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Notes to accompany PowerPoint slides

In early June 2004 we’ll see an astronomical phenomenon not seen before by any person now alive.  Venus is seen these spring evenings as a brilliant light against a dark sky.  In June we’ll see Venus during the day, a black spot against the brilliant screen of the Sun’s disk, visible for over 5 hours.  In recorded history, the event has only ever been witnessed on five occasions previously, the first time by only two people.  It is a rare event, which in itself is a bit odd since Venus is a planet that orbits between us and the Sun.  After a short pre-amble, I’m going to tell you what’s going on and why transits occur when they do.  Then, if you’d like to hear more, I’ll tell you about some of the history of previous observations of the phenomenon.

Public interest

The Transit of Venus, as the event is called, has played an important role in the history of astronomy, a much greater role than you might expect.  That role has now passed and as far as astronomers are concerned the forthcoming event is a re-enactment of a bit of history of our subject.  I might liken it to a car enthusiast admiring a fine quality Bugatti that turns up at the local rally.  Nothing wrong with that, but the Bugatti is no longer going to push the frontiers of car design.  The transit of Venus isn’t going to push the frontiers of astronomy like it once did.  

As the slide comments, the phenomenon was last seen in 1882 and was photographed from many sites around the world.  The transit will be visible without a telescope, so long as you look through those eclipse glasses you got for the 1999 solar eclipse, or something equivalent.  The fact is that no-one recorded seeing the phenomenon before the advent of the telescope, for the two-fold reason that it is very rare and you need very accurate planetary prediction tables to work out in advance that it will happen, tables more accurate than any in existence until the 17th century.

Astronomical interest

Why has the phenomenon played a significant part in the history of Astronomy?  For three reasons.

I’ll skate over them very quickly just now and come back to them later.  The transit of Venus can be used to

· Refine the elements of Venus’ orbit using observed timing.  The elements are the parameters that describe the orbit.

· 17th century result

· Determine the absolute scale of the solar system

· 18th century result

· Find an accurate value for 1 AU (the astronomical unit of distance)

· 19th century interest

· 1 AU is the metre-stick for the Universe.  The distances to all nearby stars are measured by a celestial surveying technique, using as a baseline the average distance between the Earth and the Sun, a distance known as one Astronomical Unit (AU for short).  The difference in the angle of view from either end of the baseline is exceedingly small.  No-one succeeded in measuring any angle at all until Bessel in 1838 found that even for a nearby star this angle was less than 1 arc second.  For comparison, one arc second is about the angle across the diameter of a golf ball seen at a distance of 8.25 km.  Recent technology enables this angle to be measured to one thousands of a second of arc.

If you’re going to survey the universe using the AU as your basic length measure, then this length needs to be known accurately.  No-one would want to survey the Grampians in metres given only a set of metre sticks that differed in length by several centimetres.  That was essentially the state of affairs inherited by 19th century astronomers.  The question of how big the astronomical unit is was one that the 19th century the Astronomer Royal, George Biddell Airy, called “the noblest problem in astronomy”.  In one way, I’m jumping ahead of the beginning of the story.

The solar system and Kepler’s laws

In the early 1600s, Johannes Kepler sweepingly despatched the old ideas of what planetary orbits looked like and introduced his 3 laws of planetary motion that seemed to summarise a complex situation.  The planets orbit in ellipses, said Kepler, and there is a simple relationship between the average distance ‘a’ of a planet from the Sun and the length of its year (the time it takes to orbit the Sun once).  There isn’t much science from 400 years ago that we still teach but Kepler’s laws are still a pretty good description of all orbital motion under gravity, whether it’s planets, asteroids or comets going round the Sun or binary stars orbiting each other.  However, Kepler’s laws don’t tell us how big the solar system is, only the relative size of all the planetary orbits.  The constant of proportionality in Kepler’s law was shown by Newton to depend on the strength of gravity, the fundamental physical constant known as G.  However, Newton didn’t know its value and even today G is perhaps the least well known fundamental physical constants.

