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by Duncan Lunan, ASTRA

I went to California at the end of June, to be the opening speaker at a space-flight symposium - "A View from Earth, 1984", organised by the Venture Sciences
Association of Big Bear Lake. I was met at Los Angeles airport and flown immediately by private plane up into the mountains, leaving the thickening afternoon
smog far below. Big Bear is a water sport and winter sport centre 6500 feet up in the Sierras, and knowing from past visits to the USA how different the sky was
liable to be, I left the convention centre as soon as it was dark to renew my acquaintance with it. The following night I was interviewed by the local radio
station, and asked what differences struck me as a visitor from UK: What I had to say certainly made a change from the usual comments about driving on the
right and putting ice in the drinks!

Facing the doorway, as my eyes began to adjust to the darkness, was the constellation Cygnus at an angle we never see in Britain. Albireo, the head of the Swan,
was higher than Deneb marking its tail. The resemblance to a great bird was far more obvious than it is in UK, where we sometimes call Cygnus 'the Northern
Cross'. The Summer Triangle of Deneb, Vega and Altair was similarly affected, with Altair higher than Deneb so the isosceles triangle pointed upwards - and
continued to do so all summer.

Two months later, while I was staying in Northridge outside Los Angeles, I woke up at 5 A.M. one hot day and saw over the trees a bright star which I didn't
recognise, I got up to investigate and found to my amazement that it was Rigel. Orion was already flat on his back high in the sky with Lepus out to the right.
Sirius was directly below near the horizon, while Procyon had still to rise to complete the Winter Triangle. In UK the rising sequence is always Betelgeuse,
Procyon, Sirius, and we never see Orion heeled over so far. Still further south in Florida in October, leaving the house at 6 A.M. for the Space Shuttle lift-off, I
saw Orion almost overhead still at that 'impossible' angle.

What makes the difference is simply the difference in latitude. Even in the U.K., moving south just the few degrees from Scotland to the south of England has a
marked effect on the appearance of the sky. English readers wouldn't notice anything odd about my phrase 'as soon as it was dark', but in Scotland at the
beginning of July it never gets dark. Even Glasgow is only ten degrees south of the Arctic Circle, the southern boundary of the Midnight Sun, and just a week
before, at the summer solstice, I had a U.S. visitor expressing astonishment at the glow in the northern sky at midnight. In California it was completely dark by  
p.m. local time (8 p.m. by the sky), even though it's well north of the Tropics. At Big Bear Lake the sunsets were spectacular, as we looked down on them
through the smog of Los Angeles: I even saw an apparent 'green flash' one night, though on the rim of a cloudbank rather than the true horizon. But in
Northridge, down in the smog, all that happened was that the Sun grew paler and paler as it approached the skyline, often just fading out altogether.

Whenever you are in the Earth's northern hemisphere, the altitude of the Pole Star above the horizon is equal to your latitude. In California the Pole Star is only
40 degrees up' which in Big Bear and Northridge puts it very close to the mountain tops. All the rest of the sky had rolled northwards accordingly, so that the
planets Mars, Jupiter and Saturn, low down in twilight in Britain's southern sky throughout the summer, were riding high in the darkness; and the surrounding
constellations of Scorpius and Sagittarius stand out in full brilliance, where, (in Scotland at least) one would be lucky even to see a bright star like Antares, right
down near the horizon. I first saw Venus over Palo Alto during the Olympics fortnight, and it climbed swiftly to brilliance in the darkness while The Times
Night Sky, compiled for British observers, was telling me that it was elusive and low down in the twilight.

Dark skies are, however, not easily found in the vicinity of Los Angeles, which satellite photos show to be one of the brightest places on Earth. In Berkeley,
watching for Perseid meteors, the effects of moonlight and street lights were so drastic that in two hours I saw only one meteor, and the person with me saw
two! I had a letter recently from friends in Berkeley describing their efforts to see the 'Christmas Comet', a barium cloud released from an artificial satellite.
Unfortunately the conditions allowed them to see only 'only bright naked-eye objects such as Sirius, Rigel and San Francisco'.
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At Big Bear Lake the skies are dark, and there is an excellent observatory with a 16-inch telescope at Juniper Park. This isn't a society or a professional facility,
just a project by some local people who got together to pursue their hobby ... everything over there is on a big scale. Unfortunately turbulence in the air over the
mountains often spoils the seeing. On the night I first visited it, the telescope was turned on the M13 globular cluster and a young boy in the party described it as
"like a light behind a pane of frosted glass". I thought it must have been out of focus for him but when I took my own turn at the eyepiece I found that the image
was shimmering so much that the star points were hardly ever still. Their trailing made the boy's comparison a very good one. It is partly for that reason that my
hosts, the Venture Sciences Association, plan to take over another privately-owned observatory out in the desert, though there is the problem of having to make
a suitable road because at present it can only be reached by four-wheel drive vehicles.

