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Abstract
Societies around the world face serious energy problems related to 

the consumption of fossil fuels and the emission of dangerous radiation. 
To solve these problems, a new superconductor exhibiting a critical 
temperature higher than room temperature has been pursued but 
not achieved. This paper proposes a new energy generation system 
based on a circuit approach. Secondary to this process, a new type 
of superconductivity without refrigeration is demonstrated. In our 
previous paper [1], this system was proposed, but it did not describe 
the underlying theory in detail and did not mention an actual method to 
generate energy from the system. The present paper describes the theory 
of the existence of divergent current density and new superconductivity 
with no refrigeration. Moreover, the present paper proposes a method 
for extracting energy from the system by employing a voltage-controlled 
current source (i.e., a voltage–current converting method).

The principle of the system is based on a circuit of two loops and 
independent current sources. First, the two electric loops are prepared, 
each with 4 diodes, where the diodes are oriented in the same direction 
within each loop, but their direction is opposite from loop to loop; four 
independent current sources connect the loops. In this circuit system, 
current is added iteratively as it flows along the loop according to 
Kirchhoff’s circuit law. As a result, a large current and electric potential 
are present along the loop. To confirm that this system works properly, 
it is necessary to demonstrate the presence of divergent currents in 
the transient state, and to do this, the present paper employs the Dirac 
equation and Lorentz conservation. Electric circuit software is employed 
to demonstrate that the presented method generates energy actually 
from our system.

Our results confirm the presence of divergent current at a connected 
point of an independent current source in the transient state. Moreover, 
in the steady state, the theory demonstrates the Meissner effect (i.e., a 
London equation) and a new type of macroscopic wave function and 
condensation. For an initial small input current of 0.1 μA, the simulation 
reveals a large generating current of 7 kA and electric power of 1011 W, 
which is much larger than unit of power from an average thermal power 
station; moreover, the system presents with superconducting electrical 
transport conditions.

The present study is significant because it demonstrates theoretically 
the existence of divergent current density and a new type of 
superconductivity requiring no refrigeration. Secondly, the simulations 
show the generation of a large energy density that can be obtained in a 
small laboratory room with minimal cost. 
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Introduction
This paper discusses a new systematic renewable energy 

source that produces electric power larger than the unit of 
power generated from an average thermal power station. 
The system can be set up in a small laboratory without 
consuming fossil fuels or emitting radiation. Moreover, 
the existence of divergent current density and a new type 
superconductivity without refrigeration are demonstrated 
in both theory and simulations.

To understand the significance of this study, it is helpful to 
be aware of the background, i.e., the general situation facing 
global society. As is becoming increasingly clear, our earth is 
facing serious energy problems, which is in part the result of 
high fossil fuel consumption. In addition to increasing concern 
that finite fuels will be depleted in the near future, fossil fuel 
consumption, which is a common driver of thermal power 
stations, has led to an increase in CO2 concentration in the 
atmosphere. In addition, thermal power stations still have 
low efficiency in terms of energy conversion, which results 
in further increase in CO2 concentration. Furthermore, there 
are serious problems regarding the use of nuclear power 
stations. Japan experienced a huge earthquake in 2011 that 
was estimated to be the strongest of the past 1000 years. 
The nuclear power station in the Fukushima Prefecture fell 
victim to the subsequent tsunami; its sustained damage and 
destruction resulted in significant emission of dangerous 
radiation such as Ce isotopes. The Fukushima nuclear 
power station has not been restored, and the people in the 
surrounding area still suffer from losing their homes. 

Many other countries including Japan are trying to 
promote the use of renewable energy such as solar energy, 
wind energy [2] and so on. However, a crucial disadvantage 
of the current state of available renewable energy 
technologies is that they generate a low amount of energy 
despite large investments in plants and equipment. Although 
the efficiencies of existing renewable energy have increased 
greatly, it is estimated that every existing renewable energy 
will only be able to generate 30% of the energy required to 
meet the demand [3]. Consequently, it is likely that society 
will be dependent on thermal and nuclear power stations for 
most of the energy demands.

To meet the global energy demands, new energy 
generating principles must be created that enable the 
generation of electric power much larger than that of 
thermal and nuclear power stations. The current paper is 
directly related to our previous report on a new principle 
to generate energy [1]. In our proposed system, first an 
electric circuit loop including 4 diodes is prepared whose 
directions are all the same. Then, another loop is prepared 
with 4 diodes whose directions are also same with respect 
to each other; however, the direction of the prepared diodes 
is opposite from loop to loop. Four independent current 

sources connect the prepared two loops. When applying 
Kirchhoff’s current law along a loop, an independent current 
source first adds a current to the loop; then, another current 
source adds an additional current. The 4 current sources 
iteratively add current, but the added current does not leave 
the loop (i.e., only current additions occur along a loop). As 
described in the theory section (see Section 5) in the present 
paper, it is implied that a divergent current is present in 
the transient state, resulting in large currents and electric 
potentials on the loops; this was also demonstrated in our 
previous paper [1]. Moreover, our previous work revealed 
that no voltage appeared along a loop in the steady state, 
which agrees with Kirchhoff’s voltage law and satisfies a 
condition for generating superconductivity [1].

