DAVID M. ROGERS, UNIV. SOUTH FLORIDA

MULTIPOLES FROM REAL
SPACE QUADRATURE

(SERM)ACS
Nashville, 2014

o



WHAT IS A MULTIPOLE EXPANSION?

A coefficient.
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Jacobson, Williams, Herbert, JCP 130, 2009.



BUT IT'S NOT SO SIMPLE?

Spherical multipoles are efficient, yet unintelligible.




THE REAL PROBLEM
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White and Head-Gordon, JCP 101, 1994.




THE REAL PROBLEM
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Applequist, J. Phys. A, Math Gen, 22, 1989.



(—y-0)"|z| '/n!'=L,(y,z) directional derivative

= /S Ln(y,7)K(7,z) d*#  spherical projection

BACK TO THE DRAWING BOARD.

Ahrens and Beylkin, Proc. Royal Soc. A, 465, 2009.




QUADRATURE

Optimal number of points (p?)

Physical interpretation =
surface charge distribution



INNER EXPANSION

0;(7) = /K(f‘,x)p(x) d°x
OUTER EXPANSION

oo(F) = / o(y) K (y,7) dy

* QGetting in is easy



INNER EXPANSION

O(y) = [ > Ln(y,#)oi() d°F
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OUTER EXPANSION
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* (etting out is even easier!
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Rogers (submitted), 2014.



http://arxiv.org/abs/1411.0011
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FUN WITH MULTIPOLES
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Spherical harmonics considered harmful
May have convergence issues! ‘ ]: ; I i
Makino, J. Comp. Phys. 151, 2009.
Real-space Quadrature

Basis vectors are real

Weights are charges

Approx. power and dimension identical
Symmetry is apparent

Shifting functions are identical to initial fitting!
Rogers (submitted), 2014.
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