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The last few years have seen the publication of several studies of electro-

magnetic resonances of free dielectric samples. This is explained by the high Q

factar thot can be obtained with o little space-f octar, when using high dielectric

constant materials and a law dissipation factor (tg 6 ), The resonators used lend

themselves to a number of different applications. However their use requires a

good knowledge of their spectra and field configuration.

We have made a systematic study of the resonances of an isatrapic spherical

dielectric sample, supposed without lass, placed in an infinite medium. To our

knowledge, this problem, up until the present timer has anly been approximately

resolved, the results obtained only being valid for a dielectric constant t which

was sufficiently large(l).

The dielectric sample created in its proximity a concentration of semi-station-

ary electromagnetic energy. BY using the Bromwich’s method, we have resolved

Maxwell’s equations taking into account the boundory conditions – zero energy at

infinity. This leads ta a characteristic equation which is both complex and trans-

cendent; its resalutian in r,u gives the free oscillation frequencies of the system

and their relaxation times.

To help us solve the equation we used a computer with a chequering method

follawed by one of double iteration. BY using the spherical co-ordinates we have

been able to class the mades as fallawing: TEnmr and TMnmr where the three in-

dices nmr correspond respectively to the order of Bessel’s function, the order of

Legendre’s palynome and the order of the root of the characteristic equatian.

With the anly restructian m < n all the TE modes were faund ta exist whatever

the value of c . This however wos nat the cose for the TM modes which only exist-

ed when the r values were sufficiently small, the cut-off being a function of c .

As an example, we give the frequency and (1 factor, where .S varies between 2

and 100 (Fig. 1 and 2), for the first seven modes.

The (1 factor thus calculated represents the relation between the stored energy
af the resonant system and the radiated energy per cycle. This is the maximum

theoretical Q obto ined in the case of non-loss materials. This value is of great

interest since it indicates the possibility of caupling the made to the exterior

medium. A theoretical value far Q which is too law indicates a stored energy

which is likewise too low thus preventing the made from being observed. A value

for o which is tao large hawever ( (1 >> l/tg 5 ) indicates that the dielectric losses

can no longer be neglected since they are greater in number in comparison with the

radiation; such a mode cannot be observed either.

In an appraximatian of negligible radiatian in comparison with the stored energy,

we have studied the force lines of the first seven modes, on the interior af the di-

electric as well as the exterior.

For the TE modes the force lines of the electric field are an a sphere. In the

case where the index m is zero the mades are axiolly symetric, and the farce lines

of the electric field are circles af the axis O = O. The force lines of the magnetic

field are situated in ane of the meridian planes.
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Figures 3 and 4 represent, os an example, the force lines af the magnetic field

in a meridian plane for the TE1O1 and TE301 modes (for a dielectric sphere of con-

stant 6 = 14).

In the TM modes, the nature af the force lines remains the same but the rale af

the H and E fields is permutated.

The modes of a higher order can be classed as valume modes and surface modes

according ta whether r >> n or n >> r; in the latter case the energy is concentrated

in the praximitv of the separation surface.

These mad~s have been experimentally studied using a set-up as shown in Fig.

5 at X and Ku bands. Fig. 6 shows the results obtained with a sphere 3.9 mm in

diameter and where .S = 86. Verification is therefare excellent. These modes lend

themselves to interesting applications. Thq strong concentration of energy given

by these modes has permitted US to realize a pawer limiter using the TE101 mode

of the sphere of YIG(2).
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FIG. 3 MAGNETIC FORCE LINEE OF THE TEx-J

MODE IN A DIELECTRIC SPHERE (?=ld

FIG. 2
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FIG,5 SXFERIMENTAL S~-UPIN ORDER TO MEASURE
THE NATURAL FREQUENCY OF A DIMENS1ONAL
RESONANCE

FIG. 6 RECORO OF THE RESONANCES OF A DIELECTRIC,. .)
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