The table shows the orbital sizes of the first five planets in terms of the average distance between the Earth and the Sun, the astronomical unit.  The table shows that if we can find the distance to any one planet in kilometers, we can find the size of the astronomical unit.

Parallax of a planet
Distances between planets are enormous by terrestrial standards and the unit that we use to measure distances is the metre, a distance that you can easily encompass between outstretched arms.  How do you measure a distance of a hundred thousand million metres, which doesn’t even get you to the Sun?  You can’t put 1000 million metre sticks end-to-end.  The key distance measuring technique in astronomy is the method of parallax.  Parallax is the change in angle of view when you change your observing position by a known amount.  If I note the direction of an object at the back of the room in front of me, then move aside by 2 metres and note the change in angle of view, it is easy to work out how far away the object is.  If the change in angle of view is 10(, then the object is about 11 m away and I didn’t need 11 metre sticks to find out.  For a planet, we need to find the change in the angle of view of an agreed feature like the centre of its disk from two points a known distance apart on the Earth.  Then using the geometry of a thin triangle we get the distance in metres, or km.  If we can find the distance to any one planet, we can scale the whole solar system and in particular find the size of the astronomical unit.

Method was tried for Mars

The closest Mars gets to Earth is about 0.4 AU.  The parallax angle from a baseline equal to the Earth’s radius is barely 20( arc at best.  The method is difficult but it can be done.  You have to observe the position of Mars accurately against the background of the fixed stars.  The method calls for two observers in different parts of the world but you can get a baseline by using the rotation of the Earth from evening to pre-dawn if Mars is in the right part of the sky and you’re good at all the 3D geometry needed to work out what’s known and what’s not.

Enter Venus

Venus orbit brings it to within 0.28 AU on average from the Earth, and sometimes a bit closer.  When Venus is closest to the Earth, then it’s in line with the Sun, which of course means you can’t measure its angle relative to the background of stars behind it.  When Venus is most clearly visible against the stars, it is about two-and-a-half times further away and has lost all its advantage.  So Venus should be even better for finding the scale of the solar system, if we can measure its parallax when it is in the direction of the Sun.

The master plan

This is the plan.  We’ll use the Sun as a background screen.  Watch Venus crossing in front of the Sun from different places on Earth.  If we’re nearer the North Pole, then the track of Venus will be lower on the Sun’s face.  If we’re further South, the track will be higher up.  Distances on the Earth are taken to be calculable from the differences in latitude and longitude of the two observing sites and the known radius of the Earth.  By measuring the angular distance between the two tracks, we can find the parallax of Venus, hence its distance from the Earth and hence the value of the astronomical unit and the distance to the Sun.

The refinement

Refinements use the fact that our screen has a curved edge and is in effect calibrated in terms of angle.  If we time the transit across the chord, i.e. determine the time between Venus first ingressing the disk to its egress at the other side of the Sun, then we should be able to measure this time to within seconds.  This will be more accurate than trying to measure angles directly, for time is something we know how to measure very precisely.

Alignments of Earth, Venus and the Sun

So how often are the Earth, Venus and the Sun aligned?  I’ve put the periods of the two planets on the slide.  The answer to this question has hidden significance.  Looking down on the planets, you would see them going around like the two hands of a clock.  You might think that there would be no relationship between the two hands but there is.  In terms of angles, Venus is going round 1.625 times quicker than the Earth.  I believe that vulgar fractions aren’t taught in schools any more.  1.625 probably doesn’t mean anything special to youngsters.  However, if you were brought up on rulers that divided inches into eighths, you’ll recognise 1.625 as 13/8 and it’s immediately obvious that 13 revolutions of the Venus correspond to 8 revolutions of the Earth.  It’s not hard to show that if this is the case then Venus and the Earth will align every 1.6 years (which is exactly 8/5 years).  In reality, the time between successive alignments is 1.5987 years and this difference from 1.6 has important consequences in our story.  

