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Christiaan Huygens and his telescopes 

Peter Louwman 
Louwman Collection of Historic Telescopes, Wassenaar, The Netherlands 

As an amateur astronomer myself, I have personally always been very 
interested in the early development of the telescope in the 17th century. I 
regard it as a privilege to have been asked to tell you something about 
Christiaan Huygens and his telescopes. 

To me, Christiaan Huygens is a very fascinating person. Christiaan not only 
designed his telescopes, he also built them himself and he also used them. 

Christiaan’s first involvement with telescopes was in the autumn
of 1652, when he was 23 years of age. He started to become 
interested in the art of lens grinding and he decided to get more
information from the well-known instrument maker, Johann
Wiesel from Augsburg, southern Germany. The optical
instruments Wiesel made, such as spectacles, telescopes and
microscopes, were sold throughout many parts of Europe. Even
in London his price lists were distributed among potential buyers.

Based on information he got from his correspondence with
Wiesel, Christiaan instructed a certain ‘Master Paul’ in Arnhem
to build a telescope for him. This seems not to have been a
success, because in the next year Christiaan decided to grind
lenses himself, assisted by his older brother Constantijn. 

 

At first the Huygens brothers had to rely on the experience of professional
Dutch lens grinders, such as Jan van der Wyck from Delft and Caspar
Calthoff from Dordrecht. Especially Calthoff had a fine reputation, but
unfortunately for the Huygens brothers, he soon moved to England. 

 Figure 1: Johann Wiesel 
(Staats- und Stadts-
Bibliothek, Augsburg) 

Lens grinding and polishing is very delicate and precise work. It is also very 
heavy manual work and very time-consuming. To lighten this hard labour 
for himself, Christiaan designed and built his own lens-grinding and 
-polishing machines (Figure 2). 

One of the greatest problems with lens grinding is to make a suitable lap by 
utilising metal moulds with a perfect spherical shape. Another problem for 
the Huygens brothers was to find glass of high quality and homogeneous in 
structure. However, not only the quality was important: they also needed to 
acquire glass of suitable dimensions to be able to make a large objective lens 
for their telescopes.  

According to research by Rob van Gent and Anne van Helden[2], the 
Huygens’ brothers bought their glass from various sources, among others in 
Amsterdam and in London, but later also from the important glass works in 
the city of ’s Hertogenbosch (Bois-le-Duc) in the centre of the Netherlands.  
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Figure 2: Lens-grinding 
machine of Christiaan 

Huygens 
(From his ‘Opuscula 

Posthuma’, published 
posthumously by 

Janssonio Waesbergios, 
Amsterdam, 1728 ) 

 

 
What made it very difficult to produce usable lenses, as the Huygens 
brothers soon found, was that the whole art of lens grinding was surrounded 
by secrecy. They couldn’t benefit much from the experience of professional 
lens makers, because these lens makers weren’t very communicative and 
they vigorously protected their trade secrets from the competition.  

One of the most surprising astronomical discoveries Christiaan Huygens 
made with one of his first self-made telescopes dates from March 25th, 
1655, when he discovered that Saturn has a moon, revolving around the 
planet in about 16 days. The moon was later named ‘Titan’.  

Figure 3: Sketches of the 
position of the newly-

discovered moon relative 
to Saturn, in Christiaan’s 
book Systema Saturnium, 

1659 (O.C. Vol 15) 
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The telescope he used for his discovery was equipped with an objective lens 
(also known as an ‘object glass’) with a focal length of 10 Rhineland feet 
(about 337 cm). The eyepiece he used was a single-lens of 3 Rhineland 
inches (79 mm) focal length, resulting in a magnification of about 43x. 
Christiaan himself writes that he used a telescope of 12 Rhineland feet, but 
at that time this meant the total length of the telescope tube including the 
eyepiece, not the focal length of the objective lens.  

The telescope itself doesn’t exist anymore, but its objective lens, which is by 
far the most important part of a telescope, has been preserved. Researchers 
are fully convinced that Christiaan used this lens for discovering Titan, 
because he scratched with a diamond, in his own handwriting, not only his 
name and the date of manufacture of the lens (February 3, 1655) along the 
rim of the lens, but he also scratched on it in Latin “Admovere oculis 
distantia sidera nostris” (“they brought the distant stars closer to our eyes”). 

