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Quantum Theory of Circuit Systems — I. Aspects of
Symmetry Principles and a Generalization of the
Nonlinear Schrdodinger Equation in Charge Space
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Abstract The quantization of circuits finds many interesting applications, e.g. quantum computer, molecular and
biophysics. The method can be extended to nuclear physics, if the exchange interactions between nuclear particles are
described by currents. A system of mutually coupled circuits can be treated by the linear Schrédinger equation yielding
symmetries such as SU,, SUs, SU,, etc. A generalization of the principles to a nonlinear/nonlocal Schrodinger is presented;
the nonlocal exchange between elementary particles is mediated by a Gaussian kernel (integral transform) in the charge space.
The SU; (or SUy, if four charges Q;,...,Q4 are accounted for) are used as the basic structure of the circuits. In nonlocal fields
these symmetries hold, in the same fashion, too, but the energy levels are not equidistant as it the case at circuit quantization,
equivalent to the 3D harmonic oscillator. The Gaussian kernel assumes zero value in the positive half-plane with E > 0. To
avoid this hindrance a kernel is proposed, which only uses terms up to the second order of the Gaussian kernel, and a

self-interacting 3D oscillator keeps excitations of arbitrary order to indemnify the confinement of quarks.

Keywords Linear/nonlinear Schrodinger equation, Quantization of circuits, Charge space, Symmetry principles

1. Introduction

The past decades have emerged novel application fields
of quantum mechanics, namely the quantization of
electromagnetic circuits. Thus an essential goal of these
developments is the novel access to problems of radiation-,
molecular- and biophysics. In particular, we mention the
so-called 'Qubit' properties considered in molecular
electronic devices, which make the requests the quantum
computer feasible [1-10]. It although should be remembered
that the first study to tread n-electrons of aromatic molecules
by electric circuits now appeared about 70 years ago [11].
The basic principles of the quantization procedure are rather
easily founded and well-known from textbooks in physics.
Thus the Lagrangian + of such a single oscillator reads:
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L is the inductance and C the capacitance. Subjecting eq.
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(1) to the well-known Lagrange formalism we obtain the
canonical momentum (magnetic flux):

a,I: .
P=2%=L. 2
0 Q @)
With the help of egs. (1, 2) the Hamiltonian H assumes the
shape:

H-P2

2-L

The canonical commutation relations yield either the

Schrédinger equation or the creation- and annihilation

representation of the Hamiltonian. The Schrédinger equation
reads:

+%~a)§-Q2 3)
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Q

Instead of solving eq. (4) via Gaussian and Hermite
polynomials it is more convenient to introduce creation- and
annihilation operators:

b=a-Q+ip-P
N _ (®)
=a- Q _|ﬁ P
The parameters a and f are given by:
Lo
a2 0 ’32 1 (6)
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By egs. (5, 6) the commutation relation reads: However, a topographical representation of a system with
T more than 4 mutually coupled oscillators is rather difficult to
bb™ —b"b =1 ™) perform.
The associated Hamiltonian results by: The eigen-frequencies of the coupled oscillators (normal
heo modes) are given by:
H:To[bb++b+b] N=3:
2 _ 1 _
E, =hay(n+1/2) (8) oy _C'(L—Mi)) (k=1 2)
n=0,12,.... 5 1 (10)

“ TC(L+2my)
With respect to the problem of Ohm's resistance in

electromagnetic systems it should be noted that the similar N=4

situation, namely the friction of classical particles, has been 2= ) (k=1 3)

studied basically on a quantum mechanical level. Thus it k ~c. (|— M;)

turned out that this aspect has to be handled with a 2 1 (11)
logarithmic nonlinear Schrddinger equation [12 - 16], since @y = C(TS'\AI)

the violation of the uncertainty relation by friction is a severe
problem. It is the goal of this study to extend the circuit to
coupled circuits and the related symmetry properties. 1
However, a serious problem arises by eq. (8), which provides
equidistant energy levels. This is also true for coupled
oscillators, but in molecular as well as nuclear physics we
have not to deal with equidistant excitation energies. By that,
we also study nonlinear extensions in the charge space.