Going back to the alignment time of 8/5 years, this implies that if the Earth, Venus and the Sun are aligned along one direction, then there are only 4 other directions in space in which this alignment occurs before the pattern repeats again.  Or at least there would be if the fraction were exactly 1.6.  The directions are labelled (, (, (, ( and ( in the diagram.  So the problem is almost solved then.  We can measure the parallax of Venus every 584 days, can’t we?  Unfortunately, it’s not that simple.

The problem

The problem is that the orbit of Venus is inclined relative to the Earth’s orbit.  The view of Venus from the Earth when it seems to be in line with the Sun will take you above or below the Sun and we won’t see the Sun as a backdrop.  In fact you’ll be dazzled by the glare of the Sun and won’t see Venus at all.  To see the Venus against the disk of the Sun, Venus has to be in the same plane as the Earth and Sun, i.e. in the plane of the Earth’s orbit.  Now there are only two points in the orbit of Venus that are in the plane of the Earth’s orbit.  These points are called the nodes of Venus’s orbit.  They happen to be aligned at the moment not far from the major axis of the ellipse of the Earth’s orbit, but that’s not especially significant.  The descending node, N in the diagram, is when Venus is going below the plane of the Earth’s orbit.  The ascending node, N(, is when it is coming up from below.  Is there any chance at all that we’ll see Venus in front of the Sun?  There has to be, otherwise I wouldn’t be talking today.  Let’s look at the optics of the situation.

The optics

If Venus is to be seen directly in front of the Sun, then the Earth must be in the central shadow region behind Venus.  That shadow region forms a cone in space behind Venus.  If you are in this central shadow cone, then you will see less light coming from the Sun because Venus will obscure some of the Sun.  At the distance of the Earth from Venus, this loss of light is in fact very small but the shadow cone identifies the points behind Venus from where you will see Venus completely in front of the Sun.  A transit will only be seen from Earth when some of the central shadow cone lies in the plane of the Earth’s orbit.  In the sketch, the Earth is in the top part of the shadow cone and the line of sight from Earth to Venus will intersect the bottom of the Sun’s disk and hence Venus is seen on the lower part of the Sun’s disk.  We’ll find that the easy way to see what’s going on is to find out first where the Earth is in the shadow cone and then draw a line back through Venus to find where it is seen on the Sun’s disk.

The transit season

The shadow cone is about half a million km across and travels at almost 50 km s-1, of course following parallel to the track of Venus’s orbit inclined at 3.39( to the Earth’s orbit.  It takes about two days for the shadow cone to pass through the plane of the Earth’s orbit, that’s one day on either side of Venus being exactly at a node.  The Earth, though, takes about 3.5 days to pass through this length of its orbit and hence the transit season is about 3.5 days.  The sketch shows the shadow cone passing the descending node N.  [Because of the eccentricity of the Earth’s orbit, the transit season at the ascending node is now a bit shorter than at the descending node, but that is a refinement].  

If we’re going to see a transit, the Earth must be in the region of the line of nodes as the shadow cone sweeps past.  The sketch shows the Earth (the blue dot in the diagram) roughly where it will be in 2004.  With the Earth nearer the top left of the shadow cone, you should be able to see why Venus will appear on the Sun’s disk nearer the lower right, as shown.  I’ll talk about the transit track shortly.

The alignments

The Earth-Venus-Sun alignment doesn’t exactly repeat every 8 years but occurs 2.4 days earlier after 8 years.  Since the transit season is 3.5 days long, given that the alignment will occur after the Earth passes the descending node in 2004, then there will be another alignment within the transit season in 2012, when both the Earth and the shadow cone have not yet quite reached the node.  The transit of Venus will then be seen on the top part of the Sun’s disk, as shown.  Because the interval between transits involves 0.4 of a day, the phenomenon won’t be visible from exactly the same places in the world.  For us, it will start during our night instead of just after dawn and we will only see the very end of it in 2012.  2004 is therefore our big chance.  

I suspect you now see why there won’t be another transit 8 years beyond 2012, or in another, and another and another 8 years on.  There are 150 intervals of 2.4º in 360º and you might think that the transit pattern will repeat in 150(8 = 1200 years.  It’s not quite that bad.  What does happen then?

