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Abstract: The properties of quantum mechanics and its difficulties and problems are discussed, the reasons
resulting in these diffuculties and direction of development of quantum mechanics are carefully studied. In
practice, quantum mechanics neglects the real motions of the microscopic particles and backgound field as well
as the real interactions between them. Therefore it can describe appromately the states of microsco[ic particles.
For solving these difficulties of quantum mechanics, we proposed and established a nonlinear quantum
mechanics based on the properties of macroscopic quantum effect and theories of superconductivity and
superfluidity. In the new theory the elementary principles are proposed, its properties are also investigated.
Subsequently, the motion laws and some main properties of microscopic particles in nonlinear quantum systems,
includong the wave-particle duality of the solution of the nonlinear Schrddinger equation, the stability of
microscopic particles described by nonlinear quantum mechanics and the classical rule of microscopic particle
motion, are studied using these elementary principles and theories. We obtained a lot of new and interesting
results from this investigation, for example, the microscopic particles have really a wave-corpuscle duality in
nonlinear gquantum mechabics. The microscopic particles are localized due to the nonlinear interaction, have a
determinant size, mass, energy and momentum. Thus the microscopic particles have not only a corpuscle but
also a wave features, which are completely different from those in quantum mechanics. Hence we conclude that
nolinear quantum mechanics is a new physical theory, a correct representation of describing microscopic
particles and a necessary result of the development of quantum mechanics, but traditional quantum mechanics
is only its an approximation and especial case at the nonlinear interaction to be equal to zero, it can solve the
difficulties and problems disputed for about a century by scientists in quantum mechanics field. In the
meanwhile, we use the new theory of nonlinear quantum mechanics to study properties of the excitons and
phonons in an organic crystry (acetanilide). The results obtained show that the excitons and phonons become
as a soliton having a wave-corpuscle duality in this system. Thus the correctness and avialablity of nonlinear
guantum mechanics are demontrated using these experiments. We can predict that it has extensive applications
in physics, chemistry, biology and polymers, etc.. Finally we state how the difficulties and problems in quantum
mechanics are solved by the new theory of nonlinear quantum mechanics. Thus we can affirm from these
investigations that the nonlinear quantum mechanics established by us is correct, quantum mechanics is only an
appromate theory.

Keywords: quantum mechanics, nonlinear interaction, microscopic particle, nonlinear Schrodinger equation,
nonlinear theory, wave-particle duality,nonlinear systems.

1. INTRODUCTION
1.1. Wave Feature of Microscopic Particles and Difficulties of Quantum Mechanics

It is well known that several great scientists, such as Bohr, Born, Schrédinger and Heisenberg, etc.
established quantum mechanics in the early 1900s [1-6] , which is the foundation and pillar of modern
science and provides an unique way of describing the properties and rules of motion of microscopic
particles (MIP) in microscopic systems. In quantum mechanics the state of microscopic particles is
described by the Schrddinger equation:
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where #°V? [ 2m is the kinetic energy operator, V (F,t) is the externally applied potential operator, m is
the mass of particles, t//(F,t) is a wave function describing the states of particles, I is the
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coordinate or position of the particle, and t is the time. This theory states that once the externally
applied potential field and initial states of the microscopic particles are given, the states of the particles
at any time later and any position can be determined by the Schrédinger equation (1) in the case of
nonrelativistic motion. In this theory the Hamiltonian operator of the system corresponding Eq.(1) is

HO = n2v2 / 2m+v(r,t) + @)

where T =#°V?/2m is the kinetic energy operator, V the external potential energy operator.

The quantum mechanics has achieved a great success in descriptions of motions of microscopic
particles, such as, the electron, phonon, exciton, polaron, atom, molecule, atomic nucleus and
elementary particles, and in predictions of properties of matter based on the motions of these
quasi-particles. For example, energy spectra of atoms (such as hydrogen atom, helium atom),
molecules (such as hydrogen molecules) and compounds, electrical, optical and magnetic properties of
atoms and condensed matters can be calculated based on linear quantum mechanics and the calculated
results are in basic agreement with experimental measurements. Thus considering that the quantum
mechanics is thought of as the foundation of modern science, then the establishment of the theory of
guantum mechanics has revolutionized not only physics, but also many other science branches such as
chemistry, astronomy, biology, etc., and at the same time created many new branches of science, for
instance, quantum statistics, quantum field theory, quantum electronics, quantum chemistry, quantum
optics and quantum biology, etc. Therefore, we can say the quantum mechanics has achieved a great
progress in modern science. One of the great successes of linear quantum mechanics is the explanation
of the fine energy spectra of hydrogen atom, helium atom and hydrogen molecule. The energy spectra
predicted by the quantum mechanics are in agreement with experimental data. Furthermore, new
experiments have demonstrated that the results of the Lamb shift and superfine structure of hydrogen
atom and the anomalous magnetic moment of the electron predicted by the theory of quantum
electrodynamics are in agreement with experimental data. It is therefore believed that the quantum
electrodynamics is one of the successful theories in modern physics.

Studying the above postulates in detail, we can find [7-13] that the quantum mechanics has the
following characteristics.

(1) Linearity. The wave function of the particles, t//(F,t), satisfies the linear Schrodinger equation (1)
and linear superposition principle, that is, if two states, |y;)and|y,) are both eigenfunctions of a
given linear operator, then their linear combination holds:

w)=Cilyy+C v ),
where C,andC,are constants relating to the state of these particle. The operators are some linear
operators in the Hilbert space. This means that the quantum mechanics is a linear theory, thus it is
quite reasonable to refer to the theory as the linear quantum mechanics.
The independence of Hamiltonian operator on the wave function. From Eqg. (2) we see clearly that the
Hamiltonian operator of the systems is independent on the wave function of state of the particles, in
which the interaction potential contained relates also not to the state of the particles. Thus the
potential can change only the states of the particles, such as the amplitude, but not its natures.
Therefore, the natures of the particles can only be determined by the Kkinetic energy term,
T =#°V?/2m inEgs. (1) and (2).
(3) The wave feature. The Schrddinger equation (1) is in essence a wave equation and has only wave
solutions, which do not include any corpuscle feature. In fact, let the wave function be
w = f exp[-iEt/ 7] and substitute it into Eq. (1), we can obtain

2
a%(z+k§n2fzo

where n*=(E-U)/(E-C)=k?*/k?, C is a constant, k’=2m(E—C)/#*. This equation is
nothing but that of a light wave propagating in a homogeneous medium. Thus, the linear Schrodinger
equation (1) is unique one able to describe the wave feature of the microscopic particle. In other
words, when a particle moves continuously in the space-time, it follows the law of linear variation
and disperses over the space-time in the form of a wave of microscopic particles. Therefore, the
dynamic equation (1) of the particles is a wave equation in essence, thus the microscopic particles are
only a wave. This is a basic or essential nature of the microscopic particles in quantum mechanics.
This nature of the particles can be also verified by using the solutions of Eq. (1)[7-18]. In fact, at
V(F,t) =0, its solution is a plane wave:
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w(F,t)=A'expli(k - T — at)] 3)
wherek , @, A'and are the wavevector, frequency, and amplitude of a wave, respectively. This
solution denotes the state of a freely moving microscopic particle with an eigenenergy:
2
p 1 2 2 2
E = = — + + ,
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This is a continuous spectrum. It states that the probability of the particle to appear at any point in the
space is same, thus a microscopic particle propagates freely in a wave and distributes in total space,
this means that the microscopic particle cannot be localized and has nothing about corpuscle feature.
If a free particle can be confined in a small finite space, such as, a rectangular box of dimension a,
b and c, the solution of Eq. (1) is standing waves as follows:

y/(x,y,z,t)zAsin[nﬂ jsm[ zgyjs'”(nfzj o

where ny, n, and n; are three integers. In this case, the particle is still not localized, it appears also at
each point in the box with a determinant probability. In this case the eigenenergy of the particle in this
case is quantized as follows:

242 2 2 2
zZ°h*(n, ny ng
E= sttt
2m La° b° ¢

The corresponding momentum is also quantized. This means that the wave feature of microscopic
particle has not been changed because of the variation of itself boundary condition.
If the potential field is further varied, for example, the microscopic particle is subject to a

conservative time-independent field, V (F,t) =V (F) # 0, then the microscopic particle satisfies the

time-independent linear Schrdédinger equation

o,
—2—V 74 +V( )w Ey'
where
=y '(r)e
When V =F - F here F is a constant field force, such as, a one dimensional uniform electric field

, then V (X) =—eE X, thus its solution is '= A\/_H(l)(s(f ),(E:TXJF/_%)

where H® (x) is the first kind of Hankel function, A is a normalized constant, | is the characteristic
length, and A4 is a dimensionless quantity. The solution remains a dispersed wave. When & — o, it
approaches

(&)= A& Ve,
to be a damped wave.
If V(x)=ax’, the eigenenergy and eigenwave function are

w'(X) = N,e **°H_ (ax)
and
E, =(n+1/2)hw, (n=012,..)

respectively, here H_ (aX) is the Hermite polynomial. The solution obviously has a decaying feature.
If the potential fields are successively varied, we find that the wave nature of the solutions in Eq. (1)
does not change no matter what the forms of interaction potential. This shows clearly that the wave
nature of the particles is intrinsic in quantum mechanics.

(4) Simplicity. We can easily solve arbitrary complicated quantum problems or systems, only if their
potential functions are obtained. Therefore, to solve quantum mechanical problems becomes almost to
find the representations of the external potentials by means of various approximate methods.

(5) Quantization. The particles, which the matter is composed of , are quantized in the microscopic
systems. Concretely, the eigen values of physical quantities of the particles are quantized. For instance,
the eigenenergy of the particles at V (F,t)=0 in Eq. (1) is quantized, when V (X)=ax’, its

—iEt/n
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eigenenergy, E = (n+i)ha), is also quantized as mentioned above, and so on. In practice, the
momentum, moment ofZmomentum, and spin of the microscopic particles are all quantized in quantum
mechanics. These quantized effects refer to as microscopic quantum effects because they occur on the
microscopic scale.

Because of the above nature of quantum mechanics, some novel results, such as the uncertainty
relationship between the position and momentum and the mechanical quantities are denoted by some
average values in an any state, occur also. Meanwhile, the wave nature of the particles obtained from
this theory is not only incompatible with de Broglie relation, E=hv=7%® and p =7k, of wave-
corpuscle duality for microscopic particles and Davisson and Germer’s experimental result of electron
diffraction on double seam in 1927[12-13], but also contradictory to the traditional concept of
particles. Thus a lot of difficulties and problems occur in the quantum mechanics, among them the
central problem is how we represent and delineate the corpuscle feature of the microscopic partickes.
Aimed at this issue, Born introduce a statistic explanation for the wave function, and use Ty/(r,t) to
represent the probability of the particles occurring the position I at timet in the space-time.' HoweVer,
he microscopic particles have a wave feature and can disperse over total system, thus the probability
y/(r,t)i has a certain value at every point, for example, the probability of the particle denoted by Eq.
3) is same at all points. This means that the particle can occur at every point at same time in the space.
In this case, a fraction of particle must appear in the systems, which is a very strange phenomenon and
is quite difficult to understand. However, in physical experiments, the particles are always captured as
a whole one not a fractional one by a detector placed at an exact position. Therefore, the concept of
probability representing the corpuscle behavior of the particles cannot be accepted.

Due to the linearity of the theory and the dispersive effect of the microscopic particles, then the use of
guantum mechanics is impossible to describe the corpuscle feature of microscopic particles. Thus
some scientists suggest that using a wave packet, for example, a Gaussian wave packet, represents the
corpuscle behavior of a particle. The wave packet is given by

w(x,t=0) = A exp[-Ax* /2]

at t :O2 where is a constant. Although this wave packet is localized att=0 because
M =|A| exp[-Ax*]—>0 at x — oo, the wave packet is also inappropriate to denote the corpuscle
eature of the particles because it disperses and attenuates always with time during the course of
propagation, that is

w(x1)= \/%J‘Z\P(k) expli(kx —7k?t / 2m]dk

1
 pB +int/m

exp[-x*(B,° +int/m)/ 2]
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0
This indicates clearly that the wave packet is instable and dispersed as time goes by, and its position
is also uncertain with the time, which is not the feature of corpuscle. The corresponding uncertainty
relation is

AXAp = ZJ1+ Bin*t? | m?

where

AX = i\/1+ Bt Im?, Ap = s
23

2

Hence, the wave packet cannot be applied to describe the corpuscle property of a microscopic
properties. How to solve this problem has always been a challenge in the quantum mechanics. This is
just an example of intrinsic difficulties of the quantum mechanics.

On the other hand, we know from Egs.(1)-(2) that the quantum mechanics requires to incorporate all
interactions among particles or between particles and background field, such as the lattices in solids
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and nuclei in atoms and molecules, including nonlinear and complicated interactions, into the external
potential by means of various approximate methods, such as, the free electron and average field
approximations, Born-Oppenheimer approximation, Hartree-Fock approximation, Thomas- Fermi
approximation, and so on. This is obviously incorrect. The method replacing these real interactions by
an average field amounts to freeze or blot out real motions and interactions of the microscopic
particles and background fields, which was often used in the quantum mechanics to study the
properties of the particles in the systems of many- particles and many- bodies. This indicates that the
guantum mechanics is only an approximate theory and therefore quantum mechanics cannot be used
to solve the real properties of the microscopic particles, such as electrons in atoms. In contrast, since
the electron denoting by y/(F,t) in atoms is a wave, then it does not have a determinant position in
guantum mechanics, but the vector T is use to denote the position of the electron with charge e
and mass m in the wave function and the Coulemb potential, V (r)=—Ze?/ T . Thus it is difficult to
understand correctly these contradictory representations in quantum mechanics.

