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Introduction
• Nuclear power has a proud history

– Successfully launched > 40 Radioisotope Power Sources 
(RPSs) on >20 space missions

• RPSs have been used to overcome the limitations of 
solar power

• Enables mission concepts
– Opens possibility of trajectories far from Sun
– Significant power for operating science instruments and 

returning significant science data
• Long life capability; > 25 years
• High in-flight reliability
• Operates effectively in extreme thermal and radiation 

environments
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Voyager Mission
• Two spacecraft, launched in 1977 to explore 

Jupiter and Saturn
– Five year lifetime requirement

• Now in their 33rd year
• Voyager 1 and 2 are now in the "Heliosheath" 

- the outermost layer of the heliosphere where 
the solar wind is slowed by the pressure of 
interstellar gas.

• Voyager Interstellar Mission (VIM): to extend 
the NASA exploration of the solar system 
beyond the neighborhood of the outer planets 
to the outer limits of the Sun's sphere of 
influence, and possibly beyond. 

– Characterize the outer solar system environment
– Search for the heliopause boundary, the outer limits 

of the Sun's magnetic field and outward flow of the 
solar wind.

– Penetration of the heliopause boundary between 
the solar wind and the interstellar medium will allow 
measurements to be made of the interstellar fields, 
particles and waves unaffected by the solar wind

