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Ground-path of the Glengarry Fireball 1981 
(see main article)
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Journal 20

Dec. 1988

Owen Pearson, B.Sc. C.Chem. F.R.S.C.
It is with great regret that we have to announce the sudden passing of Owen Pearson on August 5th 1988, at the age of 75.

He was born in Middleton, near Manchester, took his degree at London University, and worked as an analytical chemist with ICI for 37 years. He was elected to
the distinction of Fellow of the Royal Institute of Chemistry (now the Royal Society of Chemistry) but he was a modest man who wore such honours lightly. He
had been a member of our Society since 1976, served for several years as a Councillor but always declined higher office.

He was one of our most active members, writing for the Journal or making telescopic observations, especially of lunar occultations; in latter years he pursued
"jam-jar" magnetometry with great enthusiasm. He became a valuable early warning link-man, alerting either Ron Livesey or Dave Gavine of the BAA Aurora
Section when his simple device picked up a disturbance, and it was typical of his expertise that not only did such warnings unerringly "catch" visible aurorae
when the sky was clear (not as often as we would have liked!) but his estimates matched those of the professional magnetic observatories and on one occasion, a
huge display for which Scotland was clouded out, his graphs marked the activity peaks and troughs and were published in the analysis.

Mr Pearson had talents in other directions, such as music - he played the organ and piano, and he was a good handyman with a love of things mechanical,
especially cars. We remember him as a loyal member, a kind man and a friend to all, and we miss his presence at the meetings. The Society sends its
condolences to Mrs Pearson and the family.

Society News
The informal summer meetings continued with a talk by Jack Heeley on astronomical distances on July 1, then on August 5 we had Members' Night, when Iain
Neil and Dave Gavine showed their first efforts with Scotch Mount photography, Jamie Shepherd showed a selection of his spectacular slides from the past,
Jack Heeley dismantled his Dobsonian telescope to describe its construction, and Gerry Taylor spoke on some interesting aspects of constellation names. On
September 2 Alan Pickup gave "An Astronomer's View of Astrology".

The new winter season began on October 7 with a fine lecture on the latest developments in infra-red astronomy by Dr Matt Mountain of ROE, and on
November 4 Dr Peter Brand spoke on star formation.

The 3-D presentation by Jamie Shepherd and Pete Cattell, "Edinburgh in Depth", ran successfully in the City Dome until the end of October. On August 20 the
Observatory and some "helpers" from the Society played host to a party of journalists from The Observer who were covering the Festival and Fringe. Iain Neil
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has been giving a series of evening classes in popular astronomy at the Observatory, as part of Lothian Region's Community Education service. Jack Heeley
gave an illustrated talk to a primary school, and Dave Gavine spoke at the astronomical societies of Dundee, Renfrew, and at the 'Cosmos North-East'
convention in Middlesbrough, as did former Vice-President Neil Bone.

On September 23 to 25 the Scottish Astronomy Weekend was held in Edinburgh, at Moray House College Halls of Residence. There was a good attendance
although it was not very well patronised by Scots, particularly from Edinburgh. The programme included an evening at Calton Hill (Mars was very fine in the 6-
inch Cooke!), and lectures by Dr John Davies, Dr Iain Nicolson, Neil Bone and Brian Kelly, with short contributions by several others on Sunday. Professor
Malcolm Longair opened the proceedings and entreated the guests to visit the new Piazzi Smyth exhibition at ROE, which most people did - and enjoyed. Some
others went to a planetarium show at the Jewel and Esk Valley College. It is planned to have another Edinburgh Week next year, then in 1990 Dundee will again
host it.

Thanks go to Brian Kelly and Iain Neil, the organisers, for much hard work.

The Glen Garry fireball of 1981 August 27
by James S. Shepherd and W. Alasdair Campbell

Introduction

If a meteor is observed from two stations, the observations can be triangulated to give the meteor's realpath and solar system orbit. This paper offers a
description of such an analysis, and gives results from several two-station observations.

