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Computerized verification of three new described heretheories are presented on
examples of WATER and I CE, using special computer program (copyright, 1997, A.
Kaivarainen).
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Hierarchic Theory of Matter and Field (by: A. Kaivarainen)

A basically new hierarchic quantitative theory, general for solids and liquids, has been
developed.

It isassumed, that anharmonic oscillations of particlesin any condensed matter lead to
emer gence of three-dimensional (3D) superposition of standing de Broglie waves of
molecules, electromagnetic and acoustic waves. Consequently, any condensed matter could
be consider ed as a gas of 3D standing waves of corresponding nature. Our approach unifies
and develops strongly the Einstein’s and Deby€e’ s models.

Collective excitations, like 3D standing de Broglie waves of molecules, representing at
certain conditionsthe molecular Bose condensate, wer e analyzed, as a background of
hierarchic model of condensed matter.

Themost probable de Broglie wave (wave B) length is determined by theratio of Plank
constant to the most probable impulse of molecules, or by ratio of itsmost probable phase
velocity to frequency. Thewaves B arerelated to molecular trangations (tr) and librations
(Ib).

As the quantum dynamics of condensed matter does not follow in general case the classical
Maxwell-Boltzmann distribution, the real most probable de Broglie wave length can exceed the
classical therma de Broglie wave length and the distance between centers of molecules many
times.

This makes possible the atomic and molecular Bose condensation in solids and liquids at
temperatures, below boiling point. It is one of the most important results of new theory, which we
have confirmed by computer simulations on examples of water and ice.

Four strongly interrelated new types of quasiparticles (collective excitations) were
introduced in our hierarchic model:

1. Effectons (tr and Ib), existing in "acoustic” (a) and "optic” (b) states represent the coherent
clustersin genera case;

2. Convertons, corresponding to interconversions between tr and Ib types of the effectons
(flickering clusters);

3. Transitons are the intermediate [a = b] transition states of the tr and |b effectons;

4. Deformons are the 3D superposition of IR electromagnetic or acoustic waves, activated by
transitons and convertons.

Primary effectons (tr and Ib) are formed by 3D superposition of the most probable
standing de Broglie waves of the oscillating ions, atoms or molecules. The volume of effectons (tr
and Ib) may contain from less than one, to tens and even thousands of molecules. The first
condition means validity of classical approximation in description of the subsystems of the
effectons. The second one points to quantum properties of coherent clusters due to molecular
Bose condensation.

Theliquids are semiclassical systems because their primary (tr) effectons contain less than one
molecule and primary (Ib) effectons - more than one molecule. The solids are quantum systems
totally because both kind of their primary effectons (tr and Ib) are molecular Bose condensates.
These consequences of our theory are confirmed by computer calculations.

The 1st order [gas — liquid] transition is accompanied by strong decreasing of rotational
(librational) degrees of freedom due to emergence of primary (Ib) effectons and [liquid — solid]
transition - by decreasing of trandational degrees of freedom due to Bose-condensation of primary
(tr) effectons.

In the general case the effecton can be approximated by parallelepiped with edges
corresponding to de Broglie waves length in three selected directions (1, 2, 3), related to the



symmetry of the molecular dynamics. In the case of isotropic molecular motion the
effectons’ shape may be approximated by cube.

The edge-length of primary effectons (tr and Ib) can be considered asthe” parameter of
order”.

The in-phase oscillations of molecules in the effectons correspond to the effecton’s (a) -
acoustic state and the counterphase oscillations correspond to their (b) - optic state. States (@) and
(b) of the effectons differ in potential energy only, however, their kinetic energies, impulses and
gpatial dimensions - are the same. The b-state of the effectons has a common feature with
Frdlich’s polar mode.

The(a - b) or (b » a) transition states of the primary effectons (tr and Ib), defined as
primary transitons, are accompanied by a change in molecule polarizability and dipole
moment without density fluctuations. At this casethey lead to absor ption or radiation of IR
photons, respectively.

Super position (interception) of threeinternal standing IR photons of different
directions (1,2,3) - forms primary electromagnetic deformons (tr and Ib).

On the other hand, the [Ib= tr] convertons and secondary transitons are accompanied by the
density fluctuations, leading to absorption or radiation of phonons.

Super position resulting from interception of standing phonons in three directions (1,2,3),
forms secondary acoustic deformons (tr and |b).

Correlated collective excitations of primary and secondary effectons and deformons (tr and
Ib), localized in the volume of primary tr and Ib electromagnetic deformons, lead to origination of
macr oeffectons, macr otransitons and macr odefor mons (tr and 1b respectively).

Correlated simultaneous excitations of tr and Ib macroeffectons in the volume of
superimposed tr and |b el ectromagnetic deformons lead to origination of super effectons.

In turn, the coherent excitation of both: tr and |b macrodeformons and macroconvertonsin
the same volume means creation of super defor mons. Superdeformons are the biggest
(cavitationd) fluctuations, leading to microbubblesin liquids and to local defectsin solids.

Total number of quasiparticles of condensed matter equal to 4!=24, reflects all of
possible combinations of the four basic ones[1-4], introduced above. This set of collective
excitationsin theform of "gas’ of 3D standing waves of threetypes. de Broglie, acoustic
and electromagnetic - is shown to be able to explain virtually all the properties of all
condensed matter.

The important positive feature of our hierarchic model of matter isthat it does not need the
semi-empiric intermolecular potentials for calculations, which are unavoidable in existing
theories of many body systems. The potential energy of intermolecular interaction is involved
indirectly in dimensions and stability of quasiparticles, introduced in our model.

The main formulae of theory are the same for liquids and solids and include
following experimental parameters, which take into account their different
properties:

[1]- Positions of (tr) and (Ib) bandsin oscillatory spectra;

[2]- Sound velocity;

[3]- Density;

[4]- Refraction index (extrapolated to theinfinitive wave length of photon).

The knowledge of these four basic parameters at the same temperature and pressure makes
it possible using our computer program, to evaluate more than 150 important characteristics of
any condensed matter. Among them are such as: total internal energy, kinetic and potential
energies, heat-capacity and thermal conductivity, surface tension, vapor pressure, viscosity,



coefficient of self-diffusion, osmotic pressure, solvent activity, etc. Most of calculated parameters
are hidden, i.e. inaccessible to direct experimental measurement.

The new interpretation and evaluation of Brillouin light scattering and M 6ssbauer effect
parameters may aso be done on the basis of hierarchic theory. Mesoscopic scenarios of turbulence,
superconductivity and superfluity are elaborated.

Some original aspects of water in organization and large-scale dynamics of biosystems - such
as proteins, DNA, microtubules, membranes and regulative role of water in cytoplasm, cancer
development, quantum neurodynamics, etc. have been analyzed in the framework of Hierarchic
theory.

Computerized verification of our Hierarchic concept of matter on examples of water
and iceis performed, using special computer program: Comprehensive Analyzer of Matter
Properties (CAMP, copyright, 1997, Kaivarainen). The new opto-acoustical device (CAMP),
based on this program, with possibilities much wider, than that of IR, Raman and Brillouin
spectrometers, has been proposed (see URL : http://www.kar dia.ru/~alexk).

Thisisthefirst theory ableto predict all known experimental temper ature anomalies
for water and ice. The conformity between theory and experiment isvery good even without
any adjustable parameters.

The hierar chic concept creates a bridge between micro- and macro- phenomena,
dynamics and thermodynamics, liquids and solids in terms of quantum physics.



1: New approach to theory of light refraction
1.1. Refraction in gas

If the action of photons onto electrons of moleculesis considered asa force, activating a
harmonic oscillator with decay, it leadsto the known classical equationsfor a complex
refraction index (Vuks, 1984).

TheLorentz-Lorenz formula obtained in such away is convenient for practical needs.
However, it does not describe the dependence of refraction index on theincident light
frequency and did not take into account theintermolecular interactions. In the new theory
proposed below we havetried to clear up the reationship between these parameters.

Our basicideaisthat the diglectric penetrability of matter ¢, (equal in the optical
interval of frequenciesto therefraction index squared n?), is determined by theratio of
partial volume energies of photon in vacuum to similar volume energy of photon in matter:

_ 1= _ mpe® 2 11
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where mp = hvp/c? isthe effective photon mass, c isthe light velocity in vacuum, ¢, isthe

effective light velocity in matter.

