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Abstract: Usually, the numbers of unknowns are equal to the numbers of differential
equations. However, there are some exceptions. One example is Maxwell equations;
there are 6 unknowns and 8 equations. The other example is elasticity equations in
stress form; there 6 unknowns and 9 equations. In the paper, | generalize the
definition of linearly dependent in algebra to the concept of differential linearly
dependent in differential equations, and | use this definition to explain the above
problem.

In algebra, there are some vectors Y; (i=1,...,n) in a vector space. When there are
coefficients (c;) which are not all zero, those make ZciYi =0. The vectors Y; (i=1,...,n)
i=1

are linearly dependent. Now | generalize the definition of linearly dependent in
differential equations.

There is a linearly partial differential equation:
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The definition of linearly dependent in differential equations is: When there are
coefficients (cj;) which are not all zero, those make
oY,
c,—=0 2
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The difference between both definitions is: we take one (or more) differentiation on Y;
in differential equation. If Eq.(2) is satisfied, we think the linearly partial differential
equation (1) is linearly dependent.

Now we will discuss Maxwell equations. There are two curl equations in Maxwell
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equations: VxB = 1, + 1€, % VxE= —%.
As we all know

V-VxE=0 (3)
Eq.(3) is satisfied with Eq.(2). Therefore, there are two differential linearly dependent
equations, and the number of independent equations are six (8-2=6), which are equal
to the number of the unknowns.

We derive the elasticity equations in stress form by the equation of compatibility of
strainsVxI'xV =0, where T the second order symmetric strain tensor.

As we know Ve(VxI'xV)=0, (VxI'xV)V=0.Because Iis symmetric, the two

identical equations above only have 3 different component equations. There for the
independent equations in elasticity equations are six (9-3=6), which are equal to the
number of the unknowns.

In summary, | generalize the definition of linearly dependent in differential equations;
and discuss Maxwell equations and elasticity equations by this definition.
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