However, our previous paper did not describe the 
underlying theories in detail and did not propose a concrete 
method to actually generate energy from the large electric 
potentials. When compared with our previous report, the 
present work features progress as summarized in the 
following points:

a) Theory describing the phenomenon is 
presented. Here, by using Lorentz conservation, the Dirac 
equation provides divergent current density in a transient 
state, whereas the steady state gives rise to a London 
equation (i.e., the Meissner effect), a macroscopic wave 
function, and a new type of condensation.

b) Method to generate energy from this system 
is presented and numerical simulations demonstrate 
its effect. Considering that a loop has a uniform and large 
electric potential (i.e., there is no voltage along the loop), the 
goal was to develop a method to generate energy from the 
system. In the present paper, a voltage-controlled current 
source is proposed. In comparison to an independent 
current source, this dependent current source works to 
precisely convert an input voltage to an output current. 
Therefore, the device does not generate energy. Of the two 
loops in our system, one undergoes a positive and uniform 
electric potential, and the other takes a negative and uniform 
electric potential. It follows that among the input taps of the 
voltage-controlled current source, one tap receives a positive 
electric potential from one loop, and the other tap receives 
a negative electric potential from the other loop. In this 
way, a large direct current (DC) voltage can be input to the 
voltage-controlled current source. By employing Powersim 
PSIM electric circuit simulation software, we find that for an 
initial input current of 0.1 μA from an independent current 
source, the resulting output current from the voltage-
controlled current source becomes approximately 7 kA; 
therefore, employing a sufficiently large load provides much 
larger generated electric power than a unit of power from 
an average thermal power station. Furthermore, this energy 
generation system can be set up in an average and small 
laboratory room with at a low cost estimated to 100,000 
yen (<1,000 USD). Moreover, it generates no radiation and 
consumes no fossil fuels.

On the other hand, the present paper signifies 
progress in condensed matter physics, .i.e. our proposed 
system exhibits a new type of superconductivity without 
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refrigeration. The first superconductor, Hg, was found 
nearly a century ago and required significant refrigeration 
to approximately 4 K. Generally, a superconductor is 
believed to become superconducting when cooled below 
its critical temperature. Therefore, a higher critical 
temperature is preferred in view of operation costs. If a 
superconductor exhibits a critical temperature higher than 
room temperature, many applications will be enabled that 
could eventually lead to a profound breadth of applications 
including those that may solve the aforementioned global 
energy problems. Since discovering the superconducting 
properties of Hg, extensive research has been carried out 
in the search for new superconductors possessing higher 
critical temperatures [4-8]. Over the years, some remarkable 
information and materials were uncovered such as CuO2-
based high-temperature superconductors whose critical 
temperatures are higher than that of LN2 [9], MgB2 metal-
based superconductivity [10], Fe-based superconductors 
[11] and so on. Moreover, in condensed matter physics, 
Bardeen–Cooper–Schrieffer theory was developed [12], 
which describes the mechanism of metal superconductors, 
and the quantum tunneling of Cooper pairs, the Josephson 
Effect [13], was observed.

In short, the common goal of superconductivity research 
is to find a superconductor with a critical temperature 
higher than room temperature and requiring no pressure; 
such an achievement would also present a solution to the 
global energy problem and promote quantum computing. 
We would like to note that recently work has shown that 
some materials are superconducting near room temperature 
when subjected to extremely high pressure (250 GPa) 
[14]. Although these superconductors are significant in 
condensed matter physics, it is difficult to use them in device 
applications due to the extremely high pressure requirement. 
In summary, despite thorough experimental and theoretical 
research, no room-temperature superconductor operating 
under normal atmospheric pressure has been reported

In the present paper, a new type of superconductivity is 
demonstrated in both theory and simulations; it emerged 
during the development of the aforementioned energy 
generating system. This uncovered superconductivity is 
generated with no refrigeration because critical temperature, 
a superconducting energy gap, and the combination energy 
among two electrons do not play a role in this system. We 
present a London equation (i.e., the Meissner effect) and 
a macroscopic wave function with particle condensation 
as well as demonstrate in simulations that there is of no 
voltage generation. We have already published similar 
reports regarding generating superconductivity without 
refrigeration [15-18]. However, those reports are based on the 
combination energy of two electrons and a superconducting 
energy gap, which are much higher than room temperature 
energy. Therefore, the setup and results presented in this 
paper are independent of the idea of a critical temperature. 
In addition to the contributions provided in this paper that 
were reviewed in the aforementioned items [a] and [b], this 
paper also describes a new kind of superconductivity.

c) In the steady sate, the present paper describes a new 
type of superconductivity requiring no refrigeration both 

theoretically and by using simulations. In particular, this 
paper demonstrates a new concept of fermion condensation 
that does not contradict the Pauli exclusion principle.

The contributions of this paper are as follows:

•	 Our work represents a significant theoretical contribution 
because our results demonstrate the existence of 
divergent current density and temperature-independent 
superconductivity. As far as we know, we are the first to 
report this. 

•	 By employing our proposed system, high energy density 
can be obtained that is much larger than that of average 
thermal power stations; it consumes no fossil fuels and 
emits no radiation. Furthermore, this system does not 
require investment in an expensive plant or special 
equipment. As will be described in Discussion section, the 
energy loss can be considered nearly zero when compared 
with the high output energy.

Principle
Review of an independent voltage source, an 
independent current source, and a voltage-
controlled current source

Generally, power supplies are divided into two typical 
types: independent voltage and current sources. As shown 
in figure 1-(a,b), an independent voltage source provides 
a constant voltage to a connected load regardless of the 
load, and thus a current passing the voltage source is varied 
according to Ohm’s law. Moreover, its internal resistance is 
ideally zero.

On the other hand, an independent current source 
provides a constant current independent of the load; hence, 
a voltage drop between the taps of the current source is 
determined by Ohm’s law. Moreover, its internal resistance 
is ideally infinite, which is an important fact in our system.

