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Either mechanical waves or electromagnetic waves propagate in space at a finite speed. The wave
propagation speed and particle flow velocity form a four-vector. Using the four-vector, we can
obtain the fluid flow field and the electromagnetic field strength tensor. Both tensors share the same
mathematical structure and can be unified into a single mathematical frame. The field dynamic
equations, either for fluid flow or for the charged particle motions, are a combination of the
translational and the rotational motion. The rotational motion behaves as wave properties. The
strength tensor contraction (inner product) forms a hypersurface. It is an indefinite quadratic form
(saddle-shaped surface) that can take positive or negative values to reveal the dominating moving
types. The electromagnetic waves are located at the saddle points, and the strength tensor for
electromagnetic waves is zero. In general, the motion in the field obeys the weak form of Newton’s
action and reaction law, namely, the field has an induced secondary flow, due to the interactions
between vorticity and velocity for fluid flow or the magnetic field and the charge flow for the
electromagnetic field. It is found that this approach is equivalent to the Euler-Lagrangian method,

which is expressed by D;p = VL. Both methods will produce the same field dynamic equations.

1. Introduction

Fluid flow fields represent the velocity in space and dynamics of a flow. The flow depends on the
pressure (density) and physical properties of the fluid. Electromagnetic fields describe the behavior of

electric and magnetic fields in space, influenced by charges and currents.
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In fluid flow, the sources are forces (e.g., pressure gradients) driving the fluid to move. In the
electromagnetism field, the sources are charges and currents, which generate electric and magnetic

fields.

Though fluid flow and electromagnetic fields differ significantly in their physical interpretation, they

share similarities in their mathematical structure.

Both the fluid field, (p,v,%), and the electromagnetic field, (p,ﬁ,é), are described by scalar and

vector fields that vary in space and time.

They are mathematically represented by functions F(7,t) where F is the scalar or vector field (e.g.,
pressure (volumetric energy density), ¥, and & for the fluid flow field, or charge density, E and B for

the electromagnetic field).

Both fields exhibit rotational behavior described by the curl operator of the field. In electromagnetism,
the curl of the electric field (V x 15) and the magnetic field (V x é) describes how they circulate due
to time-varying fields or currents, while the curl of the velocity field in fluid, (V x v), represents the
vorticity field (rotational motion in the flow field). Namely, both fields contain certain "circulating"
quantities that behave as wave propagation fields. In other words, fluid waves describe pressure
oscillations that propagate in the form of sound waves at the sound wave propagation speed of ¢,,,
while electromagnetic waves represent the oscillating E and B fields that propagate in space at the

speed of light, c. Both fields propagate in space at a finite wave speed.

Thus, in order to describe the flow field or the electromagnetic field correctly and completely, the
wave propagation speed cannot be ignored. In this article, the wave propagation speed and medium
flow velocity will constitute a four-vector. Based on this four-vector, we will give out the field
strength tensor and the field dynamic equations, both for the fluid flow field and the electromagnetic

field.

2. Fluid Flow Field Strength Tensor and Equations

In 3D space, given a flow field, there is a distribution of some physical quantity, such as pressure and
velocity vector, at each point in this physical space. The contravariant four-velocity and four-

momentum can be defined as:
=lem u v w=l[cn 7 (1)

and
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=1L pau puv pmw}:[ﬁ ﬁ] (2)

where ¢,, is the pressure wave propagation speed, u, v, and w are velocities in Cartesian coordinates,
pm is the mass density, and p is the thermodynamic pressure measured in the field when the fluid is

flowing (volumetric energy density).
The product, p,, v, gives the rate at which mass flows through a unit area in a given direction.
The four-position vector is defined as:
zh = [cmt,f] =lent = y 2] (3)
In this article, we use the (- + + +) metric signature.
Nuw = diag(—,+,+,+) (4)
Thus, the contravariant four-gradient is defined as:
o = 60" +&0 = [~La 8 4, o] (5)
and the covariant four-velocity in Minkowski space is:
Uy =Nt =[—cn u v w] (6)
With these definitions, the contravariant flow field strength tensor can be defined as:
FM = 9r4” — 9" A (7)
Accordingly, it is an antisymmetric rank-2 tensor field — in Minkowski space. The field tensor’s anti-

symmetry guarantees that F% = Fl! = F2 = F% = 0. It is traceless and possesses only six

independent non-zero components.

