Introducing the Napa Force-Balance Vertical

Seismometer
David F. Nelson
Brett M. Nordgren

The Napa design is the third in a series of FBV seismometers, starting with the Inyo and
later the Yuma. It is designed to be relatively inexpensive and able to be constructed
and operated by any advanced amateur seismologist who has access to a reasonably
well-equipped metalworking shop.

Smallest of the three designs, having a mass of about 60g, the Napa incorporates a self
contained pressure case, making use of a standard Hammond waterproof aluminum
box employing a simplified "warpless" base design.

Like the earlier designs, its velocity response has a 2-pole low-frequency corner at 50
seconds and a 1-pole high-frequency corner at 30 Hz.

In order to allow the use of a less expensive 16-bit digitizer, the Napa provides two
output signals. The high-gain output has a mid-band generator constant of 25,000
V/m/s, which will clip at a peak velocity of 400 um/s, giving a sensitivity of 12.2 nm/s per
count when used with a 10V, 16-bit A/D. A low-gain output signal continues to provide
useful data to a second A/D channel for any large or nearby quakes which exceed the
400 um/s clipping velocity. The low-gain output has a generator constant which is
lower by a factor of 50, giving 500 V/m/s or 600 nm/s per count, and clips at a peak
velocity of 2 cm/s.

Instrument internal noise is designed to be sufficiently low so that it will always be below
the local site noise encountered at any amateur installation. In fact, early tests suggest
that the instrument self-noise PSD is below the NLNM out to 25 seconds period, rising
to around -180dB vs 1m?%sec* per Hz at 50 seconds period. At 1mHz, the instrument
PSD measures slightly below -150dB.

The Napa employs a stainless-steel leaf spring, having a thermoelastic coefficient of
about -240ppm/°C. This means that for best performance, it must be well insulated so
as to have a long thermal time constant from the ambient temperature. Although its
steady-state temperature coefficient approaches zero, the instrument will respond to the
rate of temperature change by an estimated 41 um/s per °C per hour.
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