Then What?

As we’ve seen, when the Earth passes through the line of nodes eight years on from 2004, Venus isn’t there.  It got there just under a day too soon.  Successive repetitions of the 8-year alignments will occur earlier and earlier before the Earth reaches the node, or to put it another way, by the time the Earth gets to the node, Venus will already have passed it on the inside track.  The alignment ‘spokes’ gradually move around clockwise, looking down on top of the solar system.  However, as the 8-year repetition of our alignment moves away from the node, another alignment spoke (labelled ( in the sketch) slowly approaches the node.  This is shown in more detail in the next slide.

243 years between repeat pairs

The figure shows what happens to the alignment spoke that first occurs 3.2 years after our 2004 alignment.  It is a long way away from the line of nodes at first and doesn’t produce a transit but it gradually moves around in space towards the line of nodes.  Labelling our 2004 alignment as ‘1’, then alignment 153 occurs close enough to the line of nodes to produce a repeat of the pair of alignments.  As it happens, the nodes themselves move a little during this long time, clockwise as well by an amount that helps to give a pattern of transits that repeats every 243 years, within a few hours (Venus having completed 395 orbits).  

However, we’ve actually skipped some of the action.  About half-way to the repeat sequence the Earth arrives near the other node, the ascending node, just as Venus gets there too.  The first alignment after our 2004 alignment, labelled (, rotates around until it passes the transit region associated with the ascending node N'.  This happens at alignment 72 in our numbering system, with 1 being the 2004 transit.

The ascending node transits

The transit region around the ascending node is reached by the Earth-Venus-Sun alignment 113.5 years after the first transit, by which time Venus has of course also taken almost exactly an odd number of half years (within 0.7 days).  You therefore expect ascending node transits to occur in December, half a year on from June, and you would be right.  As before, the match isn’t perfect but good enough to give a visible transit across the face of the Sun.  The sketch shows why we would expect a pair of ascending node transits 8 years apart, but this time the transit across the upper face of the Sun will occur first.  This is going to happen in the year 2117 and the accompanying sequel 8 years later in 2125.  It’s odd to predict with near certainty what our descendants will see in over a century’s time when we can’t predict in detail what we’ll be doing in a few months time or what the weather will be like in a few week’s time.

A series of transits every 243 years

Fred Espenak has a nice illustration on the NASA web-site, showing successive transits at the ascending node every 243 years.  It’s a bit like the Saros for solar eclipses.  The series covers about 4500 years before it peters out due to the accumulation of hours in which Venus is out-of-step with the Earth in reaching the ascending node.  Unfortunately he hasn’t got a similar diagram for the descending node series that we’re about to experience.

Return to 2004 transit

The Mercator projection of the Earth shows where the 2004 transit will be visible.  We are well placed to be in the zone where the whole transit will be visible.  That it occurs in June is helpful, for the Sun is above the horizon for a substantial part of any 24-hour period.  Notice that the map also shows the average cloudiness around the globe.  We’re within the 60% cloudiness contour.  The sequel transit is badly timed for us, occurring mainly in our night.

The expected sight

This animated gif shows what to expect, clouds allowing.  The stars won’t be seen because it’s daylight.  The blue line is the ecliptic, the line along which the Sun appears to travel in the sky.  Why is Venus’s track significantly inclined to this at more than 3.39(?

Venus’s track across the Sun

The angle of the track to the ecliptic is not 3.39( but 8.7(.  Where does the 8.7( come from?  The easiest way to see what is going on is to look at the motion of the shadow cone and Earth.  The track of Venus across the Sun is represented by the track of the Earth across the shadow cone.  The slide shows the speed of the shadow cone both parallel to the Earth’s orbit and, because of the inclination of Venus’s orbit, there is a component of the motion perpendicular to the Earth’s orbit.  The blue dots show where the earth enters, traverses and leaves the shadow cone.  The velocity of the Earth across the shadow cone is the relative velocity between the two motions.  The diagram at the bottom shows this relative velocity and the result is a motion inclined at 8.7( to the Earth’s orbit, which is 8.7( to the ecliptic.

