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The electromagnetic fields in beam waveguides and Fabry.Perot resonators can be described in

terms of axially propagating reiterative beam modes having a cross-sectional field distribution which

can be reconstituted at periodic intervals. In the resonator case, the period of iteration is one round

trip of the beam between the two reflectors. The iteration is accomplished either by diffraction effected

by limiting the beam cross-section or by transformation of the cross-sectional phase distribution of

the beam. The first case applies to the iris-type (Reference 1) beam waveguides and to Fabry-Perot

(Reference 2) resonators with plane reflectors and the second to lens-type beam waveguides (References

3 and 4) and to resonators with spherical reflectors (References 2 and 5).

This paper is concerned with ring-shaped resonators as shown in Figures 1 and 2 whose field can

be described by beam modes with similar properties but with radial rather than axisl propagation.

Postulating such modes the resonant field can be physically explained as follows:

Consider abeam which originates at the inner surface of the circular reflector strip and converges

toward the axis of the resonator. After crossing the center area the beam diverges and returns to the

reflector. The condition for resonance is that the field of the returning beam when reflected on the

circular strip has the same cross-sectional amplitude and phase distribution as the original beam.

Then the reflected beam can be identified with the original beam and the assumed state of excitation
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Figure 1. Ring-Shaped Resonator



l~,z.re 2. Ring.Shaped Resonator Cur\ed w,thln the C’cmstant q I>ldni
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The F[ankel functmns of the frost and second kmd are FT:’, 11::) r<, spe(t,\(,ly. The d am,ler ,It t}),

rmg reflector M 2p. and 2a IS ~ts width. The symbol p] ,s the ampl,tude rafm betwt (.?, {h, ,n.lder, f

a.d ~.turn,ns b.a,fi, P.p: d.t. rmmes the d> ffractwn 10. s of th( rf. flt.,-t or. If the b,a”, . , o,,.:d,rvfl

as a bundle of elementary plane wa.-es, h and \ are deti?rrn]ncd by the angles of ii,, AI c L t 10. ,;t w-up-

agatmn aga, nst the Z - ax, s

Small reflcctmn losses z-equ~re the b~am to contain esserdd!y only plan. ,va% <.s with propaqat~on

angles a close to 90 degrees. If OM furthermore .assume5 that the Fad,uS p ,S .,.-y Iarq: comparedo

to the wave length, the kernel of tbe integral equation r edUCVS tc>

W,th th,s kernel the mtegm.1 equatmr, IS ,dentlcal wdh that uf the ,nf,n,te parallel str,p reflector

treated by Fox and L, (Reference 2).



Of more practical interest are resonator. wh,ch are curved w,thm the constant q planes as shown

m Figure 2. If the rad,us of curvature IS R, the kernel ,s modlfled to

In the Sp~C,d CaSC R = 2Q0, the kernel reduces to a Fourier kernel whose elgen-functmns are pro-

late spheroidal wave functions. Thus case ,s of particular interest m that the d~ffractmn loss IS at a

/
mmlmum for given resonator dlmensmns P. and a. If k .—, s suff,clently large the field dmtrlbut,on

Po

mslck the resonator can be clescrlbed for the var~ous modes by the potent~al function
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Tne field components are derived from the elect mc and from the magnetic vector potentials +. z m

the usual manner. TtIe resonant wave lengths Al ~ ~ are given by
,$
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~ for the modes derived from the electrlc vector potentml
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l,m, n ~
~ for the modes der~”ed from the magnet~c “ector potential

where l,m and n are integers.

The field d,strlbutlon of these modes, ther orthogonal.ty relatmns and them radlatlon cbar-

actermtlcs (If the reflector IS partially transparent) wfll be discussed.
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