By the definition of F'** and using the four-momentum of eq. (2), algebraic evaluation yields, for

p=0:
dp_u Op,u T
01 _ Prm, a(»\ _ 1 Pm o\ _ F
F **mmfa(a)**m( o +a)**m
02 _ _ Oppv a( P\ __ 1 (0%nv , Op FY
Fr=-Co—ola)= oG ta)= o (8)
03_ _Omw 9 (p\_ _ 1 (% O\ _ _F*
F __Omat_az Cm __Cm ot +(9z __Cm
These terms can be written in a vector form as:
-0 1 [ Opmv
= (et 4 ) (9
Cm ot

For o = 1, the components are:
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10_ 845 9a 1 (9 | Oppu) _ F®
F_Bml 920~ cm 6m+8t ~ cm
94> oAl Oppv  Oppu
Fo = = o = (10)
3 1 p,, w Ap,,u
FP= o= 5 =

With a similar approach, we can get other components for y = 2 and ¢ = 3. Combining all the terms,

the matrix representation of the contravariant field tensor is

0 —F%/¢yy, —FY/cp, —F%/cp
T z —wY
o — F*/cp, 0 w w (11)
FY/cp, —w? 0 w®
F?/ep, wY —w® 0

The Minkowski inner product of the contravariant four-acceleration and the covariant four-velocity,

eq. (6), in the field is zero:
FMV'UV - (12)

This contraction yields the following equations:

Opm

- patu—%-kvwz—wwyzo

Opm

- %tv—%—&—wwz—uwZ:O (13)
_ Opmw  Op

E —E—Fuwy—vw’”:O

In a more compact vector form, it reads:

—

Opmv
ot

—-Vp+9xw=0 (14)

If it is divided by the wave propagation speed, we can get another variant of this equation:

8pm/§ p N -
" —V<a)+ﬁxw—0 (15)

where, B is the ratio of v to c. In fluid dynamics, we call it the local Mach number:

f=M=— (16)
Cm
Here, we define the induced vorticity field as:
&=V x (pnd) (17)

For example, the component w, of the induced vorticity is shown in Fig.1.
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Figure 1. The induced vorticity component w,.

Using the dot product rule of the vector calculus identity, we have
o4 S - 1 S - S
UXW=0XVX(ppv) = EV(pmv -0) — (V- V)(pm)
Thus, eq. (14) can be re-written as

Opmv
ot

- - |
+ (v V)(pmv) = -Vp+V <5pmv : v)

The last term in the RHS of eq. (19) is the volumetric kinetic energy density; thus,

D(pm )
——= =V(—p+T
T (—p+T)
In eq. (20), if we define the Lagrangian density as
L=T-p

Then, the eq. (20) can be written more compactly in Cartesian coordinates:
Dtﬁ - VE

Here, D; represents the material derivative of the linear momentum of p'.
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The potential (pressure) energy density can be written as
D= PmCm (23)
Details can be found in the referencelll.

Then, the Lagrangian density can be rewritten as

1 2

1
L= Epmv —P= ZpmU — pmCh (24)

2
If the flow velocity and wave propagation speed c are defined as four vectors, the Lagrangian density is

a hyperboloid quadratic form in four dimensions, or it is a four-dimensional saddle-shaped function:
17
L= 3% Az (25)

where the four-vector is defined to be

wTZ[cm u v w] (26)

and the metric tensor for Lagrangian density is

-2 0 0 0
A_Pn|0 100 @)
20 010
0 0 0 1

If the gradient of the volumetric kinetic energy density is written as a matrix-velocity vector product

in 3D space, the equation (19) will become:

Opmv _, = .
;C;tv+(v-v) (pmv):pr+2uS+%vxw (28)

where, S is the engineering strain tensor (it is a symmetric tensor), u is the dynamic viscosity of the
fluid.
This is the modified Navier-Stokes equations, derived from the Euler-Lagrangian approach; details

can be found in the referencel2l. It is confirmed that the Navier-Stokes equations are not complete. It

ignores the last term in the RHS of eq. (28).

