
09/07/2018 ASE Journal No 7

http://www.astronomyedinburgh.org/members/journals/07/ 1/18

Journal No 7

May-June 1983

20p

Society news

http://www.astronomyedinburgh.org/members/journals/07/fig01f.jpg


09/07/2018 ASE Journal No 7

http://www.astronomyedinburgh.org/members/journals/07/ 2/18

At the Annual General Meeting on March 4 the following were elected as Office-bearers: 
President: Dr D. M. Gavine, Vice-presidents: Mr D. C. Todd and Mr R. G. Fenoulhet, Secretary: Mr T. I. R. Neil, Treasurer: Dr A. J. Rostron, Observatory
Director: Mr G. Taylor; Councillors: Mr R. G. Veitch (Librarian), Mr N. M. Bone, Mr J. S. Sim, Mr J. D. Waldron, Mr J. S. Shepherd and Mr W. A. Campbell.
(Mr Campbell has since moved to London). Council have recently approved the election to Honorary Membership of Mr J. Gibson Kerr and Mr J. C. Johnston,
two members of very long standing, and of Mr Antonio Bueno of California, for his generous donations.

A general business and financial sub-committee has been convened for an experimental period. Mr Todd, Mr Fenoulhet and Dr Rostron have been appointed as
Trustees to the Lorimer Trust, Mr Gibson Kerr having resigned.

The Summer Syllabus of meetings began on April 1, an appropriate day for Gerry Taylor's entertaining tongue-in-cheek lecture "Of Course There Are
Martians", in which logic was stretched but could not be confuted. On May 7 the Society held a very pleasant joint meeting with 15 members of the Irish
Astronomical Association who were on a weekend visit to Edinburgh. The President of IAA, Mr Ron Ormond, introduced Mr Terence Moseley who first gave
an outline of astronomical activities in Ireland, with slides, then described some of his own work on meteor photography. Neil Bone of our Society then gave an
illustrated outline of the theory of the aurora and how it is observed, then Dave Gavine gave a very brief account of some connections between past Irish and
Scottish astronomy, with particular reference to Dr Ralph Copeland, a former Astronomer Royal for Scotland, who first worked at Birr and Dunsink. Mr Bruce
Hardie of IAA then gave a short illustrated talk on an aspect of solar activity, the "double peak" within a maximum. The Irish delegates were rather unlucky with
the weather, but they enjoyed their visit, and left with the ASE's good wishes to visit ROE the following day before flying back.

Forthcoming events: On June 3 Duncan Waldron will talk on applications of astrophotography, and on July 1 James Shepherd will talk on some aspects of
meteor astronomy. On Saturday July 23 at 2 p.m. a meeting of the Scottish Astronomers' Group (SAG) will take place at Calton Hill. The main topic will be
meteor observing technique, in preparation for the Perseids. All welcome - see Neil Bone.

The main observatory has been re-wired, and although the large City Dome is re-roofed, the lack of its false ceiling makes it cold and the acoustics are bad. It is
hoped that it will soon be rectified.

All aspects of observing have been badly hit by a Spring of exceptionally wet, cloudy weather, but we hope to bring you reports on the Comets 1983d and 1983e
in next issue.

Recent publications by ASE Members

Neil Bone: review of Genetic Takeover and the Mineral Origins of Life by A. G. Cairns-Smith, in J. Brit. astron. Assoc. 93 (2) Feb 1983, 98. 
Steuart Campbell: "Lightning Craters", Weather 38 (4) Apl 1983, 106-109. 
In addition, a photograph of the great aurora of March 1-2 1982, by Duncan Waldron, appeared on the cover of BAA Journal 93 (3) Apl 1983.

Observations - open clusters
Gavin Ramsay, 11 Ladywell Gardens
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The sun and the aurora
by Neil Bone

The last 18 months or so have been interesting and exciting ones for aurora observers; scarcely a month has gone by without at least one good display. Many of
these have been well observed by members of the ASE, and those who regularly attend the Society's meetings will have seen some of the excellent aurora
photographs of Messrs Gavine and Waldron. In this article, I shall try to describe, simply, some of the physical processes connected with the aurora, as they are
understood at present.