Knowing the relative speed of the Earth to the shadow cone and the size of the shadow cone, you can work out how long it will take the transit to progress if you know its track.  To cover a distance equivalent to the diameter of the shadow cone will take about seven and a half hours.  The 2004 transit takes about three-quarters of this time.  These times are the times when Venus is completely inside the Sun’s disk, for my shadow cone just reflects this time.  There is a bigger penumbral shadow cone that covers the times Venus is partly within the disk of the Sun.

Parallax effects

How big are the parallax effects that enable the transit to be used to scale the solar system?  The diagram shows the shadow cone and Earth drawn to scale.  The diagram doesn’t show how large Venus appears against the Sun, only the different positions of Venus on the Sun’s disk.

You can see by looking at the Earth as it enters the shadow cone on the left-hand side that the timing of onset of the transit is going to have both an East/West and North/South component. Moreover, any point on the Earth is spinning around with a speed that has components against the right to left and the up and down motion of the shadow cone.  Hence the track of the transit will have a small latitudinal variation that will affect the total time of transit.  To get parallax figures from transit timing, all this has to be calculated.  You can get a rough idea how big the effects are because the diagram is drawn more or less to scale.

The June event

This final slide before my historical ones shows some detail of what to expect on 8th June here in Aberdeen.  Venus will first appear on the left edge of the Sun before 6:30 in the morning but will not be completely within the Sun until about 6:40.  It will take just under five-and-a-half hours to edge across.  Venus should appear about the size of a large sunspot, but pretty perfectly round and uniformly dark.  Venus will appear just over 3% of the diameter of the Sun so should be visible without a telescope if you look through a suitable solar filter.  If you project the image of the Sun onto a screen through a pinhole, remember that the image will be upside down and back-to front, so look in the right place!  If you look at it through an astronomical telescope with a solar filter, the Sun’s disk will be upside down. 

Observing the transit

The 3 relatively simple ways of observing the transit are shown on the slide.

The solar glasses I’ve mentioned.  A good way is to take a simple telescope or pair of binoculars and focus the image on a screen some metre or so away.  The extra card is to give some darkness to your screen which is otherwise in full sunlight.  Finally, you can photograph the phenomenon, again through a solar filter.

Jeremiah Horrocks

The transit was first observed in November 1639 having been predicted by a 20 year old astronomical enthusiast, Jeremiah Horrocks, a few months before.  Planetary prediction was the subject of the era, a subject that was to separate the old astrology from the new astronomy.  Since Copernicus’s publication in 1543, Tycho Brahe had vastly improved the observational database of planetary locations in the sky and explored hybrid heliocentric and geocentric models.  In the first quarter of the 17th century, Kepler had produced new planetary prediction tables based on his new planetary laws of motion.  Horrocks became one of the first enthusiasts for Kepler’s laws in England and noted that Kepler had predicted a transit of Venus in 1631 that no-one had seen, partly because Kepler had died the year previously.  Kepler hadn’t predicted the 1639 transit but Horrocks realised that using Kepler’s laws and the data he had available that it would likely occur.  He urged his friend William Crabtree to look out for the event and as it transpired these were the only two people in the world who recorded details of the 1639 transit.  Remember that this was in the same decade that the Inquisition of the Church of Rome condemned Galileo for even believing in the heliocentric view of the Universe.

Horrocks was a clergyman and private tutor living in the countryside not far north of Liverpool and as a result of his observations and considerable astronomical knowledge was set fair to make an impact in astronomy.  He refined the parameters of Venus’s orbit needed to make Kepler’s tables agree with the observations, notably changing the size of the orbit to a value extremely close to the modern value.  He didn’t measure the parallax of Venus (you need widely spaced observers to do this and it hadn’t occurred to him) but he deduced the scale of the solar system by an erroneous argument, finding the size of the astronomical unit and obtained a value much closer to the modern value than anyone else before him.  Tragically he died little more than a year after his transit observations and in fact it was several decades before Horrock’s work was recognised.   There is now a memorial tablet to him among the great and the good in Westminster Abbey.

