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A New Proof of the Transformation Formula for Multiple Integrals
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Abstract : Although the reversible coordinate transformation of n—variable functions exhibits nonlinear
characteristics globally, it can be approximated as a linear transformation in local infinitesimal
elements. Based on this, this paper starts from the theory of linear transformations in n—dimensional
linear spaces. Firstly, it proves the equivalence of coordinate transformation and basis transformation
in n—dimensional spaces. Secondly, it proves the volume scaling rate formula of linear transformations.
Then, it demonstrates that the linear transformation corresponding to a reversible matrix and the
linear transformation corresponding to its transpose matrix have equal volume scaling rates. Finally,
within the theoretical framework mentioned above, it derives the scaling relationship of the volume of
the infinitesimal element in the n—fold integral substitution formula, thereby rigorously establishing the
mathematical expression of the multiple integral substitution method.
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