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Summsry. A method of meezsurement of the loaded Q of
microwave rescnstors is degeribed, based on the relation
between the integral of the resconsnce curve and the Q of
the cavity considered. The block diagram of the measu-
ring set and scme results ¢f the verification experi-
ments are also included.

sonsnce curve width, by measuring the frequency diffe-
rence between half-power points and by utilizing the re-
lation ¢f this guantity to Q. In this way it is poseible
to measure with an accuracy of 1 % though at the expense
of using precise and valuable measuring instrurents such
as a microwave ccunter, a frequency and level stabilized
signsl generator, a precision power meter and/or a pre-
cision calibrated microwave attenuatore Thig Technical
Ncte presents 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
integral of the resonance curve.

Method. The pcwer P(w) transmitted through a transmis-

sion cavity with ma®ched generator and load connected
to its input and output line, respectively, as a func-
tion of frequency is

P} = R [1+ Qéfution ~ofis) ] )/

where PO: P(ws)is the power transmitted at resonance
frequency w of a given mode and QI is the loaded qusli-
C ”)

ty factor of cavity. The integration of the Eq./1/ in
the vicinity of the resonance yields:

[ =/,27{w)‘.{w =/g>wa L"M/@wia;”//

where wg=wy-wy and Wy <wWo< Wy .

Wher the values of the power transmitted at resonance,
the cavity resonance frequency and the integration inte-
rval are known, then Fq./2/ may be used for calculating
QI from the measured integrated value of the transmitted

/2/

power-bandwidth product of the cavity considered. The
block disgrsm of the measuring set is shown in Fig.l.

WAVE
METER

SQUARE
SWEER DIRECTIONAL
Pap PAD LAW INTEGRATOR
GEHERATOR COUPLER DETECTOR

Fig.l. Block disgram of the measuring setl.
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It consigts of a wmicrcwave sweep generator, pad sttenua-
tors, the rescnatcr to be measured snd a square law de-
tector. The ovtput siznal from the detector is integrated
in an integrator. As s matter of fact this integration

ig in the time domain and thus a more convenient formuls
for calculating Q. is

L = B & ancly (Qews i), /3/

where I, is the value of integral obtained after integra-

t
tior over the time interval of the sweep from wj to wa
and k =w/t is the swecep rate. In order to preserve the
validity of the qussi-static formulailion of the Eg./3/,
the sweep rate is consldered to be sufficiently low. The
trenscendertal equetior /3/ is solvable only graphicaly
or by the iterative method . However in the many csses
when the sweep range 1s many times grester than the band-
width cof the measured resonator, the calculation of QL

can be simplified as follows: When the integration in-
terval is infinite, then the value of the integral of

. _ ) ~1.-1
%;ijt- 0.5 Iouek QL ‘
From this equation it is possible to calculate approxi-
mative value of the quality factor Qﬂ if instead of Itw

the regonance curve 1is Itaf

the measured value of IJD is substituteds

, -1.-1 ‘ B .
QL 0.511Pou5k IJD . The relative difference g
correct values of @ ’s is

o =1 ' -1
= arccotg(stLwO ) /arctg(wSQLwo ) s

between

Q

approximative and
- 7 _

&= ©Q -al/

/e-g. for “’st.‘";1> T it is £y < 0.1 /. The calculated

approximative value of the quality factor Qi can be sub-

stituted for QL in the term arctg(.) of the Eq./3/ thus

reducing Fq./3/ to a linear equation. Owing to the shspe
of the function arctgf.) for higher values of argument,
the error is negligible. The resulting formula for the
corrected cavity quality factor Yy is finally

-1
QLK t /4/

The value of power PO transmitted at resonance may also

-1 ~1.-1
= tg(0.5 WP 1 .
Pwk T Tarc (0.5 P K t)

be messured by means of the integrator when the time of

integrsiion is unity and the generator ig tuned to the

fixed frequepcy*a%. Since quantities PC and IJG appear 1in
]

Eq./4/ as s proportion, the integrator need not be abso-
lutely calibrated in the units W.Hz of the transmitted
power-bandwidth product.

Results. The suggested method wag verified with some X
band cavities, whose loaded quality factcor was previously
measured by mesns of a bandwidth method of accuracy 2 %.
The results shown in the Table 1 represent the mesn of
the series cf ten messuremente. QLK or QL are Q@ 's of the

cavities obtainel either by integration or the bandwidth
method, respectively.

Table 1.
Cavity No Qg Q (O~ QL)/QL
0111 7538231 7 820%156 23.6 ¥ 1077
0155 11 745 £159 | 11 200 220 4.9 x 1077

The results obtained by the integration method differed
at most by sbout 5 % from those obtained by the referen=
ce method. The major measuring error sources of the in-
tegration method are the deviation from the squere law
cf the detector; the level instability of sweep genera-
tor, the nonlinesrity of the integrator and the drift of
the intiegrator,; especislly when the svweep rate is very
low, The advantages of the method include its simplicity
and the unsopbigticated measuring equipments The propo~
sed method does not demand any precision measurement of
the balf-power frequencies as is currertly encountered
in the bandwidth nethod when applied to the difficult
cage of the high Q cavities. Naturally, the integration
method likewise the banawidth method sre not applicable
to the distributed resonan®t circuits.
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