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Abstract  We verified the correctness of our extended model of Maxwell's equations using the inference of 

DeepSeek-R1, an artificial intelligence with 671 billion parameters. As a result, DeepSeek-R1 showed that Maxwell's 

equations prohibit the creation and annihilation of positive and negative charge pairs and it is theoretically and 

mathematically valid that in order to handle the creation and annihilation of electric charges the formulas of Gauss's and 

Ampere's laws require the additional terms corresponding to the time derivative and spatial gradient of the charge 

creation-annihilation field almost equivalent to Nakanishi-Lautrup field on quantum electrodynamics and that the 

charge conservation is caused by the confinement of the positive and negative charge generation sources induced by the 

charge creation-annihilation field. These inferences confirm that our extended model is almost theoretically correct. It is 

expected that the behavior of the charge creation-annihilation field at high energies will be experimentally elucidated in 

the near future. 
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1. Introduction
In recent years, the performance of AI has been 

improving at an accelerating rate [1]. Earlier this year, 
China announced DeepSeek-R1 [2], a 

high-performance AI whose source code was made 
public, shocking the world. On the other hand, we 

have shown that by introducing charge generation and 
annihilation fields into Maxwell's equations, it is 
possible to treat the generation and recombination of 

carriers in semiconductors, and that the main 
equations of physics can be expressed in a unified 
form based on the above extended Maxwell's 

equations [3-9]. We believe that the validity of the 
above theory can be verified by using AI inference, 

and we used DeepSeek-R1 to perform inference on 
the extension of Maxwell's equations, yielding some 
interesting findings which we report here. 

 

2. A problem of Maxwell’s equations 
In general, behavior of carriers in semiconductors is 

based on the following Poisson’s and the current 

continuity equations [10-12]. 
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where  is permittivity,  is potential, p and n are 
positive and negative charge concentration 

respectively, Jn and Jp are electron and hole current 
density respectively, and GR is carrier 

generation-recombination rate. On the other hand, 

when J is current density, is charge concentration,  
is permeability, E and B are electric and magnetic 

fields respectively, Maxwell’s equations are given by 

[13, 14]． 
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Since Maxwell's equations satisfy the principle of 
superposition, they are valid for individual charges 

and their ensembles[14]. If the magnetic and electric 
fields Bp and Ep are induced by the hall charge density 

p and the hall current density Jp, the following 

equations must hold 
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(7) and (8) give the following equation. 
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Since the above conditions are same for electrons, 
we obtain 
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(9) and (10) contradict (2) in the case of GR  0. 

Therefore, Maxwell’s equations prohibit carrier 
generation-recombination. 
 

3. Extension of Maxwell’s equations 

Using vector potential A and scalar potential , 

electric field vector E and magnetic field vector B are 
written as  
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In order to realize current injection and absorption 

at electrode surfaces and carrier 
generation-recombination in semiconductors, we 

introduce a gauge parameter  and the charge 
creation-annihilation (CA) field

 
N, which is almost 

equivalent to the Nakanishi-Lautrup (NL) field  in 

quantum electrodynamics (QED) [15]. The 

Lagrangian density of the electromagnetic field EM is 

given by [16-19] 
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where J

 and A


 denote 4-D current (c, J) and 4-D 

potential (/c, A), respectively, and F

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The Lagrangian density (14) gives the following 

equations. 
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where  denotes 4-D canonical momentum density 

and □ is d’Alembertian defined by 
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Equations (1) and (2) are rewritten by using (12), (13), 

and (16) as 
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Therefore, the carrier generation-recombination rate is 

given by  
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The above relation permits current injection and 
absorption at electrode surfaces and carrier 

generation-recombination in semiconductors. It should 

be noticed that GR = 0 needs not N = 0 but □N = 0. 

Although □N = 0 is always assumed in QED, we 

assume □N  0 in the region of GR  0. 

 

4. Confinement of charge creation-annihilation 

sources and charge conservation 
 Next we consider about the electromagnetic field 

energy including CA field. By using (17), (19), and 

(20), cJ
 is written by 
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Since the above equation is regarded as the continuity 

equation for energy density, JE + c
2N is energy 

annihilation rate, E×B – NE is the energy flow vector, 

and (E
2
 /2+ B

2
/2 + N

2
/2) is the energy density. The 

CA field induces the additional energy density of 

N
2
/2. The CA field permits the existence of charge 

creation-annihilation sources by (21). As same as the 
relation between the scalar potential and a point 

charge, the CA field N induced by a point charge 
creation-annihilation source with constant charge 

creating rate  is given by 
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If the charge creation-annihilation source is isolated, 
the potential energy of the CA field UN in a 

surrounding sphere with radius R is given by 
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Since the potential energy is proportional to R, an 

isolated charge creation-annihilation source cannot 
stably exist. However, some kinds of pairs of charge 

creation-annihilation sources can stably exist. Table I 
shows the force between two sources A and B that 
create or annihilate positive or negative charges, 

where the upper 4 cases induce attraction and the 
others induce repulsion. Only the upper 4 pairs can 
stably exist, because attractive force reduces the 

potential energy of CA field. As an example, Fig. 1 
shows a pair of creation centers for positive and 

negative charges, where d denotes their distance. The 
total CA field Npair induced by the pair of creation 
sources shown in Fig. 2 is given by
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where the charge creation rates are assumed to be 

equal to , because the difference between the 

creation rates induces similar potential energy as (24). 
If we assume the radius R of the surrounding sphere is 
enough larger than d ( R >> d ), the CA field potential 