 

Figure 4: The ‘Admovere’ 
lens in a protective casing. 
Along the rim is visible 
“Admovere oculis 
distantia sidera nostris” 
that has been scratched on 
the glass with a diamond 
by Christiaan Huygens 
(Universiteits Museum 
Utrecht, photo by author) 

On June 13th 1655 Christiaan wrote a letter to Prof. J. Wallis in Oxford 
telling him that he had made ‘a discovery’ with his new 12-foot telescope. 
However, he didn’t tell him exactly what his discovery was, but, as was the 
custom in those years, he re-wrote the sentence explaining his discovery into 
the following anagram:  

Admovere oculis distantia sidera nostris, v, v, v, v, v, v, v, c, c, 
c, r, r, h, n, b, q, x 

On March 15, 1656 Christiaan disclosed the solution to the anagram by 
writing to Prof. J. Wallis that the letters of his anagram should be rearranged 
into the following sequence:  

Saturno luna sua circunducitur diebus sexdecim horis quatuor 

It is therefore convincing that this lens (in literature it is often nicknamed the 
‘Admovere’) was used in Christiaan’s 12-foot telescope when he discovered 
Titan. Normally the ‘Admovere’ is safely kept in a well-protected vault at the 
University Museum of Utrecht, but for the occasion of the commemoration 
of Huygens’ 375th birthday, it is now temporarily on display for the public 
in a showcase at Museum Boerhaave in Leiden. 

It is very lucky that we can nowadays see and admire the ‘Admovere’ lens, 
because it once was nearly lost! The lens is referred to in an auction 
catalogue dated 1722, and two years later it was mentioned by the Dutch 
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physicist ’s Gravenzande in his foreword to his publication about Christiaan 
Huygens’ life and works ‘Opera Varia’. But after that, the lens was never 
again mentioned, nor seen. It seemed that nobody was really concerned. 
Then, in 1867 it was fortunately discovered by Professor Harting in a little 
old box, containing some old lenses, in the Physical Laboratory of Utrecht. 

   
Figure 5: Here we see an objective lens 

made by Christiaan, similar to the one he 
used to discover Saturn’s moon ‘Titan’. 
Along the rim Christiaan signed: “Chr. 

Hugenius A° 1656”. On the opposite side of 
the lens “PED II” tells us  
the focal length is 11 feet.  

(Lens from the Louwman Collection of 
Historic Telescopes;  

photo by author; also Figure 6) 

Figure 6: The same lens as left in its original protection fittings 
made of cardboard. The total diameter of this objective lens is 

63 mm, but Christiaan stopped down the open aperture to 35 mm. 
He did this by covering the outer parts of the lens with a diaphragm 

(the black ring with the hole in the middle). As with most 17th 
century lenses, only the middle part of the lens has an optically 

perfect form. By installing the diaphragm only light rays passing 
through the middle of the lens are used to create an image. Light 

rays that would have passed through the outer parts of the lens are 
blocked by the diaphragm 

 

 

Figure 7: Christiaan announced his 
discovery of the rings of Saturn in System 

Saturnium in 1659 

 

At about the same time Christiaan made with this same 
telescope (though he may also have used his new 23-foot 
telescope) another most impressive discovery: he discovered 
the true nature of the puzzling appearance of the mysterious 
two ‘attachments’ (ears) of the planet Saturn. Actually, he 
didn’t owe this discovery to his visual observations only: it 
was also the result of his deductive reasoning. Christiaan came 
to the right solution of the puzzle by examining old telescopic 
observations made by other astronomers during the first half of 
the 17th century. These astronomers didn’t yet have telescopes 
with sufficient resolving power, as Christiaan had. They 
therefore never exactly understood what they were seeing 
through their telescopes. To make the mystery even more 
complex for these astronomers, the attachments (or 
‘appendages’) regularly disappeared for a short time, then 
reappeared for several years.  

Christiaan, with his genius and his remarkable sense of
intuition, immediately grasped what he was seeing through his 
telescope. It was a three-dimensional view of a flat ring, 
floating in space around the planet.  
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With his discovery he was at the same time able to explain why the 
appendages regularly disappeared and reappeared. Really a marvellous, great 
discovery, which brought him much fame.  

Another important astronomical discovery Christiaan Huygens made with 
his telescopes was determining the rotation period of the planet Mars. By 
observing spots on its surface for many weeks, Christiaan came to the 
correct conclusion that Mars rotates. He found that it takes Mars about 24½ 
hours to complete one rotation, so a little longer than the Earth. 