Images courtesy of NASA/JPL-Caltech unless other wise stated
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Launch
Voyager 2 launched on August 20, 1977, from Cape Canaveral, Florida aboard a Titan-Centaur rocket. On September 5, Voyager 1 launched, also from Cape Canaveral aboard a Titan-Centaur rocket.
Planetary Tour
Between them, Voyager 1 and 2 explored all the giant planets of our outer solar system, Jupiter, Saturn, Uranus and Neptune; 48 of their moons; and the unique system of rings and magnetic fields those planets possess.
Closest approach to Jupiter occurred on March 5, 1979 for Voyager 1; July 9, 1979 for Voyager 2.
Closest approach to Saturn occurred on November 12, 1980 for Voyager 1; August 25, 1981 for Voyager 2.
Closest approach to Uranus occurred on January 24, 1986 by Voyager 2.
Closest approach to Neptune occurred on August 25, 1989 by Voyager 2.
Most Distant Spacecraft
The Voyager spacecraft will be the third and fourth human spacecraft to fly beyond all the planets in our solar system. Pioneers 10 and 11 preceded Voyager in outstripping the gravitational attraction of the Sun but on February 17, 1998, Voyager 1 passed Pioneer 10 to become the most distant human-made object in space.
The Golden Record 
Both Voyager spacecrafts carry a greeting to any form of life, should that be encountered. The message is carried by a phonograph record - -a 12-inch gold-plated copper disk containing sounds and images selected to portray the diversity of life and culture on Earth. The contents of the record were selected for NASA by a committee chaired by Carl Sagan of Cornell University. Dr. Sagan and his associates assembled 115 images and a variety of natural sounds. To this they added musical selections from different cultures and eras, and spoken greetings from Earth-people in fifty-five languages.
�Present Status
As of March 2010, Voyager 1 was at a distance of 16.9 billion kilometers (~ 113 AU) from the Sun.
Voyager 2 was at a distance of 13.7 billion kilometers (~ 92 AU).
Voyager 1 is escaping the solar system at a speed of about 3.6 AU per year.�Voyager 2 is escaping the solar system at a speed of about 3.3 Au per year.
There are currently five science investigation teams participating in the Interstellar Mission. They are:
Magnetic field investigation 
Low energy charged particle investigation 
Cosmic ray investigation 
Plasma Investigation (Voyager 2 only) 
Plasma wave investigation 
Five instruments onboard the Voyagers directly support the five science investigations. The five instruments are:�
MAG Magnetic field instrument 
LECP Low energy charged particle instrument 
CRS Cosmic ray instrument 
PLS Plasma instrument 
PWS Plasma wave instrument 
One other instrument is collecting data but does not have official science investigation associated with it:��-UVS Ultraviolet spectrometer subsystem on Voyager 1 only
�Termination Shock
Voyager 1 crossed the termination shock in December 2004 at about 94 AU from the Sun while Voyager 2 crossed it in August 2007 at about 84 AU. Both spacecraft are now exploring the Heliosheath.
The Heliopause
While the exact location of the Heliopause is not known, it has been estimated that Voyager could reach this entry into interstellar space 10 years after crossing the Termination Shock.
The identical Voyager spacecraft are three-axis stabilized systems that use celestial or gyro referenced attitude control to maintain pointing of the high-gain antennas toward Earth. The prime mission science payload consisted of 10 instruments (11 investigations including radio science). Only five investigator teams are still supported, though data are collected for two additional instruments. 
Investigator Teams Instrument Measurements Plasma Science (PLS) Properties and radial evolution of the solar wind (ions 10 eV - 6 keV, electrons 4 eV-6 keV) Low-Energy Charged Particles(LECP) Energy spectrum of low-energy particles (electrons 10-10,000 keV, ions 10-150,000 keV/n) Cosmic Ray Sub-system (CRS) Energy spectrum of high- and low-energy electrons (3-110 MeV) and cosmic ray nuclei (1-500 MeV/n) Magnetometer (MAG) High (50,000 - 200,000 nT) and low (8-50,000 nT) magnetic field intensity Plasma Wave Subsystem (PWS) Electrical field components of plasma waves in frequency range of 10 Hz to 56 kHz With the exception of the Voyager 1 PLS instrument, all of the above are working well and are capable of continuing operations in the expected environment. In addition, data are collected from the Planetary Radio Astronomy (PRA) instrument and Voyager 1's Ultraviolet Spectrometer (UVS). 
The Flight Data Subsystem (FDS) and a single 8-track digital tape recorder (DTR) provide the data handling functions. The FDS configures each instrument and controls instrument operations. It also collects engineering and science data and formats the data for transmission. The DTR is used to record high-rate PWS data. Data are played back every six months.
The command computer subsystem (CCS) provides sequencing and control functions The CCS contains fixed routines such as command decoding and fault detection and corrective routines, antenna pointing information, and spacecraft sequencing information.
The Attitude and Articulation Control Subsystem (AACS) controls spacecraft orientation, maintains the pointing of the high gain antenna towards Earth, controls attitude maneuvers, and positions the scan platform.
Uplink communications is via S-band (16-bits/sec command rate) while an X-band transmitter provides downlink telemetry at 160 bits/sec normally and 1.4 kbps for playback of high-rate plasma wave data. All data are transmitted from and received at the spacecraft via the 3.7 meter high-gain antenna (HGA). 
Electrical power is supplied by three Radioisotope Thermoelectric Generators (RTGs). The current power levels are about 315 watts for each spacecraft. As the electrical power decreases, power loads on the spacecraft must be turned off in order to avoid having demand exceed supply. As loads are turned off, some spacecraft capabilities are eliminated.�
To date, the entire Voyager 2 scan platform, including all of the platform instruments, has been powered down. All platform instruments on Voyager 1, except the UVS, have been powered down. The Voyager 1 scan platform was scheduled to be powered down in late 2000, but will be left on at the request of the UVS investigator (with the concurrence of the Science Steering Group) to investigate an unexpected excess in UV from the upwind direction. The PLS experiment on Voyager 1 is currently turned off to accommodate UVS observations
Radioisotope Thermoelectric Generators (RTGs) that provided approximately 470 w of 30 volt DC power at launch. Due to the natural radioactive decay of the Plutonium fuel source, the electrical energy provided by the RTGs is continually declining. At the beginning of 2008, the power generated by Voyager 1 had dropped to 285 w and to 287 w for Voyager 2.
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Voyager Science Highlights

• Rewrote the planetary science and astrophysics 
books

– observed nine erupting volcanoes on Io: first evidence in the 
solar system of active volcanism on a body other than Earth