During an evening in late August 1981 a -6 m fireball entered the atmosphere over the remote central Highlands of Scotland. The event was photographed by
the Authors from two observing stations, and an analysis follows, showing the realpath and the orbit determined for the event.

Observation

For accurate determination of a meteor's path, a good baseline for triangulation is desirable. Dark skies away from streetlighting also increase the yield of data
while reducing film costs, due to the very much longer exposure times possible. Power is also required to operate rotating shutters and dew heaters. With this in
mind, we chose observing sites in Perthshire, at Greenloaning, north of Stirling, and in Glenogle, north of Lochearnhead. This provided a baseline of 36 km, a
bit on the low side but acceptable for two-station photography.

Batteries of six 35 mm cameras were operated at both stations, giving two-station coverage round the whole sky at 50° altitude. Two all-night watches were
made, on the 26/27 and 27/28 August, and at 22h 43m 27s UT on the 27th a bright meteor was observed in the zenith, descending steeply towards the northern
horizon. As the meteor ablated, the latter half of its flight was recorded on cameras at both stations, showing a bright flare (estimated -6 m) at the end of the
event's three-second duration. (figs 1 & 2).
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Plate measurement

The photographs were read on a Zeiss Comparator at Edinburgh Royal Observatory, using x10 enlargements of the originals on Kodalith. The reason for using
enlargements instead of the original negatives was that the instrument had been designed for reading large plates, and lacked the fineness of scales for 35 mm.
Enlargements enable full advantage to be taken of the inherent large scale of the instrument. Disadvantages are that the enlargement process can introduce
aberrations and distortions of the image. The reduction technique, however, takes into account spherical aberrations in both camera and enlarger lenses, and
measurement checks would show any random errors caused by distortions in the enlargement. In the event, results showed a maximum random error of
0.01 mm on the scale of the original negative, five times better than the maximum possible with direct measurement of the negative.

Plate reduction

X and Y measurements were made of the start and end points of a dozen star trails on each plate, together with measurements of about thirty points along each
meteor trail. A least-squares method was used to find six plate constants for each plate, with an interactive procedure for the removal of erroneous data points.
Using the plate constants, the X and Y measurements were converted to standard coordinates. The measured points along each meteor trail were then fitted to a
straight line using a perpendicular least-squares fit. Again the maximum deviation of trail measurements from a straight line was found to be 0.01 mm on the
scale of the original negative. All measurements were then converted to R.A. and Dec.
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Figure 1. The fireball as photographed from Glenogle, using and Exa with 50 mm f2.8 lens. The computed deceleration during the terminal flare is over
1000 G.

http://www.astronomyedinburgh.org/members/journals/20/fig02f.jpg
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Figure 2. The fireball as photographed from Greenloaning, using a Zorki-4 with 50 mm f/2 lens. The uneven spacing of the shutter breaks is due to the
asymmetric design of the rotating shutter, which enables the direction of flight of a meteor to be determined.

Realpath

The realpath was calculated from the positional data using a vector method. All spatial positions were expressed as vectors from the Earth's centre, using NASA
Geoidal Earth Model 6, taking into account the Earth's oblateness and geoidal correction. A check on the accuracy of determined heights is afforded by the
independent determination of flare heights from each photograph, which agreed to 0.1 km. Results show that the body penetrated to a height of just over 62 km,
indicating asteroidal rather than cometary origin, as shower meteors have typically much higher end points. The ground path is shown on the Cover.