Figure 8: Sketch of Mars drawn by Christiaan on August 13th, 
1672 (O.C. Vol 15 p113) 

 

 Figure 9: Modern photograph of the same 
part of Mars by the Dutch amateur 
astronomer John Sussenbach. Compare the 
white polar cap and the triangular shaped 
region called ‘Syrtis Major’ with those in 
Christiaan’s drawing 

At this time, in about 1659, both Christiaan and Constantijn Huygens 
temporarily stopped making lenses and telescopes, although they didn’t lose 
their interest in them. Only after 1681, so more than 20 years later, did they 
resume making lenses and telescopes. 

In 1666 Christiaan was invited by the wealthy and influential King Louis 
14th to come to Paris and to become a prominent member of the French 
Académie des Sciences. He stayed here 15 years (1666 to 1681) and worked 
together with famous astronomers, such as Cassini (from Italy) and Römer 
(from Denmark). 

During his stay in Paris, he several times visited the important telescope 
maker Philippe-Claude Lebas. Lebas seemed to have found a superior 
method of polishing. But despite all Christiaan’s efforts, he was never able 
to discover exactly how this new method worked. When Lebas died, 
Christiaan tried to persuade Lebas’ widow to kindly disclose the method, but 
in vain, because she, too, protected her husband’s secret.  

We now know that the Huygens brothers used paper as one of the main 
elements for polishing their lenses on a lap. 
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Also in Paris, in 1662 Christiaan Huygens greatly improved a special 
eyepiece for telescopes, which is now commonly known as the ‘Huygens 
eyepiece’. This eyepiece consists of two positive lenses with different focal 
lengths, separated from each other by a certain distance. It gives an 
improved and wider field of view and it fully removes lateral colour 
aberration. 

Figure 10: The Huygens 
eyepiece 

 

 
Christian Huygens kept his fascination for telescopes all his life. This can be 
illustrated by a remarkable incident, when during one of his trips to England 
in 1661 he visited the shop of the telescope maker Richard Reeves at 
Longacre in London. On the day of his visit the coronation of King Charles 
II was taking place in London, but Christiaan preferred not to go and view 
all the festivities. No, he took his chance to observe with Reeves’ telescopes 
the very rare ‘transit of Mercury’, which was on the very same day. Together 
with the astronomer Thomas Streete and Richard Reeves he observed to his 
delight the passage of the planet Mercury across the sun’s disci.  

When Christiaan returned home from Paris in 1681, he found that during his 
absence from Holland several lens makers had greatly improved the art of 
lens grinding, also in his hometown of The Hague. Telescopes and 
microscopes were in high demand by wealthy customers, who bought them 
to, more-or-less, play with them. However, despite the increased interest 
from the public, the Huygens brothers couldn’t find lens makers who were 
able to deliver them lenses as good as they could make them themselves.  

So, the Huygens brothers decided to continue making both their objective 
lenses and their eyepiece lenses themselves. As we know from 
correspondence, both brothers seemed to enjoy doing this highly specialised 
work together. To ease their share of the work, Christiaan and Constantijn 
limited themselves to polishing lenses. They were convinced nobody could 

                                                 
i Mercury revolves around the Sun in an orbit between the Earth’s orbit and the Sun. 
When the Sun, Mercury and the Earth are exactly aligned in a straight line, a ‘transit 
of Mercury’ takes place. With a telescope we can then see Mercury as a tiny little 
black disc slowly crossing the solar disc. This, however, doesn’t happen every time 
Mercury moves between the Sun and the Earth: because Mercury’s orbit around the 
Sun is slightly inclined to the Earth’s orbit, Mercury mostly ‘misses’ the disc of the 
Sun, as viewed from the Earth. A transit of Mercury occurs very rarely; only 9 were 
visible from the Netherlands in the last 100 years, and of these only 5 were visible 
from the beginning of the passage of Mercury across the solar disc till the end. 
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do this delicate work of polishing as well as they could. So, the Huygens 
brothers reserved for themselves the immensely important ‘finishing touch’.  

However, the grinding of lenses they farmed out to craftsmen, who were 
better capable of doing this heavy and time-consuming task. It is interesting 
in this respect to note that the Huygens brothers often enlisted Master Dirck, 
nicknamed by them ‘the chimney sweep’. Dirck lived in ‘het Achterom’, just 
around the corner from their home (in Het Plein) in the centre of The Hague. 
Of course, it was the Huygens brothers who selected and supplied the 
necessary glass to Master Dirck.  

With their renewed enthusiasm for telescope making, the Huygens brothers 
started, from 1681 onwards, making more powerful telescopes and 
especially much longer ones.  

