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SIMULATION OF S-ORBITALS OF HYDROGEN IN A CLOSED SYSTEM
Victor Ivanov
Institute of Physics and Technology,
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

Hydrogen is a chemical element with atomic number 1, which belongs to the
1st group, the 1st period of the periodic table of chemical elements, and is the first
and simplest representative of all chemical elements in general and the most common
element of the universe. In a hydrogen atom, the electron's orbital has a spherical

(spherical) shape, which we will need to model.

Figure 1. Spectral radiation of hydrogen in a gas discharge tube

In 1926, Erwin Schrodinger derived the famous wave equation that relates the
energy of a system to its wave properties. Its application to the hydrogen atom is
rather difficult, so first, we use the wave equation to solve the problem of "modelling
the S-orbital of H in a closed system™ (Lvovsky, 2019). Expressed in one-

dimensional space, the Schrodinger wave equation has the form:
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d%¢p 8m*m
axz Tz E-Ve=0

where

e ¢ = wave function or eigenfunction
e X = coordinate in space
m = mass

L ]

e h =Planck’s constant

e E =total energy or eigenvalue
L ]

V = potential energy

To get the wave equation for quantum numbers, we have to convert it into the

following three-dimensional format:

(Pn,f,m(rf 9: Q) = Rn,l('r)' YI,m(Qr ®)

The separation of variables depends on the type of atom and is too complicated
for this article. Instead, we just write the solution directly for plotting. Next, we will
use the functions R and Y for the hydrogen atom without deriving them. Consider the

1s orbital first:

The wave function of the 1s-orbital shows that the probability of an electron
appearing exponentially decreases with distance from the nucleus. It also exhibits a
spherical orbital shape.

It is a little difficult to look at it on the electron density graph above, but it is

possible to see the sphere as a

Hydrogen 1s density

whole. Density decreases with
distance from the center. As a rule,
the starting point is the moment
when the probability of the
appearance of an electron is 99%.

The same density plots can be

obtained for other orbitals: s, p, d
and f.

Simulation of the S-orbital of Hydrogen is written in a high-level programming
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language — python.
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According to the UN Framework Convention on Climate Change, as a result of
human activities, there was a considerable increase in the concentration of
greenhouse gases in the atmosphere, which can lead to the additional surface
warming and Earth's atmosphere as well as adversely affect natural ecosystems and
humanity (United Nations Framework Convention on Climate Change, 1992).

The IPCC Working Group documents state that the greatest investment to
climate change is related to ‘“greenhouse gases™, first of all, carbon dioxide and
methane (Climate Change, 2007).

Most carbon dioxide emission from stationary sources of pollution in 2017 was
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