Velocity

http://www.astronomyedinburgh.org/members/journals/20/fig03f.jpg
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The Greenloaning camera battery was fitted with a rotating shutter. This has an asymmetric blade design, enabling flight direction to be determined, not a
relevant procedure for this analysis. The shutter is crystal controlled to an accuracy of 0.2 %, enabling potentially very accurate velocity determination. First of
all the shutter timing measurements were corrected for shutter geometry. Because different parts of the meteor's flight are photographed through different parts
of the shutter plane, a timing error is introduced. A model of the geometrical relation between camera lens and shutter blade corrects for this. The data points are
then considered as a plot of distance travelled along the trajectory against time. Several polynomial least-squares fits of position against time were tried, but
found to be unsatisfactory. Eventually an exponential fit was tried and found to be acceptable. This yielded an entry velocity of 22.8 km per second, a slow
meteor. It must be noted that the body had already slowed by 0.5 km per second before entering the camera field, and hence the entry velocity is extrapolated,
thus being subject to greater error than otherwise. Nevertheless, the error on entry velocity is thought not to exceed 0.2 km per second. A deceleration curve for
the fireball is shown in figure 3.

Orbit

Having corrected for zenithal attraction and diurnal aberration, the meteor's solar system orbit was determined. This turns out to be one of short period and low
inclination, again indicating an asteroidal origin. (figure 4).

Treatment of errors

The measurement of the photographs has an error of 0.01 mm on each data point on the scale of the original negative. This corresponds to an absolute positional
error of about 40", just under a minute of arc. It is noticeable that this error is slightly within the resolving power of the lens/film combination. Such an accuracy
is possible because one can measure the centre of a blurred image to an accuracy better than the separation required for image resolution. In this way the
ordinary 35 mm camera is a very powerful tool for the positional measurement of meteor trajectories. The overall accuracy is further improved with the use of
least-squares techniques. The error in determined radiant position is governed by several factors. The apparent length of observed trail and distance from the
radiant point affect how well the path can be traced back. The shorter the trail and the further from the radiant, the worse the error. The angle of divergence of
observed paths at the radiant is also very important, ideally being 90°. We found that the main source of error in radiant determination in this analysis was lack
of determinacy in exposure times. Because one has to measure the starts and ends of star trails, and because both exposures were near the pole, there was a high
uncertainty in measured exposure times. As this is used to check the accuracy of recorded exposure times, we were unable to work to the desired timing
accuracy. The camera blurs the ends of star trails, making it difficult to measure the true start and end points, and in future we hope to countermand this with the
use of fiducial marks. A card is held over the lens during mid exposure, producing a short break in each star trail. The centre of this break can be measured very
accurately, giving greatly improved positional data.

In the case of this particular result, the observed paths are nearly 90° from the radiant, with a divergence of only 20°. This is a very bad case, giving a radiant of
R.A. 315.7°, Dec. +14.6°, with an error ellipse of ±0.2° in R.A. and ±0.5° in Dec. As far as velocity measurement is concerned, the accuracy of this is
determined by the accuracy of the rotating shutter, and by the number of data points which are available for measurement. Although the shutter is accurate to
±0.2 %, and there were ample data points, the violent deceleration of the meteor meant that an extrapolation backward from observed velocity to entry velocity
was necessary, and this reduced entry velocity accuracy to ±1 %. Finally, the positional accuracy of the realpath is to within 100 metres, this error being due
mainly to the positional accuracy of measurement, but also affected by the length of baseline. A greater accuracy than this would have been possible with a
longer baseline.

Conclusion
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Table 1 shows realpath and orbit data for the event, while Table 2 shows a summary of other results obtained with our equipment. All the results quoted in this
paper are preliminary. The techniques used in this type of analysis are complex and admit of a good deal of possible refinement. In any such lengthy procedure
the only really satisfactory way to deal with errors is to use Monte Carlo techniques. This involves a realistic simulation of all errors in original data on a
statistical basis, which can then reflect how errors influence the accuracy of the final result, something which is very hard to do otherwise. Error analysis in
work of this kind is very important, since it is only through knowing the absolute accuracy of a result that knowledge can be gained of the many perturbational
influences which are known to affect meteor particles, We hope in future to publish our methods in more detail, and to make the software available on floppy-
disk.