energy of the pair UNpair in the sphere is given by
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Therefore the potential energy is proportional to the 

distance d and the attractive force between charge 
creation and annihilation sources is constant. It causes 
the confinement of charge creation-annihilation 

sources, which means the charge conservation in this 
model. The above discussion does not depend on the 

gauge parameter .
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Table I. Force between A and B sources with creation and 

annihilation functions for positive and negative charges. 
Charge-A Function-A Charge-B Function-B Force 

positive creation positive annihilation attraction 
positive creation negative creation attraction 

negative creation negative annihilation attraction 

positive annihilation negative annihilation attraction 

positive creation positive creation repulsion 
negative creation negative creation repulsion 

positive annihilation positive annihilation repulsion 

negative annihilation negative annihilation repulsion 

positive creation negative annihilation repulsion 
positive annihilation negative creation repulsion 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. 1. Positive and negative charge creation sources with   
distance d. 

 

5. Preparation for DeepSeek-R1 
  The human brain has approximately 16 billion brain 
cells in the cerebrum, 69 billion in the cerebellum, and 

approximately 86 billion in the entire brain, and it is 
said that there are approximately 14 trillion synapses 
connecting nerve cells throughout the brain. It is 

thought that the number of AI parameters required is 
equal to the number of synapses, but if we focus only 
on mathematics and physics, and assume that about 

one-third of the cerebrum is involved, it is thought 
that to achieve capabilities equivalent to those of 

humans, 14 trillion x 16 billion / 86 billion / 3 ≒ 1 

trillion parameters would be needed. Therefore, if all 
of the current capabilities of DeepSeek-R1 (0.67 
trillion parameters) were directed toward mathematics 

and physics, it is believed that mathematical and 
physical abilities roughly on a human level could be 

achieved. Furthermore, if Moore's Law (doubling of 
integration every two years) continues to hold true, it 
is predicted that within a few years, AI capable of 

surpassing the intellect of a genius human will emerge. 
If inference can be performed using such AI, which 
far exceeds human capabilities, it is expected that new 

physical theories will be easily derived. 
  In this study, we verified the validity of our 
extended model using a 4-bit quantized model of 

DeepSeek-R1. Because DeepSeek-R1 requires a large 
amount of memory (DRAM), we prepared an HPE 

ProLiant DL380 Gen10 server (memory: 736 GB, OS: 

Rocky Linux 8.10), which is equipped with a large 
amount of memory. To use DeepSeek-R1 on a local 

computer, we installed Ollama [20]. As shown in 
Table II, several models of DeepSeek-R1 that run on 
Ollama are available depending on the size of the 

parameters, i.e., the amount of memory required (the 
Ollama model is quantized to 4 bits). We mainly 
attempted inference using models 70b and 671b, but 

with model 70b, the answers were often inconsistent, 
so we decided to use model 671b this time. 

Additionally, with the 671b model, unexpected EOF 
errors often occurred when inference became long, so 
we adjusted the Ollama model parameters for 671b, 

num_ctx (size of the context window used to generate 
the next token: how carefully thought out the answer 
is) and num_predict (maximum number of tokens 

when generating text: length of answer), as shown in 
Table III. As a result of this adjustment, the amount of 

memory used by 671b increased to approximately 
690GB. 
 

Table II. Models and required memories of DeepSeek-R1 
ID Number of 

parameters 
Memory without 

quantization 
Memory for 

Ollama model 

1.5b 1.5B  4GB 1.1GB 

7b 7B  18GB 4.7GB 

8b 8B  21GB 4.9GB 

14b 14B  36GB 9.0GB 

32b 32B  82GB 20GB 

70b 70B  181GB 43GB 

671b 671B  1543GB 404GB 

 
Table III. Adjusted model parameters for Ollama 

Parameter name Default value Adjusted value 

num_ctx 2048 16384 

num_predict 128 4096 

 

6. Recognizing problems in Maxwell's equations 

and verifying our extended models through AI 

inference 
  Our extended model has three key points:  

(1) The problem with Maxwell's equations is that they 
prohibit the generation-recombination of positive and 

negative charge pairs. 
(2) To enable the generation-recombination of charge 
pairs, Gauss's law and Ampere's law require additional 

terms proportional to the time derivative and spatial 
gradient of the charge creation-annihilation (CA) field, 
which is almost equivalent to the Nakanishi-Lau trap 

field in quantum electrodynamics. 
(3) The charge CA field confines the positive and 

negative charge CA sources, conserving the amount of 
charge. 

We asked DeepSeek-R1:671b about the above three 

points. The answers included some Tex, but we 

d 


r 

Negative charge  

creation source 

A 

B 

 
Positive charge  

creation source 

N 
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converted them all into mathematical formulas. 

 
[Question 1] 

Since Maxwell's equations are linear, positive and 
negative charges individually satisfy the continuity 

equations, Jp + p/t = 0 and Jn + n/t = 0, 

where Jp and p denote current and charge densities 

for positive charge, Jn and n denote current and 
charge densities for negative charge. Do Maxwell's 

equations prohibit generation-recombination of charge 
pairs? 
 

