§ Differential Operators on Manifolds
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3. Coordinate-Invariant Definition (on Manifolds)

On a manifold M, the principal symbol is intrinsically defined as a function on the cotangent
bundle T M:

op:T"M — C.

« For a coordinate chart, ap(x, £) is constructed by replacing:

Oy, —+ i&; (where i = +/—1).
* Key property: Invariant under changes of coordinates (lower-order terms vanish in the

transformation).
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1. Characteristics (surfaces along which discontinuities propagate)



2. Ellipticity (smoothness of solutions)
3. Hyperbolicity (well-posedness of initial value problems)

4. Singularities of solutions (via microlocal analysis)
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