Sunspots, the solar corona and the solar wind

Most popular astronomical texts mention the correlation between auroral activity and sunspots. Sunspots come and go in a roughly 11-year cycle, and aurorae
are most often seen when sunspots are most common, at the time of sunspot maximum. Although there is much truth in this generalisation, the relationship
between the sun's activity and the aurora is more complex, as we shall see.

It is quite easy for the amateur astronomer to monitor sunspot activity with modest equipment - even a small, cheap refractor or a pair of binoculars will suffice.
The standard, and only safe method is to project the sun's image onto a piece of white card, as shown in Figure 1. Glare can be reduced by shading the
projection card with another card mounted around the objective as shown. A good, steady mount also helps.

I must repeat the age-old, but important warning: NEVER attempt to observe the sun directly through ANY piece of optical equipment, even with a filter.
Permanent eye damage is the most likely result.

On most days in the next year or so, one or two groups of sunspots should be present. The projected image will show these as dark areas against the bright solar
disc. A closer look will reveal structure (Fig. 2), the spots comprising a dark central area - the umbra - surrounded by a lighter penumbra. Near the edges of the
disc, bright regions - faculae - are often present.

The normal amateur method of solar observation(1) is to draw the disc as it appears on a conveniently-sized circle, e.g. 10 cm diameter for a small refractor at,
say, X30 magnification. Sunspots tend to appear in groups, and usually the groups, rather than the individual spots comprising them, are counted as an index of
activity. Spots, or groups of spots, separated by more than 100 of the solar disc are counted as individual active areas (AAs). Fig. 3 gives some idea of sunspot
activity in the current 11-year cycle, expressed in terms of AAs; maximum activity occurred in the autumn of 1979.

http://www.astronomyedinburgh.org/members/journals/07/fig02f.jpg
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The existence of sunspots has been known for a very long time, as has the existence of the solar corona, the pearly surround of the sun seen during - total
eclipses. Observations of the sun's corona are carried out daily at a number of high-altitude professional observatories using coronographs - optical instruments
which produce artificial 'eclipses' - and by means of satellites such as the very successful Solwind. The corona is far from static, and its appearance can change
markedly even on a timescale of hours, as has been observed from Skylab, a.nd with the Solar Maximum Mission Satellite.(2).

On a longer timescale, the sun's corona shows variations in shape which are intimately connected with the cycle of sunspot activity. At sunspot maximum, the
corona is roughly symmetrical; at minimum, it is mainly drawn out into long streamers at low solar latitudes, appearing absent from the poles (Fig. 4).

The corona consists of very tenuous gas (mainly hydrogen) at extremely high temperatures, measured in millions of degrees Kelvin. How the corona reaches
these temperatures, overlying as it does the cooler (6000 °K) but much brighter photosphere is something of a mystery. Solar flares, coronal transients, and other
high-energy phenomena may be at least partly involved.

Figure 1
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Figure 2

Figure 3
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Figure 4

The corona is continually expanding away from the sun into interstellar space, producing the solar wind - a breeze which flows past the Earth at a speed,
normally, of 400 km/sec, and which remains in evidence, according to the Pioneer space probes, out beyond the orbit of Uranus. It would be perfectly accurate
to say that the Earth is actually situated on the fringe of the sun's atmosphere!

Virtually all the material making up the solar wind is plasma - completely ionised matter, consisting of equal numbers of protons and electrons. The solar wind
also carries a magnetic field within it, the direction and strength of which is determined ultimately by features at the sun's surface. This Interplanetary Magnetic
Field (IMF) is most important in modern theories of the mechanism of the aurora.

