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Launch

MESSENGER launched from Pad B of Space Launch Complex 17 at Cape Canaveral Air Force Station, Fla., on a three-
stage Boeing Delta Il expendable launch vehicle on August 3, 2004. The Delta Il 7925H-9.5 (heavy lift) model was the
largest allowed for NASA Discovery missions. It features a liquid-fueled first stage with nine strap-on solid boosters, a
second-stage liquid-fueled engine, and a third-stage solid-fuel rocket. With MESSENGER secured in a 9.5-m fairing on
top, the launch vehicle was about 40 m tall.

The launch vehicle imparted an excess launch energy per mass (usually denoted by C3 and equal to the excess over
what is required for Earth escape) of approximately 16.4 km?/s? to the spacecraft, setting up the spacecraft for a return
pass by the Earth approximately one year from launch.

Earth flyby highlights

MESSENGER swung by its home planet on August 2, 2005, for a gravity assist that propelled it deeper into the inner
Solar System. MESSENGER's systems performed flawlessly as the spacecraft swooped around Earth, coming to a closest
approach point of about 2,348 km over central Mongolia at 3:13 p.m. EDT. The spacecraft used the tug of Earth’s
gravity to change its trajectory significantly, bringing its average orbital distance nearly 29 million km closer to the Sun
and sending it toward Venus for gravity assists in 2006 and 2007.

Team members in the MESSENGER Mission Operations Center at APL watch the spacecraft launch from Cape
Canaveral. The team began operating the spacecraft less than an hour later, after MESSENGER separated
from the launch vehicle.
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North ecliptic pole view of the trajectory between Earth and the first Venus flyby.
Dashed lines depict the orbits of Earth and Venus. Timeline fading helps emphasize
primary events.

Earth Flyby

August 2, 2005
19:13:08 UT
2348 km altitude

View of the Earth flyby trajectory from above northern Asia. Major country borders are
outlined in green on Earth’s nightside. The yellow line marks the position of the day/night or
dawn/dusk terminator.
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MESSENGER's main camera snapped several approach shots of Earth and the Moon, including a series of color images
that science team members strung into a “movie” documenting MESSENGER’s departure. On approach, the Mercury
Atmospheric and Surface Composition Spectrometer (MASCS) also made several scans of the Moon in conjunction with
the camera observations, and during the flyby the particle and magnetic field instruments spent several hours making
measurements in Earth’s magnetosphere.

The close flyby of Earth and the Moon allowed MESSENGER to give its two Mercury Dual Imaging System (MDIS)
cameras a thorough workout. The images helped the team understand fully how the cameras operate in flight in
comparison with test results obtained in the laboratory before launch. Images were taken in full color and at different
resolutions, and the cameras passed their tests.

Not only were these pictures useful for carefully calibrating the imagers for the spacecraft’s Mercury encounters, they
also offered a unique view of Earth. Through clear skies over much of South America, features such as the Amazon, the
Andes, and Lake Titicaca are visible, as are huge swaths of rain forest.

The pictures from MESSENGER's flyby of Earth include “natural” color and infrared views of North and South
America; a peek at the Galapagos Islands through a break in the clouds; and the movie of the rotating Earth, taken as
MESSENGER sped away from its home planet.

Twins Image

Using various combinations of filters in the optical path, MESSENGER’s camera can obtain a mix of
red, green, and blue (RGB) light in various proportions to create a full spectrum of colors. On the left
is a “normal” color image of the Earth. On the right, infrared images are visualized by substituting
one of the RGB components. Continental areas are mostly red due to the high reflectance of
vegetation in the near-infrared. Short-wavelength light (blue) is easily scattered in Earth’s atmosphere,
producing our blue skies, but also obscuring the surface from MESSENGER’s viewpoint. Infrared light
is not easily scattered, so images of the Earth remain sharp.
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Venus gravity assists
MESSENGER has flown by Venus twice using the tug of the planet's gravity to change its trajectory, to shrink the
spacecraft’s orbit around the Sun, and to bring it closer to Mercury.
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North ecliptic pole view of the trajectory between the first Venus flyby and the first Mercury flyby. Dashed lines
depict the orbits of Earth, Venus, and Mercury. Timeline fading helps emphasize primary events.

During the first Venus flyby on October 24, 2006, the spacecraft came within 2,987 km of the surface of Venus.
Shortly before the encounter, MESSENGER entered superior solar conjunction, where it was on the opposite side of the
Sun from Earth and during which reliable communication between MESSENGER and mission operators was not possible.
In addition, during the flyby the spacecraft experienced the mission’s first and longest eclipse of the Sun by a planet.
During the eclipse, which lasted approximately 56 minutes, the spacecraft’s solar arrays were in the shadow of Venus
and MESSENGER operated on battery power.