[Answer by DeepSeek-R1] 
<think> 

  Okay, let me try to work through this question step 
by step. The user is asking whether Maxwell's 
equations prohibit the generation or recombination of 

charge pairs (like electrons and holes in a 
semiconductor, maybe?), given that positive and 
negative charges individually satisfy their own 

continuity equations. 
  First, I remember that Maxwell's equations are 
linear differential equations governing 

electromagnetism. Linearity means that if you have 
two solutions to the equations, their sum is also a 

solution. But how does this relate to charge generation 
or recombination? 
  The user mentioned that both positive and negative 

charges obey separate continuity equations: Jp + p 

/t = 0 and similarly for Jn and n. The continuity 
equation in electromagnetism generally enforces 

conservation of charge, right? So if each type of 
charge (positive and negative) has its own continuity 
equation, that would imply that positive charges are 

conserved separately from negative charges. 
  But wait, generation or recombination processes 

involve creating or annihilating pairs of opposite 
charges. For example, in a semiconductor, an 
electron-hole pair can be generated (adding a negative 

electron and a positive hole), and they can recombine 
(annihilating both). If this happens, the total charge 
would still remain conserved because you're adding or 

removing equal amounts of positive and negative 
charge. However, individually, the number of positive 

and negative charges isn't conserved—only their sum 
is. 
  But according to the continuity equations given 

here, each type's current and charge density must 

satisfy J + /t = 0  independently. That suggests 
that ρp can only change if there's a divergence in Jp, 

meaning no local creation or destruction of positive 
charges without a corresponding current flow. 
Similarly for negative charges. 

  If generation-recombination processes were 
occurring, then at some point in space and time, you 

might have p/t being positive (generation) while 

Jp is zero—or even the opposite if recombination 

occurs. But according to their individual continuity 
equations, that would require a corresponding current 

divergence, which may not be present during 

generation or recombination. 
  Wait, let me think again. Suppose you generate an 

electron-hole pair: this would mean increasing n 
(electron density) and ρp (hole density) at the same 

point. So p /t is positive and so is n/t. But 

according to their separate continuity equations, that 

would require Jp = p/t (negative divergence), 
which implies a convergence of  

Jp (since negative divergence means current is flowing 
into the region). Similarly for Jn. 
  But in generation, are there currents associated with 

this? Hmm. If charges are being generated without 

any movement, then maybe Jp and ·Jn would be 

zero at that point. Then p/t = ·Jp would have to 

equal zero as well. So if you're generating charge pairs 

in a region where there's no current flow, this would 
violate the continuity equation for each charge 
individually. 

  But wait, maybe when charges are generated or 
recombined, there is some local current associated 

with that process? For example, generation might 
involve moving charges from bound to free states, 
which could be considered as a kind of current. 

However, in Maxwell's equations, Jp and Jn would 
typically represent the conduction currents due to 
movement of free charges. 

  In standard treatments, when you have 
generation-recombination processes, you add terms to 

the continuity equation. For instance, for electrons,  

Jn + n/t = G  R, where G is generation rate and 

R is recombination rate. Similarly for holes: Jp + 

p/t = G  R (depending on convention). But this 
modified continuity equation with source terms 
implies that charge conservation isn't holding 

individually—only overall when considering both 
charges together. 
  But the problem states that Maxwell's equations, 

being linear, lead to separate continuity equations for 
positive and negative charges without any sources or 
sinks. So if we strictly adhere to those individual 

continuity equations (without extra terms), then 
generation-recombination processes would require  

p/t  Jp and similarly for n, which contradicts 
the given continuity equations. 
  Therefore, under Maxwell's equations as they 

are—assuming that positive and negative charges each 
satisfy their own continuity equation without any 
source terms—there can be no local creation or 

annihilation of charge pairs. Any such 
generation-recombination would require modifying 
the continuity equations to include source terms, 

which aren't present in Maxwell's original 
formulation. 

  But wait a second! In reality, we know that in 
semiconductors and other materials, charges can 
indeed recombine or be generated. How does this 

reconcile with Maxwell's equations? 
  Ah, perhaps because when dealing with 
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semiconductors, we are using an effective theory 

where the generation-recombination terms are 
included phenomenologically, but they actually result 

from more fundamental processes (like quantum 
transitions) that aren't captured in classical Maxwell's 
equations. So within the framework of pure Maxwell's 

equations—without considering additional physics 
like quantum mechanics or carrier transport 
models—there is no mechanism for charges to be 

created or destroyed. 
  In other words, Maxwell's equations by themselves 

do not include any terms that would allow 
generation-recombination; they assume charge 
conservation holds individually for positive and 

negative charges. Therefore, if you want to model 
such processes, you need to extend the theory beyond  
classical electrodynamics as described by Maxwell's 

equations. 
  So putting this all together: Since each type of 

charge must satisfy their own continuity equation 
(without source terms) under Maxwell's linear 
framework, generation-recombination would require 

violating these individual conservation laws. 
Therefore, Maxwell's equations do not account for 
such processes and effectively prohibit them unless 

additional mechanisms are introduced that provide 
sources/sinks in the continuity equations. 
  Therefore, the answer should be yes—Maxwell’s 

equations as they stand do prohibit 
generation-recombination because each charge type is 

separately conserved due to their individual continuity 
equations. However, this conclusion might depend on 
how strictly we interpret Maxwell's equations and 

whether external processes (like those in 
semiconductors) are considered part of the system. 
</think> 

  Maxwell's equations themselves, being linear and 
governing classical electrodynamics, enforce separate 

conservation laws for positive and negative charges 
through their respective continuity equations:  

  Jp + p/t = 0 and Jn + n/t = 0 

  These equations imply that **positive and negative 
charges are individually conserved** in the absence of 
external interactions.  