A voltage-controlled current source is a type of voltage 
to current converter. Therefore, a voltage-controlled current 
source does not generate energy. It is employed because of 
the large resulting electric potential, which is uniform along a 
loop, i.e., it is necessary to create a method to achieve energy 
gain from the uniform electrostatic potentials because 
there is no voltage. However, the two loops in our system 
have opposing (signs + or −) electric potentials. By taking 
advantage of this fact, we can harvest energy by applying 
a voltage-controlled current source; a circuit diagram of a 
voltage-controlled current source is shown in figure 1c. 
A potential configuration of this device is employing an 
operational amplifier (op-amp) since one implementation 
of an op-amp is to convert a voltage to a current. Among 
various integrated circuits (ICs), the ICLM741 is a candidate 
for this setup. This type of IC provides an accurate current 
upon applying an input voltage.

We consider the configuration of a voltage-controlled 
current source. In figure 2, the structure of the device 
is shown. The non-inverting terminal of an op-amp is 
connected to input voltage Vin, and the inverting terminal is 
connected to internal conductance k. Moreover, a load RL is 
floating (i.e., not grounded). The inverting terminal is fed by 
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that the output current I0 is controlled by the internal 
conductance k; here, it is set to 1. In this way, the input 
voltage Vin is precisely converted to the output current I0.

Review of our Previous Paper
Figure 3 presents two electrical loops that each have 

4 diodes (note that this figure is taken from our previous 
paper [1]). The diodes are oriented in opposite directions 
from loop to loop, i.e., one loop has the diodes pointing 
clockwise, and the diodes in the other loop are oriented in a 
counter-clockwise arrangement. Then, as shown in figure 4, 
four current sources are connected between the loops.

As will be discussed in the theory section and is 
presented in figure 3, the connecting point from a current 
source generates divergent currents, i.e., Kirchhoff’s current 
law results in iterative addition of current. For example, 
consider the left loop in figure 3. First, current I1 is input to 
the loop, and it passes diode D4. Then, current I2 is added 
to current I1, and the increased current passes diode D3. 
Next, I3 is added to I1 and I2. These increased currents pass 
diode D2, and then current I4 is added. The next step is the 
same, i.e., the iterative current addition occurs. As a result, 
a substantially large current is generated. Moreover, a large 
electric potential is exhibited along the loop.

The above described phenomenon is in the transient 
state; at steady state, according to Kirchhoff’s voltage law, 

the feedback voltage that arises due to the load RL and the 
voltage VD of the op-amp.

Considering Kirchhoff’s voltage law along the input loop,

in D FV V V= + .                                                                                                                                    (1)

Because of the imaginary short of an op-amp, which is a 
unique characteristic of every op-amp and the result of the 
extremely large gain in the op-amp, 

0DV ≈ .                                                                               (2)

Therefore,

in FV V= .                                                                                                                            (3)

The current IB indicated in figure 2 is approximated 
as zero; hence, the configuration can be described by the 
following equation,

0 inI kV= ,                                                                                                                                      (4)

where the output current I0 flows through the internal 
conductance k as well as the load RL. Equation (Eq 4) implies 

[a]                           [b] [c] 

V I 

+ - 

Vin 

I0 

Figure 1: Schematic diagrams of an independent voltage source [a], an 
independent current source [b], and a voltage-controlled current source 
[c]. An independent voltage source provides a constant voltage to the load 
regardless of the load. Therefore, its current varies on the load according 
to Ohm’s law. An independent current source supplies a constant current 
regardless of the load; hence, the voltage drop between the taps of the 
current source varies based on the load. A voltage-controlled current source 
works to convert a voltage to a current with precise amount. It does not 
generate energy by itself.

Figure 2: Internal	configuration	of	a	voltage-controlled	current	source.	This	
device is a voltage–current converter. Due to the imaginary short of an op-
amp, VD and IB are approximately zero, hence the output current I0 passing 
the load RL is determined by the internal conductance k (i.e., R = 1/k), which 
is set to 1 in this paper.

Figure 3: Schematic of the principle featured in the proposed system. Note 
that	this	figure	was	originally	published	in	our	previous	our	paper	[1].	The	
system is composed of two electric loops. In each loop, the four diodes are 
placed in the same orientation. However, when connecting the two loops, 
the diode directions per loop are opposite. The loops are connected by 4 
independent current sources. For example, currents I1 in (a) and (b) are 
connected with an independent current source. The current input along the 
loop in (a) builds iteratively around the loop, resulting in a large output 
current and a large electric potential.

Undergo a 

large 

uniform 

positive 

electric 

potential 

Undergo a 

large 

uniform 

negative 

electric 

potential 

Figure 4: Overview	of	the	proposed	system.	As	described	in	figure	3,	two	
loops containing diodes are prepared and connected by 4 independent 
current sources.
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the total voltage is zero along a loop. Therefore, we can 
predict that superconductivity appears. As will be discussed 
in Theory section, a London equation (i.e., the Meissner 
effect) is obtained. Because the currents are added many 
times in the transient state, a very large electric potential 
and superconducting current are generated uniformly along 
a loop. Note that the electric potential at one loop is positive 
while the other loop simultaneously has a negative electric 
potential. As mentioned, this fact is important when energy 
gain is desired via the application of a voltage-controlled 
current source.

How to generate energy from the system
In order to generate net power from the system, it is 

useful to use the substantially large electric potentials 
along the electric circuit, which are a result of our theory 
and simulations in our previous and current papers. As 
presented in figures 3 and 4, there are two electric loops 
connected by 4 independent current sources. The signs of 
the electric potentials of the loops are opposite, based on 
which a voltage-controlled current source is used to extract 
energy from the system, as presented in figure 5.

