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What relation has the Helmholtz equation to crystallography, crystal chemistry and, 

generally, to atomic structure? It is the subject of my talk. 

Picture 2. As an example let us consider one of the allotropes of carbon − graphene. It 
has two-dimensional hexagonal lattice and, as commonly believe, six-fold rotational 
symmetry. 
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Therefore, directions 1-1, 2-2, and 3-3 depicted here are crystallographically identical, 
and, in full agreement with the basic symmetry theory, all properties along them must be the 
same, for example, electronic conductivity. 

However, our studies show that this is not true.  

As it turned out, if one takes into account an invisible part (that we have found) in the 
structure of carbon atoms (graphene constituents), graphene has only two-fold rotational 
symmetry. 

This follows from particular solutions of the Helmholtz equation.  

And the structure and, hence, properties along one of the indicated here three directions 
differ from another two. Conducted tests confirmed this feature predicted theoretically. 

How we have come to this discovery? 

Picture 3

 

. Most physicists understand that the SM exhausted itself long ago and holds 
back development of physics. Actually, 

 
 

All attempts undertaken to improve the SM, for example, with help of string theories, 
turned up unsuccessful. 

We have chosen essentially other way. During more than two decades, we develop 
conceptually a new basic physics theory, which can be considered, judging by the results, as 
an alternative to the Standard Model.  
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Picture 4. Short articles devoted to our studies are in a book shown here. 

 
 

 

Picture 5. Basic details of a new theory, that we develop, one can find in a book “Atomic 
Structure of Matter-Space” published in 2001. 
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Picture 6
 

. A new physics paradigm, to which we adhere. 

 
 
Picture 7
 

. Following the postulate. 
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Picture 8. Radial solutions. 

 
 
Picture 9
 

. Polar solutions. 
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Picture 10. Polar-azimuthal solutions. 

 
 
Picture 11

 

. As a result, we arrive at the nodal structure of standing waves, which we 
present in the form shown here. 
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It is a key form of the solutions that led us, after the comprehensive analysis, to the 
conclusion that these solutions define the shell-nodal structure of the atoms. 

And the ordinal numbers, which we have ascribed to the principal polar-azimuthal nodes, 
correspond to the atomic numbers Z. 

Picture 12. The atoms at the corresponding to them outer shells, integer and half-integer, 
are indicated here. The atoms having uncompleted outer shells (Ar, Kr, Er, Pd, Pt, U) are 
shown in dashed circles. 

 
 

One should pay attention to the clearly seen regularity and quasi-periodicity as well as to 
the presence of the collateral (unnumbered) nodes in external shells of the atoms of classical 
semiconductors, Si and Ge. 

Picture 13

These uncompleted shells are in the equatorial plane and have any-fold symmetries, 
including forbidden by mathematical laws of crystallography, dependent on the number of 
nodes in the shells. So the external shells of 18Ar, 36Kr, and 68Er have the same number of 
nodes in external uncompleted shells, lying in the equatorial plane, as 10Ne. 

. Half-integer and, in general, noninteger solutions relate to intermediate 
shell-states. They define uncompleted external shells inherent in such atoms (see Picture 12) 
as, for example (for l = 2, m = ± 1) 3Li (having one node under the number 3 in its outer shell), 
4Be (with two external nodes, the numbers 3 and 4), 5B (with three external nodes, the numbers 
3, 4, and 5)  or (for  l = 2, m = ± 2) 7N (having one node under the number 7 in its outer shell), 
8O (two nodes, 7 and 8), 9F (three nodes, 7, 8, and 9), and etc.  
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Picture 14. Elements of the shell-nodal structure of the carbon atom are presented in this 

Picture not only schematically, but also there are shown the strict graphical solutions for 
their sections in the indicated planes. An interesting element of the carbon atom structure (and 
not only carbon) is a standing wave toroidal ring-vortex at the shell related to the solution for 
l = 2, m = 0. 

 
At the bottom right there are shown conditional designations of the carbon atom, which is 

actually the six-nodal elementary molecule of the hydrogen atoms to which we refer proton, 
neutron, and protium. 
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Picture 15

 

. The 6-nodal elementary molecule as a whole, in three projections, is shown 
in this Picture. Each of its six potential nodes is filled with coupled hydrogen atoms. 
Internodal distances are defined by the roots of Bessel functions – solutions of the radial part of 
the wave equation. 