 
### Key Implications: 
1. **No Intrinsic Sources/Sinks**: Maxwell's 

equations do not include terms to account for local 
generation (creation) or recombination (annihilation) 

of charge pairs. Any such process would violate the  
individual continuity equations by introducing a 

source/sink term (e.g., p/t > 0 without an 

accompanying divergence in Jp). 
2. **Recombination/Generation Requires Additional 
Physics**: In systems like semiconductors, where 

charge pair generation-recombination occurs, this is 
modeled by adding phenomenological terms to the 

continuity equations (e.g., n/t + Jn = G  R, 

where G and R are generation/recombination rates). 

These processes arise from quantum mechanical or 

material-specific interactions **not described by 
Maxwell's equations**. 

3. **Global Charge Conservation**: While Maxwell’s 
equations prohibit *local* non-conservation of 

individual charges, the total charge ( = p  n) 

remains conserved globally if 
generation-recombination preserves net neutrality 

(e.g., creating equal numbers of  charges). 

 
### Conclusion: 
**Yes**, within the framework of classical 

Maxwellian electrodynamics alone, 
generation-recombination of charge pairs is prohibited 

because individual continuity equations strictly 
conserve positive and negative charges. Such 
processes require extensions to Maxwell's theory, 

incorporating additional mechanisms like quantum 
transitions or material-dependent carrier dynamics. 
 

Final Answer:  Yes 
 

[Question 2] 

  Since the Lagrangian density of QED  is given by  

= F


F/4 + N

 A +  N

2
  J


 A ,  (27) 

J

 A = □A   


 A   N          (28) 

is obtained. Then it gives  

J = ×B/   E/t + N/   (29) 

and  

 = E  N/t    (30) 
as the extension of Maxwell's equations for 
creation-annihilation of charge pairs. When Ep and Bp 

denote electric and magnetic fields for positive charge, 
En and Bn denote electric and magnetic fields for 
negative charge, Np and Nn denote virtual fields like 

Nakanishi-Lautrup field of QED for positive and 

negative charges（□Nn = □Np ≠ 0）, and  denotes 

creation-annihilation rate of charge pairs, is it 

reasonable to change the equations of Ampere's and 
Gauss's law in Maxwell's equations as  

Jp = ×Bp /  Ep /t + Np /,  (31) 

p =  Ep  Np /t,    (32) 

Jn = ×Bn /  En /t + Nn /,   (33) 

and  

n =  En  Nn /t    (34) 

in order to enable creation and annihilation of charge 
pairs, because  

Jp + p/t =  □Np / =    (35) 

and  

Jn + n/t =  □Nn / =  ?  (36) 

 
[Answer by DeepSeek-R1] 

<think> 
  Okay, let's tackle this question. It seems to be about 
modifying Maxwell's equations in a Quantum 

Electrodynamics (QED) context with a given 
Lagrangian density that includes terms for 
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creation-annihilation of charge pairs. The user is 

proposing modified forms for Ampère's and Gauss's 
laws by splitting fields into positive and negative 

charges, introducing virtual fields like 
Nakanishi-Lautrup fields, and asking if these 
modifications are reasonable to allow charge pair 

generation/recombination. 
  First, let me recall the standard Maxwell equations 
derived from QED. In classical electromagnetism, we 

have: 
- **Gauss's Law**:  

·E =  /     

- **Ampère's Law (with displacement current)**:  

×B =  J +  E/t   (38) 

  In the Lagrangian formalism of QED, gauge-fixing 
terms are often introduced. The Nakanishi-Lautrup 

field (usually denoted as 'N') is part of the BRST 
quantization procedure to handle gauge invariance. It 

acts as a Lagrange multiplier for the Lorenz gauge 

condition  A

  = 0. 

  The given Lagrangian includes terms like N

 A 

and N², which suggest a gauge-fixed Lagrangian 

(like Lorenz gauge) where N enforces  A

 = 

something. The interaction term μJ·A couples the 
current J to the gauge field A. 

  From this setup, deriving equations of motion via 
Euler-Lagrange should give modified Maxwell 
equations. Let's check the user's provided expressions: 

- They obtain  

J = ×B/   E/t + N/   

- and  

 = E  N/t.   (40) 
  Comparing to classical Ampère and Gauss laws, 
these include extra terms involving N (the 

Lautrup-Nakanishi field). The user then splits fields  
into positive (p) and negative (n) charges, each with 
their own Ep, Bp, Np etc., leading to: 

  Jp = ×Bp /  Ep /t + Np /,   (41) 

  p =  Ep - Np /t.   (42) 
Similarly for negative charges (n). Then the continuity 

equations become:   

  Jp + p/t =  □Np / =    

and similarly,  

  Jn + n/t = .    (44) 

This implies that charge conservation is violated 
individually but combined such that total charge 
remains conserved (since σ cancels out for p and n). 

The creation-annihilation rate σ is tied to the 
d'Alembertian of N fields. 

  But wait, in standard QED with charged particles 
(like electrons and positrons), charges are 
created/annihilated via interactions. However,  

Maxwell's equations themselves don't account for 
this—they only describe how the electromagnetic 
field responds to currents and charges. The actual  

creation/annihilation is handled by the matter fields 

(Dirac equation) interacting with A. 
  In the user’s approach, they are attempting to 

encode pair creation within modified Maxwell 

equations by introducing Np and Nn as virtual fields 
that source σ. This seems like an effective theory 

where instead  
of having explicit Dirac fields, you model charge 
generation via these auxiliary fields. The key point is 

whether splitting E/B into positive/negative 
components and adding these terms captures the 
essence of QED's pair creation. 

