
173

Astronomy from Mountains
Bennet McInnes
Photograph 62

Astronomers are attracted to mountains and it is not hard to see why. The light
from a distant star remains virtually unchanged for thousands ofyears as it makes
its multimillion kilometre journey through space but then in the last millisecond
ofthatjourney, as it passes down through Earth's atmosphere to the astronomer's
teiescope, it is filtered, distorted and absorbed in a frustratingly complex way.
The higher the astronomer's instruments are above sea level, the less of the
Earth's atmosphere there is overhead and the better the observation. But there
are problems in working at high altitude, and choosing a site for a new
astronomical observatory involves striking a balance between quite a number of
factors.

Early observatories were built near centres oflearning, in cities or very close to
"them. With the increase of atmospheric pollution from industrial and domestic
smoke these places became less and less effective for observational work. The
growth ofstreet lighting was another problem. My own place of work, the Royal
Observatory, Edinburgh, which I shall now refer to as the ROE, illustrates this
very well. It was built at the beginning of the nineteenth century on Calton Hill,
close to the Waverley Station near the city centre. Then, at the end of the century,
in order to get away from the problems of smoke and lights, a new building was
constructed on Blackford Hill, which was at that time on the outskirts of the city.
This was a move of less than 4km, however, although it brought some benefits it
did not strike at the root of the problem: cloud wasjust as frequent over Blackford
Hill as overCalton Hill. In altitude terms it was also only a small improvement
from lOOm above sea level to 145m.

The second Director of the Observatory, Professor C. P. Smyth, was a man of
vision and in 1856 he set off to Tenerife to make astronomical observations from
two sites on that mountainous island: on Guajara at 2717m above sea level and at
Alta Vista on Teide at 3250m. The story ofhis expedition is told in popular style
in the book that he wrote on his return: Teneriife, an astronomer's experiment. A good
demonstration of his conclusions is seen from the comparison ofdrawings of the
same object as seen with the same telescope from Calton Hill and from Guajara.
A fuzzy blob as seen from Edinburgh is identifiable as a double star when viewed
from high altitude in Tenerife. The improvement in optical image" quality is
twofold: at the higher altitude more light is entering the telescope and so the
image is brighter; but in addition there is less blurring with the result that greater
detail can be resolved. Astronomers use the word 'se<;ing' in reference to this
second effect.

An important measure of the power ofan astronomical telescope is its aperture:
the wider the lens or mirror which collects the starlight, the greater the image
brightness and the better the resolution of detail. With a large telescope the
limitation on resolution ofdetail which is imposed by the telescope itself may be
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less than the limitation imposed by the atmospheric 'seeing' effect and it is
therefore particularly important to be able to identify sites with good 'seeing' for
large telescopes. Smyth's expedition to Tenerife in 1856 was an early example
and a good one- ofhow site testing is done. He took a telescope, small enough to
be transported by mules and porters, to high altitudes and made comparative
on-site observations. Having obtained conclusive data he made a plea for the
establishment of a new observatory at one of the good sites which he had found.
The problems, of politics as well as of expense, weighed heavily with the British
government of the day, however, and nothing was done. The move fi'om Calton
Hill to Blackford Hill, which was completed some 40 years later, was a poor
substitute for Smyth's imaginative plan. The initiative passed to other countries
and gradually astronomers began to go higher - in the Alps, in California, and
elsewhere.

vVhile altitude is obviously important, it is by no means the only factor to be
considered. Even if the British Isles had mountains higher than Ben Nevis
(1347m), the weather, with its high proportion of cloud, would militate against
the development of a major astronomical observatory. Smyth's plan to go
overseas was the sensible one, but of course it was expensive and support for
astronomical research was not high in the priority list for government spending.
(A private benefactor, Lord Lindsay, had contributed very generously to the
establishment of the new Observatory on Blackfard Hill but no one had stepped
in with support for an overseas development.)

The launch of Sputnik I in October 1957 may be said to mark the start of the
space age and also ofa new attitude to astronomy. A dramatic increase in ROE
staff now took place, from 10 (which had been the level for some years) to 80
within 10 years. The present staff complement is over the hundred mark. The
seventh Director, Professor H. A. Brlick, had taken up the post in September
1957 and he was keen to encourage growth. Among the new initiatives which he
fostered was the idea of an overseas observing station. Using contacts he had
made while working earlier in Italy he was eventually able to arrange for a British
telescope to be installed near Rome and to be operated there by observers from
Edinburgh. The site was not ideal but it was a move in the right direction and
Brlick kept making the case for the expansion ofBritish work overseas.

