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For many years of research, we have developed

A new general theory of physics

called

The Wave Model

(WM),
By now, it includes two specific theories (models):

(1) Dynamic Model of elementary particles
and

(2) Shell-Nodal atomic model.

Thanks to the WM, we have solved a number of problems 7
accumulated in physics [1] °

The WM is beyond the Standard Model (SM).



New concepts, on which WM is based,
differ essentially from the relevant concepts underlying the SM:

The Wave Model

is based on

1. Dialectical philosophy and dialectical logic
(dialectics)

(in contrast to the formal logic accepted in modern physics)

and on

2. The axiom about the wave nature of all

phenomena and objects in the Universe

(It is the only axiom underlying the WM,
and no postulates are used in the WM!)

Whilst an unlimited number of abstract-mathematical
(fictional) postulates are in the basis of modern physics theories,

that is the main reason of all problems faced them.




The Wave Model

is described in detail in

a book

and the lectures:

[ G. P. Shpenkov, Dialectical View
of the World. The Wave Model
(Selected Lectures); Volumes 1-6 ]

http://shpenkov.com/pdf/Vol.1.Dialectics.pdf

... /Vol.2.DynamicModel-1.pdf

... /Vol.3.DynamicModel-2.pdf

... /Vol.4.PhysicalUnits.pdf

— ... /Vol.5.Shell-NodalAtomicStructure.pdf
[ L. G. Kreidik and G. P. Shpenkov, ... /Vol.6.Topicallssues.pdf
Atomic Structure of Matter-Space,
Geo. S., Bydgoszcz, 2001, 584 p.]

http://shpenkov.com/atom.html




From the WM it follows that

1. Atoms represent elementary
molecules of hydrogen atoms!

(we consider as hydrogen atoms: proton (p), neutron (n) and protium ( 11H ).

2. There are no superdense nuclei
in the centers of atoms !

As a consequence of these key discoveries,
we came to a series of other discoveries.
In particular, we revealed that a carbon two-dimensional hexagonal lattice of

Graphene is anisotropic!

and has two-fold rotational symmetry, but not six-fold as is commonly believed.

| have repeatedly reported about these discoveries, in particular, in
recent years at a number of international conferences, for example, in Paris
(2016 [2]) and Berlin (2017 [3]).



Briefly about solutions

In accordance with the basic axiom of the WM, the structure of atoms as
wave formations is described by well-developed methods of the physics of
waves and, in particular, by the general (“classical”) wave equation

-1 0*Y
A‘“P 5 5 - O (1)
c” ot
This equation admits a particular solution of the form
P (p,0,0;t) = y(p, 6, p)e™, (2)

which describes the standing waves in a spherical space.

The spatial component in (2),
W(p,6,0) = AR (p)©, , (0)D, (9), (3)

is a particular solution of the time-independent form of Eq. (1) (Helmholtz equation):

A +k2 =0 (4)



Time-independent solution

W(p.6,9) = AR (0)O, ,(0)D,,(¢) | )

determines the

shell-nodal structure of standing waves

(arrangement of nodes and antinodes)
in spherical space, and, as we revealed, the

shell-nodal structure of “atoms” '

which turned out to be

Elementary Molecules of hydrogen atoms '

The explicit form of the IQ, (p) ., ©,,(0) ,Ci)m((p) components contained in (3)
is as follows:



Radial component R (p)
of the solution =AR (p)®,,,(0)d, ()

has the form:

R(p)=AJm/20(J, 1, () £IY, 1 (PN | (5)

A is a constant factor;
1=0,12,...; m=0,+1+2,..., 1

Solutions of R, (p) are roots Zv,q (zeros and extremal

g values) of Bessel functions J and Y, where v=1+1/2

is the order of the functions, g is number of the zero or

2F

0
0.3F
0

extremum.
(

0.1F

Roots Z, , define the radii r of characteristic wave shells,
potential and kinetic, on which are nodes and antinodes,
respectively : Z,q =Pyg = krv’q , Where kK=o,/cC




Graphs of the polar functions

©,,(0)=C, R ,(cos6) ©6)

I,)m

sin"9 d""
2'11 d(cos0)""

The adjoined Legendre functions

R, (cos8) = (cos?0-1)

Polar functions ©, (6) determine characteristic
parallels of the location of zeros (nodes) and
extremes (antinodes) on radial wave spherical shells.

Important notice!
(o “T Functions ®, . (0) have nothing to do with “atomic orbitals”.

v..l!..l

The concept of “atomic orbitals” was coined and
attributed by founders of quantum mechanics
unfoundedly, subjectively, to some of the
functions (at |=1 and |=2), and to spatial figures
formed at the rotation of their sections, and
combinations thereof.
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The potential component V ,
of the particular solution (3) of the following explicit form

v, = A\/%JI% (p)R ,(cos0) Cos(me +a) (8)

determines disposition of nodes and toroidal

vortices of standing waves in spherical space
i . Shells (1=0,12,... ) and subshells (m=0,£1£2,...,+1 )
The schematic representation of
the solution (8) shown here was [0 "5° (a=0)
unknown earlier. We did this for the
first time in physics. .

The solution 75, i
for 1=2, m=0 K@ —— 0.0) Y000 Ys(0.0)
(section x=0) roroid ‘ and R(r;)
= I
This presentation was key and led 5 ofER
us in the course of comprehensive ’"—*2[’&:?.--.}'?‘)
long-term studies (the results of QQO?O/?
which were first published in 1996 =4 o=
[5]1), to the key discovery that this ,/@--@3%
solution determines the shell-nodal f"ﬁ’
structure of the “atoms”, which, being s
the wave formations, are in fact - g;;@ N
Elementary Molecules of g%%%

hydrogen atoms.



How we have come to this discovery?

We paid attention to the characteristic quasi-similarity, periodic trends...

and assigned ordinal numbers 1,2, 3,..., 110, ... !
consistently to the principal potential polar-azimuthal wave
nodes, as shown in this figure, and found their

m==x2
) g%- :(;9 astounding correlation with the atomic numbers Z
S0 assigned to the elements of the Periodic Table

m :_:|:3
/;_}g The smallest circles ( “o “) (empty, unnumbered)
1 26

- appeared beginning from 1=3, m==+1,
= are collateral potential polar-azimuthal nodes.
m==4
- 0, 1, 1 .., 5y 5¢
% are potential-kinetic polar nodes —
the nodes of rest and motion
simultaneously.

Analyzing characteristic features of the solutions (8), presented in this way
(with numbered nodes), we made sure, ultimately, that they really

give us information about the shell-nodal (molecule-like) structure of the “atoms” !




Solution (8) determines

the nodal structure of standing waves, and, indeed, as we revealed,
the nodal structure of all fully completed wave shells of the “atoms”,

elementary molecules of hydrogen atoms,
as shown here,

Thus, solution (8) led us to the

m—=1 Periodic Table
of the wave shells of the “atoms”

2
1 e g
o - . . . . . .
Each of the principal potential polar-azimuthal nodes is filled

. 4 [m=%2] with 2 H-atoms (to which we refer proton, neutron, and protium).
o7 8

l C ! @/_@_”_@/@ ,He has 1 external shell with 2 nodes (Ne 1
&% Toon and 2); contains 4 hydrogen atoms (2x2).

5

12 T m==3

11 16 17/ " . .

o ] it e I Y sC has 2 shells: internal with 2 nodes (Ne
4 Si P ;é;o :*‘,321 Qs &@,@5@6 1, 2) and external with 4 nodes (Ne 3, 4,

\ | - .

gf—’ﬁ G- uTi 28 27 0 uNi 5, 6); contains 12 hydrogen atoms (6x2).

30 34 357, m=+4

29 RG] . H H .

@ N 33 vl ’_,- 41 42 43
O// G ? ’,"’d;___;\:_;_ﬂjp\- _____ % '@-45 % _de 53 %—”%,56 18Ar’ 36Kr’ 68Er, 46Pd’ 78Pt' 92U
N S 46" 4% 49 R % @_‘@% (indicated in circles) have

o- -0 ,:,5@390Zr 9§74 3 Te % % Nd half-integer outer shells.
31 32 37 40 4 52 51 1€ 60

6 62 66 67 /o _— —

/1@’ @\q 65&-;@@\ é._68Er_:: 73 751 %76 Pt 86 8788
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Noninteger solutions

l=m=s/2, seN,
correspond to intermediate states. They define uncompleted external shells and
subshells: half-completed (shown above) and partially completed, such as the shells of

;Li, ,Be, B or ;N, O, ¢F etc.
V=A /l[as NOEL 2 (p)]sin 2 9(cos> o +isin > ) (9)
2p\ 3% 22 2 2
Zeros and extremes of the noninteger solutions (nodes and antinodes) are in the

equatorial plane (z=0)

and have

any-fold symmetry,

including forbidden by mathematical laws of crystallography. Here are two examples.

Contour plots of the sections for the potential component of the solutions,
determined by the function:

20 20f5

JS + .S 4
D) sin 2 0.cos($ ¢) L.

Jp
(10)

S=5 SECREN
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Equatorial distribution of the nodes of the five- and eight-fold symmetries



Shell-nodal structure of ;C —
six-node elementary molecule of H-atoms

Sections, x =0
V7 e

m=0 m

Carbon “Atom”

Six-node elementary molecule
of hydrogen atoms
AZ

Toroidal
. \
vortex-ring




Six-node elementary molecule
of hydrogen atoms (carbon “atom”),

5 Potential-kinetic . Potential and kinetic polar-azimuthal
Frontal 7 /’ polar nodes “/}fw on the | odes dislocated relative to each other
] O leﬁ side in the radial direction, and are in
planes differing in phase by ¢=m/2

» > (9 Toroidal

® e Fundamental frequency and the
D O O fundamental wave radius of the
6 Potential A 6 Kinetic atomic and subatomic levels:
' .
pola;—oaczrsnuthal I Cal'b()n, ,’ pOlal;;ﬁflIerguthal ®, = 1.869162559 x 1018 S—l
1
/ C 8
() e Ao :w—:1.603886492><10 cm
-7 e
View According to the WM, all elementary particles and atoms
Jrom are dynamic spherical formations pulsating and
above interacting at the frequency o, (discovered in the WM,

along with o, and E;).
Binding energy of the nodes in 162C - )
calculated by the formula , mm,

is E.. =92.349..MeV E;=0;

Fundamental frequency and the fundamental
wave radius of the gravitational level:

C,ion - -
LY ®, =9.158082264x10“ s~
o.M, =q, and o.M, =q; are exchange charges of interacting C 5
nucleons; &, =1g-cm™ is the absolute unit density. Ry = P 327.4x10" km

9



Discovery of the shell-nodal structure of the atoms allowed us to reveal

The nature of origin and
the structure of all “atomic” isotopes

Here is an example:

The stable and two limit short-lived isotopes of carbon*

A hydrogen atom A Coupled
' T hydrogen atoms

[ :!;C
Lightest
(The least stable isotope,

Heaviest
(A half-life of 6.2 x 10735s)

a half-life of 2.0x 1072's)  *[ g, p, Shpenkov, Physics and Chemistry of Carbon in the Light of Shell-
Nodal Atomic Model, Chapter 12 in "Quantum Frontiers of Atoms and
Molecules”, edited by Putz M. V., NOVA SCIENCE PUBLISHERS, NY, 277-

323,2011]

It is another in a series of the discoveries
following from the fundamental discovery (the shell-nodal structure of the
“atoms”) and, thereby, directly confirming reality of the latter.
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natural and artificial, already detected and not yet detected.