Weintroduce the notion of partial volume energy of a photon in vacuum [E3] and in
matter [Eg'] asa product of photon energy (Ep = hv,) and the volume (V) occupied by 3D

standing wave of photon in vacuum and in matter, correspondingly:
[EQ] = EpVS  [EX] = EpVi 12
The 3D standing photon volume as an interception volume of 3 different standing photons
normal to each other was termed in our mesoscopic model as a primary e ectromagnetic deformon
(see Introduction of [1,2,3]).
In vacuum, where the effect of an excluded volume dueto the spatial incompatibility of

electron shells of molecules and photon is absent, the volume of 3D photon standing wave
(primary deformon) is:

€=n?

_1 3
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We will consider theinteraction of light with matter in this mesoscopic volume, containing a
thousands of molecules of condensed matter. It isthe reason why wetitled thistheory of
light refraction as mesoscopic one.
Putting (1.3) into (1.2), we obtain the formulafor the partial volume energy of aphoton in
vacuum:

1.3

o3
[EB] = EpVS = th8—np
Then we proceed from the assumption that waves B of photons can not exist with waves B of
electrons, forming the shells of atoms and molecules in the same space elements. Hence, the effect
of excluded volume appears during the propagation of an external electromagnetic wave through
the matter. It leads to the fact that in matter the volume occupied by a photon, is equal to
VI = V8- V& =V —nf e VY 15
where V& = n}, V¥ is the excluded volume which is equal to the product of the number of
molecules in the volume of one photon standing wave (nf,) and the volume occupied by the
electron shell of one molecule (V).
nf, is determined by the product of the volume of the photons 3D standing wave in the vacuum
(1.3) and the concentration of molecules (ny = No/Vo):

= 2hcr 14
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In the absence of the polarization by the external field and intermolecular interaction, the volume
occupied by eectrons of the molecule:

(Vi %nLg 17

where L. isthe radius of the most probable wave B (Le = A¢/27) of the outer electron of a
molecule. Asit has been shown in (7.5) that the mean molecule polarizability is:

oa=1L3 1.8
Then taking (1.7) and (1.6) into account, the excluded volume of primary electromagnetic
deformon in the matter is:

3
VS< = %HM%T[(X = %lSnMa 1.9

Therefore, the partial volume energy of a photon in the vacuum is determined by eg.(1.4), while
that in matter, according to (1.5):

[Ep] = Epe VI = Ep o [V3 - VE] 1.10
Putting (1.4) and (1.10) into (1.1) we obtain:

0
€ = n2 = % 1.11
Ep(Vp—-V5)
or
1 _,_V§
=5 =1-F 112
Then, putting eg.(1.9) and (1.3) into (1.12) we derive new equation for refraction
index, leading from our mesoscopic theory:
n—12 - 1- %ﬂnMa 1.13
or in another form:
n-1_ 4 _4_No
= = 37rnMa 37rvoa 1.14

where ny = No/Vg isa concentration of molecules;

In thisequation a = L2 isthe average static polarizability of moleculesfor the case when
the external electromagnetic fields as well asintermolecular interactionsinducing the
additional polarization are absent. Thissituation isrealized at E, = hvpy - 0 and A, - o
in the gas phase. Aswill be shown below the value of resulting a* in condensed matter is
bigger.

1.2. Light refraction in liquids and solids

According to the Lorentz classical theory, the electric component of the outer €l ectromagnetic
fidd isamplified by the additiona inner field (Eaq), related to the interaction of induced dipole
moments in composition of condensed matter with each other:

Ea — %E 115
The mean Lorentz acting field F can be expressed as:
T:=E+Ead=%5 @n-1 F-E 116

F- has adimensions of electric field tension and tends to E in the gas phase when n - 1.



In accordance with our mesoscopic model, except the Lorentz acting field, thetotal
internal acting field, includes also two another contributions, increasing the molecules
polarizability («) in condensed matter:

1. Potential intermolecular field, including all the types of Van- der-Waals interactions
in composition of coherent collective excitations, even without external electromagnetic
field. Liketotal potential energy of matter, thiscontribution must be dependent on
temperature and pressure;

2. Primary internal field, related with primary electromagnetic deformons (tr and lib).
This component of the total acting field also exist without external fields. Its frequencies
correspondsto IR range and its action ismuch weaker than the action of the external visible
light.

Let ustry to estimate the energy of the total acting field and its effective frequency (v¢) and
waveength (1¢), that we introduce as:
Af=hvf=*£—f=AL+AV+AD 1.17
where: A, Ay and Ap are contributions, related with Lorentz field, potential field and primary
deformons field correspondingly.

When the interaction energy of the molecule with a photon (E, = hvp) isless than the energy
of the resonance absorption, then it leads to eastic polarization of the electron shell and origination
of secondary photons, i.e. light scattering. We assume in our consideration that the increment of
polarization of amolecule (o) under the action of the external photon (hv,) and the total active
fidd (As = hv;) can be expressed through the increase of the most probable radius of the electron’s
shell (Le = o), using our (eq. 7.6 from [1]):

AL, = @0 Me

T 1.18

where the resulting increment:
AL* = ALe+ AL = %a 1.18a
where: o = L2 isthe average polarizability of moleculein gas phase at v¢ — O.
For water molecule in the gas phase:
Le =a'®=11310Ym
isaknown constant, determined experimentally [4].

Thetotal increment of polarizability radius (AL*) and resulting polarizability of
molecules (a*) in composition of condensed matter affected by the acting field

a* = (L*)3
can befind from the experimental refraction index (n) using our formula (1.14):
«_[3 Vo n2-1 }”3
L = [4n T 1.19
AL* = L* —Le 1.20

where: L* = (a*)Y3
From (1.18) we get aformulafor the increment of radius of polarizability (AL¢), induced by the
total internal acting field:
ALt = AL* — ALe = %a 121
Liketota internal acting field energy (1.17), thistotal acting increment can be presented as a
sum of contributions, related to Lorentz field (ALg), potential field (ALy) and primary deformons



fidld (ALp):
ALf = ALL + ALV + ALD 1.22
Increment AL ¢, induced by external photon only, can be calculated from the known frequency (vp)
of the incident light (see 1.18a):
hvp e Me
272

It meansthat AL+ can be found from (1.21) and (1.17), using (1.23). Then from (1.21) we can

calculate the energy (As), effective frequency (v¢) and wave length (4¢) of the total acting field like:

Ac = hvy = holag = 28keT” 124
The computer calculationsof a*; L* = Le+AL* = (a*)¥® and A inthe temperature range
(0 —95%) are presented on Fig.1.1.

One must keep in mind that in general case a and L are tensors. It meansthat al the
increments, calculated on the base of eq.(1.18a) must be considered as the effective ones.
Nevertheless, it is obvious that our approach to analysis of the acting field parameters can give
useful additional information about the properties of transparent condensed matter.

AlLe = 1.23
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Fig. 1.1. (a)- Temperature dependencies of the most probable outer electron shell radius
of H,O (L*) and the effective polarizability o* = (L*)2 inthetotal acting field;

(b)- Temperature dependence of the total acting field (A¢) energy in water at the
wavelength of theincident light A, = 5.461 « 10-°cm™1. The experimental data for
refraction index n(t) were used in calculations. Theinitia eectron shell radiusis:

Le = al3; = 113+ 108cm [4]. Ingraphical caculationsin Fig.1.1a, the used
experimental temperature dependence of the water refraction index were obtained by
Frontas ev and Schreiber [5].

Thetemperature dependencies of these parameter s wer e computed using the known
experimental data on refraction index n(t) for water and presented in Fig.1.1a. Theradius
L* in therange 0 — 95°C increases less than by 1% at constant incident light wavelength
(A = 546.1nm). The change of AL with temperatureisdetermined by its potential field
component change ALy,.

Therelative change of this component: AAL\/AL¢ (t = 0°C) isabout 9%. Corresponding
to thischange theincreasing of the acting field energy As (eq.1.23) increases approximately
by 8kJ/M (Fig 1.1 b) dueto its potential field contribution.

