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ABSTRACT

Pressure transducers with quartz-crystal resonators are being used to measure deep-ocean bottom pressure
in the northeast Pacific as part of a long-term monitoring program. In principal, instrument sensitivity is less
than 1 mm for sea-level oscillations of periods greater than a few minutes; in practice, however, system resolution
is limited by long-term sensor drift and background noise. Data are digitally recorded at a rate of 64 samples
per hour but selectable intervals ranging from 4 to 128 samples per hour are possible. The field program has
focused on the maintenance of five permanent stations in the northeast Pacific since 1986. During this time,
phenomena over a wide range of time scales have been recorded, including tides and the seismic surface waves
and tsunamis generated by three earthquakes in the Alaskan Bight.

1. Introduction

High-quality bottom pressure recorder (BPR) mea-
surements in the deep ocean contribute to a funda-
mental understanding of oceanographic processes over
a wide range of time scales. These vary from long-pe-
riod fluctuations induced by planetary waves, oceanic
tides, and meteorological forcing events, to relatively
shorter-period phenomena such as long surface gravity
waves, microseisms, and tsunamis. To capture these
events, several types of transducers have been incor-
porated into pressure sensor units designed for oceanic
applications. The most common types include the vi-
brating wire, strain gauge, quartz-resonator, Bourdon
tube, and various capacitance devices. Vibrating wire
designs typically correlate vibrational frequency with
pressure-induced mechanical motion (Lefcort 1968;
Vitousek and Miller 1970). Capacitance plate trans-
ducers such as those described by Harris and Tucker
(1963) incorporate parallel capacitance plates in which
the distance between plates varies as a function of ap-
plied pressure. Capacitance is inversely proportional
to the plate gap and acts to tune an LC oscillator. Al-
though an improvement over vibrating wire designs
with respect to accuracy, flexibility, and cost, instability
was inherent in the mechanical design of the capaci-
tance plate transducer. As an improved alternative, the
strain gauge was developed and extensively used by
researchers at the Institute of Oceanographic Sciences
in Wormley. Strain gauge pressure sensors utilize the
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variation in the resistance of a conductor with me-
chanical deformation caused by pressure acting on a
flexible element. Many designs have been used, most
incorporating a Wheatstone bridge to increase the sen-
sitivity and minimize temperature effects. Gwilliam
and Collar (1974) and Collar and Cartwright (1972)
report on successful uses of strain gauge sensors to
measure tides. They are not, however, well suited for
long-term deep deployments where a large dynamic
range, high sensitivity, and low drift are required. In
contrast to the strain gauge, quartz-resonator trans-
ducers measure the changes in vibrational frequency
of a quartz beam. An early Hewlett-Packard sensor
utilized a piezoelectric resonator characterized by in-
creased pressure sensitivity and decreased temperature
dependency. This design represented an improvement
over previous designs incorporating the vibrating wire,
capacitance plate, and strain gauges (Gwilliam and
Collar 1974). More recent quartz-crystal transducers,
such as those currently marketed by Paroscientific, Inc.,
display somewhat improved long-term stability and
significantly greater accuracy than their predecessors
(Wearn 1985a; Wearn 1985b).

Eyries (1968), Snodgrass (1968), and Filloux (1969)
are recognized as pioneers in the development and de-
ployment of self-contained bottom recording pressure
units (Warren and Wunsch 1985). Since their early
deployments of vibrating wires, strain gauges, and
Bourdon-tube transducers to measure pelagic tides, the
use of BPRs in oceanic programs has been diverse.
Wearn and Baker (1980) studied transport fluctuations
of the Antarctic Circumpolar Current using quartz-
resonator pressure transducers deployed in Drake Pas-
sage. Wunsch and Wimbush (1977) incorporated vi-
brating wire and several strain gauge pressure trans-