Terrestrial magnetism

The Earth, of course, also possesses a magnetic field, believed to result from convection (churning) in its liquid metallic core. Like the field around a bar
magnet, Earth's magnetic field is a dipole. Most readers will be familiar with the symmetrical pattern produced by the magnetic field lines around a bar magnet
(Fig. 5), as revealed by sprinkling iron filings on a piece of paper laid on top of the magnet. The shape of the Earth's magnetic field is influenced by the solar
wind, however (Fig. 6). On the sunward side, usually at a distance of about 64,000 km, a bow shock is produced in the solar wind by the Earth' s magnetic field -
this is analogous to the bow wave ahead of a ship moving through water. Behind the bow shock lies a teardrop-shaped cavity, Earth's magnetosphere, into which
solar wind material can only enter under certain circumstances.

The structure of the Earth's magnetosphere was largely worked out from results obtained by Explorer, IMP and Pioneer satellites in the late 1950s and early
1960 (3). On the sunward side, magnetic field lines are compressed; those on the side of the Earth away from the sun are drawn out towards the magnetotail.
The boundary of terrestrial field influence is called the magnetopause, and this is surrounded by a transition zone, the magnetosheath. Some magnetic field lines
from the Earth's polar regions connect across the magnetopause to the solar wind, providing channels along which solar wind plasma can enter the atmosphere
at high latitudes (4). This incoming plasma produces aurorae in two oval regions, one around each geomagnetic pole, even in quiet solar conditions. The auroral
ovals are, like the magnetosphere, asymmetrical, extending more closely towards the equator on the night side, being closest to it at the midnight point. (Fig. 7).
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Temperate-latitude aurorae

In disturbed solar conditions, the pattern is quite different, and the auroral ovals expand and move towards the equator; these are the times when the aurora
becomes visible over Britain.

Solar disturbances take a number of forms; most are connected with effects in the sun's magnetic field. Sunspots have already been mentioned, and these are
regions of fairly chaotic magnetic polarity distribution. Rapidly-developing sunspot groups show this particularly, and occasionally such regions produce solar
flares - huge outbursts of energy which send highly-magnetised plasma from the sun speeding out into interplanetary space at up to 1000 km/sec. The magnetic
field entrained within a pocket of plasma ejected by a solar flare will locally determine the strength and direction of the IMF. Entry of solar wind plasma into the
Earth's magnetosphere has been found to be most efficient when the IMF has a strong southerly component; such conditions often occur following a solar flare,
and there is a chance of auroral activity at temperate latitudes if the ejected plasma is encountered by the Earth. Plasma from an energetic flare will take about a
day to cover the distance from the sun to the Earth.

Other interesting solar disturbances are coronal holes, apparent gaps in the sun's atmosphere, visible at X-ray wavelengths as dark regions. Energetic particles
are emitted from the sun through coronal holes in a manner which has been likened to a stream of water from a hose. Such energetic particle streams can give
rise to aurorae at our latitudes by the same general mechanism as solar flare particles, although coronal-hole generated aurorae tend to be less spectacular, and
can last for several consecutive nights, whereas flare-induced events may only last a couple of hours. As coronal holes and their associated particle streams can
persist for several months, they often give rise to recurrent aurorae at 27-day intervals - consistent with the time taken for the sun to complete a rotation as seen
from Earth.

Coronal holes become more common as sunspot activity declines towards its minimum. Thus, we see two peaks of auroral activity. The first, resulting from
enhanced solar flare activity associated with rapidly-developing sunspot groups, occurs a year or so prior to sunspot maximum. At this time sunspot groups
cover a wide enough range of solar latitude for a significant number of flares to be "aimed" at the Earth. In the current cycle, this peak occurred in 1978-79, and
many fine aurorae were seen (5,6,7). The coronal-hole related peak comes a few years later, following sunspot maximum, and has probably yet to arrive in the
current cycle.

Models of the aurora

Two possible mechanisms have been suggested for the production of aurorae by energetic solar wind particles; both can be supported by observational evidence.
In both theories, entry of plasma is believed to occur down the magnetotail, the trailing end of the Earth's "magnetic bubble" in the solar wind. The efficiency of
entry, as has already been mentioned, is highest when the plasma's magnetic field has a strong southerly component.