These difficulties and problems of the quantum mechanics mentioned above inevitably evoked the
contentions and further doubts about the theory among physicists. Actually, taking a closer look at the
history of physics, we could find that not so many fundamental assumptions were required for a
physical theory but the linear quantum mechanics. Obviously, these assumptions of linear quantum
mechanics caused its incompleteness and limited its applicability. However, the disputations
continued and expanded mainly between the group in Copenhagen School headed by Bohr
representing the view of the main stream and other physicists, including Einstein, de Broglie,
Schrodinger, Lorentz, etc[7-16]. The following is a brief summary of issues being debated and
problems encountered in linear quantum mechanics.

The correctness and completeness of the linear quantum mechanics were challenged. Is linear
quantum mechanics correct? Is it complete and self-consistent? Can the properties of microscopic
particle systems be completely described by the linear quantum mechanics? Do the fundamental
hypotheses contradict each other?

Is the linear quantum mechanics a dynamic or a statistical theory? Does it describe the motion of a
single particle or a system of particles? The dynamic equation seems an equation for a single particle,
but its mechanical quantities are determined based on the concepts of probability and statistical
average. This caused confusion about the nature of the theory itself.

How to describe the wave-particle duality of microscopic particles? What is the nature of a particle
defined based on the hypotheses of the linear quantum mechanics? The de Broglie relations
established the wave-particle duality. Can statistical interpretation of wave function correctly describe
such a property? There are also difficulties in using wave package to represent the particle nature of
microscopic particles. Thus description of the wave-corpuscle duality was a major challenge linear
guantum mechanics had to face.

Was the uncertainty principle due to intrinsic properties of microscopic particles or a result of
uncontrollable interaction between the measuring instruments and the system being measured?

A particle appears in space in the form of a wave, and it has certain probability to be at a certain
location. However, it is always a whole particle, rather than a fraction of it, being detected in a
measurement. How can this be interpreted? Is the explanation of this problem based on wave package
contraction in the measurement correct?

However, why does quantum mechanics have these questions? This is worth studying deeply and in
detail. As is known, dynamic equation (1) describes the motion of a particle and Hamiltonian operator
of the system, Eq.(2), consist only of kinetic and potential operator of particles; the potential is only
determined by an externally applied field, and not related to the state or wavefunction of the particle,
thus the potential can only change the states of MIP, and cannot change its nature and essence.
Therefore, the natures and features of MIP are only determined by the kinetic term. Thus there is no
force or energy to obstruct and suppress the dispersing effect of kinetic energy in the system, then the
MIP disperses and propagates in total space, and cannot be localized at all. This is the main reason
why MIP has only wave feature in quantum mechanics. Meanwhile, the Hamiltonian in Eq.(2) does
not represent practical essences and features of MIP. In real physics, the energy operator of the
systems and number operator of particles are always associated with the states of particles, i.e., they
are related to the wave function of MIP. On the other hand, Eq.(1) or (2) can describe only the states
and feature of a single particle, and cannot describe the states of many particles. However, a system
composed of one particle does not exist in nature. The simplest system in nature is the hydrogen
atom, but it consists of two particles. In such a case, when we study the states of particles in realistic
systems composed of many particles and many bodies using quantum mechanics, we have to use a
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simplified and uniform average- potential unassociated with the states of particles to replace the
complicated and nonlinear interaction among these particles ™**!. This means that the motions of the
microscopic particles and background field as well as the interactions between them are completely
freezed in such a case. Thus, these complicated effects and nonlinear interactions determining
essences and natures of particles are ignored completely, to use only a simplified or average potential
replaces these complicated and nonlinear interactions. This is obviously not reasonable. Thus nature
of microscopic particles is determined by the kinetic energy term in Eq.(1). Therefore, the
microscopic particles described by quantum mechanics possess only a wave feature, not corpuscle
feature. This is just the essence of quantum mechanics. Then we can only say that quantum
mechanics is an approximate and linear theory and cannot represent completely the properties of
motion of MIPs. We here refer to it as linear quantum mechanics (LQM). Meanwhile, a lot of
hypotheses or theorems of particles in quantum mechanics also do not agree with conventional
understanding, and have excited a long-time debate between scientists. Up to now, there is no unified
conclusion. Therefore, it is necessary to improve and develop LQM.

However, what is its direction of development? From the above studies we know that a key
shortcoming or defect of LQM is its ignoring of dynamic states of other particles or background field,
and the dependence of the Hamiltonian or energy operator of the systems on the states of particles and
nonlinear interactions among these particles. As a matter of fact, the nonlinear interactions always
exist in any realistic physics systems including the hydrogen atom, if only the real motions of the
particles and background as well as their interactions are completely considered [17-30]. At the same
time, it is also a reasonable assumption that the Hamiltonian or energy operator of the systems depend
on the states of particles[17-30]. Hence, to establish a correct new quantum theory, we must break
through the elementary hypotheses of LQM, and use the above reasonable assumptions to include the
nonlinear interactions among the particles or between the particles and background field as well as the
dependences of the Hamiltonian of the systems on the state of particles. Thus, we must establish
nonlinear quantum mechanism (NLQM) to study the rules of motion of MIPs in realistic systems with
nonlinear interactions by using the above new idea and method [18-25].

At present, to know the root problems generating the difficulties in quantum mechanics, it is very
necessary to understand the basic tenents of the discipline. Obviously the roots relate closely to the
fundamental postulates of the discipline [21-24]. From Egs. (1.7) and (1.8) we see that the dymamic
equation and Hamiltonian of the systems are composed of a kinetic energy term, (7%/2m)v? = p /an,
of particles, and an externally applied potential term, V (r) . As can be seen from the above analyses,
the potential cannot change the nature of any of the particles, but only the shapes and outlines such as
amplitude and velocity, and this is because it is not related to the wave function of the state of the
particle. Too, the nature of particles is mainly determined by the kinetic energy term. But the latter
has a dispersive effect and can make the particle dispersion in total system taking on the form of a
wave. This means that there is not an interaction, which might balance and/or suppress the dispersive
effect in the systems. Thus the microscopic particle have only a wave feature and cannot be localized
in guantum mechanics. This is just one root generating the above difficulties in guantum mechanics.
In this case we must incorporate all interactions, including nonlinear and complicated interactions;
those among particles or between particles and the background field, into the external potential by
means of various approximate methods, when quantum mechanics is applied to study motions of the
microscopic particles [21-22]. This amounts to a freeze of the real motions of other particles and
background fields as well as the interactions between them. According to basic theory, this is without
reason. Therefore it is highly necessary to develop a new guantum mechanics theory that can truly
describe and study the motion of the particles and background field as well as the interactions
between them in these systems, especially in the examples of systems with many-particles and
many-bodies.

How do we improve and develop the discipline of quantum mechanics? What is the direction of
development? These problems are worth studying deeply. Looking back to the development and
applications of quantum mechanics as well as the related disputes that have endured for almost a
century, we see that it seems impossible to solve these problems and improve the theory within the
framework of linear quantum mechanics. Therefore, to further develop a new base theory we need to
find alternatives beyond quantum mechanics. To do this, we must break through some fundamental
postulates of the existing disciplinary base of quantum mechanics, such as the linearity of the theory
and the independence of the Hamiltonian operator related to the system on the states of particles. The
linearity of theory greatly limits the applicable scope and domain of the development of quantum
mechanics and cannot be used to study the properties of the microscopic particles in the complex
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systems of many-body, many-particle examples in which there exist complicated interactions, such as
the self-interaction and nonlinear interactions among particles and between particles and
environment. The independence of the Hamiltonian operator on the states of particles erases the real
relation of the energy of a system with the states of particles and blots out the nonlinear interactions
among particles and between particles and background field. Therefore, these two postulates should
be abandoned in the new theory. In other words, we must consider the real motions of all particles
and the true interactions among particles and between particles and background field including the
nonlinear interactions in the new theory. We expect that these nonlinear interactions among particles
and between particles and background field can be involved in the Hamiltonian operator and dynamic
equation to balance and suppresses the dispersive effect in systems and make eventually the particles
the localization and wave-corpuscle duality. The above is our concept of the direction and objective
of development of quantum mechanics.

This paper is essentially composed of four parts. The first presents the fundamental principles of
NLQM. The descriptions of essential features of microscopic particles, including the wave-particle
duality of the solution of the nonlinear Schrodinger equation, the stability of microscopic particles
described by NLQM, the invariances and conservation laws of motion of particles, the Hamiltonian
principle of particle motion and corresponding Lagrangian and Hamilton equations, the classical rule
of microscopic particle motion, the mechanism and rules of particle collision, the features of
reflection and the transmission of particles at interfaces, and the uncertainty relation of particle’s
momentum and position, are covered in the second part. The resolution of difficulties and problems of
quantum mechanics are stated in the third part, A conclusion of the investigation is finally given.
These investigations are helpful for understanding the properties of MIPs in nonlinear systems and
the essences of NLQM.

2. ESTABLISHMENT OF NONLINEAR QUANTUM MECHANICS
2.1.Basic Principles of Nonlinear Quantum Mechanics

Pang worked out the NLQM describing the properties of motion of MIPs in nonlinear systems
[17-30]. The elementary principles, theory, calculated rules and applications of NLQM were
described in Pang et al.’s books [25-27]. For the development of quantum mechanics from linear
range to nonlinear domain in the basis of original quantum mechanics, Pang worked at and
investigated this problem for about 20 years[17-30]. In this investigation, Pang first sought the roots
of these problems existing in the LQM. Subsequently, Pang [23-30] broke through the restrictions of
the elementary hypotheses for the independence of the Hamiltonian of the systems on the states of the
particles and the linearity of the theory in the LQM, and proposed and established the elementary
principles and theory of the NLQM, based on the relations among the nonlinear interaction and
soliton motions and macroscopic quantum effect, and incorporating modern theories of
superconductors, superfluids and solitons [23-27]. In these physical systems the Hamiltonian, free
energy or Lagrangian functions of the systems are all nonlinear functions of the wave function of the
microscopic particles which break down the hypotheses for the independence of the Hamiltonian of
the systems on the states of the particles and the linearity of the theory in the LQM, the dynamic
equations of microscopic particles, such as superconductive electrons and superfluid heliem atoms
which were depicted by a macroscopic wave function,

(7 t)=o(F, 1))

are the time-independent and time-dependent Ginzburg-Landau equations,(G-L) and Gross- Pitaerskii
(G-P) equation[31-36], which are in essece the nonlinear Schrédinger equation and have a soliton
solution with a wave-corpuscle duality because the nonlinear interactions balance and suppress the
dispersive effect of the kinetic energy in these dynamic equations[23-27]. We demonstrated that the
macroscopic quantum effects are in an ordered coherent state or a Bose-Einstein condensed state, the
superconductivity and superfluidity are caused by motions of solitons of superconductive electrons
and superfluid heliem atoms under actions of nonlinear interactions, respectively. According to
modern soliton theory, a soliton, which differs completely from a microscopic particle in the quantum
mechanics, possesses the wave-particle duality. Therefore, the investigations of essences and
properties of macroscopic quantum mechanics, superconductivity and superfluid provide direction
and fundamental for establishing nonlinear quantum mechanics [23-27].

Based on the above discussions, the fundamental principles of nonlinear quantum mechanics
(NLQM) proposed by Pang may be summarized as follows [18-30].
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(1) Microscopic particles in a nonlinear quantum system are described by the following wave
function,

#F. )= olF " @
where both the amplitude qo(F,t)and phase H(F,t)of the wave function are functions of space and

time, and satisfy different equation of motion.

(2) In the non relativistic case, the wave function ¢(F,t) satisfies the generalized nonlinear
Schrodinger equation (NLSE), i.e.,

ih%:—g—mvz¢ib|¢|2¢+V(F,t)¢+ A(9). ©)
or

0 n: o, 2 .
Wl =2 iglp g4V (E g+ AY) ©

where p is a complex number, V is an external potential field, A is a function of ¢(F,t), and b is a
coefficient indicating the strength of nonlinear interaction.

In the relativistic case, the wave function ¢(r t)satlsfles the nonlinear Klein-Gordon equation
(NLKGE), including the generalized Sine-Gordon equation (SGE) and the ¢* -field equation, i.e.,

82 az i a .

at_(zp_a_>f=ﬁs|n¢+7§(p+’*(¢),(1=1,2,3) "
i

and

82¢ 82¢_ 2 . 8

Ce-Cezapsplol o= A (-2 ©

where y represents a dissipative or frictional effects, « is a constant, /£ is a coefficient indicating
the strength of nonlinear interactionand A is a function of ¢(F,t).