During his Paris period, Christiaan had seen and used the telescopes that the 
astronomer Cassini used at the Paris Royal Observatory. These had objective 
lenses with very long focal lengths, from 17 feet up to 100 and even 140 
feet. They were made by the famous Italian lens maker Giuseppe Campani. 
The longest of the Cassini telescopes were tubeless and consisted only of 
two components: an objective lens fixed on top of the wooden Marly Tower 
and an eyepiece, which had to be held in the hand. The Marly Tower was 
originally built to lift water for the Versailles reservoirs and fountains. 

 

Figure 11: Ultra-long 
focus tubeless telescope 
used by Cassini at the 
Royal Observatory in 
Paris (©Bibliothèque 
Observatoire de Paris) 

In The Hague, the Huygens brothers constructed similar long tubeless 
telescopes of which Christiaan made a technical drawing and published it in 
his booklet Astroscopia Compendiaria in 1684 (Figure 12). 

At the top of the pole the objective lens is attached to a ball and socket 
mechanism and kept upright by a counterweight. The ball and socket is fixed 
to a platform, which is adjustable in height by a cable and which is also 
balanced by the counterweight hanging next to the pole. Christiaan used the 
lantern on the ground during his observations to locate the exact position of 
the objective lens (not so easy in the dark!). By picking up the lantern and 
holding it next to his ear and directing the light rays in the direction of the 
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objective lens, Christiaan could see a reflection in the lens, and by doing so 
was able to do two things: he could find the objective lens through which he 
wanted to observe, and he could direct his telescope in the direction of the 
object in the sky to be observed. 

Figure 12: The tubeless 
telescope used by 

Christiaan in The Hague. 
From  Astroscopia 

Compendiaria,  1684 

 

This very same illustration of Huygens’ ‘tubeless telescope’ has become 
very well known and can be found reproduced in many popular astronomical 
books and magazines. It has even been used as a logo on the front cover of 
the “Journal for the History of Astronomy” ever since its first issues 
appeared in 1972.  

Huygens’ tubeless telescopes had some clever technical improvements 
compared with the telescopes used at the Royal Observatory in Paris. 
Christiaan erected his tubeless telescopes next to his home in the centre of 
The Hague, and possibly also one at his summer residence ‘Hofwyck’ in 
nearby Voorburg. In The Hague he had the problem that his tubeless 
telescope was so long that its upright supporting pole had to be placed in the 
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garden of his neighbour. A notarial act has been found that tells us that 
Christiaan had negotiated with his neighbour for permission to set up the 
telescope-pole in his neighbour’s garden. The act claims that Christiaan was 
legally permitted, when necessary, to enter his neighbour’s garden through a 
specially-made gate in the stone wall separating the two gardens. 

 

Figure 13: A close-up of the stand that Christiaan 
leaned against when using the eyepiece to observe 
through his tubeless telescope. The tube (k) at the left 
contains the eyepiece consisting of two lenses. 
Christiaan had to constantly keep the silk line, attached 
between the eyepiece and the ball and socket 
mechanism (on which the objective lens was mounted), 
straight and taut to ensure that the eyepiece remained 
perfectly aligned with the objective lens, AND to keep 
their mutual distance constant. Both conditions were 
necessary to obtain worthwhile and satisfactory images 
for his observations.  
(From ‘A Compleat System of Opticks’, by Robert 
Smith, 1738) 

 

 
Figure 14: On the left the 
Huygens’ home in the 
centre of The Hague, 
which was very 
unfortunately replaced by 
a modern building in 
1876. In the distance, to 
the right of the tree in the 
middle, is ‘Het 
Mauritshuis’, now a 
museum. Christiaan’s 
tubeless telescope was 
erected somewhere 
between these two 
buildings and behind the 
garden wall. 
(Jan van Call, Collectie 
Haags Gemeentearchief) 

Wielding his extremely long tubeless telescopes must have been very 
difficult. Of course, Christiaan had acquired much experience in the skill of 
doing this, but trying to share his astronomical observations with other 
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people must have been nearly impossible. Using the tubeless telescope 
required a lot of patience too.  

In a letter dated 1 September 1693, Christiaan proudly wrote to his brother 
Constantijn, who was on a military campaign in the south of the 
Netherlands, that a few days ago he had finished making a beautiful 
telescope with a square wooden tube for his 45-foot objective lens. He added 
that he had made it “especially for pleasing gentlemen of higher standing 
who ask me to show them the Moon and planets and who have too much 
trouble with the tubeless telescope, which I prefer”. This last claim, that 
Christiaan preferred his tubeless telescope, is interesting. Because the 
Huygens brothers had a very close relationship, Christiaan’s claim that he 
preferred using the tubeless telescope to a smaller, handier one, must be 
taken seriously. 

