in some non-standard 
situations. 

The competence of student presupposes the 
manifestation of whole spectrum of his personal 
qualities in relation to the competence. “The 
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concept of competence includes not only 
cognitive and operational-technological 
components, but also motivational, ethical, social 
and behavioral”, i.e. competence is always 
colored by the qualities of particular student. 
These qualities can be whole fan - from semantic 
and associated with goal-setting (why do I need 
this competence), to reflexive-evaluative (how 
successfully I apply this competence in life). 

Studies on analogies are of great importance in 
the formation of the competencies of future 
physicists because they lead to the mutual 
enrichment of different disciplines, and also 
allow us to see the general physical laws that 
underlie seemingly different phenomena [3,4]. 

Historically, one of the origins of quantum 
mechanics was the parallels established by 
Hamilton between geometric optics and 
mechanics. These forgotten analogies were 
attracted by de Broglie [5] into modern physics 
and with their help the first steps of quantum 
(wave) mechanics were made. E. Schrödinger [6] 
in the construction of quantum mechanics was 
based on the optical-mechanical analogy of 
Hamilton. 

As methodological device and tool for scientific 
research, analogy was the subject of serious 
interest on the part of Maxwell [7, 8]. J. Maxwell 
compared the classical theory of 
electromagnetism created by him with the 
hydrodynamics of incompressible fluids and 
emphasized the importance of this approach in 
science: “To form physical concepts, get used to 
the existence of physical analogies. By physical 
analogy, I mean that particular similarity 
between the laws of any two fields of science, 
thanks to which one of them is an illustration for 
the other. " In the future, it was precisely the 
analogy that was destined to play an outstanding 
role in Maxwell's research on the theory of 
electromagnetism. The analogies that exist 
between electrical, mechanical, acoustic and 
other oscillatory systems have long been 
successfully used by physicists and technicians. 

K.Maxwell [7] developed the theory of the 
electromagnetic field using analogy as method of 
scientific research. The following Table 1 shows 
the analogy between the quantities of mechanics 
and electrodynamics. 

 

Table 1. Analogy between the quantities of mechanics and electrodynamics 

 

Mechanics  Electromagnetism  

Stream  Current power 

The linear velocity of the vortex Magnetic field strength 

The average speed of the vortex Magnetic susceptibility 

The kinetic energy of vortex 's 

rotational motion 

Magnetic field energy 

Elasticity constant  Dielectric singularity 

 

 

On this basis, he derived the following equations: 
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here   - nabla operator, E
r

, B
r

 - electric and magnetic field voltage vector, c - speed of light in vacuum, j
r

- current 

density. 
Based on these equations, he created the electromagnetic theory of light. 
Сontinuing K. Maxwell's theory, in 1883, the English physicist O. Xevisaydo  solved the properties of electric 

and magnetic fields in new way, using the method of analogy to the electromagnetic field, introducing the concept 
of magnetic charge. Its equations are as follows: 
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here ej
r

- electric current density, mj
r

- magnetic current density, e -electric charge, m -magnetic 

charge density. 

R. Feynman [6] showed that it is possible to 
understand physical phenomena of different 
nature through electrostatic analogy: 

1. That the electrostatic matter is the same as 
in the heat statistics when the heat flux is 
constant; 

2. Tensile strength or membrane potential, 
uniformity of Poisson and Laplace 
equations; 

3. That the diffusion of neutrons is also solved 
by the Poisson and Laplace equations; 

4. Laminar flow of fluid; 

5. Illumination; 

6. The passage of electrons through 
semiconductors. 

It is difficult to get all the information about the 
surrounding world, so it is necessary to get 
general information about the physical world. 
There are 3 reasons for this: first, there are 
general physical principles that can be applied to 
any event. For example, mass, energy, 
momentum, momentum, and so on. Second, 
many complex phenomena, such as the 

compression of solids, are mainly determined by 
electromagnetic and quantum mechanical forces. 
Third, there is remarkable compatibility analogy, 
whereas equations in different physical 
conditions have the same appearance, only the 
characters (nouns) used are different, the 
mathematical equation is the same. For example, 
the vibration of disc, the motion of body attached 
to spring, the tensile force of string, the rise of 
the liquid level in capillary vessel, the vibration 
contour of open tube, the hydrometer, the 
capacitance and the inductance. It can be 
considered as the simplest harmonic oscillator of 
these systems. They are, at first glance, subject to 
the laws of harmonic motion to deviate from 
their equilibrium or quiescent state, and the 
equation of harmonic motion can be applied to 
all [12]. 

Methods based on the use of dynamic analogies 
[9] make it possible to simplify calculations and 
make both intermediate studies and more 
visible. their results. The power of these methods 
is revealed mainly in the analysis and 
calculations of complex systems in which, for 
example, mechanical, electrical and acoustic 
vibrations occur simultaneously. Analogies are 
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useful in analysis in unexplored areas. By 
analogy can be compared to unknown system 
with previously studied system. 

