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The author develops Poynting law into mutual energy principle and mutual energy flow theorem. The author thinks that the energy transferred by Poynting's law belongs to self energy. In fact, self energy flow cannot radiate, because self energy eventually returns through time reversal processes. The author thinks that the real energy transfer is through the mutual energy. Therefore, the mutual energy theorem and the mutual energy flow theorem are proposed. The author also updated the power in Maxwell's electromagnetic theory. The new axioms are the law of conservation of energy, the principle of mutual energy and the principle of self energy. In this paper, the author develop this idea to momentum related quantities. There is the conservation law of momentum flow in electromagnetic field theory, including Maxwell stress tensor. The author further develops the law of conservation of interaction quantity, the law of conservation of impulse and the law of mutual stress flow, which generalizes Newton's third law.

Introduction

There have always been two views on whether electromagnetic waves are independent or inseparable from radiation sources. The first view is that electromagnetic waves can be separated from their sources and propagate independently in space. In this way, the current induces a magnetic field,∇ × H = J . The magnetic field can produce an electric field, ∇ × E = -µ 0 ∂ ∂t H. The electric field can produce a magnetic field again, ∇ × H = ∂ ∂t 0 E. The magnetic field further induces an electric field. This spread step by step. Therefore, the electromagnetic field is independent of its source. People who hold this view include Faraday and Maxwell. Maxwell believed that electromagnetic fields could travel 1 independently in the ether. This view is accepted by most electromagnetic textbooks. Therefore, if we want to calculate the direct electromagnetic radiation from the transmitting antenna to the receiving antenna. Firstly, the electromagnetic field emitted by the transmitting antenna is calculated to make the electromagnetic field propagate freely to the receiving antenna in space. Then consider the effect of the electromagnetic field on the receiving antenna.

Another view is that, electromagnetic wave can be calculated by retarded potential and advanced potential, so both magnetic field and electric field are generated by current passing through the sources or the sinks. First, vector potential and scalar potential are generated,

A(x, t) = µ0 4π ˝V J(x,t-r/c) r dV , φ(x, t) = 1 4π 0 ˝V ρ(x,t-r/c) r
dV . where r = |x -x |, c is speed of light. The electromagnetic field can be calculated from vector potential and scalar potential, E = -∇φ -∂ ∂t A, B = ∇ × A. Therefore, the electromagnetic field cannot be separated from its source.

Weber and Newman are typical representatives of this view in the 19th century. In the 20th century, there were K. Schwarzschild, H. Tetrode, A. D. Fokker [11,12,4], Richard Feynman and John Wheeler [1,2] Wheeler and Feynman believe that electromagnetic fields have no degrees of freedom of their own. The electromagnetic field is just a record of the action-at-a-distance. Electromagnetic field is the assistant of the action-at-a-distance. Wheeler and Feynman think that there must be reaction if there is action, so there must be at least two objects. Another example is radiator charge and absorber charge. Moreover, the retarded wave is generated by the radiator charge and the advanced wave is generated by the absorber charge. Current element can produce retarded wave and advanced wave. It can also produce half retarded wave and half advanced wave. Based on Wheeler and Feynman absorber theory, John Cramer proposed a transactional interpretation of quantum mechanics. This interpretation recognizes the advanced wave as an objective existence. John Cramer called the retarded wave the offer wave, and he called the advanced wave the confirmation wave. The offer wave of a radiator trades with the confirmation wave of an absorber. The offer wave can only trade with one of the thousands of confirmation waves. It is said that at one meeting, Feynman with Wheeler explained their theory about advanced waves. Paulie attended the meeting and opposed Feynman's view. Einstein also attended the meeting. Paulie's attempt to unite Einstein against Feynman and Wheeler's theory was rejected by Einstein. Einstein explicitly supported Feynman Wheeler's theory of advanced waves. He also mentioned that he and Walther Ritz had a debate in 1910 about whether time could be retrieved. At that time, Einstein supported the inversion of time in microscopic phenomena, and Ritz believed that there must be a physical law to block the reverse movement of time.