 
 
Internodal bonds are strong; they are defined by the formula indicated at the bottom left. 

As follows from calculations, binding energy of all nodes of the carbon atom is equal to 92.3 
МэВ. This value practically coincides with the literature data for the binding energy of the 
carbon nucleus. The formula of binding energy E originates also from the Wave Model. 

In the formula of binding energy, it enters the fundamental frequency, ωе, determining 
interactions at the atomic and subatomic levels, setting the strictly defined internodal 
distances. Note that the fundamental radius equal to the ratio of the speed of light c and the 
fundamental frequency ωе is about cm8106.1 −× . Its double value, the fundamental diameter 

( cm8102.3 −× ), coincides with an average value of lattice parameters. 

Kinetic nodes (antinodes of standing waves), being the places of intensive motion, are 
empty. Polar potential-kinetic nodes located along the z-axis – places of rest and motion 
simultaneously – also empty in a stable carbon atom C-12. 

Picture 16. Isotopes of carbon, as any atom, are defined by the extent of filling the 
following nodes: potential polar-azimuthal and potential-kinetic polar, at which it is 
preserved (even for a moment) the specific nodal structure of its spherical shells, inherent just 
in the carbon atom distinctive it from other atoms. 
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As follows from the shell-nodal structure of carbon, the possible limit short-lived, lightest 
and heaviest, carbon isotopes are C-8 and C-22. Actually, experimental data confirm this. 

 

 
 

Picture 17. In full agreement with the regularities and quasiperiodicity found in the shell-
nodal structure of the atoms, I built the Periodic Table of the Atoms, which in fact is the 
Periodic Table of Elementary Molecules of Hydrogen Atoms. Atoms, as elementary 
molecules, are grouped in the Table according to the number of principal potential polar-
azimuthal nodes in their outer wave shells. 
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Picture 18. The Table of all possible atomic isotopes I built on the basis of extent of 
filling the corresponding nodes (including collateral) of the atoms admitted by the shell-nodal 
structure of individual atoms, as it was done on an example of filling the nodes in carbon 
isotopes (Picture 16). The left edge of the graph corresponds to the limit possible lightest short-
lived isotopes, the right edge – to the limit possible heaviest short-lived isotopes. 

 
Picture 19. All details concerning the Periodic Table, built on the basis of particular 

solutions of the wave equation, one can find in a book “The Mathematics of the Periodic 
Table”. 

 
In a book “Quantum Frontiers of Atoms and Molecules”, there is detail information 

about the Table of Isotopes presented in Picture 18 and about the mechanism of the formation 
of carbon compounds in the light of the shell-nodal structure of the carbon atom. 
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Picture 20. The two-dimensional hexagonal lattice of graphene is shown schematically 
in this Picture.  

 
 
As can be seen, interatomic bonds are realized along the lines of strong internodal 

bindings inherent in each of the nearest atoms that provides in a result to the three-multiple 
overlapping in a nodal point of the crystal of the nodes belonging to three different atoms. 

Here there are some peculiarities to which one needs to turn your attention. They are 
related to the fact that if we recognize the well-known lattice parameters of graphite, and, 
hence, graphene, as corresponding to reality, i.e., absolutely true, then the elementary units of 
the graphene hexagonal lattice are carbon dimers, but not carbon atoms. Their conditional 
designation is the same as for carbon atoms [13]. Hence, it will take place the three-
dimensional overlapping of the nodes of dimers in the nodal points of graphene crystal. 

This feature is discussed in detail in the indicated above books and references presented at 
the end of my presentation. Because of lack of time, I will not concentrated on details here. 

An ordered bond of elementary constituents, leading to the formation of graphene, is 
realized in such a way that a continuous chain of empty polar nodes is formed. The latter 
represents in result something like a tunnel along which charge carriers can move without 
obstacles and, hence, scattering. 

Because of specific spatial structure of carbon atoms (which, as was revealed, remind 
molecules) and their specifically ordered bindings in hexagonal lattice, graphene behaves as 
anisotropic crystal; has exotic electronic properties and, hence, the great potential for 
practical applications. Moreover, it provides the unique possibility for the test on the validity 
of different theoretical models, theories, hypotheses, which I took advantage.  
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Picture 21. This discovery explains many interesting features of graphene and, in 
particular, the facts that …”Graphene ... is an interesting mix of a semiconductor … and a 
metal ...”; and that “The electrons in graphene … have very long mean free paths”, etc. 