Their number is limited in Nature by the given set, that is conditioned by the

limited number of the combinations in filling the nodes (except of kinetic).

Particular solutions

. [CRen N —
X !
Of the wave equatlon The left and right boundaries indicate the minimal (for atoms

A ~ k2 ~ o O with integer shells) and maximal (for all atoms) possible

\|f + \|f —_ values of relative masses

(Atoms with half-integer extemal shells can have more isotopes
of the less minimal masses then indicated here)
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[G. P. Shpenkov, Physics and Chemistry of Carbon in the Light of Shell-Nodal
Atomic Model, Chapter 12 in "Quantum Frontiers of Atoms and Molecules",
edited by Putz M. V., NOVA SCIENCE PUBLISHERS, NY, 277-323, 2011]

A colour variant of the Table of Isotopes of 2001
is available online at http://shpenkov.com/pdf/isotopes.pdf



. Periodic Table of the “atoms”
o1, (elementary molecules of hydrogen atoms)

3
t")' m
-
L7] 7] H [.He o {1, 2, 3, 4, ...} = Z are numbers of the principal potential polar-azimuthal
{ [ om=11
T e 5] c’":},.,.,%- " nodes in the wave shells of the “atoms” (”Atomic” number)
3 4/ 5 L) 5 3 E
N O | F [aNe " 0tk . .
w *-._ Numbers of the nodes Particular time- . 1 & li"
T 113 HPL L] L]
g 94221 /’/, ( Atomic” numbers Z) lndependent ALI] _ _2 atz :O
E A ’ - . I C
1[iNa|.Mg cAlluSi| = ™ 15,010 " Principal potential solutions of Eq- Pol p q
. TN = : olar nodes an
P .S |.Cl JAr 0 | m=32 Polar-azimuthal nodes . ) i i
7K [uCaSc AL Tl 3,«‘21 "= Atoms with completely filled toroids-vortices
Mol bl kLl 2w BB external wave shells m=0
3 2V [uCr xMn xFe 5 Col xNif» =" 0 123, H =0 o
B/ 37 re
B Q
‘.‘z‘g Ty sC [Ne =1 !
L izd Collateral potential S| ,Ti | »Ni é
R _ polar-azimuth nodes .
1 |xCulwZn|,GalGe| & ° P (unnumbered) 288 oZr |2 Te [,Nd T
=2 O
2 mAS‘uSelast oM «Gd . Hf |,Po 100F My DS T
7Rb| &St | Y | WZr b
3 uNb_.,zMo_ oTc ‘uRu|45Rh.4ﬁPd y il o I« unstable elements o
4,A§|“Cd\ wln ‘ 5nsn‘5|SblszTe i 5 55 55
4 - sl ‘yxe‘iscs|snBa sLa 5nce‘5upr|de|-> 59 ;3237 ”’; 14
61 24
ST
Cs
- 4 m=#1
T[uPmSmoEulcd & %
2 sTh ‘ilDy|i1H°§ eEr
Tm[5Yb | Lu
3 nla | W 75R9‘7005| #r | %Pt -
\nAl-l|ang\ aTl | 2Pb| Bi |uP° 8
4 At ||eRn‘ wFr ‘suRa‘nsAc‘vnTh | ,1Pa‘ «U ERs
eaNp|uPu ‘ssAm‘ nlCm‘ger | »Cf unEsImnFm
5
1 | |112 |113 114 E{ girerrzat:‘isl\/fe Pr;cture )?,'{‘fmr? Wgﬂd, V. (12-3[')1(; Qéﬁ); [é] Fgugdarions of Physics, (1998);
. omic Structure o atter-sSpace, , oe0. ., Bydgoszcz
2 s e |17 |1 The hydrogen atoms: by L. Kreidik and G. Shpenkov.
rfw |1zu |,z1 ‘ 2 | proton, neutron, and protium The Shell Structure of Matter Spaces, http://shpenkov.janmax.com/ShellStr.pdf

Copyright © 2001, 2016 George P. Shpenkov

Thanks to the discovery of molecule-like structure of atoms, the true primary cause of the
observed similarity in physical and chemical properties of elements (first generalized and
formulated by D. I. Mendeleev in his Periodic Law) was also revealed.



[G. P. Shpenkov, An Elucidation of the Nature of the Periodic Law, Chapter 7
in "The Mathematics of the Periodic Table", edited by Rouvray D. H. and
King R. B., NOVA SCIENCE PUBLISHERS, NY, 119-160, 2006]

A colour variant of the Periodic Table of 2001
is available online at http://shpenkov.com/pdf/placard.pdf



The structure of graphite (a),
and its only atomic layer — graphene (b)

a,~0.24824 nm

c,=0.66146 nm overlapped

nodes I

According to WM, the length of bonds in graphite is determined by the product | = Yo ‘R |, where
Yo is the root of Bessel functions [6] (y,,=0.89357697) and X, =0,/C =1.603886538-10"% cm

n=(15x2+1%) =4nodes per unit cell, V =n-12.0107-m, /p =35.29953318-10** cm’,
m, =1.660539040-10*g, p=2.26 g-cm >, a, =~/3r, ¢, =V - 2/a2,/3 =6.614634572-10"° cm

Lattice constants a, and ¢, calculated as shown here, are close to the lattice constants of graphite
(at 300 K) known from the literature. The calculation data correspond to graphite consisting of
carbon dimers C, having the shell-nodal structure.

Thus, we have come to the conclusion that the
“building blocks” of graphite and, hence, graphene are carbon dimers C,.



Schematic representation
of the formation of the molecule C,

C, is formed by overlapping, “merging”, all approaching nodes (and toroidal rings-
vortices, not shown here) of two 6-nodal elementary molecules of hydrogen atoms
(two carbon “atoms”) into a single whole.

. Iy
Like magnets, two carbon “atoms”
are attracted to each other by the :

opposite directed fields of their
internal internodal bonds

Symbols of the carbon
C+C =—— (C “atom” C and the molecule
2 C, are the same

I

In [H. C. Shih, et al., Diamond and Related Materials, 2, 531 (1993)],

“...the C,radical was considered to be responsible for the formation
of graphite”



Buckminsterfullerene (C,)),

in accordance with the WM,
is formed from 30 carbon dimers, C, :

:A(/12 pentagons

60 verticies

~ o

< 20 hexagons

The disassembled form
of the molecule

. _» Scheme of
~%. / binding and
& overlapping
™4 of nodes

<

Thus, according to WM, the formula of the molecule is (C,);,

“Carbon Dimer (C,) is in fact the major observable product of Cg,
Jragmentation. Being a very effective growth species, it can rapidly incorporate
2%

into the diamond lattice leading to high-film growth rates”*.

*[D. M. Gruen, et al., Turning Soot Into Diamonds With Microwaves, Proceedings
of the 29th Microwave Power Symposium, Chicago, Illinois, July 25-27, 1994]



A diagram showing

Formation of chemical (“covalent”)
C—-C bonds

in hydrocarbon compounds

Two 6-Nodal elementary e 0.,
molecules of hydrogen
atoms, 2C (2 carbon “atoms”) P
SETETE 4 4 _ . o .1
3’ 0 ‘/ / Chemical ! Y S— 3 o) ;
“covalent” : e - o Uiog @ 9
\ R < . P, o - 0 :
.12’ ------- w4 bonds \ : PO Y
3 Bt Qg 4
5. ‘.. :_: ‘: ::"6“ ...... .'.' -_: Str on g i ".“ ':,. o2k -..‘:"‘.
I, b ] 2% internodal ¥ e
=/ bonds ~ — V\\C ’2.: ........ ®
N ‘.' \\J,- “". ______________ a ".'
5"-.. . . 6 Carbon2 dimer
______________ 5 .' T
a) Ethane, C,H, b) Benzene, (C,),H, c) .

Fig. Two-multiple (a, b) and three-multiple (c) overlapping of external and
internal polar-azimuthal nodes, belonging to the joined carbon nucleon
molecules (single, C, or dimmers, C,).

Chemical “covalent” bonds are realized along the lines of strong internodal
bindings (existing between external and internal nodes) each of the joined “atoms”
(a) or dimers (b). Electrons play the secondary role, they define only the strength of
the bonds.



Schematic representation
of self-bindings (assembling)
of two-dimensional carbon compounds

Two-multiple
o e Iapped

>——< »>—>
A three-multiple

ov e lapped

The carbon basis of benzene



The structure of C-C bonds

in typical hydrocarbon compounds*
Moo Ty
CH CH, cH,' " )_<>—<H
methane ethane propane CHpy B 1
< %%EH Qéﬁ g@%

cyclopropane cyclobutane cyclopentane cyclohexane
C3H6 C4H8 CSHIO c6H12
C2

s < 0¥
Di>s;§ion ofz;fr:gs :<>_<>i ;H)/\Iiz \[/KM)\(

in carbon “atoms” of
cyclopropane C,H, C.H, CH, CH,
cyclooctatetraene cyclohexene cyclooctadiene

*[G. P. Shpenkov, The Role of Electrons in Chemical Bonds Formations (In the
Light of Shell-Nodal Atomic Model), Molecular Physics Reports 41, 89-103, (2005)]



Formation
of internodal bonds in

a) b)
(a) The planar structure of carbon dimer C, (and carbon “atom” C).
(b) Azimuth state of nodes 1 and 2 of the inner shell, rotated by a phase angle a = /4 ,

in relation to the outer shell, allowed by the solution for ¢, since @ (¢)=®  cos(me+a).