It isimportant that the total potential energy of water in the same temperaturerange,
according to our calculations, increase by the same magnitude (Fig.5b in [1] or Fig.3bin [
3]). Thisfact pointsto the strong correlation between potential intermolecular interaction in



matter and the value of the acting field energy.

It was calculated that, at constant temperature (20°) the energy of the acting field
(Ar), (e0.1.23) in water practically does not depend on the wavelength of incident light (1p).
At morethan threetime alterations of A,: from 12.56 « 10-°cm t03.03 « 10-°cmand the
water refraction index (n) from 1.320999 to 1.358100 [6] the value of As changes less than by
1%.

At the same conditions the electron shell radius L * and the acting polarizability a*
thereby increase from (1.45 to 1.5)«10~° mand from (3.05 to 3.274) « 10~3m3 respectively
(Fig.1.2). These changes are dueto theincident photons action only. For water moleculesin
the gasphaseand 1, - o theinitial polarizability (a = L3) isequal to 1.44 « 10-%*cm?® [4],
i.e. significantly lessthan in condensed matter under the action of external and internal
fields.

Obvioudly, the temper atur e change of energy As (Fig.1.1b) isdetermined by theinternal
pressureincreasing (section 11.2 of [1]), related to intermolecular interaction change,
depending on mean distances between molecules and, hence, on the concentration (No/Vo) of
moleculesin condensed matter.
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Fig. 1.2. Dependencies of the acting polarizability o* = (L*)® and electron shell radius
of water in the acting field (L*) on incident light wavelength (1), calculated from eqg.
(1.14) and experimental datan(ip) [6]. Theinitia polarizability of H,O inthe gas
phaseat A, > wisequa to a = L3 = 1.44 « 10-2*cm?. The corresponding initial
radius of the H,O electron shell is Le = 1.13 « 10-8cm.

On the basis of our data, changes of A, calculated from (1.24) are caused mainly by the
heat expansion of the matter. The photon induced increment of the polarizability (a - a*)
practically do not change As.

The ability to obtain new valuable infor mation about changes of molecule polarizability
under the action of incident light and about temper atur e dependent molecular interaction in
condensed medium markedly reinfor ce such a widely used method asr efractometry.

The above defined relationship between the molecule polarizability and the wave length
of theincident light allowsto make a new endeavor to solve thelight scattering problems.



2. Mesoscopic theory of Brillouin light scattering in condensed matter

2.1. Traditional approach

According to traditional concept, light scattering in liquids and crystals as well asin gases takes
place due to random heat fluctuations. In condensed media the fluctuations of density, temperature
and molecule orientation are possible.

Density (p) fluctuations leading to dielectric penetrability (e) fluctuations are of major
importance. This contribution is estimated by means of Einstein formula for scattering coefficient

of liquids [7]:
R= 1oV 2%4 kTﬂT( 5p>T 2.1

where St isisothermal compressibility.
Many authors made attempts to find a correct expression for the variable (pg—;).
The formula derived by M.F.Vuks [8 9] is most consistent with experimenta data:

n2 _ 3n2
pLc ap = -Do5 2.2

2.2. Fine structure of scattering

The fine structure - spectrum of the scattering in liquids is represented by two Brillouin
components with frequencies shifted relatively from the incident light frequency: v. = vo £ Av and
one unshifted band like in gases (vo).

The shift of the Brillouin components is caused by the Doppler effect resulting from afraction
of photons scattering on phonons moving at sound speed in two opposite directions [8].

This shift can be explained in different way as well. If in the antinodes of the standing wave the
density oscillation occurs at frequency (Q2):

p = poCoSQA, 2.3
then the scattered wave amplitude will change at the same frequency. Such awave can be
represented as a superposition of two monochromatic waves having the frequencies:(w + Q) and
(0 — Q), where

Q = 2nxf 2.4

isthe eastic wave frequency at which scattering occurs when the Wolf-Bragg condition is
satisfied:

2Asing = 2Asin% =2 25
or
A= ;L’/(zsin%) - %(Zsin%) = Vpnlf 26

where A is the elastic wave length corresponding to the frequency f; A = A/n = ¢/nv (1’ and A
are the incident light wavelength in matter and vacuum, respectively); ¢ isthe angle of diding; 0 is
the angle of scattering; n is the refraction index of matter; c is the light speed.

The vaue of Brillouin splitting is represented as:

Voh V
tAvwp == =L = 2v phnsmg 2.7
where: vn/c = 1/4; nistherefraction index of matter; v isincident light frequency;
Vph = Vs 2.8

isthe phase velocity of a scattering wave equal to hypersonic velocity.



Theformula (2.7) isidentical to that obtained from the analysis of the Doppler effect:
Av _ 1oVs a0
S = ¥2-2nsin > 2.9
According to the classical theory, the central line, which is analogous to that observed in gases,
is caused by entropy fluctuations in liquids, without any changes of pressure [8]. On the basis of
Frenkel theory of liquid state, the central line can be explained by fluctuations of ”hole” number -
cavitationd fluctuations [10].
The thermodynamic approach of Landau and Plachek |eads to the formula, which relates the
intensities of the central (1) and two lateral (1w_g) lines of the scattering spectrum with
compressibility and heat capacities:

L _ o _BroBs _ CoCy 2.10

2lv-B lad Bs Cy
where: B+ and 85 are isothermal and adiabatic compressibilities; C, and C, are isobaric and
isohoric heat capacities.

In crystals, quartz for example, the central linein the fine structure of light scattering is usually
absent or very small. However, instead of one pair of shifted components, observed in liquids, there
appear three Brillouin componentsin crystals. One of them used to be explained by scattering on
the longitudinal phonons, and two - by scattering on the transversal phonons.

2.3. New mesoscopic approach to problem

In our hierarchictheory thethermal "random” fluctuationsare” organized” by
different types of superimposed quantum excitations.

According to our Hierarchic model, including microscopic, mesoscopic and macr oscopic
scales of matter (seeIntroduction of [1,2,3]), themost probable (primary) and mean
(secondary) effectons, transational and librational are capable of quantum transitions
between two discreet states: (a < b)yp and (O < b)y b respectively. Thesetransitionslead
to origination/annihilation of photons and phonons, forming primary and secondary
deformons.

The mean heat energy of moleculesis determined by the value of 3kT, which as our
calculations show, has the intermediate value between the discreet energiesof aand b
guantum states of primary effectons (Fig.19 of [1]), making, consequently, the non
equilibrium conditionsin condensed matter. Such kind of instability isa result of
” competition” between classical and quantum distributions of energy .

The maximum deviations from thermal equilibrium and thét of the dielectric properties of
matter occur when the same states of primary and secondary quasiparticles, e.g. a,[J and b,b occur
smultaneoudly. Such a situation correspondsto the A and B states of macroeffectons. The
(A < B)yp trangitions represent thermal fluctuations. The big density fluctuations are related to
"flickering clusters’ (macroconvertions between librational and trandational primary effectons) and
the maximum fluctuations correspond to Superdeformons.

Only in the case of spatially independent fluctuations the interference of secondary
scatter ed photons does not lead to their total compensation.

The probability of the event that two spatialy uncorrelated events coincide intimeis equal to
the product of their independent probabilities [10]. )

Thus, the probabilities of the coherent (a,[]) and (b,b) states of primary and secondary
effectons, corresponding to A and B states of the macroeffectons (tr and lib), independent on each

other, are equal to:
ind _ S PA
A _( papa . A) —(Ew 211
( P )tr,lb ( PaPe )tr,lb (ZZ (ZZ >tr,lb



ind = S 1 _ PI\BA
(P Dty = ( P&Pg )tr,lb. (?) = (7>tr|b 2.12

(P Jugp and 1 (P )t”b 213

are the independent probabilities of a and O states c_ieterml ned according to formulae (4.10 and
4.18 of [2,3]), while probabilities (P%/Z), . and {P%/Z) ., &€ determined according to formulae
(4.11 and 4.19 of [2,3]);

Z isthe sum of probabilities of al types of quasiparticles states - eq.(4.2 of [2, 3]).