2.1. Velocity decomposition and field strength tensor contraction

Any flow field will produce a vorticity field, as long as the corresponding shear strain tensor is not

symmetric, for instance,

Opmv Opmu
pmv, Op

" -~ (29)
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such that

o, = Domt Ot (30)
Ox Oy
Rearranging eq. (14):
Opmv ..
p@tv =-Vp+tuxuw (31)

The velocity field can be decomposed into two parts:
U = U + Ur (32)

Then, the dynamic equation (31) can be decomposed into two parts:

Bp, vy
* (33)

P 5 &= LV (pu-3) = (5- V) (pmd)
where v; represents the velocity produced by the negative gradient of potential energy (pressure field).
The object will move in the direction of decreasing potential energy, which aligns with how forces
"pull" or "push" objects. We can call this pressure gradient-produced velocity field “translational
motion”. It is the first row/column of the matrix representation of the contravariant field tensor, eq.

(11). Physically, the fluid parcel will stretch or shrink without rotational motion.

The term v X & represents a motion or force induced by the interaction of the velocity and vorticity
field (because of the relative motion between fluid layers), the induced velocity is perpendicular to
both directions. It describes how vorticity interacts with velocity to produce secondary flows and
instabilities. We can call this velocity “vorticity field inducted motion”. In the contravariant field
tensor, it is the effect of the gradient of the shear flow (relative motions between fluid layers) or
vorticity field, @, by the curl operation onto the velocity field, eq. (17). Physically, the fluid parcel will

take a rotational motion.

The combination effect of eq. (33) obeys the weak form of Newton’s action and reaction law.
Furthermore, from eq. (17), we can conclude that if the shear strain tensor is symmetric, the velocity
field will not produce a vorticity field, & = 0, which means if fluid layers have no shear flow, then the
fluid parcel has no rotational motion. Then eq. (33) degenerates to the strong form of Newton’s action
and reaction law, namely, the particle motion is derived only by the negative gradient of potential
energy, as is shown in Fig. 2. The induced secondary flow by the vorticity field forces the boundary

layer to become thicker and thicker along the x-direction.
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Figure 2. Shear flow produces a vorticity field; the interaction between vorticity and velocity

induces a secondary flow; the boundary layer becomes thicker and thicker along the x-direction.

If we contract the fluid dynamics strength tensor, eq. (11), it reads:

-2
FoF, =2 (& - 2 (34)
Cm

Define a 6-dimensional vector Z, by concatenating & and % :

- 1T T
=l £] =[wr v w. = & E] (35)

Cm Cm Cm

The contraction of the fluid dynamics strength tensor can be written as a quadratic form (it is a

saddle-shaped function):

1 I
SF" Fu = 7 Qz (36)
where Q isa 6 x 6 symmetric matrix:
I3x3  Osxs
Q= [ 37
O3x3 —1I3x3 (37)

It is concluded that:

* F"F,, >0: The induced vorticity field (antisymmetric shear flow) dominates the flow;

eventually, the induced secondary flow may be stronger than the translational flow
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(181> 1F1/en);

e F#F,, < 0: The translational motion field (stretching or shrinking of the fluid parcel) dominates

the flow (HJ)H < Hﬁu/cm);

o F®F,, =0: The equal magnitudes of the translational motion field and the vorticity field,

(1 = 11 /em)-

3. Electromagnetic Field Strength Tensor and Equations

In space, there are positively charged particles (positrons, protons, etc., labeled as p, ) and negatively
charged particles (electrons, etc. labeled as p_ ). We define a surplus of positive relative to the negative

charges as the net charges in a position:
p=ps—p- (38)
In 4D space, the contravariant four-charge-flux can be defined as:

Ho Ho -
A":E[pc pu pv pw]l=-—[pc J]| (39)

47

where, y is the permeability in space; p is charge volumetric density, measured in | =

—

mi};u,v, and w

are charged particle flow velocity, [ ], c is photon propagation speed, measured in [ 2 ].
In the SI unit, this charge flux vector is measured in Tesla per meter, [%] .
Similarly, the contravariant electromagnetic strength tensor can be defined as:

FM = 9rA” — 8" A" (40)

For p1 = 0, by the definition, using the four-charge-flux of eq. (39), we have:

OuoJ.  Buwopc 1 [ Ouopu  Buopc®
dgp0t = 0= THOPT 2 —
i cot Oz c ot Ox
AnF — _ OpoJy ~ Bpopc _1( Opopv dpopc? (41)
cot Oy c ot Ox
Ouod:  Ompc 1 ( Opopw  dupc®
4nF% = — - — (= _
m cot 0z c ot Oz

where the wave propagation speed c is assumed to be constant. Recalling the photon propagation

speed definition:

¢ = (42)

Substituting this definition into eq. (38) yields:
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AnFOl — l(_auopu ! 5#01?) _ l(_aquz _L@> _ _E°
(& (&

ot Ho€0 ox ot g9 Ox c
02— 1(_Ompv 1 O\ _ 1 Oy 100\ _ _ EY 4
AT = c( ot HoEo Oz e ot e Oy ) c (3)
UgF03 — L (_Omorw 1 Omor\ _ 1 Ol 100\ _ _E
T ot Hogo Oz T ot € 0z) c

Here, ¢y is the permittivity in space, E is the electric field per unit area, { , and it results from

@
(Cm?)
spatial derivatives of the charge density or rate of change of current flux at a given point.

The equation (43) can be written in vector form:

4mcF0 = —

+=Vp (44)

The gradient of the charge density, %Vp, represents how the charge density distribution changes in

space. It may relate to the electric field produced by the non-homogeneous distribution of the
%

charges, as shown in Fig.3. If a charged particle is located at the position r , it will accelerate and

produce a current; as a consequence, the charge current will produce a magnetic field.

o i qA

" E, =

O

Fig. 3. The gradient of the charge distribution produces a net electric field in

the space, which points to the direction of the negative gradient.

Taking a curl operator on this equation, it may relate to Faraday’s law of induction, namely how a

time-varying magnetic field corresponds to the curl of an electric field.

For u = 1, the components read:
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47TF10: l(iﬂ + aﬂﬂpu) — ﬂ

c\ gy Ox ot c
grp12 = Qo Yo pe (45)
Oz Ay
Opg pw Opg pu
13 _ OGHoPW — OKoPY gy
AdnF ™ = % o — B

The derivative of the current density with respect to the coordinates (F'!2 etc.) describes how the
current density and the induced magnetic effects vary spatially. As mentioned before, it quantifies

how the magnetic field induced by current density changes in space, due to the relative motions

T

between charges, as shown in Fig. 4. The SI unit is Tesla per unit area, [F} , which corresponds to the

net magnitude of the magnetic field produced by relative charge motions per unit area.

Fig. 4. Relative charge motion in space produces a magnetic field.

The other components for 4 = 2 and p = 3 can be calculated by the same approaches. The matrix

representation of the contravariant electromagnetic strength tensor is

0o _E _E _F
EI
2 o B* -BY
J S (46)

dm | B2 _B= o  B°
E By -B* 0
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It should be noted here that this is the strength tensor in space at a point, produced by the charge
spatial variation and charge fluxes locally in the vicinity of this point, by a first-order approximation
(the first-order Taylor expansion), not by the charge per se at this point, but related to the charge at

the point.
At this point, we define an electric charge with a Coulomb of q. The covariant four charge-flux-
velocity is:

QU =y’ =[—qc qu @ quwl=g¢ {—c 7} (47)

The contraction of the electromagnetic strength tensor with the covariant four charge-flux-velocity (

F*(qu,)) in Minkowski space yields:

ot go Ox
)
—q% - E—% % + qwB® — quB* = (48)
O pw i)
~4—5— — %, 5 t quB’ — qB* =0

Recalling the photon propagation speed definition of eq. (42). It can be written more compactly in a

vector form:

Ao pv
ot

—q — qV(uopc®) + qi x B=0 (49)

The SI unit is volumetric energy density, [%]. This contraction is the Lorentz force law for the
combination of electric and magnetic force on a charged point particle of q in the field.