In one model, plasma entering at the magnetotail is held there, producing a stress on the magnetic field in its vicinity. This stress is eventually relieved by
unloading of plasma down the magnetotail into the near-Earth environment, where the aurora is produced. Some versions of this model suggest that, under
conditions of continuing high southerly IMF, plasma build-up and unloading occurs in a 40-minute cycle, reflected in the interval between peaks of auroral
storms.

The alternative model proposes a continuous influx of plasma down the magnetotail, the amount of plasma entering at a given time being dependent on the
value of the IMF at that time.
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Effects of the aurora on the terrestrial atmosphere and magnetic field

Whatever the precise mechanism, incoming plasma is accelerated down terrestrial magnetic field lines into the upper atmosphere. In the near-vacuum between
100 and 1000 km above the Earth's surface, collisions occur between accelerated solar wind particles and atmospheric atoms and molecules. These collisions
impart energy to the atoms. and molecules, which is re-emitted as light as the atmospheric particles return to their more stable "preferred" low-energy states. The
colours of the light emitted are governed by the laws of atomic structure, and many are characteristic of the aurora - the 5577 Å green "auroral" emission of
oxygen is a good example. Red emissions are also quite common, but often the aurora will appear colourless if it is faint.

In addition to the often spectacular displays of the visual aurora, energetic solar plasma produces a number of other detectable effects on the near-Earth
environment. For instance, "clouds" of ionisation are produced in the upper atmosphere; this radio aurora can be exploited by amateur radio operators, who use
it to reflect their signals over greater distances than are normally possible. Often, radio aurora is present at times when there is no visible aurora. Sometimes
radio aurora occurs as a precursor to visible storms, as in October 1981.

A more reliable prediction of auroral activity is given by the effects of incoming plasma on the Earth's magnetic field. Two commonly used measurements of
these effects are obtained from the Ap (daily geomagnetic planetary index) and Kp (planetary magnetic disturbance index). In quiet conditions, the Ap value is
around 10, whilst a major disturbance might give an Ap in excess of 100. R. J. Livesey, Director of the BAA Aurora Section, quotes a Kp index in excess of 5 to
be "severely disturbed". Monthly summaries of Ap/Kp values for each day are published by a number of geophysical research establishments, and reports of
auroral activity are often correlated with these values.

Some amateur workers are currently experimenting with magnetometers which measure the east-west component of the Earth's magnetic field. In disturbed
conditions, the influx of solar wind plasma produces electrical ring-currents in the van Allen belts which surround the Earth, and a weak westward current is
produced at ground level as a result. Development of the ring-currents weakens the local magnetic field, and the magnetometer needle begins to wander from its
normal centre trace - providing the operator with an early warning of the likely occurrence of aurora.

Interestingly, the ground current has been found to be quite strong along the Alaska Oil Pipeline! In passing, I should mention that overspill of trapped particles
from the van Allen belts into the atmosphere is no longer believed to be the primary mechanism of the aurora. The major influence of the belts seems to be in
amplifying the effects of incoming plasma on the magnetic field.

One other method of obtaining an early warning of the possibility of the aurora is, of course, to monitor sunspot activity as outlined earlier; when large, rapidly-
changing spot groups appear, crossing the central meridian (the imaginary line connecting the north and south poles of the sun), then there is a chance of auroral
activity resulting from solar flares.

The aurora and the temperate-latitude observer

From the above, it might appear that the mechanism of the aurora is well enough known to make amateur observations, especially those from this country, of
little value. This is not the case, however, as professional workers are showing increasing interest in the behaviour of the aurora at temperate latitudes, and
where this fits into the overall picture.
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On a night of high activity at our latitudes, the aurora follows a fairly set, typical pattern. Early in the evening, aurora may be present only as a weak, faint glow,
close to the northern horizon. As the night progresses, the glow might fade away, or brighten and develop into obvious structures.