In early 1987, the author proposed the mutual energy theorem of the electromagnetic field [START_REF] Shuang Ren Zhao | The application of mutual energy theorem in expansion of radiation fields in spherical waves[END_REF],

-V E * 2 (x, ω)J 1 (x, ω)dV = V E 1 (x, ω)J * 2 (x, ω)dV (1) 
In 1989, the mutual energy theorem was further extended [START_REF] Zhao | The simplification of formulas of electromagnetic fields by using mutual energy formula[END_REF][START_REF] Zhao | The application of mutual energy formula in expansion of plane waves[END_REF], Later this author learned that Rumsey actually put forward the same formula in 1963 [START_REF] Rumsey | Reaction concept in electromagnetic theory[END_REF]. Welch put forward a similar formula in 1960 [START_REF] Welch | Reciprocity theorems for electromagnetic fields whose time dependence is arbitrary[END_REF],

- ∞ t=-∞ dt V E 2 (x, t)J 1 (x, t)dV = ∞ t=-∞ dt V E 1 (x, t)J 2 (x, t)dv (2) 
de Hoop put forward a similar formula at the end of 1987 [START_REF] Adrianus | Time-domain reciprocity theorems for electromagnetic fields in dispersive media[END_REF],

- ∞ t=-∞ dt V E 2 (x, t + τ )J 1 (x, t)dV = ∞ t=-∞ dt V E 1 (x, t)J 2 (x, t + τ )dV
(3) Welch's theorem is a special case of de Hoop's. The Fourier transform of de Hoop's theorem is the author's mutual energy theorem or Rumsey's reciprocity theorem.

Welch, Rumsey and de Hoop call their theorems as reciprocity theorems. If it is the reciprocity theorem, only one of the two quantities in the theorem is the physical quantity of the theorem. Another electromagnetic field can be mathematical, or virtual electromagnetic field for auxiliary calculation. Reciprocity theorem is often used to calculate electromagnetic field or antenna directivity patterns. The mutual energy theorem tells us that the energy received by the receiving antenna is exactly equal to the energy transmitted by the transmitting antenna to the receiving antenna. Because this formula involves advanced waves. As a reciprocity theorem, there is no problem in choosing the virtual electromagnetic field as the advanced wave. As an energy theorem, two quantities in the formula are required to exist physically. Therefore, if one of the waves is an advanced wave, the advanced wave must exist objectively.

In 2014, the author noticed the viewpoint of Wheeler Feynman's absorber theory, which was greatly inspired. In particular, Wheeler Feynman's epistemology that the advanced wave is an objective physical entity has greatly encouraged the author. The author began to study the mutual energy and related theories. Includes Welch's reciprocity theorem. In 2017, the author proposed the mutual energy principle, self energy principle, the mutual energy flow theorem and mutual energy interpretation of quantum mechanics [START_REF] Shuang Ren Zhao | A new interpretation of quantum physics: Mutual energy flow interpretation[END_REF]. In 2020, the normalized theory of mutual energy flow is published [START_REF] Shuang Ren Zhao | Photon can be described as the normalized mutual energy flow[END_REF]. In addition, the theory is extended to quantum mechanics [START_REF] Shuang Ren Zhao | A solution for wave-particle duality using the mutual energy principle corresponding to schr à ¶dinger equation[END_REF][START_REF] Shuang Ren Zhao | Huygens principle based on mutual energy flow theorem and the comparison to the path integral[END_REF]. Feynman's absorber theory, Cramer's quantum mechanics transactional interpretation, are qualitative theories about interaction and reaction. The author's theory of mutual energy is Wheeler Feynman's absorber theory and Cramer's further quantitative theory of quantum mechanics.

The author has introduced the mutual energy principle and self-energy principle, mutual energy flow theorem [START_REF] Shuang Ren Zhao | A new interpretation of quantum physics: Mutual energy flow interpretation[END_REF][START_REF] Shuang Ren Zhao | Photon can be described as the normalized mutual energy flow[END_REF][START_REF] Shuang Ren Zhao | A solution for wave-particle duality using the mutual energy principle corresponding to schr à ¶dinger equation[END_REF][START_REF] Shuang Ren Zhao | Huygens principle based on mutual energy flow theorem and the comparison to the path integral[END_REF]. This paper the concept mutul energy is introduced to the momentum of the electromagnetic field. Hence the mutual momentum law is introduced. The mutual stress flow theorem is derived. 1 shows in the space there is object which can make radiation. Assume the force intencity on the object is f . Suppose that f is the density of the force at a point in space. ρ f It's the free charge density at this point, the real charge density. J c is the current dencity. Consider the formula of Lorentz force,

f = ρ f E + J c × B (4) 
Here, the electromagnetic fields in space are the E and B. This electromagnetic field is generated by all the charge currents in space.