The probabilities of molecules being involved in the spatially independent trandational and
librational macrodeformons are expressed as the products (2.11) and (2.12):

ind ind ind pM
M = A . B =_D .
(e )m=| Cea)™ (o)™ | -
Formulae (2.11) and (2.12) may be considered as the probabilities of space-independent but
coherent macroeffectonsin A and B states, respectively.

For probabilities of space-independent supereffectonsin A* and B* states we have:

where

tr,lb

(Py )" = (Pa )'trnd( PA ):Zd= F;—%* 2.15
(e )™= (e )7 (o) - 55

In asimilar way we get from (2.14) the probabilities of spatially independent superdeformons
(P2 )ind=( PD )tr.( PD )m: F;—%* 2.16

The concentrations of molecules, the states of which markedly differ from the equilibrium one and
which cause light scattering in composition of spatially independent macroeffectons and
macrodeformons, are equal to:

Mg, [ve-gg(m)], e

tr,lb
N
ND — 0 PD :|
[ . z4vo( i) el

The concentrations of molecules, involved in a-convertons, b- convertons and Macroconvertons or
c-Macrotransitons (see Introduction) are correspondingly:

N;C\I/I = No Pac; Ntl\)/(I: = ZISIV Phc; NG = No

Z%Vo Z%Vo
The probabilities of convertons-related excitations are the same as used in Chapter 4 of book [1].
The concentration of molecules, participating in the independent supereffectons and
superdeformons:

Pomt 2.18

NO A*. B* NO B*
PA-  NB = P8 2.19
Z%V, ° 2V

D* _ NO D*
NV = Zsv-PS 2.20
where Ny and V, are the Avogadro number and the molar volume of the matter.
Substituting (2.17 - 2.20) into well known Raleigh formula for scattering coefficient,
measured at theright angle between incident and scatter ed beams:

I 84 -1
R—IOV— Man (cm™) 2.20a

we obtain the values of contributions from different states of quasiparticlesto the resulting

A* _
Ny =




scattering coefficient:
4 4 *) 2 .
(RA )trlb 8rn* ((1 ) No ( pA ) : RZ — 8n ((1 ) No Pé 221

422 Vo tr b Azt Vo
8n* (@)% No B . gs _ 8n* (092 No e
(R Diego = v 72 Vo ( P )trlb’ Rg = B2V Ps 2.22
8n* (a*)? No D . ps _ 8t (09)? No pp-
(RY b = 4 72 Vo( P )trlb’ Rp = 74 Vg Ps 2.23

The contributions of excitations, related to [tr/Ib] convertons are:
_ 8% (@*)® No 84 (a*)? N
8 4 (q* 2 N
- S L yePan
where: a* isthe acting polarizability determined by eg.(1.24) and (1.25).
The resulting coefficient of the isotropic scattering (Ris) is defined as the sum of contributions
(2.21-2.23) and is subdivided into three kinds of scattering: caused by trandational quasiparticles,
caused by librational quasiparticles and by the mixed type of quasiparticles:

Rio = [R¥ + RY + R¥] + [RY + RY + R¥] + [Rac + Roc + Rac] + [RA + R§ + R] 2.24

Total contributions, related to convertons and superexcitations are correspondingly:

The polarizability of anisotropic molecules having no cubic symmetry isatensor. In this case,
total scattering (R) consists of scattering at density fluctuations (Ris,) and scattering at fluctuations

of the anisotropy (Ren = 22-Riss )

R= R + 613$ R = R 2”752 — RipK 2.25

where Ris correspondsto eq.(2.24); A isthe depolarization coefficient.
Thefactor: (252 ) = K was obtained by Cabanne and is called after him. In the case of
isotropic moleculeswhen A = 0, the Cabanne factor isequal to 1.

The depolarization coefficient (A) could be determined experimentally as the ratio:
A = I X/I Z 226

where |, and | ; are two polarized components of the beam scattered at right angle with respect to
each other in which the electric vector is directed parallel and perpendicular to the incident beam,
respectively. For example, inwater A = 0.09 (Vuks, 1977).

According to the proposed theory of light scattering in liquids the central unshifted (likein
gases) component of the Brillouin scattering spectrum, is caused by fluctuations of concentration
and sdlf-diffusion of molecules, participating in the convertons, macrodeformons (tr and lib) and
superdeformons. The scattering coefficients of the central line (Reeny) and side lines (2Rgge) in
transparent condensed matter, as follows from (2.24) and (2.25), are equa correspondingly to:

Reent = K[( RM )tr+( RM )IJ+K(RC+RS) 227

and
2R = ( R +RY )tr +( RY+RY )Ib 2.27a

where K is the Cabanne factor.

Thetotal coefficient of light scatteringis:
Rt = Reent + 2Rsce 2.28



In accordance with our model the fluctuations of anisotropy (Cabanne factor) should be taken
into account for calculations of the central component only. The orientations of moleculesin
composition of A and B states of Macroeffectons are correlated and their coherent oscillations are
not accompanied by fluctuations of anisotropy of polarizability (see Fig.2.1).

The probabilities of the convertons, macrodeformons and superdeformons excitations
(egs.2.14, 4.16, 4.27 in [1]) are much lower in crystals than in liquids and hence, the centra linein
the Brillouin spectra of crystalsis not usually observed.

The latera linesin Brillouin spectra are caused by the scattering on the molecules forming (A)
and (B) states of spatially independent macroeffectons, as it was mentioned above.

The polarizabilities of the molecules forming the independent macroeffectons, synchronized in
(A)¢rip and (B) 1 States and dielectric properties of these states, differ from each other and from
that of trangition states (macrodeformons). Such short-living states should be considered as the non
equilibrium ones.

In fact we must keep in mind, that static polarizabilities in the more stable ground A state of the
macroeffectons are higher than in B state, because the energy of long-term Van der Waals
interaction between molecules of the A state is bigger than that of B-state.

If this difference may be attributed mainly to the difference in the long-therm dispersion
interaction, then from (1.33) we obtain:

Eo~Er=Ve-Va--352( ag-a} ) 229
where polarizability of moleculesin A-state is higher, than that in B-state:

2 2 2 2
ag > (a*) ~ad |>oaf

The kinetic energy and dimensions of ”acoustic” and "optic” states of macroeffectons are the same:
Tﬁ\in = TI|<3in'

In our present calculations of light scattering we ignore this difference (2.29) between
polarizabilities of moleculesin A and B states.

But it can be taken into account if we assume, that polarizabilitiesin (A) and (a), (B) and (b)
states of primary effectons are like:

OpA =0z =0Q% ap=0p
and the difference between the potential energy of (a) and (b) states is determined mainly by

dispersion interaction (eq.2.28).
Experimental resulting polarizability (a* ~ a,) can be expressed as:

aa = faaa + fhap + fia 2.29a
where a; ~ a ispolarizability of moleculesin the gas state (or transition state);
f = L' fb = L'
&7 Pa+Pp+ Py’ Pa+Pp+ Py’
_f Pt
ad fi=fo= 55 5P

are the fractions of (a), (b) and transition (t) states (equal to 2.66) asfar Py = Pq = P, « Pp.
On the other hand from (1.33) at r = const we have:

20A
Avgi—;a:_%%olo (ra:rb; |8:|8)and

AVER  hy
ap = 0a—Aaa = aa(l—vplvp)
where: Aa 4 is a change of each molecule polarizability as aresult of the primary effecton
energy changing: E, — Ea + hvp with photon radiation; vy, isafrequency of primary effecton in
(b)- state (eq.2.28).




Combining (2.29) and (2.29b) we derive for a, and ap of the molecules composing primary
trandational or librationa effectons:

ft(l
_ 2.30
e T I (fatfotfoe2)

Vv
ap = aa(l—v—g 2.30a

The calculations by means of (2.30) are approximate in the framework of our assumptions
mentioned above. But they correctly reflect the tendencies of a, and ap changes with temperature.

Theratio of intensities or scattering coefficients for the central component to the lateral ones
previoudly was described by Landau- Plachek formula (2.10). According to our mesoscopic theory
thisratio can be calculated in another way leading from (2.27) and (2.28):

|centr _ Rcent
s~ ZRaa 2.30b

Combining (2.30) and Landau- Plachek formula (2.10) it is possible to calculate the ratio

(B1/Bs) and (Cp/Cy) using our mesoscopic theory of light scattering.