(c) Formation of bonds (dashed lines) between rotated internal nodes, 1 and 2, adjacent
dimmers of carbon , which results in a face-centered cubic structure of diamond.



. Face.-center.ed
cubic lattice of diamond

(consisting of C, carbon dimers)

tetrahedron

a) 'b)' d)



Traditional view
at the basic properties of graphene

Graphene is an allotrope of carbon in the
form of a two-dimensional hexagonal lattice.

Point group D6h, space group P6/mmm

One atom is in the lattice site.

sp? hybridized orbitals are responsible for
the bond of carbon atoms in the lattice.

i--» ® The lattice has 6-Fold rotational symmetry.

Hence,
in full agreement with the basic symmetry theory*,
all properties, including electronic conductivity,
along the crystallographically identical directions 1-1,
2-2, 3-3 (indicated here) must be equal.

* [Robert E. Newnham, Properties of

Materials: Anisotropy, Symmetry, . e .
Structure; Oxford University Press, 2005] However, our studies show that it is not true



Two view on the structure of graphene

Conventional Predicted by solutions of the WM
Hexagonal lattice is formed of ordinary Hexagonal lattice is formed of
carbon “atoms”, C (with nucleus) 6-node elementary molecules of H-atoms

(without nuclei)

Invisible polar ,Z

potential-kinetic 2"
nodes

Carbon dimer C,
Z

Each
polar-azimuthal node
-4 contains 4 hydrogen
atoms (see slide 23)

Each vertex of the lattice
is formed of 3 overlapped
nodes, belonging each to 3
bound carbon dimers C,

6-Fold 2-Fold
rotational symmetry rotational symmetry
An ordered “covalent” bond of carbon dimers C, is realized in graphene along strong internodal
bonds in such a way that a continuous chain of empty polar nodes forms hollow channels inside the
crystal, through which charge carriers can move without obstacles not being scattered, like it occurs
at the ballistic motion.

Which of the presented structures is closer to the real one?




The experiment showed that the structure of graphene formed from “atoms”
with the shell-nodal structure is more adequate to reality.

Experimental evidence
was obtained
by discovering the conduction anisotropy in graphene, which is
naturally inherent in the structure shown above, following from the WM.

h, nm

Contact
clectrodes L A

Disc-shaped /Tl 0 Lt
graphene
monocrystal

.

Y LS NI T Iy

7
A pair of identical
conductive sections Measufod M v

parts a)
Fig. Measurement scheme (a) and SEM image (b) of graphene round sheets during

testing (conducted by us in 2010):

Both resistances between parallel pairs of contacts (for example, such as R,, and Rg;),
embracing identical conductive areas (i.e., having the same geometrical configuration),
should be equal in magnitude (within the permissible error).

This allows to instantly monitor the perfection of electric contacts with disc-shaped
graphene plates, directly in the process of measuring resistance.

Therefore, the given scheme can be used to test the effectiveness of various
technological methods developing for creating improved electric contacts with graphene.



Measurement results:

Angular dependence
of electrical resistance R = _f(¢)

in the plane of a graphene sheet of circular shape
(D=10 um, h=580 nm, T=4.2 K, I=1 nA)
R

1G'R25
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st
o
I S |
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The obtained dependence is characteristic for anisotropic materials having
two-fold symmetry



Anisotropic behavior of
electrical conductivity in graphene

3) % Fig. Polar diagram of resistance in the plane of a
T circular graphene sheet of monoatomic thickness:
& B @‘35’ (D=10 gm, h=580 nm, T=4.2 and 295 K)

Temperature dependence of graphene

N conductivity, along one of the directions in the

LT »  plane, shows that graphene behaves like a
N\, . : semiconductor in this direction.

it w0

R, KOhm | In the perpendicular direction, along the
' “ballistic channels” (z-axis), the resistance in
j graphene is practically independent of
" semidoncuctor temperature; graphene behaves like metal.

béhaviour

(Comparison with metal refers only to the absence

ORI < T e ‘,f’v@m of a temperature dependence, because the conduction
315 “eonduction mechanisms in the metal and in graphene are
: @ fundamentally different)
270

Anisotropy of the hexagonal lattice of graphene, predicted
by the author (2009), is the next in a series of the discoveries of the WM.

Together with other discoveries: the nature of
all possible “atomic” isotopes and the primary cause of the Periodic Law,
it is a direct experimental confirmation of the reality of the shell-nodal structure of “atoms”.



Anisotropy

unstrained pristine graphene,

was subsequently

confirmed by optical methods:

1) Microscopic Reflection Difference Spectroscopy
in the visible-frequency range
(2014 - 2015, Beijing Key Laboratory).

2) Polarized Raman spectroscopy
Also in absence of any external influences (unstrained from outside)
(2012, Taiwan), see below:




Strong sinusoidal intensity modulation*
with a period of 180°

The estimated peak positions: 2.647 and 2.660 (a), 2.647 and 2.660 cm™! (b),
respectively, for the 2D* and 2D sub-bands.
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“Figure 4. Analysis of intensity. (a) Suspended and (b) supported graphene. The plots of I(2D*),
I(2D7), and 1(2D,) as functions of ®. The symbol ‘I’ denotes the intensity of the corresponding sub-
peak obtained by fitting the related Raman spectrum with a triple-Lorentzian function. The
obtained intensities are shown by the dots, which are fitted by the form of Acos?(® - ®,) for I(2D*)

and I(2D7), and of a constant of A, where A and @, are fitting parameters. The black and red lines
display the fitting results”*.

*[Huang et al, “Observation of strain effect on the suspended graphene by
polarized Raman spectroscopy”, Nanoscale Research Letters 2012, 7:533]



By now we have the grounds to argue that

Raman spectra

(presented in various papers on the influence of strains)
largely reflect the natural anisotropy inherent in unstrained graphene.
For example, strains, caused by bending of the hexagonal lattice of graphene (as in

GG
60

inensity

i it

1545 1560 1575 1520 1605
Raman Shift (om”)

the paper* of 29.05.2009), only slightly distort the
characteristic Raman spectra conditioned by

anisotropic structure of graphene, not
changing their main form (see Fig. 6).

“Figure 6: (Color online) (Left) Raman
spectra and (right) polar plot of the
fitted G* and G™ peaks as a function of
the angle between the incident light
polarization and the strain axis 0,
measured with an analyzer selecting
scattered polarization along the strain
axis, 6., =0 . The polar data are fitted
to I «sin?(6,, +34°) and 1. «cos’(6,,+34°),
see text”.

*[T. M. G. Mohiuddin at al, “Uniaxial strain in graphene by Raman spectroscopy:
G peak splitting, Griineisen parameters, and sample orientation”, Phys. Rev. B 79,

205433 (29.05.2009)]



The shape of the edges
in graphene
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Topological defects
in graphene

Scheme of binding in complex
metastable defects

The formation of pentagon- heptagon defects
(SW defects)

Topological defects, such as pentagon-heptagon pairs, appear due to arising, when
heated, of the rotational modes (additionally to vibrational) that leads to a violation at
some instant of equilibrium bonds and the formation of short-lived bonds with other
nodes of the nearest carbon dimers, as indicated in this scheme.

When cooling, self-assembly takes place: the excited region of the lattice returns to
the initial state of equilibrium, the defect disappears.



Empty
z , polar nodes

=l Graphene
nanoribbons
7 “Ballistic
channels”
“Ballistic
channels”

Zigzag graphene nahoribbon Armchair graphene nanoribbon
("ballistic” conductivity T ) (semicondicting behaviour T )

The shape of the edges of graphene nanoribbons, different widths and lengths,
depends on the orientation of the crystallographic axis z in relation to the orientation of
the edges.

Just a certain orientation of the z axis, but not the shape of the edges (as is commonly
believed), affects the properties of nanoribbons, for example, electrical resistance,
because the chains of empty polar nodes, which are responsible for the "ballistic" motion

of charge carriers, are parallel to this axis (A-A, in the drawings).
We should not confuse cause and effect.



Now it becomes
clear and understandable:

Why “Graphene...is an interesting mix of a semiconductor...and a metal”
Why “Electrons in graphene ... have very long mean free paths”

[A.H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov and A. K.
Geim, The electronic properties of graphene, Rev. Mod. Phys. 81, 2009]

Why “carbon nanotubes, rolled-up form of graphene, have either
conductivity, metallic or semiconducting”.

[Tsuneya Ando, The electronic properties of graphene and carbon nanotubes,
Review, NPG Asia Materials (2009) 1, 17-21; doi:10.1038/asiamat.2009.1]

In accordance with the WM, the rolling-up of graphene, resulting in the formation
of nanotubes, is realized mainly along two crystallographic directions: along the
major axis of anisotropy and in the direction perpendicular to it.

These two mutually perpendicular directions provide thermodynamically more
stable states of a bonded system of carbon atoms in nanotubes, with minimum
energy.



According to the Wave Model,

elementary characteristic directions of the probabilistic formation of
material spaces are determined by the polar-azimuth functions

Therefore, it was natural to expect that the
characteristic angles of the functions

should be materialized in the

characteristic angles of the crystals.

Really,

as we have found, the numerical values of the angles of crystal
faces directly follow from the solutions for the

polar component o, ,(0)

of the wave equation Ay+k*y=0 , where
¥ =f(p.6,0)= AR (p)O, ,(O)D,,(¢)



An equation for the polar constituent @, ,(0)

of the wave equation has the form,

d2®| de, m?2
D yetgd—2 4+ 1(1+)-— 1@, . =0 11
do? 9 do [( ) sin?g ) " (11)

Elementary solutions of the polar equation are as follows,
©,.(0)=C, R, (cos6) (12)

where C,, is the coefficient depending on the normalization conditions, and
P, m(cos®) are Legendre adjoined functions:

= m I+m
le(Cose):sml 0 d _
‘ 2'1' d(cos0)™"

The normalization of the polar component is determined by the condition:

ﬁ@«»fﬁnedﬁzl (14)

(cos2 0 —1)I (13)

The normalized constant C(,),m for the polar component (12) is

c _ [@+Ha-m)
"™y 231 +m)! (15)




Table 1

Polar components ©,,(0) (12)
of the solution of the equation (11)
with the normalizing factor C,,
(15) are presented in Table 1.