First, an arc - a bow-shaped curve of auroral light with its highest point roughly due north - may develop. This can remain static, or develop bright patches along
its length, from which rays - columns of auroral light extending vertically away from the arc - usually form. An arc which lacks such structures is referred to as
homogeneous. The arc can also fold round on itself, ribbon-like, to produce a band. Like arcs, bands can be rayed or homogeneous.

In severely-disturbed conditions, the aurora rises higher in the northern sky, and may even pass overhead. When this happens, rays and other features appear to
converge, producing a corona. The corona is a result of perspective, and forms around a point some 15° south of the true zenith from Scotland; this point is the
magnetic zenith. Under extremely disturbed conditions, aurora might even be seen to the south of the sky rather than the north; this was seen from Orkney as
recently as March!

Solitary rays can also be seen on occasion, stretching over the horizon from an arc which may lie too far north to be fully visible. Patches of auroral light are
also seen from time to time.

The features in an active aurora usually show movement, sometimes rapid, and also changes in brightness which can be broadly classified as pulsing (slow
variations) or flaming (rapid).

Features of the visible aurora can be explained in terms of the broad physical processes which produce them. Rays, for example, do represent columns, hundreds
of kilometers in length, along which fast electrons are entering the atmosphere. The differing physical conditions at either end of a ray are also revealed,
sometimes, by the colours of the light emissions - typically, reddish towards the top, and colourless or greenish at the base.

Amateur astronomers make observations of the aurora in a number of ways. Aurorae are excellent subjects for photography, particularly with fast films such as
Kodak Ektachrome 400; Duncan Waldron is preparing notes on astrophotography, including the aurora, for a future ASE Journal which budding aurora-
photographers should find most useful. Visual observers record a number of parameters, most important being the types of auroral features present at a given
time (in UT) on a particular night (given as double date, e.g. Apr 6-7, to avoid confusion). Details such as base altitude (h) in degrees of arc for the highest point
of an arc or band, relative to the true horizon can be extremely useful in pinpointing the aurora geographically, using fairly simple trigonometry. A measurement
of the altitude of the display's upper border (/) can also be useful sometimes, as is an estimate of the extent in azimuth. Azimuth is measured around the horizon,
North being 000°, East 090°, and so on. Fig. 8 gives a typical example of these.

The measurements are quite easy to make, using either an alidade, or a 6-inch ruler held at arm's length (subtending 20° of arc). Space precludes a detailed
account of aurora observing, but interested members are invited to contact either Dave Gavine or myself; we will gladly provide instruction sheets.

The aurora is one of the most beautiful of all natural phenomena, and has been the source of numerous legends (8). Seen from a good, dark location, the stately
progress of a couple of 'searchlight' rays near the horizon, or the powerful climax of a coronal storm, are still awe-inspiring, although we may understand the
underlying processes a little better. I hope that this article has given some insight into the auroral phenomenon, and will encourage a few more observers to keep
watching for further outbursts in months to come.

References
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Figure 5
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Figure 6

Figure 7
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Figure 8

The Star of Bethlehem
by Steuart Campbell

The publication in Journal No. 6 of a note on the above by Norman Matthew prompts me to bring the record up to date.

It is first necessary to point out that we are not obliged to believe that at the time of Jesus' birth there was an unusual celestial event. Scholars have long known
that the Birth Narrative in the Gospels is largely fiction, written at a time when it was thought necessary to show that the Messiah of the Jews was actually a
divine being. Christians were trying to convert a Greek world which only took notice of gods, and the birth of gods was always accompanied by signs and
wonders. Although little can have been known of Jesus' origins, the evangelists must have scoured the records for any unusual event reported about the right
time. The conjunctions (of Jupiter and Saturn in Pisces) in the year -7 cannot be ruled out as candidates on the grounds that they did not occur in the right year
(-1 according to the Dionysian Calendar). Firstly we do not know that the evangelists could date the conjunctions as accurately as we can, and secondly they
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may' not have known when Jesus was born. It should be noted that it is extremely unlikely that Jesus was born in Bethlehem; he was a Galilean and never
claimed to have been born in Judaea. It is clear that the evangelists invented the Bethlehem birth to show fulfilment of prophecy. (It is also unlikely that he was
born in Nazareth, which does not seem to have existed at the time!). Thus whatever occurred in and around Bethlehem can have had little to do with Jesus. Nor
is there any need to believe that he was born in -4 or -5; the arguments for these dates are based on accepting the Birth Narrative as history.