MESSENGER swung by Venus for the second time on June 5, 2007, speeding over the planet’s cloud tops at a
relative velocity of more than 48,000 km/hour and passing within 338 km of its surface near the boundary between the
lowland plains of Rusalka Planitia and the rifted uplands of Aphrodite Terra. The maneuver sharpened the spacecraft’s
aim toward the first encounter with Mercury and presented a special opportunity to calibrate several of its science
instruments and learn something new about Earth’s nearest neighbor.
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View of the first Venus flyby trajectory from above the planet’s northern pole. The yellow line marks the
position of the day/night or dawn/dusk terminator. Closest approach time listed is in local spacecraft time, not
accounting for the one-way light time for the signals to reach the Earth.
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View of the second Venus flyby trajectory from above the planet’s northern pole. The yellow line marks the
position of the day/night or dawn/dusk terminator. Closest approach time listed is in local spacecraft time, not
accounting for the one-way light time for the signals to reach the Earth.
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All of the MESSENGER instruments operated during the flyby. The camera system imaged the nightside in near-
infrared bands and obtained color and higher-resolution monochrome mosaics of both the approaching and departing
hemispheres. The ultraviolet and visible spectrometer on the MASCS instrument obtained profiles of atmospheric species
on the day and night sides as well as observations of the exospheric tail on departure.

The MASCS visible and infrared spectrometer observed the Venus dayside near closest approach to gather
compositional information on the upper atmosphere and clouds, and the Mercury Laser Altimeter (MLA) carried out
passive radiometry and attempted to range to the Venus upper atmosphere and clouds for several minutes near closest
approach. The Gamma-Ray and Neutron Spectrometer (GRNS) instrument observed gamma-rays and neutrons from
Venus' atmosphere, providing information for planning the upcoming Mercury flybys and for calibration from a source of
known composition.

The European Space Agency's Venus Express mission was operating at the time of the flyby, permitting the
simultaneous observation of the planet from two independent spacecraft, a situation of particular value for
characterization of the particle-and-field environment at Venus. MESSENGER's Energetic Particle and Plasma
Spectrometer (EPPS) observed charged particle acceleration at the Venus bow shock and elsewhere, and the
Magnetometer (MAG) measured the upstream interplanetary magnetic field (IMF), bow shock signatures, and pick-up
ion waves as a reference for energetic particle and plasma observations by both spacecraft. The encounter also enabled
two-point measurements of IMF penetration into the Venus ionosphere, primary plasma boundaries, and the near-tail
region.

Venus 2 Approach

Approach image taken
through the MDIS 630-
nm filter (stretched).
Global circulation
patterns in the clouds
are clearly visible.
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Flying by Mercury

On January 14, 2008, at 19:04:39 UTC (2:04:39 p.m. EST) the MESSENGER spacecraft executed its first Mercury flyby,
passing over the uncharted surface of the planet at an altitude of 201.4 km, an even more accurate aim than for the
second Venus flyby. The primary purpose of this activity was to shrink the orbital period of the spacecraft around the
Sun by 11 days, bringing MESSENGER'’s orbit closer to Mercury’s orbit. On October 6, 2008, at 08:40:22 UTC (4:40:22
EDT) the MESSENGER spacecraft executed its second Mercury flyby, passing above the surface at an altitude of 199.2
km, within a phenomenal 760 meters of the planned flyby altitude! Although the flyby enabled direct observation of
additional previously unobserved planetary surface features, the primary purpose of the flyby was to shrink the orbital
period of the spacecraft around the Sun by an additional 16 days and increase the ecliptic inclination of the spacecraft
by 0.1 degrees, further matching the orbit of Mercury around the Sun. The third and final Mercury flyby on September
29, 2009, at 21:54:56 UTC (5:54:56 p.m. EST) further decreased the spacecraft’s orbital period around the Sun by
almost 13 days to 104.8 days, and increased the inclination of the spacecraft’s orbit by a tiny amount (0.001°) such that
it now closely matches Mercury’s 7.0 degree orbit inclination. The spacecraft’s lowest altitude above the planet was
227.5 kilometers. These adjustments to the spacecraft’s orbit will enable it to enter orbit about Mercury on March 18,
2011 UTC.