Consider the law of electric field divergence in Maxwell's equation,

∇ • ( 0 E) = ρ f (5) 
The curl law of magnetic field in Maxwell's equation,

∇ × ( 1 µ 0 B) - ∂ ∂t ( 0 E) = J c (6) 
Hence,

f = (∇ • ( 0 E))E + [∇ × ( 1 µ 0 B) - ∂ ∂t ( 0 E)] × B = 0 (∇ • E)E + 1 µ 0 (∇ × B) × B -0 ∂ ∂t (E) × B = 0 (∇ • E)E + 1 µ 0 (∇ × B) × B -0 [ ∂ ∂t (E) × B + E × ( ∂ ∂t B + ∇ × E)] (7) 
in the above we have considered the Faradi induction law,

∂ ∂t B + ∇ × E = 0 (8) f = 0 [(∇•E)E +(∇×E)×E]+ 1 µ 0 [(∇•B)B +(∇×B)×B]-0 ∂ ∂t (E ×B) (9) 
In the above we have considered ∇ • B = 0, considering

(∇ × E) × E = E • ∇E -∇E • E (10) 
f = 0 [(∇•E)E+E•∇E-∇E•E]+ 1 µ 0 [(∇•B)B+B•∇B-∇B•B]-0 ∂ ∂t (E×B) = 0 [∇ • (EE) - 1 2 ∇E 2 ] + 1 µ 0 [∇ • (BB) - 1 2 ∇B 2 ] -0 ∂ ∂t (E × B) (11) 
In the above we have considerred where,

∇ • (EE) = (∇ • E)E + E • ∇E (12) ∇E • E = 1 2 ∇(E • E) = 1 2 ∇E 2 (13) 
similarly to B f = ∇ • [ 0 (EE - 1 2 ← → I E 2 )] + ∇ • [ 1 µ 0 (BB - 1 2 ← → I B 2 )] -0 ∂ ∂t (E × B) = ∇ • [ 0 (EE - 1 2 ← → I E 2 ) + 1 µ 0 (BB - 1 2 ← → I B 2 )] -0 ∂ ∂t (E × B) (14) 
or f = -∇ • ← → J - ∂ ∂t g (15) 
g = 0 E × B = 0 µ 0 S (16) ← → J = -0 EE - 1 µ 0 BB + 1 2 ← → I ( 0 E 2 + 1 µ 0 B 2 ) (17) 
Note that the electromagnetic fields E and B above are all the electromagnetic fields in space. This electromagnetic field is generated by ρ f and J c .

ρ f E +J c ×B = ∇•[ 0 (EE - 1 2 ← → I E 2 )+ 1 µ 0 (BB - 1 2 ← → I B 2 )]-0 ∂ ∂t (E ×B) (18)
The above formula is the momentum stress formula in the traditional electromagnetic field theory. It can also be called the law of conservation of momentum.

Mutual stress flow theorem

Suppose there are only two charges in space, charge 1 and charge 2. So the superposition principle of electromagnetic field tells us,

E = E 1 + E 2 (19) B = B 1 + B 2 (20) 
Where E 1 , B 1 It's the electromagnetic field of charge 1 E 2 , B 2 It's the electromagnetic field of charge 2. E, B are the total electromagnetic fields. The momentum flow theorem is,

ρ f E+J c ×B = -∇•[-0 EE- 1 µ 0 BB+ 1 2 ← → I ( 0 E 2 + 1 µ 0 B 2 )]-0 ∂ ∂t (E×B) (21) or (ρ f 1 + ρ f 2 )(E 1 + E 2 ) + (J c2 + J c1 ) × (B 1 + B 2 ) = -∇ • [-0 (E 1 + E 2 )(E 1 + E 2 ) - 1 µ 0 (B 1 + B 2 )(B 1 + B 2 ) + 1 2 ← → I ( 0 (E 1 +E 2 )•(E 1 +E 2 )+ 1 µ 0 (B 1 +B 2 )•(B 1 +B 2 ))]-0 ∂ ∂t ((E 1 +E 2 )×(B 1 +B 2 ))
(22) Consider that the charge itself does not give itself a force, so