" ®,,.(0)

0 V272

0 (\/g /2 )cosd

1 (\/5 /2 )sind

0 (\/E/ 4)(3¢0s26 - 1)

1t (\/B /2 )sinB cosO

2+ (\/E / 4)sin20

0 (\/ﬁ / 4)cosB (5c0s26 - 3)

T (\/5/8 )sind (ScosZ6 - 1)

2+ (4105 / 4 )sin20 cos®

s (\/% /8 )sin36

0 342 /16 % (35¢0s%0 - 30 cos20 + 3)
1+ 3710 /8 #sind cosO (7cos26 - 3)
h 35 /8 #5in20 (Tcos20 - 1)

3+ 3\/% / 8 #sin30cosO

4t 3735 /16 #sin%0

0 V22 /16 %coso (63c0s0 - 70 cos20 + 15)
18 V165 /16 #sind (21cos?0 - 14 cos20 + 1)
2+ 1155 / 8 #sin20 cosd (3¢0s26 - 1)
3+ 770 /16 *sin36 (9cos?0 - 1)

4+ 37385 / 32 #sin?0 cosd

5+

33154 /32 %sin>0




Characteristic angles

of the polar functions ®, ,,(0) are zeros and extremal values.

To calculate them, it is convenient to use the reduced form (:)Lm (0) of these

functions presented in Table 2.

®,,0)

0 1

0 coso

1 sinf

0 cos26 - 1/3
+] s1nd coso
+2 sinZ6

0 cosf (cos26 - 3/5)
+1 sind (cos?6 - 1/5)
+2 sinZ0 cosf
+3 sin30

0 cos?0 - 6/7 cos26 + 3/35
+1 sind cosd (cos?0 - 3/7)
+2 sin6 (cos26 - 1/7)
43 sin36cos
+4 sin?0

Table 2

! m ®z,m(e)
=l sin® (cos?0 - 2/3 cos26 + 1/21)
+2 sin20 cos6 (cos20 - 1/3)
+3 sin36 (cos26 - 1/9)
+4 sin*0 cosd
5 $in°0

6 0 cos%8 - 15/11 cos*0 +5/11 cos?6 - 5/231
+1 sind cosO( cos0 - 10/11 cos?6 + 5/33)
+2 sin26( cos?0 - 6/11 cos?0 + 1/33)
43 sin30 cos6( cos?0 - 3/11)
+4 sin?0 (cos26 - 1/11)
5 sin°0 cosd
+6 sin%




Verification

of the correctness of our prediction about the wave nature of crystals
was made [1, 7, 8] by comparing numerical values of zeros and
extremal values of the angles following from solutions for the polar
constituent (?),,m(e) of the wave equation (presented in Table 2), and
their sums and differences, with experimental data for the angles of
crystals known from the literature (compiled mainly by R. Hatly [9]
and N. Kokscharov [10, 11]).

When comparing angles, we are not interested in the composition of
minerals.

We denoted zeros of the polar functions (:),,m(e) by the symbol O,(/,m) ,
where the subscript “s” indicates the number of the root.

Similarly, the angles of extreme values of &, () are denoted as 9,(/,m).

Obviously, every angle is characterized simultaneously by two measures:
Oand t—06.

The comparison results
(taken from the Lectures of the author [12])
are as follows:



Characteristic angles of the solutions e} 1.»(0) and crystals of the natural minerals.

Characteristic angles of o) 1(0) The angles of crystal minerals

(measured by R. Haiy [5], N. Kokscharov

(theoretical values first calculated and published
[6, 7], and others [8-23])

by L. Kreidik and G. Shpenkov [2-4])

©,,(0)=cos’ 0 - %

a) Zeros:

0,(2,0)= arccos\g =54"44'8"20 54° 44’820

0,(2,0)= arcco{— \@ =125°15'51."80

b) Sectors:

20,(2,0)=109"28"16.740
0,(2,0)-0,(2,0)=70"31"43."60
2(0,(2,0)-0,(2,0))=141°03"27."20

125°15'52" [5: Part I, Vol. IIL, p.364, 1853]

Haiiy: 109°28"16” [5: p.29; 1%]
Haity: 70°317 44" [5: p.29; 1¥]
141° 03" [6: Part. I, Vol. VII, p.26, 1844]

¢) Extremes: 6,(2,0)=0°, 0,(2,0)=90°, and 0,(2,0) =180°

characteristic angles of crystals

®,, = cosOsin 6

Zeros and extremes of 45° and 90° characteristic angles of crystals

®,, = cosO(cos O — 35)

a) Zeros:

0,(3,0)= arccos(@ =39°13'53."47

0,(3.0)=90",

3
0,(3,0)= arccos[— \/;J =140° 46'06."53

Hatiy: 39°13/53” [5: p.85; 2*]

Haity: 140°46"7" [5: p.86; 2]

b) Sectors:
20,(3,0)=78"27'46."94
0,(3,0)-0,(3,0)=50°46"06."53
0,(3,0)-0,(3,0)=101°"32"13"06

Haiiy: 78°27'47" [5: p.85; 2*]
Haiiy: 50°46'06.”50 [5: p.46; 3*]
Haity: 101° 32713 [5: p.46; 3%]

¢) Extremes:
0,(3,0)=0"

1
0,(3.0)= arccos(\g) =63°26' 05."82

0,(3,0)= arccos[—‘/g =116"33"54."18

0,(3.0)=180°

d) Sectors:
20,(3,0)=126"52"11."64
0,(3.0)-6,(3.0)=58"54'32."65
0,(3,0)-0,(3.0)=53"07"48."36
2(0,(3,0)-0,(3.0))=106"15"36."72

360" —2(0,(3.0)—6,(3.0)) = 147° 2874656

Haity: 63° 26’ 06" [5: p.61; 4%]

Haiiy: 116° 33" 54" [5: p.61: 4%]

126° 52"12" [6: Part I, Vol. 111, p.322, 1853]
58°57'22" 7 [6: Part IV, Vol. X1, p.394, 1860]

Haiiy: 53°07'50" [5: p.58; 5%]
106°17'26" ? [6: Part I, Vol. I1I, p.90, 1869]
106° 12’ [6: Part IV, Vol. XII, p.501,1866]
average value106°14'43"

147729734 [6: u. 1, xu. III, 347, 1853]

©,,(0) = sin O(cos’ O — %)

a) Zeros repeat extremes @)3_0(9) :

0,31)=0°, O,3.)= arccos[\g) ,O,3.D) = arccos(— J%) , 0,(32)=180°

b) Extremes:

11
0,3.1)= arccos(Jl—:] =31°05'27."35

0,(3.1) =90,

0,(3.) = arccos[— ,# =148°54'32."65
5)

¢) Sectors:

20,(3.1)=62"10"54."70
180" —20,(3.1)=117"49"5."30

0,(31)-0,(31)= 58" 54’3265
180° —(6,(31)—6,(31)) = 121° 0527”35
2(6,(3.0)-6,(3.0)) = 106°15'36."72

31°05706" [6: PartIIL, Vol. VIL, p.99, 1869]

31°06’ [6: Part. 111, Vol. VIL, p.108, 1869]
average value 31°05'33"

149702711 ? [6: Part IV, Vol. XI, p.283, 1866]

62°12'54" 2 [6: Part IV, Vol. XI, p.390, 1860]
117°4843” [6: Vol.IV, p.110, 1870]

58°57'22 2 [6: Part IV, Vol. XL, p.394, 1860]
121°05" [6: Part L, Vol. IL, p.169, 1853]
106°17°26" 2 [6: Part I, Vol. IIL, p.90, 1869]




©,,(0) =sin’ OcosO

a) Zeros:
0,(32)=0°, 0,(3.2)=90" 0,(3.2)=180°

¢) Extremes:
1 1
0,(3.2)= arccos(——) =54°44'8."20, 0,(3,2) = arccos(— —) =125°15'51."80
\(32) 7 :(32) =

repeat zero ©, ,(0).

©,,(0)=cos" 0 - %cos2 0 +%5

a) Zeros

0,(4.,0) = arcco =30°33'20."13

30°32'48" [6: Part IV, Vol. X1, p.392, 1860]

0,(4,0) = arccos =70°07'27."41 70°04'33" [6: Vol. VIL p.117, 1870]

70°1022" [6: Vol. V, p.303, 1870]
average value 70°7'28

=109°52'32." 59

109° 52700” [6: Part IV, Vol. XL, p.404, 1860]

109° 53'07" [6: Vol. IV, p.101, 1870]

average value 109° 52'33”

=149°26'39."87

0,(4.0) = arccos| — 149°26'22" [6: p.20]

149° 3056”2 [6: Part IV, Vol. XL p.262, 1866]
149°22750" 2 [6: Part IV, Vol. XL, p.262, 1866]
Average value 149°26'43"

b) Sectors

20,(4.0)=61°06'40."26 61° 06" 55" [6: Vol. IX, p.495, 1870]

20,(4,0)=140"14"54."82

0,(4,0)-0,(4,0)=39"34'07."28
0,(4,0)- 0,(4,0)=39°45'05."18
2(0,(4.0)- 0,(4.0))—180° = 57°46'34.56

0,(4.0)— 0,(4,0) = 0,(4,0)— 0,(4,0) = 791912746

180° — (0,(4.0)— 0,(4.0)) = 100°40"47 54
0,(4.0)-0,(4,0)=118°53'19."74

360" —2(0,(4.0)— 0,(4,0))=122°1320."52

¢) Extremes:

0,(4.0)=0",

3
0,(4,0)= arccos(‘/;] =49°06'23."78

0,(4,0) = 90°

0,(4.0)= arccos[—Jg] =130°53'36."22

0,(4.0)=180°

d) Sectors
20,(4.0)=360" -20,(4,0)=98°12'47."56

0,(4,0)-0,(4,0)=40°53"36."22
0,(4.0)-0,(4.0)=81"47"12."44
180° —(0,(4,0)—0,(4,0))=139°06"23."78

Erofeev: 140°17'52" 7 [8: p.296]
140° 0335 2 [6: Vol. IV, p.110, 1870]
140° 2520 ? [6: Vol. IV, p.102, 1870]

The average of the last two values 140°14'28"