These are the only two fundamental hypotheses of nonlinear quantum mechanics yet are quite
different from linear quantum mechanics which is based on several hypotheses, as discussed above.
However, the dynamic equations are just generalizations of the linear Schrddinger and linear
Klein-Gordon equations in linear quantum mechanics to nonlinear quantum systems. These equations
were also used to study the motion of superconducting electrons and helium atoms in the super fluid
state.

It has been shown that Egs. (5) —(8) indeed describe the law of motion and properties of microscopic
particles in nonlinear quantum systems. This is the basis for having the two hypotheses as the
principles of nonlinear quantum mechanics. Obviously, nonlinear quantum mechanics is an
integration of superconductivity, super fluidity and modern soliton theories and its experimental
foundation are the macroscopic quantum effects.

2.2. The Features of the Fundamental Principles

From the two above hypotheses, the following can be deduced.

(1).Equation (4) indicates the basic form of wave function of states of the microscopic particles,
where ¢(T,t)is its amplitude and &(T',t) is its phase, therefore, they all have a determinant physics
significance and satisfy different dynamic equations. If by inserting Eqg. (4) into Eq. (5) we can
ascertain that they satisfy, in a one dimensional case, the following two equations

e 00 00,
ax(.f—gw (ax) P+be® =V (X' t)e (9)
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2
7 0 02 + 28_(0% _|_a_¢ =0
ox' ox'ox' ot

respectively, wherex'=xy2m/#n, t'=t/h.
From Eg. (10) we can easily find the relation of @(x',t") with ¢@(x',t"), then the solution,
o(x',t"), of Eqg. (9) can also be found and, the b and V (x',t") known. In a bulk and uniform material,
A(x',t") isa constant, then &(x" t")is independent with x'and t', thus from Eq. (9) we can get
o’
ax I2
It is a time-independent nonlinear Schridinger equation and is same with time-independent G-L
equation. This shows that the nonlinear Schrddinger equation in Eq. (5) depicting the states of

microscopic particles has a good experimental foundation. This feature of wave function of the
microscopic particles does not occur in quantum mechanics.

(2) We know from soliton theory that these equations in Egs.(5)-(8) have all a soliton solution;

(10)

+be® -V (t)p=0

therefore, the wave function ¢#(rt) represents a soliton or a solitary wave. It is no longer a linear or

dispersive wave in the linear quantum mechanics. This differs also from that in quantum mechanics.

— — 2
(3)The absolute square of wave function ¢(rt) given in Eq.(4), |¢(F,t)|2 =L¢(r,t)L = p(F,t)is no
longer the probability of finding the microscopic particle at a given point in the Space-time, but rather
gives us the mass density of the microscopic particles at that point. Thus, the concept of probability or
the statistical interpretation of wave function is no longer relevant in nonlinear quantum mechanics.
The interpretation of Eq.(4) will be discussed in more detail in the following.

(4) The Lagrange density function, L, corresponding to Eq. (5) at A(¢) = Qis given as follows:

L= 2§00 )~ 5—(V9-V9) -V (X)) (99" ay

where L'=L. The momentum density of the particle system is defined as P= 0L/0¢ . Thus, the
Hamiltonian density, H, of the systems is as follows

= (G090 ) £ =5 (VO )4V ()9~ 012) (08 (12

Equations.(11)-(12) clearly show that the Lagrange density function and Hamiltonian density of the
systems are all related to the wave function of state of the particles and involve a nonlinear
interaction, (b / 2)(¢¢*)” .

The above, when compared to the linear quantum theory, thus shows that two major breakthroughs
were made in the nonlinear quantum mechanics. One, the linearity of the dynamic equation and the
other, the fundamental hypothesis of independence of the Hamiltonian operator on the wave function
of the microscopic particles. In nonlinear quantum mechanics, the dynamic equations are nonlinear in
the wave function, ¢(rt), i.e., they are nonlinear partial differential equations. The Hamiltonian
operators depend on the wave function g(r,t) . In this respect, the nonlinear quantum mechanics is
truly a breakthrough in the development of modern quantum theory. Then the natures of microscopic
particles are simultaneously determined by the kinetic and nonlinear interaction terms in dynamic
equations of nonlinear guantum mechanics. The balance each other between them results in the
motion of soliton of microscopic particles, this means that the particles in nonlinear quantum
mechanics have different properties from those in quantum mechanics, and no longer disperse and
could may be localized.

(5) Obviously, the Lagrange density functions in Eqg. (11) and the Hamiltonian density in Eq. (12)
have space-time symmetry. That is, L and H remain unchanged under the transformations of t — —t
and F >—-T or X—>—X, y—>-y andz——Z. In the meanwhile, they also possess the U(1)
symmetry, i.e., they are unchanged undergoing the transformations of
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#(F,1) = ¢/(F,1) =& 2 g(F 1)

due to the fact that the Hamiltonian density in Eq. (3.9) contains the product of the ¢j (F,t)s_ and the
invariance of charge of the system, i.e., Q +Q,+...+Q, =0, and the facts of V¢, —» e"gQ"V;/ﬁj in
this case, where Q ;Is the charge of the particle, 6 is a phase independent of x.

(6) The concept of operator in linear quantum mechanics can still be used in nonlinear quantum
mechanics. However, the majority of them are no longer linear operators, and thus certain properties
of linear operators, such as thg conjugate Hermitian of the momentum and the coordinate operators,
are no longer required, 72— no longer corresponds to the energy operator. Instead, nonlinear
operators are constructed andised in the nonlinear quantum mechanics. For example, Equation (5)
may be written as

_0p
7 p =H(g)¢ (13)

~

The Hamiltonian operator H has a nonlinear dependence on ¢(F,t) and is given by
n /- ) -
H(¢):—%v —blg| +V (r,1) (14)

for A(¢)=0.

In general, equations (5)—(6) in one-dimensional case can be expressed as

g=970 =K(@) . p=g(x1) (15)

according to the Lax method[28], where K(¢) is a nonlinear operator or hereditary operator. In a
one-dimensional case, a new operator Q(¢), which is obtained from the generator of the translation
group, can be used to produce the vectorial field K(¢), i.e.

K (@) = Q(#) %, (16)

and the operator, Q(¢), is called a nonlinear recursion operator. The nonlinear Schrodinger
equation (5) at A(¢) =0 and can be generalized as

Q(¢) =—iD +4igD " Re(¢) (17)
where the operator D denotes the derivative with respect to X , and
Df(x") = L f(E)dE.

From the hereditary property of K(¢), we can obtain the following vector field

K, (#) =Q(¢)" ¢, n=0.1 (18)
The equation of motion of the eigenvalue A ' of the recursion operator Q(¢#) may be expressed as
A =04 ot =K' (#)[A] (19)

where K'(¢) is the variational derivative with respect to ¢ and is given by

KD = = K(p+ 52| .o 20)
The equation describing the time variation of the recursion operator can be obtained via;
%Q(qﬁ) =K'(¢)Q(¢) -Q(#)K(¢9) =[K'(¢), Q4)] (21)
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This equation is very similar to the Heisenberg matrix equation in quantum mechanics. However,
both K '(¢) and Q(¢) here are nonlinear operators. Therefore, we may refer to Eq. (21) as the
Heisenberg equation of nonlinear operator in nonlinear quantum mechanics.

(7) The theory of nonlinear quantum mechanics describes an integral system. For a general nonlinear
equation given in Eq.(15), we know that K(¢) is a nonlinear operator of ¢ . According to the Lax
method [28], if two linear operators L and B corresponding to Eq. (15), which depend on ¢, satisfy
the following Lax operator equation

~

iL, =BL—LB = lé, I:J 22)

where t'=t/% and B is a self-adjoint operator, then the eigen value k and eigen function ¥ of
the operator L satisfy the equation:

LY = kY (23)
with

lIJl
‘I’(x',t'):(\P J

A~

but B satisfies the equation:

BY =i¥, (24)
For the following nonlinear Schrédinger equation in Eq. (5) at V (F,t) = A(¢) =0
idh + B +b|g $=0 (25)

where X'=Xy/2M [h, from Zakharov and Shabat et al. [29-30] we see that the concrete

representations of Land B for Eq. (25), which are as follows
2

o

. (1+s 0 N.(10) Iy
L=i K i+ 0 ¢ B=-s 8_2+ 1+s (26)

0 1-s)ox (g O 0 1/ox o

“ig, e

)

where 52=(1—2 ),¢(F,t) and satisfies Eq.(25). This is just the Lax form for the nonlinear
Schrédinger eguation (25) or Equation (5).

In general, many nonlinear dynamic equations can be written either in the Lax form, or in the
Hamilton form of a compatibility condition for over determined linear spectral problems. In the
former, the nonlinear dynamic equations with soliton solutions are often expressed as Eq. (15),
corresponding the eigenvectors and eigen values of the linear operator L and its time evolution are
determined by Egs. (23) and (24), respectively.

We now assume that the eigenfunction of the operator L satisfies the equation :

iV, =BY+ f (L)W 27)

where the function f (L) may be chosen according to convenience. In this case we can write the
over-determined system of linear matrix equations as

Y. =UX\t\a)¥,¥, =G "t a)¥ (28)
where U and G are 2x2 matrices. The compatibility condition of this system is obtained by

differentiating the first equation of Eq.(28) with respect to t’ and the second one with respect to X’ and
then subtracting one from the other

U, -G, —[U,G]=0,
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or
U, -G, =[U,G] (29)

We emphasize that the operatorsU and G depend, not only ont'and x", but also on some parameters,
a , which are called spectral parameters. Then the condition in Eq.(29) must be satisfied by « . In
this case Makhankov et al [31-32] gave the representations of the operators U and G by

U:_io{(us)-1 0 j{ 0 i(1+s)‘1¢*j,
0 (1-9)") lil+s)"¢ 0

3 :—iaz(s(“ 5)72 0 j+

0 s(l-s)?
S¢p*
5y (1+s)(1-s?) N
S¢
1-s)1-5)

I(¢¢*) ¢x'
1-s*  1+s

¢x’ _ I|¢|2
1-5s 1-¢?

The presence of a continuous time-independent parameter is a reflection of the fact that the nonlinear
Schrédinger equation (25) describes a Hamiltonian system with a set of infinite number of
conservation laws. In the case of a system with a finite number (N ) of degrees of freedom one can
sometimes succeed in finding 2N 'first integrals of motion between which the Poisson brackets are
zero (in this case they are said to be in involution). Such a system is called completely integral. In
such a case, equation (28) with EQ.(29) are referred to as the compatibility condition, and their
consequence is the nonlinear Schrédinger equation (25).

This means that, for each solution, @(x',t") of Eq.(25), there is always a set of basis function ¥,
parameterized by « , which can be obtained through solving the set of linear equations (27) — (29).
Thus we can conclude that the nonlinear quantum systems described by nonlinear quantum mechanics
is completely integrable. Zakharov and Faddeev [33] generalized this concept in quantum field
theory.

(8) Vector nonlinear Schrodinger equations. When a system is composed of n same particles in same
condition, among which there are nonlinear interactions, the system of particles can be described by a
vectorial nonlinear Schrodinger equation [31-32], which can often be written as

2
inl__J

= oV @V (709 (30)
where
¢(1)
@ = :
¢(n)

@ is a column vector of n-components, describing the “isospace” state, 5 Is its complex conjugate
vector. The corresponding Lagrangian and Hamiltonian densities of the system are given by
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U= 5 g) 2 (5,5.) v () g+ 01 2)(95)
and
Hi=— 2 (45,) v (x)9p- 012 (¢5)

where L'=£ and H'=%,¢=¢>*y, and y, is a diagonal matrix, and the internal product
(¢¢):¢*y0¢ is conserved. Such transformations also conserve £ and 7 That is, they are
symmetrical transformations of the systems which do not change the vector nonlinear Schrodinger
equation (30). When y, is also an n-component unit matrix, the transformations form a compact
group U '(n). On the other hand, if

7, =diag.(1,1...1, -1, —1...—1),

which plays the role of isotropic space metric and the dagger sign (") denotes a Hermitian conjugate,
the iso-transformation belongs to the non-compact groupU (i, j), here“iis the number of “17, jis
the number of “-1 “in y,. Zakharov and Shabat [29-30] showed that Eq. (30) is completely
integrable in the case of U (1) group for both positive (b > 0) (theU (1,0) model) and negative (b < 0)
(theU (1,0) model) coupling constants. Furthermore, Manakov [34] integrated the vector equation
(30) for theU (2) group (the U (2,0) model, (b > 0) ), and the integrability for the case of U (1,1) group
was shown by Makhankov [31]. These can be considered as special cases of the general system.

Based on the elementary principle Pang[23-27] established the theory of nonlinear quantum
mechanics, which includes the superposition theorem of states of the particles, relation of nonlinear
Fourier transformation, nonlinear perturbation theory, theory of nonlinear gquantization, eigenvalue
theory of nonlinear Schrédinger equation, calculated method of eigenenergy of Hamiltonian operator
and relativistic theory of nonlinear quantum mechanics, collision and scattering theory of microscopic
particles, and so on (please read Pang’s book[25-27]). Thus a complete nonlinear quantum mechanics
was established. Then we can investigate the rules and properties of motion of microscopic particles
in any physical systems using these principle and theories of nonlinear quantum mechanics. In the
following we will discuss the natures and properties of microscopic particles described by nonlinear
guantum mechanics.

