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Cassini Spacecraft 

Spacecraft 

Specs 

Height: 6.8 m (22 ft) 

Diameter: 4 m (13 ft) 

Mass: 2500 kg (2.8 

tons) 

    (fueled): 5600 kg 

(6 tons) 

Power: 700 Watts at 

SOI  

4 



Cassini Orbiter Instruments 

 Composite Infrared Spectrometer (CIRS)  (7 to 1000 micrometers) 

 Imaging Science Subsystem (ISS)  (.2 to 1.1 micrometers) 

 Ultraviolet Imaging Spectrograph (UVIS)  (.06 to .2 micrometers) 

 Visible and Infrared Mapping Spectrometer (VIMS)  (.35 to 5.1) 

There are 12 science instruments onboard the Cassini 

spacecraft divided into three groups. 

The Optical Remote Sensing instruments study Saturn and its 

rings and moons in the electromagnetic spectrum. 



 Cassini Plasma Spectrometer (CAPS) 

 Cosmic Dust Analyzer (CDA) 

 Ion and Neutral Mass Spectrometer (INMS) 

 Magnetometer (MAG) 

 Magnetospheric Imaging Instrument (MIMI) 

 Radio and Plasma Wave Science (RPWS) 

Fields, Particles and Waves instruments study the dust, 

plasma and magnetic fields around Saturn. 



 Radar 

 Radio Science (RSS) 

Microwave Remote Sensing instruments map 

atmospheres, determine the mass of moons, collect data 

on ring particle size, and unveil the surface of Titan 



Launched on October 

15, 1997 from KSC 

7 year cruise 

Arriving at Saturn on 

July 1st of 2004  



Tour Overview 

4 year Prime Mission 

– 75 orbits 

– 45 targeted Titan flybys 

– 9 targeted icy satellite flybys 

5 Science Objectives 

–  Titan 

–  Saturn 

–  Rings 

–  Icy Satellites 

–  Magnetosphere 

cassini_petal_tour.mov


Mission Overview - 2nd year of tour 

•The Cassini orbiter has completed the second of its four-year orbital 

tour of the Saturn system. 

•All orbiter systems are performing normally. 

•All consumables usage are running per predict. 

14 orbits completed, 13 targeted flybys, 45 non-targeted 

•The spacecraft has returned a staggering amount of data in the 

last year, ~60Gbytes. 

•Equatorial orbits are good for icy satellite encounters so 

many of the best targeted flybys occurred during this past 

year. 



TITAN 
Huygens atmospheric probe completed its entry 

and descent through Titan's atmosphere and 
data return to Earth on January 14, 2005  

Probe mission was remarkably successful, returned 2 hr 
27 min of data during atmospheric descent, 1 hr 12 min of 

data from the Titan surface. 



• Titan is the largest satellite of Saturn, and the second largest moon in 

the solar system.  It is larger than the planets Mercury and Pluto. 

• The bulk density of Titan is ~1.8 g/cm3, and Diameter = 5, 150 miles. 

• Titan has the second-densest atmosphere of the solid bodies of the 

solar system (1) Venus (2) Titan (3) Earth (4) Mars. 

• It consists basically of nitrogen-methane  organic chemistry 

• Hydrocarbons cover the surface 

• The surface P = 1.5bars, T= -300°F 

• The surface is covered in frozen water, modified by impact craters, 

erosion, tectonics, and volcanism. 

• BUT another molecule on Titan acts just like water on the Earth - 

that molecule is methane (CH4) 



few impact craters 

Titan's intricate patterns reveal an Earth-like combination 

of surface processes 

ISS RADAR VIMS tectonic patterns 

aeolian patterns 

possible channels 

but no direct 

evidence of 

surface liquids 

 



Huygens Landing Site 

Evidence of NH3-H2O cryo-volcanism?  

Stubby networks suggest liquid methane springs. 

Long, straight dark channels are more 

suggestive of an upwelling of liquid 

from underneath the surface rather 

than being possibly a drainage 

channel.  

This is thought to be an upwelling of 

water ice and possibly ammonia from 

under the surface - first evidence here 

of cryo-volcanism.  



Probable lakes near Titan's north pole 

Cassini's "T16" flyby on July 22, 2006 took it up to high latitudes near the 

north pole. RADAR images across the region contain numerous very dark 

splotches with sharp-edged boundaries, which may be the long-sought 

methane or ethane lakes on the surface of Titan. This image is centered 

near 80 degrees north, 92 west and measures about 420 kilometers by 

150 kilometers (260 miles by 93 miles).  



The Surface! 

The surface is darker 

than originally 

expected, consisting 

of a mixture of water 

and hydrocarbon ice. 