  But in reality, electric and magnetic fields don't 
inherently belong to charges; they are generated by all 

charges collectively. Separating Ep from En might not 
be physically meaningful unless there’s a clear way to 
distinguish their contributions (which isn't typically 

done). Moreover, Nakanishi-Lautrup fields aren't 
physical—they're part of the gauge-fixing machinery 
and shouldn't directly correspond to observable 

quantities. 
  However, if we take this as an effective model 

where positive and negative charges have associated 
fields, then introducing terms that violate continuity 

equations via □Np / =  could represent creation. 

The crucial check is whether these modified equations 

still satisfy overall charge conservation when 
combined. Since  

·(Jp+Jn) +  (ρp+n)/ t =  (□Np+□Nn)/.  (45) 

If □Np = □Nn, then their sum would be zero, 

maintaining total charge conservation. But in standard 
QED, even with pair creation, the total electric charge 
is conserved (e.g., electron-positron pairs have net 

charge zero). So if σ represents creating a + and 
charge together, then  

·(Jp + Jn) +  (p + n)/t =0   (46) 

would hold. The user’s setup seems to enforce that 
since the source terms are ±σ for p/n. 
  Another aspect is whether this model accounts for 

current due to moving created charges. If σ is a 
creation rate, then perhaps N fields relate to how these 
pairs contribute to currents and densities beyond mere 

static sources. But integrating this with Maxwell's 
dynamics requires ensuring consistency with relativity 
and causality, which might be nontrivial. 

 
Potential issues: 

1. **Splitting Fields by Charge**:  
  In reality, E and B are total fields due to all charges; 
separating them into p/n components may not have a 

unique physical basis unless under specific conditions 
(e.g., in plasmas where you track species separately). 
But here it's proposed as fundamental. 

2. **Role of Np / Nn **:  
  These auxiliary fields usually enforce gauge 

constraints. Tying their d'Alembertians to charge 
creation is unconventional and might conflict with 

their standard role. For instance, □N = 0 in Lorenz 

gauge without sources; but the user has □ N 

proportional to σ, which could mean introducing 

dynamical terms for N. 
3. **Coupling Constants**:  



7 

  The parameters μ, ε here need to align with physical 

permittivity/permeability and interaction strengths. 
Ensuring dimensional consistency (e.g., units of Jp 

including ×B/ etc.) is important but not detailed 

here. 
4. **Consistency with QED**:  
  If this model aims to extend Maxwell's equations 

within a QED framework, it should reduce to standard 
results in appropriate limits. For example, when σ = 0 

(no pair creation), the modified Ampère/Gauss laws 
should revert to classical ones plus gauge terms. 
However, introducing separate Ep and Bp complicates 

recovery of macroscopic fields. 
 
  Despite these concerns, if the goal is to 

phenomenologically model charge pair generation 
with Maxwell-like equations by incorporating 

auxiliary fields that break individual charge continuity 
(but preserve total), then it's a plausible 
approach—albeit non-standard. The key test would be  

whether such modifications lead to physically 
consistent predictions and conserve overall charge 
appropriately. 

  In conclusion, while unconventional, the proposed 
modification introduces terms violating separate 
positive/negative charge conservation but maintains 

total charge conservation through σ cancellation. 
Whether this is "reasonable" depends on context: as an 

effective model for pair creation in materials or 
plasmas with separated species, it might be useful. 
However, within fundamental QED framework, 

explicit Dirac fields and interaction vertices typically 
handle pair creation without modifying Maxwell's 
equations directly. 

</think> 
  The proposed modification to Ampère's and Gauss's 

laws by splitting electromagnetic fields (E, B) and 
introducing separate Nakanishi-Lautrup-like fields Np, 
Nn for positive/negative charges is a **non-standard 

but conceptually plausible approach** to model 
charge pair creation-annihilation. Here’s the analysis: 
 

### **Key Reasoning** 
1. **Modified Continuity Equations**:   
   By setting: 

   ·Jp + p/t = □Np / = .  (47) 

   ·Jn + n/t = □Nn /= .  (48) 

   individual charge conservation is violated ( 0), 
but **total charge** remains conserved: 

   ·(Jp + Jn) +  (p +n) /t = 0.  (49) 

   This aligns with pair creation/annihilation (e.g., 

(+) for positive charge generation and () for 
negative). 

 
2. **Auxiliary Fields Np, Nn**:   

   The Nakanishi-Lautrup fields, typically enforcing 

gauge constraints □N = 0, here dynamically source . 

Their non-zero d’Alembertians □Np/n∝ tie charge 

generation to these fields. While unconventional in 

standard QED, this could serve as an **effective 

description** of pair creation without explicit matter 
fields. 

 
3. **Field Splitting**:   
   Separating ( Ep / Bp ) and ( En / Bn ) assumes 

distinct electromagnetic responses for 
positive/negative charges. This may be valid in 
systems with species-specific dynamics (e.g., 

plasmas), but conflicts with the standard view of 
**total fields** (E = Ep + En ),  (B = Bp + Bn ) 

generated collectively by all charges. 
 