Have any of Christiaan’s telescopes survived?  
Yes, but only one, as far as we know. It is on display at Museum Boerhaave 
(Figure 16) and it dates from 1683. This telescope was called by Christiaan 
Huygens the ‘Campanine’, because of the optical design of its eyepiece 
(Figure 15), which he had learned from Giuseppe Campani in Italy and 
whom I already mentioned before. This telescope has 5 metal drawtubes. Its 
total length, when focused, is about 5 metres and its magnification is 49x. It 
gives an upright image, so it was designed for terrestrial observations, not 
astronomical. 

Figure 15: Here 
Christiaan sketched the 
eyepiece he constructed 

for his ‘Campanine’ 
telescope. It consists of 

three lenses. 
(O.C. Vol 13, p607) 

 

Museum Boerhaave has in total 19 objective lenses made by the Huygens 
brothers, including the one mounted inside the Campanine telescope. In 
another showcase, Boerhaave exhibits five objective lenses all made by 
Constantijn. 
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Figure 16: The 
‘Campanine’ telescope 
displayed standing 
vertically. The 5 metal 
drawtubes of the telescope 
are pushed in. 

At the left we see six large 
objective lenses mounted 
vertically in the showcase. 
Three of the lenses are 
signed by Christiaan, and 
have focal lengths from 10 
to 34 feet. The largest has 
a diameter of 13 cm. Two 
other lenses were made by 
Constantijn. One of them 
has a focal length of no 
less than 122 feet! The 
sixth lens is not a Huygens 
lens, but made by Nicolaas 
Hartsoeker. Finally, we 
also see, partly hidden 
behind the ‘Campanine’ 
telescope, two tubular 
metal housings. One 
contains an eyepiece, the 
other an objective lens. It 
is very plausible that they 
have always belonged 
together and that they 
were once part of a 
complete telescope. 

(Museum Boerhaave, 
Leiden, photo by author) 

In total, there are another nine lenses signed by the Huygens brothers 
preserved in other collections: 

• Two at the University of Utrecht, of which one (the ‘Admovere’) is now 
temporarily in Museum Boerhaave, Leiden 

• Three at the Royal Observatory at Brussels (Figure 17) 
• Three at the Royal Society in London 
• One in a private Dutch collection 
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Figure 17: The three 
objective lenses in their 

original metal lens mounts 
at the Royal Observatory 

in Brussels, Belgium. One 
of them is made by 

Christiaan, the other two 
by Constantijn 

(photo by author) 

 

More information about the objective lenses and eyepieces that Christiaan 
Huygens used for his telescopes can be found in “The Huygens Collection” 
by van Helden and van Gent[1]. 
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Abstract 
We assembled spectral image data cubes of Titan in H-band (1.413-
1.808 µm), using adaptive optics on the 10-m W.M. Keck telescope, by 
stepping a spectrometer slit across Titan’s disk. We constructed images of 
Titan at each wavelength by ‘glueing’ the spectra together, producing 
1400ultra-narrowband (~0.1nm) views of the satellite. With this method one 
can characterise Titan’s atmosphere over the entire disk, in more specific 
vertical detail than possible with either narrowband imaging or slit 
spectroscopy at one position. Data were obtained of Titan’s leading 
hemisphere on UT 20 February 2001. At the shorter wavelengths we probe 
all the way down to the surface, revealing the familiar bright and dark 
terrain, while at longer wavelengths we probe various altitudes in the 
atmosphere. The data have been assembled into a movie, showing the 
surface and different haze layers while stepping up in altitude. The 
transitions from the surface to the tropospheric haze, and through the 
tropopause into the upper atmospheric haze, are clearly recognised.  

