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TITAN, CASSINI, and 
HUYGENS

The Investigation of a 
Major Moon of Saturn

If you’re as old as I am, you may remember from 

your childhood a comic strip called “Buck Rogers 

in the 25th century”.  In one series of his 

adventures, he visited the “9 moons of Saturn”

(there were only 9 known then - now there are 

about 60).  That was the wildest of fiction, but as 

the years went by, scientists thought about making 

it come true.  In the early 1990s, NASA planners 

proposed a project named in honor of a 17th 

century Italian/French astronomer, Giovanni 

Cassini, the discoverer of Titan.  Tonight, we’re 

going to be looking into the implementation and 

results of that project.  So, let’s charge ahead!  
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What Are We Talking 
About?

• Titan - the largest satellite of Saturn and its 

only one with a substantial atmosphere

• Cassini - Spacecraft launched in October 

1997, entered Saturn orbit in July 2004

• Huygens - Probe/lander. Carried by 

Cassini. In January 2005 it landed on Titan

Titan is Saturn’s largest satellite and the only one with a 

substantial atmosphere.  From here on out, when I 

mention Cassini, I’ll be talking about a spacecraft, not the 

17th-century astronomer.  Incidentally, he deserves 

special mention.  France’s Louis XIV recruited him from 

Italy and made him his Royal Astronomer.  Cassini 

mentored Edmond Halley, (the comet guy) and supplied 

Halley with much of the data that helped Halley convince 

Newton that comets could have periodic orbits.  Likewise, 

when I mention Huygens, I’m talking about a probe and 

lander carried to Titan by Cassini, and not the 17th 

century Dutch horologist and astronomer.
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Where did my information come from? Largely from four 

places. The first is a brand new and totally fascinating book by

Ralph Lorenz, a planetary scientist at Johns Hopkins.  Lorenz 

was involved in the Cassini project almost from inception.  He 

contributed to the design, engineering, operation and results 

analysis of some of the most important data-gathering features 

of the spacecraft/probe combination.  The book takes the 

reader through all these phases, and reads almost like a diary. 

Almost all the imagery you will see came from the NASA 

Image Archives, and it is all available free on the Web.  

Searches of Scientific American’s web-site provided useful 

backup and some “goodies”. As always, Wikipedia is useful in 

rounding out information.  Scholarpedia is also a good source 

for a limited range of topics.
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What’s So Interesting 
About  Titan?

• Second-largest satellite in the Solar System

• Diameter = 0.4 x Earth, 1.5 x Earth’s Moon

• Orbital and rotational periods = 15.9 days

• Dense, opaque atmosphere (in visible light)

• Little information obtained from Voyager 

flybys and early Hubble photography

• Conditions roughly similar to early Earth (?)

• Lots of methane suggests biologic origin (?)

It’s certainly reasonable to ask, “Why spend all this effort on 

Titan? “ First, it’s big.  How big? Nearly half as big as the 

Earth, half again bigger than our Moon. Like our Moon in its 

relation to Earth, Titan always presents the same face toward 

Saturn.  Said another way, its orbital and rotational periods 

are the same, about 16 days.  In visible light It has a deep, 

dense, opaque atmosphere.  Titan’s surface was hidden 

from view until Hubble found some non-uniformity in infrared 

images in the mid 90s, and wasn’t really revealed until 

Cassini.  Both Voyagers flew by Titan in the early 80s but 

yielded little. Some scientists have speculated that 

conditions on Titan might be somewhat analogous to early 

Earth.  Finally, presence of methane raises the possibility that

at least some of it might be of biologic origin.
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Titan Casts Its Shadow

This photo, taken by a Filipino amateur astronomer last 

January, shows Saturn with its rings edge-on and the 

shadow of Titan as it transits.  The size comparison is 

impressive.  
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Cassini and Huygens Share 
Responsibility for Mission 
Objectives Related to Titan