Acknowledgements

We would like to thank Dr Mary Brück and Dr Mike Smyth of the Royal Observatory, Edinburgh, without whose assistance in providing measuring and
computing facilities this paper would not have been possible. Also thanks to the staff at Edinburgh Regional Computer Centre for the EMAS 2972 service, and
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Editor's note: See also the Erratum in Journal 21.

http://www.astronomyedinburgh.org/members/journals/21/index.html
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Figure 3. Deceleration curve for the Glen Garry Fireball. At peak deceleration, one second into the observed flight, the body experienced over 1000 G force.

Table 1 
 
Realpath data for the Glen Garry fireball of 1981 August 27th at 22h 43m 27s UT 
 
                                    GREENLOANING         GLENOGLE 
 
Station coordinates:      Lat:   56° 13' 50" North   56° 25' 33" North 
                         Long:    3° 51' 58" West     4° 20' 13" West 
                       Height:   231.5 metres        294.0 metres 
 
Length of observed trajectory:    20.67 km            19.54 km 
         Range to start point:    94.55 km            83.33 km 
           Range to end point:    91.65 km            76.65 km 
 
Start point coordinates:  Lat:   56° 41' 11" North   56° 41' 58" North 
                         Long:    4°  7'  5" West     4°  7' 12" West 
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                       Height:    78.25 km            76.60 km 
 
End point coordinates:    Lat:   56° 48' 32" North   56° 48' 56" North 
                         Long:    4°  8' 11" West     4°  8' 14" West 
                       Height:    62.91 km            62.10 km 
 
 
Radiant position:    R.A: 21h 2m 46s    Dec: 14° 36' 7"   (Epoch 1950) 
Entry velocity (extrapolated): 22.8 km/sec 
Separation of stations: 36.345 km 
 
 
Orbit Data (For radiant R.A. 315.69  Dec. 14.60 (Epoch 1950)) 
 
Radiant corrected for diurnal aberration and zenithal attraction: 
 
R.A: 315.13 +0.02 ΔV  Dec: 11.63 +0.3 ΔV     (Increments in ΔV show the 
   a      3.57 A.U.   +0.87 ΔV               effect on each orbital element 
   e      0.784       +0.051 ΔV              of an increase in entry 
   i     15.3°        +0.9 ΔV                velocity of 1 km/sec) 
   ω    242.40°       -0.19 ΔV 
   Ω    154.121°        - 
   P      6.7 Years   +2.4 ΔV 
   q      0.772 A.U.  -0.008 ΔV 
   T0   2444883.33    -0.9 ΔV 

Figure 4. Solar System orbit of the Glen Garry Fireball, from just beyond Saturn.
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Table 2 
 
Summary of realpath and orbit data for six other results 
 
 
REALPATH 
                                            HEIGHT       RADIANT      ENTRY 
                                             (km)         (1950)     VELOCITY 
EVENT          DATE         TIME (U.T.)  START   END    R.A.   DEC   (km/sec) 
 -9m Gerninid  1974 Dec 14  01h 03m 30s   98.5  36.0  113.4°  30.8°  38.4±1.0 
-11m Perseid   1977 Aug 11  01h 00m 30s  110.2  79.1   42.5°  57.6°  60.1±0.4 
 -1m Perseid   1977 Aug 11  01h 10m 00s  102.9  91.9   46.2°  57.5°  59.2±1.6 
 -2m Perseid   1977 Aug 11  01h 49m 00s  108.6  82.2   43.9°  58.4°  59.8±0.8 
 -2m Sporadic  1977 Aug 11  02h 30m 00s  109.5  92.4   23.7°  50.7°  59.1±1.1 
 -5m Perseid   1977 Aug 11  22h 10m 00s  111.0  81.0   44.2°  58.1°  60.0±1.1 
 