In conjunction with these flyby activities, pre-determined course-correction maneuvers — deep-space maneuvers
(DSMs) using the main Large Velocity Adjust (LVA) engine — were scheduled approximately two months after each flyby
to adjust further the spacecraft trajectory in preparation for the eventual capture into orbit around Mercury.

Mercury Flybys
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North ecliptic pole view of the trajectory between the first Mercury flyby and Mercury orbit insertion. Dashed
lines depict the orbits of Earth, Venus, and Mercury. Timeline fading helps emphasize primary events.
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As a result of the three flybys of Mercury, MESSENGER has viewed nearly 91% of the entire planet in color, imaged
most of the areas not seen by Mariner 10, and taken measurements of the composition of the surface, atmosphere, and
magnetosphere. In contrast to the orbital phase of the mission, the closest approach points during the flybys were on
the night side and near the planet’s equator. These approaches provide special vantages to gather high-resolution images
of the low- to mid-latitude regions of the planet as well as low-latitude measurements of the magnetic and gravitational

fields.
Mercury Flybys
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View of the three Mercury flyby trajectories from above the planet’s northern pole. The yellow line marks the
position of the day/night or dawn/dusk terminator. Closest approach time listed is in local spacecraft time, not
accounting for the one-way light time for the signals to reach the Earth.
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MESSENGER’s deep-space maneuvers

In conjunction with the six planetary flybys, MESSENGER’s complex 6.6-year cruise trajectory has included more than
40 anticipated trajectory-correction maneuvers (TCMs). These TCMs included five deterministic deep-space maneuvers
(DSMs), which used the spacecraft’s bipropellant Large Velocity Adjust (LVA) engine. In addition to imparting a combined
spacecraft change in velocity of more than 1 km/s, the DSMs were the primary method used to target the spacecraft
before each planetary flyby (except the second Venus flyby). Smaller velocity-adjustment maneuvers that used the
propulsion system’s monopropellant thrusters fine-tuned the trajectory between the main DSMs and the gravity-assist
flybys of the planets.

On December 12, 2005, MESSENGER successfully fired its bipropellant LVA engine for the first time, completing the
first of the five critical deep-space maneuvers (DSM-1). The maneuver, just over 8 minutes long, changed MESSENGER's
speed by approximately 316 m/s, placing the spacecraft on target for the first Venus flyby on October 24, 2006.

This maneuver was the first to rely solely on the LVA, the largest and most efficient engine of the propulsion system.
Maneuvers performed with the LVA use about 30% less total propellant mass — both fuel and oxidizer — than the
other thrusters, which use monopropellant fuel only. Approximately 100 kg of propellant (both fuel and oxidizer), about
18% of the total onboard propellant, was used to complete DSM-1.

On October 17, 2007, MESSENGER completed its second critical DSM — 250 million km from Earth — successfully
firing the LVA again to change the spacecraft’s trajectory and target it for its historic flyby of Mercury on January 14,
2008. The maneuver, just over 5 minutes long, consumed approximately 70 kg of propellant (both fuel and oxidizer),
changing the velocity of the spacecraft by approximately 226 m/s.

On March 19, 2008, MESSENGER completed its third critical DSM, successfully firing the LVA once again to change
the spacecraft’s trajectory and target it for the second flyby of Mercury on October 6, 2008. The shortest deterministic
maneuver for the mission on the LVA, just over 2.5 minutes long, consumed approximately 21 kg of propellant (both
fuel and oxidizer), changing the velocity of the spacecraft by approximately 72 m/s.

On December 4 and 8, 2008, MESSENGER completed its fourth critical DSM, successfully firing the LVA twice to
adjust the spacecraft’s trajectory and target it for the third flyby of Mercury on September 29, 2009. This maneuver
was purposely split into two parts to provide engineers a practice opportunity for the cruise-ending Mercury Orbit
Insertion maneuver. Combined, the two parts of this DSM consumed about 68 kg of propellant over a total firing time
of 6.5 minutes, changing the spacecraft velocity by 222 m/s and then by 25 m/s, respectively, for each part of the
maneuver.

MESSENGER completed its fifth and final critical DSM on November 24, 2009. This maneuver, which lasted
4.6 minutes, changed the spacecraft’s velocity by 178 m/s and used approximately 46 kg of propellant.
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The MESSENGER Science Team consists of experts in all fields of planetary science, brought together by their ability

to complete the science investigations conducted by MESSENGER. The team is divided into four discipline groups:
Geochemistry, Geology, Geophysics, and Atmosphere and Magnetosphere, with each team member given responsibility
for implementation of a particular part of the mission’s science plan.