 
Picture 22. Mechanism of the formation of structural defects in graphene is now simply 

explained. For example, a widely-known pentagon-heptagon (5-7) (SW) topological defect 
arises due to appearance when heated the rotational modes (additional to vibrational) resulted 
in violation of equilibrium bindings and the formation of short-lived bonds of nearest carbon 
atoms as shown in this figure. When cooling it takes place self-organization (self-assembly), 
the return of the exited region of the lattice in the equilibrium state, the defect disappears. 

 

Picture 23. Graphene strips (nanoribbons, GNRs) having the different orientations (A-A) 
of the Z-axis (“ballistic channels”) in respect to their edges and different widths are shown 
here. Properties of graphene nanoribbons, in particular, dependence of resistance on their 
width and length is not related to the shape of the edges of the tapes, but depends on the 
orientation of the polar empty nodes therein which form something like a channel for the 
"ballistic" motion of charge carriers. 
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Picture 24. The experimental procedure proposed by me and realized on my initiative 

for the test on the existence of the conductivity anisotropy in graphene (caused by the 
presence of "the ballistic channel” as followed from the solutions of the wave equation) is 
clear, I assume, without comment from the conductivity measurement circuit shown in this 
Picture.  

 
Both resistances in a parallel pair of identical conductive paths of the same geometrical 

configuration must be equal in value (within error margins). This allows providing an instant 
control of the quality of electric contacts made to the disc-shaped graphene plates, directly 
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during measuring the resistances. Note in this connection that the accepted measurement 
scheme can be used also for verification on applicability of the developing technological 
means for the creation of the perfect electric contacts on graphene. 

Picture 25. The angular dependence of the conductivity of one of the test samples is 
presented here in the form of the regular graphic. 

 
Picture 26

 

. A polar diagram of resistance in a plane of a one-atom thickness round 
graphene sheet (diameter D=10 mm; contact width h=580 nm; temperature T = 4.2 and 295 K) 
is typical for all tested samples. 
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The temperature dependence of graphene conductivity along one of the directions in a 
plane justifies that graphene in this direction behaves as a semiconductor. 

In a perpendicular to the latter direction, resistance in graphene practically does not depend 
on temperature. Obviously, this direction in graphene crystal coincides with the z-axis and, 
hence, with the “ballistic channel”; graphene behaves as a metal. Comparison with a metal 
concerns only the temperature dependence because the mechanisms of conductivity in a metal 
and in graphene differ in principle. 

Two-fold symmetry of unstrained pristine graphene, originated from solutions of the 
Helmholtz equation, is confirmed also in independent experiments with use of nondestructive 
optical methods. In particular, there is information (not yet published) about observation in 
graphene the strong in-plane anisotropy with a periodicity of 180 degree in a visible spectral 
region using the Microscopic Reflection Difference Spectroscopy. 

My analysis of the paper published in Phys. Rev. in 2009 [T. M. G. Mohiuddin at al., 
Uniaxial strain in graphene by Raman spectroscopy: G peak splitting, Grüneisen parameters, 
and sample orientation, Phys. Rev. B 79, 205433 (8 pages), 2009] has shown that the authors 
(not understanding this) have defined actually the orientation of characteristic crystallographic 
axes on a tested graphene monolayer, confirming thus (but unknowing about this) that 
graphene is anisotropic. I analyzed this in [13, see Picture 44 there]. 

Picture 27

It is clear; if a crystal is anisotropic then first of all it must be oriented on substrates before 
studying or manufacture of electronic devices. In opposite case, the uncontrolled parameters 
spread and properties will occur. 

.  Predicted and experimentally confirmed anisotropy of graphene has 
practical significance both for current laboratory studies and for the future use of graphene in 
electronic industry along with silicon, germanium, and other semiconductors. 
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Picture 28 

 
 
Picture 29 
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Addition 

The disclosed shell-nodal structure of the atoms represents something like the “genetic 
code”, which defines, in a definite extent, the structural variety, symmetry, and periodicity in 
Nature. 

In the light of the discovery, a SEM image of graphene (as any molecule or crystal) 
represents, figuratively speaking, the “top of iceberg”. 

 