– Discovered moons, rings, magnetic fields, atmospheres, 
storms etc of Jupiter, Saturn, Uranus and Neptune

– Found first direct evidence of the heliopuase
– Provided estimate for the location of the termination shock

Images courtesy of NASA/JPL-Caltech unless other wise stated
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The total cost of the Voyager mission from May 1972 through the Neptune encounter (including launch vehicles, radioactive power source (RTGs), and DSN tracking support) is 865 million dollars. At first, this may sound very expensive, but the fantastic returns are a bargain when we place the costs in the proper perspective. It is important to realize that: ��
on a per-capita basis, this is only 8 cents per U.S. resident per year, or roughly half the cost of one candy bar each year since project inception. 
the entire cost of Voyager is a fraction of the daily interest on the U.S. national debt. 
 
A total of 11,000 workyears was devoted to the Voyager project through the Neptune encounter. This is equivalent to one-third the amount of effort estimated to complete the great pyramid at Giza to King Cheops.  
A total of five trillion bits of scientific data had been returned to Earth by both Voyager spacecraft at the completion of the Neptune encounter. This represents enough bits to fill more than seven thousand music CDs.  
The sensitivity of our deep-space tracking antennas located around the world is truly amazing. The antennas must capture Voyager information from a signal so weak that the power striking the antenna is only 10 exponent -16 watts (1 part in 10 quadrillion). A modern-day electronic digital watch operates at a power level 20 billion times greater than this feeble level. 
Voyager Spacecraft 
Each Voyager spacecraft comprises 65,000 individual parts. Many of these parts have a large number of "equivalent" smaller parts such as transistors. One computer memory alone contains over one million equivalent electronic parts, with each spacecraft containing some five million equivalent parts. Since a color TV set contains about 2500 equivalent parts, each Voyager has the equivalent electronic circuit complexity of some 2000 color TV sets.  
Like the HAL computer aboard the ship Discovery from the famous science fiction story 2001: A Space Odyssey, each Voyager is equipped with computer programming for autonomous fault protection. The Voyager system is one of the most sophisticated ever designed for a deep-space probe. There are seven top-level fault protection routines, each capable of covering a multitude of possible failures. The spacecraft can place itself in a safe state in a matter of only seconds or minutes, an ability that is critical for its survival when round-trip communication times for Earth stretch to several hours as the spacecraft journeys to the remote outer solar system.  
Both Voyagers were specifically designed and protected to withstand the large radiation dosage during the Jupiter swing-by. This was accomplished by selecting radiation-hardened parts and by shielding very sensitive parts. An unprotected human passenger riding aboard Voyager 1 during its Jupiter encounter would have received a radiation dose equal to one thousand times the lethal level.  
The Voyager spacecraft can point its scientific instruments on the scan platform to an accuracy of better than one-tenth of a degree. This is comparable to bowling strike-after-strike ad infinitum, assuming that you must hit within one inch of the strike pocket every time. Such precision is necessary to properly center the narrow-angle picture whose square field-of-view would be equivalent to the width of a bowling pin.  
To avoid smearing in Voyager's television pictures, spacecraft angular rates must be extremely small to hold the cameras as steady as possible during the exposure time. Each spacecraft is so steady that angular rates are typically 15 times slower than the motion of a clock's hour hand. But even this was not steady enough at Neptune, where light levels are 900 times fainter than those on Earth. Spacecraft engineers devised ways to make Voyager 30 times steadier than the hour hand on a clock.  
The electronics and heaters aboard each nearly one-ton Voyager spacecraft can operate on only 400 watts of power, or roughly one-fourth that used by an average residential home in the western United States.  
A set of small thrusters provides Voyager with the capability for attitude control and trajectory correction. Each of these tiny assemblies has a thrust of only three ounces. In the absence of friction, on a level road, it would take nearly six hours to accelerate a large car up to a speed of 48 km/h (30 mph) using one of the thrusters.  
The Voyager scan platform can be moved about two axes of rotation. A thumb-sized motor in the gear train drive assembly (which turns 9000 revolutions for each single revolution of the scan platform) will have rotated five million revolutions from launch through the Neptune encounter. This is equivalent to the number of automobile crankshaft revolutions during a trip of 2725 km (1700 mi), about the distance from Boston,MA to Dallas,TX.  
The Voyager gyroscopes can detect spacecraft angular motion as little as one ten-thousandth of a degree. The Sun's apparent motion in our sky moves over 40 times that amount in just one second.  
The tape recorder aboard each Voyager has been designed to record and playback a great deal of scientific data. The tape head should not begin to wear out until the tape has been moved back and forth through a distance comparable to that across the United States. Imagine playing a two-hour video cassette on your home VCR once a day for the next 33 years, without a failure.  
The Voyager magnetometers are mounted on a frail, spindly, fiberglass boom that was unfurled from a two-foot-long can shortly after the spacecraft left Earth. After the boom telescoped and rotated out of the cannister to an extension of nearly 13 meters (43 feet), the orientations of the magnetometer sensors were controlled to an accuracy better than two degrees. 
Navigation 
  