2.4. Factors that determine the Brillouin line width

The known equation for Brillouin shift is (see 2.7):

AVmeg = Vo = Z%nsin(O/Z) 2.31

where: vs isthe hypersonic velocity; A isthe wavelength of incident light, n is the refraction index
of matter, and 6 - scattering angle.

The deviation from v that determines the Brillouin side line half width may be expressed as
the result of fluctuations of sound velocity vs and n related to A and B states of tr and lib

macroeffectons;
Avg [ AV An
o = ( vss+T) 2.32

Avg isthe most probable side line width, i.e. the true half width of Brillouin line. It can be
expressed as.

where Av«, isthe half width of the experimental line, Avinc - the haf width of the incident line, F -
the coefficient that takes into account apparatus effects.

Let us analyze the first and the second terms in the right part of (2.32) separately.

Thevs squared is equal to theratio of the compressibility modulus (K) and density (p):

vz = K?/p 2.33
Consequently, from (2.33) we have:
Avs _ 1(& _4p
Vs 2\ K P ) 2:34
In the case of independent fluctuations of K and p ::
Avs _ ;( AK | ‘ﬁ‘
ve =3[ 1) 235
From our equation (1.14) we obtain for refraction index:
2 _ _ A * -1
n? = (1 3Na) , 2.36

where N = No/Vy is the concentration of molecules.
From (2.36) we can derive:

An _ 1 Ao* AN
=30 -n(4%+ ) 237

where:



(AN/N) = (Aplp) 2.38

Ao ) . (AK
(45) = (58) 239
we can assume eg.(2.39) as far both parameters:. polarizability (¢*) and compressibility models
(K) are related with the potential energy of intermolecular interaction.
For the other hand one can suppose that the following relation is true:
Aer _ 1 HG-3KT | _ AK
of 3kT K 240

where: [ isthe energy of the secondary effectonsin (L) state; Eq = 3KT isthe energy of

an "ided” quasiparticle as a superposition of 3D standing waves.
The density fluctuations can be estimated as a result of the free volume (v;) fluctuations (see
2.45):

and

AVi 1 5
(V_f)tr,lb - 7(P’|\3ﬂ)tr,lb ~ (AN/N),, 1p 241

Now, putting (2.40) and (2.41) into (2.37) and (2.34) and then into (2.32), we obtain the
semiempirical formulae for the Brillouin line half width calculation:

Ave _on2| 1 HE=3KT |  1( ou
i _7[%—T+7( Py )] 242
Brillouin line intensity depends on the haf-width Av of the linein following ways:
for a Gaussian line shape:
2
I(v)=|8“a"exp|:—0.693( Vl‘Vo) J; 243
7AVO
for a Lorenzian line shape:
|max
I(v) = 0 244

1+ v-vo)l3ave T

Thetraditional theory of Brillouin line shape gives a possibility for calculation of Av taking into
account the elastic (acoustic) wave dissipation.
The fading out of acoustic wave amplitude may be expressed as:
A=Ae™ or A= Aje s 2.45

where « is the extinction coefficient; x = vst - the distance from the source of waves; vs and t -
sound velocity and time, correspondingly.

The hydrodynamic theory of sound propagation in liquids leads to the following expression for
the extinction coefficient:

2
o =0s+ap = 2£,3v§ (%nernb) 2.46
where: as and ap are contributionsto a, related to share viscosity (ns) and bulk viscosity (1),
respectively; Q = 2xf isthe angular frequency of acoustic waves.

When the side linesin Brillouin spectra broaden dightly, the following relation between their
intensity (1) and shift (Aw =| @ — wo |) from frequency wo, corresponding to maximum intensity
(I = lp) of sidelineis correct:

lo
|=__ 10 247
1+ (=2)’

where:



a= aVs
One can see from (2.46) that at 1(w) = 1o/2, the half width:

Aoy = 21Avys = avs and Avyp = %navs 2.48

It will be shown in Chapter 12 how one can calculate the values of s and consequently a s on the
basis of the mesoscopic theory of viscosity.

2.5. Quantitative verification of mesoscopic theory of
Brillouin scattering

The calculations made accor ding to the formula (2.21 - 2.27) are presented in
Fig.2.1-2.7. The proposed theory of scattering in liquids, based on our hierarchic concept, is
mor e adequate than the traditional Einstein, Mandelschtamm-Brillouin, L andau-Plachek
theories based on classical thermodynamics. It describes experimental temperature
dependencies and the | cenir/2l w—g ratio for water very well (Fig.2.3).

The calculations are made for the wavelength of incident light:

Aph = 546.1nm = 5.461 « 10~°cm. The experimental temperature dependence for the refraction
index (n) at this wavelength was taken from the Frontas ev and Schreiber paper (1965). The rest of
data for calculating of various light scattering parameters of water (density the location of
trandational and librationa bands in the oscillatory spectra) are identical to those used abovein
Chapter 6.
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Fig. 2.1. Theoretica temperature dependencies of the total scattering coefficient for
water without taking into account the anisotropy of water molecules polarizability
fluctuations in the volume of macroeffectons, responsible for side lines: [R(tot)] -
eq.(2.27a; 2.28) and taking them into account: [KR(tot) ], where K is the Cabanne factor

(e0.2.25).
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Fig. 2.2. Theoretica temperature dependencies of contributions to the total coefficient of
tota light scattering (R) caused by trandational and librational macroeffectons and
macrodeformons (without taking into account fluctuations of anisotropy).
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Fig. 2.3. Theoretical temperature dependencies of central to side bands intensitiesratio
in Brillouin spectra (eq.2.30).

M esoscopic theory of light scattering can be used to verify the correctness of our formulafor
refraction index of condensed matter we got from our theory (eq. 1.14):

n>—1 _ 4 _No .
= VAL 2.48a
and to compare the results of its using with that of the Lorentz-Lorenz formula:
-1 _4,No, 2.49

From formula (2.484) the resulting or effective molecular polarizability squared (o*)? used in

e0.(2.21-2.23) is:
a2 _ [ (n?=1)n? T
@~ | Vg 250
On the other hand, from the Lorentz-L orenz formula (2.49) we have another value of polarizability:




2o _ [ (M =-Di(n*+2) T
@ = | N 2ot
It isevident that the light scattering coefficients (eg.2.28), calculated using (2.50) and (2.51)
taking refraction index: n = 1.33 should differ more than four times as far:
R((l*) — (a*)Z — (n2_1)/n2 — (n2+2)2 =456 252
R(o) (a)? (n? - 1)/(n? + 2) n? ' '
At 25% and Apn = 546nm the theoretical magnitude of the scattering coefficient for water,
calculated from our formulae (2.28) isequa (see Fig.2.1) to:
R=11.2.10°m? 2.53
Thisresult of our theory coincides well with the most reliable experimental value (Vuks, 1977):
Rep = 10.8+ 10°m?
Multiplication of the side bands contribution (2Rgge) to Cabanne factor increases the calculated
total scattering to about 25% and makes the correspondence with experiment worse. This fact
confirms our assumption that fluctuations of anisotropy of polarizability in composition of A and B
states of macroeffectons should be ignored in light scattering evaluation due to correlation of
molecular dynamicsin these states, in contrast to that of macrodeformons.

x10-5 R (1/m)

(o)

N

- Contributions of A-state of trans.
Macroettectons

~

(O8]

- Contributions of B-state of trans.
Macroeffectons

0 20 40 60 80 100 120
T(°C)

Contributions to Coeefficient of
Light Scattering

b2

Fig. 2.4. Theoretica temperature dependencies of the contributions of A and B states of
trandational Macroeffectons to the total scattering coefficient of water (see dso Fig.2.2);
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Fig. 2.5. Theoretical temperature dependencies of the contributions of the A and B states
of librationa Macroeffectons to the coefficient of light scattering (R).

It follows from the Fig.2.4 and 2.5 that the light scattering depends on (A < B) equilibrium of
macroeffectons because (Ra) > (Rg), i.e. scattering on A states is bigger than that on B states.
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Fig. 2.6. Theoretical temperature dependencies of the contributions to light scattering
(central component), related to trandational (Rp)y and librationa (Rp)in
macrodeformons.

