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Abstract  ：  

We  present  an  alternative  to  the  familiar

Fourier  expansion  for  non-periodic  smooth

functions, shifting sine functions by half-period.

This  results  in  an  expansion  which  converges

considerably more rapidly. Moreover, since the

expansion  coefficients  are  highly  oscillatory

integrals,  they  can  be  evaluated  using  highly

oscillatory quadrature in O(n) operations, faster

than FFT. We prove convergence and describe

the evaluation of the coefficients in both highly

oscillatory  and  classical  setting.  Finally,  we

explain superior rate of convergence identifying

the underlying basis with eigenfunctions of the

Laplace,  Neumann operator. This  allows us to

generalise the framework to Birkhoff series with

suitable boundary conditions.
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