39°32'33" [6: Part IV, Vol. XI, p.390, 1860]
39°45'22" [6: Part IV, Vol. XI, p.392, 1860]
57°44725" [6: Part IV, Vol. XI. p.289, 1866]
79°1810" [6: Vol. IV, p.99, 1870]
100°41" 50" [6: Vol. IV, p. 111, 1870,]
118" 53'00" [6: Part I1I, Vol. VII, 46, 1853]
118°53'50" [6: Vol. X, p.479, 1870]
Average value118° 53'25"

Glinka: 122°15" [9: 73]

122°08'29" [6: Part1, Vol. III, p.346, 1853]
122°19 [6: Part I, Vol. I, p.169, 1853]

The average of the last two values 122°13"44"

49°12'05" 2 [6: Vol. IV, p.99, 1870]

130°50" [6: PartIIL, Vol. VIIL, p.306, 1855]

98°13’48" [6: Part IV, Vol. X1, p.388, 1860]
98°1055" 2 [6: Vol. IV, p.110, 1870]
average value 98°12'21”

40°49'18" ? [6: Vol. II, N. 6, p.308, 1878]
81°47°00" [6: Part IV, Vol. XI, p.415, 1860]
138°59'41" ? [6, Vol. IV, p.102, 1870]

C:)4.1(9) =sin OcosO(cos® O — %)

a) Zeros
0,4.H)=0,



3
O,(4.) = arccos\/; =49°6'23."20

0,(4,1)=90",

0,(4,1)= arcco{—J% =130°53'36."22

O,(4.1) =180°

b) Sectors
20,(4.1)=360" —20,(4.1)=98°12'47."56

O4(4.1)— 0,(4.1) = 40°53'36."22
0,(41)-0,(41)=81°47'12."44
180° — (O, (4,1)— O,(4.1)) = 139°06'23."78

49°10742" ? [6: Vol. IL, N.6, p.309, 1878]

130°507 ? [6: Part ITL, Vol. VIIL, p.306, 1855]

98°13'48” [6: Part IV, Vol. XI, p.388, 1860]
9810’55 ? [6: Vol. IV, p.110, 1870]
Average value 98°12721”

40°49718”? [6: Vol. I, N.6, p.308, 1878]
81°47'0" [6: Part IV, Vol. XI, p.415, 1860]
138°59'41” 2 [6: Vol. IV, p.102, 1870]

137°56'00” ? [6: Part IV, Vol. X1, p.424, 1860]

Average value 138°01'08”

180° —26,(4,1)=0,(4,1)-6,(4,1)=41°57'01."86  42°01’13"? [6: Part IV, Vol. XI, p.285, 1866]
2(6,(4.1)-0,(4,1))=83"54'3."72 83°54740" [6: Part IIL, Vol. VIL p.86, 1869]
180° —2(0,(4.1)—6,(4,1)) =96°05"56."28 96°04'11” [6: Vol IV, p.111, 1870]

©,,(0)=sin’ O(cos’ O —%)

¢) Extremes:

0,(4.1) = arccos ﬁ%» (ﬂj —i =23°52'40."17
56 56 28

23°5946" 2 [6: Part I11, Vol. VIL, p.71, 1869]

27 |(27)* 3 .
0,(41)=arccos| \| — =l == — =2 [|=69°01'29."07
- 56 56 28

69°01"59” [6: Part IV, Vol. XI, p.392, 1860]
69°01'00" [6: Vol. IV, p.264, 1870]
Average value 69°01'29"

0,(4.1) = arccoy — ol [2) e
56 56

=110°58"30."93 Glinka: 110°59'45" [10: p.91]

0,(4.1)= =iy (ﬂj 3 o156 0719783
(4D =arccos —yTe+ylSs) "8 | © o

156°06700” [6, Part IV, Vol. XI, p.392, 1860]
155°58721" [6, Vol. II, N.6, p.326, 1878]
Lebedev: 156°177117 2 [11: p.278]

Average 156°06'53"

d) Sectors

20,(4.1)=47°45'20."34 47°45'15" [6: Part IV, Vol. X1, p.287, 1866]
180° —20,(4.1)=0,(4.1)-06,(4.1)=132°14"39."66 132°14’45" [6: Part IV, Vol. XI, p.279, 1866]
20,(4.0)=2(180°" —0,(4.0))=138°02'58."14 138°06"15” 2 [6: Vol. II, N.6, p.326,1878]

a) Zeros:

0,(4.2)=0",

0,(42) = arccos[i7 = 67°47'32." 44 67°47'30" [6: Vol. VIL p.261, 1870]
0,(4,2) = arccos(— %) =112°12'27."56 112°12'40" [6: Vol. VII, p.267, 1870]

112°12700” [6: Vol. VIIL, p.261, 1870]
Average value 112°1220”
0,(4,2)=180".

b) Sectors
20,(4,2)=135°35'04."88
0,(4.2)-0,(4,2)=44"24'55."11

135°35'30" [6: Part IV, Vol. XL, p.382, 1860]
Goldschmidt: 44°30°30” ? [12: 9, p.135, 1923]
44°11719” ? [6: Part IV, Vol. XL, p.286, 1866]
44°40704" ? [6: Part IV, Vol. XI, p.86, 1866]

Average value 44°25'42"
¢) Extremes:
40°49"18"? [6: Vol. II, N.6, p.368, 1878]

6,(42)— arccos[ ) =40°53"36."22

5

6,(42)=90°

6,(4,2)— arccos[— iJ =139°6"23.778 138°59'41"? [6: Vol. IV, p.102, 1870]

J7
d) Sectors:
26,(4,2) =81°4712 "44
65(4,2)—6,(4,2) = 98°12'47.756

81°47'13" [6: Part. IV, Vol. X1, p.279, 1866]
98°13'48" [6: Part. IV, Vol. XI, p.388, 1860]
98°10"55" [6: Vol. IV, p.110, 1870], Average value 98°12°21”




©,,(0)=sin’ Ocosh

Zeros: O,(4.3)=0", 0,(4.3)=90°, O,(4.3)=180°, and

extremes: 0,(4,3)=60", 0,(4,3)=120°

typical angles of crystals.

®,4(0) = cosb(cos' 610 cos* 6+ 3/ )

a) Zeros:

2
0,(5,0) = arcco §+ e 25°01'02."42
9 9 21

2
0,(5,0) = arccos| S ] e =i57"25'13:"30
9 9 21

0,(5,0)=90°

2
04 (5,0) = arccos| — §+ = | —=— |=154°58'57."58
9 21

b) Sectors:

0,(5,0)=50°020 4."84

20, (5,0) = 114°50'27.760

180° =20, (5.0) = 05(5.0)— 0, (5,0) = 129°57" 55."16

0, (5.0)— 04(5,0) = 64°58'57.758
180° = (05 (5.0)— 0, (5.0)) = 82°26'16."22
0,(5.0)—0,(5.0)=97°33'43 "78

¢) Extremes:

6,(50)=0°
1

8, (5,0) = arccos| =
1Y 1

65(5,0) = arccos| o[=—.f| = | —— |=73°2538."32
3 3 21

25°0015" [6: Part. IV, Vol. XI, p.435, 1860]

57°30'37"? [6: Part. I, Vol. IL, p.190, 1853]

154°49'39" 2 [5: p.90]

50°0335" [6: Vol. III, p.99, 1870]

114°50" [6: Part. ITI, Vol. VIIL, p.305, 1855]
129°56" [6: Vol. III, p.438, 1870]
129°59'58" [6: Vol. I1I, p.492, 1870]
129°58'15" [6: Part. II, Vol. IV, p.47, 1857]
Average value 129°58'4"

64°58'46" [6: Part. I, Vol. II, p.190, 1853]
82°28'56" 7 [6: Vol. IV, p.431, 1870]

Kokscharov-son: 97°38"247[6: Vol. IV, N.11, p.223, 1879]

97°27'49%[6: Vol. IV, N.11, p.256, 1879]
Average value 97°33'6"

2
+ [%) —% =40°05'17."11 Average value: 40°05'0" [6: Vol. IV, N.11, p.349, 1879]

73°30"56" ? [6: Part. IV, Vol. XI, p.286, 1866]

73°12'14" ? [6: Vol. IV, p.113, 1870]

0,(50) = arccod — [ [ 1) L |=106°34721.768
3VG) T3

Average value 73°21'35"?
106°34" [10: p.90]

106°27'30"? [6: Vol. I, N.6, p.318, 1878]
106°380"? [6: Vol. II, N.6, p.318, 1878]

The average value of the two last angles: 106°3245"?

85(5,0) = arccos| — “l+ [—]-) .y = 139°54'42."89
; 3 3 21

Kokscharov-son: 139°55'0" [6: Vol. IV, N.11, p.348, 1879]

0,(5.0)=180"

d) Sectors:

26,(5,0)=80°10"34."22

2605(5,0)= 360" — 26, (5,0)=146"51"16."64

180° =26, (5,0) = 85(5,0)— 6, (5.0) = 99°49"25." 78
65(5.0)—6,(5,0)=33"20"21."21

6,(5,0)=6,(5,0) = 8,(5,0) - 8,4(5,0) = 66°29'04."57
6,(5.0)— 6;(5,0)=33°08'43."36

80°10"15" [6: Part. I, Vol. III, p.343, 1853]
146°48"20" ? [6: Part. IV, Vol. XI, p.406, 1860]
Lebedev: 146°5700" ? [11: p.271];

Average value 146°52'40"

99°50'00" [6: Part. I, Vol. IIL, p.343, 1853]
33°1718" ? [6: Part. IV, Vol. XII, p.641, 1860]
66°30'08" [6: Part. IV, Vol. XII, p.641, 1860]
33°0416" ? [6: Vol. IV, p.100, 1870]

33713'21"? [6: Vol. I1L, p.436, 1870]

Average value 33°08'48"

©,,(0) = sin B(cos' O —%cos2 9+%])|

a) Zeros repeat extremes 65‘0(9).
b) Extremes:

6,(5,1) = arccos =19°24'56."02

&, (5.1) = arcco: =56°08'08."88

8,(5.)=90°

8,(5,1) =arcco =123°51"51:712

05 (5.1) = arccos| =160°35"03."98

) Sectors:

19°23'03" [6: Part. I, Vol. VII, p.68, 1869]

56°04'57" 7 [6: Vol. I, N.1, p.104, 1877]

123°53"13" 2 [6: Vol. IV, p.107, 1870]

160°34"29" [6: Vol. IV, p.107, 1870]