As shown in figure 5, among the two input taps of a 
voltage-controlled current source, one tap is connected 
to the loop with a positive electric potential, and the other 
tap is connected to the other loop having a negative electric 
potential, hence a large net voltage Vin (i.e., a creating a net 
voltage between the two electric potentials) is generated.

Because the 2 input taps of the voltage-controlled current 
source are independent of each other in terms of current, 
almost zero current flows into the input taps of the voltage-
controlled current source. The input voltage stems from 
electrostatic fields, not Ohmic electric fields; therefore, the 
presence of large input currents to the voltage-controlled 
current source can be ignored. Such currents are determined 

by Ohmic electric fields, not electrostatic fields, according to 
Maxwell’s equations. When a large voltage on the order of kV 
is the input, therefore, the input impedance of the voltage-
controlled current source is not broken. Therefore, only the 
loss Joule heating generates (see Eq 4) is considered. That 
is, the resistance 1/k (=1Ω) generates the Joule heating. As 
described in discussion section, to reduce this heating, a DC–
DC converted method will be applied to the input taps of the 
voltage-controlled current source.

Theory
Lorentz conservation

In the proposed system, the following two Lorentz 
conservations hold:

2 2
2 1 1

2
t

tA
c ce
φ ω   − =   

  
ħ ,                                                                                                                          (5)

( ) ( )
2

2 2t
t ink k

c
ε − = 

 
ħ ħ .                                                                                                                         (6)

Equation (5) is true in the transient state, where At, ϕt, e, 
c, and ω denote the vector potential, electrostatic potential, 
charge of an electron, speed of light, and angular frequency, 
respectively. Similarly, Eq (6) describes the transient 
state, where kt, εt, and kin denote wavenumber, energy, 
and the wavenumber related to the input current from an 
independent current source.

The relationship between Eqs. (5) and (6), i.e., the energy 
conservation, is assumed to be given by

2 21
2 2

ink
m

ω =
ħ

ħ ,                                                                                                                           (7)

where m denotes the mass of an electron.

The zero-point energy 1
2

ωħ  (as a part of the right-hand 
side of Eq (5)) and the wavenumber kin represent the energy 
from the input-current source and the carrier momentum 
related indirectly to the input-current, respectively.

Equations (5) and (6) describe the transient state, but the 
steady state requires that the right-hand sides are consumed, 
i.e., the zero-point energy is consumed, (see Eqs. (5-2) and 
(6-2)).This results in a larger vector and an electrostatic 
potential, thus implying that the state transfers from the 
transient state to the steady state;

2
2 0A

c
φ − = 
 

,                                                                               (5-2)

( ) ( )
2

2 1 0k e
c

φ − − =  
ħ ,                                                                               (6-2)

where

A >> At,                                                                                  (5-2-1)

φ >> φt,                                                                                         (5-2-2)

k >> kt,                                                                                        (6-2-1)

and

e >> tφ ε                                                                                  (6-2-2)

As mentioned, considering these conditions (Eqs. (5-2-1), (5-2-
2), (6-2-1), and (6-2-2)), the vector potential and the electrostatic 
potential become much larger than their initial values.

+ - 

Vin 

I0 

Undergo a 

large uniform 

positive 

electric 

potential 

Undergo a 

large 

uniform 

negative 

electric 

potential RL 

Figure 5: Schematic diagram showing the proposed method for extracting 
energy	from	the	system.	In	our	previous	paper,	it	was	clarified	that	iterations	
of current input result in large electric potentials. However, the electric potential 
is distributed uniformly along a loop and hence there is no net voltage.
In the present paper, one loop undergoes a large positive electric potential, 
and the other undergoes a large negative electric potential. When employing 
a voltage-controlled current source, one tap of the input source is connected 
to the loop with a positive electric potential, and the other tap of the input 
of the source is connected to other loop having a negative electric potential. 
In this way, a large input voltage Vin is introduced via the voltage-controlled 
current source.
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Dirac wave function
When up- and down-spin electrons are considered, the 

zero-point energy as a part of the right-hand side of Eq (5) 
becomes

,                                                                                                                   (9)

where n is an integer that increases with input-current 
density from an independent current source, and ω0 is 
constant defined by 

( ) ( )
2 22 2

0   mc c kαω = ± +ħ ħ .                                                                                                                               (9.1)

Eq (9.1) represents the eigenvalue of the Dirac equation 
where up- and down-spin electrons are considered. Note 
that this paper only considers the positive eigenvalue in Eq 
(9.1). Here, because we consider both up- and down-spin 
electrons, the wave function in the transient state becomes

( ) ( )0 0 0  exp j 2 j
cos

k z t exp k z t cos
cosα α

θ
ψ ψ ψ ω ω θ

θ↑ ↓

 
= + → − → −       

 
,     (10)

where j is the imaginary unit.

In Eq (10), θ is given by 

tan2 k
mc

αθ =
ħ  

( )02exp j t cosω θψ = −

( )zδ

.                                                                                                                          (11)

Considering the schematic diagram of the proposed 
principle (i.e., figures 3 and 4), we consider only a connecting 
point from an independent current source. That is, the z = 0 
is substituted in the wave function.

tan2 k
mc

αθ =
ħ  

( )02exp j t cosω θψ = −

( )zδ

.                                                                                                                  (12)

Normalization of the Dirac wave function
First, in the previous mentioned Dirac wave function 

(12), the normalization by volume integral is considered:
2 1dvψ =∫ .                                                                                                                    (13)

Considering Eq (13) and that the wave function only 
plays a role at the connecting point, the following equations 
should hold:

,                                                                                                                      (14)

.                                                                                                          (14.1)

Furthermore, the wave function must follow:

( ){ } ( )3/2
0ø expD z j tψ δ ω→ ≡ − .                                                                                                                       (15)

Note that this implies that the wave number kα defined by 
the Dirac equation is constant.