3. THE WAVE-CORPUSCLE FEATURES OF MICROSCOPIC PARTICLES
3.1. The Wave-Corpuscle Duality of Solutions of Dynamic Equation

As it is known, the microscopic particles have only the wave feature, but not corpuscle property in the
guantum mechanics. Thus, it is very interesting what are the properties of the microscopic particles in
the nonlinear quantum mechanics? We now study firstly the properties of the microscopic particles
described by nonlinear Schrédinger equation in Eq. (5). In the one-dimensional case, the equation (5)
atV (x,t) = A(¢) = Obecomes as

i + @y +blg =0 (31)

where X'=x/+vA?/2m, t'=t/#A. We now assume the solution of Eq.(31) to be of the form

#(x' 1) = p(x',t')e " (32)
substituting Eq. (32) into Eq. (31) we get

Pex — PO, —pby —bp’9=0,(b>0) (33)

PO, +20,0, +¢. =0 (34)
If let

0=0(x—Vt),p=p(X-V_t), {=x-vt', {'=x-vt'
then Equations (13) - (14) become
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P +V.P0. — 02 —bp® =0 (35)
PO, +20,60, =Vp,. =0 (36)
If fixing the time t’ and further integrating Eq. (36) with respect to x’ we can get

P° (20, —v,)=A(t) (37)
Now let integral constant A(t") =0, then we can get 6,. =V, /2. Again substituting it into Eq.
(35), and further integrating this equation we obtain

v _do =Xx'-vt'
— AT Ve (38)
Lw/Q(co)

where Q(p) =—bgp* 12+ (V2 —2v,v, )¢’ +C".
Whenc'=0, v2-2v.v, >0,thenp==¢,, ¢@,=[(vV'—2v,v,)/2b]is the roots of Q(p)=0
except for ¢ = 0. From Eq. (38) Pang obtained the solution of Egs. (33)-(34) to be

PX.) = gy e 2 (Xt )]

Pang™*®?*?"represented eventually the solution of nonlinear Schrédinger equation in Eq. (11) in the
coordinate of (x,t) by

#(xt)= A sech A)\hbm[(x —xy) -t e e (39)
where A, = \/(mvz /2—E)/2b, vis the velocity of motion of the particle, E =7%w®. This solution is
completely different from Eq. (3), and consists of a envelop and carrier waves, the former is

P(x,1) = Aysech{ AJbm [ (x—x,)—vt ]/ 7}

And a bell-type non-topological soliton with an amplitude A, the latter s
exp{i[mv(x —X,) — Et]/ 7}.This solution is shown in Fig.1a. Therefore, the particles described by
nonlinear Schrédinger equation (31) are solitons. The envelop ¢(X,t) is a slow varying function and is
a mass centre of the particles; the position of the mass centre is just at X, A, is its amplitude, and its

width is given by W'=2z%/ Aj\2m .Thus, the size of the particle is AW '=2z%/+/2mand a

constant. This shows that the particle has exactly a determinant size and is localized at X, . Its form

resemble a wave packet, but differ in essence from both the wave solution in Eg. (1) and the wave
packet mentioned above in linear quantum mechanics due to invariance of form and size in its
propagation process. According to the soliton theory [37-38], the bell-type soliton in Eg. (39) can
move freely over macroscopic distances in a uniform velocity v in space-time retaining its form,
energy, momentum and other quasi-particle properties. However, the wave packet in linear quantum

mechanics is not so and will be decaying and dispersing with increasing time. Just so, the vector ror
Xin the representation n Eq.(39) has definitively a physical significance, and denotes exactly the

positions of the particles at time t. Thus, the wave- function ¢(?,t) or ¢(X,t) can represent exactly

the states of
¢
AN T
()y | a ‘ |

.
Rt

(b

a)

Figl. The solution of Eg. (31) and its features
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the particle at the position r or x at time t. These features are consistent with the concept of
particles. Thus the microscopic particles depicted by Eq. (31) display outright a corpuscle feature.
Using the inverse scattering method Zakharov and Shabat [39-40] obtained also the solution of Eq.
(31) , which was represented as

%
p(x't')= 2(%] nsech[Zn(x’ =) +877§t']><

exp[-zu(g2 - )t -i2ex'- ie}
in the coordinate of (x',t"), where 7is related to the amplitude of the microscopic particle, &

(40)

relates to the velocity of the particle, @=argy,A=E&+in, X, :(277)1log(|%7), y is a

constant.. We now re-write it as following form!@#™;
p(x't)= Z\Ek sech{Zk [(x'— X )Vt ']}eivE[(x%)%t% (41)

whereV, is the group velocity of the electron, v, is the phase speed of the carrier wave in the
coordinate of (x',t"). For a certain system, v, andV,are determinant and do not change with time.
We can obtain

vZ—2v_v,
2b

According to the soliton theory, the soliton shown in Eq. (41) has determinant mass, momentum and
energy, which can be represented by??"]

N, = [ Jof ' =252, . p=—i" (4", ~d; = 22Av, =Ny, = const

00
=0

23/2k/b1/2:A3, Ao —

i 1 : 1
E= '[_OO [|¢X|2 _E|¢|4j|dx = EO +E M soIVe2 (42)

where M, =N, = 2\/§AO is the effective mass density of the particles, which is a constant. Thus
we can confirm that the energy, mass and momentum of the particle cannot be dispersed in its motion,
which embodies concretely the corpuscle features of the microscopic particles. This is completely
consistent with the concept of classical particles. This means that the nonlinear interaction, b|¢|2 o,
related to the wave function of the particles, balances and suppresses really the dispersion effect of
the kinetic term in Eq. (31) to make the particles become eventually localized. Thus the position of
the particles, ror X , has a determinately physical significance.

However, the envelope of the solution in Egs. (39)- (41) is a solitary wave. It has a certain wavevector
and frequency as shown in Fig.1(b), and can propagate in space-time, which is accompanied with the
carrier wave. Its feature of propagation depends on the concrete nature of the particles. Figure 1(b)
shows the width of the frequency spectrum of the envelope ¢(x,t) which has a localized distribution
around the carrier frequency wo. This shows that the particle has also a wave feature[23-27]. Thus we
believe that the microscopic particles described by nonlinear quantum mechanics have simultaneously
a wave-corpuscle duality. Equations (39) - (41) and Figure 1.a are just the most beautiful and perfect
representation of this property, which consists also of de Broglie relation, E=hv=hwand p =17k,
wave-corpuscle duality and Davisson and Germer’s experimental result of electron diffraction on
double seam in 1927 as well as the traditional concept of particles in physics [11-13]. Thus we have
reasons to believe the correctness of nonlinear quantum mechanics proposed by Pang.[23-27]

3.2. The Feature of Newton’s Motion of Microscopic Particles

Since the microscopic particle described by the nonlinear Schrodinger equation (5) at A(¢) =0 has
a corpuscle feature and is also quite stable as mentioned above. Thus its motion in action of a
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potential field in space-time should have itself rules of motion. Pang[41-43] studied deeply this rule of
motion of microscopic particles in such a case.

Let now ¢(X,t) represent the field of the particle, and assume that it has derivatives of all orders, and
all integrations, and is convergent and finite. The Lagrange and Hamiltonian density function
corresponding to the nonlinear Schrédinger equation (5) at A(¢) =0 are represented by Egs. (11)
and (12), respectively, which involve all the nonlinear interactional energy, b(¢¢) which can
obstruct and suppress the dispersive effect of kinetic energy of microscopic particles. In the general
case, the total energy of the particles is a function of t’ and is represented by

E(t’)=T{

However, in this case, b and V (x')are not functions of t". So, the total energy of the systems is a
conservative quantity, i.e. E(t") = E =const.,, We can demonstrate®*" that when X' — *o0, the
solutions of Eq. (5) at A(¢) =0 and ¢(x',t )should tend to zero rapidly, i.e.,

(x)

pw }dx (43)

Lim g(x’,t") = Lim % _g

fi{ﬁ*qﬂ X'= _[: o (x 'Y xconstant, or

%I:¢*¢dx':0

which is the mass conservation of the microscopic particle. Therefore, ¢*g@dx'= p(x')dx' can be
regarded as the mass in the interval of x'tox'+dx'. Thus the position of mass centre of a
microscopic particle at X, + V.t "in nonlinear quantum mechanics can be represented by

xV=x=x = ¢"x'¢dx'/ [ ¢ pdx’ (44)
() =x=x=] L.
since
d * *y! ! * * —
=oAL grxgdx [ g gdx=
[“@ixp+rg=xg)dx 1| p*gdx

then from Eg. (31) and its conjugate equation we can get that the velocity of mass centre of
microscopic particle can be denoted by

vy =d(x)/dt'==2i[" g*g.dx'/ [ g*gdx’ (46)

Otherwise, we know that the solution Eq. (41), shown in Fig.1, of the nonlinear Schrédinger equation

(45)

(5) with different potentials at A(¢) =0, has the behavior of S—¢ =0 at x'= x(') .Thus we can infer
X

that the position of the soliton is localized atx'= x0 at t’=0, which is just the position of the mass

center of microscopic particle, and is defined by Eq. (44). Its velocity is represented in Eq. (45). We
now determine the acceleration of the mass center of the microscopic particles and its rules of motion
in an externally applied potential.

Now utilizing Eq. (5) at A(¢) = 0and its conjugate equation as follows

99 _ th \Y ¢*+b|¢| ¢*+V (F,t)p* (47)

ot
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we can obtain

ST oo =] hodx + [ F @).0x

i[5 S0, + b Vg1V I 4®)
=i ¢ %dx

where X'=Xx/+h*/2m, t'=t/h. We here utilize the following relations and the boundary

conditions:

I:(¢*¢X,X,X, B, )X =0 I b(4°dg, +4 ¢°4,)dx =0 J¢*¢dx': constant (or a function of t”) and

. op*
limg™x’ —I|m P xp-0.

x| o0 i OX'

Limex.t) = |imé#. (X, t) =0

|X'|—>o0 |X'|—>o0

0 0
where ¢x’ =—¢., o ¢ . Thus, we can get

ox T x5

dt'-[ ¢ X golx '—J‘ (—x¢+¢x(a¢)dx— 2|J‘ ¢ @.dx (49)

In the systems, the position of mass centre of microscopic particle can be represented by Eq. (44),
thus the velocity of mass centre of microscopic particle is represented by Eq. (45). Then, the
acceleration of mass centre of microscopic particle can also be denoted by
d? , . cd e s Lo . ,
F<x )= _Z'E{j—w‘é g0 1| ¢ gax

v (50)
:—zj PV §dx = <ZX>

If ¢ is normalized, i.e., f ¢*¢dx’ =1, then the above conclusions also are not changed. where
V =V (x")in Eg. (50) is the external potential field experienced by the microscopic particles. We
aV 1 1 !
expand vl the mass centre X' =(X") = X)as
X

av (x) _ oxX ) F 00— (x) o*V ((X')) N
> T a(x) Ta(xy

, e, OV (X
Lo~ (x >)zﬂ+

Taking the expectation value on the above equation, we can get

oV (x)\ _oV(<x >) <(x x> >63\/(<x 3>)
ox’' o< X > 2. o< X >
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where

Ay = (0= (xN?) = (O = x)0¢) = %)) =
(0 = (N0 — (X5 0)

For the microscopic particle described by Eq. (5) at A(¢) =0 or Eq. (31), the position of the mass
center of the particle is known and determinant, which is just < X'> x;=constant, or 0. Since we here
study only the rule of motion of the mass centre X,, which means that the terms containing X, in

<x'2> are considered and included, then <((x'— <x'>)2> = 0can be obtained. Thus

<6V(x’)> _V(<x>)

ox' o<X >

Pang[20-21] finally obtained the acceleration of mass center of microscopic particle in the nonlinear
guantum mechanics, Eq. (49), which is denoted as

2 '
d_ < X' >= _ZM (51&)
dt’? o<Xx' >
Returning to the original variables, the equation (51) becomes
d? vV
mi%_ NV (51b)
dt X,

where X; =<X'> is the position of the mass centre of microscopic particle. Equation (51) is the
equation of motion of mass center of the microscopic particles in the nonlinear quantum mechanics. It
resembles quite the Newton-type equation of motion of classical particles, which is a fundamental
dynamics equation in classical physics. Thus it is not difficult to conclude that the microscopic
particles depicted by the nonlinear quantum mechanics have a property of the classical particle.