Each Voyager used the enormous gravity field of Jupiter to be hurled on to Saturn, experiencing a Sun-relative speed increase of roughly 35,700 mph. As total energy within the solar system must be conserved, Jupiter was initially slowed in its solar orbit---but by only one foot per trillion years. Additional gravity-assist swing-bys of Saturn and Uranus were necessary for Voyager 2 to complete its Grand Tour flight to Neptune, reducing the trip time by nearly twenty years when compared to the unassisted Earth-to-Neptune route.  
The Voyager delivery accuracy at Neptune of 100 km (62 mi), divided by the trip distance or arc length traveled of 7,128,603,456 km (4,429,508,700 mi), is equivalent to the feat of sinking a 3630 km (2260 mi) golf putt, assuming that the golfer can make a few illegal fine adjustments while the ball is rolling across this incredibly long green.  
Voyager's fuel efficiency (in terms of mpg) is quite impressive. Even though most of the launch vehicle's 700 ton weight is due to rocket fuel, Voyager 2's great travel distance of 7.1 billion km (4.4 billion mi) from launch to Neptune resultsed in a fuel economy of about 13,000 km per liter (30,000 mi per gallon). As Voyager 2 streaked by Neptune and coaseds out of the solar system, this fuel economy just got better and better! 
Science 
  
The resolution of the Voyager narrow-angle television cameras is sharp enough to read a newspaper headline at a distance of 1 km (0.62 mi).  
Pele, the largest of the volcanoes seen on Jupiter's moon Io, is throwing sulfur and sulfur-dioxide products to heights 30 times that of Mount Everest, and the fallout zone covers an area the size of France. The eruption of Mount St. Helens was but a tiny hiccup in comparison (admittedly, Io's surface-level gravity is some six times weaker than that of Earth).  
The smooth water-ice surface of Jupiter's moon Europa may hide an ocean beneath, but some scientists believe any past oceans have turned to slush or ice. In 2010: Odyssey Two, Arthur C. Clarke wraps his story around the possibility of life developing within the oceans of Europa.  
The rings of Saturn appeared to the Voyagers as a dazzling necklace of 10,000 strands. Trillions of ice particles and car-sized bergs race along each of the million-kilometer-long tracks, with the traffic flow orchestrated by the combined gravitational tugs of Saturn, a retinue of moons and moonlets, and even nearby ring particles. The rings of Saturn are so thin in proportion to their 171,000 km (106,000 mi) width that, if a full-scale model were to be built with the thickness of a phonograph record the model would have to measure four miles from its inner edge to its outer rim. An intricate tapestry of ring-particle patterns is created by many complex dynamic interactions that have spawned new theories of wave and particle motion.  
Saturn's largest moon Titan was seen as a strange world with its dense atmosphere and variety of hydrocarbons that slowly fall upon seas of ethane and methane. To some scientists, Titan, with its principally nitrogen atmosphere, seemed like a small Earth whose evolution had long ago been halted by the arrival of its ice age, perhaps deep-freezing a few organic relics beneath its present surface.  
The rings of Uranus are so dark that Voyager's challenge of taking their picture was comparable to the task of photographing a pile of charcoal briquettes at the foot of a Christmas tree, illuminated only by a 1 watt bulb at the top of the tree, using ASA-64 film. And Neptune light levels will be less than half those at Uranus. 
The Future 
  