Principal Investigator: Sean C. Solomon, Director of the Department of Terrestrial Magnetism at the Carnegie

Institution of Washington

Project Scientist: Ralph L. McNutt, Jr., Johns Hopkins University Applied Physics Laboratory (APL)

Deputy Project Scientists: Brian J. Anderson and Louise M. Prockter, APL

Mario H. Acuna*
NASA Goddard Space Flight Center

Daniel N. Baker
University of Colorado

Mehdi Benna
NASA Goddard Space Flight Center

David T. Blewett
APL

William V. Boynton
University of Arizona

Clark R. Chapman
Southwest Research Institute

Andrew F. Cheng
APL

Larry G. Evans
Computer Sciences Corporation and
NASA Goddard Space Flight Center

Deborah L. Domingue
Planetary Science Institute

William C. Feldman
Planetary Science Institute

Robert W. Gaskell
Planetary Science Institute

Jeffrey J. Gillis-Davis
University of Hawaii

George Gloeckler
University of Michigan and
University of Maryland

Robert E. Gold
APL

Steven A. Hauck, Il
Case Western Reserve University

James W. Head Il
Brown University

T deceased

Science Team members

Jorn Helbert

Institute for Planetary Research, Deutsches

Zentrum fur Luft- und Raumfahrt

Kevin Hurley
University of California, Berkeley

Catherine L. Johnson
University of British Columbia and
Planetary Science Institute

Rosemary M. Killen
NASA Goddard Space Flight Center

Stamatios M. Krimigis
APL and the Academy of Athens

David J. Lawrence
APL

Jean-Luc Margot
University of California, Los Angeles

William E. McClintock
University of Colorado

Timothy J. McCoy
Smithsonian Institution National
Museum of Natural History

Scott L. Murchie
APL

Larry R. Nittler
Carnegie Institution of Washington

Jirgen Oberst

Institute for Planetary Research, Deutsches

Zentrum fur Luft- und Raumfahrt

David A. Paige

University of California, Los Angeles
Stanton J. Peale

University of California, Santa Barbara

Roger J. Phillips
Southwest Research Institute

Michael E. Purucker
Raytheon at Planetary Geodynamics Lab,
NASA Goddard Space Flight Center

Mark S. Robinson
Arizona State University

David Schriver
University of California, Los Angeles

James A. Slavin
NASA Goddard Space Flight Center

Ann L. Sprague
University of Arizona

David E. Smith
Massachusetts Institute of Technology

Richard D. Starr
The Catholic University of America

Robert G. Strom
University of Arizona

Jacob I. Trombka
NASA Goddard Space Flight Center

Ronald J. Vervack, Jr.
APL

Faith Vilas
MMT Observatory

Thomas R. Watters
Smithsonian Institution National Air and
Space Museum

Maria T. Zuber
Massachusetts Institute of Technology

Thomas H. Zurbuchen
University of Michigan
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Sean C. Solomon of the Carnegie Institution of Washington (CIW) leads the MESSENGER mission as the Principal
Investigator. The Johns Hopkins University Applied Physics Laboratory (APL), Laurel, Md., manages the MESSENGER
mission for NASA's Science Mission Directorate, Washington, D.C.

At NASA Headquarters, Edward J. Weiler is the Associate Administrator for NASA's Science Mission Directorate.
James L. Green is the Director of that directorate’s Planetary Science Division. Anthony Carro is the MESSENGER Program
Executive, and Edwin J. Grayzeck is the MESSENGER Program Scientist. The NASA Discovery Program is managed out
of the Marshall Space Flight Center, where Dennon J. Clardy is the Discovery Program Manager, and James E. Lee is the
MESSENGER Mission Manager.

At APL, Peter D. Bedini is the MESSENGER Project Manager, Ralph L. McNutt, Jr., is Project Scientist, Eric J. Finnegan is
the Mission Systems Engineer, and Andrew B. Calloway is the Mission Operations Manager.

NASA Discovery Program

MESSENGER is the seventh mission in NASA's Discovery Program of lower-cost, highly focused, planetary science
investigations. Created in 1992, Discovery challenges teams of scientists and engineers to find innovative and
imaginative ways to uncover the mysteries of the Solar System within limited, cost-capped budgets and schedules.

Other Discovery missions

NEAR (Near Earth Asteroid Rendezvous) marked the Discovery Program’s first launch, in February 1996. The NEAR
Shoemaker spacecraft became the first to orbit an asteroid when it reached 433 Eros in February 2000. After collecting
10 times the data initially expected during a year around Eros, in February 2001, NEAR Shoemaker became the first
spacecraft to land on an asteroid and collect data from its surface.