The Big Bear Lake Solar Observatory, operated by California Institute of Technology, is on a causeway of rock extending far out into the lake where the large
water body stabilizes the atmosphere. (The Observatory has a Scottish connection, since technicians from Charles Frank Ltd. worked on the optics.) The battery
of telescopes trained on the Sun includes a 26-inch reflector, a 10-inch refractor and an 8.6-inch refractor: the intermediate optics are water-cooled and the
reflector's main mirror is in a vacuum to minimize heat transfer. The main observing instruments attached to the telescopes are a spectrograph and a
magnetograph, and the Sun is also watched through a variety of filters on monitor screens, taped and periodically wiped for re-use unless interesting events are
happening. Of course no-one EVER looks directly through any of the instruments at the sun.

It is ironic that the Solar Observatory is at a dark-sky location, given that street lights, neon signs etc. would be no problem to it; whereas the Griffith
Observatory, between Los Angeles and the Hollywood Hills, has an amazing nighttime view of the city which sells on picture-postcards and is virtually bright
enough to read by. Worse still, on the distant hills my guide pointed out a faint cluster of lights marking the position of Mount Wilson Observatory - which
meant that from there all the lights which we could see around us would still be visible. In fact that great observatory, once the world's largest and a vital force in
20th century astronomy, is now threatened with closure because the Carnegie Institution is withdrawing its funding in favour of a dark-sky site in the Chilean
Andes, where the fundamental questions on the frontiers of the visible universe can be pursued.

But the injustice of this, as my guides at the Griffiths Observatory and at Mount Wilson pointed out, is that not everyone works on the frontier. Even the Griffith
Observatory still does valuable work on the Sun, planets and variable stars, despite the surrounding sea of light. In some cases even the smog can be an
advantage, helping to stabilize the image: the view of Saturn which I had there was much sharper than the one at Big Bear Lake. There has been no run-down of
work on the 100-inch Mount Wilson reflector, it is in use on every clear night. The nearby solar tower is engaged on measuring the Sun's diameter in white light,
over a full 11-year sunspot cycle - observations vitally important for solar physics, climatology on Earth, and relativity theory. It looks as if the project may be
terminated with just 18 months to go to completion, which can only be described as scientific vandalism. What the Observatory needs is a benefactor to step in,
as Carnegie did to create it in the first place, having been inspired by a newspaper article, which was partly why Mount Wilson gave me a VIP tour, just in case I
reach the right reader. The fear is that if the facilities are mothballed, the more modern ancillary equipment will be extracted piecemeal for use elsewhere, until
the massively-engineered facilities, with their mahogany and brass controls, would in effect be put back to a World War I level of technology. After the
Observatory complex has been stripped in this way it might well become a museum exhibit, and the facility for valuable but unglamorous scientific work would
be gone for ever.

Tne last of the five observatories I visited in California had none of these problems. 'Sunstones II' outside the Lawrence Hall of Science at the University of
California in Berkeley, was particularly interesting to me because of its relation to the 'Sighthill Megalith' which I designed and built for Glasgow Parks
Department in 1978-79. Whereas I laid out a stone circle with 20th-century astronomical alignments, with every feature of the lay-out based upon some ancient
site, Sunstones II has integrated a range of astronomical alignments, on the meridian as well as on the horizon, into a single towering piece of modern sculpture.
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Its creators were Professor Richard O'Hanlon of the University's Art Department, and Dr David Cudaback of the Astronomy Department. It is high above the
University campus, looking across the bay to San Francisco and the Golden Gate Bridge, through which sunlit fog streams in late afternoon. Its taller element,
the Prime Vertical Stone, is aligned precisely east-west. Set at right-angles to it and intersecting it is the Meridian Stone, whose angled upper surface gives a
sightline to the Pole Star through a Meridian Window in the Prime Vertical Stone. A narrow passage between the two stones gives a view due west to where the
Sun sets as it crosses the Celestial Equator at the Spring and Autumn Equinoxes.

Other openings in the stones allow other observations. The shadow of the Meridian Stone disappears at solar noon, so the difference from standard time reveals
the Earth's position in its orbit; and it is only between Autumn and Spring that the noonday Sun is low enough to shine through the Winter Window onto the
base of the monument. The Extremal Port in the Meridian Stone is more complex, because its biconical cross-section gives sight-lines to the most northerly and
southerly settings of the Sun and Moon. (Those alignments in 'my' megalith too, marked by standing stones). They have also marked the extreme northerly
setting point for any planet, and "Venus will set at this point in approximately 28,000 years".