4
2. Systems of Coupled Circuits and the / \ 3

Generalization to a Nonlinear 2
SChrOdlnger Equat|0n in the Charge Figure 2. 4 mutually coupled oscillators can be schematically shown by a
Space tetrahedron

2.1. Coupled Oscillators and Symmetry Properties The cases N = 3 and 4 assume a central basis; the coupling
scheme of N = 4 yielding formally a tetrahedron is shown in

Figure 2. We use the abbreviations L, = L-M; with k = 1,
N-1; @ 2= 1/(C-Ly), and k = N: Ly = L+(N-1)M;, ooy 2=
1/(C-Ly). Now we obtain:

Figure 1 shows a layer with 3 mutually coupled oscillators
with magnetic coupling M;. In a formal way we are able to
write systems of N oscillators:

N -
LQy + M; Q +Q/C=0 b =ay - Q +if - R
M 2 A © o i (12
=y Qp —i 5 R
k=1.,N N
k“’k
ak - ﬂk 2tha)k
\ a)kz :C.}_k (13)

Eq. (13) now corresponds to egs. (7, 8) with the
corresponding indices.
A?; The determination of the energy levels according to the

[z [t

normal modes is identical as previously carried out.

[T e
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byby ™ —by "y =3 (14)
k,I=1,.,N(N =3,4)
Some comments to symmetry principles:

Figure 1. 3 coupled oscillators with mutually magnetic interaction N identical oscillators with inductances L, capacitances C
and mutual magnetic coupling M; imply in quantum
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mechanics the Lie groups of a perturbed symmetry SUy, if

the coupling constant M; satisfies M; << L. In the present

considerations the special cases are SUz and SU, are rather

interesting. With regard to SU; there is a similar situation
with the quantum mechanical harmonic oscillator in 3 D:

=2 22

H=5op +Fepd (15)

For this purpose, we replace the inductivity L by the mass

m and the capacitance C by m/f (f: force constant) to receive

the Hamiltonian H in terms of the operator notation:

o=m-wg/2h; p=1/\2-m-wq-h

by =a-gy +i-B-px

N . (16)
b =a-qy —i-B-py
bk 'b|+ —b|7L . bk :8k| (k, |=1,3)
Thus the Hamiltonian can be written as:
3 +
H=hawn- Y (b, b, +3/2) @17
0 (o1 k Pk

With the help of these annihilation- and creation operators
the generators of SU; can be defined, which may be verified
in textbooks of Lie groups. However, in the mechanical case
each mode can be excited, and due to the angular momentum
operators the quanta can be transferred from one mode to any
other without changing the total energy, whereas in the case
of circuits we need a coupling between the resonators.
Otherwise each circuit can only be excited separately
without transferring excitation energy from one oscillator to
any other.

2.2. Extension to the Nonlinear Schrédinger Equation
(NSE)

The problem arises that neither with mechanical nor
electric oscillators the energy differences between the energy
levels remain constant. This fact is valid for atomic and
molecular physics [16 - 18] as well as in nuclear physics.

In similar fashion as with regard to a nonlinear, nonlocal
Schrédinger equation containing a Gaussian kernel in the
position space to account for the nonlocal influence (NNSE)
we shall now pass to an outstanding generalization of the
Schradinger equation in the charge space. According to
previous investigations the 3D version of the NNSE reads
[18,19]:

2
h o o o
———Ay(X)-A]K(g,X—X")-
S A (%)~ A[K (e, X~ X) )
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For bounded states the coupling constant has to satisfy A >

0. The kernel K incorporates a Gauss transform of the square
of the wave-function:

K(g,i—i'):%- 1

2 (2

exp(—(X — X2 1 22)

(19)

Thus by taking the limit case ¢ — 0 the above equation
takes the form of a cubic Schrédinger equation, i.e. the
kernel K assumes the shape of 5-kernel:

2
Ay (- A v D=y (@0)

We note that in this and in all following chapters the
coupling constant of the nonlinear equations is throughout
positive, i.e. A > 0. It should be mentioned that eq. (21) is
appreciated with regard to the solitonic solutions in one
dimension.. In a preceding publication [19] we have
developed complete solution functions of eq. (21) in one
dimension, which shall be reconsidered in the charge space.
There are two solution spectra of the above equation:

V5= Ozo Ay, - (coshkx) ™"
n=p (21)

Ep ——12k28% 12m; f=1,2,3.....
The subscript ‘s’ stands for the set of symmetric solutions;

in the solution set (22) ‘as‘ stands for the anti-symmetric
solutions:

Wpas = 2, By sinh(kx)-cosh(kx)™"
n=p

Ep =—h%k2(1-B)212m; f=2,3,...

