2nd Order Edge Element for Waveguide Full-wave Eigenmode

Calculations
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Ny =Ly (2L, — 1)
Ny =Ly (2L, — 1)
N3 = L3 (2Ls — 1)

Ny = 4L, Lo
Ns = 4Ly L5
Ng = 4131, (1)
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Ny = LaViLs3
Ny = —L3ViLo
Nz = L3Vl
Ny = —L1VL3
Nys = L1V Lo

Nig = —LyViLy
Nz = 4Ly L3V 1,y
Nig = 4L3L1ViLy (2)
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1 2nd order edge/nodal triangular element
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ViLz = —ViL; — ViLy (7)
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Vi X Ny =V x (LaViLs)
=V;Ly x VL3
Vi X Nig =V x (=L3ViLs)
= —VL3 x V;Ls
= VLo x VL3
Vi X Nz = Vi x (L3ViLq)
= VL3 x VL
ViNwy =V x (—L1VL3)
= —V:L1 x VL3
=V:L3 x VL
Vi X Ny = Vi x (L1ViLo)
= VL1 x VLo
Vi x Nig = Vi X (=LaViLy)
= —V.iLy x Vi Ly
= VL1 x ViLs
Vi X Nyp =V X (4Lo L3V Ly)
= 4V, (LoL3) x VL4
=4 (L3ViLy 4+ LoViL3) X Vily
=4L3VLo x VL1 + 4LV Ly x Vi Ly
Vi X Ny =V x (4L3L1VLs)
— 41,V L3 X VLo + 4LV L1 x VLo
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VtLl X VtLg = (blax =+ clay) X (bgax + c2ay)
= bico (am X ay) + c1bo (ay X (11)
== (blcg — b2c1) a,

1 _ _
= (2A )2 (blég — ngl) a,

1
— —— 24.a.
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(f:f: L/\Blég - 6261 = 2Ae)

Vf,Lg X vtLg = —a,

vtLg X VtLl = —a (9)
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