My only criticism would be that the last statement seems a touch overconfident. Directly downhill there is a large and impressive sports stadium, which a
stickler for accuracy might nevertheless describe as two half-stadia. The two halves have been out of alignment by several feet since the great earthquake of
1906.

Society news
The informal summer meetings began on April 5 with a talk on "The Origin of the Solar System" by Mr Steuart Campbell, then on May 3 Dr Gavine described
the various types and construction of sundials, illustrated with examples, especially from the Edinburgh and East Lothian area. This is a long-term project which
will hopefully be described in future Journals. Meantime if anyone has information on less well-known, old or interesting sundials in the neighbourhood the
Editor will be pleased to hear. On June 7 Mr Gerry Taylor gave a lecture on Galaxies.

Recently Mr Sam Lyttle, from Northern Ireland, has been giving, with Mr James Shepherd, a series of planetarium demonstrations at Calton Hill, and round
various other centres, using an Apollo projector and inflatable dome.

A meeting of The Scottish Astronomers' Group (SAG) was held at Calton Hill on June 22, attended by delegates from various Societies. Discussions were held
on the preparations for National Astronomy Week (on which members will be informed at the meetings), on Noctilucent Cloud observing, and on the
forthcoming important meteor showers.

Observations
Apart from the routine solar and variable star work of Neil Bone and Gavin Ramsay these have been confined during these early summer months to Noctilucent
Cloud. Neil and Dave Gavine observed and photographed major displays on June 14/15 and 15/16, traces were also seen on 16/17, 18/19 and 19/20. However,
there were major displays on 23/24 and 25/26, seen in England but missed by us because of cloud, the usual Scottish midsummer disease. It seems to be heading
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for a record-breaking year, and the season has just begun. Would observers please make notes at 15-minute intervals, giving maximum altitudes and azimuths.
For photographs, 3 seconds at f 2.8 on 400 ASA film seems to be the optimum.

Meteor results from spring 1985
by Neil Bone

The early months of the year brought, as always, very variable observing conditions. The Quadrantid shower in early January was particularly badly affected by
fickle weather and the influence of a near-full moon. Nonetheless, for those observers who braved the conditions, the Spring as a whole was quite productive.

Over the period January to April 1985, meteor observations were received from the following:-

D Allen, N Bone, J Breckenridge, R Dixon, D Gavine, R Lothian, A McBeath, Dr AJ Mackenzie, G Ramsay, A Smeaton, C Steele, A Thomson, Dr F Vincent.

It is pleasing to report that several observers are now routinely carrying out watches even on nights when no major showers are active, so that neglected minor
showers such as the Virginids are receiving better coverage. The bulk of the observations reported, however, were from the April Lyrid shower.

Quadrantids

Observations spanning the period Dec 31-Jan 01 to Jan 03-04 were made by D Allen, N Bone and C Steele. Early observations showed respectable Quadrantid
activity, with Zenithal Hourly Rates (ZHR - corrected for haze, cloud and radiant elevation) 26.3 ± 13.2 around 04 hrs UT on Jan 1-2. Rates were still around
this level at 01 Hrs UT on Jan 2-3, but picked up markedly later. Around 0230 UT, ZHR had reached 43.5 ± 18.6. Between 05-07 Hrs UT, ZHR was as high as
95.7 ± 17.8, with dawn approaching. Rates were well down, with ZHR 6.6 ± 2.3, by 06 Hrs UT on Jan 3-4. Moonlight, which had restricted watches to the
predawn period on earlier nights, prevented any further observations.

             -4 -3 -2 -1  0  1  2  3  4  5  TOT 
             ---------------------------------- 
Sporadics     0  0  0  5  3  4 13 14 10  5   54 
Quadrantids   1  0  1  2  9  7 17 24 11  4   76 

Magnitude Distributions from Quadrantid Results

Photography by N Bone using a 29 mm wide-angle lens at f2.8 and Ektachrome 400 slide film was successful in recording 3 meteor trails (2 Quadrantids, 1
Sporadic) in exposures totalling 2 hours on Jan 2-3.

During March and early April, typically low activity from the Virginids was recorded. Only a handful of such meteors was seen in the course of some 10 hours'
meteor watching by five observers. Such minor showers still merit continued coverage, however, as spells of stronger activity may occasionally occur. As usual
during the Spring months, Sporadic rates were also fairly low.
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Lyrids

The April Lyrids were well covered in 1984 [1]. Observing conditions were much less favourable in 1985, but some good results were still obtained on a couple
of nights. Members of St Andrews University AS put in a particularly praiseworthy effort, as did A Thomson (Aberdeenshire) and A McBeath (Morpeth).