1 Introduction  
Titan, Saturn’s largest satellite, was discovered in 1655 by Christiaan 
Huygens, using a telescope that he and his brother Constantijn had just 
completed building. During the time of discovery Saturn’s rings were nearly 
edge-on, which most likely helped in the discovery since light from Saturn’s 
rings was greatly reduced during this period. Except for its mere existence, 
we did not learn much more about this satellite until about 250 years later, 
when Jose Comas Sola claimed to see limb darkening on Titan, and 
suggested that the satellite might possess an atmosphere. A clear 
confirmation that Titan possesses an atmosphere came in the mid-1940s, 
when Gerard Kuiper reported the discovery of methane absorption bands in 
the satellite’s spectrum. In these observations, as well as the ones we report 
on below (section 2), Titan is visible because sunlight is reflected back from 
it. At particular wavelengths, sunlight is absorbed by methane gas in Titan’s 
atmosphere, so that at these wavelengths the satellite looks very dark.  
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In the 1970s, in anticipation of the Voyager encounters in 1980 and1981, 
Titan was observed at wavelengths across the electromagnetic spectrum 
from the UV well into the radio, and at the same time models of its 
atmosphere were developed. The fact that only methane gas had been 
detected on the satellite naturally led to a class of models in which methane 
gas was the main constituent of the atmosphere [7,3]. Lewis [16], however, 
suggested that Titan’s atmosphere might be rich in nitrogen due to photolysis 
of ammonia gas, which he expected to be present in Titan’s atmosphere, in 
(vapour-pressure) equilibrium with ammonia-ice (pure or as a hydrate - 
NH3.H2O) on Titan’s surface. Donald Hunten [13] developed this idea into a 
model atmosphere dominated by nitrogen gas. Surface pressures on the 
satellite in these different classes of models ranged from ~20 mbar for 
methane-dominated atmospheres, up to 20 bar for a Titan dominated by 
nitrogen gas. The first Voyager spacecraft flew by Titan in 1980, when it 
was springtime on the satellite’s northern hemisphere. Unfortunately, the 
surface was not revealed because Titan is enveloped by a thick, orange-
brown, smog layer, composed of condensed photochemically produced 
hydrocarbons. It was confirmed, though, that Titan’s atmosphere is 
dominated by nitrogen gas, and radio occultation experiments revealed a 
surface pressure of 1.5 bar. Titan thus appeared to be similar to early Earth, 
before our planet became rich in biogenically-produced oxygen.  

Images of Titan recorded by the Voyager spacecraft revealed that the 
northern hemisphere was covered by more stratospheric haze than the south, 
and the N. polar hood was a prominent feature. In the 1990s, with the launch 
of the Hubble Space Telescope and the development of speckle imaging and 
adaptive optics techniques on ground-based telescopes, spatially resolved 
images of Titan were obtained from the ground and Earth-orbit. These 
images showed the excess haze over Titan’s northern hemisphere had, 
somehow, moved to the south when it became winter in the southern 
hemisphere. This apparent seasonal migration from the spring/summer pole 
to the winter hemisphere has now been observed at many different 
wavelengths during the past decade. Most interesting, however, is that this 
so called reversal of the North-South asymmetry clearly lagged behind at 
certain wavelengths compared to others. Because atmospheric opacity varies 
with wavelength, one probes different altitudes at different wavelengths. The 
collection of data could therefore be used to derive the 3-dimensional 
response of Titan’s atmosphere to the annual variations in insulation. The 
data reveal that the atmosphere responds more readily to seasonal changes at 
the highest altitudes, while the seasons lag behind more significantly at 
lower altitudes. Rannou and collaborators[21] developed an atmospheric 
model that couples haze formation to atmospheric transport. The circulation 
in this model is dominated by a summer-to-winter-pole cell, where air flows 
from the summer pole to the winter pole. Haze particles are photochemically 
produced at high altitudes (~400-600 km), and ‘blown’ to the winter pole, 
where they accumulate to form a polar hood. Here the particles slowly 
sediment out, while growing in size; a return flow takes place at lower 
altitudes. This model can indeed explain most of the observations.  

Since the surface had not been observed by Voyager, speculations about 
what it might look like ranged from a regular surface composed of a mixture 
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of rock and ice, up to a body completely covered by liquid hydrocarbons. 
Lunine and collaborators [19] showed that methane could persist in Titan’s 
atmosphere for only ~107 years, i.e., much shorter than the age of our Solar 
System, unless it were recycled back into the atmosphere. Since the 
temperature and pressure on Titan’s surface are such that many 
hydrocarbons, including methane, would probably be present in liquid form, 
they suggested the satellite might contain liquid hydrocarbons, which would 
supply methane gas to the atmosphere, in a sense analogous to the water 
cycle on Earth. Soon after the Voyager encounters, it was realised that the 
surface could actually be probed at infrared wavelengths, since the 
photochemical smog on Titan, while being opaque at visible wavelengths, is 
transparent at longer infrared wavelengths. As long as observations were 
conducted away from the methane absorption bands, the surface could be 
seen. Over the years quite detailed surface maps of the satellite were 
obtained. An example of one such map is given in Figure 1.  