ρ f 1 E 1 +J c1 ×B 1 = -∇•[-0 E 1 E 1 - 1 µ 0 B 1 B 1 + 1 2 ← → I ( 0 E 2 1 + 1 µ 0 B 2 1 )]-0 ∂ ∂t (E 1 ×B 1 ) (23) ρ f 2 E 2 +J c2 ×B 2 = -∇•[-0 E 2 E 2 - 1 µ 0 B 2 B 2 + 1 2 ← → I ( 0 E 2 2 + 1 µ 0 B 2 2 )]-0 ∂ ∂t (E 2 ×B 2 ) (24) Considering f = f -f 11 -f 22 , we obtain ρ f 1 E 2 + ρ f 2 E 1 + J c1 × B 2 + J c2 × B 1 = -∇ • [-0 (E 1 E 2 + E 2 E 1 ) - 1 µ 0 (B 1 B 2 + B 2 B 1 ) + 1 2 ← → I ( 0 (E 1 • E 2 + E 2 • E 1 ) + 1 µ 0 (B 1 • B 2 + B 2 • B 1 ))] - ∂ ∂t ( 0 (E 1 × B 2 + E 2 × B 1 )) (25) making integral on V , ∞ t=-∞ dt V (ρ f 1 E 2 + ρ f 2 E 1 + J c1 × B 2 + J c2 × B 1 )dV = - ∞ t=-∞ dt " Γ •[-0 (E 1 E 2 + E 2 E 1 ) - 1 µ 0 (B 1 B 2 + B 2 B 1 ) + 1 2 ← → I ( 0 (E 1 • E 2 + E 2 • E 1 ) + 1 µ 0 (B 1 • B 2 + B 2 • B 1 ))] • ndΓ - ∞ t=-∞ dt d dt V ( 0 (E 1 × B 2 + E 2 × B 1 ))dV (26) 
The above formula is "mutual" momentum conservation law.

2.3

The above formula is "mutual" momentum conservation law. Mutual stress flow, mutual electromagnetic field stress does not overflow the universe theorem

Considering G 12 = V 0 (E 1 × B 2 + E 2 × B 1 )dV ∞ t=-∞ dt d dt V ( 0 (E 1 × B 2 + E 2 × B 1 ))dV = ∞ t=-∞ dt d dt G = G(∞) -G(-∞) = 0 (27) 
E.( 26) can be rewritten as,

∞ t=-∞ dt V (ρ f 1 E 2 + ρ f 2 E 1 + J c1 × B 2 + J c2 × B 1 )dV = - ∞ t=-∞ dt " Γ •[-0 (E 1 E 2 + E 2 E 1 ) - 1 µ 0 (B 1 B 2 + B 2 B 1 ) + 1 2 ← → I ( 0 (E 1 • E 2 + E 2 • E 1 ) + 1 µ 0 (B 1 • B 2 + B 2 • B 1 ))] • ndΓ (28) 
Imagine a large sphere surrounded the two charges. Both charges are near the origin. Charge 1 is the radiator and charge 2 is the absorber. So charge 1 should have a force on charge 2. Because charge 2 is an absorber, the electromagnetic field of charge is a advanced wave. On the sphere, because the electromagnetic field 1 reaches the sphere at a certain time in the future, and the electromagnetic field 2 reaches the sphere at a certain time in the past, hence in the large sphere,

← → J 12 -0 (E 1 E 2 + E 2 E 1 ) - 1 µ 0 (B 1 B 2 + B 2 B 1 ) + 1 2 ← → I ( 0 (E 1 • E 2 + E 2 • E 1 ) + 1 µ 0 (B 1 • B 2 + B 2 • B 1 )) (29) 
hence