26,(5,1) =38°49'52."04 38°43'53"7 [6: Part. IV, Vol. XI, p.286, 1866]
38°51’32"? [6: Part. IV, Vol. XII, p.630, 1860]
Average value 38°47'42"

112°16%407 [6: Vol. VIII, p.255, 1870]
67°43'40" [6: Vol. VIII, p.261, 1870]
44°40'04" ? [6: Part. III, Vol. VII, p.86, 1869]
70°35'00" [6: Part. IV, Vol. XI, p.269, 1866]
109°24'52" [6: Part. IV, Vol. XI. p.386, 1860]
77°26'30" ? [6: Part. IV, Vol. XI, p.386, 1860]
135°27'55" [6: Vol. IV, p.108, 1870]
141°10°05" [6: Part. IV, Vol. XI, p.277, 1866

260,(51)=112°16"17."76

6,(5.1)—6,(5.1)= 180" — 26, (5.1) = 67°43'42."24
180° = 2(6, (5.1)— 6, (5,1)) = 44°32'35 52

AB = 05(5.1)—6,(5,1) = 70°35'3."798

180° = (8, (5.)— 6, (5.1) =109°24"56."02

360° = 2(0(5.1)— 6, (5.1) = 77°39"44."08

206, (5.1) =6, (5.1)) =135°27"24 "48

2(65 (5.1)— 6, (5.1) = 141°1007."96

O;,(0)=sin* HcosO(cos® O —%)

a) Zeros (the second and the fourth are equal to zeros of ®, ,(0)):
0,(52)=0"

1
0,(52)= arccos(ﬁ) =54"44'08."20 Haity: 54°44' [5: p.27]

0,(5.2) =90°

0,(52)= arccos(— L) =125"15'51."80 125°15'52" [6: Part I, Vol. IIL, p.364, 1853]

NG

0,(52) =180°

b) Sectors:

0,(5,2)-0,(5,2)=35°15'51."80 35°23'53"7 [6: Part IV, Vol. XIL p.631, 1860]
35°07'52" ? [6: Part IV, Vol. XIL, p.631, 1860]
Average value 35°15'52"

Hatiy: 70°31"44" [5: p.29; 1*]
Haiiy:109°28'16" [5: p.29; 1*]
54°32730" [6: Vol. V, p.304, 1870]
141°05'55" [6: Vol. IV, p.102, 1870]
141°0027" [6: Vol. IV, p.114, 1870]
Average value141°3"11”

204(5.2)- 0,(5.2))= 0,(5.2)- 0,(5.2) = 70° 31'43."60
20,(5.2)=109" 28" 16."40

04(5.2)-0,(5.2)= 54°31'43."60
2(0,(5.2)-0,(5.2))=141° 0327720

¢) Extremes:

0,(5.2) = arccos =32°51'57."05,

32°46'58" 7 [6: Part IV, Vol. XIL p.629, 1860]

0,(5,2) = arccos| =72°05"50."53,

72°06'46" [6: PartIL, Vol. IV, p.33, 1857]

=y

H* 1
0,(5.2) = arccos| — = — (3) —13 | =107 54" 09147, Lewis : 107°59/30” 2 [13 ]

[N

0,(5,2) = arccos| =147°08' 02."95,

147° 08’ 00" [6: Part I, Vol. II, p.298, 1870]

b) Sectors:
20,(5.2)=65"43'54."10 , 65" 43'30” [6: Part IV, Vol. X1, p.251, 1866]
65°44'09"” [6: Part IV, Vol. X, p.251, 1866]
Average value 65° 43'49”
180° -260,(5,2)=0,(5,2)-0,(5,2)=114°16" 05.”790, 114°16"00” [6: Part IV, Vol. XI, p.250, 1866
114°1615" [6: Part IV, Vol. X, p.160, 1860]
Average value 114°16'8"”

144°11" [6: Part. I, Vol. II, p.307, 1870]
35°45'10” ? [6: Vol. IX, p.495, 1870]
42°19'28” ? [6: Part IV, Vol. XIL p.628, 1860]
42°05'51” ?[6: Part IV, Vol. XII, p.628, 1860]
Average value42°12'39”

Glinka 137°45'30” [10: p.52]

Penfield: 75°02" [14]

20,(5.2)=144"11"41."06
180° —26,(5.2) = 0,(5.2)—0,(5.2) = 35 48'18.794
0,(5.2)-6,(5.2)=42°"13'53""48

180° —(6,(5.2)-6,(5.2)) = 137° 46'6.”52
AB, =0,(5.2)-6,(5.2) =75 0212742

©,5(0) =sin’ 6(cos’ 6 - 1)

a) Zeros:

0,33)=0°

0,(53) = arccos( J =70°31'43."61, Haity: 70°31"44" [5: p.29; 1%]

s

3
0,(53) = arccos(—%) =109°28'16."39 Haiiy: 109°28716" [5: p.29; 1%]
0,(5.3)=180°
b) Sectors

0,(5.3)-0,(5.3)=38°56'32."78 38°51732" 2 [6: Part IV, Vol. XII, p.630, 1860]



20,(53)-0,(5.3))=77°53'5."56
20,(53)=360" —20,(53)=141"03'27."22 ,

77°53'34" [6: Vol. IV, p.100, 1870]
141°05’55" [6: Vol. IV, p.102, 1870]
141°00'27" [6: Vol. IV, p.114, 1870]

Average value141°3'11”

¢) Extremes:

0,(5.3) = arcoos[\/%J =46°54'40."60

46°55" [6: Part III, Vol. VII, p.69, 1869)]

0,(5.3) =90
’ 7
0,(5.3)= arccos[— )= 133°05'19.740 133°09’57" 2 [6: Vol. IV, p.102, 1870]
133°027? [6: Vol. IV, N.10, p.67, 1889]
Average value 133°05' 58"
d) Sectors

20,(5,3)=93"49"21."20 93°58’0” ? [6: Part I, Vol. I, p.14, 1853]
180° —20,(5.3) = 2(0,(5.3)-0,(5.3)) =0,(5.3)—0,(5.3) = 86" 10'38.”80

Erofeev: 86°10'38"” [8: p.270]

86°10'38” / 2=43°05"19"

103°49"12" [6: Part IV, Vol. X, p.138, 1860]

136°52'54" [6: Vol. I, N. 1, p.105, 1877]

136°58'20" ? [6: Part IV, Vol. X, p.101, 1860]

Average value136°55"37"

0,(5.3)-0,(5.3)=43"05'19.740
180° —(0,(5,3)—0,(5.3))=103°49'21."20
180° —(0,(5.3)—0,(5.3)) = 136" 54'40.”60

O, ,(0)=sin"0cosO

a) Zeros

0,(54)=0°, O,(54)=90°, O;(5.4)=180°
b) Extremes

0,(5.4)=0,(3.0)=0,(3.1)
0,(5.4)=0,(3.00=0,(3.1)

BO4,(0) = cos60—l%lcos“ 0+%lcos20— 5221

a) Zeros

0,(6,0) =2110'31"
0,(6,0)=4836'28"
0,(6,0)=7611"42"
0,(6,0)=103'48"18"

21°11"21” [6: Part IV, Vol. XI, p.391, 1860]
48°3102" 2 [6: Part IV, Vol. X, p.285, 1866]
76°11'24" [6: Part IV, Vol. X, p.138, 1860]
103°48'36” [6: Part IV, Vol. XI, p.138, 1860]

0,(6,0) =131°23"32"
0,(6,0) =158°49"29"

b) sectors

20,(6,0)=42°21'02",

180° —20,(6,0)=137°38"58"

180° —20,(6,0)=82°4704"
20,(6,0)=97°12'56",
0,(6,0)-0,(6,0)=27°25'57",

180° —(0,(6,0)—0,(6,0))=152°34"3"

04(6,0)—0,(6,0)=5501"11"

180" —(04(6.0)— 0,(6.0)) = 124°58'49"
0,(6,0)—0,(6,0) = 82°37'47",

180° —(0,(6,0)—0,(6,0)) = 97°22"13"

04(6,0)—-0,(6,0)=110"13'01",
180° —(04(6,0)— 0,(6,0)) = 69°46'59"

¢) Extremes
0,(6,0)=0"

0,(6,0) = arcco

0,(6,0) = arccos|

0,(6,0)=90"

5
0.(6,0) =arccoy —,|—— (— e
L 1 yur 33

=117°57'34."54

13172400 [6: Part IV, Vol. X1, p.252, 1866]
158°38'40"? [6: Part IV, Vol. X, p.112, 1860]

42°19728" [6: Part IV, Vol. XIL p.630, 1860]
137°37'45" [6: Part IV, Vol. X, p.107, 1860]
Gordon: 82°48" [15]

180° — 82°48' =97°12’

27°22'30"” [6: Part IV, Vol. X, p.159, 1860]
152°34’ [6: Part IV, Vol. X, p.161, 1860]
152°34'45"” [6: Part IV, Vol. XII, p.626, 1860]
Goldschmidt, Peacock: 55°01'30” [16]
54°5952" ? [6: Part 111, Vol. XII, p.626, 1860]
124°57'30” [6: Vol. IX, p.482,1870]
82°37'47" [6: Part 1, Vol. I1I, p.431, 1870]
180° —82°37'47" =97°22'13"

110°13'14” [6: Part IV, Vol. XII, p.627, 1860]
69°58'47" 7 [6: Part IV, Vol. XII, p.516, 1866]
69°33'14" 7 [6: Part IV, Vol. XII, p.516, 1866]
Average value 69°46'30”

=33°52'41."72

33°56'05" [6: Part IV, Vol. XII, p.516, 1866]
33°49'52" [6: Part IV, Vol. XII, p.516, 1866]
Average value 33°52'58”

=62°02'25."46

Goldschmidt, Palache, Peacock: 62°01" [17]
62°03'44” [6: Vol. 111, p.100, 1870]
Average value 62°02'22"

Lebedev: 117°54" [11: p.270]



5 5" 5
" (_) —=2 |=146°0718."28

04(6.0) = arccos| — 1 T 3

146°06"28" [6: Part IV, Vol. XI, p.383, 1860]
0,(6.0)=180°

d) Sectors:
20,(6,0)=67°45"23"44 67°43'20" [6: Vol. VIIL, p.255, 1870]
67°47'30" [6: Vol. VIII, p.255, 1870]
Average value 67°45'25"

