Fields in cylindrical coordinates
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—— TM (transverse magnetic ) to z
------- TE ( transverse electric) to z
Arbitrary field ... sum of a TM field and a TE field

Helmholtz Equation in rectangular coordinates
A =72 ¥, (p,4,2) - VA, +k’A_ =0

VA, (p,4,2) +k*¥ ,(p,¢,2) =0
Note!
VA(Z A)=2V’A,
VA(pA)=pViA,
V(o A) = V2A,
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Y,.(0,0,2)=R(p)D(p)Z(z) separation of variables
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”;;p[/’j—ij{(kpp)z —n*|R=0 Bessel equation of order n
2
3 qz) +n’® =0 harmonic equation
d’z _ _
472 +k;Z =0 harmonic equation

k2 +kZ = K?

i, 0k, = Ba(k,p) h(ng) h(k,2)
R(p) ®(g) Z(2)

Bessel function B, (k,p)~J,(k,p), N,(k,0), HO(k p), H® (k p)

harmonic function h(ng) ~ sinng , cosng , el e
h(k,z) ~ sink,z, cosk,z , e’ e

Two of these are linearly independently

period of 27 h(ng) =h{n(¢+27)}

n integer
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Linear combination of wave function
¥(p,4,2) =z Z Cn,kp\Pkp,n,kZ
n kp

or k, or k, discrete

:z z Dn,kZ\Pkp,n,kZ
n k

z

General wave functions
Y(p, o, Z):z Ik fn(kp)\Pkp,n,kz
or k, or k, continuous

= Z ‘[kz gn(kz)‘Pkp,n,kZ

Bessel functions

3,(kp) =S {HE (kp) + HP(kp)}  ——=coskp

N7

1 1 .
Nn<kp)=2—j{H§”(kp)—H§”<kp)} ———sinkp

N7

H®(kp)=J,(kp)+ jN, (kp) ﬁe”kp (inward traveling)

HP (kp)=J,(kp)-jN,(kp) 1w (outward traveling)

N7

Two of them are linearly independent

Modified Bessel functions ( k imaginary )
I (ap) = |" 3, (= jap) e”

K, (ep) =%(—D””Héz) (—jep) e (decaying)



Edge condition

lPkp,n,kz =J,(k,p) e el p=0 included

The field must be finiteat pP=0 ('[V (8|E|2 +,u|H|2) dv — finite)

Radiation condition

lI’kp,n,kz = Hrfz)(kpp) e’ e’ o included
The field vanish for large p if kp is complex

The field represents the outward traveling waves if kp is real

Iim{r(a—q]+ J k‘Pj} =0 (for3D)
or

r—oo

lim {ﬁ(g—j+ j klpj}:O (for 2D)

po®
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