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Fabry-Perot, or open resonators are extremely useful m plasma d,agnost,cs because of the ex-

cellent spatml resolutmn and senslt~vity to small chan<es In electron dens~ty and coll~smn frequency

wh~ch can be achieved with them, Them appl~catmn to d~agnost~cs has been cans~dered m detad

(References 1 and 2).

In th,s earher work the mteract,on of the resonator field w,th a plasma located In the focal regmn

was considered by assmnmg that the f~eld dxstr>butmn was not perturbed by the presence of the plas-

ma. In one particular method, the transmlss,on coefflc,ent of a planar resonator containing a plane

slab of plasma was found by transmission line techniques. As an example, after approx,matlons

were made, the fractmnal shift m resonant frequency, due to the plasma slab, was found to he

where

d< . slab th~ckness,

do = resonator length, and

AN = change m refractive index due to plasma density changes.

In th,s instance losses were neglected. Lonngren, et al, (Reference 3) have analyzed the same ploh-

lern using, however, an incorrect appllcat~on of the usual perturhatlon theory, I.e., Slater’s Theorem

(Reference 4). Them result for frequency sh.ft M ,dent.cal to the above and they extended the analys,s

to include plasma loss, accurate to the same order.

It has been found m pract,ce that the approximate analyses referred to shove are inadequate

to explmn actual observations, wh,ch H, no doubt, a consequence of the approxlmatmns made.

For tfms reason a more thorough mvestlgat,on has been undertaken of errors recurred m makm~

these approxnnatmns, Prel~mmary results vdl be reported m th~s paper.

The rlEorous transmlsslon coefficient for a planar resonator rontammg a umform slab of 10SSY

plasma has been der~ved. Thm m so complicated that ~t M only useful m cm~mctmn w~th extermve

numemcal mdculatmm, wh~ch, howe”er, can be carrted out and do prov, cle a d~rect check on approx.

mate methods. As a fn-st apprax,matmn, mult,ple rcflectmns wlthm the slab are neglected, wh~ch

M equivalent to lgnormg squares of 4N and higher. The followm? I esults are obtained
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X. = displacement of slab center from focal plane.
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Q and Q. = resonator Q1s w,th and without the slab.

6 . measure of the slab loss (N = No (1.jb)).

It m seen that pronounced fluctuat~ons are experienced as e>ther the slab th~ckness or displacement

M changed. The appllcat)on of frost order perturbation theory yr?lds Identical results.

For re senator and plasma con f~guratlons other than plane -parallel, ,t appears that perturbation

tecbmques bold the most promise. The frost order theory, however, must be used with caution since

sermus errors can be introduced by the following two effect6 when the plasma density is increased,

namely:

1 Energy coupling between modes
—

2 LOSS of energy due to scattering outside the resonator.
—

The frost of these effects, mode coupling, has been studied qmte extens~vely in the past (Refer-

ence 5) for closed resonant structures. III the present paper lt IS shown that these (closed system)

techmques can be applied with reasonable accuracy to an open system If the coupling M restricted

to take place between low loss modes only. The results show that a slgmfmant dev~atlon from frost

order perturbation theory (Slater!s Theorem) can occur when two low loss (high Q) modes are sep-

arated by a small frequency difference.

The loss of energy by scattering from a perturbing med~um m a resonator m peculiar to open

resonators and has not been studied premously. This mechamsm, wh~ch we shall call scatter’mg loss,

has been analyzed by the authors to pre d~ct the change m Q due to scattering m a Fabry-Perot when

an mhomogeneous plasma is present. The method of analysis IS analogous to the Born approxlma-

t~on m scalar scattemng theory, and depends on a knowledge of the scalar Green, s Function of the

open resonator. Since the resonant modes of the Fabry. Perot do not form a complete set of func -

t,ons, some other set of bas~s funct,ons must be used. In the example discussed m this paper, an

open elllptlc cylinder resonator m stud~ed and the Green!s Functmn m expressed m terms of the

solutmns of the scalar wave equation m elllptlc cylinder coordinates. The de rlvatlon of the Green’s

Function IS based on the summation of the multlple i-e flect~on from the Fabry-Perot reflectors of the

free space Green’s Function. The summation can be expressed as the reverse of a “reflection matr,x”

Once the Green!s Functmn is found, ,t m a simple matter to calculate the radiated energy loss and

thus the change m Q of the system.

Experimental st”d~es have been performed ..mth 5 gc and 35 g. F.abry. Per.t resonators using low

denslt y polyfoam as the perturbing medium. The change m resonant fre CIuenc y and Q have been meas-

ured for slabs, cmcular cylinders, and square cylinders. Good agreement m obtained w~th frost order

theory. Sample results are g~ven m Figures 1 and 2. Further experiments with higher density ma-

termls are being performed at present to study mode coupling and scattering, and wdl also be r.-

ported.
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Figure 1. Frequency Shift of Slab as a Function of Slab Position
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Figure 2. Perturbation by Square Cylinders
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