180° —20,(6.0)=0,(6,0)-0,(6,0)=112°14'36."56 112°14'30" [6: Vol. VIIL p.265, 1870]
20,(6,0)=124°0450."92 124°01'45" [6: Vol. IV, p.107, 1870]
Palache: 124°07' [18]

Average value 124°04'22"

1807 —20,(6,0)=55"55"09."68 55°56’03" [6: Part IV, Vol. XI, p.285, 1866]
0,(6,0)—-0,(6,0)=28"09'43."74 Gordon: 28°07" [19]
Goldschmidt: 28°11"30” [12: 7, p.139, 1922]

average value 28°09"15"

180° —(0,(6,0)-0,(6.0))=151"50"16."26 151°50” [6: Part I, Vol. IL, p.296, 1870]
0,(6,0)-0,(6,0)=56°07"18."28 56°04'57" [6: Vol. I, N.1, p.104, 1877]
180° —(0,(6,0)—0,(6,0))=123°52'41."72 180° — 56°04'57" =123°55'03"
0,(6,0)-0,(6,0)=27°57"34."54 Goldschmidt, Shannon, Tocady, Garces: 27°55 ? [20]
180° —(0,(6.0)—0,(6,0))=152°0225."46 180° —27°55" =152°05"

Kokscharov-son: 151°54”50” ? [6: Vol. IV, N.11, p.222, 1879]
152°17°01” 2 [6: Vol. I, N.6, p.324,1878]
Average value152°02'56"

0,(6.0)—0,(6,0)=84°04'52."82  Kokscharov-son: 83°54'56" ? [6: Vol. IV, N.11. p. 223, 1879)]

180° —(6,(6.0)—6,(6.0)) = 95°55'7."18 95°54'50" [6: Part IV, Vol. XI, p.258, 1866]
0,(6,0)—0,(6.0) = 55°5509."08 55°56'03" [6: Part IV, Vol. XI, p.285, 1866]
180° — (6,(6.0)— 0,(6.0)) = 124°04'50."92 Palache: 124°07' [18]

124°01'45" [6: Vol IV, p.107, 1870]
Average value 124°04'22"

O, (0)=sin O cosO(cos* O —101 lcosl 0+ 533)

a) Zeros are equal to extremes O ,(0)

b) Extremes:

6,(6.1)=16°22"15 747 16°22'58" [6: Part IV, Vol. X, p.396, 1860]
8, (6,1) = 47°20°49.720 47°1717" [6: Part IV, Vol. IV, p.101, 1860]

Average value 47°21'33"
6,(6.1)=75°51"03."44 75°5127" [6: Part IV, Vol. XI, p.390, 1860]
6,(6,1)=104°08"56."56 104°08'57" [6: N. IV, p.102, 1870]
65(6,1)=132°39"10."80 132°45"10" [6: Vol. ITI, N.8, p.290, 1887]

132°46'40" [6: Vol. IV, N.10, p.52, 1889]
132°21'18" [6: Vol. III, N.8, p.296, 1887]
Average value 132°37'42"

85(6,))=163°37"44."53 163°37°02 [6: Part IV, Vol. XL, p.433, 1860]
¢) Sectors:

6,(6]) — 05(6,1)= 28°17'53."12 28°14'04" [6: N.3, p.100, 1870]
65(6,) — 6, (6,1) = 85°18"21."60 85°20"16" [6: N.2, p.308, 1870]

85°15"27" [6: N.3, p.100, 1870]

Average value 85°17'51"

85 (6.1)— 6,(6,1) =147°15"29."06 147°08%46" [6: Part IV, Vol. X1, p.434, 1860]
147°23"13" [6: Part I, Vol. I, p.18, 1853]

Average value 147°15'59"

8, (6,1) - 6,(6,1)=30°58'33."73 30°50"35" [6: N.3, p.99, 1870]
6,(6,1) — 6, (6,))=59°28'47."97 59°16"46" [6: Part I, Vol. IL, p.178, 1853]
6,(6,)) - 6,(6,1)=87°46'41 ."09 87°45'20" [6: Part I, Vol. IL, p.67, 1853]
65 (61)-6,(6,1)=116"16"55."33 116°17'[6: Part I, Vol. IL, p.76, 1853]

©,,(0)=sin" O(cos" 6 — 61 1cos2 0 +%3)

a) Zeros:

0,(62)=0°

0,(6,2) = arccos i+ (lj Ly | 45°59'34."70
11 11 33

45°57'43" [6: Part IV, Vol. X1, p.287, 1866]
46°01"10" [6: Part IV, Vol. X1, p.287, 1866]
Average value 45°59'27"

05(6,2) = arcco 2 (ij 1 =75°29'21."05
11 11 33

75°28715" [6: Part IV, Vol. X, p.160, 1860]
75°32'24" [6: Vol. I, N.6, p.321, 1878]



0,(6,2) = arccos —

0,(6,2) = arccos| —

04(6,2)=180°

b) Sectors

180° —20,(6,2)=88°00"50."60
20,(6,2)=91°59"09."40
20,(6,2)=150°58"42."10,

180° —20,(6,0)=29°01"17."90
0,(6,2)-0,(6,2)=29"29'46."35,

180° —(0,(6,2)— 0,(6,2))=150°30"13."65
0,(6,2)—0,(6,2)=58"31'04."25,

180" —(0,(6,2)—0,(6,2))=121"28'55.""75,

c) Extremes:

0,(6,2) = arccos

Average value 75°30720”

=104°30"38."95

104°30’ [6: Part IV, Vol. X, p.161, 1860]
104°31740” [6: Part IV, Vol. X, p.159, 1860]
Average value 104°30’50”

=134°00"25."30

134°0030" [6: PartII1, Vol. VII, p.60, 1853]

Lebedev: 88° [11: p.273]

180° — 88° =92°

150°58’ [6: Part IV, Vol. X1, p.404, 1860]
29°02'40" [6: Part 1, Vol. IIL, p.421, 1870]
29°29'16" [6: Part IV, Vol. X1, p.286, 1866]
150°29745" [6: Part III, Vol. VIL, p.43, 1853]
Haiiy: 58°31704" [5: p.85; 2*]

Haiiy: 121°28'56" [5: p.86; 2*]

=27°3230."54

27°39'38"? [6: Part IV, Vol. X, p.99, 1860]

2
0,(6,2) = arccos L. (Hj ol =60°23'27."73

0,(6.2) = 90°

0,(6.2) = arccos|

=119°36'32."27

60°24'10" [6: Part IV, Vol. XI, p.261, 1866]

Glinka: 119°36’ [10: p.67]

2:
0,(6,2) = arccos| — L4 (HJ P 1592729746

99

d) Sectors
20,(6.2)=55°05'01."08

180° — 26, (6.2)=0,(6,2) — 0,(6,2) =124°58'58."92

20,(6,2)=120°46'55."46
180° —20,(6,2) = 59°13'04.”54
0,(6.2)—6,(6,2) =125°54'58."92

180° —(0,(6.2)—0,(6,2)) = 54°5'01."08
0,(6.2)—0,(6,2) = 62°27'29."46

180° —(0,(6.2)—6,(6.2)) =117°32'30."54
0,(6,2)-6,(6,2)=92°4'1."73

180° —(6,(6,2)—6,(6.2)) = 87°55'58."27
0,(6.2)-6,(6,2)=32°50'57."19

180° —(6,(6,2)—-6,(6,2)) =147°9"2."81
0,(6.2)—0,(6.2)=19°36'32."27

180° — (0,(6.2)— 0,(6,2)) = 160°23'27."73
0,(6.2)—0,(6.2) = 59°13'04."54

180° —(0,(6.2)-6,(6.2)) = 120°46'55."46

152°28'34" [6: Part IV, Vol. X, p.99, 1860]

Fletcher: 55°06’ [21]

124°58'50" [6: Part IV, Vol. X, p.100, 1860]
Glinka: 120°46’ [10: p.65]

180° — 120°46" = 59°14'

125°57" [6: Part IV, Vol. XI, p.624, 1860]
53759737 ? [6: Part IV, Vol. XI, p.286, 1866]
62°35'16" ? [6: Part IV, Vol. XI, p.286, 1866]
62°12'58" ? [6: Part IV, Vol. XI, p.286, 1866]
Average value 62°24'7"

117°34"2 [6: Part IV, Vol. X, p.100, 1860]
92°9'30" ? [6: Part IV, Vol. X, p.87, 1860]
87°50"30" 2 [6: Part IV, Vol. X, p.87. 1860]
32°51"14” [6: Part IV, Vol. X1, p.396, 1860]
147°9" [6: Part IV, Vol. X, p.161, 1860]

180° —160°22'35"

160°22'35" [6: Vol. IV, p.106, 1870]
59°23'30" ? [6: Vol. VIL, p.254, 1870]
120°44'? [6: Vol. IX, p.486, 1870]

O,,;(0)= sin* OcosO(cos® O — 31 l)

a) Zero:
0,(63)=0"
3
0,(6.3)= arccosJE =58°31'04."25

0,(6,3)=90°

3
0,(6.3)= arcco{—w’ﬁ =121°28'55."75

0,(6,3)=180°

b) Sectors:

AB, =20,(6,3)=117°02" 08".50 ,
180° —20,(6.3)=62°57'51."1
0,(6,3)-0,(6,3)=62°37"51."50

Haity: 58°31'04" [5: p.85; 2%]

Haiiy: 121°28/56" [5: p.86; 6%]

Haiiy:117°02 08" [5: p.85; 2%]
Eakle: 62°59' [22]
62°38736" [6: Part III, Vol. VII, p.76, 1869]



31°30754" [6: Vol. IV, p.100, 1870]
148°30" [6: Part L, Vol. IIL p.341, 1853]

04(6,3)- 0,(6,3)=31"28'55"75
180° — (0,(6.3)— 0,(6,3)) = 148°31'04.25

c) Extremes:
5 5% 1 .
6,(6,3) = arccos| 4|—+,/| —| ——= [=22"1807."02
22°20755" [6: Part IV, Vol. XI, p.389, 1860]

6,(6,3) = arccos =76°40'37."65

76°42739" [6: Part I, Vol. IIL, p.433, 1870]
0,(6,3) = arccog =103°19'22."35
103°20’40" [6: Part IV, Vol. XI, p.418, 1860]

0,(6,3) = arccoy =157°41'52."98 157°42'43" [6: Vol. IV, p.111, 1870]