Rounded cobbles 

and small pebbles 

carried away – 

evidence of fluvial 

transport. Huygens detects increased CH4 after landing 



Titan's Atmospheric Variability 

 

South-polar convective clouds 

mid-latitude streaks Seasonal 

changes in 

weather 

patterns 

detached haze 

150 km higher 

than observed 

by Voyager 

 

 

Titan’s atmospheric density 

  structure shows a high 

degree 

  of variability with latitude, 

  longitude, and with Titan’s 

  position within the Saturn 

  system. 

complex, variable haze structure 



Titan’s Winter Stratosphere: an Earth Analog? 

 Cassini has observed Titan at the beginning of its northern winter. 

 Stratospheric winds derived from temperatures indicate strong 

circumpolar winds about the north pole. 

 The observations also indicate anomalous concentrations of several 

organic compounds at high northern latitudes  

 These two results suggest that the circumpolar winds inhibit mixing 

between air masses near the northern pole and those at equatorial and 

southern latitudes. 

 A similar mechanism occurs on Earth, but with different chemistry, 

leading to the winter ozone holes. 
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Saturn 



• Saturn is the 6th planet from the Sun.  It is a giant gas planet, the 

2nd largest in the solar system. 

• Known since ancient times it is named after the Roman god of 

agriculture (Greek god “Cronus”), and “Saturday” is the only day 

of the week to retain it’s Roman origin in the English language. 

• Saturn consists mostly of Hydrogen (H) and Helium (He), and has 

a density of .7 g/cm3 (less than that of water). 

• Saturn’s atmosphere exhibits a banded pattern similar to Jupiter, 

but the bands are much fainter and wider. 

• Saturn’s winds are the fastest in the solar system. (1000 Mph) 



How fast does Saturn rotate? 

Cassini has found a 

different radio period than 

Voyager. 

The radio period is usually 

used to determine the  

rotation period of gas giant 

planets.  A major mystery 

for Cassini to solve is the 

reason for the variation of 

the radio period.  Once this 

mystery is solved, it will 

be possible to accurately 

determine the rotation 

period of the deep interior 

of Saturn which will affect 

the measured wind 

speeds. 



Science Highlights - Upper Level Clouds (ISS) 

The bright whorls and small-scale specks of convective clouds drift 

through a region just north of Saturn's bright equatorial band. 

Observers have seen major storms develop in this region in the past 

15-20 years. 



Streamers, swirls and 

vortices roll across the 

dynamic face of Saturn.  

Unlike Earth, where most 

of the weather is driven by 

the Sun, Saturn's storms 

and circulation are driven 

in part by internal heating. 

Amazingly, the planet is 

still contracting (ever so 

slightly) from its formation, 

more than 4.5 billion years 

ago. This gravitational 

contraction liberates 

energy in the form of heat. 

Upper Level Clouds 



Storm Alley 

Storm Alley's latest, greatest 

resident, the recent lightning-

producing storm seen by the 

Cassini spacecraft and Earth-

based observers churns away. 

Turbulent eddies to the west 

(left) of the storm indicate that it 

is moving eastward relative to 

the westward-flowing winds at 

this latitude on Saturn.  

Scientists gave the nickname 

"Storm Alley" to the area around 

35 degrees south latitude 

because of the large amount of 

activity seen there from the 

beginning of the Cassini 

spacecraft's approach to Saturn 

in early 2004. 



Science Highlights - Deep Atmosphere 

New images provided by the visual infrared mapping spectrometer on the 

Cassini spacecraft reveal a diverse array of clouds in the depths of Saturn. 

This new view was obtained at the 5-micron wavelength, using Saturn's 

own thermal radiation emanating from Saturn's interior as the light source 

instead of the Sun. Clouds at the 2-bar depth block this upwelling radiation 

to varying degrees, depending on the thickness of the cloud.  These clouds 

are about 30 kilometers (19 miles) underneath the clouds usually observed 

on Saturn. This is distinctly different from the typical view of Saturn in 

reflected sunlight. 



Science Highlights  

Deeper into the Depths (VIMS) 

VIMS continues to discover new 

meteorological features in the deep 

atmosphere, i.e., about 20 km underneath the 

ammonia hazes that obscure the underlying 

planet in the visual. 

 These and other views seem to indicate that 

organized storm systems (ovals, circles,  

“donuts”, etc) correlate with relatively stagnant 

latitudinal wind shears (the winds are constant 

with latitude) as seen at the ammonia cloud 

tops, some 20 km above the discrete clouds 

seen here. This indicates that the latitudinal-

stagnant winds extend on down to these 

levels as well. 



Science Highlights - Aurora 
Images taken on June 21, 2005, with Cassini's Ultraviolet Imaging 

Spectrograph (UVIS) are the first from the mission to capture the entire "oval" 

of the auroral emissions at Saturn's south pole.  In the side-by-side, false-color 

images, blue represents aurora emissions from hydrogen gas excited by 

electron bombardment, while red-orange represents reflected sunlight. The 

images show that the aurora lights at the polar regions respond rapidly to 

changes in the solar wind. Changes in the emissions inside the Saturn south-

pole aurora are visible by comparing the two images, taken about one hour 

apart. The brightest spot in the left aurora fades, and a bright spot appears in 

the middle of the aurora in the second image.  



