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the quartz oscillator is typically mounted on a base and is submerged in a liquid. in
order to use the liquid as the medium for mass detection, the quartz oscillator has
to be suspended in the liquid. because the quartz crystal acts as a spring, it exerts
a restoring force on the crystal. suspending the crystal in the liquid prevents it from
retracting against the force of the spring and allows it to oscillate. the more mass is

on the crystal, the less the restoring force and the greater the oscillating
frequency. the mass of the crystal is determined by its dimensions and the mass of

the liquid. the mass per unit area of the quartz can be expressed as follows: the
instrumentation itself is composed of a quartz oscillator, a piezoelectric crystal,

which is usually at cut, and a circuit which detects changes in the oscillator
frequency, which can be expressed as follows: f(r) = f(r0) + n2 m(qcm) δ2(r) d2, (4)

where r0 is the original frequency of the crystal, f(r) is the detected frequency,
m(qcm) is the mass of quartz, and δ(r) is the change in the oscillator frequency. the
sensitivity of the qcm to mass change is very high. for example, a change of 10-3
kg/m2 in mass causes a shift of approximately 1 khz in the oscillator frequency.
this sensitivity is due to the fact that the quartz is a piezoelectric material. the
mass of the quartz changes the oscillator frequency. the quartz is electrically

polarized, and the frequency of oscillation is set by the application of a voltage.
when the voltage is applied, an electric field is set up in the quartz crystal. if a

mass is added to the crystal, the electric field will change. a change in the electric
field will change the oscillator frequency.
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