Through the ages, astronomers have argued without agreeing on where the solar system ends. One opinion is that the boundary is where the Sun’s gravity no longer dominates – a point beyond the planets and beyond the Oort Cloud. This boundary is roughly about halfway to the nearest star, Proxima Centauri. Traveling at speeds of over 35,000 miles per hour, it will take the Voyagers nearly 40,000 years, and they will have traveled a distance of about two light years to reach this rather indistinct boundary. But there is a more definitive and unambiguous frontier, which the Voyagers will approach and pass through. This is the heliopause, which is the boundary area between the solar and the interstellar wind. When Voyager 1 crosses the solar wind termination shock, it will have entered into the heliosheath, the turbulent region leading up to the heliopause. When the Voyagers cross the heliopause, hopefully while the spacecraft are still able to send science data to Earth, they will be in interstellar space even though they will still be a very long way from the “edge of the solar system”. Once Voyager is in interstellar space, it will be immersed in matter that came from explosions of nearby stars. So, in a sense, one could consider the heliopause as the final frontier
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Galileo Mission

• Explore the Jupiter System
• International Mission

– Galileo orbiter : NASA's JPL 
– Propulsion System : Germany 
– Probe : Ames Research 

Center and Hughes Aircraft 
Company 

– More than 100 scientists 
worldwide

• Jupiter : 
– Giant Gas planet comprised 

mostly of Hydrogen and 
Helium

– Galileo Galilei discovered 
original 4 moons (Io, Europa, 
Ganymede and Callisto)

– Now over 63 moons known
– Small ring system
– Average distance from Sun : 

5.2 AU

http://photojournal.jpl.nasa.gov/jpegMod/PIA01081_modest.jpg�
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Galileo Mission
• Spacecraft 

– Stands ~5.3 m (20 ft)
– Weighs ~1298 kg (4,902 lb) dry
– Propellant ~925 kg (2040 lb)
– 2 Radioisotope Thermoelectric Generators 

(RTGs) for ~570 W at launch
– 10 instruments

• Probe
– 339 kg (750 lb)
– 6 instruments

• Mission Design
– Shuttle launch : October 1989
– Release probe : July 1995
– Jupiter Orbit Insertion : December 1995 

using main engines
– Prime Mission : 11 orbits (3 Europa flybys) 

in 2 years
– Extended Mission : 23 orbits (8 Europa

flybys) in 6 years
– Distance traveled : ~2.8 Billion miles

• Probe Mission: 1 hour descent into Jupiter’s 
Atmosphere

• Plunged into Jupiter (Sept 2003) to 
protect possible ocean on Europa

– Speed at impact ~108,000 miles/hr

http://solarsystem.nasa.gov/multimedia/gallery/Galileo_Launch1.jpg�
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Galileo Science Highlights
• Discovered evidence of 

sub-surface saltwater 
oceans on Europa, 
Ganymede and Callisto

• First direct probe 
measurements of 
the clouds and 
atmosphere of Jupiter

• Conducted long term 
observations of the Jovian 
system including atmosphere, 
rings, moons and 
magnetosphere.