3.3. The properties of solution of nonlinear Schrédinger equation under influence of weak
potential energy

We now find the properties of solution of nonlinear Schrodinger equation (5) atA(¢)=0 and small

V(x') by the linear perturbed theory. In such a case Pang [23-27] introduced a small parameter & to

denote the small external perturbation potential V () . Thus equation (5) with A(¢)=0 can now be

written as:

0p 0O°¢ 2

I—+——+Db =&V (X') g, 52
oz TRl #=ev (x)4 (52)

where t'=t/fn, x'= ,/Zm/hzx. Pang [44-48] assumed the following form for the linear perturbed

solution of Eq. (52)

¢ =, +¢ = (f +cF(x))e*" (53)
where ¢, = f (x',t')eig(x"t')which is an unperturbed solution of Eq. (52)) with &=0. This is the
same as Eq.(40), where 21 and 4¢&' are respectively the amplitude and group velocity of the

microscopic particle. Inserting Eqg. (53) into Eq. (52)) and neglecting terms higher than the second
order in &, we obtain the following equation for F(x',t"):
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OF O°F \
I Xlz—v2[1—4sech2(vx )[F+

(54)
2% sech” (VX ')F" = V\E sech(vX ")V (X +vt')

where

X'=x'-Vt'\V = (V2 -2vV,) [ 4=(v,/2)°5,8=1-2v, ]\, (55)
Performing the transformation y =vX 'and vt'=7, we let

F(y,7)=FR(y,2)+iF,(y,7) (56)
and by inserting it into Eq. (3.90) we can get

2
%+8—F22—(1—23ech2y)F2 =0 (57)
or oy

oF, OF 2\ L [2

Differentiating Egs.(57)-(58) with respect to 7 results in the following equation:

’F n o°F -
?22""\/'2':2 = Az(y’f)’ ?21+M1F1 = A1(ya7)

with

vZ |2 ov 1 /2 oV oV
——— [Zsechy— =—=,|—| 2sechytan y— —sechy —-
A vj\/; ry A v\/;( Yy yasz

3 d4 2 dz 2 d 2 4
M, =—4—2(1—4sech y)d—2—24sech y tanh yd—+(1+165ech y —24sech y),
y y

dy

4 2

M, = d—4—2(1—4sech2y)d—2—85ech2ytanh yi+1
dy dy dy

Clearly, A, possesses the properties of a force. The operator @ and M\Z satisfy the following

eigenequations:

2
M, g, (vX') :(vﬂzj g, (vX) (59)

2
M, g, (vX") :(vﬁzj g, (vX) (60)

We can easily, show that M, and M ,-are not Hermitian operators, but are Hermite conjugates to each
other, i.e., M; =M, ,and M, =M, . Their eigenfunctions are also orthogonal to each other, i.e.

[0; (X" 0)g, (X 0")dX =5 (w-).
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The eigenfunctions belong to the eigenvalues @ =+(vk®+Vv?)andw=0in Egs. (59)-(60) can be
obtained easily, k taking any value, —oo<k <o, when @ =0. The eigenfunctions are:

g,(x")=c,sech(vX")tanh(vX "), g,(x")=c,sech(vX"). (61)

where ¢, =C, =+/2V.

Pang showed that Eq. (61) provides only some local solutions to Egs. (57) - (60) when @ =0.
We now seek a power-series solution for M, . Pang considers first the asymptotic behavior of

A . o 4 2
M, when y— oo, i, MZ_)%—Z%H.
y y

y—o

—~

The characteristic equation of M, is
4

—a)—4+k“+2k2 +1=0, or =(v2k2 +v2)2.
v

We assume the following trial solution to it

9,(y.k)=h, cos(ky)+h,sin(ky). (62)

Substituting Eq. (62) into Eq. (60), and using the fact that cos(ky)and sin(ky)are linearly

independent, we obtain:
d*h,

d 4

y

— [sz + 2(1— 4sec hzy)] ddzrla —

y

8sech’ytanhy (llha —8k*sech?yh,
y

3
+4|{d h, —(k2+1—4sech2y)%—2360h2yta”h yhb}o,

dy®
and
d*h d?h
dy“b —[6k2 +2(1—4sech2y)] dyzb —

8sec h’ytanh ycijﬂ —8k?sech?yh,
y

_aK d3ha_(k2+1—4sech2y)%—2860h2ytanhyh =0
ay? dy v

y

A further transformation, z =tany, was made by Pang. Under this transformation, equation (60)
becomes

Nl N2 ha _ 0
- Nz N1 hb ’ (©3)
where
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N, =(1-2° ) 34 ~122(1- z):;

2(1- zz)(3k2 +1-14z2)§';-4z(3k2 —1)%—8k2.

N2:4k{(1—z2)zj; -61(1- z)G‘ljzz-(k2 1-22 )5—22}

with the following unitary transformation

o 1) =l )

equation (63) becomes

R L N .
0 N, +iN, J{i(h, —ih,)

Equation (64) is equivalent to two equations. Their solutions can be assumed to take the form:
h,=2"Yc,z",h,=2"> b,z". (65)
n=0 m=0

The solution of Eq. (64) can be obtained by substituting Eq. (65) into it. Since we desire a finite
solution in the complete range of interest, the series in Eqg. (65) must be truncated. It can be shown
that this truncation is only a kind of case. Besides a constant coefficient, in such a case, it has a group
of solutions taking the following form:

h, (z) =(k*-1)+2kz,

h, (z) =(k*—1)-2kz

The solutions g; and g, can be then be expressed as
g,(x")=c,sech(vX Jtanh(vX '), g,(x')=c,sech(vX"),
whenw =0, and

1 \/T{[kz —1+ 2k tanh(vX")+ Zsechz(vx’)]cos(kvx’)+}

X"k
5(X":k)= k?+1 [k2 =1+ 2k tanh(vX ")+ 2sech?(uX)Jsin(kvX ")

gz(X',k):l\/T [kz—1+2ktanh(vx')]cos(kvx')+ when w=i(V2k2+V2) where g, and g,
k? +1V 27 | [k2 —1+ 2k tanh(vX ") sin(kvX )

satisfy the following orthogonality and normalization conditions:

[2.0.(X") g, (X" K)dX =0, [~g,(X"k)g, (X" k)dX '=5(k-k),

k

T 7k K
0 ’ ! |: 0 X!k X/ Xl h
.0 (X" k) g, (X")dX —:))\Esech(—2 j %8, (Xk) g, (X)d ,/Zsec ( 5 j :

_[ g2 (X")dX'=2/3, _[ 9,(X")g,(X",v)= '[mgz NdX'=2 (66)

Thus F, and F, can be expanded using the eigenfunction g,and g, , i.e.,
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Fl(y’ ) (010 _[ dk(”lk )gl(yvk) (er) Cozo '[ dk(PZk )gz(y k) (67)
Applying the conditions in Eg. (66), Pang flnally arrived at:

d? d?
h—?;z(r) +(k2 +1)2 ¢ (7)=A(7.k), h—?;z(f) +(k2 +1)2 by (7)= A, (7,k) (68)
and
d’p, (7 T g, (r b

fglfz( ):i%)_\ﬂ s k)ksech[ kj Hy(e), (gﬁ( ):;AZ(T)_\/gLdkAZ(T,k)kSECh(ﬁzk):Hz(f), (69)

where  A(r)=[ Az ) 4 )y dviA=] (&) (.

A(z.k)=["A(z.y)a,(y.k)dy, A, (7.k)

- (70)
= [ A (z.y) 9. (y.k)dy.

Once the external potential VV (x") is known, then we can find the solutions of Egs. (68)-(69), and can
determine as¢, , @, , @, andg,, . Inserting them into Eq. (67) gives usFandF,. From Egs.
(56)-(58) and Eq. (53) we can then obtain¢g of Eq. (52). Obviously, the solution has soliton
characters.

Also, from Egs. (68)- (69), we can see that the amplitudes of the “classical modes”, ¢, (T) and
Dr (r) in Eq. (69), which possess discrete eigenvalues, satisfy the Newton-type of motion equation.

The amplitudes of the “quantum modes”, @, (Z‘) and (/)Zk( )in Eq.(68), which possesses
continuous eigenvalues, satisfy the wave equatlons There is a gap, o between the “classical modes”
and the “quantum modes”, of size AE =v®. When the system is quantized, i.e.,6 =0, the
“quantum mode” is near the ‘classical mode”, and the gap approaches zero.

When o =0, the “classical modes” disappears, and only the “quantum mode” remains. However,
when the classical condition is satisfied, i.e.,V, — oo, the gap approaches infinity. The two “quantum
modes” are separated at 00, Now there is only a “classical mode”. In this case the system shows pure
classical behavior, a Newton-type of motion equations is sufficient. Therefore, for external potential
field V (X) , the solutions of the nonlinear Schridinger equation possess, not only classical
mechanical properties, but also quantum mechanical properties. This is a very interesting result and
worth studying deeply.

4. THE NONLINEAR PROPERTIES OF EXCITATIONS IN MOLECULAR CRYSTALS

We now study a concrete example, i.e., the nonlinear properties of the exciton occurred in molecular
crystal by the above nonlinear quantum —mechanical theory.

4.1. The Structure of Molecular Crystals and Nonlinear Excitation of the Exciton

The acetanilide (CH,COHNC,H,),.or CAN is a typical molecular crystal, in which the two close
chains of hydrogen-bonded amide-1 groups which consists of atoms of carbon, oxygen, nitrogen and
hydrogen (CONH) run through the acetanilide crystal [44-48]. This crystal structure has been
determined and a unit cell of ACN is shown in Fig. 2. The space group is D, (P,.,) and the unit
cell or factor group is D,, for this crystal. The average lattice constants are a=1.9640 nm,
b =0.9483nm, andc =0.7979nm. There are eight molecules in an unit cell and at the amide- I
frequency, each of these has one degree of freedom (d.f.). Thus, there are three infrared-active modes
(B,.B,,,and By,), four Raman-active modes(AJ B, B,, and B, ), and one inactive mode (A,
). However, at low frequency (< 200cm™), each molecule exhlblts 6 dg f. (three translations and three
rotations. This gives 48 low-frequency modes: 24 Raman active modes (6A, +6B,; +6B,,+6B; ),
18 infrared-active modes (6B,, +6B,, +6B,,) and six ( A,) modes corresponding {6 acoustic modes
of translation and rotation). All of these active modes are seen in infrared absorption and Raman
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experiments. Meanwhile, in ACN, the nearly planar amide-I groups have bond lengths, which are
close to those found in polypeptide (see Fig. 3). Since the physical properties of such hydrogen
bonded amide-I systems are very sensitive to bond lengths, hence, studies of ACN can reveal new
phenomena. For example, in experiments of infrared absorption and Raman scattering, a new amide-I
band red-shifted from the main peak at 1666 cm* by about 16 cm™, when the crystalline acetanilide
is cooled from 320 to 10 K, but no other major changes occur from 4000 to 800 cm™.

The intensity of this new band increases steadily from room temperature to 70 K. The band at 1650
cm™is not present in amorphous materials or ACN methylated at the position where

hydrogen-bonded distances occur, but it is recovered after annealing. Similar phenomena can be
observed in Raman scattering experiments[49-55].

As it is known, the characteristic feature of amide-I group, CONH, in polypeptides is amide-I mode,
which mainly involves the stretching of C=0 bond.

4
o
s

0

Fig2. Various views of the cell unit of ACN, with cell parameters a = 19.640 °A, b = 9.483 °A, and ¢ = 7.979
°A.
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Fig3. Comparisons between of ACN and a protein molecule

This mode is observed as an infrared absorption peak at 1666 cm* in ACN and near this value in a
wide variety of materials, including the amide-I groups. The corresponding spectroscopic evidence of
the new band at 1650 cm™ has been mentioned earlier, but detailed measurements of the crystal
structure and specific heat as a function of temperature peptide groups preclude assignment of the
new band to (1) a conventional amide-1 mode, (2) crystal defect states, (3) Fermi resonance or (4)
frozen kinetics between two different subsystems. The correct assignment is the self-trapping of the
amide-1 vibrational energy. These conclusions are based on the following experimental facts: (1) the
>N substitution induces a small shift to the amide-1 at 1666 cm *, and the new band is also shifted by
the same amount; (2) deuterium substitution at the NH position strongly affects both the amide-I and
the new band in a complicated way; (3) upon cooling a decrease in the integrated absorption of the
normal amide-1 and a corresponding increase in the integrated absorption of the 1650 cm*band are
observed; (4) the 1650 cm ™ band and the amide-1 band show the same dichroism over the
temperature range integrated; and (5) the measurements of specific heat, the dielectric constant and
the volume expansion as a function of temperature rule out the occurrence of rotational isomerism or
polymorphic transition which would affect some other infrared and Raman absorption bands, but not
the new band. The self-trapping mechanism of amide-1 vibrational energy used by Scott and Eilbeck
et al[49-57] comes from the Davydov model of vibration energy transport in alpha-helix protein

molecules [58-64] . They have given a good account of the properties of first excited state in this

model. Scott and co-workers, Alexander and Krumbansl have also obtained an exponential

dependence of the absorption intensity on temperature, exp (-pT?) [55-57], and explained the

experimentally observed intensity change of the new band with decreasing temperature in terms of a
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complementary polaron or soliton of the self- trapping state of exciton on the basis of the Davydov
model (Davydov referred to the intramolecular excitation occurred in the systems as exciton in such a
case). However, the red shift of a few cm™ given by this model is much smaller than the experimental
value of 16 cm . This indicates that these models need further improvement and development.

