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GRAIL and the Lunar Reconnalssance Orbiter (LRO) missions, On MGS, the Mars
Orblter Laser Altimeter (MOLA) described in Zuber et al. (1992), produced a high-
resolution topography field that was correlated with the gravity field measured by the
same mission {(sometimes, alsn combined with historieal data) leading to impartant
discoveries (Zuber et al, 2000; MeGovern et al. 2002). GRAIL did not carry an altim-
eter, but LRO was in operation in the same tme period and carried the Lunar Orbiter
Laser Altimeter (LOLA), Sclence teams used the GRAIL gravity data and LRO altime

eiry data to produce high-resolution correlations between the two data sets (Zuber et
al, 2013h).

5.3.1 Spacecraft Ultrastable Oscillator

5.5.11 Purpose and Histarical Development
The USO was developed for the purpose of carrying out planetary RO experiments in
the ane-way mode where there Is a stable reference on each end of the link, spacecraft

and ground station, or between pwg spacecraft. Reasons for carrving out the experiment
in the one-way mode with a USQ Include:

» Iteliminates the double prapagation of the uplink and downlink sighals In the same
planetary medium under study. The douhble propagation requires more complex
processing (Schinder er al. 2002; Hinson et al. 2008; Hinson et al. 2014; Tellmann et
al. 2013), which is further complicated in cases of multl-path signal conditiens in the
planetary atmosphere (Fjeldbo et al. 1975; Lipa and Tyler 1979). The preferred
one-vay signal travels from the spacecraft through the medium once. This is typi-
cally a downlink configuration but, for the Plute ome-way uplink experiment, the
direction was reversed and data were stored on the spacecraft then played back as
telemetry files (Tyler et al. 2009).

® It eliminates the time needed by the transponder to lock-up on the uplink signal
when the spacecraft is emerging from behind the occulting blanetary body. Although
the Jock-up time can be short (a few seconds to a few minutes, depending on the
atmospheric density, uplink SNE, swWeep rate, etc.), this delay can be comparable to
the length of the observation and cause the loss of the egress experiment in the lowey:
atmospheric region. With a USO, the spacecraft can already be transmitting prior to
the beginning of the ceeultation egress without logs of data,

Without a USD, the transponder's built-in auxillary oseillator is not sufficiently stable

to extract scientifically meaningful data {unless the aux ose stability improves signifi-
cantly in the future), However, without a VS0, an ocoultation experiment can be car-
ried out in the two-way mode for ingress only (Immersion). To clarify these issues, in &
highly instructive 1975 paper on the Ploneer 10 RO of Tupiter's ionosphere at S-band
(~2.1 GHz), Gunnar Fleldbo (also known as Gunnar Lindal} and his team of RS pio-
neers discuss the use of an onboard auxillary oscillator (referred to as the erystal oscil-
lator, not thermally controlled) and summarize the state of the art at that time a3 well
as the evolving thinking on the instrumentation due to the dilemma they faced prior
to the invention of the USO for the Vayager program. The comment “comsidering to
conduct the Pioneer 11 immersion measurements at Jupiter In the two-way mode”
was addressed in Section 5,2.2.1. Fjeldbo et al, (1975) stated:
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