This paper requires the normalization of the time integral 
as well as that of the volume integral.

( ){ } ( )3/2
0expD e t z j tψ ψ ψ δ ω→ ≡ −                                                                                         (16)

Therefore, the general normalization is defined as
2 1e dvdtψ =∫ .                                                                                                                        (17)

Considering the characteristic of the Dirac delta function

tan2 k
mc

αθ =
ħ  

( )02exp j t cosω θψ = −

( )zδ , Eq (17) becomes

2

0

1
T

t dtψ =∫ ,                                                                                                                      (17.1)

where T denotes the period for angular frequency ω0.

As a result,

2 0

2t
ωψ
π

= .                                                                                                                        (18)

In general, therefore, the resulting wave function is

( ){ } ( )3/20
0exp

2e z j tωψ δ ω
π

= − .                                                                                                                                (19)

Considering the dimension of the Dirac delta function

tan2 k
mc

αθ =
ħ  

( )02exp j t cosω θψ = −

( )zδ ,

( ){ }32 0 1
2e z

e t
ρωψ δ

π
∂

= ≡
∂

,                                                                                                                     (20)

where ρ denotes the charge density, which correlates to a 
negative charged electron.

Next let us consider the equation of continuity,

  0divj
t
ρ∂

− + =
∂

 .                                                                                                                     (21)

Substituting with Eq (20), the following result is obtained:

( ){ }30div 0
2
ej zω δ
π

= ≠
 .                                                                                                                      (22)

Based on the divergence theorem, at z = 0 (i.e., at a 
connecting point from the independent current source), a 
divergent current from the current source appears. In the 
transient state, therefore, it is true that a current from the 
current source is input to the connecting point. It is thus 
confirmed that the proposed system is theoretically sound.

Superconductivity at the steady state
The previous calculations were conducted for the 

transient state. Now we consider the steady state.

In the steady state, the following equations hold:
2

2 0A
c
φ − = 
 

,                                                                                                                         (23)

( ) ( )
2

2 1 0k e
c

φ − − =  
ħ ,                                                                                                                           (24)

( )exps s jkxψ ψ= ,                                                                                                                                   (25)

2 1s dvψ =∫ .                                                                                                                  (25.1)

Equations (23) and (24) imply that in the general 
Lorentz conservations, the right-hand sides were consumed, 
resulting in making the vector potential A, electrostatic 
potential ϕ, and wave number k much larger.

Moreover, Eq (25) suggests a plane-wave whose wave 
number is determined by eq (24). Furthermore, Eq (25.1) 
defines Eq (25) as a wave function. 

Based on Eqs. (23) and (24), substituting the electric 
potential ϕ produces the following equation:

A k c
e

= −ħ .                                                                                                                      (26)

Employing the probability flux equation, Eq (27), results 
in a London equation (Eq 28).

2
q s

kj e
m

ψ=
ħ ,                                                                                                                       (27)
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22
s

q

e
j A

mc
ψ

= − .                                                                                                                     (28)

Therefore, we can conclude that the Meissner effect 
occurs in the proposed system.

Next we consider whether a macroscopic wave function 
is formed.

As discussed, each electron wave function is represented as

exps s
e jx

c
φψ ψ  = − 

 ħ
,                                                                                                                           (29)

where

ek
c
φ

≡
ħ

.                                                                                                                    (29.1)

Note that the wave function only holds along one 
dimension. It is important to note that generally every physics 
textbook describes wave numbers in a metal as a function of 
kinetic energy, which must follow Fermi statistics (i.e., the 
exclusion principle). However, here, the wave number is a 
function of the electrostatic potential ϕ, which allows each 
electron to have an identical wave number. Therefore, as 
shown in figure 6, each wave number k can be summed as 
scalars; although each wave function is allowed to exist at 
each point, only wave numbers may be added. It is possible 
to consider that a total wave number K along the circuit can 
be expressed by Eq (30) without contradicting the exclusion 
principle:

K ek N
c
φ

= =∑ ħ
,                                                                                                                        (30)

where N is an integer. Therefore, the electric potential 
becomes large:

N Tφ ≡ Φ .                                                                                                                      (31)

Considering a measurable electric potential, Equation 
(31) becomes substantially large. As will be reported in 
the Results (see Section 7), this substantially large electric 
potential is reproduced in the simulations. Finally, now we 
can obtain a macroscopic wave function:

eexp jx
c

T
M Mψ ψ Φ = − 

 ħ
,                                                                                                                         (32)

2 1M dvψ =∫ .                                                                                                                         (32.1)

The macroscopic wave function suggests that a 
condensation occurs with fermions exclusively along one 
dimension under a specific condition.

Method
We use PSIM software to carry out numerical simulation, 

which is affordable. This software was developed to 
calculate many types of electric circuits. First, the results of 
our previous paper [1] are reviewed. In the next step, energy 
generation is obtained by employing a voltage-controlled 
current source.

Figure 7 shows the entire circuit including probes that 
was proposed in our previous paper [1]. As indicated in 
Result section, this system generates large electric potentials. 

Note that, the probes V11 to V14 will detect positive electric 
potential along the loop, and the probes V15 to V18 will 
detect negative electric potential along the other loop. 
Moreover, the initial input current from an independent 
current source is assumed to be 0.1 μA. For comparison and 
to understand the extent of the resulting electric potentials, 
figure 8 (i.e., a normal and ordinary electric circuit) was also 
simulated; the results are presented in Section 7.