At that time the ROE was a Civil Service establishment administered through
the Scottish Home and Health Department. (The sister establishment in
England, the Royal Greenwich Observatory, was part of the Admiralty.) A major
change occurred in 1965 when there was a rationalisation of civil science in
Britain and the Soience Research Council (now called the Science and Engineer
ing Research Council) was established: both Royal Observatories moved under
the umbrella of this Council. In astronomy the Council turned its attention first
to the southern hemisphere: among the results of that were the large (3.9m
aperture) Anglo-Australian Telescope (AAT), opened in 1974, and the UK
Schmidt Telescope (UKST), which was set up nearby and actually began work
before the AAT, in 1973. The AAT is supported on a 50/50 basis by Britain and
Australia. The UKST, which with an aperture of 1.2m is one of the two largest
telescopes of this type in the world, is operated by a team of about eight
astronomers and support staff from Edinburgh who go to it far periods of three
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years at a time. These two telescopes are at a height above sea level of'about
1130m in the Warrumbungle Mountains, New South Wales. The site had been
chosen earlier by the Australian National University for some small telescopes of
its own and the good access and facilities of power and water were among the
reasons for selecting this location for the AAT and the UKST. Some of the
Australian staff live pn the mountain but the Edinburgh people commute daily
from the nearby town ofCoonabarabran, where they live with their families.

Meanwhile in Tenerife a small Spanish observatory had been set up at Izaiia
(2400m): it was founded in 1959 but developed slowly. Among the features of the
mountain tops in the Canary Islands is the unusually low relative humidity
during much of the year, Smyth had noted this on his visit in 1856: even in the
comparatively short time that he was on the mountains wooden cases had shrunk
and split. This feature makes these sites of particular interest for infra-red
observations. The stars produce heat as well as light but this infra-red radiation is
strongly absorbed by water vapour and can be studied effectively only in dry air
conditions. With a grant from the Council, ProfessorJames Ring of the Imperial
College of Science and Technology, London, had a special infra-red telescope
made and by agreement with the Spanish astronomers it was set up at Izaiia in
1972. The success of this medium-sized instrument - it has an aperture of 1.5m
- led to a proposal, made jointly by Ring and by Mr Cordon Carpenter of the
Royal Observatory, Edinburgh, for a much larger telescope also designed
specifically for infra-red work. This instrument, the UK Infra-red Telescope
(UKIRT) was approved in 1973; it has an aperture of3.8m.

By this time an even higher and drier site was available, though at a greater
distance from Britain. Mauna Kea (4200m) on the Big Island of Hawaii in the
middle of the Pacific Ocean is a large, young 'shield' volcano; its lava-covered
slopes are generally not steep and it is comparatively easy to construct a road to
the sum~it.This had been done by the University ofHawaii and a large optical
telescope (of aperture 2.2m) had been opened there in 1971. Although not
specifically designed for infra-red observations, it had been used very effectively
for infra-red work, The Council boldly decided to locate the UKIRT there. After
a construction period which was remarkably short for a telescope of this size it
was officially opened in October 1979. The UKIRT is operated by a team of
about a dozen Edinburgh astronomers and support staff who go abroad, with
their families, as the staff in Australia do, for periods of about three years at a
time. (At anyone time about 20 of the ROE's staffare abroad on these long-term
postings.) In the same year two other slightly smaller telescopes were also opened
on Mauna Kea: the Canada-France-Hawaii Telescope (aperture 3.6m) and the
American Infra-red Telescope (3.0m).