 
ORBIT 
                 RADIANT 
                  (1950)       a    e      i       ω       Ω        P 
EVENT            α      δ   (A.U.)                               (Years) 
 -9m Geminid  113.3°  30.2°   1.5  0.93   22.8°  328.2°  261.306°   1.8 
-11m Perseid   42.9°  57.7°  17.3  0.94  112.5°  153.8°  137.875°  72.2 
 -1m Perseid   46.6°  57.5°   7.1  0.87  112.4°  146.4°  137.882°  18.9 
 -2m Perseid   44.2°  58.5°  21.2  0.96  111.4°  151.7°  137.908°  97.8 
 -2m Sporadic  23.6°  50.7°   4.1  0.76  115.0°  194.6°  137.935°   2.2 
 -5m Perseid   45.0°  57.9°  14.9  0.94  112.5°  152.2°  138.721°  57.7 
 
Radiant corrected for Zenithal Attraction and Diurnal Aberration. 

Other observations
Noctilucent Cloud

Noctilucent Cloud was seen by Gavin Ramsay, Ron Livesey and Dave Gavine at Edinburgh on July 2/3, 2245-0100, bright, all forms, in cloud gaps. This was a
major display visible as far as the south of England. On 6/7 Dave and Ron Livesey saw a major NLC up to 30°, of long bright curved bands, from 2230 until it
clouded over at 2345. D. Gavine saw NLC in cloud on 7/8 and 26/27, and on 27/28 John Bartholomew saw NLC in cloud. July was a very bad observing month
indeed, said to have been the worst in living memory.

Aurora
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James Shepherd got the best view of the active display of October 10/11, from the Pentlands, only a vague arc could be made out in poor skies in Edinburgh. It
began as a homogeneous arc at 1830 but at 2115 it became active with rays up to 60° drifting eastwards. Cloud interrupted, but a bright rayed arc was again
visible 2200-2330. On November 2/3 a short-lived but brilliant aurora was seen by Dave Gavine, following a radio alert from Andy Steven in Sumburgh,
Shetland. (Andy is from Edinburgh, and trained as a radio officer at Leith Nautical College) The quiet arc at 1830 became bright at 1833 then broke into a
double rayed band, along which bundles of very bright rays streamed east and west. By 1840 it had faded to a vague arc with faint rays then it became bright
again for 5 minutes at 1900, with rays up to 30° then gradually faded, with occasional faint rays. An intrepid aurora observer, David Frydman, phoned from
Helsinki to say that it was the brightest display he had ever seen. On November 12/13, during a Taurid watch, Dave Gavine saw a faint, quiet arc at 2330,
possible diffuse rays at 2337 then a fade to faint light. Watch out - things are warming up!

Amateur observations of the sun
by Gavin Ramsay

Although there isn't a great deal of scientific value associated with amateur observations of the sun these days, it can be a most rewarding area for the amateur to
be involved in, and in the end that is what amateur astronomy is all about.

One good thing about solar observing is that practically any size of telescope can be used - in fact smaller telescopes are sometimes preferred as they don't heat
up so much. Again, the mounting can be of any type, although there is a slight advantage in an equatorially driven telescope. Perhaps at the outset I should stress
that the sun should never be looked at directly, whether through telescopes, binoculars, or even with the unaided eye. The same applies to solar filters which are
inserted in the eyepiece - these can easily shatter with the intense heat of the focussed solar rays and should be avoided. The only 'safe' filters are the type placed
over the top of the telescope, and even then I would recommend that they be used for photography and not for visual observing.

To record your observations you need a piece of blank white paper with a six inch diameter circle (the standard size) drawn in ink, with the centre marked by a
small cross. The paper now needs to be attached to something. Initially I had a little stand made out of two pieces of wood joined by two hinges. The stand was
then propped up by chairs, books, etc. and the circle was made to coincide with the sun's projected disk by adding or taking away books, but this soon became a
nuisance. An old music stand was requisitioned and this became the perfect support for the solar blank, which was attached to a piece of stiff card.