Comparing Figs. 2.1; 2.3, and 2.6 one can see that the main contribution to central component
of light scattering is determined by [Ib/tr] convertons R; (see eq.2.27).
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Fig. 2.7. Theoretica temperature dependences for temperature derivative (dR/T) of the
total coefficient of light scattering of water.

Nonmonotonic deviations of the dependencies dR/dT (Fig.2.7) reflect the nonmonotonic
changes of the refraction index for water ny,o(T), asindicated by available experimental data
(Frontas ev and Schreiber, 1965). The deviations of dependence ny,o(t) from the monotonic way
in accordance with hierarchic theory, are a consegquence of the nonmonotonic change in the stability
of water structure, i.e. nonlinear change of (A < B)y 1» equilibrium. Some possible reasons of such
equilibrium change were discussed in Chapter 6.

It isclear from (2.52) that the calculations based on the L orentz-L orentz formula (2.51)
give scattering coefficient values of about 4.5 times smaller than experimental ones. It



means that the true a* value can be calculated just on the basis of our mesoscopic theory of
light refraction (eq.2.50).

The traditional Smolukhovsky-Einstein theory, valid for the integral light scattering only (eq.
2.1), yidd vauesintherangeof R=8.85¢10"m™ toR = 105¢10°m™ [4, 8].

All theresults, discussed above, mean that our mesoscopic theory of light scattering
wor ks better and is much mor e informative than the conventional one.

2.6. Light scattering in solutions

If the guest molecules are dissolved in aliquid and their sizes are much less than incident light
waveength, they do not radically alter the solvent properties. For this case the described above
mechanism of light scattering of pure liquids does not changed qualitatively.

For such dilute solutions the scattering on the fluctuations of concentration of dissolved
molecules (R;) is smply added to the scattering on the density fluctuations of molecules of the host
solvent (eq.2.28). Taking into account the fluctuations of molecule polarizability anisotropy (see
2.25) the total scattering coefficient of the solution (Rs) is:

Rs=Ri+ R 254

Egs. (2.21 - 2.28) could be used for calculating R; until critical concentrations (C) of
dissolved substance when it start to destroy the solvent structure, so that the latter is no longer able
to form primary librational effectons. Perturbations of solvent structure will induce low-frequency
shift of librational bands in the oscillatory spectrum of the solution until these bands totally
disappear.

If the experiment is made with a two-component solution of liquids, soluble in each other, e.g.
water-alcohol, benzol-methanol etc., and the positions of trandational and librational bands of
solution components are different, then at the concentration of the dissolved substance: C > Cg,
the dissolved substance and the solvent (the guest and host) can switch their roles. Then the
trandational and librational bands pertinent to the guest subsystem start to dominate. In this case,
R; isto be calculated from the positions of the new bands corresponding to the " new” host-solvent.
The total "melting” of the primary librational " host effectons’ and the appearance of the dissolved
substance " guest effectons’ is like the second order phase transition and should be accompanied
by a heat capacity jump. The like experimental effects take place indeed [8].

According to our concept, the coefficient R in eg.(2.54) is caused by the fluctuations of
concentration of dissolved molecules in the volume of trandational and librational macro- and
superdeformons of the solvent. If the destabilization of the solvent is expressed in the low
frequency shift of librational bands, then the coefficients (Ra andRg), increase (eq.2.21 and
2.22) with the probability of macro-excitations.. The probabilities of convertons and macro- and
superdeformons and the central component of Brillouin spectra will increase also. Therefore, the
intensity of the tota light scattering increases correspondingly.

The fluctuations of concentration of the solute molecules, in accordance with our model, occur
in the volumes of macrodeformons and superdeformons. Consequently, the contribution of solute
moleculesin scattering (R. value in eg.2.54) can be expressed by formula, smilar to (2.23), but
containing the molecule polarizability of the dissolved substance ("guest”), equal to (a§)? instead
of the molecule polarizability (a*) of the solvent ("host”), and the molecular concentration of the
"guest” substance in the solution (ng) instead of the solvent molecule concentration (N = No/Vo).
For this case R; could be presented as a sum of the following contributions:

4 *
(R)wib = %(ag)an « [(PR) b+ PR’ 2.55

RD" = BXLf(ag)an . (PY) 2.55a
The resulting scattering coefficient (Re) on fluctuations of concentration in (2.54) is equal to:



Re = (Ro)w + (Re)iw + RCD* 2.56

If several substances are dissolved with concentrations lower than (C ), then their R; are
summed up additively.

Formulae (2.55) and (2.56) are vaid aso for the dilute solutions.

Egs.(2.21-2.28) and (2.54-2.56) should, therefore, be used for calculating the resulting
coefficient of light scattering in solutions (Rs).

Thetraditional theory represents the scattering coefficient at fluctuations of concentration as
(Vuks, 1977):

2 2
R =27 (%) AX2V 2.57

where (0e/ox) is the dielectric penetrability derivative with respect to one of the components: AX? is
the fluctuations of concentration of guest molecules squared in the volume element v.

The transformation of (2.57) on the basis of classical thermodynamics[8] leads to the formula:

n® on on? ?

Re = g (25%) ( @7+ )M +2) ) xaxeVat, 298
where Ny is the Avogadro number, x; and x, are the molar fractions of the first and second
components in the solution, V1, isthe molar volume of the solution, f is the function of fluctuations
of concentration determined experimentally from the partial vapor pressures of the first (P,) and
second (P») solution components [8]:

1 X2 6P2

1 _X10P1 _ Xz
f Pl 6X1 Pz 6X2

2.59

In the case of idedl solutions
0Py _ Py, 9P, _ Py, _
o X e X and f=1
For application the mesoscopic theory of light scattering to study of crystals, liquids and
solutions, the following information is needed:
1. Positions of trandational and librational band maxima in oscillatory spectra;
2. Concentration of all types of moleculesin solutions;
3. Refraction index or polarizability in the acting field of each component of solution at
given temperature.

Application of our theory to quantitative analysis of transparent liquids and solids
yields much moreinformation about properties of matter, its mesoscopic and hierarchic
dynamic structurethan the traditional one.

3. Mesoscopic theory of Mossbauer effect

3.1. General background

When the atomic nucleus with mass (M) in the gas phase irradiates y-quantum with energy of
Eo = hVo = mp02 31
where: m,, is the effective photon mass, then according to the law of impulse conservation, the
nuclear acquires additional velocity in the opposite direction:

V= —M—C 32

The corresponding additional kinetic energy



My?2 =
istermed recoil energy.

When an atom which irradiates y-quantum is in composition of the solid body, then three
situations are possible:

1. Therecoil energy of theatom is higher than the energy of atom - lattice interaction. In
this case, the atom irradiating y-quantum would be knocked out from its position in the
lattice. That leadsto defectsorigination;

2. Recoil energy isinsufficient for the appreciable displacement of an atom in the
structure of thelattice, but is higher than the energy of phonon, equal to energy of
secondary transitons and phonons excitation. I n this case, recoil energy is spent for heating
the lattice;

3. Recail energy islower than the energy of primary transitons, related to
[emission/absor ption] of IR trandational and librational photons (hvp)« 1, and phonons
(hvpn)wb. N that case, the probability (f) of y-quantum irradiation without any the losses of
energy appears, termed the probability (fraction) of a recoilless processes.

For example, when Er << hvp, (vpn - the mean frequency of phonons), then the mean energy
of recoil:

Er = (1-DHhvpn 34
Hence, the probability of recoilless effect is
Er
f=1- 35
thh

According to eq.(3.3) the decrease of the recoil energy Er of an atom in the structure of the lattice
isrelated to increase of its effective mass (M). In our model M corresponds to the mass of the
effecton.

The effect of y-quantum irradiation without recoil was discovered by M dssbauer in 1957 and
named after him.

The value of Mdssbauer effect is determined by thevalue of f < 1.

The big recoil energy may be transferred to the lattice by portions that are resonant to the
frequency of IR photons (tr and Ib) and phonons. The possibility of superradiation of IR quanta
stimulation as a result of such recoil processisa consequence of our mesoscopic model.