4.2. Theory of Nonlinear Excitation of Excitons

Pang et al [65-73] also proposed that the new band of amide-1 is caused by the self- trapping of
amide-l vibrational quanta (exciton) in their soliton model (the vibrational quantum is referred to as
exciton, in accordance with the exciton theory by Davydov). But this model is different from
Davydov’s soliton model or Alexander’s complementary polaron model,where it is nonlinear
interaction between the localized amide-I vibrational-quantum and low frequency vibrations of the
lattice (phonons) that result in self-trapping of the exciton as a soliton. The mechanism of this soliton
model can be described as follows: Through their intrinsic nonlinear interaction, an amide-I
vibrational quantum acts as a source of low-frequency phonons and causes shifts in the average
positions of the lattice molecules in ground state. These shifts, or lattice distortions, in turn, react
through the same nonlinear interaction, as a potential well to trap the amide-I vibrational quantum,
resulting in the soliton, and preventing the energy dispersion of the amide-I vibrational quantum via
the dipole-dipole interaction that occurs in neighboring peptides with certain electric moments.
Evidently, the soliton is formed by the self-trapping of excitons interacting with low frequency lattice
phonons, and is a dynamic self-sustaining entity. This entity propagates, together with the lattice
deformation along the molecular chains. The main property of the soliton is that it can move over
macroscopic distances at velocity v and retain its wave form, energy, momentum, and other
quasi-particle properties.

Using this model, Pang and coworkers also assigned an exponential dependence of the
infrared-absorption intensity to the temperature which is consistent with experimental result [65-73].
From these studies, we know that collective excitations can result from a localized fluctuation of the
amide-1 vibrational quanta and structural deformation of peptide groups due to photon-excitation in
molecular crystals. The Hamiltonian of the systems given by Pang [65-73] is as follows:

1 ¢
H :Hex+th+Hint :ﬂ;pn +

2 2
Ma, Mo,
: Zrnz + : Zrn rn+1
2 5 2 5

1
+NZ I:'nz +§Z(Rn - Rn—l)2 u leZ(RnA - Rn—l)rn2 +mlzZ( Rn+1 - I:en )rn rn+1 - mZZ Z( Rn—l - Rn )rn rn—l (71)

n n n

This Hamiltonian includes vibrational excitation of amide-1 caused by localized fluctuation and
vibration of the peptide groups. This is, in turn, caused by structural deformation of molecular chains,
and the interaction between the two modes of motion in the respective crystals. Here m is the mass of
amide-1 vibrational quantum (exciton), w,andw, are diagonal and off-diagonal elements of the
dynamic matrix of vibrational quantum, a,is also a Einstein vibrational frequency of the exciton,
and M@, rr  [2is the interaction between the nearest neighboring excitons caused by the
dipole-dipole interaction in molecular chains. Likewise r, and p, :m(rn) are the normal
coordinates of the nth excitons and its canonical conjugate momentum, respectively, M the mass of
a peptide group in the unit cell, ,’{1:86()02/8Rn and g, :aa)f/aRn are the change of energy of
exciton and of coupling interaction between the excitons for an unit extension of molecular chain,
respectively. R,and P,= MR, are the canonically conjugate operators of displacement and the
momentum of peptide group and f the elastic constant of molecular chains. He in H is the
Hamiltonian of harmonic vibration of amide-1 including the off-diagonal factor, Hg, is the
Hamiltonian of harmonic vibration of the peptide group and Hiy is the interaction Hamiltonian
between the two modes of motion.

This Hamiltonian is significantly different from that of the Davydov model used by Scott and co-
workers. As far as the vibration of amide-I is concerned, we adopt a harmonic oscillator model with
optical vibration that includes an off-diagonal factor, which comes from the interaction between
excitons, and interaction with displacement of peptide groups. Thus, vibrational frequencies of
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amide-1 are related to displacements of peptide groups, which shows the occurrence of the interaction
between amide-I vibrations and displacement of peptide groups. Their relationship is described by:

2
0

a)g(Rn)zwg—aR

(Rn_Rn—l):wg-}_//{l(Rn_Rn—l)! a)lz(Rn)z a)l2+ZZ(Rn _Rn—l)‘

Inserting the above into the vibrational Hamiltonian of amide-1, and taking into account the effect of
the neighboring peptide groups on the excitons in both sides, the result seen in equation (71) can be
obtained. Therefore, the Hamiltonian given above has a one-to-one correspondence for the
interactions.

However, the Hamiltonian in the Davydov mode does not have such a one-to-one correspondence. In
other words, there is no interaction between the amide-1 vibrational quantum and displacement of the
peptide groups resulting from the interaction between the neighboring excitons in the Davydov
model. Thus, the Davydov model [58-63] has encountered many difficulties in the study of the
dynamics of energy transport in the systems.

The Hamiltonian given above does not include only the optical vibration of amide-I, but also the
resonant interaction caused by the dipole-dipole interaction between neighboring excitons; and it also
takes into account both the change of the relative displacement of neighboring peptide groups
resulting from the vibration of amide-1 and the correlation interaction between neighboring excitons.
Therefore, the Hamiltonian given above has a one-to-one correspondence in He, and H;y.. Thus it can
give a more complete description on the dynamics of systems compared to Davydov model and other
models.

Since amide-1 vibration and vibration of peptide groups are all quantized, we here introduce the
following canonical second quantization transformation,

+ 2m +
r”_\AZma)O (b; +b) P, = \I hwo (b, b, ) (72)

1/2
h ignr +
- :Z[ZN— ij o (2 2.

q

(73)
12
M 7o )
P, =i> —q} e'd"™ (a*, —a,
S |: 2N 4 )

wherei = \/—_1 @, = Z(ﬂ/M )]/2 sin (roq/Z) is the frequency of the phonon with wave vector g, N
the number of unit cells in the molecular chain, r, the distance between the molecules, b (b,) and
aq+ (aq)are the creation (annihilation) operator of the exciton and phonon, respectively. Using Egs.
(72) and (73), equation (71) becomes

+ 1 +
H :Zn:go(bnbn +E)—Jzn:(bnbm+bnbm)
Zha) (a a +;j
Z[g(q)(b:bn +bnbrT)+gl(q)(brrbml-l-bnbr:rl)

- (74)
9, (Q)(b*b +b b )](aq_l_ajq)einroq

n~n-1 n-n-1

= haw,,) = ho? /4o, ,

where Y )
Zl |roq_ —irq
5(a) = [ZNij (2 forn v
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R
0@~z ) (35 e

Because the collective excitations generated by the localized fluctuation of the excitons and structural
deformation of the peptide groups have a coherent feature, thus Pang [65-73] represented the
excitation states of the excitons and vibrations of peptide group (phonons) by the following wave
function:

0)=Jo(t)0(0]0), =2 1+ X0 o, V0, (75)

with U(t):ex;{zn:%[ WX P () t]l% (76)

or U(t)=6XF{Zq:[a(t) g —ay() aﬂ}

where 0> and‘0> are the excitonic and phononic ground-states, respectively. The p is the
normalization factof" We assume hereafter that p.=1for convenience of calculation unless it is
explicitly noted otherwise. The ¢, (t), u,(t)=(®[R |®) and z,(t)= (®|P,|D) are three
unknown functions.

In Eq. (75) the wave function of the excitons |s|(p (1+Zn</>n (t)br[0),.)" which is different from

|95) =Y., (t)B;]0),, in the Davydov wave function |D,), and it is not an excitation state of a

single particle, but rather a coherent state, or more accurately, a quasi-coherent state. In the case of

smallg, (t) (i.e.|o, (t)‘ <<1), it is approximately written by

@)= %exp[%znm 0 1o0lY., ¢, (Ob;10),, = iexp Lo, by ¢, (O, ]]0),,

in which the final representation is a standard coherent state, which is normalized. Since the condition

2

for the acetanilide consisting of several hundreds peptide groups. Then, the above representation is

0, (t)‘2 =1, is required in this calculation, then the condition,

®, (t)‘ <<1, is naturally satisfied

correct. Thus, the wave function in Eq. (75) is normalized at p =1.

In fact, the wave function of the exciton state in Eq. (75) should be viewed as an effective truncation
of a standard coherent state, in which the aforementioned two terms are retained. Thus it is referred to

as a quasi-coherent state. However, it is not an eigenstate of the number operator N :Z:nb:bn

since

N|p)=>" bib,|p) =|p)-|0), #|0).
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Hence,|¢> represents a coherent superposition of the one-quantum amide-I vibrational state and the
ground state of the exciton. But, the number of quantum are determinate in this state and it contains

only one exciton because: N = <¢‘N‘¢> (0> bib o)=Y |, (t)‘2 =1.

Therefore, |go>g|ven in Eq.(75) not only exhibits coherent feature of collective excitations of the
excitons caused by the nonlinear interaction generated by means of the exciton-phonon interaction,
which makes the wave functions of the states of the exciton and phonon symmetrical (because the
wave function of the phonon was already a standard coherent sate), but it can also make the number
of the excitons conserved for the Hamiltonian in Eq. (74) as well.

Meanwhile, the wave function given above has another advantage, i.e., the equation of motion of the
exciton can be obtained from the following Heisenberg equations for the creation and annihilation
operators in Egs. (74) — (76)

0
1< (@b, |)=|Dd)[b,, H]|®),

(o) -fol. 1o .
in— <c1>|a |@) =|®)[ 3, H ||®)
From these equations we can obtain the following equations of , (t), &, (t)and o, (t)
ih@n = ha)o ¢n_ ‘] (¢n+1 + @n,l) +

2 {2g(a)(a, +aly) o, +
q

(gl (q)_ gz (q>)|:(0.’q +ajq )¢n+1 +(aq ‘|'6qu )¢n—11| }eiroqn, (78)
iha, =ho,a, +

¥ {20(0lo, (0 +[0.(0)- 0 (@) 010 i e

. .
lha', =—ho,a, —

an{Zg(q)

From Egs. (79) and (80), we can get:

(79)

(80)

00 (O +[9:(9) = 9 (@) ](2i2ucs + 2300y o™

e o N
Gyt ==k (g +a’y)

2{49 (q) | | +291(q)_292 (q)a)q (¢:¢n+1+¢:¢nl)}eiroqn_

n h 7

Also, from Eqg. (73) we get the Fourier transformation of the variable, u, :<CD|Rn|d>>, as

NN

h .
where X = nr?and uq(t)z /Zqu (aq+aq).

Thus we get in the long-wave length approximation

.. 2.2
U, +0y0°u, =

2iqnr, Iqnr, ir-an
{ . °%1| T qMZ)ZZ (cﬂn(ﬂmﬁ(ﬂn(ﬂn_l)}é‘ :

0

=
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where @, = V0V, =T, (ﬁ/M)]/z.

Now, multiplying the above equation by exp(iroqn)leﬁ, summing over the wave number, g, and
making the continuum approximation, we [65-73] get:

ou(x.t) L u(xt) _ 2+ 2,) Olp(x.t)

2

81
ar 7 M @, ox (&1
At the same time, equation (77) becomes:
op(xt
17220 i 20)p(x01) -
(82)

p(x,t) 2n ou(x,t
n 5”(;( )+ rO(Z1+Z2)(/)(X,t) u(xt)
OX @, OX

Inserting Eq. (81) into Eq. (82), we can get the following nonlinear Schrédinger equation for
motion of the exciton:

op(x,t)
ot

*p(x,t) .
o (83)

[o(x 0] o(x1)

in

=(ha, —23)p(x,t)— I}

47’22I’20 (751 T X )2
M o, (vz -3 )

where h2/2m:Jr02.Herem is the effective mass of the exciton. Equation (83) is a nonlinear

Schrédinger equation, its solution is a soliton and can be represented by:

p(xt)= Esech[y (x=%, _Ut)}eXp{%VUz(:rozXO) _ Esolt]}' (84)

n(% +X,) .

u(x,t)=——————=--tanh X— X, —ut 85
() =g ] L (ot (@)
where
IU:E,G:4h2r02(Z1+ZZ)2”u':ﬁ,

43 Mujag (1-5%) o (86)
s:i,g:ha)o—ZJ,gozha)o,

Uy
Using

Mo, . 1
a, = d U, +i [—m,,
2n 2Mnw,

and the results given above, we found that «, (t)in Eq. (73) is given by:

- Tt

in(x+x,)7M (a)q +Uq)sinh(;z-roq
2M U, (1-5° ) iN o, 2u

(87)

iqut __ iqut
je = aqe .
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These results clearly show that the excitation, and motion of the excitons in the ACN, are a nonlinear
guantum mechanical problem, and can satisfy or obey the laws of nonlinear quantum mechanics.
Thus the exciton-soliton has the properties of microscopic articles.

Obviously, in this model the motions of the exciton and phonon and their interaction were all
considered, the nonlinear interactions for the exciton and phonon occur simultaneously. In this case
the nonlinear interaction energy (G), is provided by the coupling between the excitons and phonons.
Just so, the exciton is a self-trapped as a soliton in this case.

4.3. The Effects of Nonlinear Interactions

The energy of the soliton can be found by using Egs. (84) and (85) and is given by:

2 2 2
rO

4 4
+
where E =g, —2J _M
38% )
is the rest energy of the soliton. The mass of the soliton is given by:
an*(p+1,) (1-35°/2-5"/2)

- >m-
3P Ja)ovo( 2)

My, =m+

Therefore, the energy and the rest energy of the soliton are 7*(z + ;(2)4 /3,62\]@51 (1—32)and
n (;{1+;(2)4/3ﬁ2Ja)5‘, respectively, both of which are lower than those of the exciton,
E =g,-2J +%mv2 and E, =g, —2J, respectively.