(22)

The expansion coefficients A, and B, according to egs.
(21, 22) have to be determined as a recursive function of the
lowest term. As an example we present A,,.; as a function of
Ag with 8 = 1.

n —
Pn1=h X Ry A2

- 23
(m-(=a)"~J )

N2 52y

For even j the coefficients of eq. (23) are given by:
212500 (n— _i/2).
Rj,n (2 [ihn-(n=D)..(n+1-j/2) (24)
2n+1-2))-2n-1)(2n-3)..(2n— j+2)

For odd j the coefficients of eq. (23) are:
 _U-D12 5y ain=1)(n—
RJ,n_(Z [iN-n(n=)(n-2). (25)
(2n+1-2j))(2n-1)(2n-3).(2n— j+2)
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Since all expansion functions according to egs. (21, 22)
have alternating signs with regard to A > 0, the whole
procedures are restricted to the convergence criterion of
conditional convergence. As previously shown this fact
implies for each eigen-function that there exist a maximum
and minimum values Kgmax and Kgmin in order to reach
convergence of the expansion functions. However, this fact
indicates that the energies Eg(k) show upper and lower limit
domains, i.e. we have to deal with band structures.

The extension to the 3D case of the cubic Schrddinger
equation is not a trivial one, since the substitution of kx by
kix + Koy +Ksz in the arguments of the expansion functions.

However, it is easy to verify that the substitution cannot
satisfy L,-integrability, and, by that, they cannot be taken
into account. This fact can readily be verified by the
substitution u = kyx+k,y+ksz; Koy and ksz remain unchanged.
An acceptable 3D version of egs. (21, 22) is presented in eq.
(26). The aspects of the determination the coefficient A, and
B, do not differ from those already given by egs. (23 - 25).

Vpis- S A [(coshkyx)- (coshkyy)- (coshkgz)]
SRR

Eﬂ=—h2|22ﬁ2 I2m; f=1,2,3..
Y as = § Bn(sinhklx)-(sinhk2y)-(sinhk32)- (26)
st

[(coshkyx) - (cosh ks y) - (cosh k3z)]_n
Eg =—h2k2(1- ) 12m; f=2,3...

2.2.1. Some Properties of the Gaussian Kernel

Since the main interest is the charge space, we shall now
study the nonlinear Schrddinger equation (NSE) and the
nonlocal/nonlinear Schrédinger equation (NNSE) within this
frame-work, the starting-point is an exchange Hamiltonian.
The preceding aspects of convolution in the position space
shall now be extended to the charge space, and we recall that
the present considerations are valid in many different
disciplines. Let ¢ be a distribution function and ® a source
function, mutually connected by the operator Fy; this
represents an operator notation of a canonical ensemble. An
exchange Hamiltonian He, couples the source field ® with an
environmental field ¢ by Fy, due to the interaction with
surrounding charges.

The partition function of a canonical ensemble reads:

FH =eXp(—HeX /kB T)
2 (27)
_B2 —h
HeX =P /ZL—)TA

The operator notation of Fy acting on the source function
@ in the charge space with 3 different charges is given by:

¢=Fy®=exp(-Hg, / Eg) )P
2 n?

= e,

A)D (28)

Fn may formally be expanded in the same fashion as the
usual exponential function exp(&); & may either be a real or
complex number. This expansion is referred to as Lie series
of an operator function. This equation can be solved by the
spectral theorem and yields the Gaussian kernel in the charge
space.

Since the second derivatives in the exponential operator
have the dimension 1/charge?, the parameter ¢ have also the
dimension of an electric charge, and therefore it is possible to
identify & with the electric charge e,. If we identify the
exchange energy Eexchange (Eex) With the energy of an
exchange boson M-c?, we are able to determine the parameter
L, which originally is a macroscopic magnitude, by L =
2-h%(es™M-c?). It should be mentioned that L =
2-h%/(n-e;>M-c?) is possible, too, with n = 1, 2, , to a
maximum value Npaimum. HOwever, the magnitude of
Nmaximum CaNNOt be defined explicitly and depends on the kind
of application (atomic/molecular physics on the one side,
nuclear and particle physics on the other side. Probably isn =
1, 2 a very good chose, if applications in elementary particle
problems are account for. In the domain of nuclear physics n >
2 seems reasonable.

2 L
exp(% . A)ﬁexp(ikQ)

(29)
=L exp(-£K2) exp(ikG)
2z 2
K (g, Q _Q l) =
2
1 _£- g2 ik(G-0Md3
5,1 BXP(="5-kT)exp(ik (Q -Q))d "k (29a)
= en(-(-Q)? /26
3 T
A nice property of Fy is the n-times iterated operator:
[exp(0.56%A)]" =exp(0.5n&2A) (30)
By that, the iterated kernel reads:
K(2,Q-Q)=N -exp(-(9-Q)* / 2nz?)
No_ 1 1 (31)