• Revealed the intensity of 
volcanic eruptions on Io
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Ulysses Mission

Mission Design
– Shuttle launch : October 1990
– Jupiter Gravity Assist trajectory to polar orbit 

about the Sun out of ecliptic plane
– Prime Mission : 5 year – 2 polar passes (1 

South, 1 North)
– To Date : 6 polar passes (3 South, 3 North)
– End of mission: June 2009

Understanding of the 
Global Structure of the 

Sun's environment 
• International Mission

– Spacecraft : European Space 
Agency

– RTG, Shuttle : United States
– More than 250 scientists 

worldwide
• Sun 

– 22 year magnetic field cycle
– 11 year solar cycle

Image Credit: NASA and 
European Space Agency 

Presenter
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The primary mission of the Ulysses spacecraft was to characterize the heliosphere as a function of solar latitude. The heliosphere is the vast region of interplanetary space occupied by the Sun's atmosphere and dominated by the outflow of the solar wind. The periods of primary scientific interest is when Ulysses was at or higher than 70 degrees latitude at both the Sun's south and north poles. On 26 June 1994, Ulysses reached 70 degrees south. There it began a four-month observation from high latitudes of the complex forces at work in the Sun's outer atmosphere-the corona.
Scientists have long studied the Sun from Earth using Earth-based sensors. More recently, solar studies have been conducted from spaceborne platforms; however, these investigations have been mostly from the ecliptic plane (the plane in which most of the planets travel around the Sun) and no previous spacecraft have reached solar latitudes higher than 32 degrees. Now that Ulysses high latitude data is available, scientists from the joint NASA and ESA mission are obtaining new and better understanding of the processes going on at high solar latitudes.
Ulysses made nearly three complete orbits of the sun. The probe revealed for the first time the three-dimensional character of galactic cosmic radiation, energetic particles produced in solar storms and the solar wind. Not only has Ulysses allowed scientists to map constituents of the heliosphere in space, its longevity enabled them to observe the sun over a longer period of time than ever before. ��"The sun's activity varies with an 11-year cycle, and now we have measurements covering almost two complete cycles," said Marsden. "This long observation has led to one of the mission's key discoveries, namely that the solar wind has grown progressively weaker during the mission and is currently at its weakest since the start of the Space Age." ��In addition to measuring the solar wind and charged particles, Ulysses instruments measured small dust particles and neutral gases from local interstellar space that penetrate into the heliosphere. Ulysses had an unprecedented three chance encounters with comet tails, registered more than 1,800 cosmic gamma-ray bursts, and provided findings for more than 1,000 scientific articles and two books. ��"The breadth of science addressed by Ulysses is truly astonishing," said Ed Smith, Ulysses project scientist at NASA's Jet Propulsion Laboratory in Pasadena, Calif. "The data acquired during the long lifetime of this mission have provided an unprecedented view of the solar activity cycle and its consequences and will continue to keep scientists busy for many years to come." ��Ulysses' successes have not been confined to scientific data. The extended mission presented significant challenges to the NASA-European operations team. In particular, critical parts of the spacecraft became progressively colder with time. In recent years, a major effort was needed to prevent the onboard hydrazine fuel from freezing. The operations team continually created methods to allow the aging space probe to continue its scientific mission. ��Earlier this month, the Ulysses mission team received a NASA Group Achievement Award. Another milestone was reached on June 10 when Ulysses became the longest-running ESA-operated spacecraft, overtaking the International Ultraviolet Explorer which logged 18 years and 246 days of operations. ��"The Ulysses team performed exceptionally by building and operating a research probe that would return scientific data for analysis no matter what challenges it encountered," said Arik Posner, Ulysses program scientist at NASA Headquarters in Washington.  "The knowledge gained from Ulysses proves what can be achieved through international cooperation in space research."  ��The Ulysses orbital path is carrying the spacecraft away from Earth. The ever-widening gap has progressively limited the amount of data transmitted. Ulysses project managers, with the concurrence of ESA and NASA, decided it was an appropriate time to end this epic scientific adventure. ��ESA Ulysses Mission Operations Manager Nigel Angold points out that more than a year ago, "We had estimated Ulysses would not survive further than July 2008. However, the spacecraft didn’t stop surprising us and kept working a full year, collecting invaluable science data. It's nice to be going out in style." ��After the spacecraft was placed into low Earth orbit in 1990, a combination of solid fuel motors propelled Ulysses toward Jupiter. Ulysses swung by Jupiter on Feb. 8, 1992. The giant planet's gravity bent the spacecraft's flight path southward and away from the ecliptic plane, putting the probe into a final orbit that would take it over the sun's south and north poles. ��The European Space Agency's European Space Research and Technology Centre and European Space Operations Centre managed the mission in coordination with the Jet Propulsion Laboratory. Ulysses is tracked by NASA’s Deep Space Network. A joint ESA/NASA team at JPL oversaw spacecraft operations and data management. Teams from universities and research institutes in Europe and the United States provided the 10 instruments on board. ��

