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The Equivalent Circuit of the Quartz Resonator
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One of the authors proposed a new measurement method of high Q in oscillating
system by using the interefernce of laser light between direct and reflected rays from
a surface of oscillating system and could be shown experimentally with quartz
resonator as an oscillating system.

On investigating this measurement method, it was found that the equivalent circuit
parameters of quartz resonator at the thickness vibration mode could only be
obtained from physical constants and sizes of quartz resonator used in the experiment.

It is known that the equivalent circuit of quartz resonator may be represented by
the series resonant circuit, according to the vibration effect, in parallel with the static
capacity of the resonator.

In such equivalent circuit, it is also known that each value of the circuit parameters,
that is, series inductor, L, series capacitor, C, and parallel capacitor, Cy, may be
determined only from physical constants and from such resonator sizes.

Unfortunately, since the value of the series resistor R is not well-defined theoreti-
cally, the actual value of such a resistor has generally been derived from an experi-
mental result of attenuation on vibration.

In this paper, utilizing the complex elastic constant of the resonator crystal, it is
possible to represent L, C, and R of an equivalent circuit respectively, from the given
physical constants and sizes of quartz resonator.

As a result, it can be seen clearly that the value of series resistor R properly
corresponds to the normalized factor defined by the ratio of imaginary to real parts
of the elastic constant and such normalized factor may be easily obtained by an
experimetal result of attenuation constant of the quartz crystal on acoustic transmis-
sion,

Key words .  quartz resonator, equivalent circuit, thickness vibration mode, complex elastic constant, attenua-
tion constant, acoustic transmission



60 BAEN - BEE - KERAE | KEIRET O SR

1 Fteie

Faid, DL —YHEHWTRBRCBITI2EWQ
DERBETAHLWHEEREL. 2OFMEEER
COWTHOWMELT > TEL, RERE LT, BEAE
B RERE TERHVWTERE T2 »7%. T4bb,
HBFEBBOEH CREEHAS WL EER X » TEARE)
TERGREGTEL L DREHE L —F b o DERN
FRAELBRETRIE. b LREEHRO L D 2Rk
BEVFELR, 2ORBIORHED . ASRETFO
Qi RD SIS [1]. ZOEBIEREHET S LT, K&
RETFOSIWE R ER L TR, WENTETREL
TBLBEHPELTEL,

KRB T IR T — F—EDHE&. B 1 O ER
TRENB ZEHEILHMLRTWS, B 1, Caldkih
HEHFOBERE, Lo, Co RaldFRZFREEYRIZL S
BRI ERNES TR LBEOEHES v 57
Y UR, BlF e RLP A BIUEBmERERLT
Wh, TREDW. Bili4 ¥ IR, FEilX w8y
2 ¥ ARK SRS T OMBEER. MENTE, SRET
% B0, BRI OWT ORI+ TR <. FiEE
POMITERIZ L » TREL LTI L 5%\,

Rm

Cd 3 Lm

]-Cm
Fig. 1 An equivalent circuit

of the quartz resonator
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