The scattering of y-quanta without |attice excitation, when Er << hv g, istermed the elastic
one. The general expression [11, 12] for the probability of such phononless elastic y-quantum
radiation actsis equal to:

f= exp(—“’f<—2><2>) 36
AG
where 19 = clvg isthe real wavelength of y-quantum; <x? > - the nucleus oscillations mean

amplitude squared in the direction of y-quantum irradiation.
The y-quanta wavelength parameter may be introduced like:

Lo = 10/27'[, 3.7
where: Lo = 1.37 « 10-5cmfor Fe®, then eq.(3.6) could be written as follows:
f— exp(—#) 3.8
Lo

It may be shown [12], proceeding from the model of crystal as a system of 3N identical
guantum oscillators, that when temperature (T) is much lower than the Debye one (0p) then:

2 9h2 2h°T?2
< X5 >= MKog {l+—36% }, 3.9

wheredp = hvp/k andvp isthe Debye frequency.
From (3.1), (3.3) and (3.7) we have:



1 _ Eo

where: Eq = hv = ¢(2MER)Y? isthe energy of y-quantum
Substituting egs.(3.9 and 3.10) into eq.(3.8), we obtain the Debye-Valler formula:
_ Er f3  n?T? }
- exp[ {3+ 5l } 311
when T - 0, then
R _ﬁ)
f eXp( KOs 3.12

3.2. Probability of elastic effects

Mean square displacements <x? > of an atoms or molecules in condensed matter (eq. 3.8) is
not related to excitation of thermal photons or phonons (i.e. primary or secondary transitons).
According to our concept, < x> > is caused by the mobility of the atoms forming effectons and
differsfor primary and secondary trandational and librational effectonsin (a, 1), and (b,b) b
states.

We will ignore below the contributions of macro- and supereffectons in M dssbauer effect as
very small. Then the resulting probability of elastic effects at y-quantum radiation is determined by
the sum of the following contributions (see eqs.4.2 — 4.4 of [1, 2]):

1 o -
=23 [( pata+pafy )+ ( Pafa+pify )] 3.13
tr,lb '

where: P%, P%, P%, PY arethe relative probabilities of the acoustic and optic states for
primary and secondary effectons; Z isthe total partition function.

These parameters are calculated as described in Chapter 4 of book [1] and in papers cited in
the Summary of this article. Each of contributions to resulting probability of the elastic effect can
be calculated separately as:

2
a
< ( X )tr,lb ~

(1 )wb — exp ¥ 3.14

( fa ) " isthe probability of elastic effect, related to dynamics of primary trandational and
tr,
librationd effectonsin a-state;
< ( xP )2 >
tr,lb

(1 )wb — exp ¥ 3.15

( o ) " isthe probability of elastic effect in primary trandationa and librational effectonsin
tr,
b-state;

( & )tr,lb - &P __<( x >lr,lb> 3.16

L§

( fgf ) " isthe probability for secondary effectonsin O -state;
tr,



(7 )wb — exp XL2 3.17

( 5 ) " is the probability of elastic effect, related to secondary effectons in b-state.
tr,

Mean square displacements within different types of effectonsin egs.(3.14-3.17) are related to
their phase and group velocities. At first we express the displacements using group velocities of the
waves B(vg) and periods of corresponding oscillations (T) as:

2 < (Vi) > 2
a = —_— - = a a 3.18
< ( X )tr,lb > < v§ >trlb < ( Vng )tr,lb >
where (T®)yp = (Uva)wp iSareation between the period and the frequency of primary
trandationa and librationd effectonsin a-state;

(V& = v§)u,b are the group velocities of atoms forming these effectons equal in (a) and (b)
states.

In asimilar way we can express the displacements of atoms forming (b) state of primary
effectons (tr and lib):

2 < (VB2 >
< ( Xb ) o= gr)tr,lb 3.19
tr,lb < Vi >trlb

where vy, isthe frequency of primary trandational and librational effectonsin b-state.
The mean square displacements of atoms forming secondary trandationa and librational
effectonsin O and b states:

2 < (Vd3)2, >
< ( X2 ) >= - (_gf)tr,lb 3.20
tr,lb < V3 >trlb
2 < (VPH)2 . >
<(%) > = 09w > 321
tr,lb < Vi >trlb

where; (\_/Sr = \_/gr)tr,lb
Group velocities of atoms in primary and secondary effectons may be expressed using
corresponding phase velocities (vpn) and formulae for waves B length as follows:

_ h (Ve _
( Aa )tr,lb T M< Vg >glb ( Va - = 3.22

b
) ( Yo )”"b ) (V_T)tr,lb

hence for the group velocities of the atoms or molecules forming primary effectons (tr and |b)

sguared we have:
2
2 2
ab _ h% [ Vab 3.23
( Vor )tr,lb m?2 (vg}? ) '

tr,lb
In accordance with mesoscopic theory, the wave B length, impulses and group velocitiesin a and b
states of the effectons are equal. Similarly to (3.23), we obtain the group velocities of particles,

composing secondary effectons:
2
) _
- h? [ Vab
Vg’rb = (-_b ) 3.24
( )”"b LN
Substituting egs.(3.23) and (3.24) into (3.18-3.21), we find the important expressions for the

average coherent displacements of particles squared as aresult of their oscillations in the volume of
the effectons (tr, lib) in both discreet states (acoustic and optic):




< OEp >= (Wmvg)E 3.25

< ()2 >= (Wmvi)2 3.26
< (XM)Ep >= (Mg )E 3.27
< ()2 >= (Wnwh)2 3.28

Then, substituting these values into egs.(3.14-3.17) we obtain a set of different contributions to the
resulting probability of effects without recoil:

( ffa )tr.lb B exp[—( mL:VSh )2:|tr,lb;
2
( f? )tr.lb B exp|:—( mL:"gh ) :|tr,lb;

(f b [ mLO" :|tr,lb’
( trlb [ mLOV ]U‘Jb’

where the phase velocities (v§,, gh, Vs \_/ph)tr,lb are calculated from the resulting sound velocity
and the positions of trandationa and librational bands in the oscillatory spectra of matter at given
temperature using egs.2.69-2.75. The wavelength parameter:

__¢c __hc _ . 10-11
Lo = v TnEq 137510 m

for gamma-quanta, radiated by nuclear of Fe>’, with energy:
Eo = 14.4125kev = 2.30167 « 10 8erg

3.30

Substituting egs.(3.29) and (3.30) into (3.13), we find the total probability of recoilless effects (fior)
in the given substance. Corresponding computer calculations for ice and water are presented on
Figs.3.1and 3.2.

Asfar the second order phase transitions in general case are accompanied by the aterations of
the sound velocity and the positions of trandationa and librational bands, they should also be
accompanied by alterations of fi,; and its components.
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Fig. 3.1. Temperature dependences of total probability (f) for elastic effect without recoil and



phonon excitation: (a) inice; (b) in water; (c)-during phase transition. The calculations were

performed using eg.(3.13).
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Fig. 3.2. (a) - The contributions to probability of elastic effect (f) (see Fig.3.1) for
primary (f&°) and secondary (f)y trandlational effectons and (b) and those of librational
effectons ("), and (f) 1, near the temperature of [ice < water] phase transition.

Thetotal probability (f) and its components, caused by primary and secondary quasiparticles
were calculated according to formula (3.13). The value of (f) determines the magnitude of the
M 0Ossbauer effect registered by y-resonance spectroscopy.

The band width caused by recoilless effects is determined by the uncertainty principle and
expressed as follows:

_h o 107 _714.102 erg = 4.4+ 10%V 331
T 1441077 ' ' '
where 7 isthe lifetime of nucleus in excited state (for Fe> 7 = 1.4+ 107’s).

The position of the band depends on the mean sgquare velocity of atoms, i.e. on second order
Doppler effect. In the experiment, such an effect is compensated by the velocity of y-quanta
source motion relative to absorbent. In the framework of our model this velocity is interrelated with
the mean velocity of the secondary effectons diffusion in condensed matter.

3.3. Doppler broadening in spectra of nuclear gammarresonance (NGR)

M 0Ossbauer effect is characterized by the nonbroadened component of NGR spectra only, with
probability of observation determined by eq.(3.13).