" Γ ← → J 12 • ndΓ = " Γ [-0 (E 1 E 2 + E 2 E 1 ) - 1 µ 0 (B 1 B 2 + B 2 B 1 ) + 1 2 ← → I ( 0 (E 1 • E 2 + E 2 • E 1 ) + 1 µ 0 (B 1 • B 2 + B 2 • B 1 ))] • ndΓ (30) = 0
This shows that interaction flow and stress can not overflow the universe. This is the interaction quantity and stress non overflow theorem. Considering this Law of non overflow, Eq.( 28) can be rewritten as,

∞ t=-∞ dt V (ρ f 1 E 2 + ρ f 2 E 1 + J c1 × B 2 + J c2 × B 1 )dV = 0 (31) Or ∞ t=-∞ dt V ((ρ f 1 E 2 + J c1 × B 2 ) + (ρ f 2 E 1 + J c2 × B 1 ))dV = 0
Considering the definition,

f 21 ρ f 1 E 2 + J c1 × B 2 (32) 
f 12 ρ f 2 E 1 + J c2 × B 1 (33) there is ∞ t=-∞ dt V (f 21 + f 12 )dV = 0 (34) or - ∞ t=-∞ dt V f 21 dV = ∞ t=-∞ dt V f 12 dV (35) 
The above formula is Newton's third law: force equals the extension of reaction force in space. Because there is a distance between charge 1 and charge 2, the above equation needs to be time integral. 

F 21 V f 21 dV (36) F 12 V f 21 dV (37) 
∞ t=-∞ F 21 dt = ∞ t=-∞ F 12 dt (38) 
F 21 is the force of field 2 on source 1. F 12 It's the force of field 1 on source 2. Because it takes time for this force to travel in space. If two points are next to each other, there is,

F 21 = -F 12 (39) 
The above formula is Newton's third law. The force is equal to the reaction, but in the opposite direction. Eq.( 38) is really a generalization of Newton's third law. Let's consider that there are N objects in space, so obviously there are,

∞ t=-∞ dt V N i=1 N j=1,j =i f ij dV = 0 (40) 
The above formula can be called the law of conservation of impulse. This formula is a generalization of Newton's third law. Objects are allowed not to touch each other. So it's Newton's third law of long-distance action.

The mutual stress theorem

∞ t=-∞ dt V (ρ f 1 E 2 + J c1 × B 2 )dV
n direct the outside of the sphere Γ. We change the direction of n, change as from 1 to 2. Hence a negtive sign should be added to the above formula,

∞ t=-∞ dt V f 12 dV = ∞ t=-∞ dt " Γ2 ← → J 12 • n12 dΓ (45) 
Subtitute Eq.(42, 45) to (35), there is,

- ∞ t=-∞ dt V f 21 dV = ∞ t=-∞ dt " Γ1 ← → J 12 • n12 dΓ = ∞ t=-∞ dt " Γ2 ← → J 12 • n12 dΓ = ∞ t=-∞ dt V f 12 dV
In the above Γ 1 ,Γ 2 , in fact, it can be extended to any surface that separates 1 and 2 points. This surface is represented by Γ. Therefore, the above formula can be simplified as,

- ∞ t=-∞ dt V f 21 dV = ∞ t=-∞ dt " Γ1 ← → J 12 • n12 dΓ = ∞ t=-∞ dt V f 12 dV
The above is the mutual stress flow theorem, -´∞ t=-∞ dt ˝V f 21 dV is the impulse at 1. ´∞ t=-∞ dt ˝V f 12 dV is the impulse on 2. The inplulse is transferred through the mutual stress flow ´∞ t=-∞ dt ! Γ1 ← → J 12 • n12 dΓ. Therefore, the above formula is the law of mutual stress flow. The above derivation method is consistent with that of the mutual energy flow law. The stress flow is a tensor, but its shape is the same as the mutual energy flow,

Conclusion

The conservation law of mutual momentum is derived. Newton's third law is generalized. The law of conservation of impulse is derived. The law of mutual stress flow is derived.
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 1 Figure 1: A object that can have radiation. The electromagnetic field will give a force to the object. The force is f .
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 2 Figure 2: two charges with currents.
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 3 Figure 3: two charges with currents.

-

  

  

force

The sphere is chosen at the right side.