http://solarsystem.nasa.gov/multimedia/display.cfm?IM_ID=188�
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Ulysses Science Highlights
• Characterized the global structure of the 

heliosphere near solar minimum and at 
solar maximum

• First survey of the heliosphere in four 
dimensions (three spatial dimensions and 
time) 

• Measured properties of particles and fields 
in the inner heliosphere leading to major 
impacts on our knowledge of the 
interstellar medium surrounding the 
heliosphere and on the origin of gamma-
ray bursts 

• Discovered two distinct solar wind states, a 
fast high-latitude wind and a slow low-
latitude wind separated by a sharp 
boundary

• The first-ever measurement of the 
interstellar 3He/4He ratio, the value of 
which suggests that the amount of dark 
matter produced in the Big Bang was 
greater than previously thought
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Cassini-Huygens Mission
Explore the Saturnian System 

including the Rings and Titan
• International Mission

– 3 space agencies
• Cassini orbiter : NASA's JPL with 17 

nations contributing
• Huygens probe : European Space Agency
• The Italian Space agency : high-gain 

communication antenna. 
– More than 250 scientists worldwide

• Saturn : 
– Giant Gas planet comprised mostly of 

Hydrogen and Helium
– Equitorial winds ~1800 km/s
– extensive and complex ring system, 

extending hundreds of thousands of 
miles, made up of billions of particles of 
ice and rock

– 34 moons
– Average Distance from Sun : 10 AU

• Titan :
– Larger than Mercury and Pluto
– Has its own atmosphere
– May contain pre-biotic clues to Earth’s 

past
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Cassini-Huygens Mission
• Spacecraft 

– Stands ~8 m (26 ft)
– Weighs ~2,442 kg (5384 lb) dry
– Propellant ~3,132 kg (6,905 lb)
– 3 Radioisotope Thermoelectric Generators (RTGs) for ~875W at 

launch
– 12 instruments

• Probe
– 319 kg (703 lb)
– 6 instruments

• Mission Design
– Titan IV launch : October 1997
– Venus-Venus-Earth-Jupiter Gravity Assist trajectory 
– Saturn Orbit Insertion : July 2004 using main engines
– Release probe
– Prime Mission : 74 orbits (44 Titan flybys) in 4 years

• Probe Mission: 
– 3 hour descent into Titan’s Atmosphere
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Cassini-Huygens Science Highlights
• First probe of Titan’s atmosphere

and surface landing

• Infrared and radar mapping of 
Titan’s cloud covered surface 
discovers hydrocarbon lakes

• Long term studies of the ring
system and ring moons 

• Discovery of erupting geysers
on Enceledus
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New Horizons
Mission Objectives 

• Map surface composition of Pluto and Charon 
• Characterize geology and morphology ("the look") of 

Pluto and Charon 
• Characterize the neutral atmosphere of Pluto and its 

escape rate 
• Search for an atmosphere around Charon 
• Map surface temperatures on Pluto and Charon 
• Search for rings and additional satellites around 