We tend to think that the parameters of planetary orbits are now known to almost indefinite precision.  I have a copy of a brief paper of 1871 printed in the Transactions of the Royal Society whose sole purpose was to give the details of the 2004 transit.  The timings are all there for the event to occur in the mid evening of the 7th of June 2004, about 12 hours before we now know it will take place.  So even towards the end of the 19th century, planetary orbital data wasn’t ‘spot on’.

James Gregory (1638 – 1675)

James Gregory was a brilliant NE mathematician and astronomer who held chairs of Mathematics first in St Andrews and then in Edinburgh.  He invented the reflecting telescope that was first described in his book ‘Optica Promota’, in which he also said how the parallax of Venus could be found by observations of a transit of Venus.  The slide shows the only painting of Gregory, which is in the University of Aberdeen, and the title page of Optica Promota from King’s College library.  You’ll see that Gregory was only 1 year old when Horrocks observed the transit and the 121.5 years before the next one in 1761 ensured that Gregory wouldn’t be alive to see it.

Edmond Halley (1656 – 1742)

Gregory pointed out the usefulness of transits for finding the astronomical unit but it was Halley who became enthusiastic about it after observing the transit of Mercury from St Helena, where he had been sent to take a survey of the Southern heavens by the Royal Society of London.  His survey was somewhat clouded out but his very good view of the transit of Mercury convinced him that the transit of Venus that was still 83 years into the future would be an excellent way of determining the astronomical unit.  He devised the details of a method of using the timings between ingress and egress of the planet to find the AU and his publication of this in 1716 was very influential in creating enthusiasm for it half a century later.  Based on his experience of the transit of Mercury, he predicted that an accuracy in determining the astronomical unit of some one part in 500 should be obtainable if well-chosen measurements of the transit were made.  This certainly spurred on his successors, who would all be sadly disappointed that they couldn’t achieve this promise.

The 6th June 1761 transit

Such was the interest in the 1761 transit, and the hope that observations would nail the AU to much better than 1%, that expeditions were sent out to the 4 corners of the globe, if you’ll forgive the mixed metaphor.  Nevil Maskelyne, who was to become Astronomer Royal for about half a century, went back to St Helena with a complete set of observing equipment, not apparently having learned Halley’s lesson that it was a very cloudy place.  He missed the transit.  One of the best set of data was that obtained by Mason & Dixon from near Cape Town.  They had been dispatched by the Royal Society to Sumatra but after their ship was attacked by the French and they were lucky to escape with their lives, the re-started venture only got as far as South Africa, then in Dutch hands.  I’ve looked hard for portraits of Mason & Dixon, the same pair who made the historic survey a few years later in North America, and not found any.  The image of a ceiling in the Paris observatory is a good reminder that the transit of Venus reached the public consciousness, motivating artists too.

3rd June 1769

The 1769 transit secured even more attention and we still have in a display case the small telescope by James Short that Marischal College bought second hand to observe the transit at Aberdeen and contribute to the pool of international results.  In the event, clouds came over an hour before the time and much to the frustration of local observers, nothing was seen.

James Cook’s great voyage of exploration in the Endeavour from 1768 to 1771 was largely motivated by the desire of the Royal Society of London, his sponsor, to observe the 1769 transit of Venus.  His discoveries (for England) and mapping of enormous coastal lengths of Australia and New Zealand was a remarkable spin-off – perhaps the most remarkable spin-off ever from any astronomical project.   Captain Cook and his crew camped for months in Tahiti at what is now called Venus Bay.  With his astronomer Charles Green, Cook made good observations.  It was this same trans-world tour that established Cook’s reputation as an explorer and geographer.  Cook’s and Green’s results highlighted a serious problem with timing the transits that is known as the ‘black drop effect’.  At ingress, the dark image of Venus appears to get stuck on the edge of the disk of the Sun and then suddenly separate, instead of smoothly crossing the disk.  It is a real effect, mainly due to the Earth’s atmosphere on the image but not helped by the combined influence of the atmospheres of Venus and the Sun.  A similar effect happens at egress, hindering the exact transit timings to the extent that it can make a difference of 15 seconds between different observers at the same site.  