n3/253 (5)3

Although we consider here the charge space, there is a
connection to statistical mechanics.
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The connection to statistical mechanics is as follows: The
statistical motion of free particles (Ey = h’k?/2m), we equate
€® = 1% kgT, if Ee = kgT. In the continuous case, the
summation over k has to be replaced by an integral. With
the help of eq.(30), various properties (e.g., the partition
function) can be calculated. According to [21], we equate K
to the path-integral kernel Kg(ksT, u — z), useful for the
calculation of perturbation problems of statistical mechanics,
if the formal substitution it/i —1/ kgT is carried out. Thus,
the operator-function formalism according to egs. (29, 30)
can be regarded as an operator calculus of path-integral
kernels. The question now is, which temperature T or
exchange energy E., should be used and whether E¢ = kgT
may hold in energy straggling of charged particles (e.g.
protons) and, consequently, this parameter may be kept
constant along the pathway. In connection Fy we define the
operators O and O™%:

O =exp(% -A)
(32)

2
O‘lzexp(-%.A)
Since O-0™* = 1 (unit operator) the inverse kernel can be
derived from O™; both operators a determined by their Lie

series; for simplification we present the inverse kernel K™ in
one dimension in the charge space:

K™(s,Q-Q)=6(Q-Q)+

N_4y..2N n (33)
2D 4% K(s.0-Q)
nt2 dQ

> ()
n=1

The extension to a 3D-version of eq. (33) has previously
been given [18]. A recent publication of a modified 3D
version based on eq. (33) has been presented [22], where
possible applications to gravitational waves scattered at dark
matter have been pointed out.

2.2.2. Nonlinear Schrodinger Equation in Charge Space with
Local Interaction

In the sense of quantum electrodynamics (QED) is appears
quite natural to take the self-interaction of charges into
account. In the following, we only consider 3 different
charges Qi, Q,, Qs. Since only the NNSE removes the
property of equidistant energy levels, and we make use of
this analogy and postulate a NNSE in charge space:

inow | ot th
lhoy TR

il @)K (e, 3-090%Q (@)

2 2 22
A=-2 2+ 0 2+ 0 >
Q2 50,2 Qg

(34)

If ¢ — 0, the kernel K assumes the shape of a 3-kernel:

By =—Srav-Ap@v@ @9
The eigen-values are given by:
Eg o=—h?k2p% 12L; p=12,3.
’ (36)

Ep as = M2K20A- A2 2L f=2.3.....

This is the NSE in the charge space. Eq. (35) only needs a
change of the variables of eq. (26) by the substitutions x, y,
and z by Q;, Q», and Q3 and m — L to receive the solutions
in the charge space. Therefore we have only stated the
spectrum of the eigen-values. The principal difference
between the expansion (26) and egs. (35, 36) is the physical
contents, that we have deal with a band structure in the
charge space. Since the NSE is equivalent to the
Ginsburg-Landau theory of superconductivity and phase
transitions, the band structure now can be interpreted as a
superconducting state, where the charges have undergone
transitions to Cooper pairs. The Josephson junction is a
rather natural consequence.

2.2.3. Nonlinear/Nonlocal Schrédinger Equation in Charge
Space (NNSE)

With regard to the kernel K appearing in eq. (34) it is
interesting to consider its generating function:

K({;‘, Q-_Q)zé'
NS

exp(—Ql'zlzgz)-Hj(Ql'/JE-g)-Qj 1) jy-
0

™8

j

exp(—Qy 21 25%) - Hy (Qp 12 £)- QoK (X k).
0

™8

h™MM8

exp(—Qg 2/ 25%) - H| (Qq 12 -2)-Qq' /(! -11)
1=0
(37)

With the help of the generators of Hermite polynomials
the NNSE assumes the shape:

@) -exp(~(@2126%))-
Hy(Q N2 8) H Q12 ¢)
Hpa(Q3742-2)a%Q

Thus the 3D harmonic oscillator reads:

(38)
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2 _
E-y+ o Ay=¢Q) v

2-L
:—AC.(1/53-33).
(39)
o0 6] o0
2 2 2 cl)nl,n2,nS'

nNL=0n2=0n3=0
Q1"Q2"2.QMy,

The above equation cannot be exactly solved. However,
by taking account of inflexion point Qs of the Gaussian
kernels K we able to define the domain where the quadratic
terms are the leading contributions, i.e. where the second
derivative is vanishing (note that T represents tensor forces
of second order). If we also neglect the term T the result will
be a 3D harmonic oscillator in the charge space. The only
difference is that the energy levels cannot be equidistant as in
the linear Schrédinger equation. The following approach is
valid only, if the solutions are concentrated within the
domain Qs Q < Qin and Qijns = &.