Similarly, another variation of the equation reads:

Ao PE
ot

—q — qV(uopc) + 98 x B =0 (50)

ole,

if it is divided by the light wave speed of c: B =

The magnetic field density per unit area is defined as

—

B =V x (upv) (51)
Assuming the permeability, py, is constant in space, then eq. (49) can be rewritten as:

Py
qo 7% —V(p®)+ tx V x (pv)| =0 (52)

Using the vector calculus identity of eq. (18), we have
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Opv

‘JNO_at

(34 9)(60) - Vo) + 3 V(oo )| =0 (53)
This equation can be rearranged as:

dquo pv
ot

o = 1 _
+ (U . V)(q'uopv) =V (Eq'uopv? _ quoﬂc2> (54)

The RHS in the parentheses can be defined as the volumetric Lagrangian density for the

electromagnetic field:

1
L= Equo;ov2 — quopc’ (55)

Similarly, the first term can be regarded as “charge kinetic energy density”, and the second term as

“charge potential energy density”; then, eq. (54) can be written as:

D(gpopv)

o = VL =V(T.~ p.) (56)

If we define the mass density of the charged particle as p,, [%], the Lagrangian density of the

charged particle should include the kinetic energy density:

1 2 1 )
L= Spn¥ + S auopt — qpopc’ (57)

which can be written more compactly as

L:q“op[<1+ Pm )62—28] (58)
2 qHop

This forms a four-dimensional quadratic form:

1
E = Eng;u/m (59)

where z7 is the contravariant four-velocity vector of the charged particle:
wTZ[c u v w]T (60)

Here, the metric tensor for the Lagrangian density is

-2 0
pm
= " Fo? 61
uv = qlop 0 0 Pm 0 ( )
aop
0 0 0 14 Lm

aHop
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3.1. Electromagnetic tensor contraction and photon gases

Similar to the fluid flow field tensor, the first row/column of the electromagnetic strength tensor
represents the force on charged particles produced by the negative gradient of charge density. The
other terms are the induced magnetic field strength (similar to the vorticity field strength) because of

the relative motion between the charged particles.

Similar to the fluid flow vorticity field, provided that the motion velocity of the charged particles is not

symmetric, it will produce a magnetic field, e.g.,

0 O pu
B — Hopv Ol p

- 5 (62)

On the condition that the charged particle flow field at a point is symmetric, then the induced

magnetic field can be zero, for example,

) 0,
u:v;ande:,uo(g—%>:0 (63)

We form the inner product (contraction) of the electromagnetic strength tensor of eq. (46) as a scalar

function; it yields:

-2 -2

ko [ B -2 1 =2 F

uv _ E _ _ =
E i = 872 (MO ? )  8x2 (B c? ) (64

By comparison with eq. (34), it can be seen that here the scalar value F'*”F,, measures the relative
magnitudes of the electric and magnetic fields.

Similarly, the inner product of the electromagnetic strength tensor can be expressed as a 6-

dimensional hypersurface quadratic form:
8n2F"F,, =7 QF (65)
Here, the 6-dimensional vector is defined as:

1T
= £| =[B. B, B. & L E (66)

c

It can be seen that,

« FF,, >0: the magnetic field dominates (||B| > 2| E|), the charge flux, (uopv), effect
dominates;
o F"EF,, <O0: the electric field dominates (|| B|| < %||E|| ), the charge flux effect is weaker than the

electric field.
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» The function has zero points when ||l§|| = | % II

According to the definition of eq. (38), if the magnitudes of the negative charge dominate in a region:
p=ps—p-<0 (67)
The electromagnetic strength tensor still holds but changes its sign. This strength tensor for a

negative charge-dominated region behaves like a gravitational field, where particles attract each

other.

We know that photon gases (electromagnetic waves) carry energy and transport it from one region of

space to another at the speed of light. The total electromagnetic wave energy stored per unit volume

(121, p.398], (%) , in aregion is
18 1 2 1 [ F
u= gt Z—(B+—) (68)

The first term of the RHS is the magnetic field energy density, and the second term is the electric field

energy density.