Lightning from Saturn’s Dragon Storm 

RPWS (Radio and Plasma Wave Science)  

has found radio bursts associated 

with lightning.  These bursts come in storms 

at a period thought to be the rotation period 

of the associated storms.  These storms 

apparently come and go, much like storms 

on Earth. 



Ring Shine 

ISS (Imaging Science Subsystem)  took this image using 

Ring Shine on the night side of the planet. Ring Shine is 

brighter than Moon Shine on Earth during a full moon. 



ISS approach color composite 
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Rings 



• The rings of Saturn consist of billions and billions () of tiny ring 

particles all orbiting Saturn separately. 

• The particles closer to Saturn orbit faster (like on a race track). 

• The range in size from smoke-sized particles to football field-sized 

particles. 

• The rings consist largely of water ice mixed with smaller amounts 

of rocky material. 

• The macro structure of the rings is dominated by the interactions 

of the ring particles with the icy satellites and embedded moons. 



Ultraviolet Spectrum Shows Water Ice 

Abundance 

Color variations carry information about history of ring darkening from meteoroid 

bombardment. 



CIRS measurement of ring temperatures 

70K 115K 

VIMS measurement of variable composition - interplanetary pollution? 

40 

Thermal IR 

Near IR 

Particle temp 

tells us about 

ring dynamics 

on a local 

scale far too 

small to see 

other ways. 

Note 

underside of 

dense B ring 

very cold. 



Diametric RSS Radio Occultations of Saturn’s 

Rings 
View of Cassini from the Earth: Rev 7 

 Ring Structure  
 Radial resolution ≤ 100 m 

 Ring thickness, viscosity 

 Variability with 
wavelength, location, and 
time  

 Implications for 
kinematics, dynamics, 
origin & evolution 

Cassini RSS 

 Physical Properties 
(forward scattering & 
dispersive effects) 

 Particle size distribution  

 Packing, clustering  

 Surface mass density  

 



Moonlets within the rings 

 Pan interacts with patchy  

ringlets in the Encke gap. 

 Wavy edges of the Encke 

gap are unexpectedly 

complex. 

 New “wave-maker” 

 moonlet in Keeler gap 

320 km wide 

30 km wide 

The little panel on the right shows a brand new Cassini discovery, which is another 

moon, which we’ve dubbed the wave maker.  



Vis 

IR 

UV 

Radio 

A multi-sensory experience 

47 



Magnetosphere 

 The Magnetosphere is a giant magnetic bubble 
surrounding the planet Saturn. 

 The source of the magnetic field is a highly conductive 
material (metallic hydrogen) inside the planet rotating 
very quickly (once every 10.8 hours). 

 There is a very complex interaction between the icy 
satellites and rings of Saturn, the plasma trapped in the 
magnetic field, the neutral gases in the bubble, and the 
solar wind (a stream of ionized particles flowing from the 
Sun, which blows the magnetosphere into a blunt-nosed, 
long-tailed windsock). 





• The icy moon Enceladus, with its strong emission of water into 
the magnetosphere dominates the neutral and ionized gas 
populating the magnetosphere while Saturn’s atmosphere and 
ionosphere also contribute in the outer regions. 
 

• Typical constituents found in the system are O, H2, H, OH, CH4  
in both neutral and charged states, and from the solar wind, 
He++. 



As Io is to Jupiter, Enceladus is the dominant 

influence on Saturn’s magnetosphere. 

Water-

product 

plasma 

Gas (mostly 

water) and 

micron-size 

ice particle 

jets 

Water-

product 

gas 



Lots-o-Oxygen 

 Cassini found that 

Saturn's 

magnetosphere is full of 

neutral atomic oxygen 

with a time-varying 

spatial distribution 

 

 The estimated micron 

sized particles in the E-

ring involved in the 

Mimas – Tethys region 

is 600 Mkg. 



The Ring Ionosphere 

Ion Neutral Mass 

Spectrometer  observed 

a ring ionosphere 

dominated by O2
+, which 

suggest the presence of 

an O2 neutral atmosphere 

about the ring plane 

formed from dissociation 

of water, reactions of O 

to form O2 via ion 

chemistry or ice surface 

reactions and loss of the 

lighter volatile H2 into 

Saturn’s atmosphere. 



Icy Satellites 

Rhea 

Enceladus 

Epimetheus 
Phoebe 

Mimas 

Hyperion 

Iapetus 

Tethys 

Dione 



Icy Satellites 

• The Saturn system has 47 confirmed satellites, most are small and 

far away from the planet. 