• Map and characterize Titan’s surface on a 

regional scale

• Study Titan’s current and past geology

• Investigate Titan’s atmosphere, clouds and 

hazes

Out of seven primary objectives set by NASA for 

the Cassini mission, three relate to Titan.  First, 

map and characterize Titan’s surface.  Give us an 

accurate geography and topography for research 

and reference purposes.  Second, study Titan’s 

current and past geology - find out the basic facts 

of how the body of Titan has arrived at its present 

condition.   And third, investigate Titan’s 

atmosphere, clouds and hazes.  Its atmosphere is 

unique and probably hides some surprises.  All 

together, a “tall order” when the object in 

consideration is 3/4 of a billion miles and 84 light-

minutes away!  
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The Cassini Spacecraft

• Largest and most complex built to date 

of launch

• 22 ft. tall, 13 ft. diameter

• Launch weight 6+ tons

What did NASA have to build to do the job?   The 

largest and most complex spacecraft ever 

engineered up to that time.  Higher than the 

average two story house.  And heavier than three 

average cars.  What does it look like? 
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Cassini in NASA 
Clean Room

Just compare the size of those 8 folks in clean 

room dress with Cassini.  This is one big hunk of 

machinery!  What does it consist of ?
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The Cassini Spacecraft

• Multiple mapping/imaging systems

• Spectrometers, magnetometer

• Multiple antennas for telemetry and 

communications

• Radioisotope power generators using 72 

lb. of Plutonium 238 dioxide(!)

• Orbits Saturn 8 to 10 AU from Earth

• Scheduled for shut-down in Sept 2010

Here’s a laundry list…. imaging systems,  

Spectrometers, a magnetometer,  antennas,  a power 

system driven by highly radioactive Plutonium dioxide.  

There was a hue and cry about this, as you can 

imagine.  Supposing there was a launch failure of the 

most destructive type, “experts” gave answers ranging 

from “no problem” to “200,000 dead”.  Whatever was 

the right answer, Cassini got off and also made a 

slingshot pass by Earth 22 months later without a 

hitch.  Its destination was an orbit between 8 and 10 

AU from us.  Cassini outlived its planned shutdown 

date and got a two-year extension in 2008.  Lets take 

a closer look at the arrangement of the hardware.  
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Sorry for the fuzziness of this picture, the 

resolution is poor in the NASA original.  Take a 

look at the bottom-right callout - there are three 

generators of this type at 120 degrees from each 

other.  Move up from that callout to the next above. 

You can see part of Huygens, the golden disc on 

the far side of Cassini.  Take a little while to run 

through the other callouts and begin to appreciate 

what a complex thing it is.

….. OK?  Now let’s talk about Huygens  
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The Huygens Probe

• Built by European Space Agency

• 700 lbs.  50 in. diameter

• “Coasted” for 3 weeks after separating 

from Cassini before beginning descent

• Landed on Titan 7+ years after launch 

• Parachute descent from 125 mile 

altitude took 2.5 hr.

• Data continued for 90 min. after landing

In a major joint effort with NASA,  the European 

Space Agency designed and developed Huygens.

At 700 lbs packed into a relatively thin disc 50 

inches in diameter, it was an exercise in very tidy 

design.  It was launched from Cassini by a spring 

and coasted for three weeks to get to its 

appointment with Titan.  It had been essentially 

dormant for 7 years, but it turned on, checked itself 

and used a parachute system to descend from 125 

miles above the surface.  It sent data throughout 

the descent, it landed safely and sent data for 

another 90 minutes thereafter.  Here is what it may 

have looked like on the surface.
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Huygens on Titan’s Surface

(Artist’s visualization, of course)

During its descent, Huygens was deliberately rotated  while a 

camera took pictures,  to permit post-flight panoramic mosaics.  

Huygens short useful time on the ground came from two 

limitations:  It was designed to send all its information to 

Cassini as it made a pass over the descent site.  The relative 

closeness allowed Huygens to have a low-power transmitter, a 

help in keeping the probe physically compact.  Cassini stayed 

in communication range for only about 30 minutes.  However, 

using a collection of radio telescopes on Earth, NASA was able 

to directly capture the very weak transmissions of Huygens, 

thus extending the ground time to send data.  Huygens 

batteries ran out about 90 minutes after landing, finally putting 

an end to communications.  Now, let’s see how Cassini and 

Huygens measured up against the objectives NASA set for 

them.   
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Objective….