The idea that the 'star' was the conjunction of -7 goes back at least to Kepler, who suggested the explanation in 1614. (In fact there are indications that the 'star'
had already been interpreted as the conjunction by 1285). It has been endorsed by many since, latterly by David Hughes (The Star of Bethlehem Mystery, 1979).
The 'star' is intimately linked with the story of the Magi and the Massacre of the Innocents, and examination shows that they can all be linked logically.

It is known that the Magi (plural of Magus, an Eastern magician) were astrologers and that they interpreted the conjunction as follows: Jupiter stood for God, the
ruler of the heavens. In the East, Saturn was considered to be the 'star' of Palestine. The constellation of Pisces, being the twelfth in the Zodiac, stood for the last
times, the end of the age (not the end of the world). Thus the Magi's interpretation was that, not only was the end of the age near but the man who would rule the
whole world during the last days was being born in Palestine. (See Stauffer, Gestalt und Geschichte, 1957). Hughes represented Saturn as 'Yahweh' and Jupiter
as 'his son the Messiah', and concluded that in the conjunction Yahweh transferred some of his power to the Messiah. This explanation is incompetent; as we
shall see a Jewish interpretation was impossible.

As Mr Matthew pointed out, the Chaldeans were keen observers of the heavens, and it is not unlikely that Chaldean (Babylonian) astronomers were excited by
the conjunction, especially since it was repeated three times. Their interpretation must have led them to make their way along the trade routes through
Mesopotamia and Syria to Palestine. On arrival their natural action would have been to approach the then ruler of that land to inform him of their discovery and
to congratulate him. Up to -4 this ruler was Herod the Great, ruling from Jerusalem.

Few seem to have asked themselves how it was that the Magi should have noticed heavenly signs that were, apparently, not noticed by the inhabitants of
Palestine. The answer is simple. Astrology was magic, or sorcery, and was forbidden to the Jews; augury and witchcraft were condemned by the Law of Moses
(Lev 19:26), and wizards were to be killed (Lev 20:27). Thus the Jews could not have been aware of any significance in the conjunction, although they must
have seen it. If Herod took any notice of the Magi he flew in the face of Mosaic Law and risked the wrath of the priests. However, Herod was not really a Jew
and he had few scruples.

He never ignored a threat to his power and must have taken the Magi seriously.

It is obvious that neither Jupiter nor Saturn can have appeared to stand over any particular spot in Palestine (or the world for that matter) so the association with
Bethlehem needs explanation. At the time, all Jews would have understood the coming world ruler of the last days to be their expected Messiah. Furthermore,
they believed that Scripture told them the birthplace of the Messiah. According to the prophet Micah (Mic 5:2), the Messiah would come out of Bethlehem in
Judea (about 10 km south of Jerusalem). This wording does not necessarily mean that the Messiah would be born in that town, but such was the interpretation.

Consequently the Magi would have been informed that they should go to Bethlehem to find the new infant ruler, if he existed. The Gospels indicate that the
conjunction was past, but the giant planets may still have been visible at night lying to the south - over Bethlehem! Only in this way can the Magi have followed
'his star' until they came to Bethlehem.