Therefore, the exciton-soliton is stable. But the mass of the soliton is greater than that of the exciton,
m. Pang et.al. [26-31] also studied the influence of anharmonic vibration of the peptide groups on the
soliton. The peptide group’s Hamiltonian in Eq. (71) is replaced by

Vo .vBirr vilimp ¥
= S SR R SR R )

It is found that only terms such as (7, —2J)¢(X,t)in Eq. (83) are changed. Thus only the phase,

velocity, energy, amplitude and width of the soliton are affected.

From the above studies we know that exciton-soliton or localization of exciton occurs due to
nonlinear exciton-phonon interaction. In such a case, the phonon is also localized at the same time,
and moves in a soliton in the systems. This can be verified from Egs.(81)—(82). In such a case, from

Egs. (84)~(85) and =1+ 1, )2 n 1 IMuiat (1—32)2, where s=V/V,, we can get

3.3 402 (1-¢2 2
i 32(112+Zz)2h3 i ‘”j( )f J (89)
BB (-5 )| ¥ (nt2)

Substituting Eq. (89) into Eq. (81), we abtain

8
&kﬂ(l t)

2 _ 4(/1'1"')(2)47’4 _4w§(1_52)2ﬂ23

Uy —UpU, = u (90)
t MrozﬂJz(l_Sz)wg hz(lﬁ){z)z
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This is a ¢*-equation for u(x,t). It has a soliton solution given in Eq. (85). Thus phonon has been
localized in this case. Obviously, the localization of phonon is due to the nonlinear exciton-phonon
interaction in ACN. If 7, = 7,=0, then Eq.(90) reduces to a linear wave equation, u, —v;u, =0, which

0 ™'xx

has a solution of plane wave, y= Asin(st—g,). This manifests that the peptide groups performs
harmonic vibration in this case, which is dispersive. Then, the localization or soliton excitation of
phonons is carried out by virtue of exciton-phonon coupling, which results in nonlinear interaction
B’u’® in Eq.(90) becauseB'=16(y+ ;(z)zhzﬂ(l—sz)/ Muvj@{d. Thus, its motion should be described by

nonlinear quantum mechanics, instead of linear quantum mechanics.

These results show that the nonlinear interactions are acted to both microscopic particles (or excitons)
and background field (or phonons). In other words, in such a case, the microscopic particles
(excitons) and vibration of background field (or phonons) are localized and possess the
wave-corpuscle duality simultaneously. This also confirms the validity of the conclusion, i.e., the
nonlinear action and counteraction exist simultaneously for interacting particles in nonlinear quantum
mechanics.

5. CONCLUSIONS, DIFFICULTIES OF QUANTUM MECHANICS AND ITS RESOLUTION

5.1. The Essences and Limitations of the Quantum Mechanics

As known, the states and properties of microscopic particle were described by the linear Schrodinger
equation (1) in the quantum mechanics. As far as quantum mechanics is concerned, we should affirm
that its birth was a revolution of physics or science, it was the foundation of modern science, it
triggered great successes in applications, especially on hydrogen atom and molecule as well as helium
atom and molecule, in which the theoretical results obtained were basically consistent with
experimental data due to small nonlinear interaction. However, this theory makes only the
microscopic particle display a wave feature and no corpuscle nature. This brings just about an
uncertainty description for the microscopic particles, such as the existence of particles at a point in
time-space is represented by a probability, the sizes of mechanical quantities are expressed by some
average values, conjugate physical quantities, such as coordinate and momentum, cannot determined
simultaneously and meet an uncertainty relation, and so on. These features concert not the traditional
concept of particles and are contradictory with the experimental results of electronic diffraction on
double seam by Davisson and Germer in 1927 and de Broglie’s relation of wave-corpuscle
duality[11-13]. Therefore, the probability description of the microscopic particles brings also about
plenty of difficulties and troubles to understand the natures and essences of the linear quantum
mechanics and results in intense controversies in physics, which elongate and continue a century.
Very surprisingly, these difficulties and controversies have not been solved up to now as described in
section 1.This displays sufficiently the limitations of the linear quantum mechanics. These limitations
and shortages are embodied concretely in the basic hypotheses of linear quantum mechanics. The
linearity of the theory, containing the linear superposition principle, linearity of dynamic equation and
the independence of Hamiltonian operator of the systems on states of microscopic particles, and so
on, are its great fault and defect. This feature is inconsistent with practical cases. In the applications
it cannot be used to give the true properties and rules of the microscopic particles in the systems of
many particles and many bodies. When the quantum mechanics is used to study the properties of
motion of microscopic particles in these complicated systems, we have to use an average potential to
replace the complicated and real nonlinear interaction among these particles, or between the particle
and backgrounds through using some approximate methods, such as, the signal and free electronic
approximations, compact-binding approximation and average field approximation, and so on. In such
a case we obtained only some approximate results from linear quantum mechanics[1-13,25-27].
Therefore the linear Schrédinger equation is a linear dynamic equation. Quantum mechanics is also
only a linear and approximate theory, and can be used to describe the motions of microscopic
particles in simple systems, such as hydrogen atom and molecules as well as helium atom, in which
the nonlinear interaction is very small.

Another great defects of linear quantum mechanics is to neglect the truthful motions of each
microscopic particles, of which the physical systems are composed, and true interactions of the
particle with other particles or background field, in other word, the motions of other particles and
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background field are fully frozen, plenty of complicated and nonlinear interactions among the
particles or between the particle and background field have been completely blotted out, an average
interaction unrelated to the states of particles is used to contain some interactions in the systems. This
results necessarily in the independence of the Hamiltonian operator of the system on the states of
particles, then the dispersed effect of kinetic energy cannot be canceled, finally the microscopic
particles have only a wave feature in linear quantum mechanics. Thus it can only describe the
properties and states of a single microscopic particle in the system of fewer bodies. Therefore linear
guantum mechanics is an approximate theory, it cannot obtain in truth the properties and states of
motion of microscopic particles in complicated systems, and is only correct in some simple atoms.
This is just the essence and limitation of linear quantum mechanics.

5.2.Successes of Nonlinear Quantum Mechanics and Resolution of Difficulties of Linear
Quantum Mechanics

On the contrary, we have broken through the hypothesis of independence of Hamiltonian operator of
the systems on states of microscopic particles, forsaken the above linearity hypothesis of linear
guantum mechanics and taken into account the true motions of each particle and background field and
the interactions between them, thus the microscopic particles accepted a nonlinear interaction and
their laws of motion are then described by Eqgs. (5)-(8).

Finally we built a new nonlinear quantum mechanics based on these results. This means that the
significance of the wave function displays essential variations, thus natures and properties of the
microscopic particles show also considerable changes when compared with those in linear quantum
mechanics. The changes can be summarized as follows™""],

(1) In this new theory although the states of microscopic particles are still represented as a wave
function @(rt)in Eq. (4), its absolute square, |¢(F,t)|2:‘q)(?,t)r:p(?,t), denotes no longer the
probability of finding the microscopic particle at a given point in the space-time, and give just the
mass density of the microscopic particles at that point. Thus we can find out the particle number or
the mass of the particle from Jm |¢| dz =N, the concept of probability is abandoned thoroughly in
nonlinear quantum mechanics. :then the difficulty of statistical interpretation for the wave function of
microscopic particle in quantum mechanics is solved .

(2) The dynamic equations the particles satisfy are not the linear Schrddinger equation in Eg. (1) and
linear Klein-Gordon equation, but nonlinear Schrédinger equations in Egs. (5)- (6) and nonlinear
Klein-Gordon equations in Egs. (7)-(8). Their solutions have a wave- corpuscle duality, which is
embedded by organic combination of envelope and carrier wave as shown in Fig.1. In such a case the
particle has not only wave features, such as a certain amplitude, velocity, frequency, and wave vector,
but also corpuscle natures, such as, a determinant mass centre, size, mass, momentum and energy.
This is the first time to clearly explain physically the wave- corpuscle duality of microscopic particles
in quantum systems. This is a great advance of modern quantum theory, thus nonlinear quantum
mechanics solved a most great difficulty of one century existed in quantum mechanics.

At the same time, we proved that the wave-corpuscle duality of microscopic particles is quite stable,
even though in an externally applied potential fields. Meanwhile we obtained that the corpuscle
feature of microscopic particles differs from the classical particles, the wave feature differs also from
those of both linear wave, such as de Broglie wave in linear quantum mechanics and KdV solitary
wave. It is a special solitary wave, which can embody both wave feature and corpuscle feature of
microscopic particles. Therefore, it has nontrivial physics significances and is the goal sought by
physicists.

2 —~
(3)In nonlinear quantum mechanics, .[7 P*xgdr, g_f_ ¢*xgdr, %J‘_ P xgdr and_[¢*H¢dX

or {¢| ﬁ|¢> (please see chapter 4) are no longer some average values of the physical quantities in

linear quantum mechanics, but represent the position, velocity and acceleration of the mass center and
energy of the microscopic particles, respectively, and have determinant values. Thus, the
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presentations of physical quantities in the nonlinear quantum mechanics appear considerably the
variations relative to those in linear quantum mechanics. This has solved the difficulty arising from
the average values, which represent the physical quantities in linear quantum mechanics.

(4) The microscopic particles have determinant mass, momentum and energy, and obey universal
conservation laws of mass, momentum, energy and angular momentum. Their motions satisfy not
only nonlinear Schrodinger equations but also Newtonian law, Lagrangian equation and Hamilton
equation. This amount to bridge over the gap between the classical mechanics and linear quantum
mechanics.

(5)The microscopic particles meet also the classical collision rule, when they collide with each other.
Although these particles are deformed in the collision process, which denotes its wave feature, they
can still retain their form and amplitude to move towards after collision, where a phase shift occurs
only. This feature denotes that the microscopic particles in nonlinear gquantum mechanics possess
both corpuscle and wave property, but the corpuscle property differs from classical particles.

(6) The position and momentum of the mass centre of microscopic particles are determinant, but their
uncertainties obey only to a minimal uncertainty relation due to the wave-corpuscle duality, which
differs from those in linear quantum mechanics. This means that the coordinate and momentum of
microscopic particles may be simultaneously determined at a certain degree. This amount also to
bridge over the gap between the classical mechanics and linear quantum mechanics.

These new and interesting natures and properties of the microscopic particles are completely different
from those of the linear quantum mechanics, thus nonlinear quantum mechanics solved and
eliminated all difficulties and problems in linear quantum mechanics. These show clearly the
necessity, validity and importance of establishing nonlinear quantum mechanics, and make us see
clearly the essences and limitations of linear quantum mechanics thus the difficulties of linear
guantum mechanics can be also solved thoroughly by nonlinear quantum mechanics. Therefore, to
develop and to establish NLQM can solve problems disputed by scientists in the LQM field for about
a century”®, can promote the development of physics and enhance and raise the knowledge and
recognition levels to the essences of microscopic matter. We can predict that nonlinear quantum
mechanics has extensive applications in physics, chemistry, biology, polymers, and so on.

ACKNOWLEDGEMENTS

I would like to acknowledge the Major State Basic Research Development Program (973 program) of
China for the financial support (Grant No. 2007CB936103).

REFERENCES

[1] Bohr, D. and J. Bub, A proposed solution of the measurement problem in quantum mechanics,
Phys. Rev., Vol.48 ,1935, pp.169-175

[2] Schrodinger, E. Collected paper on wave mechanics, London: Blackie and Son, 1928;
Schrédinger E., Die gegenwartige situation in der quantenmechanik, Naturwissenschaften.
\0l.23,1935, pp.807-812; 823-828; 844-849

[3] Schrodinger, E. The present situation in quantum mechanics, a translation of translation of
Schrodinger “Catparadox paper”, Proc. Cambridge Puil. Soc., Vol.31 1935, pp.555-559;
Schrédinger, E. An undulatory theory of the mechanics of atoms and molecules, Phys.
Rev.\ol.28 ,1926, pp. 1049-1070.

[4] Heisenberg, W. Z. Uber die quantentheoretische umdeutung kinematischer und mechanischer
beziehungen. Zeitschrift der Physik, Vol,33,1925, pp.879-893; Heisenberg W. and H.Euler
Folgerungen aus der Diracschen Theorie des Positrons, Zeitschr. Phys. Vol, 98, No.11 -12,
1936,pp714-732.

[5] Born, M. and L. Infeld, Foundations of the New Field Theory, Proc. Roy. Soc. A,
\Vo1.144,1934,pp425- 430; M Born & L Infeld, A useful review of the theory may be found in
M .Born, Ann Inst  Poincar’e ,Vol,7 , 1939, pp155-161

[6] Dirac, P. A.M., The Principles of Quantum Mechanics, Oxford: Clarendon Press, , 1st ed.,
p.239; 2nd ed. p.252.1930; Dirac P. A. M., "Quantum Theory of Localizable Dynamical
Systems,"” Phys. Rev. Vol.73, 1948, pp1092-1099

International Journal of Advanced Research in Physical Science (IJARPS) Page 35



The Natures and Features of Microscopic Particles Described by Nonlinear Quantum Mechanical Theory

[7] Diner, S., D. Farque, G. Lochak, and F. Selleri, The Wave-Particle Dualism, 1th Edition,
Dordrecht: Riedel, 1984

[8] Ferrero, M. and A. Van der Merwe, New Developments on Fundamental Problems in Quantum
Physics, 1th Edition, Dordrecht: Kluwer, 1997

[9] Ferrero, M. and A. Van der Merwe, Fundamental Problems in Quantum Physics, Dordrecht:
Kluwer, 1995; de Broglie, L., Nonlinear Wave Mechanics: A Causal Interpretation, 1th Edition,
Amsterdam: Elsevier, 1960

[10] de Broglie, L.,Une Interprétation Nouvelle de la Méchanique Ondulatoire: Est-Elle Possible?,
Nuovo Cimento,Vol.1,1955, pp37-42; L. de Broglie, Récherches sur la Théorie des Quanta, J. de
Physique,\0l.20,1959, pp963-968; de Broglie, L., An Introduction to the Study of Wave
Mechanics, E. 1th Edition, Physica Dutton and Co., New York, 1930.