Using the relation of B=E/C and the wave speed relation of eq. (42), we can re-write the total energy

density of the electromagnetic waves, either by B field or by E field, as

-2

B -2

— =af =u (69)
Ho

Namely, the energy density associated with the B field equals that due to the E field, and each
contributes half to the total energy. In other words, the two terms in the RHS of eq. (68) are equal to

2

-2
each other (B = E—2> . Substituting this relation into eq. (64), for the electromagnetic waves yields:

FMF,, =0; Z Qf=0 (70)
The eq. (64) forms a hypersurface function (a saddle-shaped function), which means the

electromagnetic wave is located at a saddle point or minimax point on the saddle-shaped surface,

where F*F,, = 0.

If the positively and negatively charged particles form a homogenous mixture in a region, or the space
is occupied with electron dipoles, accordingly, the positive and negative charge densities are equal to

each other:

p+=p-; p=pr—p-=0 (71)
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If the Gaussian integral surface embraces a complete electron dipole, and the electron dipole is

observed as a complete object, the integral form of Gauss’s law reads:

///R<V-E—§O):0 and V-E=0 (72)

As a consequence, the region of space is considered as having no charges. Moreover, if the charge flow
velocity in space is random and isotropic, u = v = w = ¢, (wavefront in three dimensions), then the

electromagnetic strength tensor automatically degenerates to
F" =0 and F"F,, =0 (73)

That means the equal magnitudes of the E field and the B field in a relativistic sense, as in
electromagnetic waves. It will be regarded that in this region there are no “charges” and no “current”

(J, = J, = J,), so that the space is seen as a “vacuum space”.
y ) p p

Based on the aforementioned arguments, it seems we have reason to hypothesize that photon gases
may behave as homogenous mixtures of electric dipoles with equal negative and positive charge
quantities; they travel in space at the speed of light c, relative to the Lab frame. If the photon gas

passes through a strong magnetic field, it will show the magneto-optic Faraday effect; eventually, the

photons can be split and produce positronsL‘*JlMﬂ.

Therefore, for electromagnetic waves, we call it a “vacuum” space:

13’20 and V-lij (74)
B=0 and V-B=0

4. Scope of the Application and Discussions

Either in the fluid flow field tensor, eq. (11), or in the electromagnetic strength tensor, eq. (46), we do
not specify the initial velocities. The differential equations consider only the relative motion (first-

order Taylor approximation through the first derivative of the flow field).

It is assumed that the mass particle velocity (or charged particle) should be much smaller than the

wave propagation speed of c, either in the flow field or in the electromagnetic field:
7K c or c— o0 (75)

Here, ¢ — oo means the field is incompressible. Details and arguments can be found in the

references[t1[2]
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The reason for this assumption is that we did not consider the relativity effect. The fluid or
electromagnetic field is assumed to be a quasi-incompressible fluid model. If the particle flow velocity
approaches the wave propagation speed, the relative effect cannot be ignored.

Actually, the Lorentz factor represents a volume compression factor (length contraction) because of
the relative motion for the compressible flow modelll.

If we consider the volume compression effect for a compressible model, the mass volumetric density

becomes

Pm = VPo (76)
where the py is the mass density when the particle is at rest in the Lab. frame, ~yis the Lorentz factor or

volume compression factor:

1
V= — (77)
1-p
If we take the Taylor expansion of the Lorentz factor:
2 4 6
Taylor(’y)zl—i—lv——f—év—-i-iv——&—... (78)

2 ¢? 8 ¢t 16 6

Eq. (76) can be approximated to be

1 3 2 5 4
pmC = vpoc® ~ poc? + =pov? +v* 2P (2) + 22 (2) +... (79)
2 8 \c 16 \c
The first term is the potential energy density at rest relative to the Lab. frame, the second term is the

linear kinetic energy density. The third and thereafter terms include the wave propagation speed of c,

to consider the volume compression effect because of the relative motion.

If we pick up only the first two terms and ignore the other terms, namely, we ignore the volume
compression effect as an approximation; we assume the fluid density and charge density are only a

function of space and time, not a function of the wave propagation speed of ¢ and the flow velocity 4.