Of course they cannot have found Jesus (who had not yet been born) nor any special child; they must have gone around the town asking for children who were
born during the conjunction. Their failure to return to Herod can have been due to a failure to find any means of identifying a special child. Nor can Herod have
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known of Jesus or any particular child, and the superstitious king killed all children in the town under two years old. This indicates that when he asked the Magi
about the time of the appearance of the 'star', they told him that the conjunction occurred two years before. From this we deduce that these events occurred in -5.
The fact that the Jewish historian Josephus does not record the Massacre does not mean that it is fiction. Such barbarity was typical of Herod the Great.

That the conjunction explanation can explain not only the 'star', but the visit of the Magi and the story of the Massacre makes it the best explanation of the 'star'
itself.

There is suspicion that the evangelists modelled the story on that of the three Magi who accompanied Tiridates of Parthia to Rome to worship the new-born
Emperor Nero as the Lord God Mithra.

O-level astronomy - anyone interested?
It may not be generally known, but there is a GCE O-level in Astronomy, offered by London University Examinations Board. Over the last decade many people
in Scotland have successfully taken the subject, including James Shepherd and Harry Ford, formerly Curator of the Mills Observatory in Dundee. To anyone
with an active interest in astronomy, whether as an observer, a reader of astronomical literature or a regular attender of meetings, this examination presents few
problems; indeed, most amateurs attain at least an 'A' or a 'B' pass.

The single written paper, set in June, is divided into two sections. Section A consists of a series of short compulsory questions on general topics, including the
history of astronomy and simple calculations on position or time. Section B contains a few longer essay-type questions from a wide choice of subject matter: the
sun, moon, planets, comets & meteors, stars, clusters & nebulae, cosmology and space exploration. In addition the candidate must submit to the University
Board, about 3 months before the exam, a record of practical work on three projects. These could include one or more observing programmes, with or without
telescopes, or photography, or sketches, or a report on the construction of an instrument. Several members of the Society are qualified to guide or instruct the
potential candidate on the theory or practical work, and Patrick Moore's Astronomy for O-level will provide a useful text. A group, if arranged soon, could be
ready for the exam in summer 1984.

However, each candidate would require to pay his or her own fee to the examination board, and to the exam centre - an Edinburgh college or school which
normally caters for G.C.E.s. This would necessarily have to be arranged well in advance. Candidates are recommended to be at least sixteen, and have a
reasonable background of school science and mathematics, but O-grades or O-levels in these are not essential.

What value is O-level Astronomy? Apart from the obvious sense of achievement it will not, for example, qualify you to become a professional astronomer!
However, there is a great deal of evidence that, in our age of the rat-race, employers, colleges and universities are attracted by unusual skills and qualifications,
especially those gained by independent effort. So - if you are interested, get in touch with the Editor.

The Calton Hill observatories, Part 5
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by D. Gavine

From the 1860s Piazzi Smyth found life at Calton Hill more and more difficult. He gave up trying to lecture at the university, then tried to persuade the
authorities to drop the style "professor" and leave him alone to run the observatory as Astronomer Royal, arguing that it was the government who paid him and
to whom he was responsible. Often the exchanges became quite heated: in one document he asked the observatory Visitors to recommend the abolition of the
"old and underdeveloped chair for supposed students" so that he might be rid of "unscrupulous aggressions and grasping attempts at appropriation by ... the
Senatus"; and in his 1871 Report he alludes to "recent attempts to alienate the astronomer's salary, and destroy his character before the public as an honest and
working man!". Neither were the Senate pleased at his acid remarks published in the university's annual Calendar, describing his course, or rather, the lack of it
- blaming the university. The college, apparently, showed little interest in the subject of Practical Astronomy and gave neither instruments nor financial support
to the observatory. Not even a classroom was provided. Worse still, the satirical and sarcastic Piazzi Smyth fell foul of the pious and serious-minded professor of
Natural Philosophy, J. D. Forbes, who had considerable power in the university and was also chairman of the observatory Board of Visitors, a job he grew to
detest but was obliged to keep.