If this condition is satisfied, the remaining terms represent
tensor forces and even weak perturbations. In the other case
(Qins > €), higher order perturbations are more significant:

2 N
E-y+l Ap=¢Q)-v=

2L
A —E—[®g g g+ Pg 0. 2(Q D+TI-
¢ =3 31%0,00*%0,0,2 4

Ny (40)

2 A2 2 A2

T=0) 50 Q" Q" +P) 07" Q
2 2

+®q 2 2°Q" Q3

Eg. (40) can be brought to diagonal form by setting @, ¢ =
D0 = Qg1 = Py, Which yields a self-interacting harmonic
oscillator in charge space, represented by eq. (41). The
harmonic oscillator eigen-functions according to eq. (42)
are well known, i.e., the eigen-values are more difficult to
calculate.

c i ~
W, A =¢Q)w
L% +Q,7 Q1w (a1)
-1 1 ..2_1
CTo=®, A —a— oy =7
g 7c 2.8 LC
Ynin2,n3 = N (n1,n2,n3) ~exp(—La)g(§2)~
Hp(JLag /7 Q))-Hpp(Lag /7-Qp) (42)

A modification is the further addition of an external
3D-harmonic oscillator to the NNSE reads:

V=S 0" 0° ;e (43)
The associated NNSE now assumes the shape:
Ey=— ﬁ Ay +Vp, -
2L (44)

_ 2 . .
26Tl @) Kz, @-Q)d%Q w(Q)

However, the modification of eq. (44) makes the external
potential V, superfluous in the absence of an external
magnetic field!

We reconsider the above Gaussian kernel K, which shows
disadvantages that perturbation methods only work as
already mentioned above. More serve is its vanishing in the
domain of positive energies. Since it is the goal to apply the
present model to the quark theory, the nonlocal interaction
kernel K is not adequate, and in the positive energy domain
the model breaks down, and free quarks could never be
observed. By taking account of this situation, we expand this
kernel up to the second order term and declare a parabola K
as valid for the whole energy domain;

K(z, 0-Q)=K (s, 0-Q)=
S s a2
R

2-52

N s)

Wz

By the aide of eq. (45) the general NNSE for the quark
model, which we shall use for their ground states of protons,
neutrons, and deuteron in the following section, assumes the
shape:

2L2 (46)
Al Q) K (e, 0-0)d%Q"w(Q)

Eqg. (46) is the starting point for the application to protons
(p), neutrons (n) and deuterons (d.").

3. Results
3.1. Proton — Neutron — Deuteron Based on Quantized
Circuits

The starting-point for p and n is the representation both
particles as resonators and the assumption of two identical
particles with only different iso-spin, i.e. their rest-energy
amounts to:

2 _hopgst _

2 2JLC

Due to the different electromagnetic properties of p and n
the different rest-energies results from a modification of eq.
(47) by the relationship:

Eisosp =Mqc (47)
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h
E, =938.257019042969 MeV =— /L
P 2,JcL+M;)
(48)
E,, =939.565002441406 MeV = h

2 /C(L— M;)
By some simple numerical manipulations we are able to

receive the following results:

2 _ _ 2.
(EISOSp/Ep) —(L+Mi)/L—(Z )

(Eisosp/En)? = (L-M;)IL = 2

isosp
a?+ % =2; o - p2=2Mmi L (9)
=2.786169826269544 -10'3

B 2 £ 2, 2.0 2
Eisosp _\/ZEp B IEp“+ER)
=938.910327442572 MeV

Since according to eq. (49) the ratio 2-M/L is given, it
makes sense to write M; = factor-L, factor assumes the value
factor = 1.393084913134772-10°. The differences between
Eisosp @and Ep, E, are also noteworthy:

Eisosp - Ep = 0.653308399603588 MeV;
Ep - Eisosp = 0.654674998833912 MeV.

The deuterium model based on resonators is shown by
Figure 3. The principal coupling M; between the resonators
corresponds to egs. (47 - 49). There are two additional
branches referring to the motion of p and n denoted by Ly,
which are connected to the capacitances.

In order to determine the normal modes we consider the
equations according to eg. (49) and the succeeding equations
(50) and (51):

(L+Ly)Qp +(M; +M; )Q5
+Q/C=0
(L+Lpp)Qg +(Mj + M )Q
+Qy /C=0

(50)

By the abbreviations L; = L + Ly, M; = M; + M, and the
substitutions q; = Q1 + Q., g2 = Q; — Q, we obtain the normal
modes of eq. (50), which is a standard task, and the modes
are given by:

2 _ 1
“b T rMyC

2
@2

) (51)
Ty -M;C

Using the assumptions (simplifications) that (besides
factor = My/L, already defined) Lg = A& .L and My, =

factor-Lg, we are readily able to calculate the rest energy of
the deuteron. The calculated value of this rest energy is Ec.c

= 1875.59007 MeV, but the measured value is 1875.612
928(12) MeV.

