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Introduction 

Although atomic and nuclear physics are a relatively new branch of science, unprecedented advances 

have been made in this field for more than a century. The achievements of atomic and nuclear physics 

radically changed humanity's thoughts about the universe of existence, the concepts of space, time and 

matter were reshaped on the basis of quantum mechanical representations.  The second aspect of the 

progress of this science is its practical importance, and now the equipment and devices based on 

nuclear physical technologies are used in many areas. This in turn leads to the need for specialist 

personnel who have mastered these technologies. This situation logically imposes great responsibility 

on pedagogical higher education institutions preparing future teachers, including the future physics 

teacher.  

In the program for training future physics teachers, the Department of atomic and nuclear physics has 

its own aspects as the closing stage of the general physics course.  These include such requirements as 

having mathematical concepts to study science, mastering other sections of the course well, the need 

for elements of imagination, logical thinking.  

In order to increase the effectiveness of mastering the science of atomic and nuclear physics, it is 

important to properly organize independent education in theoretical, practical and laboratory training. 

This article describes the methodology for organizing independent education in atomic physics using 

the example of a laboratory study on the “Frank – Gers experiment”.  First of all, let's look at the Frank-

Gers experience and its essence. 

Frank-Geers confirmed the quantum property of the atom that there are discrete energetic levels in the 

atom (postulate 1 of boron), that electrons in the atom emit radiation of a certain frequency when they 

move from the awakened state to the lower or primary state (postulate 2 of boron), and in Einstein's 

phrase it was a perfect experiment that “makes a person cry The main part of the experimental device 

is an electronic tube. 1 mm in the tube (glass balloon).sim.who. there were mercury vapors under 

pressure. Electrons emitted from the” K " cathode accelerate in the field between the cathode and the 

lattice (the difference in accelerating potentials it is superimposed on) and slow down in the field 

between the lattice and anode A. Electrons heading from the cathode towards the anode collide with 

mercury atoms. The anode is placed after the net and a weak braking potential is placed between them. 
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It was the insertion of this potential that was one of the important elements of the experiment (Figure 

1). In experiments, the difference in electron-accelerating potentials with the current force generated 

by the electrons falling on the anode is plotted on a graph of the bond between it. (Figure 2 

 

        
                              1-rasm                                           2-rasm 

This laboratory work can be done in a real or virtual laboratory. In this, students learn based on the Volt 

Ampere characteristic of the Frank – Gers tube through a sharp decrease in the current strength in the 

graph corresponding to the first awakened resonance line of the mercury atom. The periodic repetition 

of sharp drops of current in the Volt-Ampere characteristic is explained by elastic and inelastic 

collisions of electrons with mercury atoms in the tube, as well as the effect of the braking potential on 

them. 

In order to study the topic perfectly, students need to be given assignments for independent completion. 

These tasks should include computer programs and mathematical calculations using theoretical, 

practical, experimental knowledge on the subject.  Let's look at the following assignments as an 

example. 

Task 1. In the Frank-Gers experiment, if a different element is used instead of mercury vapors, explain 

how the results of the isolate change and the reason for this change.  

When a sample of completing a task is seen using the example of a sodium element, the result will look 

the same as in Figure 3. 

 The 2.1 eV energy emitted by the sodium atom belongs to the resonance line of the sodium atom. That 

is, there is a resonance transition when the sodium atom emits 2.1 eV of energy. It can also be given as 

an independent task to determine what a graph will look like if experiments with potassium (K) or 

hydrogen (H) atoms are carried out. Such an assignment leads to an expansion of the scientific 

worldview of students, an increase in logical thinking.     
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Task 2. Based on boron theory , confirmed in the Frank Gers experiment,draw and analyze graphs of 

change of electron kinetic, potential and full energy in different electron shells (Ep = f(n) , Ek =

f(n)   ET = f(n)) in different energetic states in hydrogen and hydrogen atoms based on computational 

results.In doing so, students can make graphs based on computational results based on the knowledge 

they have learned in lectures and practical classes. Table 1 

 

 

 

 

 

 

 

 

 

 

 

The calculation results, calculated by putting numerical values for the hydrogen atom on the basis of 

ET =
ET1H

n2        Ek =
Ek1H

n2  ; Ep =
Ep1H

n2  and related formulas in boron theory, are given in Table 1. 

Based on the results of the calculation,the graphs obtained in the program Ep = f(n) , Ek = f(n)   ET =

f(n) Microsoft Excel will look like this: 

 
Such analyses can also be performed for vn = f(n),     rn = f(n),   Tn = f(n) links.  

The organization of Independent Education in the teaching of atomic physics on the basis of the above 

methods serves to increase the effectiveness of education on the basis of interdisciplinary and Inter-

training integration in education. 
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