Mapping Titan’s Surface

This the first of the three Titan-related objectives 

we saw listed on an earlier slide.  
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Mapping Titan’s Surface -
Sensors

• Wide-angle camera 

• Narrow angle camera

• Both cameras fitted with multiple 

spectral filters and shared CCD 

• Radar - for topographic information and 

to help penetrate clouds and haze

• Visual and Infrared Mapping 

Spectrometer - temperature measures

What sensors were provided to do the mapping 

data collection?  A wide-angle camera and  a 

narrow-angle camera.  These share a 1 megapixel 

CCD and are provided with selectable multiple 

spectral filters to help penetrate clouds and haze 

and take pictures in specific frequency ranges in 

both the visual and near-infrared.   In addition, 

radar was included to obtain topographic 

information and penetrate cloud cover.  Finally, a 

spectrometer capable of mapping surface 

temperatures was provided.
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Mapping Titan’s Surface -
Strategy

• Timing - When Cassini passes by Titan 

• Fine tune some Cassini orbits to pass 
as close as 800 miles to Titan’s surface

• Obtain some stereo coverage

• 45 such close encounters over the 

planned life of Cassini

• Take advantage of infrared “window”

How was the mapping process organized?  Closeness to 

Titan made the imagery best and most accurate. Some 

adjustments in orbital parameters were used to pass over 

different regions of the surface and bring Cassini closer to 

the surface. Some passes were planned to duplicate 

coverage for stereo purposes. 45 close passes were 

programmed and executed  successfully.  Selectable 

filters were available on the optical cameras.  One such 

filter was specially designed for a specific infrared 

wavelength to take advantage of a “window” through the 

haze and clouds of Titan’s atmosphere.  Let’s take a look 

at samples of the results of the mapping effort.   
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Mapping Titan’s Surface -
Off to a Good Start

The photos in this composite image were taken by 

the wide-angle camera from between 81,000 and 

91,000 miles from Titan on Cassini’s first 

approach.  Note the central dark area.  This was 

the first sharply-defined continent-sized feature 

discovered on the mission.  It was of instant and 

considerable interest to planetary scientists.  It was 

named Shangri-La.  It was later assessed as likely 

an area of lava flows, perhaps covered by dust that 

was subject to rearrangement by the winds.
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Methane Lakes

False color

Radar

Although at first glance you might think this is a 

picture of Minnesota’s “Land of Lakes” country, but 

this is Titan. This mosaic images what planetary 

scientists believe to be lakes containing liquid 

methane.  The locale is near Titan’s north pole.  

Titan’s polar areas are somewhat warmer than the 

equatorial areas, so methane appears here in 

liquid form rather than ice form.  This is a false 

color radar image, the dark areas are 

hydrocarbons, the lighter are probably icy crust 

underlain by water ice.  The smallest details in this 

image are about 0.3 miles across.  Another view of 

the lakes….  
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Methane Lakes -
Near the north pole  

Radar

The largest lakes seem to be nearest the pole.  In 

this radar image the central island is about 60 by 

90 miles - about the size of the Big Island of 

Hawaii.  In the lower right of the picture, note the 

fjord-like topography.  Now let’s take a look at an 

equatorial area.  
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Surface
Details

Saturn-
side at 
equator

This mosaic covers an area over 2000 miles wide 

and the about the same top to bottom.  The 

images were made with the narrow angle camera 

from altitudes from 50,000 to 75,000 miles from 

Titan.  The images were taken  with the Sun in 

position to emphasize terrain differences.  The 

brighter areas are higher, the darker are lower.  

Let’s take a look at some more equatorial 

topography. 
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Mountain 
Range

Visual and 
Infrared Mapping 

Spectrometer

This false color image was created from photos 

taken at three different wavelengths in the near 

infrared.  The central mountain range is about 90 

miles long, 19 miles wide and nearly a mile high.  It 

probably resulted from material welling up through 

a fissure created by tectonic action.  The smallest 

features resolved in this image are about 1/4 mile. 
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More Topography

Radar Stereo

A few percent of Titan’s surface were deliberately 

mapped twice to provide data for stereo imaging.  The 

lighter areas are the stronger radar returns.  
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Same Image With 
False Color

Here is the same topographic image with false color 

applied.  The red end of the spectrum represents high 

areas, the violet represents low areas.  Now one more 

image of topography
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Follow the 
Arrow?