Now that your paper is set up, project the image of the sun onto your disc and mark in, in pencil, all the visible spots. Now switch off your drive, if you have
one, and let the spots drift. Mark where one spot drifts until it travels the equivalent of around ¼ to ½ of the sun's diameter. This will be used later to orientate
the sun's north-south axis. Now move to a higher power and add detail to the spots already marked. Check to see if any other spots were missed out in the
original low power drawing. Sometimes small single spots can be missed at low powers. After this note the time of the observation (in Universal Time), the
transparency of the sky and the 'seeing' conditions, using the Antoniadi Scale of I to V where I is the most stable condition and is rather rare!

A finished copy can now be prepared indoors. Draw a line through the marks which were used to orientate the disk then draw a parallel to this through the
centre point. A line perpendicular to this can be drawn and this is the north-south axis. The north end can be found by simply moving the telescope to the north,
and the west end of the E-W axis is the direction in which the spot moved. Your drawing can now be transferred to another blank disk, but this time with the
correct orientation.
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Before you can work out the activity value of the sun you have to calculate the position angle (P) of the sun's axis of rotation, and the latitude of the centre of the
sun's disc (B0), both of which may be obtained from the BAA Handbook. It is helpful to obtain a set of Porter's Disks, which are disks with the lines of
heliographic latitude and longitude marked every 5° for varying values of B0. The position angle is now marked onto your drawing and the Porter's Disk put
behind the drawing, centred on the P line. The level of activity can then be worked out for the two hemispheres. This involves counting the number of active
areas, which are defined as such if a spot is at least 10° away from the next. So a solitary spot is classed as an Active Area (AA) just as a larger group is if its
length is less than 10°. After each month the number of AAs is added up and divided by the number of observing days, giving a Mean Daily Frequency (MDF)
for each hemisphere and therefore a total value. You may ask what happens if a group is on the equator? This actually rarely happens - although when it does I
assign half an AA to each hemisphere. Another method of calculating the activity of the sun, and perhaps a better one, is the Sunspot Number, which is found
from R = 10 g + f where g = the number of AAs and f is the total number of individual spots or components. The activity of the sun is not constant and varies
over an 11-year period, part of which can be seen in Figure 1. A minimum occurred recently and activity has started to pick up again.

Figure 1. Monthly and yearly mean daily frequency.

It is also interesting to calculate the latitude and longitude of every spot. To do this you need to know the heliographic longitude of the centre of the sun (L0) for
the time of observation and use the Porter's Disk. As before, the appropriate disk is placed behind the drawing and the position of each spot can then be
calculated. Do this for a number of years and you can draw up a Butterfly Diagram - so called because the distribution of latitudes of the spots over a cycle
resembles a butterfly's wings. As can be seen in Figure 2 spots appear in high latitudes as the cycle begins and as it progresses they appear at lower latitudes.

http://www.astronomyedinburgh.org/members/journals/20/fig06f.jpg
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Figure 2. Diagram showing latitudes of spots 1984-1988.

As has been mentioned, it is also possible to obtain photographs of the sun, provided you have some sort of solar filter screen, the best being Mylar film, an
aluminised plastic sheet, which can be purchased cheaply from Beacon Hill Telescopes. A wooden frame is made for the aperture, with several holes, over
which the Mylar film is placed (it must not be stretched). Care should be taken to prevent the frame falling off in a gust of wind. It is then a case of
experimenting with exposures and films, preferably slow, fine-grained film. Photographs so far obtained show the crude structure of the spots and not too much
detail, but I am still experimenting with different films and exposures.

Hopefully, if you do not already observe the sun regularly, you will have been encouraged to take part in this very satisfying aspect of astronomy.

