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Abstract: Edmond Halley (1716) recommended that the transit of Venus across the Sun’s disk in 1761
be observed in order to measure the distance of an AU (astronomical unit), and assuming the solar
parallax to be 12.5 arcsec (its correct value is now known to be 8.794 arcsec) he estimated the difference
in the duration of the transit on 1761 June 6 between the East Indies and Hudson Bay would be 17
minutes. He correctly calculated the effect of the diurnal motion of the observation stations due to the
earth’s rotation but he missed the effect of the parallax due to the differences in the north-south direction
of the observation stations, and therefore the transit in 1761 was not in fact a favorable event to
determine the distance of an AU as Halley considered. On the other hand the transit of Venus occurring
this year on 2012 June 6 is favorable to determine the distance of an AU. Although the distance of an
AU is known precisely as 149,597,870.700 km, it has still educational value to know how past
astronomers tried to obtain the distance of an AU from observations of transits of Venus.
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1 INTRODUCTION

Transits of Venus across the Sun’s disk are rare events. A transit of Venus will occur on 2012 June 6.
The last transit of Venus occurred 8 years ago on 2004 June 8, but the next one will not occur for more
than 100 years until the year 2117. In fact the transits occur in cycles of 121.5, 8, 105.5, and 8 years
from the 15" century to the 30 century. Fig. 1 shows the paths of Venus across the Sun’s disk for the
transits occurring between 1761 and 2255. We consider the reason of the rarity of the Venus’ transits
here.

In order for a transit of Venus to N
occur, the Sun, Venus and the Earth
have to be lined up in this order. Since
Venus' orbit tilts by about 3°.4 with
respect to the Earth’s orbit, transits of
Venus occur only at the inferior
conjunctions of Venus which happen to
be near the days when the Earth passes
the ascending or descending node of
Venus’ orbit. Because the Sun’s
apparent diameter is about 32', the
heliocentric longitude of Venus at the
inferior conjunction should be within
about 3°.5 in total around the longitude
of the ascending or descending node in
order for a transit to occur. The dates of
the Earth passing the ascending and 1761 June 6
descending nodes are around Dec. 9 oh s dune 8
and June 7, respectively, and therefore b
the transits occur only when an inferior . .
conjunction of Venus happens to be Fig. 1. Transits of Venus from 1761 to 2255
within about 3.5 days in total around Dates and times are in Japan Standard Time.
these dates.
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Since the sidereal revolution periods of Venus and the Ascending node
Earth around the Sun are 224.7008 days and 365.2564 of Venus” orbit
days, respectively, the synodic period (the period from
one inferior conjunction to the next) of Venus is 583.9213
days. In Fig. 2 the orbit of the Earth is divided into 5 equal
parts by the points A, C, E, B, and D where A is in the
direction of the descending node of Venus’ orbit. The
angle by which the Earth revolves around the Sun during
the synodic period of Venus is 583.9213d X
360°/365.2564d = 575°.52 = 360°+180°+ 35°52. On
2004 July 8 the inferior conjunction of Venus occurred D
when the Earth was near the point A, and therefore the
transit of Venus was seen on that day. The successive

inferior conjunctions occurred near the points of B, C, D, Venus’ orbit ~—Earth’s orhit
and E in this order, and the next inferior conjunction A

(which is the event on 2012 July 6) occurs after the Descending node

inferior conjunction of 2004 by 583.9213d X5 = 2919.6d. of Venus’ orbit

Since this interval is only 2.4d shorter than the length of 8 . )
years (365.25d X8 = 2922.0d), the inferior conjunction of 18- 2. Orbits of the Earth and Venus
2012 occurs near the point A but just before the Earth’s As seen from the direction of the north pole of the
reaching the point A. The dates of these inferior Earth’s orbit. The solid line of Venus’ orhit is above
Conjunctions are 2004 June 8 and 2012 June 6 and the Earth’s orbit while the broken line is below the
therefore these dates fulfill the condition of seeing the Earth’s orbit.
transits (within 3.5 days in total around the date of the
Earth’s passing Venus’ descending node). Hence the transit of Venus occurs both on 2004 June 8 and
on 2012 June 6. In 2020 the inferior conjunction of Venus will occur again near the point A, but its date is
2.4d further earlier than in 2012, and so the date will no longer fulfill the condition of seeing the transits.
The Earth’s positions at the dates when Venus’ inferior conjunctions of every 8 year occur move
backwards. The next transit of Venus will occur when the inferior conjunctions occurring near the point B
move backwards and reach the point near the direction of the ascending node of Venus’ orbit and its
date will be 2117 Dec 11, which is 105.5 years later from this year.