Radar

Sometimes you can’t make sense out what you 

see, but you can’t argue with what you see.  The 

black downward pointing arrow head is a classic 

example. It is about 19 miles across.  Cassini 

collected this image as it passed over Titan about 

750 miles up.  There are no “official” explanations 

for the very straight boundaries and the sharp 

point.  So, you are free to invent your own 

explanation.  I have my own pet theory…. 
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Ancient Peruvian 
Indians on Titan?

More Straight 
Lines!

More straight lines!  But this isn’t Titan - this is Earth, and 

this is a satellite photo of Peru’s Nazca desert.   These 

lines are about 2000 years old and have been verified as 

man-made.  The only thing I can’t figure is how these 

ancient Indian guys made it to Titan.  I sure hope they 

got back home to Earth safely. 
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Objective….

Study Titan’s Geology

How did the mission planners approach this 

objective?  
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A Planetary Surface Can Be 
Modified in Four Ways….

• Impact from meteors and asteroids

• Volcanism

• Tectonic activity

• Erosion by fluids or winds

Titan shows evidence of 
all four...

There are four basic ways that a planetary surface 

may be shaped:  collisions with cosmic junk,  

volcanoes,  tectonics, and erosion by fluids or 

winds.  On the next slides  you will see examples 

of each on Titan.
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Impact Crater

Diameter 19 miles 

Radar

You might think that is an image from our Moon.  

It’s a classic impact crater.  But it’s on Titan.  Titan 

doesn’t have a lot of these, but it has enough to 

show that it’s taken its share of hard knocks. 
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Volcano

On the “dark”

side 

Visual and 

Infrared 

Mapping 

Spectrometer

This image was taken with a special instrument 

that measures radiation frequencies and 

intensities.  The small bright curlicue, midway from 

top to bottom of the right half of the image is 

suspected to be a volcano, a cryo-volcano to be 

precise.  It’s not spouting molten rock lava.  

Rather, it could be spouting water ice, and/or liquid 

water, ammonia, methane and ethane, and/or 

gaseous methane and ethane, or all of the above.
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Clear Signs of Tectonic Activity

This is a radar image.  Cassini was 840 miles 

above Titan’s surface when this data was 

gathered.  The bright curving features are ridges, 

pushed above the plains by tectonic deformation of 

Titan’s icy crust.  To give you a sense of scale, this 

image is about 170 by 250 miles. 
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Erosion by 
Fluid

Mosaic 
from 3 
photos 
during 

Huygens 
descent

This image was taken by Huygens about midway 

in its descent.  Note the well defined drainage 

pattern.  The dark lines probably are liquid 

methane or ethane. 
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Erosion By Wind

Striations are 

“sand dunes”

Another radar image, about 100 by 200 miles in 

extent.  The dark lines are dunes of solid organic 

particles or of icy particles coated with organic 

material.  The dunes are about 2 miles apart, and 

are common in the equatorial areas of Titan.  The 

bright spots are elevated topographic features, 

which can be seen to modify the dunes flow lines.  

These dunes bear striking resemblance to 

terrestrial snow “dunes” in Earth’s Antarctic region. 
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Objective….

Investigate Titan’s 
Atmosphere

On to the third Titan-related mission objective.  
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Titan’s Atmosphere Was A
Mystery For Many Years

• Early imaging could not distinguish any 

atmosphere whatsoever

• In 1944 spectroscopy detected 

methane, ergo an atmosphere

• Voyagers approached Titan but got no 
data on the atmosphere (1980/81)

• Hubble resolved a few surface and 

cloud features using infrared (1994)