A couple of observers suggest activity from the Lyrids a few days before the normal limits of Apr 19-25. Most of the reports to hand are from maximum night,
Apr 21-22. As in 1984, a fairly normal return, with peak ZHR 15 ± 9, was seen. (We were geographically best-placed to see any repeat of the exceptionally high
Lyrid activity seen in 1982). Results from several observers for Apr 23-24 are very consistent, giving Lyrid ZHR 9.1 ± 6.2. No Lyrids at all were seen during
watches on Apr 25-26!

          -5  -4  -3  -2  -1   0   1   2   3   4   5  TOT 
          ----------------------------------------------- 
Sporadics  1   1   2   1   5   7  12  33  30  15   4  111 
Lyrids     0   1   1   3   7  14  15  14  18   6   0   79 

Magnitude Distributions from Lyrid Results.

Among the brighter meteors, a couple are notable. On Apr 21-22 at 2249 UT, A Thomson saw a slow, yellow mag. -4 Lyrid leaving a persistent train lasting
6 seconds. This meteor was also seen by St Andrews observers R Dixon and J Breckenridge.

At 2350 UT on Apr 23-24, a mag. -5 Sporadic was seen from Morpeth by A McBeath. This was also seen by R Lothian and C Steele at St Andrews. All three
observers commented on a couple of flares shown by this long, slow meteor. In his capacity as JAS Meteor Section Director, A McBeath later received a further
observation of this object from S Ankers (Todmorden). From estimates of the meteor's position relative to the sky background at Todmorden and Morpeth,
Alastair has computed an end altitude for the meteor of between 60 and 79 km.

Persistent train phenomena were shown by 21.5 % of all Lyrids, compared with 9.0 % of Sporadics. This relatively high proportion of Lyrids leaving trains has
been noted in previous years.

Photography was attempted by A Smeaton, Dr AJ Mackenzie and A McBeath on Apr 21-22, and by N Bone on Apr 23-24. Exposures totalling 5H 27m were
taken, but only one meteor trail was recorded. This was a fine Lyrid, possibly mag. -2, on Apr 21-22 at 0035 UT. The successful photographer was Dr
Mackenzie, using a wide-angle lens on his camera, which was driven to follow the 'Keystone' of Hercules region.

Forthcoming projects

The Perseids in August will be reasonably well-placed with respect to moonlight this year, in pleasant contrast to last year's situation. Peak is predicted for about
mid-day on Aug 12th, so watches on both Aug 11-12 and 12-13 should be very productive. Obviously, observations are required for all possible nights, and not
just those around maximum!

From Mid July, it should be possible to cover the δ Aquarius, ι Aquarids, Capricornids and α Capricornids reasonably well, although the full moon in early
August will present some problems.
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Between Oct 7-10, keep a careful watch for possible activity from the Draconids, associated with Comet Giacobinni-Zinner (which itself should be a binocular
object during August-September). Also in October, it will be possible to cover at least the early parts of the Orionids (associated with Comet Halley) in the
absence of moonlight.

Anyone interested in carrying out observations of these showers is invited to contact me. Thanks are due to all observers whose work was used to compile this
report, and to Alastair McBeath for data from The JAS Meteor Section.

Reference

1. ASE Journal No. 9.

About the ASE Journal
Editor Dr D. Gavine, 29 Coillesdene Crescent, EH15 2JJ. 031 657 2338.

The Editor would like to thank once again the Director of the Royal Observatory for the generous use of facilities at Blackford Hill, and Mr Duncan Waldron for
assistance in the production of the Journal.

An old Edinburgh observatory
by D. Gavine

About 1764, in the garden of the Hawkhill estate in North Leith, a small observatory with a conical dome was erected by the judge Andrew Pringle, Lord
Alemoor, who became Lord Advocate in 1759. At that time it was open park-land, but now the estate is in the middle of Edinburgh's urban sprawl and the site
of the house is occupied by a large bakery near Lochend Park.

