
fo2lowing properties * 
(1) ?3asl~c91ly, the device cousi8ts of a cavity that containa, an electro- 

rTlEq?getic fi.eld; 
(2) Electi-.~m2gnet~e pcwer is pemmltt.ed to enter the cavity only at a 

sing:le..por"r, wk?lle perturbation me&urec;e~-&s are being made. @hia is the 
port at which reflection coefficie& measuremanta are made.) 

(3) In that port of the in2ut tuavegtide where reflection coefficeent 
measurements are made, a single wave&de mode la contained, 

&b) The cavity walls very greatly attenuske the el@cSrom~@x?tic fields 
it the operating frequency; the fields are impressed upon them from either 
the inside or the outaide. (In most practical caee~ these walls are made of 
highly conducting metals.) 

(2) The c&.-&f walls and the medium inside the cavity are assumed to 
have electrical parame%ers that are linear and isotropic, 

&dlar~ hag? also presen%~d a non-resonant pertu%atioTI tccfinique, rTh?ie 
gaper is presented In addition to &he Mallory paps, since it pravides a more 
rigorous justification for thr3 measurement *cpLnlque. Eaon~resonant perturba- 
tion meaa-uxmenta have been made by a ntioar uf workers for several years. 
The principal value of this paper ir?s that it providers a rigorous, general, 
underlfing t&mry~ 

hc, Mallory, "A p~~&~bation technique for impedance measurements," 
Conference ala Microwave Measurement !lWhniqu@, Inatit~te of Electrical 
Ex@neering (London, Szptimbar 1961). 











Born Poy3tir~2B Theorem,* arkI the fact tha% %he. E ancl H field com- 
ponents in Eq. (LO) are gw-pendicukr %O each other, i% is app.ren% the% 

(3.1) 
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Conai&??r now %he %erm on the right of Eq, (2 > 0 From m&e (1) 3 
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and magnetic fields is neglected. As a remit, these fommlan pertain 

only to pertwbing obje cts that 818 c.m"a.ll cmpared to a wwrelength. For 

where 

is a Legendre Rmction of' the second kind 

is the length of the prol.ate spheroid 

is the radhm of the prolate sphzroiij. 

rrhere a is its rsdiuse For a small dielectric prolate spheroid* 

(32) 



and fc~r a small dielectri:: sp’nere 
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Eq, (39) over %he required mea, ti%h %he reml-f; %hat 

The %otal awren% &ha% flmm axiaU.y along %he leng%h of Lhe prolate E;j2heroid,? 

IZ’ is then 

Finally, when Eq, (41) is cabined, wi%h Eq, ($), aad .%htz irr%cgra%ion is 

performed, the reauL% is 

2, DfelecLric 
To derive EqO ‘(33) f the compomn%e 04 Kd3 for electric fields oriem-hd 

parallel and perpendicular to %k axis of the pro2a%a B@eroidJ mx-e mJxuLa%ed 
separa%ely, The deriva%lon of the co~~~pox~ents oj? Kd, for $&z ele~tiic ii&d 
parallel %o this axis is presen%@d below, The derivation of‘ %he o%he~ corn- 
po~en% follows 8~ iden%ical approach, &&XI, %he quasi -Ei tati e E1;pproxlm%i 0116 
are used., 

I% is laost convenient to s%as% with Eq, (29)& In t&is case, the condm a 
tivity will be aaaumed to be zero, bo%h in region B and in %he pztrtxmbing 
object, The permi%%ivities in %he absence of, md in the pmwence of, %he 
per%urbing object are twm.mzd Lo be uaifcxm over &he space ocastx~ied hy the 



E 
Kd = “(Eg - Ea> -2 vr. 
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