At 4200m height there is the problem of altitude sickness to be faced. Up to
about 3000m human beings can generally adapt well to the lowering of the air
pressure as the height increases but above that altitude quite a significant
proportion of people develop medical symptoms which range from slight dis
comfort to extreme danger, and death can result if appropriate action (basically,
descent to lower altitude) is not taken. Acclimatisation to high altitude is possible
for most individuals but this takes several days at least. On Mauna Kea there is a
rapid changeover ofobservers, because visiting astronomers from Britain and the



176 THE ALPINEJOURNAL

other countries involved generally receive a time allocation on the telescope of
only a few nights at a time. There are no living facilities at the summit;
dormitories have been built at the 2700m level and the observers and support
staff commute from there. The Edinburgh staff do shifts of five days on the
mountain; the rest of the time they live with their families in Hilo, at sea level.
Quite a lot ofwork can best be done at the base facility in Hilo and only about a
quarter of the time ofanyone individual is spent on the mountain. This pattern of
work and other aspects of operation at high altitude are being studied by a
Medical Research Fellow, Dr Peter Forster of Liverpool University; his super
visor, Professor Donald Heath, has written a medical text-book on the subject,
'Man at high altitude'.

In addition to these arrangements for the comparatively new subject of infra
red astronomy (which is well described in 'Infra-red, the new astronomy' by Dr
David A. Allen) the Council was making plans for a new northern hemisphere
observatory for the more conventional branches of optical astronomy. The need
for a broad look at the properties of observatory sites was recognised and a Site
Testing Project was started in 1970. In April 1971 this became the responsibility
of the ROE, and I became Project Leader.

The original brief was to select three possible sites in I taly, Spain and the
Canary Islands and to compare them. By the end of 1972 it was clear that the
Canary Islands had more to offer than the other areas, but the political problems
of placing British telescopes there were considered to be insuperable. The brief
was then extended and during 1974 and 1975 test observations were made on
various sites: on Monte Liso da Fonte (2700m) in Fogo, one of the Cape Verde
Islands; on Pico Ruivo (1860m) in Madeira; and on four sites (all over4000m) on
Mauna Kea in Hawaii. A visit was also paid to Pico (2320m) in the Azores. The
reconnaissance visits to these places involved hill-walking rather than
mountaineering, although the logistics of reaching the more remote sites became
difficult at times. VI'here extended tests were made the observers camped, in
varying degrees ofcomfort, depending on the length of the period concerned and
the time ofyear.

On Fogo, where observations were made for three months, local people were
employed to build a dry-stone hut with corrugated metal sheet roofon the crest of
a dramatic caldera. On a clear day the view of the island below and ol"the ocean
beyond was very impressive. It transpired, however, that for an unacceptably
large part of.the time the air was full of thick brown dust, blown out at high level
from the desert areas of north and central Africa.

Madeira had magnificent observing conditions in summer but in winter the
mountain top was shrouded in cloud for most of the time. The work there
extended for 15 months, including two winters. After a month or two in tents the
observers built two strong wooden huts. Although the area seemed quite safe,
there was a fatal accident there. One dark night an observer went out for a short
walk, because he was feeling sick and thought that some fresh air would do him
good; unfortunately he lost his footing and tumbled down a steep slope. The other
observer located him some time later, unconscioiJs and in an almost inaccessible
position; he did what he could to secure him and to keep him warm before going
for help. The rescue party took some hours to reach the place and by then the
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injured man had died. This tragic accident brought the work on Madeira to an
end, only a few weeks before the tests would have been stopped in any case.

In Hawaii the observers slept at the 2700m level, driving up and down before
and after the night's work. Tents and makeshift huts were erected at two of the
sites for protection between observations; at the other two there were buildings
already. As expected, the sites differed a little from one another in respect of
'seeing' but otherwise they were very similar. The overall result was that
although Mauna Kea was outstanding for infra-red work it was somewhat
inferior to the Canary Islands for general optical observations.

During 1974, negotiations with Spain had been initiated by some Scandinavian
astronomers and it was agreed that the British site testers could return to the
Canary Islands as part ofan international team. During the 1972 campaign two
observers had camped for six weeks on a peak called Fuente Nueva on the small
island of La Palma and had found superb observing conditions there. This site
was tested again for a year, starting in December 1974. This time wooden huts,
like those in Madeira, were built for the observers. Supplies came up to the site by
mule train. Simultaneous observations were made at Izana Tenerife for most
of that year. For three months in the summer, simultaneous observations were
made also at Guajara, where Smyth had worked in 1856. The dry stone walls he
had erected to protect his tents and instruments from the wind were still in good
condition in 1975 and the observers were able to settle in quickly and easily on the
same spot. The results obtained from these sites in the Canary Islands were
better than those obtained in Hawaii and in Madeira. An intercomparison of the
three Canary Island sites showed that while they were very similar in most
respects, the site on La Palma had significantly better 'seeing'.