Until Alemoor's death in 1776 a number of interesting observations were made. He was assisted by the active scientist and traveller James Lind, M.D. F.R.S.
(1736-1812), the inventor of the pressure-tube anemometer, and his young steward James Hoy (1747-1827) who later went to Gordon Castle near Fochabers to
be landsteward to the Duke of Gordon, and there kept records for many years of weather and the aurora. Systematic observations were carried out to fix the
position of Hawkhill, to regulate the clocks and to provide data for fixing other stations. Hawkhill's meridian was quaintly defined as:

"...from a hair's breadth of the east corner of the tower of Kirkcaldy, to the middle of the 3rd uppermost tile from the East end of the first high house
of the Ropework at Leith".
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On June 3 1769 the famous Transit of Venus was observed simultaneously with Rev Alexander Bryce at Kirknewton. The Gummins clock, with its mahogany
pendulum, was regulated by a series of double-altitude observations of the sun using a Ramsden octant and an artificial horizon. Mr Hey observed from the
ground floor of the house with a 107 cm long achromatic telescope, Lord Alemoor from the floor above with a small reflecting telescope, and Dr Lind was in
the observatory with the "two-foot" achromatic (which is preserved in the Science Museum, London) and a "mathematical instrument" which beat seconds from
the clock.

On the following day there was an eclipse of the sun, and Rev Bryce and Mr Hay tried to estimate their longitude difference by timing the moon's limb crossing
sunspots, but the distance between the stations is so small (about 18 km) that the errors in timing were far too great. Rev Nevil Maskelyne, the Astronomer
Royal, suggested that they try "fire signals when the Season favours".

On December 12 1769, with an estimated latitude of 55° 57' 30" N, Dr Lind attempted, with Maskelyne at Greenwich, simultaneous timings of the Earth's
shadow at first contact on the lunar limb, then bisecting the crater Copernicus during an eclipse of the moon. The longitude was derived at 12m 39s W for the
first, and 12m 51s W for the second. In the remaining years further timings of occultations of stars by the moon and comparing these with standard observatories
such as Paris and Greenwich gave an average position of 55° 58' 28" N, 3° 10' 7" W which, without the aid of an accurate chronometer or large meridian
telescope is a very good result. (Actual value 55° 57' 48" N, 3° 9' 33" W).

During the late 18th and early 19th centuries several scientifically-minded landowners set up small observatories for timekeeping and fixing the positions and
boundaries of their properties. Hawkhill was a typical, efficient example of one of these.

Philosophical Transactions of the Royal Society LIX (1769) 655-661 
Royal Observatory (Herstmonceux) Archive Ms vol 135. 
Bodleian Library, Oxford, Montague Ms d.8, letter Maskelyne to Lind.

Planetary conjunctions
by Graham Young, Dundee Astronomical Society

Most of the planets can be seen with the naked eye as bright stars that 'wander' round the ecliptic. Mercury and Venus appear in the vicinity of the Sun but can
be seen either before sunrise in the east or after sunset in the west when away from conjunction with the Sun. The conjunction of two objects simply means that
they lie in the same part of the sky and appear together as seen from Earth. But, of course, in reality one object is well behind the other. The 'superior' planets
from Mars outwards can be at opposition to the Sun, i.e. on the ecliptic opposite the Sun on the celestial sphere and therefore due south at midnight. All these
planets, as the closer ones to the Sun overtake the more distant ones, come into conjunction with each other. Because of the relative motion of the Earth round
the Sun, a superior planet near opposition retrogrades along a loop thus:
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Fig. 1

A and B are successive opposition positions. All the outer planets from Jupiter come to opposition once a year a bit later each time. Mars comes to opposition
about every second year (average 780 days, the 'synodic' period), and again a little later in the year. The loop means that planets can come to conjunction
sometimes three times during a passage. This triple conjunction occurs near the opposition position and is therefore easily visible. If a conjunction occurs away
from a loop it is a single event, and all conjunctions taking place behind the Sun are single and invisible, but single, visible conjunctions are common between
solar conjunction and opposition, especially with Mars. Neptune and Pluto are exceptional in that their loops intersect thus:

Fig. 2

So they could in fact, at some point C, conjoin a distant object such as a star five times (or at least three elsewhere) on one ecliptic passage. It must also be noted
that the term "triple conjunction" also means a single conjunction of three planets as well as the three conjunctions of two outer planets on one apparition. On
rare occasions four or even more planets may be in conjunction with each other. A close conjunction of four planets is actually six conjunctions in one (Fig. 3),
five planets would generate ten conjunctions and so on. A conjunction could also be defined to occur when a planet approaches another then pulls away such as
happened between Venus and Mars in February 1985 (Fig. 4). There is actually no passing.

Fig. 3 and Fig. 4

A conjunction is generally defined if the planets approach within 6° of each other. But what defines the specific time of a proper or passing conjunction? There
are three definitions shown on Fig. 5:

http://www.astronomyedinburgh.org/members/journals/12/fig02f.jpg
http://www.astronomyedinburgh.org/members/journals/12/fig03f.jpg
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1. Time when the planets appear closest together.
2. Time when the planets have the same celestial longitude, and
3. Time when the planets have the same Right Ascension.

