Appendix B

Formulation of the equivalent shunt inductance of a
vanishingly thin inductive iris

This appendix derives an expression for the equivalent shunt inductance of a vanishingly
thin inductive iris.

Assuming the waveguide is excited by alifiode, the transverse components of the
incident fields can be written as
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Ey = sin2 e 1P (B.1)

1 (B.2)

Hlx = —Z—Sinme‘j Bz

where

Zy=3 Ba= B2 -(B)? andB=o/iE (B.3)

The discontinuity at the iris position will result in reflected and transmitted wave. However,
because there is no y variation in the discontinuity [29], on]y MB&des will be excited. The
scattered fields can be written as

Eyeal= Z An sm%x e*iBnz (B.4)
n=1
Hyet= ZiAnsm—ngxe*JB“Z (B.5)
n=1 Zn
In the regior0< x < w, 0sy<b , the boundary condition fqrimplies
HE(x, y, 07) = H¥@(x,y, 07) = Ky(x) (B.6)
where K(x) is the current flowing on the iris.
substituting from (B.5) into (B.6) yields
—Z Ansm— =Ky(x) (B.7)
from (B.7), the coefficient Acan be obtained as
A =_4n P ke (x) sin ATX
n=-"7% ‘! y(X) sin=3= dx (B.8)
The boundary condition for the electric field implies
Etotal(x Y, 0—) Etotal(x, Y, 0+) (Bg)
Substituting from (B.4) and (B.8) into (B.9) gives
W
sinTX = ngl 20 sin X [Ky) sin™2% dx (B.10)
= 0
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Equation (B.10) can be solved for the current distributigr)Kising the method of moments.
Once the current distribution is obtained, the equivalent normalized shunt admittance can then
be obtained from the reflection coefficient As

_ T2A1

YV (B.11)

Method of moments formulation for equation (B.10)

Assume that the rectangular iris is divided into P rectangular segments and the current in
each segment is assumed to be constant and equgl théd the integral in (B.10) can be
written as

w Xk+1

‘!smnnx Ky(X) dx = z Ck J’ sin X (B.12)

where x=0, x.,=w and x= (k-1)w/p. The R.H.S of equation (B.12) can be simplified as

P
a NTX K NTX Kk +1
kzlckm%:os 2 —Cos—3H (B.13)

Substituting in (B.10) yields

sinlx = Z Cxk Z 20 gl E:osmg(k —cosnm;k*lg 5.1
Substituting with a set of Q points exactly in the middle of the segrxq = (29— 1)%
(B.15)
sm— Z Ck Z =0 sin T[Xq Hos— gk —COS%E
Equation (B.15) can be written in a matrix form as
[0l gx1 = [Algxp[Clpx1 (8:16)
where
bq = sing2 (B.17)
a =% sin T[Xq Hos— SRk _ oo TXk+L ] =19
q= £ 1 a [
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Equation (B.16) can be solved for the current coefficieptedtiation (B.8) can then be used
to calculate the reflection coefficient.A Knowing the reflection coefficient ,Aequation
(B.11) can then be used to calculate the equivalent normalized shunt admittance.
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