The government also came in for abuse. The amount of money allowed by the Treasury for the upkeep of the building was far too small, Piazzi's own income
was rather low, but the pitiful £100 a year salaries of his assistants were, he complained, lower than those of junior clerks in other state offices and an insult to
college-educated men. Alexander Wallace, his and Henderson's First Assistant for many years, was highly respected, but the juniors and computing clerks were
a motley crew of varying ability and sobriety. Their life was one of boredom, lone hours of timing transits of stars by the meridian instruments, then reducing
the observations by routine, tedious arithmetic. The observatory interior was different then - no walls between the main room, the transit wing, the mural circle
wing (now the small lecture room) and the computing area (now the library). The Astronomer or the First Assistant could then keep an eye on all the assistants
at their work, and a hole in the ceiling suggests that there might have been a speaking-tube up to the observer at the equatorial in the dome. To try to supplement
the observatory income, the staff in 1858 took on the computing of the monthly meteorological readings from stations all over Scotland for the Registrar
General. This, however, took away valuable observing time. The instruments had never been overhauled or replaced since Henderson's time, and were slowly
deteriorating. Piazzi managed to get a good refractor from a family friend, Dr John Lee, but his requests for a large equatorial reflector went unheeded. He
complained that he had to buy small instruments such as spectroscopes, and even pay postages out of his own pocket. Eventually the Treasury provided a silver-
on-glass 24-inch short focus reflector. In 1872 a new iron dome (the present one) was erected by Grubb to replace the old wooden one which had run on cannon
balls, and it had to be raised to accommodate the new telescope - locals complained that it spoiled the aesthetic effect. However the space was still much too
small and the new telescope never functioned properly, and Piazzi was refused leave to take it to a high-level site in southern latitudes. To add to these problems,
Piazzi discovered that the Craigleith sandstone piers carrying the transit circle had an unusually high and non-uniform coefficient of thermal expansion, so
marked that even a small lamp for illuminating the cross-wires, or several people standing near the telescope, could cause the piers to expand and set the
telescope axis out of alignment. This meant that thousands of past observations were virtually useless. In spite of all this, some valuable astronomical work was
done by Piazzi Smyth, but not at the observatory.

(To be continued).

Quiz
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Remember in Journal no. 1 you had to match the astronomer with his discovery or achievement? Try this more difficult one - answers at foot of page. No
cheating!

A. EDWIN HUBBLE 1. Globular cluster distances by Cepheids.
B. MAX WOLF 2. Early radio astronomy.
C. WILLIAM LASSELL 3. Mathematics of atmospheric refraction.
D. SIR NORMAN LOCKYER 4. Star-streaming.
E. SIR JAMES SOUTH 5. Tidal friction by the moon.
F. NORMAN POGSON 6. Discovery of asteroids by photography.
G. SIR GEORGE DARWIN 7. Resolving power of telescopes.
H. SIMON NEWCOMB 8. "Grindstone" model of the universe.
I. THOMAS WRIGHT 9. Improved the reflecting telescope & octant.
J. JOSEPH LOUIS LAGRANGE 10. First to observe transit of Venus.
K. SIR JAMES IVORY 11. Diameter of a star by interferometer.
L. JEREMIAH HORROCKS 12. Investigated variable star Algol.
M. JOHN GOODRICKE 13. Magnitude scale of stars.
N. CARL JANSSKY 14. Observations of solar prominences.
O. REV. WILLIAM DAWES 15. Velocity of light.
P. HARLOW SHAPLEY 16. Red-shift law for galaxies.
Q. GEORGE ELLERY HALE 17. Famous maker of quadrants & orreries.
R. JOHN HADLEY 18. Double stars.
S. JACOBUS KAPTEYN 19. Discovered moons of Uranus & Neptune.
T. GEORGE GRAHAM 20. Stability of the solar system.

Which of the above people was born in Scotland?

Answers

A16, B6, C19, D14, E18, F13, G5, H15, I8, J20, K3, L10, M12, N2, O7, P1, Q11, R9, S4, T17. K was born in Dundee.
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