The quality ofan observatory site has a great deal to do with the meteorology of
the area. Minimum cloud above the site is an obvious requirement. Cloudiness is
related to latitude: a brief study of a world atlas will reveal that many of the
world's deserts, which of course enjoy cloudless skies for almost all the time, lie
around 30° Nand 30° S. Photography of the Earth from artificial satellites
confirms this: there is a comparatively cloud-free belt at these latitudes; at lower
latitudes the equatorial region is covered by towering thunderclouds in the air
and by tropical rain forests on the ground; at higher latitudes, north and south of
about 45°, the meteorological situation is dominated by the frontal weather
systems with which we are so familiar in Britain amfagain there is no lack ofplant
growth.

Cloud is no~ the only problem, however. The air over an observatory site is
required to be exceptionally clean and dry so that starlight may pass through it
with a minimum of scattering or absorption. The special meteorological con
dition called a temperature inversion can produce particularly dry and clean air
at altitudes above it. In general, air temperature changes with height at a rate of
around -1°C for every 170m increase in height, this steady drop continuing up to
a height of IOkm or more. In certain circumstances, however, there can be a layer
ofair in which there is a rapid increase in air temperature with increase in height;
the change may be as much as +4°C from the bottom to the top of a layer that
may be less than 400m thick. Above the inversion layer the air temperature drops
again with increase in height at the same sort of rate as occurred below it. An
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inversion layer of this type acts as a kind of'lid' on the air below: the air above the
layer is almost always cleaner and oflower relative humidity than the air below.
In the eastern Atlantic there is frequently a strong inversion layer of this type,
persisting continuously for days on end. Below the layer the humidity is high and
the visibility is poor: above it the opposite conditions prevail. Similar meteoro
logical regimes are found on the eastern sides ofoceans at four other places in the
world: off the coasts of California, of Chile, of South Africa, and of Western
Australia. Each of these regions is on the eastern side of the large anticyclone
which is a relatively stable feature of the weather over the ocean areas concerned.
It is not surprising that there are excellent astronomical observatories on the
mountains in most of these regions. In California there are several famous
telescopes: the 5.0m telescope on Palomar Mountain (1706m); the 3.0m telescope
on Mount Hamilton (1286m) and others. In Chile there are newer observatories:
the European Southern Observatory on Cerro Tololo (2235m). In South Africa
there is the observing station of the South African Astronomical Observatory at
Sutherland (177lm). The lack ofsuitably high mountains in Western Australia is
probably to blame for the absence of any large astronomical facility there. (I
should like to check on the observing conditions on the highest peak there, which
is Mount Bruce (1472m), but an opportunity has not yet presented itself.)

Another factor to be considered is the 'seeing'. If the atmosphere above an
observatory is thermally homogeneous then its effect on telescope images is
minimal (the 'seeing' is good) but if there are pockets of air which are colder or
warmer than the main mass of the surrounding air then telescopic images of the
stars suffer movement and defocusing (the 'seeing' is bad). The results ofour Site
Testing Project work indicate that over Madeira and the Canaries (and
presumably also in the four other comparable regions that I mentioned above),
the atmosphere above the inversion layer is thermally homogeneous to very high
levels for a high proportion of the time.

By comparing sites which were within the same region and which therefore
shared the same general meteorological conditions (for example, the various sites
in the Canary Islands), we found that local terrain could play an important role
in relation to 'seeing'. At Izana on Tenerife there is a north-facing slope which is
concave to the prevailing northerly wind and this evidently forces lower-level air
up over the ridge on which the little Spanish observatory is built. At Fuente
Nueva on La Palma, only 140km away, where the prevailing wind is very similar,
the north-facing slope is convex and the air flow is round the mountain rather
than over it. We believe that this local topographical difference explains why
Fuente Nueva turned out to have better 'seeing' than Izana. A large new
observatory is now under construction on La Palma and every effort is being
made by the Royal Greenwich Observatory, which is responsible for the British
telescopes that are going there, to ensure that ·the quality of the instruments
matches the quality of the site.

Bibliography
D. A. AJlen, 'Infra-red, the new astronomy' (1975).
D. Heath and D. R. Williams, 'Man at high altitude' (1977).
C. P. Smyth, 'Teneriffe, an astronomer's experiment' (1858).


	173
	174
	pl62
	175
	176
	177
	178