By the aid of these assumptions the deuteron calculation
can be reduced to the following problem:

deuteron(calc)=(E +E

fi+lg /L

The ratio Lg/L is determined as Lg/L = 0.0023568. With
regard to the energy of 45.6 MeV we have neglected
spin-orbit coupling. If we change one above assumption,
namely the M, = factor-Lg by My, = 2-factor-Lg, then the
calculated rest energy of deuteron approaches the measured
value: Eg, = 1875.609434 MeV and Lg/L are associated
with an energy of 46.24 MeV. Thus only the relation (51a) is
slightly more complicated.

The calculation is based on the ground-state level of the
quantized version of eq. (51), i.e.:

proton neutron)/

(51a)

Edeuteron :% foy '+ (51b)

Thus o, refers to p and m,’ to n. The spin-orbit coupling
has been neglected, but due to the different sign of p and n
the errors partially compensate.

With regard to this consideration we should point out
that the presented model requires empirical
measurement data to determine the parameters of the
coupled resonators. The present model is not based on
first principles, which would enable to calculate all
parameters appearing in egs. (47 — 51).

In Figure 3 the motion of the proton and neutron is
denoted by currents with Ly, and mutual coupling between
protons — neutrons by M;,,. The aspect of iso-spin and spin
did not play a decisive role in the above considerations. At
first we point out that eq. (47) is immediately related to
iso-spin, i.e. we have two identical nucleons differing in the

related quantum number.
| 1 |

\m

Figure 3. Deuteron model with the constituents p and n

| Lo

The deuteron constituents p and n are represented by two
coupled oscillators; their motions are characterized by
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currents denoted by Ly with mutual coupling M;y, between
the proton - neutron current.

Thereafter we introduce the spin and require that the
wave-function obeys the Pauli principle. These requirements
lead to the introduction of a spinor with contains iso-spin x
spin (1, -1, 1, 1)) or (in the absence of a magnetic field and
neglect of spin-orbit coupling) (1, -1, -1, -1) and to a
determinant representation of the wave-function, i.e. :

Ho=5 Pi+5-ap® - Q2 +
2_—1LP22+%-a>02-Q22

(52)
HO

- Det|dy, ®_y

=E-Det|®y3, @_y |

In a next step eq. (52) can be modified by using m;’ and w,’
instead of wq, and L = M;,,, instead of L. The final version of
eqg. (52) uses the coupling modifications of eq. (51), and the
ground-state energy level of deuterium is given according to
eg. (51b) and eq. (52) assumes the shape:

1 p2. b 22 1 o2
H P1+2a)l Ql+2.|_2P2

5
2, 2.Q,2 (52a)
2 2 2

H . Det“bl,l, q)—l,l‘ = E . Det‘q)l,l’q)—l,l‘

It certainly looks rather uncomfortable to treat the two
nucleon cases with many circuit parameters, and therefore it
is the goal to study it in section 3.2 based on NNSE. By that,
the quark structure of p and n is accounted for.

3.2. Proton — Neutron — Deuteron via NNSE in Charge
Space

3.2.1. Proton - Neutron

It should be mentioned that the proton quarks are given by
[(2/3)ey, (2/3)ey, - (1/3)eg] and the neutron quarks by
[[(2/3)eo,-1/3)ey, -(1/3)eo], the square of proton quarks yields
the effective charge 2-(4/9)-es> + (1/9)-es> = ey°, whereas for
the neutron we obtain (4/9)-e;? + 2:(1/9)-e¢” = (2/3)-eo>. This
fact is important with regard to the normalization.

With respect to the following equations we use the
nomenclature: the bold ‘1’ refers to proton index and the
neutron index is characterized by ‘2°. As already previously
point out the basic equation for protons (and neutrons) is
given by the following equation:

HN’f‘%AQ v~ @ ')|2 ‘
p (53)

Ky, p(&p: O =Gy )d°Q; "w(Q) = Eywy

By this modification we get a 3D harmonic oscillator in
the charge space with self-interaction and non-equidistant
energy levels in contrast to the results of eq. (18). It should
be pointed out that the solutions of eq. (53) are the same as in
the previous case, namely the Gaussian multiplied with
Hermite polynomials:

¥1,n1,n2,n3 = N(nL,n2,n3) -exp(—le / 2812) :
Hna(Q1/V2 &) Hpp(Q 5 /1V2 &)
‘Hp3(Q 3/42 &) nLn2,3=01,....