Pm = pm(t,2,y,2) and p = p(t, z,y, 2) (80)
As is classical Newtonian mechanics. In a Newtonian mechanics frame, we assume the wave
propagation speed is infinitely great. Thereby, the field is incompressible; any disturbance in the field
will instantaneously propagate into the whole field without any time lag, no matter how big the field is
and how far two points are from each other. Thus, in Newtonian mechanics, we ignore the wave’s

momentum and energy propagation in the field.

geios.com doi.org/10.32388/NSNSRQ


https://www.qeios.com/
https://doi.org/10.32388/NSN8RQ

If the photon gas is assumed to be an elastic compressible fluid, the elastic compression bulk modulus

can be defined as:

Bphoton = pC2 = (81)

5. Conclusions

Either mechanic waves or electromagnetic waves carry energy and momentum and propagate in the
field at a finite speed. In order to describe the field dynamics correctly and completely, the wave
propagation speed term cannot be ignored. The wave speed and particle flow velocity form a four-
vector. Based on the four-vector, the field strength tensor can be derived. It is an antisymmetric rank-
2 field tensor. In matrix representation, the first row/column is the “translation motion”; other terms
are the “rotational motion”. The fluid dynamics strength tensor and electromagnetic field tensor
share an essential similarity in their mathematical structure, though they differ significantly in their
physical interpretation and governing principles. In the general case, any flow field will produce a
vorticity field, as long as the corresponding shear strain is not symmetric. Similarly, a non-symmetric
charged particle flow field will produce a magnetic field. The non-symmetry is an intrinsic property of
the field. The contraction of the field tensor gives a hypersurface function; it can be positive, negative,
or zero, depending on whether “translation motion” or “rotational motion” dominates. The field
tensor is zero for electromagnetic waves, which are located at the saddle point of a hypersurface
quadratic form, because the energy density associated with the B field equals that due to the E field. It
seems that photon gases may be hypothesized as electric dipoles with equal negative and positive
charge quantities. Experimental results show that the photon can be split and produce a positron in a
strong magnetic field. The Minkowski inner product of the contravariant four-acceleration and the
covariant four-velocity gives the fluid dynamic equations, while the contraction of the
electromagnetic field strength tensor with the four-velocity of a charged particle results in the
Lorentz force law for the electromagnetic field. It is the combination of electric and magnetic force on
the charge q in the field. From the dynamic equations, we can deduce the volumetric Lagrangian
density for the fields, either for fluid dynamics or for electromagnetic dynamics. It is concluded that
the dynamic equations obtained by this approach are equivalent to the Euler-Lagrangian approach.

Finally, both approaches will give the same field equations.

geios.com doi.org/10.32388/NSNSRQ

18


https://www.qeios.com/
https://doi.org/10.32388/NSN8RQ

References

1.2bg QWang, S. (2024). Hamiltonian, Lagrangian, Dynamics and Singularity of the Compressible Fluid
Flow [Preprint]. Qeios. https://doi.org/10.32388/UNV9CL

2.9 l—’Wang, S. (2024). Euler-Lagrangian Approach to Fluid Dynamics and the Incompleteness of the Navi
er-Stokes Equations [Preprint]. Qeios. https://doi.org/10.32388/U5N4LV

3.2D. 7. Griffiths, “Introduction to electrodynamics”, 4. Edition, Pearson, 2013, ISBN-13: 978-0-321-8565
6-2.

4.~J.H. Hubbell, “Electron-positron pair production by photons: A historical overview”, Radiation Physics
and Chemistry, 75, 614-623, (2006), [DOI: 10.1016/j.radphyschem.2005.10.008].

5.25. L. Adler, “Photon splitting and photon dispersion in a strong magnetic field,” Annals of Physics, Vol.
67, Issue 2, 599-647, Oct. (1971).

6.2D. L. Burke, et al. “Positron Production in Multiphoton Light-by-Light Scattering,” Phys. Rev. Lett. Vol
79. No 9, 1626-1629, 1 September (1997).

7.2C. Greenshields et al., “Vacuum Faraday effect for electrons,” New Journal of Physics, 14 (2012), 10304

0, [DOI:10.1088/1367-2630/14/10/103040].

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/NSNSRQ


https://www.qeios.com/
https://doi.org/10.32388/NSN8RQ