Figure 6: Schematic drawing showing the summation of each wave number 
along one dimension. In general, basic physics claims that a wave number 
in metal is a function of kinetic energy and thus must follow both Fermi 
statistics and the exclusion principle. However, in the present case, the wave 
number	 is	 a	 function	 of	 the	 electrostatic	 potential	 ϕ,	 which	 allows	 each	
electron to possess an identical wave number. That is, each wave function 
has the same wave number as a part of the phase. Although a wave function 
takes each location, the summation of all one-dimensional wave number 
vectors is possible. Overall, it is suggested that each wave number can be 
added	without	contradicting	the	exclusion	principle.	That	is,	the	upper	figure	
is	identical	to	the	lower	figure	among	figure	6.

Figure 7: Review circuit. The review of our previous work [1] is carried 
out to better understand the circuits developed in our current paper. Each 
independent	 current	 source	 inputs	 0.1	 μA.	 Positive	 electric	 potentials	 are	
measured by the probes V11–V14, and negative electric potentials are 
measured by the probes V15–V18.

Figure 8: An ordinary circuit for comparison with our proposed system circuit 
(Figure	8).	An	input	current	from	the	current	source	is	0.1	μA,	and	the	load	is	
100	Ω.	The	results	regarding	the	probe	V1	are	covered	in	the	Results	(Section	5)
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Figure 9 shows the circuit when a voltage-controlled 
current source is added to the circuit shown in figure 7. As 
mentioned, the internal conductance k is set to 1. Note that the 
value of load RL is assumed to be 100 kΩ. In the Results (Section 
7), the output current I0 and input voltage Vin are calculated.

As described in Result section, the output current I0 passing 
the load RL and the internal conductance k becomes very large. 
To protect the load RL and internal conductance k from Joule 
heating, a DC–DC conversion (i.e., rapid frequency switching) 
is further added to the input taps of the voltage-controlled 
current source, as shown in figure 10. Note that bi-directional 
switches are used in the PSIM simulation as a switching device, 
and switching frequency is assumed to be 10 kHz.

Result
Simulation results of the circuits introduced in the 

method section are presented.

In figure 11, the simulation results from the circuit shown 
in figure 7 are presented. Each loop has the same electric 

potential, i.e., no voltage along the loop, and one loop has a 
positively large electric potential, and the other loop has a 
negative large electric potential.

A result of an ordinary circuit (from figure 8) is prepared 
for comparison in figure 12. As shown, normally 0.1 μA 
input cannot generate large electric potential. Therefore, the 
proposed system involves new phenomena.      

As shown in figure 13, the circuit (see figure 9) is 
simulated after adding a voltage-controlled current source. 
Here, Vin refers to the input voltage to the voltage-controlled 
current source, and I (load) indicates the output current with 
the load RL. As mentioned, because the internal conductance 
k is given the value 1, a precise amount of the input voltage 
is converted to the output current. An important result is the 
successful generation of a very large net output current, i.e., 
large electric power.

Figure 14 shows the simulated results upon introducing 
bi-directional switches to carry out DC–DC conversion 

Figure 9: The	developed	circuit,	based	on	the	original	review	circuit,	is	presented	in	figure	7.	Here	a	voltage-controlled	
current source (named IVCCS1) is added. The input voltage Vin is composed of both a loop undergoing positive electric 
potential	as	well	as	a	loop	undergoing	negative	electric	potential.	The	load	is	assumed	to	be	100	kΩ.	

Figure 10: Schematic circuit diagram of the proposed system after bi-directional switches are introduced to the circuit 
presented	in	figure	9.	To	protect	the	internal	conductance	of	the	voltage-controlled	current	source	from	Joule	heating,	a	DC–
DC conversion is introduced. The switching frequency of the bi-directional switches is assumed to be 10 kHz. An increase 
in Joule heating, which increases linearly over time, is prevented. According to the PSIM simulation, the bi-directional 
switches	undergo	a	current	flow,	which	is	calculated	as	an	average,	  A.
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Figure 11: Simulation	of	review	circuit	in	figure	7,	using	the	PSIM	software.	Note	that	the	unit	of	perpendicular	axes	is	[V].The	upper	figure	implies	positive	electric	
potentials	with	the	4	probes	along	the	loop,	whereas	the	lower	figure	indicates	negative	electric	potentials	with	the	4	probes	in	the	review	circuit	along	the	other	loop.	
As	shown,	each	loop	has	a	uniform	electric	potential,	which	satisfies	a	condition	of	superconductivity.

2 4 6 8 10
Time (ms)

0.008m
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V1

Figure 12: The	result	of	an	ordinary	circuit	(shown	in	Figure	8)	in	which	an	independent	current	source	is	used,	and	the	load	is	100	Ω.	The	unit	of	the	perpendicular	
axis	is	[V].	Here,	0.1	μA	is	transmitted	to	the	100	Ω	load.	As	shown,	the	resulting	electric	potential	is	small,	0.01	mV.	In	comparison,	the	proposed	system	generates	
kV	order	for	0.1	μA	initial	input.
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Figure 13: Simulation	of	the	circuit	upon	introducing	a	voltage-controlled	current	source	(see	figure	9).	The	upper	figure	indicates	the	input	voltage	Vin  (the unit is 
[V]).	On	the	other	hand,	the	lower	figure	implies	the	output	current	with	the	load	(the	unit	is	[A]).	An	extremely	large	output	current	is	created	because	the	voltage-
controlled current source precisely converted the input voltage.
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(from figure 10). By introducing this switching method, the 
Joule heating in the internal conductance k can be reduced. 
Note that in the process of this simulation, the PSIM software 
detected an extremely small current in the bi-directional switch. 
Due to this current, the input voltage Vin is slightly reduced.

