Rectangular Waveguide (TM mode)
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Helmholtz Equation
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Assume (separation of variables)
&(x.y) = X(X)Y(y)
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Final solution
X(x) = Acogk,x) + Bsin(k,x)
Y(x) = Ccos(ky) + Dsin(k,y)

e,(x,y)={ AcogkyX) + Bsin(k,x)}{ Ccos(k,y) + Dsin(k,y)}
Boundary Conditions
ax=0 e0y)=0 ®
A{ Ccos(k,y) + Dsin(k,y)}=0
Therefore: A=0
(x=38) efay)=0 ®
Bsin(k,a){ Ccos(k,y) + Dsin(k,y)}=0
Therefore: (k@ =mp



(y=0) &(x0)=0 ®
{ Acogk,x) + Bsin(k,x)} C=0

Therefore C=0

(y=b) e(xb)=0 ®

{ Acog(kyx) + Bsin(kyx)} Dsin(k,b)=0
Therefore (kyb) =np

The propagation constant is

b = A/ K- kg:\/ (- aﬂpg gé’bpg

for each integer m and nthereis specmc propagati on constant
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Finally,

E,(xy) = Byns ng'm_ gS' na?p)/o ;12

Note: Neither mnor ncan bezero.
The other field components can be generated from Maxwell's equations
Similarly, for TE modes

H (x,y) = C_. cos (mpx/a) cos (npy/b) e
It has the same propagation constant.
Note: In thiscase one of theintegers, mor n can be zero

TEOl TE 11 TE o2

| TE10 TMll TE 20 a=b

[ | | l P freq
0 1 V2 2

TE _

| | TEoo TM11

l I I P freq
0 1 2

TE,, Mode (Dominant Mode) Fields
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Propagation constant and cut-off wavelength
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Total power transmitted
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Power loss/unit length due to finite conductivity
Rs < X
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Current densities on thewalls
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Elimination cross products
Js=-Aas- - AayYs-,
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Attenuation constant is
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