Scottish Astronomers' Group
The Annual General Meeting of SAG took place at the Mills Observatory, Dundee, on October 22. Dr Steve Bell of St Andrews University gave a talk on
eclipsing binary stars, and Mr Robert Law of Paisley gave an outline of the latest developments in space, especially on the American and Soviet Shuttle
programmes. The following office-bearers were elected:

President: Robert Law (Renfrew & District A.S.) 
Secretary: Graham Young (Dundee A.S.) 37 Polepark Road, DD1 5QT. 

http://www.astronomyedinburgh.org/members/journals/20/fig07f.jpg
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Treasurer: Roger Stapleton (Dundee & St Andrews) 
Publicity: Dr Fiona Vincent (Dundee, Curator of the Mills Observatory)

Astronomy lectures
Iain Neil hopes to run a second course of elementary astronomy lectures at Calton Hill in the New Year. No publicity about this is anticipated, so it would be
best for those interested in attending to get in touch with him directly: 82 St Albans Road, Edinburgh EH9 2PG, ph. 031 667 6138.

About the ASE Journal
The Editor would like to thank, once again, the Director of the Royal Observatory, Edinburgh, for his generosity in allowing us to use the facilities at Blackford
Hill, and Duncan Waldron and Iain Neil for help with the production of the Journal.

Editor: Dr D. Gavine, 29 Coillesdene Crescent, Edinburgh EH15 2JJ. 657 2338

Best wishes for Christmas and New Year from the President and Council!

Brief flashes
(Gleaned from various sources by Iain Neil)

(Another) 'most distant' galaxy has been found. This one has a redshift of 3.8, placing it well within the realm of the quasars. Only a year ago the highest galaxy
redshift known was 1.8. The new find is about 15 billion (thousand million) light years away.

The Russian spacecraft Phobos 1 seems to be 'lost' for good. A wrong command switched off the attitude control thrusters and, despite strenuous attempts to
correct the problem it seems that Phobos 1 is now 'dead'. However, all is not lost: Phobos 2 is operating correctly.

The revolutionary mirror for the ESO New Technology Telescope (NTT) has arrived in Chile. This telescope will use computer controlled supports (75 of them)
to continuously adjust the mirror's figure during use. The mirror is much thinner, and thus lighter, than usual, considerably easing the mounting design.

The official dedication of the Australia Telescope (AT) on September 2nd gave the Southern Hemisphere its first world-class radio array. It is a system of 8 radio
telescopes, 6 of them forming the 'Compact Array' 6 km long, with the other two 100 km and 300 km to the south. The nearer of the latter is quite close to the
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site of the Anglo Australian Telescope at Coonabarabaran. In cooperation with other radio telescopes in Australia and Tasmania it will be possible to obtain a
resolution equal to a single instrument 3,000 km in diameter.

Thanks to the fortuitous alignment of the mutual orbits of Pluto and its satellite Charon with the Earth in recent years, a lot has been discovered about the nature
of Pluto. It seems that it may have a rocky core of about 860 km radius, surmounted by a 260 km layer of water ice covered by a thin (5 - 10 km) surface layer
of methane ice.

Another fate for the dinosaurs! A recent report suggests that a comet or asteroid hit the Earth 65 million years ago and triggered planet-wide forest fires, making
the Earth uninhabitable to anything too big to hide from them. Buried fossil fuels (coal and oil) released by the violence of the impact could have contributed to
the fires.

Detailed analysis of the data about Mercury returned by Mariner 10 in 1974-75 shows that it has a massive iron core - much larger in relation to the planet than
the Earth's, for example. In fact the core may occupy as much as 80 % of Mercury's diameter. How it acquired such a core is still a mystery, though theories
abound.

In 1936 Einstein predicted the existence of 'gravity rings': ring-shaped cosmic images due to a galaxy acting as a gravitational lens to focus the light from a more
distant galaxy. Now one has been found with the Very Large Array (VLA) radio telescope in New Mexico. The discovery promises to shed new light on many
problems of cosmology.

It has been suggested many times the universal gravitational constant G, enshrined in Newton's famous law about the force of gravity, the masses of the bodies
involved and the distance between them, may not, in fact, be constant but may have changed as the universe evolved. Recent studies of a binary pulsar, and
Viking lander data on the orbital period of Mars, show that any change cannot be more than about one part in 1011 per year. Since the age of the universe is
estimated at about 15,000 million years, any change in G must be small. (Newton's law is F = G M1 M2/d2.)