Fig. 5

1 and 2 are usually very close together unless the faster-moving planet B is inclined steeply with respect to the ecliptic. All three will occur at the same time if
the conjunction happens near the solstices, i.e. in Taurus-Gemini or Sagittarius-Ophiuchus.

Some conjunctions can be very close approaches, such as Jupiter and Venus in Feb. 1975, Saturn and Venus in Sept. 1977, Saturn and Mars in June 1978 and
Mercury and Mars in the morning of Sept. 5 this year, only 46 arc seconds apart. Actual occultations (where one object passes in front of another) between
planets are very rare, the next one being Jupiter by Venus in 2065. Some notable (and visible) recent three-planet triple conjunctions include:

(Me - Mercury, V - Venus, Ma - Mars, J - Jupiter, S - Saturn, U - Uranus, N - Neptune) vis. - visible, invis. - invisible)

V/J/S - Nov 1980, Me/J/S - Nov 1981, & Me/V/S this coming December.

Around this time of the century we are lucky to witness a rare alignment of the four main outer planets (J,S,U,N) resulting in a succession of "great
conjunctions":

J/S - Jan, Arl, Aug 1981, triple, vis. (Virgo); J/U - Feb, May, Sep 1983 vis. (Scorpius-Ophiuchus); J/N - Jan 1984, invis. (Sagittarius); S/U - Feb, June, Sep
1988, triple, vis. (Sagittarius); S/N - Feb, Sep, Oct 1989, triple, vis. (Sagittarius); U/N - Feb, June, Nov 1992, triple, vis. (Sagittarius); J/N - Jan 1997, invis.
(Sagittarius); J/U - Feb 1997, invis. (Capricornus); J/S - May 2000, invis. (Taurus).

Three planets (S,U,N) cluster together in 1988-89 and three (J,U,N) in 1996-97. The 1992 great conjunction of Uranus and Neptune will be the first since 1822,
when the two planets were also in Sagittarius. Neptune had not then been discovered. It had been seen several times but not identified as a planet because of its
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very slow movement and faintness. Jupiter and Saturn give the most regular. great conjunctions, every 20 years. The period between conjunctions can easily be
calculated from the formula

1/p1 - 1/p2 = 1/p3

where p1 is the orbital period of the planet nearer to the Sun, p2 is that of the planet further away from the Sun, and p3 the period between conjunctions.

For example, if we round off Jupiter's orbital period to 12 years and Saturn's to 30,

1/12 - 1/30 = 1/p3

so

p3 = (12 x 30) / (30 - 12) = 20 years

So the period between successive Jupiter-Saturn conjunctions is 20 years. This is also 2/3 of Saturn's period and 5/3 of Jupiter's, arriving at conjunction 1/3
along the ecliptic behind the previous conjunction place. Thus in 1981 it was in Virgo, and in 2000-01 it will be in Taurus, then in 2020 around Capricornus, etc.
Recently Mars has been coming to opposition near the vicinity of Jupiter and Saturn in 1978, 80, 82 & 84 and taking part in 'extra' conjunctions. But this state of
affairs will not last and soon Mars will come to opposition well away from the other planets. It is interesting to investigate the minor planets Ceres and Vesta,
with revolution periods 4.6 and 3.6 years respectively. Just now Vesta is ahead of Ceres as they go round the Zodiac, pulling apart all the time after an invisible
conjunction behind the Sun sometime around early 1979. From the formula above it will take about 16.6 years before the next conjunction when Vesta overtakes
Ceres once again.

I have also worked out the dates and places of all the main conjunctions this century: (of superior planets only)

J/S Nov 1901 (Sag); Sep 1921 (Vir), Aug 1940 (Ari), Feb 1961 (Sag), 
    Jan 1981 (Vir), May 2000 (Tau); 
J/U Oct 1900 (Oph), Mar 1914 (Cap), Jan 1928 (Psc), Aug 1940 (Ari), 
    Oct 1954 (Gem-Cnc), Dec 1968 (Vir), Feb 1983 (Sco-Oph), Feb 1997 (Cap). 
J/N May 1907 (Gem), Sep 1919 (Cnc), Sep 1932 (Leo), Sep 1945 (Vir), 
    Sep 1958 (Vir), Jan 1971 (Sco), Jan 1984 (Sag), Jan 1997 (Sag). 
S/U Aug 1940 (Ari), Feb 1988 (Sag). 
S/N July 1917 (Cnc), Nov 1952 (Vir), Feb 1989 (Sag). 
U/N Feb 1992 (Sag). 