Pluto 
• PLUS... conduct similar investigations of one or 

more Kuiper Belt Objects

Instruments
• Ralph's main objectives are to obtain high resolution color maps and surface composition maps of 

the surfaces of Pluto and Charon. 
• Alice is an ultraviolet imaging spectrometer that will probe the atmospheric composition of Pluto. 
• REX is an radio experiment
• LORRI consists of a telescope with a 8.2-inch (20.8-centimeter) aperture that focuses visible light 

onto a charge coupled device (CCD). 
• SWAP measures charged particles from the solar wind near Pluto to determine whether Pluto has a 

magnetosphere and how fast its atmosphere is escaping.
• PEPSSI searches for neutral atoms that escape Pluto's atmosphere and subsequently become 

charged by their interaction with the solar wind
• SDC counts and measure the sizes of dust particles along New Horizons' entire trajectory

Image courtesy of JHU/APL
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New Horizons Mission Design
• Jupiter Gravity Assist
• Jupiter closest approach distance and speed at 

Jupiter: About 2.27 million kilometers (1.4 
million miles) at 21 kilometers per second 
(47,000 miles per hour). 

• Earliest possible Pluto-Charon Flyby: July 2015.
• Planned Pluto closest approach distance and 

speed: About 10,000 kilometers (6,200 miles) at 
14 kilometers per second (31,300 miles per 
hour).

• Planned Charon closest approach and speed: 
About 27,000 kilometers (16,800 miles) at same 
approximate Pluto flyby speed. 

• One-way speed-of-light (radio transmission) 
time from Pluto to Earth in July 2015: 4 hours, 
25 minutes. This increases by a little less than 
two minutes per year for later arrivals.

• Pluto distance from Earth in July 2015: 
Approximately 4.92 billion kilometers (3.06 
billion miles, or 32 astronomical units). This 
increases by about 1% per year for later 
arrivals.

Image courtesy of JHU/APL
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Curiosity – Mars Science Laboratory

Images courtesy of NASA/JPL-Caltech unless other wise stated

http://photojournal.jpl.nasa.gov/jpegMod/PIA10208_modest.jpg�
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Mars Science Laboratory Science

Biological objectives:
• Determine the nature and inventory of organic carbon compounds
• Inventory the chemical building blocks of life (carbon, hydrogen, nitrogen, oxygen, phosphorous, and sulfur)
• Identify features that may represent the effects of biological processes

Geological and geochemical objectives:
• Investigate the chemical, isotopic, and mineralogical composition of the martian surface and near-surface geological materials
• Interpret the processes that have formed and modified rocks and soils

Planetary process objectives:
• Assess long-timescale (i.e., 4-billion-year) atmospheric evolution processes
• Determine present state, distribution, and cycling of water and carbon dioxide

Surface radiation objective:
• Characterize the broad spectrum of surface radiation, including galactic cosmic radiation, solar proton events, and secondary

neutrons
Images courtesy of NASA/JPL-Caltech unless other wise stated

Determine whether life ever 
arose on Mars

Characterize the climate 
of Mars

Characterize the 
geology of Mars

Prepare for Human 
Exploration

http://mars.jpl.nasa.gov/science/life/�
http://mars.jpl.nasa.gov/science/climate/�
http://mars.jpl.nasa.gov/science/geology/�
http://mars.jpl.nasa.gov/science/human/�
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Future potential missions

• Discovery12 or Mars 
Lander

• Lunar Precursor
• JEO
• Discovery 14
• New Frontiers 4 and 5 
• Discovery 16
• OPF2 (TSSM)

Images courtesy of NASA/JPL-Caltech unless other wise stated
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Summary
• The availability of RPS 

power opens up new and 
exciting mission concepts
– New trajectories available
– Power for long term science 

and operations

• Astonishing science value 
associated with these 
previously non-viable 
missions

Prime 
Mission

Extended 
Mission

Voyager 5 years 33+ years

Galileo 2 years at 
Jupiter

8 years at 
Jupiter

Ulysses 5 years 19 years

Cassini-
Huygens

4 years at 
Saturn

16 years at 
Saturn planned

Example extended mission opportunities are
extensive with RPS power

NASA/JPL/University of Arizona
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