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Introduction. The MESSENGER (MErcury 
Surface, Space ENvironment, GEochemistry, and 
Ranging) spacecraft, launched on 3 August 2004 
as part of NASA’s Discovery Program, will be 
the first spacecraft to orbit Mercury [1]. While en 
route to Mercury MESSENGER will fly by Ve-
nus twice, in October 2006 and June 2007 [2]. 
The full suite of MESSENGER instruments [3] 
will be directed at Venus during the second flyby, 
which involves a closest approach distance of 300 
km [2]. That event will provide a range of oppor-
tunities for new scientific observations of the en-
vironment, atmosphere, and surface of Venus. 

MESSENGER Payload Performance. The 
MESSENGER spacecraft carries a suite of seven 
scientific instruments [3]. The Mercury Dual Im-
aging System (MDIS) includes wide-angle and 
narrow-angle cameras mounted on a dedicated 
scan platform.  A Mercury Atmospheric and Sur-
face Composition Spectrometer (MASCS) inte-
grates an ultraviolet and visible spectrometer 
(UVVS) with a visible and infrared spectrograph 
(VIRS). The spacecraft carries a Gamma-Ray and 
Neutron Spectrometer (GRNS), an X-Ray Spec-
trometer (XRS), and a Mercury Laser Altimeter 
(MLA). There is a vector Magnetometer (MAG) 
located on a 3.6-m boom and an Energetic Parti-
cle and Plasma Spectrometer (EPPS) consisting of 
a Fast Imaging Plasma Spectrometer (FIPS) and 
an Energetic Particle Spectrometer (EPS). 

The payload was fully calibrated before 
launch, and all instruments have successfully op-
erated in space. Operations have included initial 
instrument checkout through the redundant Data 
Processing Units, and calibration observations of 
OB stars (MASCS/UVVS), supernova remnant 
Cassiopeia A (XRS), bright stars, and an onboard 
target (MDIS). The magnetometer is measuring 
the in situ interplanetary magnetic field (IMF), 
observations of the solar wind and energetic par-
ticles of the interplanetary medium have been 
made with the EPPS detectors, and the neutron 
spectrometer component of GRNS has detected 

gamma-ray bursts. The MAG, EPPS, and GRNS 
instruments detected an interplanetary shock in 
May 2005 that was also detected 3.3 hours later 
by the Advanced Composition Explorer space-
craft. The MLA successfully carried out two-way 
optical ranging from Earth at a distance of 24 mil-
lion km [4]. 

MESSENGER completed an Earth flyby grav-
ity assist on 2 August 2005, an event that pro-
vided important calibration opportunities for four 
instruments. Prior to closest approach, MDIS ac-
quired images of the Moon for radiometric cali-
bration. Images of Earth were acquired with 11 
filters of the wide-angle camera to test optical 
navigation sequences that will be used to target 
later planetary flybys, and a movie was assembled 
from MDIS images taken in three filters every 4 
minutes over a 24-hour period after closest ap-
proach [5]. MASCS obtained spectral observa-
tions of the Moon that permitted absolute radio-
metric calibration of UVVS and VIRS as well as 
intercomparison with MDIS [6], and MASCS ob-
served Earth’s hydrogen corona in the month fol-
lowing closest approach. MESSENGER also 
measured the magnetic field and charged particle 
characteristics within Earth’s magnetosphere and 
across major magnetospheric boundaries [7]. 

The Venus Flybys. MESSENGER’s trajectory 
includes two flybys of Venus prior to a series of 
encounters with Mercury. The first, on 24 Octo-
ber 2006 (Fig. 1) at a closest approach of 3140 
km, will increase the spacecraft’s orbit inclination 
and reduce the orbit period. No scientific observa-
tions will be made during that flyby, however, be-
cause direct communication with the spacecraft 
will be precluded by the fact that Venus and Earth 
will be on opposite sides of the Sun. 

The second Venus flyby on 6 June 2007 (Fig. 
1) will lower the perihelion distance sufficiently 
to permit subsequent flybys of Mercury in Janu-
ary and October 2008 and September 2009. Clos-
est approach for the second Venus flyby is at 300 
km altitude over 12°S, 165°E, near the boundary 
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between the lowland plains of Rusalka Planitia 
and the rifted uplands of Aphrodite Terra. 

Observational Strategy at Venus. All of the 
MESSENGER instruments will be trained on Ve-
nus during the June 2007 flyby. MDIS will image 
the nightside in near-infrared bands, and color and 
higher-resolution monochrome mosaics will be 
made of both the approaching and departing 
hemispheres. The UVVS will make profiles of 
atmospheric species on the dayside and nightside 
as well as observations of the exospheric tail on 
departure. The VIRS will observe the planet near 
closest approach to sense cloud chemical proper-
ties and near-infrared returns from the surface. 
The laser altimeter will serve as a passive 1064-
nm radiometer and will measure the range to one 
or more cloud decks for several minutes near 
closest approach. 

The Venus Express mission [8] of the Euro-
pean Space Agency is scheduled to be operating 
in an elliptical polar orbit about Venus during 
June 2007, and the MESSENGER flyby will per-
mit two-spacecraft observations of particular 
value for characterization of the particle and field 
environment at Venus. MESSENGER’s EPPS 
will observe charged particle acceleration at the 
Venus bow shock and elsewhere. The Magne-

tometer will provide measurements of the IMF, 
bow shock signatures, and pickup ion waves as a 
reference for EPPS and Venus Express observa-
tions. The encounter will enable two-point meas-
urements of IMF penetration into the Venus iono-
sphere, primary plasma boundaries, and the near-
tail region. 

Conclusion. MESSENGER’s second Venus 
flyby, beyond its role as a final practice of opera-
tional procedures for the spacecraft’s three later 
flybys of Mercury, offers a variety of vantages for 
making new observations of the Venus surface, 
atmospheric and cloud structure, and space envi-
ronment. The ability to make those measurements 
while Venus Express is operating in Venus orbit 
presents a particularly novel opportunity. 
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Figure 1. Spacecraft trajectories for the first and second MESSENGER flybys of Venus viewed from the 
direction of the Venus north pole. 
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