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The capabilities of the Vertical Incidence Pulsed Ionosphere Radar (VIPIR) instru-
ment, operating in the MF and HF bands (0.5-25 MHz), are a direct result of careful
system engineering with the primary focus on high levels of analog and digital system
performance. The resulting system allows for the rapid and high quality measure-
ment of the ionosphere, enabling the discovery of mesoscale plasma structure and
study of the associated physics. High signal to noise ratios, robust analog signal
performance and pulse shaping provide a large pool of radar resources to the user.
A large, efficient, broadband transmitting antenna and a large aperture receiving
array of small, active dipole antennas are key performance elements. Frequency
agility and flexible operating schemes allow the design of measurement modes to
optimize radar resources toward specific observational goals. Recent updates to the
radar electronics provide substantial improvements to these key features.

Amplitude and phase calibrations allow for increased precision and accuracy of the
resulting data, and periodic checks of the field site for unintentional electromagnetic
radiation in the MF-HF bands is helpful to maintain data quality.

Dynasonde observation principles for ionospheric radio sounding take advantage of
capabilities of the VIPIR. The Dynasonde measurement technique and associated
raw data processing allow measuring echo ranges and angles of arrival with high pre-
cision and with high time resolution. The electron density profile inversion algorithm
(NeXtYZ) uses this information to restore parameters of a three-dimensional plasma
density distribution over the sounder location, including its vertical cross-section,
or true vertical profile. Tilts of constant electron density surfaces as functions of
the true altitude are also obtained. High cadence observations over long periods of
time enable the study of rapid, mesoscale ionospheric variations.
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