• There are 8 major icy satellites (not including Titan) 

• Mimas, Enceladus, Tethys, Dione, Rhea, Hyperion, Iapetus, 

and Phoebe 

• They are located outside the major ring system and vary in size 

from tiny Phoebe (D=137 miles) up to Rhea (D=950 miles) the 

seventh largest moon in the solar system) 

• Their surfaces are dominated by water ice and shaped by the forces 

of tectonics, impact cratering, erosion, and even volcanism. 

• The densities range from .6 g/cm3 (Hyperion) to 1.6g/cm3 

(Enceladus). 

 



Mimas 
 Closest flyby of nominal tour = 

63,000 km on 2 August 2005 

 396 km diameter 

 Herschel crater, 140 km diameter 

(nearly one-third the moon’s entire 

diameter) and 10 km deep 

 100-km-long, ~1-km-deep grooves 

Primarily water-ice 



Enceladus 

About as wide as Arizona, 

Enceladus is similar in size 

to Mimas, but has a 

smoother, brighter surface. 

Enceladus displays at least 

five different types of terrain. 

Parts of the moon show 

regions with no craters 

indicating major resurfacing 

events in the geologically 

recent past. Enceladus’ 

surface is believed to be 

geologically young, possibly 

less than 100 million years 

old. 



Near Surface Plumes 

Viewing angle changes by 30 degrees. 

Looking for temporal variation. 





Tethys 

Tethys icy surface is heavily 

cratered and contains faults in 

the ice that are a result of quakes 

at the time of some major 

impacts. 



Dione 

Dione is the 

second densest 

moon of Saturn. 

Dione is probably 

composed of a 

rocky core making 

up one third of the 

moon’s mass, and 

the rest is 

composed of 

water ice. 



Rhea 

Rhea is the largest airless 

satellite in the Saturnian 

system. Rhea is heavily 

cratered with bright wispy 

markings. 

 1526 km diameter 



Hyperion 

Hyperion is the largest 

irregularly shaped natural 

satellite ever observed. It 

is likely that Hyperion 

may have been 

bombarded with meteors, 

which blew part of this 

moon away and caused 

its highly irregular shape. 

Hyperion is redder than 

Phoebe and closely 

matches the color of the 

dark material on Iapetus. 



Iapetus 

One half of Iapetus is 

10 times darker than 

the other.  This image 

indicates that the dark 

material came from 

outside and coated 

the surface.  



The Belly Band 

Iapetus’ very odd ‘belly-band’, a ridge or chain of mountains 

20 km high and 2000 km long circling most of the equator. 

Scientists don’t yet have a good explanation for its origin. 



Phoebe 

Phoebe is roughly spherical 

and rotates on its axis every 

nine hours. Phoebe’s orbit is 

also retrograde, which 

means it goes around Saturn 

the opposite direction than 

most other moons – as well 

as most objects in the solar 

system. Phoebe is very dark 

and reflects only 6 percent of 

the sunlight it receives. 



Where did Phoebe come from? 

Asteroid Belt 

Outer Solar System 

Kuiper Belt 

The VIMS Experiment: Goals 

•Search for volatiles: Water Ice, 

Bound Water, CO2 

•Search for minerals and organics 

•Understand its relationship to other 

small bodies (asteroids, KBOs, and 

other satellites 



Conclusions 

•VIMS has detected 
multiple components on 
Phoebe’s surface:  
Water Ice, bound water, 
trapped CO2, ferrous 
iron, water-bearing 
silicates, and possibly 
simple organic 
compounds. 

•Phoebe is not an 
asteroid. Water, CO2, 
and organics are 
consistent with an 
outer solar system 
origin for Phoebe, 
possibly in the 
Kuiper-Belt.  



Kuiper Belt objects are of extreme interest to scientists 

because they are believed to be primordial; that is, they 

appear to date from the formation of the solar system. These 

objects are the building blocks of the solar system, the 

leftovers that never pulled into a planet. 

And because of its relative small size, Phoebe might never 

have heated up enough to change its chemical composition – 

which increases the scientific value of its study. 

Color indicates 

topography: blue=low 

to red=high, a range of 

about 16 km. 



Other Moons 

Janus, 150-190 km, co-orbital with Epimetheus 

Prometheus; 60-145 km ; inner F-Ring shepherd 

218,000 and 236,000 km, 29 April 2006 

Telesto, 28-36 km across, leading Tethys Trojan 

14,500 km, 11 Oct. 2005 and 20,000 km, 25 Dec. 2005 

Pandora, 84-114 km 

outer F-Ring shepherd 

52,000 km, 5 Sept. 2005 

Calypso, 22-34 km 

trailing Tethys Trojan 

101,000 km, 23 Sept. 2005 



Come join us! 
http://saturn.jpl.nasa.gov 



The Next Two Years 


