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The Progress of Classical Field
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Abstract: The classical field theory had been generalized to modern Physics, pointed out that the curvature
tensor is a curl(grad), according to absolute integral. Maxwell equations was established as divergence and curl
of the surface flux (2-dimension) .
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The writer study the classical field theory for many years, discover that the classical field theory
was bogged down in Stockes time in essence: gradient curl and divergence notion only in three
dimension Euclid space and only for vector. In my point of view: thisis serious problem.

Writer had discovered gradient curl in functional analysis as usually exactly (Journal of
Southwest Jiaotong Univ., 1984,2, Chinese). We extended classical field theory into non-Euclid space
and tensor now, essentially, explained the curvaturetensor Maxwell equation and Gauge field clearly.

(1) On curvature

Let usrewritevector tensor exterior differential form into symmetrical form with respect to the
frame at every point (tensor and frame be used at same time, i.e. we use the linear combination of base
of frame at every point), not asusually only one framein small scope..

AP)=Z A (P (p) @) =X A (P (p) dee; (P (p))
In small scope sincedifferential and integral are mutually inver seto each other
dA=d>, Aiei=Zij 0, A, ejdxjej e +X A, de"
:zij (0, A, Zkrl;i Ak)ejdxjej)ei = Zij (V, A, )eiejdxjej
(Here, for simplicity, e'e! isatensor product, by dropping mark ® . el dx! e, is the scalar product
approximating dx ! . Weshall adopt thisnotation hereinafter)
A +dx') A= j > (I, (VA )eel)dxe,
C

Where cisthe segment of straight line from x'tox' +dx' . According this, we have

Absolute integral: An absolute integral is a Stieltjes integral, forming by Riemann integral, in
which the bases of the frame at every point are adhered to the integrand function (vector, tensor) and
theintegral variable.

For examples, linear integral, that isinner product forming
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Absolute circulation: The (absolute) circulation of a vector A along a closed curve c is the

- >

integral of the scalar product A-d | alongthe contour ¢

| =§ (Adl)= § > (Aehe'dee x') § oA e dex)

By the aid of the absolute integral, we improved Stokes formula; the strict definitions of the curl
and the divergence (of the vector) were obtained (usually, they were obtained only by analogy in
Euclid-space, unable to apply here). It had been proved that the curvature tensor is a curl(grad), i.e,

rot,; \Y% i e'= Ritjk, that is the i-component of the curl of the gradient of base e' in k,j-plane, not zero

except in Euclidean space, and so discovered the essence of Bianchi identity: div(rot(grad)) = 0, the
curvature, forming tube field, is invariant along the tube, i.e. pointed out that Gauge fields are curl
fields of gradients and so on. By the way, we obtained the torsion tensor isrot of base of frame also.

(2) On Maxwell equation

The notation of the inner production of the vector was extended to tensors with different order.
Writer pointed out the essentials of the differential and the codifferential form: the tangential and the
normal surface flux of the tensor. Writer arrived the notation of rotation and divergence of the surface
flux (2-dimension) of the tensor (2-order).

Diver gence of the surface flux (2-dimension) of the tensor (2-order),

div,Fl,=2 'lim, L f} F e,ands (e %=1 1234

(v isclosed volumeini,j,k space, pe v, nisnomal vector)
Rotation of the surface flux (2-dimension) of the tensor (2-order),

rot, Fl,=2 1IimHO%ﬁ;W F- t, at,ds (t, At,istangent vector ).

Only according to one conservative law (mass or fluid quantity) and the feature of central field (or
its composite), the universal field, i.e. the construction law of universal field ——Maxwell equation was
established.

divi F=0,T4+0, T4 +0, fy =0, (¢ 15=151234)

rot F=0,f;+0,f, +0,f;=0 (€ 152;‘4:1, $=1,2,34)

Writer explained its essences as in classical mechanic, the sum of the forces (normal surface flux)
and the sum of the moments of forces (tangential surface flux).
The universality and the feature of field: Any fiddd F in 4-dimension have to set

Yo s 0 (divyF) = 0and X sy 9 (rotyF) = 0; otherwise if X, 0;q; 0 and

> 1, 8,0, 0, thereexist field Fwith div F=q rot, F=g, (& }5,=1).

1234~

By the rotations of 2-dimension flux were zero and the univer sality of field, these give rise to both
universality of gauge field and the difficult of magnetic monopole theory also (magnetic monopole have
no effect on electric current, like the couple have no effect on the sum of forces, i.e. , it have no the
feature of magnet).
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