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Double-Ended Tuning Fork Force Sensors

• Quartz crystal resonates in dual-ended tuning fork mode. Frequency of the mode 
depends on the force/stress on the tines.

• Force measurement is converted to a frequency/period measurement. Longer 
measurement leads to an increasingly better resolution: Resolution (noise) ∝ 1/T (as 
opposed to noise ∝ 1/√T for analog/voltage measurements) until thermal noise is 
reached.



Data Acquisition

➢ Force/Acceleration is sensed as a change in frequency of quartz crystal resonators. +/- 10% change in frequency is the 
nominal Full-Scale (FS) range of the sensors.

➢ Frequency is measured in a microprocessor using a stable reference oscillator and IIR filters* with resolution of parts per 
Billion (PPB) in a second. Processing delays < 1 ms.

➢ Outputs are in serial format and can be synchronized to external clocks using GPS/PPS input.

➢ Typical power consumption ~ 5 mW (sensor) + 200 mW (board)

*Webb and Nooner (2016): https://doi.org/10.1175/JTECH-D-15-0114.1
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Absolute pressure sensors ranging from 16 psia to 40 kpsia and gauge pressure sensors 
from 2 to 200 psi. 



Noise floor of Resonator

Noise of a quartz sensor (in physical units) scales with the Full-Scale range of that sensor. 
For example: 
noise of 1000 psia sensor at 1 Hz = 𝟏. 𝟕 × 𝟏𝟎−𝟗  × 𝟏𝟎𝟎𝟎 = 𝟏. 𝟕 × 𝟏𝟎−𝟔 psi/rt(Hz) 



Infrasound Barometers

for Seismo-Acoustic 

Measurements



Sensor Noise Floor



First Acoustic Detection of an Earthquake from Balloons

The First Detection of an Earthquake From a Balloon Using Its Acoustic Signature,  Geophysical Research Letters, Volume: 48, Issue: 12, First published: 28 June 2021, 

https://doi.org/10.1029/2021GL093013



New Seismic Sensors



Modeled noise
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Vault Testing by Univ. of WA
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Borehole Data with QA30

Data provided by RITE: Dr. Ziqiu Xue, Dr. Tsutomu Hashimoto



Borehole Data with QA30

Data provided by RITE: Dr. Ziqiu Xue, Dr. Tsutomu Hashimoto



Quartz Rotation Sensor



Design
Noise

Teleseismic signals

Quartz Rotation Sensor (QRS)

QRS is an angular accelerometer with a long period (~10 s) 
and a center of mass aligned closely with the pivot, which 
makes it insensitive to linear acceleration. 

Rotational Seismology with a Quartz Rotation Sensor. Seismological Research Letters 2021;; 93 (1): 

173–180. doi: https://doi.org/10.1785/0220210171

https://doi.org/10.1785/0220210171


QRS comparison



Size vs Sensitivity



Summary

Quartz seismic and pressure sensors offer:

High sensitivity/Low noise floors

Large dynamic range

High stability – DC sensitivity

Low power

Small size

High accuracy (.008% - 0.05%)



Paroscientific History

❑ Founded in 1972 by Jerome Paros after a decade of research on digital force sensors

❑ Manufactured over 165,000 pressure and seismic sensors for the last 52 years in our 
facility in Redmond, WA.

❑ Worldwide reputation for high-quality, high-performance pressure instruments

❑ Technology applied to many different market areas including Metrology, Aerospace, 
Meteorology, Physical Oceanography, Tsunami sensing, etc.
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