Note that the revolution period of the Earth with respect to the ascending or descending node of
Venus’ orbit is 365.2513 days, which is slightly different from the sidereal revolution period (365.2564
days) of the Earth around the Sun due to the movement of Venus’ orbit.

2 HALLEY’S RECOMMENDATION

Edmond Halley was an English astronomer who was born in 1656 and died in 1742. He recommended
in his paper written in 1716 that the transit of Venus across the Sun’s disk in 1761 be observed in order
to measure the distance of an AU (astronomical unit). His paper was written in Latin, but its English
translation was published by J. Ferguson (1761). Another English translation was published by Hutton et
al. (1809) and is given on an NASA Eclipse Web Site or other Websites. Roode (2005) summarizes
Halley’s idea.

In Halley’s time relative distances between planets and the Sun were known from Kepler’s third law,
but their actual distances in kilometers were not known. The next transit of Venus was on 1761 June 6
and although Halley knew that he would be dead before the date of the transit, he recommended that it
should be observed in order to know the distance to the Sun. Assuming the solar parallax to be 12".5 (its
correct value is now known to be 8".794) Halley found that for the transit of Venus in 1761 the greatest
difference to be expected was between locations in the East Indies, where Venus’ stay was shortened by
eleven minutes, and Hudson’s Bay, where it was lengthened by six minutes, and therefore the difference
in the duration between the East Indies and Hudson’s Bay would be 17 minutes. The difference was
produced due to the fact that the two locations moved in the opposite directions by the diurnal motion
originated from the Earth’s rotation, as shown in Figs. 3, 4, and 5. In fact as seen from Hudson’s Bay
Venus would enter the sun's disk a little before the setting of Venus and the Sun, and would go off a little
after the rising of Venus and the Sun (i.e. in Hudson’s Bay most of the transit would occur below the
horizon).

He correctly calculated the effect of the diurnal motion of the two locations due to the Earth’s rotation
but he missed the effect of the parallax due to the differences in the north-south direction of the
observation stations, as is explained below.
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At the event in 1761 Venus passes over the southern part of the Sun (see Fig. 1), and therefore at
the northern stations on the Earth, like Hudson’s Bay, the apparent path of Venus over the Sun’s disk lies
south in comparison with that at the geocenter, and it makes the duration shorter, which cancels the
longer duration due to the rotation. As a result, as shown in Table 1, which gives the predictions for the
East Indies and Hudson’s Bay calculated with the current theory, the difference in the durations of the
two locations is only 53 sec, which is not to be compared with 17 minutes predicted by Halley.

As shown above, the 1761 transit of Venus was not as favorable as Halley considered to determine

the distance of an AU.

3 TRANSIT OF VENUS IN 2012

At the transit of Venus in 2012 Venus passes over the northern part of the Sun (see Fig. 1). Therefore as
opposed to the event in 1761 the event in 2012 is favorable to determine the distance of an AU. In fact



the effects of the Earth’s rotation and the parallax strengthen the difference in the durations for e.g. the
Solomon islands and Iceland (see Fig. 6). In fact as shown in Table 2 the difference in the durations
becomes almost 21 minutes. Even within Japan, the difference in the durations can be about 2 minutes
as shown in Table 3.

As is discussed above, the transit in 2012 is favorable for determining the distance of an AU. Since
the distance of an AU is known precisely as 149,597,870.700 km (Luzum et al. 2011) from radar
observations to planets, transits of Venus has no scientific value now, but they still have educational
value about how past researchers tried to determine the distance of an AU from transits of Venus, and
the transit of Venus in 2012 is good for such educations.

Table 1. Predictions for the transit

Table 2. Predictions for the transit

in 1761 by the current theories in 2012

1761 Geocenter East Indies Hudson Bay 2012 Geocenter  Solomon Iceland

Jun 6 (UT) 100°E, 0°N  80°W, 59°N Jun 5-6 (UT) 160°E, 0°N  20°W, 59°N
1t 02:01:55 02:05:58 02:01:46 1st 22:09:41 22:14:09 22:03:28
2nd 02:20:01 02:23:39 02:20:25 2nd 22:27:29 22:31:51 22:21:03
Sunset 02:24:29 Sunset 22:24:50
Sunrise 08:11:29 Sunrise 04:12:13
3rd 08:18:26 08:16:58 08:14:37 3rd 04:31:43 04:26:23 04:36:28
4th 08:36:32 08:34:34 08:33:19 4th 04:49:31 04:44:05 04:54:03
Dur.(2-3)05:58:25 05:53:19 05:54:12 Dur.(2->3)06:04:14 05:54:32 06:15:25

Table 3. Duration differences inside Japan
for the transit on 2012 June 6
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