There was a very close triple gathering of Jupiter, Saturn and Uranus in Aries in August 1940. All came to conjunction at 14° in the "astrological house" of
Taurus.

More on Bode's Law
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by Steuart Campbell

In Journal 11 I wrote about Bode's Law, concluding that the planets, after accreting at radii that obey an exponential law, had adjusted their radii as a result of
resonances between adjacent planets. I also concluded that the exponential relationships indicated growth of the planetary orbits. Both of these conclusions now
appear to be wrong!

Bode's Law is usually expressed by modern cosmogonists in the form

rn = ro An

where r is the mean orbital radius of the nth planet, and A is a positive constant. It is usually agreed that, for the planets, A = 1.73 (coincidentally √3, although
that is not thought to be significant), a mean value of a range from 1.39 to 2.01. Less variation is seen in the satellite systems of Jupiter, Saturn and Uranus,
where A = 1.576, 1.3 and 1.45 respectively. Clearly secondaries have a tendency to orbit about their primaries at distances which are related by fairly constant
ratios, although the ratio varies from primary to primary.

Via Kepler's Third Law (T2 ∝ r3), Bode's Law can be expressed as a relationship between orbital periods, in the form

Tn = To Bn

where Tn is the orbital period of the nth planet (or secondary), T0 is the orbital period of the innermost secondary, and B is a positive constant. Fig. 1 shows the
relationship between the orbital periods of the planets (including Ceres). Now that we are dealing with periods rather than radii, we can also plot the equator of
the Sun as if it were the next planet inwards from Mercury, and it is surprising that it lies on a line that includes most of the planets, especially the gas giants. If,
as Fig. 1 indicates, B = 2.36, then A = 1.772 (= √π ?). Dermott (1) illustrated the orbital period relations between the regular satellites (*) of Jupiter, Saturn and
Uranus (see Fig. 2), from which it is obvious that Bode's Law is almost universal. Dermott claimed that the major satellite systems are well represented by the
relation

Tn ≈ 1.08 Tp Bn

where Tp is the rotational period of the planet and B2 is a small integer.

He noted that it appears that the rotational period of the planet determines the scale of the satellite system, and it could be added that the rotational period of the
Sun seems to have determined the scale of the Solar System. More likely it should be argued that the rotational period of the primary and the orbital periods of
the secondaries are both determined by the rotation characteristics of the cloud of particles from which they condensed.

There are two hypotheses for the orbit distributions which claim that the non-random aspects are not original but have been determined by forces which have
acted on the planets and satellites since the time of formation. These are: the tidal hypothesis of Goldreich, and the dynamic relaxation hypothesis of Hills.
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Goldreich (2) proposed that the presence of numerous resonances in the satellite systems of Jupiter and Saturn results from tidal evolution. This evolution
should have the effect of sorting the satellites according to their masses since the rate of orbital evolution is mass-dependent, and the biggest satellite should be
the one furthest from the primary. It is a lengthy process, and may be checked to some extent by stable resonances. This theory predicts that there will be a linear
correlation between log r and log m (where r and m are the mean orbital radius and the mass of the satellite respectively). Such a plot for the Saturnian system
(see Fig. 3) seems to confirm the hypothesis that the system has evolved tidally; Titan is the largest satellite and Mimas is the smallest of those included in the
data, except for Hyperion, which is in resonance with Titan. Other departures from what Goldreich calls 'the tide line' are due to 2/1 resonances between
Enceladus and Dione, and between Mimas and Tethys. A plot of log r/log m for the Uranian system does not show such a clear linear relationship, but at this
time the masses of the Uranian satellites are not known precisely. Dermott claimed that the Jovian satellites cannot be treated in the same way because of
resonances (although he had already acknowledged the resonances in the Saturnian system). However, it seems that except for the Galilean satellites, the masses
of the Jovian satellites are not well enough known to enable a plot to be drawn.

Fig. 1. A plot of the orbital periods (Tn) of the planets, including the asteroid Ceres (T5) and the equatorial rotation of the Sun (T0). Line represents Tn = T0
2.36n.

http://www.astronomyedinburgh.org/members/journals/12/fig06f.jpg
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Fig. 2. The orbital period relation Tn = 1.08 Tp An applied to the regular satellites of the major planets. Tn is the orbital period of the nth satellite, Tp the
rotational period of the planet and A2 a small integer. The regular satellites Titan and Hyperion (Saturn) are not shown. (from Dermott).

