EE/S57

Numerical Techniques in Electromagnetics
Lecture 14




Nodal FEM vs. Vector FEM

e Nodal FEM is suitable for scalar problems or for field
problems involving one field component only

e Nodal FEM In some problems can give rise to false
(spurious) solutions

e \Vector FEM is more suitable for field vector quantities

e The field over the 2D or 3D element is expressed as a




Area Coordinates

A=area of triangle 123 1
1 x5y,
A= x5 Y3 ©
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Area Coordinates (Cont’d)

e \We define the nodal basis functions

Nl(x’ y):Kli NZ(X1 Y):XZ; NS(X1 Y):KB

e Notice that these basis functions satisfy
Ni(x‘},y‘}) = Oij »
Nl(X’ y) + NZ(X1 y) + NB(X! y) :11 X,y EQe




Vector (Edge) FEM

e \We expand the ugknown vector quantity using the
expansion F =y ey
j=1

e F5 isthe average value of the tangential field quantity
over the jth edge

o W/ is the edge basis function related to the jth edge

e One of the most commonly used edge basis functions




Vector FEM (Cont’d)

e The following properties can be proven for Whitney’s
basis functions:

W .ex =1.0 ) unity tangential component along its edge

W¢.e;=0, j=k =) Only normal component along
other edges

V.W( =0, Divergenless over element




Vector FEM (Cont’d)
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Example

e The vector wave equation with no sources Is given by
1
Vtx(_VtX Et)_ (kggr _,82) Et = O

1
Vtx(_vtx Et]_yzEt:O

Hy

S




Example (Cont’d)

) -
] (VtXTi)-[;vtx Et)—szi.Et dxdy=F =0

e Utilizing the vector expansion

3
E:=2 E;W ] over the eth element, we have the
eleméntal subfuntional

U

3 1 5




Example (Cont’d)

e |[n matrix form, we have
F=(Kke - Ke)E®,

where

K2 = [1{vocw ) (vVeocw & Jhxdy
Hy Qe

K?nn — W?nWﬁ dXdy




Project 3




Project 3 (Cont’d)




Project 3 (Cont’d)

Apply a vector finite element approach to find the cut-off
frequencies of a rectangular waveguide.




