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2. Multipoles in Cartesian Coordinates — Homogeneous Harmonic Polynomials
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Solutions are homogeneous harmonic polynomials of two variables
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related to each other through the Cauchy-Riemann equation
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with lowering operator which relates functions of different orders to each other
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3. Multipoles in Cylindrical Coordinates and McMillan Harmonics
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First step is to restore the symmetry
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Looking for the solution in a form similar to HHP

Φ = −
n∑
k=0

Fn−k(ρ)

(n− k)!

yk

k!

(
Cn sin

k π

2
+ Dn cos

k π

2

)
Aθ = −

n∑
k=0

1

ρ

Gn−k(ρ)

(n− k)!

yk

k!

(
Cn cos

k π

2
− Dn sin

k π

2

)
where functions Fn(ρ) and Gn(ρ) are determined by two recurrence equations
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one can see that Fn and Gn are related to each other through
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and allow the construction of lowering and corresponding raising operators
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with an additional constraint to terminate recurrences defining lowest orders as

F0 = 1, F1 = ln ρ, G0 = 1, G 1 = (ρ2 − 1)/2.

4. Summary https://arxiv.org/pdf/1603.03451v1.pdf

3D models of 2n-pole sector magnets. From the left to the right: skew S-dipole,
normal S-dipole, skew S-quadrupole, normal S-quadrupole and skew S-sextupole.

Table 1: Sector harmonics.
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Table 2: Relationship between the coefficients of pure normal and skew sector
multipoles, and, power series expansion of field in radial and vertical planes.
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