Vector spherical waves calculation procedure
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Equations are taken from:
Mishchenko, M.I., Travis, L.D., and Lacis, A.A. (2002). Scattering, absorption, and emission of light by
small particles (Cambridge University Press).

Vector spherical waves (M and N) are define as:
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B,n (6, 0), Crin (0, 9), Prn (6, @) are calculated from:
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Symmetry relations that may speed the code:
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and analogous relations hold for C,, (2, ¢) and P, (2, ¢). The regular vector
spherical wave functions obey a similar symmetry relation:
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and analogous relations again hold for RgN and RgL.

B;nn(0), Cun(0), Py (6) are calculated from:
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In Egs. (C.19) and (C.20),
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dnm are the Wigner d-functions. They can be calculated using one of two methods:
Method 1: Direct calculation
For now, this one works with auto-differentiation. It is slower and not as
stable as calculation using recurrence.
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The summation index k runs from
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Symmetry relations may speed up the code:
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Method 2: using recurrence
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Recurrence relation over s:
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P, is the Legendre polynomils and P/™ are the associated Legendre functions:
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Associated

https://en.wikipedia.org/wiki/Associated Legendre polynomials#R
ecurrence formula

Pl(z) = (-1)%(2¢ — 1)1 — 2?2
P! (z) = 2(2¢ + 1)P}(z)

(L —m+ 1)Pfﬂ:1( z) = (2 + 1)zP"(x) — (£ +m)P" ()
Remember thatfor B*, 0 <m<n

Derivative of Wigner-d using the recurrence relation over s:
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