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SOME QUESTIONS OF INTERACTION OF ELECTROMAGNETIC 

WAVES WITH THE ELECTRONIC SUBSYSTEM OF THE ATOM 

 

Abstract: In an article for an explanation of the photoelectric effect phenomenon offers new ways of its 

theoretical analysis in the course of physics. Considerable attention is paid to the analysis of wave processes 

arising from the interaction of photons with electrons substances. It described the process of absorption of a photon 

by an electron. The possibilities of absorption of a photon by a stationary free electron and photon absorption of a 

photon moving electrons. It is shown that an electron at rest can not absorb a photon. Analyzed many aspects of the 

presentation of the phenomenon of the photoelectric effect. 
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 Photoelectric effect (photo effect) belongs to 

the special processes of nature that widely used in 

engineering. At the same time it is one of the most 

important problems of Physics during studying the 

nature of the light proving its wave and quantum 

characteristics. Despite this fact, in the course of 

Physics this phenomenon is stated as a simple 

liberation of the electrons from the surface when 

light beam gets on the metal, and at the best case, 

completed with the Stoletov’s known laws [1]. 

 In the textbooks for the enhanced studying of 

Physics [2,3] the condition of the liberation of the 

electron from a metal is determined by the A.Einstein 

equation: 
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where, Ao – work of the liberation of the electron 

from the metal that is phenomenon of the photo 

effect can only occur if the photon energy will be 

more than the work of the liberation of the electron. 

But we are not talking about what the state of the 

electrons can absorb the photons to overcome the 

potential barrier of the surface. 

 Thus, in practice, when studying the 

phenomenon of the photoelectric remains as 

unknown effect for the pupil – a quantum of light 

(photon) is absorbed by a free electron or an electron 

associated. It seems that even teachers have a vague 

notion. It is evident therefore that for the elucidation 

of this question there is a method to shed light on the 

physical side of this problem. In this regard, in order 

to describe clearly the process of the absorption of 

the photon by the electron we consider that their 

interaction takes place as the clash. From the point of 

view of the corpuscular wave-particle duality, such 

an approach is not considered as erroneous. Then the 

process takes place according to the laws of the 

conservation of the energy and momentum. Applying 

these laws we analyze the question of the absorption 

of a photon electron according to three aspects. 

 1. Possibility of the absorption of a photon by a 

free electron of the photon. 

 As a result of the collision with the stationary 

photon the free electron make a move. Let its speed 

be ϑ1 (figure 1). 
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Figure 1 - The impact of a photon on a stationary electron. 

 

 In accordance to the law of the conservation of 

energy this movement can be described as follows: 
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hv  - is the energy of the photon; mo - is the rest 

mass of the electron; m - is the electron mass in a 

motion. 

 Expressing body weight in a motion through a 

change in the rest mass, the equation (1) is 

transformed into: 
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 Solving the last equation find the speed of the 

electron after the absorption of a photon: 
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 The same value of the speed of the electron can 

be determined based on the law of the conservation 

of momentum. Let the speed of the electron in this 

case be  ': 
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 In the left part of this equation ch /  - is the 

initial quantity of a motion (momentum) of the 

photon, on the right one is a momentum of the 

electron after the absorbing of the photon. From this 

equation it is determined the speed of the moving 

electron: 
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 If the resting electron in a collision absorbs a 

photon then the values of the speeds determined 

using the laws of conservation of energy and 

momentum must be equal to each other. However, 

comparing the right sides of the expressions (3) and 

(4) it is not difficult to verify that ϑ1  ϑ'. Therefore 

we can conclude that a motionless electron cannot 

absorb the photon. 

 

 The possibility of the absorption of a photon by 

a moving electron. 

 Of course, in the general case the direction of 

the movement of the moving electron and the photon 

before the collision can be different. But to facilitate 

the resolution of this question we will focus on the 

case when the directions of the mutual relative 

motion of the electron and the photon will be 

perpendicular (figure 2): 

 

 
 

Figure 2 - The collision of a photon with a moving electron. 

 

 Let the speed of the electron before the collision 

be 2 , weight of .
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 As a result of a collision the electron absorbs a 

photon and changes its direction of a motion. The 

electron moves forward at angle   to the direction 

of a motion of the photon. As a result, its speed will 

be ϑ and the weight of 
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 . The speed 

of the electron after the collision is determined on the 

basis of the law of the conservation of the energy 

from the relation: 
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Is seen to be: 
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 Now to calculate the same quantities on the 

basis of the law of the conservation of a momentum 

the following equation is compiled that determines 

the horizontal component of a momentum: 
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 Here ϑ' - is the speed defined by this equation. 

Component of a momentum in the vertical direction 
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 Squaring both sides of equations (7) and (8) and 

summing them term by term find the speed of an 

electron ϑ' after the absorption of a photon: 

 

.
)()()(

)()(
'

2

22

22

0

2

2

22

2

cmcmh

cmhc









            (9) 

 

 And in this case equating the right sides of the 

equations (6) and (9) make sure that  '1   . Since 

in this case the collision process of a photon with a 

moving free electron does not obey to the laws of the 

conservation of the energy and a momentum one 

may come to the conclusion that the moving free 

electrons cannot absorb the photons. 

 The photons created by the nuclear reactions 

and decay of nuclei are called gamma quantum. 

Despite of the fact that their energy (0.1 to 100 MeV) 

is much greater than the photon energy of the light 

beam, they don’t lose their wave properties. When 

interacting with the matter those photons are 

involved in the three processes as the photoelectric 

effect, coherent scattering and the production of the 

electron - positron pairs [4]. In these conditions the 

low energy quanta leads to the phenomenon of the 

photoelectric effect and the photon spends all its 

energy on the interaction with the bound electron. 

Only in the case where obtained electron energy will 

be greater than its binding energy with the atom the 

electron leaves the atom and the phenomenon of the 

photoelectric effect will occur. Denoting the excess 

energy as W, we will express the law of the 

conservation of the energy the corresponding to this 

case by the following equation: 
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Is seen to be 
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Given that ϑ<<c this expression transforms: 
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 It is easy to verify that the last expression is the 

Einstein equation describing the condition of the 

phenomenon of the photoelectric effect. From this 

point of view it is possible to analyze many aspects 

of presentation of the phenomenon of the 

photoelectric effect and thereby to quicken interest of 

the pupils to Physics and Physical phenomena.
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