There is a nice story from the 1761 transit that when all the international results were being collected, this effect was conspicuous at all observatories with multiple observers except Greenwich, where the results agreed to within a second.  Upon investigation whether the English astronomers had overcome the problem it turned out that 3 timers had been present, with Charles Green as the senior astronomer.  When he had said ‘now’, the others all stopped their watches too, in deference to his seniority - a case of science failing to break free from social constraints.

David Gill

David Gill was an Aberdonian born and bred, the 3rd generation in the Gill clockmaking and retailing dynasty with a well-known premises in Union Street.  He attended James Clerk Maxwell’s lectures at Marischal College and during his career in astronomy rose to become one of the world’s leading observational astronomers in the 19th century.  His astronomical career really began when he met the eccentric but hugely talent Lord Lyndsay.

Lord Lyndsay

Lyndsay financed one of the best observatories in the world, set up under Gill’s supervision in his estate at Dunecht.  Lyndsay and Gill wanted to observe the 1774 transit of Venus.  They had all the equipment a man could want at Dunecht but this was a special event and deserved the maximum chance of success.  Gill was commissioned to mastermind a trip to Mauritius, which he did with great success.  That trip is a story in itself but the outcome was to convince Gill that the Transit of Venus could never produce as good results as parallax methods applied to selected asteroids.

Gill at the Cape

Gill himself pursued his vision a bit later in his career when he became Her Majesty’s Astronomer at the Cape of Good Hope and at the end of the century his value for the solar parallax was internationally accepted as the standard value.  It was derived from asteroid observations and a lot of calculation.  The Transit of Venus was dead as a key phenomenon in astronomy.

Results

The nineteenth century transits heralded the use of photography to record the event but the results showed that photography did not add any accuracy.  I remember watching the transit of Mercury in May 2003 and the shimmer of the black dot of Mercury over the surface of the Sun was conspicuous.  Photography captures the instantaneous shimmer, whereas your eye averages it out quite effectively and lets you concentrate on the slow motion of the black dot.  

The slide shows the range of reputable results for the solar parallax and hence the solar distance obtained over the centuries.  The 1769 results narrowed the range from the 1761 results.  A re-analysis of the 18th century data by Encke in 1825 produced what was then thought to be the definitive answer but the accumulation of evidence from completely different methods of deducing the astronomical unit eventually correctly discredited Encke’s result.  The 19th century transit results didn’t produce a significantly more certain answer than before.  However, by this time the leading observational astronomers had worked out how to get better results from observing the parallax of Mars and indeed the parallax of a few asteroids.  By the end of the 19th century, the solar parallax was known to the kind of precision that Halley had hoped for almost three centuries earlier and which observations of Venus hadn’t delivered.  

Modern technology has bought in a completely new technique, timing radar reflections to Venus and Mercury to an accuracy of better than one part in a hundred million.  The AU is now known to better than 1 km in 150 million km.  No direct parallax methods are going to come near to this precision.  Such accuracy requires a very careful definition of the AU and such matters are handled by the IAU, the International Astronomical Union. 

References

I’ve listed 2 books that cover similar material, including the historical context, the science and the many stories associated with transit expeditions of the past.  Maor’s book I haven’t read, only seen reviewed.

Also included are three of many web-sites devoted to the transit, all three with extensive further links.

Finally, the Southern European Observatory is coordinating an international programme called VT-2004 in which amateurs and professionals can pool their results and experiences of the transit.  There are other international programmes too, some designed especially for schools.

Photographic animation of the 1882 transit

The well-known magazine Sky & Telescope have animated a set of glass-plate slides of the 1882 transit.  This is the nearest we can get to experiencing the transit until the real one appears in June 2004.

JSR
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