Discussion
Theory

This theory is based on Lorentz conservations described 
in Eqs (5)–(6). According to theses equations, states are 
categorized as transient and steady states. In a transient 
state, the right-hand sides of the Lorentz conservation 
equations are non-zero, and consuming the zero-point 
energy in these sides produces the steady state at which the 
vector and electrostatic potentials become much larger.

In the transient state, the existence of divergent current 
density was considered with the Dirac equation because 
the eigenvalue of this equation essentially corresponds to 
the zero-point energy on the right-hand side of the Lorentz 
conservation equation (Eq 5). Using the normalizations of the 
wave function and the equation of continuity, the existence 
of divergent currents was derived at the connecting points 
of the independent current sources. This implies that the 
present system works correctly according to the theory, 
i.e., the currents are input to a loop from the independent 
current sources.

In the steady state, a London equation was obtained, 
which demonstrates the Meissner effect, by applying the two 
Lorentz conservation equations that hold in the steady state. 
Moreover, a summation of the wave numbers along the one-
dimensional loop was proposed, thus forming a macroscopic 

wave function along the loop. These results suggest that 
the Meissner effect and macroscopic wave function coexist 
with the zero voltage along the loop despite the rather large 
electric potential. A feature of the proposed condensation 
from the macroscopic wave function is that it does not 
involve a combination of two electron pairs; therefore, this 
case does not involve a superconducting energy gap or a 
critical temperature. Accordingly, we suggest that this new 
type superconductivity does not require refrigeration and 
that a new type of condensation occurs.

Simulations
Review: As described in the Results (Section 7), the 

circuit in the review exhibits an identical electric potential at 
each point along the loop, which implies that a condition for 
superconductivity with a current and no voltage is satisfied. 
Moreover, the appearance of large electric potentials 
supports the presented theory.

Magnitude of load RL: An independent current source 
supplies a constant current to a load, but it has limitations 
due to its output impedance. That is, an independent current 
source cannot transmit a current to the load that is larger 
than its output impedance (i.e., average of about 10 MΩ). In 
the present case, however, it is not necessary to consider such 
characteristics because a voltage-controlled current source 
is used. More concretely, consider figure 2, which depicts 
the structure of a voltage-controlled current source. Despite 
the output impedance and the load RL being connected in 
parallel, i.e., an output impedance between the inverting 
terminal and output tap of the op-amp is present, the current 
IB in figure 2 being nearly zero renders the existence of the 
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Figure 14: Simulations	of	introducing	bi-directional	switches	for	a	DC–DC	conversion	(see	figure	10):	the	upper	figure	(the	unit	is	[V])	is	input	voltage	as	a	function	
of	the	voltage-controlled	current	source,	and	the	lower	figure	(the	unit	is	[A])	is	output	current	over	time.	As	mentioned,	the	bi-directional	switches	in	the	PSIM	
software undergo a real and very small current (10−8	A) order which affects the value of the input voltage Vin, i.e., using bi-directional switches results in a slightly 
reduced input voltage Vin.
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parallel output impedance meaningless. This implies that 
output impedance need not be considered in a voltage-
controlled current source. Therefore, a sufficiently large 
generating current is supplied despite the large load RL. In 
the PSIM simulation, for a load for up to nearly 100 GΩ, the 
generating output current remains constant as about 7 kA; 
however, for a higher load, the generating current quickly 
becomes nearly zero. Therefore, this study employed a load 
RL of 100 kΩ, which is relatively large.

Large input voltage and input impedance of an 
op-amp: If the large input voltage broke the high input 
impedance of the op-amp, it would imply that an Ohmic 
field-based current appeared from one loop to the other loop 
in the system. As mentioned, however, the input voltage is 
created from electrostatic fields, not Ohmic fields. That is, 
electrostatic potentials cannot determine a current according 
to Maxwell’s equations. To conclude, there is no risk to 
inputting a large voltage derived from electrostatic potentials; 
we emphasize that this is allowed only in our system.

DC–DC converter: This study employs a method based 
on a DC–DC converter, which is analogous to pulse-width 
modulation (PWM). The purpose of using this method stems 
from the output current from the voltage-controlled current 
source being about 7 kA and the fact that Joule heating in 
a resistance generally increases linearly with time; the 
DC–DC converter is necessary to secure the load RL and 
the internal conductance k from Joule heating. The DC–DC 
converter-based method used here is simply rapid iteration of 
on -off switching and enables the Joule heating to be constant and 
small (not increase with time). This method is common and is used 
worldwide, being taught in universities as power electronics.

Based on the results of the simulations, the average 
generating electric power W is

2W LR I= ,                                                                                                                                                (33)

where <I> denotes the time averaged output current that 
is arises from the DC–DC converter. Considering the average 
output current, the average generated electric power is 
calculated as

118.8 10 [ ]W W= × .                                                                                                                                                 (34)

Because a unit of electric power in ordinary thermal 
power stations is in the order of magnitude of 109 W, it is 
clear that the proposed simple system generates electric 
power much larger than in thermal power stations. If a 
load larger than that of figure 9 or figure 10 (i.e., 100 kΩ) 
is allowed, tan increased output of electric power will be 
generated. Considering that the initial input current from the 
4 independent current sources is 4 × 0.1 μA, and the average 
output current <I> is estimated to be 3.6 kA; the gain of the 
current increase is 97.45 10× times.

Next, the Joule heating is estimated in the internal 
conductance k in the voltage-controlled current source. 
In the DC–DC converter, the constant Joule heating u is 
represented as

2
0

1u
k onI T =  

 
,                                                                                                                                      (35)

where I0 and Ton denote the output current and time 
when the switch is on, respectively.

