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su=-. A method of measurement of the loaded Q of
—.
microwave rescngtors ie described based on the relation
betweer, the integral of the reeonsnce curve ar,d the Q of
the cavity considered. The block diagram of the measu–
rin& set and scme results cf the verification experi–
ments are also included.

Introduction, Mc,st frequently Q is obtained from the re-—.—— —
sonar,ce curve width, by measurifig the frequency diffe-
rence between half-power points and by utilizing the re-

lation cf this quantity to Q. In this way it is possible

to meaeure with an accuracy of 1 % though at the expense

of using precise and valuable measuring instruments such
as a microwave ccunterj a frequency and level stabilized

signel. generator, a precision power meter afid/cr a pre-
cision calibrated microwave attenuator: This Technical.
Lcte prssents anothe criginal method of measuring the
loaded quality factor of microwave resonators based on
the relation between the Q factor and the value of the

ir.tegral of the reeonar!ce cur~~e,

Method. The pcwer P(w) transmitted through a trarlsmis-.—
sion cavity with ma’; ched generator and I.oad connected

to its in~ut ar.cl output line, respectively, as a func-

tion of frequency is

flu) .@+Q:(&/@o - (d./w)y-f /1/

where Po= P(cJ.) is the pc,wer transmitted at resonance

frequency~~ of a gi~,er] mode and Q.l is the loaded quali-

ty factor of cavity. The integration of the Eq./l/ in

the vicinity of the resonance yields:
W-2

~“[hl~w”~)uo ~L-’+h~$ti~?

/2/

W+
where U$=u+-ui and 6J,~aJ0<UV.

Tilei the values of the power transmitted at resonance,
the cavity re. sonsr,ce frequency arid the integration inle -
rvel. are krlown, then Fq./’2/’ may be used for calculating

Q1 from the measured integrated value of the transmitted

power-bandwidth product of the cavity considered. The
block diagram of the measuring set is fihowm in Fig.1.
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Fig.1. Block diagrar, of the measuring set.

It coneists of a micrcwave sweep generator, r,ad attenua-

tors, I;hc rescnatcr to be measured and a square law de-
tector. The output siznal from the detector is integrated

in an integrator. As :, matter of fact this integration
is in the time domain and thus a more convenient formula
for calculating QL is

~ =eaod-’a-’’+(ffi~sw~ll /’?/’

where It is the ~slue of integral obtained after integra-

tion over the time inkerval of the sweep from U4 to UJZ
and k = ~/t is the sweep rat, e. In order to preserve the
valjdity of the quasi-static formulation of the Eq./3/,
tk.( sweep rete ~s con:, idered to be sufficiently low. The
transcendental eq~ation /3/’ is solvable only ~raPhicaly

or by the j.terative reel, hod . However in the many case:,

when the sweep ra~]ge ].s many times greater ikm the b.end-
width cf the measured resonator, the calculation of Q
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can be simplified as follows: When the integration in-
terval is infinite, then the valua of the integral of

-1 -1
the resonance curve 1s I = lim I = 0.5 T(P(,wck Q1, .

tm W$+m t .,
From this equation it is possible to calculate approxi-

mative val.ae of the quality factor Q~ if instead of Itm

the measured value of It is substituted:

Q~ = 0.5 flPo@ok-]I;l. The relative difference &Q between

approximative and correct values of q ~s is -

/e.g. for UJSQ1ld~l> 7 it is &Q,< 0.1 /. The calculated

approxim~tive value of tha quality factor Q~, can be sub-

stituted for QL in the term arctg(.) of the Eq./2/ thus

reciucin& Eq ./3/ to a linear equation. Owing to the shape

of the function arctg(.) for higher values of argumentj
the error is negligible. The resulting formula for the

corrected cavity quality factor QIK is finally
,.

%x= Pocook-lI~larctg(0.5 @SPok-11~1) . /4/

The value of pcwer P. transmitted at resonance may elso

be measured by means of the integrator when the time of

integration is unity and the generator is tuned to the
fixed frequency tie. Since quantities Pc, and It appear in

Eq.\4/ as a proportion, the integrator need not be abso-
lutely calibrated in the units W.HZ of the transmitted

power-bandwidth product.

Results. The suggested method was verifi~d with some X——_
band cavities, whose loaded quallty factcr was previously

measured by rleans of a bandwidth method of accul,acj 2 %.
The results showr in the Table 1 represent the mean of

the series cf ten measurements. Q1l[ or QL are Q ‘s of the

cavities obtained either by Integration or the bandwidth
method , respectively .

Table 1.

Cavity NC
‘LK Ql IIQLK- QL)\QL

0111 7 538t231 7 8201156 -3.6 x 10-2

0155 11 7452159 11 200*220 4,9 x 10-2

The results obtained by the integration method differed

at most by about 5 % from those obtained by the referen-
ce method. The major measuring error sources of the in-
tegr~tion rlethod are the deviation from the square law

cf the detector’, the level. instability of sweep genera-
tor, the nonlinea~ity of the integrator auci the drift of

the ini, egratol, especially when the sw!eep r~te is very

low. The advantage~ of the method include its simplicity
and the unsophisticated measuring equipment. The propo-

sed method does not demand any precision measurement of
the half-power frequencies as is currently enc~untered
in the bandwidth nethod when applied to the difficult
case of the high Q cavitiee. lJaturally, the integration
r.ethod likewise the banawldth rrethod are not applicable
to the distributed resonant circuits.
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