### **Critical Considerations** 

- **Gauge Invariance**: The introduction of ( Np / 
Nn ) must preserve gauge symmetry or consistently 
break it. Standard QED uses ( N ) for gauge-fixing 

(e.g., Lorenz gauge (  A

 = N ), but linking ( Np/n ) to 

charge creation requires careful treatment. 
- **Physicality of Fields**: ( Np/n ) are unobservable 

in standard QED;  
associating them with physical processes like pair 

creation is speculative. Their dynamics (□N∝) 

must not lead to acausal or non-physical solutions. 
- **Consistency with QED**: The model should 

reduce to classical Maxwell equations when ( = 0) 

and align with perturbative QED results in weak-field 
limits. 
 

### **Conclusion** 
The modifications are **reasonable as an effective 

theory** for systems where charge pair generation is 
modeled phenomenologically, provided: 

1. Total charge conservation ( J


total = 0) holds. 

2. The splitting of fields ( Ep / Bp ) vs. ( En / Bn )  
corresponds to measurable physical distinctions (e.g., 
in multi-species plasmas). 

3. The role of ( Np/n ) is justified within the model’s 
scope, even if non-standard. 
 

  However, in **fundamental QED**, pair creation 
arises from interactions between quantized Dirac 

fields and (A), not through modifications to 
Maxwell’s equations alone. Thus, while this approach 
offers a heuristic extension for specific applications, it 

deviates from standard quantum field theory 
principles. 
 

Final Answer:  Yes  

*(The proposed modifications are reasonable within 

the context of an effective model for charge pair 
creation-annihilation.)* 
 

[Question 3] 
  When the spatial energy density of a scalar field N 
is given by N

2
/2μ, the fields created by two point-like 

field sources p and n are given by 

Np = μσ/4πr     (50) 
and  
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Nn = μσ/4πr’     (51) 

respectively for distance r and r’ from the sources, and 
the distance between p and n is d, is the total spatial 

energy U within a sphere of radius R centered at p 
given by  

U = π/μ∬(Na + Nb)
2
 d dr  

=μσ
2
/16π∬{1/r  1/sqrt(r

2
 + d

2
  2rd cos)}

2
  

r
2
 sin d dr  

=μσ
2
/16π∬[1/r

2
+1/(r

2
 + d

2
  2rd cos)  

 2/{r sqrt(r
2
 + d

2
  2rd cos)}] r

2
 sin d dr  

≒μσ
2
/8π∫{2(d+r|dr|)/d} dr  

= μσ
2
d/8π,     (52) 

because  

∬{r
2
 sin/(r

2
 + d

2
  2rd cos)}ddr  

≒∬(r
2
 sin/r

2
) ddr  

= 2R,     (53) 

where r is the distance from source p and  is the 
angle between p and the line segment connecting p 
and n, integrating from 0 to R for r and from 0 to π for 

θ, and assuming that R is sufficiently large compared 
to d? If the above calculation is correct, is it 
reasonable to assume that p and n are confined by the 

scalar field N as same as the confinement of quarks on 
QCD? Could you simply explain about it? 

 
[Answer by DeepSeek-R1] 
<think> 

  Okay, let's try again. The user wants to know if 
calculating the total energy U in a large sphere around 
source p gives U proportional to d (the separation 

between sources), and whether this implies 
confinement similar to QCD. 
  First, when R is much larger than d, most of the 

integration volume is where r >> d. For each term: 
1. The first integral:  

∫0
R
 [∫0

πsin d] dr = 2R  (54) 

2. Second integral: The tricky one involving  

1/(r² +d² 2rd cosθ).    (55) 
If we approximate this for large r, denominator ≈ 

r²{1  (2d/r)cosθ}, so inverse ≈ 1/r² {1 + (2d cosθ)/r }. 
Then integrating over θ gives   

∫0
π[sinθ*(1 + 2d cosθ /r )] dθ = 2   (56) 

as before. So integral becomes ~∫0
R
 2 dr = 2R. 

3. Cross-term:  

2/(r sqrt(r²+d²...)).    (57) 

 After approximation, sqrt(...) ≈ r(1  (d cosθ)/r ), so 

integrand ≈ 2/r [1+d cosθ /r ]

¹ ~ 2/r (1  d cosθ/r ). 

Then multiplied by r² sinθ gives 2r sinθ (1dcosθ /r ) 

→ integrating over θ:  

∫0
π [2r sinθ+ 2d cosθ sinθ] dθ.  (58) 

The first term is -4r, second integral zero. So 

cross-term becomes ~∫0
R
 (4 r) dr which diverges 

unless something's wrong. 
  Wait, but user says they approximate the third 

integral as: 

2 *∫0
R 

[ (1/d)(d + r  |d  r| ) ] dr (59) 

  Hmm, maybe using an identity. Let me think about 

integrating over theta first for fixed r and d. 

  For cross-term: For each r, 

∫0
π sinθ / sqrt(r² + d² 2rd cosθ) dθ (60) 

Let u = cosθ; then du = -sinθ dθ. Limits from u=1 to 

u=1: 
Integral becomes  

∫-1
1
 [du]/sqrt( r² +d²  2r d u )   (61) 

This integral can be solved analytically. 