 

Figure 1: A surface map 
of Titan at 1.6 µm, 
constructed from Keck 
adaptive optics data  
(from: Roe et al. 2004) 

On the leading hemisphere (that is, leading in Titan’s orbit around Saturn) is 
a bright region, composed in part of exposed water-ice [6,8,12], which is 
suggestive of an elevated continent, perhaps washed clean of hydrocarbon 
residues by runoff [10,14]. The dark areas on Titan’s surface maps have 
reflectivities close to zero, and hence may represent hydrocarbon oceans. 
This notion has been strengthened by recent Arecibo radar[4] observations of 
Titan’s surface, which reveal specular reflections (a sharply-defined beam, 
as if incident radiation is reflected from a mirror) consistent with those 
expected from areas covered by liquid hydrocarbons. 

Ever since the discovery of methane in Titan’s atmosphere, the existence or 
absence of methane clouds has been debated. Some studies indicated a 
supersaturation of methane gas in Titan’s troposphere, indicative of stagnant 
air without clouds [5,24], while others advocated a methane cycle analogous to 
Earth’s hydrological cycle [26] that would form clouds. In the mid-1990s, 
Griffith and collaborators [10] presented the first evidence of clouds in Titan’s 
troposphere through an analysis of disk-averaged spectra. In December 2001 
we used the 10-m Keck telescope, equipped with adaptive optics, to image 
Titan and search for clouds at wavelengths which were sensitive only to 
Titan’s troposphere, i.e., the lower atmosphere where clouds are expected to 
form. To our delight, clouds were seen, but to our surprise they were only 
present above Titan’s south pole [2,22] (Figure 2).  
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Figure 2: Clouds on Titan 
observed on 21 December 

2001 (UT) with adaptive 
optics on the Keck 

telescope. 

Top: Narrow-band filter 
centred at 2.108 µm, 

which probes just Titan’s 
troposphere. At least 3 

clouds and the tropopause 
haze near Titan’s S. pole 

are visible. 

Bottom: Broadband K’ 
filter, centred near 2.2 

µm, which probes both the 
surface and atmosphere. 

(Adapted from: Roe et al. 
2002) 

 

 
This suggests that perhaps the surface temperature at the pole is high enough 
during the summer for convection to be triggered, and/or that fall-out of 
condensates from Titan’s stratosphere, properly coated by ethane, provides 
condensation nuclei for methane clouds to form.  

2 Spatially-resolved image datacubes 
From the introduction above, it may have become apparent that different 
layers of Titan’s atmosphere, from a few hundred kilometres down to the 
surface, can be observed by choosing different wavelengths. With this in 
mind, we assembled spectral image data-cubes of Titan in H-band (1.413-
1.808 µm) using adaptive optics with spectroscopy (NIRSPAO) on the 10-m 
Keck telescope, by stepping the spectrometer slit across Titan’s disk. (For 
full details on the observations, please see [1].) A nice visual explanation of 
this technique can be found on the VIMS (Visual and Infrared Mapping 
Spectrometer on the Cassini spacecraft) website:  

http://wwwvims.lpl.arizona.edu  

The observations were carried out on the night of 20 February 2001 UT. The 
slit dimensions used were 3.96″ x 0.076″, with a spatial resolution along the 
slit of about 0.05″ (Titan is about 0.8″ across). Simultaneously with the slit 
spectroscopy, images of Titan were recorded with the infrared camera 
(SCAM on NIRSPEC). A series of Titan images with the spectrometer slit is 
shown in Figure 3. 
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Figure 3: A series of infrared (SCAM) images of Titan taken on 20 Feb. 2001(UT) with adaptive optics on the Keck 
telescope, while data were obtained through the spectrometer slit (shown in each image) to construct the images 
shown in Figure 4 and Figure 5. One of the spectra obtained through the slit is shown as well 

We then combined all spectra to construct images of Titan at each 
wavelength. This way we produced 1400 ultra-narrowband (~0.1 nm) views 
of the satellite, which were combined into a movie that can be viewed on:  

http://astron.berkeley.edu/~imke/Infrared/Titan/Titanmovie.htm 

Figure 4 shows the first frame of the movie on the website.  

Figure 4: The first frame of the Titan movie.  
The left frame shows an image of Titan's tropopause haze; the middle frame shows the spectrum (at the centre of the 
disk), and the right frame shows the temperature-pressure profile of Titan's atmosphere. The blue bars show, for the 
image on the left, at which wavelength the image was taken (centre frame; 1.42 µm) and where in the atmosphere it 
is probing (right frame; near tropopause). 