(54)

It should be noted that in contrast to egs. (16 - 18) linear
combinations of eq. (51) do not exist. With regard to the
present study we are interested in the ground-state case
representing the proton and not excited quark states, i.e.: nl1
=n2 =n3 =0. Inserting the ground state condition of eq. (54)
into eq. (53) and, after carrying out simple integrations,
collecting all terms with and without Q% the following
connections will be received:

NPT S
AC: ,81 ==-E
L L exl1

2 31

Eqq = -
0,1 2
2-L-g 4\/2_3~(27z')3,916
372
4-g%-L

-E

Al

= B, proton = ex,1

This expression is equivalent to the ground state energy
0.5 h-awg and identified with calculated rest energy of a
proton. On the other hand, if the exchange energy Ee; is
known, we are able to determine the coupling constant A,
which is required for the calculation of the binding energy of
the deuteron.

When we pass from p to n we have to deal with the
identical equation and only the index “1” is replaced by 2°.,
In particular, the nonlocal range parameter €; must be
replaced by €,, which is slightly different. Thus the result is
the last term of eq. (55), which now assumes the shape:

2
3:n 3
E =2 —->.F (56)
0, neutron ex, 2
4.6)2.L 4
Some common remarks:

Since the half-width parameters €,” and €,” result from the
charge normalization of the sum of the quark charges and the
related squares, the only unknown parameter is the formal
‘inductivity L’ related to the kinetic energy of the quarks in
the considered nuclei. Since the present model cannot
determine E., for proton and neutron quarks, we have used
the dynamical quark model [21] to give the necessary
support.
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E =1250.92853 MeV

ex, proton
=938.257019 MeV
ex, neutron =1252.75071MeV

=939.56301MeV

EO, proton

E (57)

EO, neutron

It appears that the result is interesting in spite of the
neglect of spin-orbit coupling of the quarks. The spin may
readily be added according to the section 3.1, and only to
avoid unnecessary writing we did not account for this
property here.

3.2.2. Deuteron
The basic equation reads:

The overall wave-function y can either be chosen as a
product of wi- y, or a determinant, but the choice is
unimportant for the present consideration. The interaction
Hamiltonian between p and n is assumed by:

Hl,p on= —7»02 ”|‘I’1(Ql')|2 :

2
A0 A N2 (59)
L9 @) ey
81 +82

Since all mixed products of the form Q;’-Q,’ vanish, if the
ground state Gaussian is used, the squares Q,’? and Q;”?
provide the significant correction of the sum of rest energies
Eoproton + Eoneutron. OWIng to the square of the coupling
constant A the correction energy (binding energy) is rather
small, and the results of the total energy for deuteron are:

=1875.612928 MeV (measured)
=1875.59340 MeV (eq.59)
=1875.59007 MeV (eqs.50-52)

Edeuteron
Edeuteron
Edeuteron

4. Conclusions

With regard to deuteron we should like to point out that we
could not verify of an excited overall state, although the
proton/neutron quarks may undergo excitations. By that,
excited resonance states are obtained, which are well-known
in particle physics. In last time, some debate arose, whether
deuterons have excited states, but we are unable to confirm
these speculations [23].

It should further be pointed out that in a continuation we
consider a nonlinear Dirac equation with self-interaction
based on [10]. By that, we shall obtain a rather interesting
form of Quantum Chromo-Dynamics (QCD) formulated by
quantization of the charge space.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

W. Ulmer, “Quantum theory of friction and electric
resistance of circuits and applications to radiation physics,”’
Intl. Journal of Innovation in Science and Mathematics, 3,
2347 — 9051, 2015, Issue 3, ISSN (Online).

R. van Zon, S. Ciliberto, and E. Cohen, “’Power and Heat
Fluctuation Theorems for Electric Circuits,”” Physical
Review Letters 92, 13, 2004, 130601.
doi: 10.1103/PhysRevLett.92.130601.

H. Grabert, ¢Projection Operator Techniques in
Nonequilibrium Statistical Mechanics,”” Springer Tracts in
Modern Physics 95, Berlin:  Springer-Press, ISBN
3-540-11635-4 (1982).

M. H. Devoret, and J. M. Martinis, ‘’Implementing Qubits
with  Superconducting Integrated Circuits,”” Quantum
Information Processing 3, 1, pp. 1 - 20, 2004.

W. Y. Chen, ’Home Networking Basics,”” Prentice Hall, 2004,
ISBN 0-13-016511-5.

R. Friedrich, J. Peinke, and C. Renner, °"How to Quantify
Deterministic and Random Influences on the Statistics of the
Foreign Exchange Market,”” Phys. Rev. Letter 84, 5224 —
5227, 2000.