157°4059" [6: Vol. L, N.1, p.113, 1877]
Average value 157°41' 51”7
d)Sectors:

20,(6.3)=44°36'14."04
180° —26,(6,3)=0,(6,3)— 0,(6,3) = 135°23'45796

44°36'20" [6: Vol. V., p.304, 1870]
135°18'46” ? [6: Vol. IV, p.102, 1870]
135°29'30” ? [6: Part I, Vol. 111, p.346, 1853]
Average value 135°24'8"
20,(6,3)=153"21"15."30 1531930 [6: Part I, Vol. III, p.428, 1870]
153°26'6" ? [6: Part I, Vol. III, p.334, 1853]
153°17'3177 [6: Part IV, Vol. X, p.144, 1860]
average value of the last two angles 153°21’48”
26°38" [6: Part I, Vol. 111, p.428, 1870]
54°22'04" [6: Part I1I, Vol. VII, p.99, 1869]
125°31"32" 7 [6: Part IV, Vol. X, p.387, 1860]
81°03'07" [6: Part IV, Vol. XL p.389, 1860]
98°56'53" [6: Part IV, Vol. XL, p.384, 1860]

180° —26,(6,3) = 26°38'44."70
0,(6.3)—0,(6,3)= 54°22'30."63

180° —(6,(6.3)-6,(6,3)) = 1253729."37
0,(6,3)—0,(6,3)=81°01"15."33

180° —(0,(6.3)—6,(6.3)) = 98°58"44.767

O, ,(0)=sin" O(cos* G—Al)

a) Zeros:
O,(64)=0°

1
0,(6,4)= arccos(ﬁ) =72°27'05."76

1
0,(6.4) = arccos(- —J =107°32'54."24
3( ) m
0,(6.4) =180°
b) Sectors:
20,(6.4)=144"54"11."52
180° —20,(6,4)=35°05"48."48

c) Extremes

’13
0,(6,4)= arccos( E] =51°07"24."04

0,(6.3)=90°

f13 5
0,(6.4)= a.rccos[— -3—2 =128"52'35."96
d) Sectors:

AB, =20,(6.4) =102°14'48."08

180° —26,(6,4)=0,(6,4)—0,(6.4)=77"45'11."92

0,(6.4)—0,(6.4)=38"52'35"96
180° —(0,(6.4)—0,(6,4)) =151°07"24.04

72°3028" [6: Part I, Vol. IIL p.349, 1853]

107°33"13" [6: Part IV, Vol. XI, p.281, 1866]

144°50'31”7? [6: Vol. IV, p.103, 1870]
35°06'56" [6: Part IV, Vol. XI, p.389, 1860]

51°08'28" [5: Part IV, Vol. XII, p.630, 1860]

128°54702" [6: Vol. IV, p.104, 1870]

128°50750” [6: Vol. VIIL, p.251. 1870]
Average value128°52’35"”

102°12740" [6: Vol. IV, p.107, 1870]
102°16'42" 7 [9: 21]

Average value102°14'41”

Palache: 77°44' ? [23]

38°51'32" [6: Part IV, Vol. XII, p.630, 1860]

151°03'16”? [6: Part IV, Vol. X1, p.433, 1860]

@, .(0)=sin" OcosO

a) Zeros:
0,(6,5)=0", 0,(6,5)=90°, O,(6,5)=180°
¢) Extremes
1
0,(6.5) = arccos[—) =65°54'18."67
' J6

typical angles of crystals

65°5128" [6: Part IV, Vol. XI, p.393, 1860]

65°58'13" [6: Part IV, Vol. XI, p.388, 1860]



Average value 65°54'50”

1
0,(6,5) = arccos(— EJ =114°05'41."33 114°01'47" [6: Part IV, Vol. XI, p.431, 1860]
d) Sectors:
AB, =26,(6,4) =131°4837."34 Kokscharov-son: 131°5728" ? [6: Vol. IV, N.11, p.223, 1879]
AB, =7 —26,(6,4) =48°11'22."66 48°07'41"? [6: Part IV, Vol. XI, p.393, 1860]

48°16'16"? [6: Part IV, Vol. XI, p.389, 1860]
Average value 48°11" 58"

4. Facet angles of some crystals: examples

Let us consider finally the geometry of some crystals (Fig. 1) from the point of view of

typical angles of polar functions resting upon Haty's works [5].
Lrgu="78 27 47"

Lset =117° 02'8"

b b
Lgut = £grs=140° 46'07"
a d a d
Lrse= Letu=121°28'56"
C C
Lgoe = Lgpe=82°15'03"
a) b) )

Fig. 1. Rhombic facets of some crystals.

a) The pomegranate with 24 facets [5: p.82; 2*]. The scanning is 24 rhombuses. The
angles of the rhombuses (Fig. 1a) are correspondingly equal to [5: p.79; 1*]:

Zbac="T7031"44" > 0,(53) = 0,(2.0)— 0,(2.0)="70°31"43.760 ,

Zacd =109"28'16" > 0,(53)=20,(2,0)=109° 28"16."40

b) The lime spar [5: 36, 7*]. The scanning is 6 thombuses (Fig. 1b) with angles:
ZLbac=7827'47" >  20,(30)=78"27'46."94,

Zacd=101°32"13" >  0,(3.0)-0,(3.0)=2(0,(3.0)-0,(3.0)) =101° 32'1306

¢) The pomegranate with 36 facets. The scanning is 12 rhombuses (Fig. 1a) and 24
prolate hexagons (“argute”, Fig. 1c) [5: 82; 2*]. The angles are:

v ¥ ¥ v ¥

20,(3,0)="78°27"46."94 ,
20,(6,3)=117 02'8."50.,
04(3.0)=140° 46'06."53
0,(63)=121°28'55"75

180° —(0,(3.0)+0,(6,3)) = 82°15'02.”28



Thus, the WM, developed by us to replace the Standard Model,

solved the problem
(indicated in the title of this report),
uncovered the above-mentioned riddle of crystals:

The nature of crystal formations, in fact, is wave.

This statement is based on the discovery of a previously unknown fact that

characteristic angles of the crystals,
determining their shape, completely

coincide with the
characteristic angles of the solutions for the

polar component
of the general (“classical”) wave equation.

This discovery once again confirms
the validity and advantage of the concepts underlying the Wave Model.



Conclusion

We highlight here the following
breakthrough discovery
(we made within the WM),
which alters conventional ideas regarding
the structure of matter:

1. Discovery of the shell-nodal structure of the atoms.

“Atoms” (Z > 2) are stable wave formations. They have the shell-nodal structure and are
elementary molecules of hydrogen atoms (Z=1). Their nodes, filled with paired hydrogen
atoms, are bound to each other by strong wave interaction (dependent on the fundamental
frequency o, of atomic and subatomic levels [1]).

This discovery, as a fundamental key one,
led to a series of

derivative discoveries:



2. Discovery of the nature of chemical bonds of “atoms” -
elementary molecules of H-atoms.

The main role at the formation of specific configuration of molecules and crystals plays a
spatial arrangement of the nodes and internodal strong bonds in the elementary molecules
(“atoms”) of hydrogen atoms, but not the so-called “electron configuration”. Electrons play
the secondary role: they define only the strength of chemical bonds.

Chemical “covalent” bonds are realized directly along strong internodal bonds
each of the joined elementary molecules (“atoms”) or their dimers.

3. Discovery of the original nature of “Atomic” Isotopes
and their entire set (including those that have not yet been detected).

It was made as a result of an analysis of particular solutions of the wave equation.

All “atomic” isotopes (natural and artificial, already detected and not yet detected),
their structure and relative mass are defined by the extent of filling all potential and
potential-kinetic nodes of the “atoms” with hydrogen atoms.

4. Discovery of the original nature of the Periodic Law.



5. DiSCOVCI'y of the Periodic Table, theoretical, consistent with
particular solutions of the wave equation.

The original cause of the observed periodicity in properties of chemical elements is the
quasi-periodicity of the shell-nodal structure of the “atoms”, following from the wave
equation solutions. With allowance of the above-mentioned found regularity, the “atoms”
were arranged and, for the first time in physics, presented in the form of the theoretical
Periodic Table of “Atoms”, reflecting, thus, the primary cause of the periodicity.

Remind. The periodic table, or periodic table of elements, presented currently in
physics, is a tabular arrangement of the chemical elements, arranged by atomic number,
electron configuration, and recurring chemical properties, whose structure shows periodic
trends.

6. Discovery of the wave nature of crystals.

Characteristic angles of crystals of natural minerals are determined by the same
particular solutions of the wave equation (2) just like the spatial angles of the disposition
of nodes in the wave shells of the atoms.



Derivative discoveries
(originating from the breakthrough one)

related to graphene, fullerenes and nanotubes:

1. Discovery of anisotropy of two-dimensional crystal lattice of
graphene.
Graphene has two-fold rotational symmetry, but not six-fold as is commonly believed.

2. Discovery of the nature of the “ballistic” conductivity in graphene.

The “ballistic” motion of charges in graphene is realized along parallel hollow channels
in the graphene lattice, formed from invisible empty polar nodes.

3. Discovery of the direction of semiconductor conductivity in graphene.

The semiconductor feature takes place in the crystallographic direction perpendicular to
the “ballistic” channels oriented along the Z-axis.

4. Discovery of the nature of the formation of bonds in the molecule of
buckminsterfullerene and its true chemical formula (C,),,.

Elementary building blocks of the molecule are carbon dimers C, .

5. Discovery of the cause of the formation of carbon nanotubes with
semiconductor and metallic conductivity.



Thus,

atoms and their compounds

are

the material realization

of elementary solutions of the wave
equation.

About the wave structure and behaviour of elementary particles,
can be found in the Selected Lectures on the WM by the author [13].



Remind

The Wave Mod?l is based on the
axiom

(consistent with dialectical philosophy), according to which

all material formations at all levels of the Universe, being harmonically
interrelated between themselves, as everything in the Universe,
have the wave nature.

Taking into account the totality of discoveries of the WM, made thanks to
adequate concepts on which it is based,
we came to the following

Overall conclusion

Accepting the above axiom

as the basic concept for all theories of physics

can, ultimately, save modern physics from the subjective approach
(characterized by the use of abstract-mathematical, fictional, postulates)

and bring it
to a qualitatively new level in its development

This is a universal concept that all physicists were looking for !
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Thank you
for your attention!



