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aser-based optical measurements are
a fundamental technology of our civi-
lization. Their flexibility is amazing:
interferometers maintain the accuracy
of machine tools, serve as gyroscopes
for navigation, do transform spectros-
copy, and perform ranging for seis-
mology and gravity wave detection;!
lidar detects tornadoes, wind shear,
and air pollution; other systems play
compact disks and scan bar codes in
supermarkets. Optical measurements
in research include spectroscopy,
Doppler velocimetry,?3® aerosol par-
ticle monitoring, ellipsometry, inter-
ferometry, fiber-based sensing,
femtosecond pump/probe studies, and
many, many more.

The limits of most of these mea-
surements are set by noise and spuri-
ous signals of one kind or another.
Perturbations caused by wind, sound,
mechanical vibration, Johnson (ther-

e

mal) noise, dark current noise, shot
noise, excess laser noise, and extinc-
tion noise from aerosols are examples
of true noise, in the sense that they are
usually uncorrelated with the data (in-
deed, sometimes they are the data).
Besides the noise, there are usually
spurious optical signals, due, for ex-
ample, to etalon fringes and laser self-
modulation from front surface reflec-
tion, drift in light intensity, residual
amplitude modulation from front sur-
face reflection, drift in light intensity,
orresidual amplitude modulation (AM)
and chirp. These are frequently corre-
lated with the data and so introduce
systematic error.

Generally speaking, these noise
sources are more troublesome at low
frequencies, with the power spectral
density (PSD) of the noise in the de-
tected signal showing a distribution
that is very roughly proportional to
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