W. Y.Chen, “’Linear Networks and Systems (Book style) <,
Belmont, CA: Wadsworth, 1993, pp. 123-133.

H. Poor, “An Introduction to Signal Detection and
Estimation”’, New York: Springer-Press (1985) Chapter 4.

J. Jones, “’Networks,”” 2nd ed., 1991, [Online]. Available:
http://www.atm.com.

W. Ulmer, “Quantum Theory of coupled electromagnetic
Circuits -Extensions and Transitions to the Continuum and
Applications to Problems with Spin and Nuclear Physics’’,
International J. of Innovation in Science and Mathematics, 4,
3, Issue 6, ISSN (Online), 2347-9051 2015.

H. Hartmann, und W. Stiirmer, ‘Zur Darstellung molekularer
Schwingungen mechanische und elektrische Oszillatoren‘‘, Z.
Naturforschung 36 a, 99 — 100, 1949.

D. Schuch, K. M. Chung, and H. Hartmann, ’Non-Linear
Schrddinger-type field equation for the description of
dissipative Systems. 1. Derivation of the nonlinear field
equation and one-dimensional example,”” J. Math. Phys. 24,
1652 - 1660, 1983.

D. Schuch, K. M. Chung, and H. Hartmann, ‘’Nonlinear
Schrodinger-type field equation for the description of
dissipative systems 3. Frictionally damped free motion as an
example for an aperiodic motion,’” J. Math. Phys. 25, 3086 —
3092, 1984.

D. Schuch, ‘’Non-unitary connection between explicitly
time-dependent and nonlinear approaches for the description
of dissipative quantum systems,”” Phys. Rev. 55A, 935, DOI:
http://dx.doi.org/10.1103/PhysRevA.55, 93, 1997.

R. Tsekov, “’Nonlinear friction in quantum mechanics,’” Ann.
Univ. Sofia, Faculty Physics 105, 14 - 21, 2012 [arXiv
1003.0304].

W. Ulmer, <’ On the representation of Atoms and Molecules as
Self-interacting Field with Internal Structure,”” Theoretica


http://en.wikipedia.org/wiki/Physical_Review_Letters
http://en.wikipedia.org/wiki/Physical_Review_Letters
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1103%2FPhysRevLett.92.130601
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/3-540-11635-4
mhtml:file://C:/Users/wulmer/Documents/wulmer/Datensicherung1/Documents/Telegrapher's%20equations%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://en.wikipedia.org/wiki/International_Standard_Book_Number
mhtml:file://C:/Users/wulmer/Documents/wulmer/Datensicherung1/Documents/Telegrapher's%20equations%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://en.wikipedia.org/wiki/Special:BookSources/0-13-016511-5
http://www.atm.com/
http://dx.doi.org/10.1103/PhysRevA.55,%2093

68

[17]

[18]

[19]

W. Ulmer: Quantum Theory of Circuit Systems — I. Aspects of Symmetry Principles
and a Generalization of the Nonlinear Schrédinger Equation in Charge Space

Chimica Acta 55, 179 — 205, 1980.

W. Ulmer, and G. Cornélissen, <’Coupled Electromagnetic
Circuits and Their Connection to Quantum-Mechanical
Resonance Interactions and Biorhythms,”” Open Journal of
Biophysics, 3, 253 — 274, 2013, http://dx.doi.org/10.4236/
0jbiphy.2013.3403.1.

W. Ulmer, and E. Matsinov, ¢ Theoretical methods for the
calculation of Bragg curves and 3D distributions of proton
beams,”” European J. Phys. ST 190, 1 — 81, 2010,
DOI:10.1140/EJPST/e2010-01335-7.

W. Ulmer, <A Solution Spectrum of the Nonlinear
Schrédinger Equation,”” Int. J. Theor. Phys. 27, 767 — 785,
1988.

[20]

[21]

[22]

[23]

R. P. Feynman, and A. R. Hibbs, ‘’Quantum Mechanics and
Path Integrals,”” McGraw-Hill Book Company, 1965.

R. P, Feynman, M. Kislinger, and F. Ravndal, *’A relativistic
quark model with harmonic dynamics,”” Phys. Rev. D3, 2706
— 2715, 1971.

Z. K. Silagadze, “’Deconvolution of 3D Gaussian kernels,”’
Physics Letters A, 2019, https // doi.org/10.1016/j. physleta.
2019. 125874.

B. Kostenko, and J. Pribis, <°On excited states of deuteron
nucleu,”’. arXiv: 1503.04956v2 [nucl-th], 2015.


http://dx.doi.org/10.4236/
https://doi.org/10.1016/j.physleta.2019.125874
https://doi.org/10.1016/j.physleta.2019.125874