When the energy of absorbed y-quanta exceeds the energy of thermal IR photons (tr,lib) or
phonons excitation, the absorbance band broadens as aresult of Doppler effect. Within the
framework of our mesoscopic concept the Doppler broadening is caused by thermal displacements
of the particlesduring [a < b and [ < b]y b transitions of primary and secondary effectons,
leading to origination/annihilation of the corresponding type of deformons (el ectromagnetic and
acoustic).

Theflickering clusters: [Ib/tr] convertons (a and b), can contribute in the NGR line broadening
aso.

In that case, the value of Doppler broadening (AI') of the band in the NGR spectrum could be
estimated from corresponding kinetic energies of these excitations, related to their group velocities
(see eg. 4.31). In our consideration we take into account the reduced to one molecule kinetic
energies of primary and secondary trandational and librationa transitons, a-convertons and
b-convertons. The contributions of macroconvertons, macro- and superdeformons are much
smaller due to their small probability and concentration:



_ Vo - 5T
AT - % ( NPT, + AP T )wb+ 3.32

tr,lb

+ ,\Y—O%(nef)lb[PacTac + PocThe]

where: No and V, are the Avogadro number and molar volume;

Z isthetotal partition function (eg.4.2); n and n; are the concentrations of primary and
secondary transitons (egs.3.5 and 3.7);

(Nef)ib = Ny, ISaconcentration of primary librationa effectons, equal to that of the
convertons;, P, andP; are the relative probabilities of primary and secondary transitons (egs. 4.26
and 4.27); P4 and Py are relative probabilities of (a and b) -convertons (see Chapter 4 of [1]);

T, and T, are the kinetic energies of primary and secondary transitons, related to the
corresponding total energies of these excitations (E; and [;), their masses (M and M) and the
resulting sound velocity (vs, see €9.2.40) in the following form:

3
2 (E+*°) trb

T - 333
(Ttrb N (VE)?
3,123
(Tt = Zl(-Dt )tr’lb 3.34
i 2M (V)2

The kinetic energies of (aand b) convertons are expressed in asimilar way:
3
Zl(E%éz'S)ter

T..) =
(Tee) = M w2
3 1,2,3
(The) = Zl(EbC )tr,lb
© 2M ¢(V)?

where: EZ2% and Ef2® are the energies of selected states of corresponding convertons; My isthe
mass of convertons, equal to that of primary librationa effectons.

The broadening of NGR spectral lines by Doppler effect in liquidsis generdly expressed using
the diffusion coefficient (D) at the assumption that the motion of M dssbauer atom has the character
of unlimited diffusion [13]:

2E2

where: Eq = hvg isthe energy of gamma quanta; c is light velocity and
- KT 3.36
6mna

where: 7 is viscosity, (a) is the effective Stokes radius of the atom Fe®’
The probability of recoilless y-quantum absorption by the matter containing for example Fe®’,
decreases due to diffusion and corresponding Doppler broadening of band (AI'):

_ r

where AI" corresponds to eq.(3.32).The formulae obtained here make it possible to experimentally
verify a set of consequences of our mesoscopic theory using the gamma- resonance method. A
more detailed interpretation of the data obtained by this method a so becomes possible.

The magnitude of (AT") was calculated according to formula (3.32). It corresponds well to
experimentally determined Doppler widening in the nuclear gamma resonance (NGR) spectra of
ice.
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Fig. 3.3. The temperature dependences of the parameter AI", characterizing the
nonelastic effects and related to the excitation of therma phonons and IR photons: a) in
ice; b) in water; ¢) near phase transition.

3.4. Acceleration and forces, related to thermal dynamics of molecules and ions.
Hypothesis of Vibro-gravitational interaction

During the period of particles thermal oscillations (tr and Ib), their instant velocity, acceleration
and corresponding forces aternatively and strongly change.

The change of wave B instant group velocity, averaged during the molecule oscillation period
in composition of the (a) and (b) states of the effectons, determines the average acceleration:

dvab yab 123
ab _ WVg _ Vg _ ab
|: ag Tt T VgV :| ” 3.38

We keep in mind that group velocities, impulses and wave B length in (@) and (b) states of the
effectons are equal, in accordance with our mode.
Corresponding to (3.38) forces:

1,2,3
[F2b = magP]i™ 3.39

The energies of moleculesin (a) and (b) states of the effectons also can be expressed via

accelerations:

[E = hva® — Fab} — ma®® « 4 = mado(vaPhvad) ]+ 3.40

From (3.40) one can express the accelerations of particlesin the primary effectons of condensed
matter, using their phase velocities as a waves B:

h(yab) 5 1,2,3
ag’rb = b 341
mvph tr,lb
The accelerations of particlesin composition of secondary effectons have a similar form:
1,2,3
[ G h(Vabzz J 3.42
Vi
mvph tr,lb

These parameters are important for understanding the dynamic properties of condensed systems.



The accelerations of the atoms, forming primary and secondary effectons can be calculated, using
€qs.(2.74-2.75 of [1]) to determine phase velocities and egs. (2.27, 2.28, 2.54, 2.55 [1]) tofind a
frequencies.

Multiplying (3.41) and (3.42) by the atomic mass m, we derive the most probable and mean
forces acting upon the particles in both states of primary and secondary effectons in condensed

matter:
1,2,3
h(vab)2 _ h(72P)?2
b _ b _
[FSr = =5 Fow = —cap 343

ph tr,lb
The comparison of calculated accel erations with empirical data of the M dssbauer effect - supports
the correctness of our approach.
According to eq.(2.54) in the low temperature range, when hv, << KT, the frequency of
secondary tr and |b effectonsin the (a) state can be estimated as.

~ KT
v = S 3.44
exp( ) 1 h
For example, at T = 200K we have 2 = 4+ 10%s2,
If the phase speed in eq.(3.42) is taken equal to V3, = 2.1+ 10°cnV's (see Fig.2a) and the mass
of water molecule:

m = 18+ 1.66 « 1072*g = 2.98 - 10%%g,

then from (3.42) we get the accel eration of moleculesin composition of secondary effectons of ice
in (a) state:

h(\-)a) 2
mvg,
Thisvalueis about 102 times more than that of free fall acceleration (g = 9.8 « 10%cnV/s?), which
agrees well with experimental data, obtained for solid bodies [11].

Accelerations of H20 moleculesin composition of primary librational effectons (ag;) inthe
iceat 200K and in water at 300K are equal to: 0.6 « 103cnV/s? and 2 « 10%°cnmV/s?,
correspondingly. They also exceed to many ordersthe free fall acceleration.

It was shown experimentaly (Sherwin, 1960), that heating of solid body |eads to decreasing of
gamma-quanta frequency (red Doppler shift) i.e. increasing of corresponding quantum transitions
period. This can be explained as the relativist time-pace decreasing due to elevation of average
thermal velocity of atoms[11].

The thermal vibrations of particles (atoms, molecules) in composition of primary effectons as a
partial Bose-condensate are coherent. The increasing of such clusters dimensions, determined by
most probable wave B length, as aresult of cooling, pressure elevation or under magnetic field
action (see section 14.6 of [1]) leads to enhancement of coherent regions.

Each coherently vibrating cluster of particleswith big alter nating accelerations, like
librational and trandational effectonsisa sour ce of coherent gravitational waves.

The frequency of these vibro-gravitational waves (VGW) is equal to frequency of particles
vibrations (i.e. frequency of the effectonsin a or b states). The amplitude of VGW (Ag) is
proportional to the number of vibrating coherently particles (Ng) in composition of primary
effectons.

= 1.6+ 10%°cnv's?

0§ =

Ac ~ Ng ~ Ve/(Vo/No) = (Une)/(Vo/No)

Theresonant long-distance gravitational interaction between coherent clusters of the same
body or between that of different bodiesis possible. The formal description of this
vibro-gravitational interaction (VGI) could belike that of distant macroscopic Van der
Waals interaction.

Different patterns of nonlocal Bose-condensate of standing gravitational wavesin
vacuum represent the field-informational copy of local Bose- condensate of the effectons of
condensed matter.



Very important role of proposed here distant resonant
VIBRO-GRAVITATIONAL INTERACTION (VGI) in elementary acts of

per ception and memory can be contributed by coherent primary librational water
effectonsin microtubules of the nerve cells (see paper " Hierar chic Modd of
Consciousness’ in URL: http://www.kar elia.ru/~alexk).
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