[11] Bohm, D., Quantum theory, 1th Edition, Prentice-Hall Englewood Cliffs, New Jersey, 1951; D.
Bohm, A Suggested Interpretation of the Quantum Theory in Terms of 'Hidden' Variables,", Phys.
Rev. Vol. 85,1952, pp166-172 and pp180-187

[12] Potter..J, Quantum mechanics, 1th Edition, North- Holland publishing Co. Amstadam,1973

[13] Jammer.M,The concettual development of quantum mechanics, 1th Edition,Tomash, Los
Angeles, 1989

[14] Bell, J. S., Speakable and unspeakable in quantum mechanics, 1th Edition, Cambridge
University Press, Cambridge, 1987; Bell, J. S., On the problem of hidden variables in quantum
theory, Rev. Mod. Phys. Vol.38,1966,pp 447-467

[15] Einstein, A., B. Podolsky and N. Rosen, The appearance of this work motivated the present —
shall I say lecture or general confession? Phys. Rev. Vol.47, 1935, pp 777-783.

[16] French.A.P, Einstein, A centenary Volume, 1th Edition,Harvard University Press, Cambridge,
1979

[17] Pang Xiao-feng, Problems of nonlinear quantum mechanics, 1th Edition, Chengdu, Sichuan
Normal University Press, 1985

[18] Pang Xiao-feng, The Schrodinger equation only describes approximately the properties of
motion of microscopic particles in quantum mechanics, Nature Sciences, Vol.3,2008,pp29-41

[19] Pang Xiao-feng, The fundamental principles and theory of nonlinear quantum mechanics, Chin.
J. Potential Science, Vol.5,1985,pp16-25 and Nonlinear quantum mechanics, Proc. ICIPES,
13-15 December,Beijing, 1991, pp34-35

[20] Pang Xiao-feng, G-L theory of magnetic superconductors, J. Res. Met. Mat. Sin., Vol.12, 1986,
pp 31-45; Macroscopic quantum mechanics, Chin. Nature Journal,\Vol. 4,1982,pp254-262;Pang
Xiao-feng, Bose- condensed properties in superconducors,). Science Exploration Sin.,
\0l.4,1986, pp70-79

[21] Pang Xiao-feng, The principle and theory for nonlinear quantum mechanics, 5-8, Agust, Proc.
ICNLP, Shanghai, 1989,pp1098-1099

[22] Pang Xiao-feng, The theory of nonlinear quantum mechanics: in Research of New Sciences, eds.
Lui Hong, Beijing, Chin. Science and Tech. Press, Beijing, 1991, pp16-20

[23] Pang Xiao-feng, The wave-corpuscle duality of microscopic particles depicted by nonlinear
Schrodinger equation , Physica B Vol.403,2008, pp4292-4301

[24] Pang Xiao-feng, features and states of microscopic particles in nonlinear quantum —mechanics
systems, Frontiers of physics in China, Vol.3,2008, pp413-456

[25] Pang Xiao-feng, Quantum Mechanics in Nonlinear Systems,1th Edition, Singapore, World
Scientific Publishing Co., 2005, pp15-245

[26] Pang Xiao-feng, nonlinear quantum mechanics, Beijing, 1th Edition,Chinese Electronic Industry
Press, Beijing, 2009, pp10- 200

International Journal of Advanced Research in Physical Science (IJARPS) Page 36



Pang Xiao Feng

[27] Pang Xiao-feng, The Theory of Nonlinear Quantum Mechanics, 1th Edition, Chongging,Chinese
Chonggqing Press, 1994,pp23-354

[28] Pang Xiao-feng, Establishment of Nonlinear Quantum Mechanics, Research and Development
and of World Science and Technology, Vol.28 ,2006, pp11-28

[29] Pang Xiao-feng, Rules of Motion of Microscopic Particles in Nonlinear Systems, Research and
Development and of World Science and Technology, Vol.24 ,2003, pp 54-62

[30] Pang Xiao-feng, Features of motion of microscopic particles in nonlinear systems and nonlinear
guantum mechanics in sciencetific proceding-physics and others,1th Edition,Beijing: Atomic
Energy Press, 2006, pp67-81

[31] Parks R. D., Superconductivity, 1th Edition, Marcel. Dekker, 1969,.

[32] Josephson D. A., Josephson, Supercurrents through barriers, Adv. Phys. Vol.14 , 1965,pp39-451;
Josephson D. A., Possible new effects in superconductive tunnelling, Phys. Lett. Vo.1 ,1962,
pp151-253

[33] Suint-James,.D., et al., Type-Il superconductivity, 5th Edition,Pergamon, Oxford, 1966, pp
54-178.

[34] Bardeen L. N., L. N. Cooper and J. R. Schrieffer, Superconductivity theory, Phys. Rew.
\0l1.108,1957, pp1175-1191

[35] Barenghi C. F., R. J. Donnerlly and W. F. Vinen, Quantized vortex dynamics and superfluid
turbulence, 1th Edition, Springer, Berlin, 2001,pp18-76

[36] Donnely R. J., Quantum vortices in heliem IlI, 1th Edition,Cambridge Univ. Press,
Cambridge,1991, pp56- 99.

[37] Pang Xiao-feng, Soliton Physics,1th Edition, Chengdu: Sichuan Science and Technology Press,
2003,pp84-231

[38] Guo Bai. Lin. and Pang Xiao feng, Solitons, 1th Edition, Beijing: Chinese Science Press,
1987,pp5-45

[39] Zakharov V. E. and A. B. Shabat, exact theory of two-dimensional self-focusing and
one-dimensional self- domulation of wave in nonlinear media, Sov. Phys JETP, \ol.34,1972,
pp62-73

[40] Zakharov V. E. and A. B. Shabat, interaction between solitons in a stable medium, Sov. Phys.
JETP, Wol.37 ,1973,pp 823-831

[41] Pang Xiao-feng, The dynamic natures of microscopic particles described by nonlinear
SchrOdinger equation, Physica B, Vol.404, 2009, pp3125 -3139

[42] Pang Xiao-feng, Influences of externally applied potential on the properties of microscopic
particles describled by nonlinear Schrodinger equation in the quantum systems,Mod. Phys.
Lett. B, \Wol.23, 2009, pp 2175 -2186

[43] Pang, Xiao-feng, quantum and thermodynamic properties of proton transfer in hydrogen
bonded-systems, Phys. Stat. Sol.(b) ,Vol.236,2003.pp34-54.

[44] M. Pope, C.E. Swenberg, Electronic Processes in Organic Crystals, 1th Edition, Clarendon
Press/ Oxford University Press, Oxford/New York, 1982, pp56-135

[45] E.A. Silinsh, V. Capek, Organic Molecular Crystals, 1th Edition, AIP Press, New York, 1994,
pp23-78

[46] Careri, G., A. Gransanti and J. A. Ruple, Critical exponents of protonic percolation in hydrated
lysozyme powders, Phys. Rev. A\Vol. 37 , 1998,pp 2703-2705

[47] Careri, G., E. Gratton and E. Shyamsunder,fine structure of the amide-I bond in acetanilide, Phys.
Rev. A, Vol.37 ,1998,pp 4048-4051

International Journal of Advanced Research in Physical Science (IJARPS) Page 37


http://www.informaworld.com/smpp/content~db=all~content=a739212927
http://adsabs.harvard.edu/abs/1962PhL.....1..251J

The Natures and Features of Microscopic Particles Described by Nonlinear Quantum Mechanical Theory

[48] Careri, G., U. Buontempo, F. Galluzzi, A. C. Scott, E. Gratton and E. Shyamsunder,
spectroscipic evidence for Davydov-like solitons in acetanilide, Phys. Rev. B,Vol.30 ,1984,pp
4689-4702

[49] Scott, A. C., The laser-Raman spectrum of Davydov soliton, Phys. Lett. A.\V0l.86,1981pp60-62
[50] Scott, A. C.,Dynamics of Davydov soliton, Phys. Rev. A,\ol. 28,1982,pp 578-595

[51] Scott, A. C., Davydov soliton, Phys. Rep.Vol. 217, 1992,pp 1-67

[52] J.C. Eilbeck, P.S. Lomdahl, A.C. Scott, soliton structure in crystalline acetanilide, Phys. Rev. B
,Vol.30 ,1984,pp 4703-4712

[53] A.C.Scott, E.Gratton,E.Shyamsunder and G.Careri, IR ovelone spectrum of the vibrational
soliton in crystalline acetanilide, Phys. Rev.B, Vol.32,1985,pp5551-5553

[54] A.C.Scott,1.J.Bigio,C.T,Johnston,polarons  in  acetanilide,Phys.Rev.B,V0l.39,1989,pp12883-
12887

[55] G.Careri,J.C.Eilbeck, stavbility of stationary soliton of the discrete self-trapping equation, Phys.
lett.A,V0l.109,1985,pp201-211

[56] D.M. Alexander, J.A.Krumbansl, localized excitations in hydrogen-bonded molecular crystal,
Phys. Rev. B,Vol. 33,1986,pp 7172-7186

[57] D.M. Alexander, Analog of small Holstein polaron in hydrogen-bonded amide systems, Phys.
Rev. Lett. Vol.60 ,1985, pp138-143

[58] Davydov, A. S, The theory of vcontraction of proteins under their excitation, J. Theor. Biol.\ol.
38,1973,pp 559-569

[59] Davydov, A. S, soliton and enegy transfer along protein molecules, J. Theor. Biol.\ol.
66,1977,pp 379-384

[60] Davydov, A. S, solitons in molecular systems, Phys. Scr.\ol.20,1979,pp387-393
[61] Davydov, A. S, The Solitons in Molecular Systems, 1th Edition,Dordrecht, Reidel,1985,pp17-87

[62] Davydov, A. S, Theory of Molecular Excitons, Ith Edition, Nauka, Moscow,1968; 2th Edition,
New York, plenum,1975

[63] Davydov, A. S, Biology and Quantum Mechanics, 1th Edition,Pergamon, New York,1982

[64] Eremko, A.A, Yu.B. Gaididel, A.A. Vaknenko, Dissociation-accompanied Raman scattering of
Davydov solitons,Phys. Stat. Sol. b Vol.127 ,1985, pp703-710

[65] Pang Xiao-feng, The properties of collective excitation in organic protein molecular system, J.
Phys. Condens. Matter,\ol. 2,1990,pp 9541-9552

[66] Pang Xiao-feng, Influence of the soliton in anharmonic molecular crystals with temperature on
Mossbauer effect, Eur. Phys. J. B, V0l.10,1999, pp 415- 423

[67] Pang Xiao-feng and Zhang Huai-wu, Changes of the Mossbauer effect caused by the excitation
of the solitons in the organic molecular crystals at finite temperature, J. Phys.Chem. Solids,
\0l.66,2005, pp963-972

[68] Pang Xiao feng, The thermodynamic properties of the solitons excited in the protein molecules,
Chinese Science Bulletin,Vol.38,N0.19,1993,pp1665-1673

[69] Pang. Xiao-feng, The effect of Raman scattering accompanied by the soliton excitation occurred
in the molecular crystals, Physica D,Vol.154,2001,pp138- 143

[70] Pang Xiao-feng and Chen Xiang-rong, Quantum vibrational energy-spectra of organic
molecular crystalline chains, J. Phys. Chem. Solids,Vol. 62, 2001, pp793-796

International Journal of Advanced Research in Physical Science (IJARPS) Page 38



Pang Xiao Feng

[71] Pang Xiao-feng and Chen Xiang-rong, Distribution of vibrational energy- levels of protein
molecular chains, Commun. Theor. Phys. Vol.35, 2001, pp323- 326

[72] Pang Xiao feng, the features of infrared absorption of protein molecules in living systems,
Commun. Theor. Phys. Vol.35, 2001,pp763-768

[73] Pang Xiao-feng and Chen Xiang-rong, Vibrational energy —spectra and infrared absorption of
a -Helical protein molecules, Chinese Phys.Lett.\Vol.19,N0.8,2002, pp1096-1099.

~

/Citation: P. Feng, "The Natures and Features of Microscopic Particles Described by Nonlinear Quantum
Mechanical Theory", International Journal of Advanced Research in Physical Science (IJARPS), vol. 4, no.
5, p. 39, 2017
Copyright: © 2017 Authors. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,

@ovided the original author and source are credited. /

International Journal of Advanced Research in Physical Science (IJARPS) Page 39