We used a radiative transfer model to interpret Titan spectra at different 
positions on the disk. From these calculations we derive the altitudes in 
Titan’s atmosphere that primarily contribute to the flux of each image. The 
blue bars in Figure 4 show at which wavelength (centre frame; 1.42 µm) the 
image on the left was taken and where in the atmosphere we probe (right 
frame; near tropopause). In the movie, one can see how Titan’s image is 
changing while stepping though the spectrum/atmosphere. We note that each 
frame was scaled individually relative to its highest intensity, so that the 
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large variation in intensity across the wavelength band (e.g. 0.25 → 0.01 on 
centre frame in Figure 4) is not noticeable in the movie.  

In Figure 5 we show a subset of images from the movie.  

Figure 5: Spectral image 
maps of Titan, constructed 

from data obtained with 
adaptive optics on the 

Keck telescope on 20 Feb. 
2001 (UT). These images 

were constructed from 
spectra through the slits 

indicated in Figure 3. The 
sub-observer point is 111o 

West longitude, and 23o 
South latitude. The 

wavelength is indicated in 
the upper left of each 

frame (from [1]). 

 

The first row of images is from 1.55-1.57 µm, where methane absorption is 
weak, and we probe Titan’s surface. However, even within this 20 nm wide 
window, there are wavelengths (e.g. 1.5546 and 1.5624 µm) where we see a 
contribution from haze particles in Titan’s atmosphere near the southern 
pole. The dominant surface feature is the ‘bright continent’ located at 
~100o W (see Figure 1). The middle row of images in Figure 5 show that as 
methane opacity increases with wavelength, flux from higher altitudes in the 
atmosphere is observed. At 1.6028 µm the surface dominates the signal, 
whereas at 1.6158 µm flux from a layer of haze near the tropopause, at 
altitudes between 30 and 50 km, is observed – the same haze as seen in 
Figure 2a. At intermediate wavelengths a combination of the surface and 
lower atmosphere contribute to the observed intensity. At wavelengths 
longer than 1.6158 µm the bright surface feature is no longer visible. 
Methane absorption here is strong enough to completely attenuate the light 
from the Sun before it reaches the surface. The observed signal is therefore 
from photons that are scattered from particulates in the atmosphere. At 
wavelengths longer than 1.6218 µm (bottom row of Figure 5), we see 
stratospheric haze, at altitudes between about 50 and 150 km. At these 
wavelengths the observed intensity is diminished, signal-to-noise decreases, 
and limb brightening becomes more pronounced. At the highest altitudes we 
see a N-S asymmetry, as discussed in the introduction, with more haze above 
the northern hemisphere. 
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3 Conclusion 
With image datacubes as presented above, one can thus characterise Titan’s 
atmosphere over the entire disk in more specific vertical detail than is 
possible with either narrowband imaging or slit spectroscopy at one position. 
At these particular wavelengths (1.4 - 1.8 µm), we probe all the way down to 
the surface at the short wavelengths, revealing the familiar bright and dark 
terrain, while at longer wavelengths we probe different atmospheric levels. 
At 1.62 µm we probe just the upper troposphere, while upwards of 1.64 µm 
we probe different levels in Titan’s stratosphere. The transitions from the 
surface to the tropospheric haze, and through the tropopause into the upper 
atmospheric haze, are clearly recognised.  

This work is a prelude to future observations with integral-field 
spectrographs, where image datacubes will be obtained directly at the 
telescope, so that it is no longer necessary to step a slit across the disk and 
painfully ‘glue’ the data together afterwards. These new detectors will come 
on-line on Keck and the VLT in 2005, which will make it possible to 
regularly produce image data-cubes to monitor seasonal variations in the 3-
dimensional spatial distribution of hazes and clouds. Such information is 
necessary to test models that couple circulation and the photochemical 
formation of aerosols on Titan (as discussed in the introduction). Continued 
ground-based observation during and after the Cassini era is crucial to obtain 
a dynamical understanding of Titan’s atmosphere, even with the detailed 
measurements expected from the Cassini spacecraft and Huygens probe. 
Since integral-field spectrographs are state-of-the-art instruments, the visual 
and near-infrared spectrographs on the Cassini spacecraft still consist of a 
slit, and hence spectral images with VIMS will be obtained by stepping their 
slit across Titan’s disk, in the same way we constructed the Keck images 
shown in this paper. 
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