Dermott also concluded that the tidal hypothesis did not apply to the planets themselves, but I am not so sure. In Fig. 4 I show my own plot for the planets,
where it is evident that a 'tide line', which must pass through Jupiter, also links Earth and Mercury. The anomalous positions of Venus and Mars seem to be due
to strong resonances, Venus being prevented from moving out towards Earth, and Mars being prevented from moving inwards (by Jupiter) to a position between
Mercury and Venus. The fact that none of the extra-Jovian planets lies near the tide-line seems to be due not only to resonances but to a blocking effect of
Jupiter. There seems to be cause to believe that while mass sorting can occur inside a massive secondary, less massive secondaries outside the most massive
secondary cannot move inside it; they become trapped in stable and resonant orbits outside.

In 1970 Hills (3) programmed a computer with 11 different planetary systems, each having random choices or orbital semi-major axis (r) and eccentricity. They
were all set orbiting a star identical to the Sun, and sampled at '10-year' intervals starting '1000 yr' after the start of the program. Despite large differences in
planetary mass functions and initial conditions; the various systems tended towards stationary states having a number of common characteristics, the principal
one being a tendency for the periods of adjacent orbits to be small integer fractions of each other, that is, they showed the commensurabilities of the mean
motions of classical celestial mechanics. In particular there seemed to be a preference for commensurabilities in a narrow range between 9/4 and 8/3. Hills
concluded that if such widely different systems could evolve towards stationary states characterized by commensurate orbits then it seems likely that nearly all
planetary systems will evolve towards these stationary states. In that case, the commensurabilities in the Solar System are an inevitable consequence of dynamic
relaxation, and Bode's Law results from the fact that some commensurabilities are more favoured than others. Fig. 5 shows the commensurabilities that exist in
the Solar System. The planets show a marked preference for commensurability around 8/3 (although the range is from, 3/2 to 23/8), while the Saturnian system
prefers commensurability around 3/2. It is obvious that if a system of secondaries attempts to achieve a common commensurability, no matter what the
particular ratio may be, then the mean orbital radii will increase exponentially. For this reason Dermott claims that the statistical significance of Bode's Law is
not great enough to be interesting!

Dermott noted that the two hypotheses are not mutually exclusive and that we may need both to explain the distribution of the satellites. Indeed, the two
hypotheses together may explain the distribution of both the planets and the satellites. After formation at random but not closely adjacent mean radii, tidal forces
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may have sorted the secondaries (resonances permitting) into mass order, after which dynamic relaxation may have adjusted the orbits until stable resonances
existed overall. It has nothing to do with the initial evolution of the Solar System (although the secondaries may not have moved far from the formation orbits)
and does not indicate growth. Contrary to my earlier claim that adjustment had led to departures from what I assumed was a regular distribution according to a
rule, it seems that the planets, starting with a random distribution, have attempted to achieve a regular distribution, the departures from the rule being due to an
inability to achieve perfection!

As to the mechanism responsible for the orbital adjustments, it seems likely that the adjustments are made during conjunctions, when tidal forces are at their
greatest. In fact the greatest influence is when the interplanetary force is directed normal to the pull of the star, as shown in Fig. 6, where just two positions are
considered and the movement of the outer planet is ignored. During a conjunction, the less massive secondary will find its orbit, and consequently its period,
adjusted by the more massive planet. This adjustment will tend to increase the separation between the orbits, moving the smaller planet inwards if it is already
inside the larger, and outwards if it is already outside the larger. The closer the orbits the greater will be the adjustment, and it must continue until the adjusted
planet finds itself trapped between the influences of two planets and/or a stable resonance is reached.

Fig. 3. Log r' against log m for the Saturnian system. r' is refined version of r. (from Dermott).
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Fig. 4. Log r against log m for the planets.

Fig. 5. The distribution of orbital period ratios (R) of adjacent secondaries in the major subsystems of the solar system. (from Dermott).

Naturally stability will be achieved when conjunctions and tidal forces are at a minimum, and it must be assumed that the Solar System reached this state a long
time ago. All that Bode's Law tells us is that the Solar System has achieved stability!

(* a regular satellite is taken to be one that orbits pro grade with only small orbital inclination.)
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Fig. 6. Adjustment of the orbit of planet A by planet B. At A the interplanetary gravitational force accelerates planet A so giving it increased angular
momentum. Planet A must then move into a larger orbit. At the equivalent point A', the distance to B is less and the decelerating force on A is greater than the
earlier acceleration. This reduces the angular momentum of A, which must then move to a smaller orbit, inside its original one. Progressively the orbit or A

recedes from that of B; a similar process moves a smaller planet outwards. Planet B is more massive than planet A.
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