Mars Pathfinder launched December 1996 and landed on Mars in July 1997. The mission demonstrated several
tools and techniques for future Mars missions — such as entering, descending, and landing with airbags to deliver a
robotic rover — while captivating the world with color pictures from the red planet.

Lunar Prospector orbited Earth’s Moon for 18 months after launching in January 1998. The mission’s data enabled
scientists to create detailed maps of the gravity, magnetic properties, and chemical makeup of the Moon’s entire surface.

Stardust, launched in February 1999, collected samples of comet dust and provided the closest look yet at a comet
nucleus when it sailed through the coma of Wild 2 in January 2004. It returned the cometary dust to Earth in January
2006.

Genesis, launched in August 2001, collected solar wind particles and returned them to Earth in September 2004.
The samples are improving our understanding of the isotopic composition of the Sun, information that will help to
identify what the young Solar System was like.

CONTOUR (Comet Nucleus Tour) was designed to fly past and study at least two very different comets as they visited
the inner Solar System. The spacecraft was lost six weeks after launch, during a critical rocket-firing maneuver in August
2002 to boost it from Earth’s orbit onto a comet-chasing path around the Sun.

Deep Impact, launched in January 2005, was the first experiment to probe beneath the surface of a comet,
attempting to reveal never-before-seen materials that would provide clues to the internal composition and structure
of a comet. In July 2005, a variety of instruments, both onboard the spacecraft and at ground-based and space-based
observatories around the world, observed the impact with the comet and examined the resulting debris and interior
material.
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Dawn, launched in September 2007 toward Vesta and Ceres, two of the largest main-belt asteroids in our Solar
System, will provide key data on asteroid properties by orbiting and observing these minor planets. Dawn is scheduled to
arrive at Vesta in July 2011.

Kepler, launched in March 2009, is monitoring 100,000 stars similar to our Sun for four years, using new technology
to search local regions of the galaxy for Earth-size (or smaller) planets for the first time.

The GRAIL (Gravity Recovery and Interior Laboratory) mission, scheduled to launch in September 2011, will fly twin
spacecraft in tandem orbits around the Moon for several months to measure its gravity field in unprecedented detail.
The mission also will answer longstanding questions about Earth’s Moon and provide scientists a better understanding of
how Earth and other rocky planets in the Solar System formed.

Discovery also includes Missions of Opportunity — not complete Discovery missions, but pieces of a larger NASA or
non-NASA mission or creative reuses of spacecraft that have completed their prime missions. Those selected to date for
flight include:

e The ASPERA-3 (Analyzer of Space Plasma and Energetic Atoms) instrument is studying the interaction between the
solar wind and the Martian atmosphere from the European Space Agency’s Mars Express spacecraft, which began
orbiting Mars in December 2003.

e The M3 (Moon Mineralogy Mapper), pronounced M-cubed, is one of eleven instruments that flew onboard
Chandrayaan-1, which launched in October 2008. Chandrayaan-1, India’s first deep space mission, was a project of
the Indian Space Research Organisation (ISRO). The goals of the mission included expanding scientific knowledge of
the Moon, upgrading India’s technological capability, and providing challenging opportunities for planetary research
for the younger generation.

e The EPOXI mission combines two science investigations — the Extrasolar Planet Observation and Characterization
(EPOCh) and the Deep Impact Extended Investigation (DIXI). Both investigations are using the Deep Impact spacecraft,
which finished its prime mission in 2005. EPOCh is using the Deep Impact spacecraft to observe several nearby bright
stars for transits by orbiting planets, and DIXI involved the successful flyby of comet Hartley 2 in October 2010.

e NEXT (New Exploration of Tempel 1) reused NASA's Stardust spacecraft to revisit comet Tempel 1, the cometary
target of Deep Impact, in February 2011. This investigation provided the first look at the changes to a comet nucleus
produced after its close approach to the Sun.

e STROFIO (Start from a ROtating Fleld mass spectrOmeter) is a mass spectrometer that is part of the SERENA (Search
Exospheric Refilling and Emitted Natural Abundances) instrument package selected to fly on the European Space
Agency’s BepiColombo Mercury Planetary Orbiter spacecraft, scheduled to launch in 2014. The SERENA instrument
has two neutral particle analyzers (STROFIO and ELENA) and two ion spectrometers (MICA and PICAM). STROFIO,
from the Greek word “strofi” (to rotate), will determine the composition of Mercury’s exosphere.

For more on the Discovery Program, visit http://discovery.nasa.gov.