The most widespread oscillatory system is the 
electrical circuit, although this is often 
overlooked. Knowledge in the field of electrical 
circuits, with the help of analogies, can be 
applied to solving problems in the field of 
mechanics and acoustics. This replaces the 
mechanical or acoustic system with similar 
electrical system. There is deep and non-trivial 

analogy between the basic concepts of mechanics 
and optics [10], which makes it possible to 
compile the following "dictionary" (see Table 2) 
for translating the statements of mechanics into 
the language of optics and vice versa. 

The analysis of the motion of charged particles in 
electrostatic fields does not present serious 
mathematical difficulties only for fields of the 
simplest configurations (flat capacitor, field of 
point charge, field of charged cylindrical 
conductor). 

 

Table 2. Analogy between mechanics and optics. 

 

Mechaics Optics 

Material point Wave packet 

Trajectory beam 

Speed,   Group speed,   

There is no simple analogy Phase Velocity 

Potential energy U = u (x) as 

coordinate functions  

Refractive index of the coordinate function (or 

phase velocity) 

Energy E Frequency, or   )(EE   

Trajectory from the Maupertuis principle 

  minUdsE (1) 
Beam from the Fermat principle   min

V

dS

(2) 

However, in all practically interesting cases, the 
electric field turns out to be so complex that even 
the expression for the potential cannot be 
represented in  finite form using elementary 
functions. As result, the integration of the 
equations of motion becomes extremely 
complicated and can only be carried out 
numerically. 

There is general approach to such problems, 
which for wide class of systems allows you to 
determine the shape of the trajectory. The 
method is based on far-reaching analogy 
between the motion of charged particle and the 
propagation of light rays in transparent 

refractive medium [11]. As is known, in the 
framework of geometrical optics, the 
propagation of light beam in any inhomogeneous 
medium can be described on the basis of the law 
of refraction of light. To do this, you need to 
know the values of the refractive index along the 
entire path of the light beam. Therefore, in optics 
it is conventionally assumed that the refractive 
index of vacuum is equal to unity. It is easiest to 
verify the existence of the above analogy by 
analyzing one simple example. 

Suppose that charged particle moves in space, in 
which there is  potential jump at some boundary 
(Fig. 1, 2). Such potential jump, of course, cannot 
be performed technically, since it corresponds to 
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an infinitely large value of the field strength. The 
best approximation would be  system consisting 
of two closely spaced sheets of extremely thin 
metal foil, transparent to the particles under 
consideration and charged to the corresponding 
potentials. Passing through the interface, charged 
particle experiences the action of force directed 
along the normal to this interface. Therefore, the 
normal component of the velocity changes, while 
the tangential component remains unchanged. 
The last condition gives 

 sinsin 21   (3) 

 

where 1  and 2  the values of the particle velocity 

before and after passing through the interface, and 

the angles   and  , by analogy with optics, can be 

called the angle of incidence and the angle of 

refraction. 

1

2

sin

sin








    (4) 

 

If, as usual, we assume that the value of the 

particle's velocity is determined by the value of the 

potential at given point, then equality (4) can be 

written in the following form: 

2

1

sin

sin

U

U





  (5) 

the written equality completely coincides with the 

usual formulation of the law of refraction in optics. 

 

 

 

 

 

 

The existence of the considered analogy makes it 
possible to use the concept of methods of 
conventional geometric optics in new field and to 
design electrical devices by analogy with the 
corresponding optical instruments. The most 
striking example of the fruitfulness of this 
approach was the creation of electron 
microscope, device that allows one to obtain 
images of objects in electron beams with  

 

 

 

 

resolving power several orders of magnitude 
higher than the resolving power of conventional 
microscope. 

In general terms, the design of an electron 
microscope, designed to obtain images of such 
objects in transmitted electron beams, repeats 
the design of an optical microscope. 

 

 

Fig.1. Refraction of beam of light at the 

border of two media with different 

refractive indices. 

 

 
 

Fig 2. Application of an electron beam 

at the interface of two media with 

different potentials. 
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CONCLUSION 

So, in this work, for the first time, the possibility 
of using the analogy method in solving scientific 
and pedagogical problems in the light of 
personnel training is analyzed. It is shown that 
the use of analogy is useful for quick assimilation 
of educational material and in solving physical 
problems. In particular, the possibility of using 
the concepts and methods of geometric optics in 
the design of electrical devices by analogy with 
the corresponding optical instruments is shown; 
the analogy between the processes of transfer of 
particles, thermal conductivity and diffusion and 
the transfer of electric charges, etc. is considered. 
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