∫du / sqrt(A  B u)    (62) 

where A=r²+d², B=2rd 

Antiderivative: (2/B)*sqrt(A  Bu). Evaluated from  

u = 1 to 1: 

(2/(2 r d)) [ sqrt( AB*1)  sqrt( A+B*(1) ) ] (63) 
Simplify, 

(1/rd)[ sqrt(r²+d² 2 rd )  sqrt(r² +d² +2rd)  (64) 

But  
  sqrt(r

2
 +d² ± 2rd )= | r ± d |   (65) 

Therefore: 

If r > d:  

  sqrt( (rd)
2
)= rd and sqrt((r+d)

2
) = r + d. (66) 

Thus, Integral becomes  

 (1/(rd))[ (r d)(r+d) ] =  (1/ rd )[2d ]= 2/r (67) 
But if r < d, then  

 sqrt(r² + d² 2rd )=d r    (68) 
and  
 sqrt(r

2
+d²+2rd)=r +d.    (69) 

So, Integral is  

  (1/(rd))[ (dr) (r+d)] =  (1/ rd)(2r) = 2/d. (70) 
Therefore, the integral over theta for cross term: 

∫0
πsinθ / sqrt(r²+d²-2 r d cosθ) dθ 

= { 2/r , if r >d 
       2/d, if r <d }   (71) 
So returning to cross-term's contribution in U: 

Cross-term integral is ∫0
R
 [2 * (1/4 etc.)... ] but 

let me re-express. 
Original setup of the cross term:  

The cross-term integrand is  

[2/(r sqrt(...))] * r² sinθ dθ dr  

   = [ 2 r / sqrt(r² +d² 2rd cosθ ) ] sinθ dθ dr (72) 

After integrating over theta, as shown above: 
For each r, 

 - ∫0
π[ 2 r / sqrt( ...) ] sinθ dθ =  

If r >d: 2r*(2/r )=4 

If r <d : 2r*(2/d)=4r/d    (73) 
Thus, cross-term integral over all space (up to R): 

 ∫0
R
 [2 * [value]] dr   (74) 

Wait wait. Let me check again. 
The cross term in the energy is: 

2/(16π)∫0
R
 r²dr ∫0

πsinθ dθ  

    [1/(r sqrt(r²+d²- 2rd cosθ)) ]  (75) 

But according to calculation, for each fixed r, 

∫0
πsinθ/ sqrt(...) d θ= (2/r ) if r>d else (2/d ) (76) 

Therefore, cross term integral: 

2 μσ
2
/(16π)∫0

R
 [ 1/r (r²) (2/r if r >d else 2/d)] dr 

     (77) 

Wait the cross-term in U is: 

  μσ
2
/(16π) ∬[ ... 2/{r sqrt(...)}] r² sinθ dθ dr (78) 
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So the cross term itself is: 

2μσ
2
/(16π) ∫0

R
 [ r* (∫sinθ /sqrt(...) d θ ) ] dr (79) 

From previous result, that inner integral over theta for 
each r is 2/r when r>d and 2/d when r<d. 

So, Cross term becomes: 

2μσ
2
/(16π)∫0

R
 [ r (2/r if r >d else 2/d ) ] dr 

    = 2 μσ
2
/(16π) [∫d

R
 2 dr + ∫0

d
 2r / d dr ] (80) 

Compute each part: 

First integral from d to R:  

∫d
R
 2 dr = 2(R  d )   (81) 

Second integral from 0 to d:  

∫0
d
 (2 r/d ) dr = (2/d)(d²/2 ) = d  (82) 

So cross-term is: 

2 μσ
2
/(16π) [2(R d ) + d ]  

2μσ
2
/(16π) (2R 2d + d) 

    = 2μσ²/(16 π)(2 R d ) 

    = μσ² (2 R d ) /8 π   (83) 
Now, term1 and term2: 

Term1:  

∫d
R
 dr ∫0

π[1/r²] r² sinθ d θ = 2 R  (84) 

Similarly Term2 would be the same but integral 
involving sqrt(r' ), which after similar steps as 

cross-term, also gives 2 R. Wait no. 
Wait original U breaks into three integrals: 
U=μσ

2
/(16π)  

 ∫d
R∫0

π{1/r²+1/(r'²)2/( r sqrt(r'²))} r² sinθ d θ dr 

     (85) 
Term1:  

∫d
R∫0

π(1 / r² ) * r² sinθ d θ dr = 2 R (86) 

Term2: same as term1 but with 1/r’
2
. But the integral 

is similar, just shifted by distance d. 
  However, integrating over all angles centered at p 

would symmetrically include points around n? For 
Term2 when integrated over a large sphere R>>d, 

which includes source n, maybe we can approximate it 
also gives ~2R ? 
  Alternatively, changing variables to r' coordinates 

with origin at n. But that complicates the integration 
domain since the sphere is still centered at p. 
  But perhaps for R >> d, integrating 1/(r’

2
 ) over a 

sphere around p of radius R would be approximately 
similar to 1/r² integral because far away from both 

sources, r ~ r'. Hence Term2 also contributes ~2R. So 
then total term1 +term2≈4R. 

  Cross-term gives  (2 R d)/ something? Wait no: 

The cross-term came out as  
  -μσ

2
/(16π) * [2(2(R−d )+ d)] ?   (87) 

Let me check again, after evaluating CrossTerm 

integral above: 
After computing, 
Term1: 2R 

Term2: presumably also 2R (approximated because 
when R>>d, integrating over the sphere centered at p 

would include mostly regions where r’ ~r). 
Cross-term came out as approximately 

  (μσ²/(8π))(2 R  d )   (88) 

Then total U= μ σ²/16 π [ Term1 +Term2 + Cross ] 
Which is: 

  ( μ σ² / 16 π ) [2R + 2R − (2*(2R−d )) ]  (89) 

Wait this doesn’t add up. Maybe I misconnected 
terms. 