Pioneer 10, launched 16 years ago continues to transmit data. It is now 5 years since it passed the orbit of Pluto on its way out of the solar system and it clocks
up another million kilometers each day. Soon, it is expected to cross the boundary between the solar wind and interstellar space and scientists are anxious to see
what changes it encounters when it does. It is also involved in the search for gravitational waves, another of the predictions of General Relativity.

Meteors, Summer-Autumn 1988
by Colin Steele

The months July to November represent a sizeable chunk of the peak meteor season. To start off, we have the Perseids with at least eight other showers active at
the same time. When these die away the Piscids and α Aurigids see us through to the beginning of the Orionid shower. Taurids are seen about the same time as
the Orionids and they keep going until the Leonids are active. Also, the period represents the highest sporadic activity of the year.

This year, the following people have contributed to the BAA Meteor Section Northern Network's observing programme:
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Peter Wayne                                 Culbokie, Ross-shire 
Gavin Ramsay, Dave Gavine, Duncan Waldron   Edinburgh 
Alastair McBeath                            Morpeth, Northumberland 
Phil Bagnall                                Wallsend, Northumberland 
Alan Wiggins, Charles Sloane                Preston, Lancashire 
Simon Wenden, Colin Steele                  St Andrews, Fife. 

George Spalding, the BAA Section Director, has asked me to pass on his thanks for the various contributions.

July-August

This period is dominated by the Perseids but it should be remembered that there are other showers active, particularly in the southern part of the sky. New Moon
occurred on August 12, just after Perseid maximum, so that was free from the moonlight which hampered observations two weeks earlier. All the observers
(above) contributed during this period.

July saw many watches by Peter Wayne who had both cloud cover and twilight to contend with. Quite a number of southern shower meteors were reported then.
The first well-observed night in August was 6/7 when four observers were active. A Perseid ZHR of 31 ± 4 was recorded. This figure appeared to remain
constant and was 28 ± 5 on August 10/11. 11/12 was cloudy and very few observations were possible. The clouds remained until about 2200 on 12/13 but a late
clearance occurred, catching some observers by surprise. "Centuries" were recorded that night by D. Gavine, A. McBeath and C. Steele, with others also active.
A ZHR of 62 ± 3 was recorded. This figure had fallen to 29 ± 4 by 14/15 and 10 ± 2 on 18/19.

Average magnitudes were +1.61 for Perseids, +1.87 for δ Aquarids, +2.30 for α Cygnids and +2.35 for sporadics. Most lesser showers were brighter than
sporadics but the α Aurigids were an exception. Two meteors reached mag -5, a sporadic by P. Wayne and a Perseid by A. McBeath.

September-November

September is an active month for sporadics but there is no really major shower despite the presence of the Piscids and the α Aurigids. P. Wayne recorded
25 sporadics in 1½ hours and 28 sporadics in 2 hours.

October was a disappointment in many ways. It was known that the Orionids would be affected by moonlight and only one Orionid was observed. Hopefully
there is more data to come in.

During November Taurids and Leonids were observed, with Taurids being the more numerous early on. Ten Leonids were observed in 2½ hours between Nov
14 & 16 so the Leonids are not an all-or-nothing shower. Again, there may be more data to come in.

Future Prospects

The Geminids and Quadrantids are well placed with respect to the moon but not so for the Ursids. The Geminids can be seen from Dec 7 to 16 with a radiant
passing close to the star Castor. Maximum activity is expected around 13 Dec. The Quadrantids are visible during the first week of the New Year with a radiant
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in Bootes. Further details can be obtained from the BAA Handbook or from myself (c/o Dept. of Applied Mathematics, North Haugh, St Andrews, Fife,
KY16 9SS.) Good luck with your observing.