For a switching frequency of 10 kHz and the duty-ratio 
in terms of the DC–DC conversion is 0.5, Ton is estimated as

55.0 10 [ ]onT s−= × .                                                                                                                                                (36)

Moreover, I0 is calculated by PSIM software as
3

0 5.9 10 [ ]I A= × .                                                                                                                                                    (37)

Considering that 1/k is defined as 1 Ω, the Joule heating 
in the internal conductance k is

31.7 10 [ ]u J≈ × .                                                                                                                                       (38)

This value is considered relatively small despite the 
large output current. Generally, kJ heating is generated 
when making a chemical compound. In our opinion, it is 
therefore not necessary to cool the conductance k with water. 
For instance, when 1 mol of CH4 is burned, 891 kJ heating is 
generated [19]. In comparison, the calculated Joule heating in 
this system, u, is much smaller. However, we suggest consulting 
electronics experts to ascertain if water cooling is necessary.

Contribution
Contribution to condensed matter physics: The first 

contribution of this study is that we show the existence 
of divergent current density, considering the Lorentz 
conservation (i.e., the zero-point energy in the conservation 
energy) and Dirac equation, which has an eigenvalue 
based on the two zero-point energies. Such an indication of 
divergent current density has not been reported thus far. 
This is significant in the relativity, electromagnetic field 
theory, and basic quantum mechanics.

Secondly, it is significant that this work describes a new 
superconductivity that is independent of temperature (i.e., 
superconductivity with no critical temperature). The history 
of superconductivity suggests that enhancements of the 
critical temperature are necessary to use superconductors 
at room temperature. Recently, it was reported that very 
high pressures provide high critical temperature near room 
temperature [14]. Although such results are important in 
physics, technical merits and actual application have not been 
reported. In comparison, our circuit-based approach, which 
has not been reported elsewhere readily results in the new 
and temperature-independent superconductivity reported 
here, which is also described in [15-18]. The major difference 
between our previous reports on new superconductivity 
and the present paper is that the superconductivity 
reported herein does not require the formation of electron 
pairs. It therefore simultaneously implies that the reported 
superconductivity has no superconducting energy gap or 
critical temperature. Each wave number is a function of an 
electric potential, not a kinetic energy, and thus, it is allowed 
that each electron possesses an identical wave number. Such 
a one-dimensional wave number for each wave function 
enables their summation as vectors. This does not contradict 
the exclusion principle, as described with figure 6; instead, 
it results in the formation of a macroscopic wave function 
and condensation. This type of condensation is not related 
to local thermal equilibriums, thus basic quantum statistics 
in thermal equilibrium such as Fermi statistics are not 
applied. We claim that this fermion-based condensation 
can be formed only under a specific condition, which has 
not been fundamentally proposed but would result deeper 
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understanding in condensed matter physics.

Technological contribution: In our previous study 
[1], we demonstrated that uniform and a large electric 
potential appears along a loop; therefore, a condition 
of superconductivity is satisfied. However, the uniform 
electrostatic potential distribution along a loop implies 
there is no net voltage; hence, energy generated from voltage 
could not be obtained in the previous paper.

To solve this problem, a voltage-controlled current source 
is introduced in the present paper. Moreover, we found in the 
present paper that among two superconducting loops in the 
system, one has a positive electrostatic potential, whereas 
the other has a negative electrostatic potential. This fact is 
used to input a large DC voltage to the voltage-controlled 
current source. As a result, a DC current on the order of 
several kA was obtained despite the initial input current from 
the independent current source being less than 1 μA. If the 
load of the voltage-controlled current source is sufficiently 
large, the simulation reveals that energy much larger than 
that of thermal power station can be generated. Compared 
with thermal power stations, our system generates little 
heat loss, making the energy conversion ratio very efficient.

Moreover, the energy density in the present system is 
very high. Although the initial input current is less than 1 μA, 
the resulting current and energy dominate those of a unit 
of energy generated in thermal power stations. This implies 
that investing in plant and equipment is not necessary with 
the proposed system, making is available to average and 
private laboratories.

The proposed system is very inexpensive to install. 
Because the initial input current from the independent 
current source is very small, the costs of the independent 
current sources are expected to be less than 100,000 yen 
(1,000 USD). Concerning a voltage-controlled current source, 
the internal structure of the circuit in figure 2 is simple, 
using an op-amp in it; in short, this technology is accessible 
and could be installed by a student. Low cost is still expected 
if the voltage-controlled current source is purchased.

Furthermore, the proposed energy generating system 
creates no atomic radiation and requires no fossil fuels.

To conclude, if our system is put into practice, the results 
presented herein imply that energy can be generated 
inexhaustibly in a net sense and that trading energy for 
financial compensation will be meaningless. If successful, 
dependency on fossil fuel-rich regions of the world (Middle 
East and Russia) will be significantly reduced or removed. 
The current economic system, in which a few people are 
involved in profiting from energy and hence possess the 
vast majority of the worldwide wealth, will collapse, thus 
resulting in reducing the gap between the rich and the poor.

Conclusion 
We proposed a new energy generation system and 

analyzed it theoretically and numerically. The results 
clarified that very large energy density can be obtained 

from the system at minimal cost and with no radiation or 
fossil fuel consumption. The gained energy density is much 
larger than that the average unit of energy from a thermal 
power station. Therefore, we believe that this system will be 
a candidate for a complete replacement of the current fuel-
dependent energy generation stations. As a follow-up, we 
plan to confirm the results further with experiments.
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