Wait user's step says they approximated the entire 
expression as  

  μ σ²/8π∫{2 (d + r  |dr|)/d } dr =μ σ²d/8π. (90) 

 This expression comes from combining integrals 

after some approximation for large R. The term inside 
{ } is probably derived by evaluating whether r >d or 

not. When integrating over r, we separate 0 to d and d 
to R. For each r: The combination of terms may give 
different expressions in these regions. 

  Alternatively, the user's calculation suggests that the 
sum of integrals reduces to  

  ∫0
R
{2 - (d +r−|d −r|)/d } dr   (91) 

If we consider |dr|= dr if r <d, else rd.  

Therefore: 
For r<d: term is 

  2  [d + r (d  r )]/d = 2  (2r/d )  (92) 
For r>d: term is  

  2  [d + r  (r−d) ] / d= 2  (2d)/d =0. (93) 

Thus, integral becomes  

  ∫0
d
 [2 −2r/d ] dr +∫d

R
 [0] dr 

    =∫0
d
 2(1 r/d)dr = 2[dd/2]= 2*(d/2)= d.  (94) 

Hence total  
  U=μ σ²/(8π)*d.    (95) 

But how did this term emerge from the integrals? 
Possibly by combining all three terms (term1, term2, 

cross-term): 

Term1: ∫0
R
 [∫...] dr =2 R 

Term2: Similarly 2 R  

Cross-term evaluated to  (4 R − ... ) 

Wait maybe in their calculation they found that for 
large R: 
After evaluating each integral, 

Term1 ~2R, Term2~2R,  

Cross-term~( something like  (4 R− d ) ),  

so total is 2R +2R – (4 R –d )= d.  
Then multiplied by constants. 
But to reach this conclusion without knowing the 

exact steps... But according to the user's approximate 
result: 

μ σ²/(16 π) [∬{terms} ] 

  ≈ μσ²/8π∫0
R
 [ 2 - (d + r−|d −r|)/d ] dr. (96) 

If we accept this, and that integral gives d, then 
  U=μσ²d/8π.     (97) 
So the energy stored in the field is proportional to the 

separation distance d between p and n. This suggests a 
linear potential between them, V= k*d, which is 
exactly what happens in quark confinement (QCD), 

where quarks are bound by a potential that grows 
linearly with separation. 
  Hence if this calculation holds, yes, it's reasonable 

to assume that sources p and n would be confined by 
such a scalar field N similarly to quarks in QCD. 

However， the user uses a scalar field model, whereas 

QCD is non-abelian gauge theory, so the mechanisms 
are different (flux tubes vs. scalar fields). But the key 
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feature of linear potential leading to confinement can 

indeed arise here. 

  So yes, if U∝d then sources would experience a 

constant force (F =  dU/dd ) and hence be confined. 

</think> 
The total spatial energy ( U ) within a sphere of radius 
( R >> d ) centered at source ( p ) is calculated by 

integrating the superposition of fields from both 
sources. The key steps involve expanding the squared 
field (Np + Nn)

2
, separating terms, and evaluating 

integrals over spherical coordinates with 
approximations for large R.  

1. **Field Superposition**:   
   - Fields:   

   Np = μσ/4πr,    (98) 

   Nn = μσ/{4π sqrt(r
2
+d

2
2rd cos)},  (99) 

 
   - Total energy density:   

    = ( Np + Nn)
2
/2μ.         (100) 

2. **Integration**:   

   Expanding  (Np + Nn)
2
 yields three terms: 

   1.  1/r
2
  integrates to ~ R.  

   2. The cross-term involves 2/{r sqrt(r')}, which 

simplifies using approximations for large r. Evaluating 
the angular integral analytically gives piecewise 
results depending on whether r > d or r < d. 

3. **Result**:   
   After integrating and summing terms, the total 
energy scales linearly with separation d:   

  U =μ σ²/8π∫0
R
 {2  (d + r  |dr|)/d } dr  

=μ σ²d/8π          (101) 
 

### Confinement Analogy to QCD 

The linear dependence U  d implies a **linear 
potential** between the sources, analogous to quark 

confinement in Quantum Chromodynamics (QCD), 
where quarks experience a linearly rising potential at 
large separations. While the scalar field model here is 

simpler (scalar vs. non-Abelian gauge fields in QCD), 
both scenarios share the critical feature of *energy 

increasing indefinitely with separation*, leading to  
confinement. 
 

**Conclusion**: Yes, it is reasonable to draw an 
analogy between this scalar field-induced linear 
potential and quark confinement in QCD due to the 

shared characteristic of energy proportional to 
separation distance. However, deeper aspects like 
color charge dynamics differ fundamentally. 

 

7. Conclusion 

  Using the inferences of DeepSeek-R1, we verified 
the correctness of the extended model of Maxwell's 
equations, and confirmed that our extended model is 

theoretically almost correct. Since the charge creation 
and annihilation field is likely to be "confined" in the 
same way as gluons in quantum chromodynamics, we 

look forward to verification by experiments at high 

energies. As mentioned above, the use of AI is 

extremely beneficial in advancing the study of science 
and technology, and it is expected that the importance 

of using AI will increase in the future. However, 
DeepSeek-R1 is unstable, sometimes returning 
different answers even when the same question is 

asked, so it is desirable to have an open, more stable, 
and more reliable AI. 
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