Why investigate the atmosphere?  Because, before 

Cassini, it was poorly understood.  Until 70 years ago, 

views of Titan from Earth-bound telescopes showed only 

a relatively bright, totally featureless disk assumed to be 

solid.  Then in 1944 came the first evidence of an 

atmosphere, spectroscopic detection of methane.  The 

two Voyager spacecraft  provided no atmospheric 

intelligence during their flybys.  Finally in 1994 Hubble 

succeeded in resolving a few surface and cloud features 

by using an infrared wavelength that helped penetrate 

the atmosphere.  So what did Cassini and Huygens do to 

sweep away some of the mystery?
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Huygens -
Instrumented For Discovery

• Atmosphere Structure Instrument

• Doppler Wind Experiment

• Descent Imager/Spectral Radiometer

• Gas Chromatograph Mass Spectrometer

• Aerosol Collector and Pyrolyser

• Surface Science Package

Huygens was loaded for bear!  Gear that can 

measure the physical and electrical properties of 

the atmosphere vs. altitude, measure winds vs. 

altitude, measure the radiation balance and take 

photos during the descent,  identify specific 

compounds, collect and identify aerosols and 

particulate matter,  and measure the mechanical 

and chemical characteristics at the landing point.
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Atmospheric Layers

“True” colors

Narrow Angle Camera

This is a photo from Cassini that gives you an 

edge-on look at the atmosphere.  Titan’s body is 

the dark area to the left.  “True” is in quotes 

because this is not a simple color photograph, 

rather it is a reconstruction of the colors from the 

original multi-spectral images.  The Sun is 

providing the illumination from behind Titan - there 

is no fluorescence.
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Atmospheric 
Structure

From data 
during 

parachute 
descent

This diagram is loaded with information, but it’s a bit tough 

to extract because of its complexity.  Let me try to help you.  

First the axes are metric, I’ll translate.  The left vertical axis 

is, (top to bottom), 85 miles to zero.  The right vertical axis 

is, (top to bottom),  0.04 psi to 21 psi.  The bottom axis is, 

(left to right), -320 deg F to -140 deg F.  In the body of the 

graph, (top to bottom), Tholins are nitrogen-rich organic 

compounds, CH4 is methane, N2 is Nitrogen, C2H6 is ethane 

and NH3 is ammonia.  Where the lower end of the curving 

yellow “Temperature” line hits the surface is Titan’s mean 

surface temperature - about -290 deg F.  Methane is liquid 

from about -300 to -260 deg F.  Ethane is liquid from about 

-300 to -130 deg F.
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Huygens 
Descent 

Site

From 10 
miles up

This where Huygens is headed.  The fish-eye 

effect comes from post-processing.
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Huygens 
Descent

From 5 

miles up

Getting closer!  This is an oblique shot, not straight 

down.
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AND FINALLY….

On the “ground.”

The “rocks” in the 

lower portion of 

the image are 5”
to 6” across. 

This is the first picture from Huygens on the 

“ground”.  This is a “true” color picture of the 

environment.  The flat “rock” in the lower center of 

the picture is about 3 feet away.   The surface and 

the “rocks” consist of a mixture of ices of water, 

methane and ethane.  There is the appearance of 

erosion around the base of some of the rocks, 

suggesting the possibility of fluid activity.  The 

melting point of methane and ethane is only about 

5 deg F. below Titan’s mean surface temperature, 

so small local variations in ambient temperature 

could produce significant amounts of fluid to 

produce erosion.
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Is there a 
surface 
crust?

Probably...

Here are some results from the Surface Science Package.  

Again, I’ll try to translate for you what’s going on.  The left vertical 

axis, (top to bottom), is 14G to -2G.  The horizontal axis is 

graduated in seconds.  The curves show the output from 

accelerometers aboard Huygens.  The flat left-hand part of the 

plot shows that Huygens has not yet touched down.  The middle 

section is about one-tenth second in extent and shows the 

decelerations during the actual contact with the surface.  The 

right-hand section is flat except for some minor “after-shock”

wiggles.  The center section is where the interesting stuff is. The 

double peak in the blue line with the dip in between suggests 

(reading from left to right) an initial hard contact, followed by a 

relaxation, followed by another hard contact.  It looks very much 

as if a hard crust was encountered, broken through and then a 

hard subsurface material brought Huygens to a full stop.
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Doppler Wind Experiment

• Communications failure caused loss of 

most precise data

• A work-around approach was used.  A 

few sample data:

At 90 miles high - 235 mph wind

At 45 miles high - 12 mph wind

At 35 miles high - 90 mph wind

At surface - 5 mph wind

The Doppler Wind Experiment did not go as 

planned.  A human error left one of Cassini’s two 

main communications channels inaccessible.  The 

data from this experiment was hard-wired to that 

channel.  A work-around was used to measure and 

transmit the information, not as precisely, but still 

successfully.  Note the unexpected low speed at 

45 miles high.
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Titan Facts (All made more 
precise by Cassini)

• Radius = 1600 miles

• Mass = 2.967 x 1023 lbs

• Mean Density = 117.4 lbs/ft3

• Surface Temp = -290 oF (warmer at poles) 

At this temp methane and ethane are fluid, 

but will freeze with a small drop in temp.

• Surface Pressure = 1.44 atmospheres

• Surface Gravity = 4.43 ft/s2

The Cassini program has also helped to increase 

the precision of many of Titan’s basic parameters. 

We now know that: the mean radius is 1600 miles,  

the mass in pounds is a bit less than 3 with 23 

zeroes following, the mean density is about one 

third that of Earth, implying a much less rocky and 

metallic body than Earth.  The mean surface temp 

is -290 deg F - pretty darned cold.  At the surface 

the atmospheric pressure is 44 % greater than 

Earth’s and its surface gravity is about one-

seventh that of Earth’s.  And, there’s more to be 

said... 
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Let’s Not Forget - Cassini Did 
Other Important Jobs, Too

• Flybys of Jupiter, Phoebe, Enceladus, 
Iapetus, and new moons of Saturn

• Saturn rotation and hurricane

• Radio occultation of rings

• Verification of spoke phenomenon

• General Relativity theory test

This presentation has dealt only with the Titan-related 

aspects of the Cassini program, but it’s appropriate to take 

note of some of the other achievements of Cassini. Cassini 

made flybys of Jupiter and three other major Saturn satellites 

and it discovered six additional satellites.    It measured 

Saturn’s rotational period and discovered a large hurricane-

like storm (complete with an “eye”) at Saturn’s south pole.  It 

served as the signal source for occultation studies of the 

rings to measure ring particle size and distribution.  It verified 

the existence of “spokes” in the rings, a phenomenon 

previously only suspected.  It also was the signal source for 

tests that further confirmed the General Theory of Relativity.  

So, what can we conclude from all of this…
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Conclusions

• Well managed, fruitful project

• Excellent cooperation between NASA 
and European Space Agency

• No significant hardware failures

• Only one significant human-caused 

failure (It cut in half the data download 

communication capacity)

• WELL DONE!

First, overall, it has been a well planned, well 

managed, and very fruitful project. There has 

been productive cooperation between NASA and 

ESA.  The hardware has operated successfully for 

12 years!  Only one significant human-caused 

failure. It certainly deserves a WELL DONE!   

Now,  Let’s peek into the future.  
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What Is/Could Be Next for 
Titan?  (Assuming Sufficient $)

• 26 more Titan flybys (in progress now)

• UAV’s taking advantage of low gravity 

(about 1/7 of Earth’s) and dense 
atmosphere (about 1.4 x Earth’s)

• Further study of possible sub-surface 

water ocean

• Search for evidence of life

What is or could be next for Titan?  The 2-year extension 

for Cassini included these flybys and a few have already 

been completed.  Hopefully they will remain funded. Could 

we apply the recent successes with terrestrial unmanned 

aerial vehicles to the Titan environment? We could certainly 

benefit from Titan’s low gravity and denser atmosphere.    

Current thinking is focusing on an unpowered blimp moved 

by Titan’s winds and carrying cameras, radar, surface 

sampling gear, and communications.  Minor variations in 

Titan’s rotation rate suggest the existence of a huge sub-

crustal water ocean.  Measurements over the next few 

years could give us a yes-or-no answer.  And finally, Titan 

seems a good place to look for evidence of life.  Is the 

budget available?  Who knows?
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Question Time….

? ?
?

?
?

?

??

?

?

If you are interested in following up on anything, I 

can provide the references.  Thanks for your 

attention.  Good Night!


