The Great Conjunction
Ed Staples and Paul Turner
𝐵
𝑃

𝐴
𝑟!
𝑟!

𝑂

An amazing formula
Two planets A and B revolve uniformly along circles of radius 𝑟! and 𝑟! in the same
plane and around a common centre O completing full revolutions in time 𝑡! and 𝑡! Earth
days as indicated in the above diagram.
The rates of revolution of the two objects, measured in degrees of turn per day, are
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𝑣! = ! and 𝑣! = ! . If the rates of turn are different for the two planets, then at some
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point the centre 𝑂 and the planets will be in line momentarily, say at 𝑂𝑃 as indicated in
the diagram.
After 𝑥 days have elapsed the planets 𝐴 and 𝐵 will have revolved
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degrees of turn respectively. However, because the rates of turn are different, the planets
will line up periodically, and the times 𝑇! for 𝑛 ∈ 𝑍 ! measured in days at which these
events happen can be found by solving for 𝑥 the congruence
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That is, there is a number of days 𝑥 such that the planets align when the angles ! 𝑥
and
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𝑥 leave the same remainder on division by 360. This happens for the first time

𝑇! after their initial line up when the planet with the faster rate of turn, say 𝑣! =
overtakes the slower planet, orbiting at 𝑣! =
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substitute for 𝑣! and 𝑣! and solve for 𝑥.
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. At this moment 𝑣! 𝑥 − 360 = 𝑣! 𝑥. We

The solution is 𝑥 = ! !!!! . In words, this is the product of the revolution times divided
their difference.
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The Transit of Venus
To demonstrate this Venus and Earth take 224.7 and 365.25 days respectively to revolve
around the Sun. These planets are not quite in the same plane and their orbits are not
!"!.!"×!!".!
quite circular however this formula indicates a line up every !"#.!"!!!".! = 583.93 days
and this agrees with the accepted figure of 584 days. Astronomers generally refer to
these line ups of planets as conjunctions and the period of time between conjunctions is
known as the synodic period of the faster planet (in this case Venus). Because Venus is
an inferior planet (revolving inside the orbit of Earth) earthlings see the phenomenon as
an object passing in front of the Sun in what is known as a Transit.

The Great Conjunction of Jupiter and Saturn
Two planets, the gas giants Jupiter and Saturn, whirl around our Sun in near circles at
radial distances of 5.2 AU and 9.6 AU and revolution times of 11.862 years and 29.457
years respectively.
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Jupiter’s synodic period is determined as 𝑇! = !".!"#!!!.!"# = 19.86 years. The
approximation of 20 years did not go unnoticed and, in 1596 in his book Cosmographic
Mystery, the astronomer Johannes Kepler searched for an earthly significance in the
celestial harmony of these two great planets.
From an earth bound perspective, in an orbit far closer to the Sun, both planets are seen to
rise and fall out of and into the east and west horizons travelling each day along a narrow
band in the sky known as the zodiac. Their relative positions are in constant change
according to their individual revolution rates.
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As the conjunction approaches, every 20 years or so, an observer looking up at the
zodiacal highway over many nights sees Jupiter sneaking up behind Saturn until they are
together in the sky. As slowly as they came together, Jupiter then pulls ahead on its way
to a second pass 20 years later. The combined light of the two giants together is of such
wonderment that the pass has been dubbed The Great Conjunction. It was the great
conjunction that motivated Kepler to the idea that perhaps a deity had concocted a
mysterious celestial dance between the planets for our benefit and had tasked Kepler to
interpret it.
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Had the revolution times been exactly 12 and 30 years, the synodic period of !" = 20
years would have provided a tidy interlocking cycle that would repeat itself regularly.
Following the position of Saturn in this idealized scenario, after an initial conjunction of
the two planets another one would occur two-thirds into its next revolution at 𝑆! . The
next conjunction after that would occur one-third the way into Saturn’s next revolution at
𝑆! . One more conjunction and Saturn would be back at its starting position 𝑆! . The three
conjunctions would fit neatly into 2 revolutions of Saturn and the cycle would continue
ad infinitum.
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But, things were not so straightforward. The actual astronomical numbers involved in any
cycle of three conjunctions (named by Kepler as a trigon) pushes the pair of planets past
their zodiacal starting point by about 8°. Hence, as shown in the diagram, conjunctions
appear to progress around the zodiac from 𝐶! to 𝐶! to 𝐶! to 𝐶! to 𝐶! to 𝐶! etc.
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An idea sprang into the mind of Kepler that enabled him to construct a neat interlocking
cycle. If the three year overshoot of the conjunctions was taken as 9° rather than 8° then a
schema consisting of 40 conjunctions would fill a zodiacal circle (40×9 = 360).
A series of conjunctions, perhaps three or four of them occurring 60 years apart, would
fall into each zodiacal house (e.g. Leo, Pisces, Aries etc.). Kepler’s diagram, which
appeared in his book De Stella Nova (1606), shows some of these. At the top of the circle
we see the three great conjunctions of 1623, 1683 and 1743 against the constellation Leo
represented by the continual 9° shift of a trigon vertex. Over a period of 800 years, or 40
lots of 20 years, the two great planets would come together three or four times in every
astrological house. A human being over a lifetime would be likely to see at least three
conjunctions, each represented on the circle by three different trigon vertices such as the
conjunctions of 1623, 1643 and 1663.

The issue of the extra one degree of turn that Kepler put in would have been difficult to
notice by anyone, particularly when the three degree error came as one degree each
twenty years and on a different vertex of the trigon (implying a completely different
astrological house each time).
From the table on the next page the average time between conjunctions is about 19.91
years and the slight differences in the periods of each conjunction are due to gravitational
effects, eccentric orbits and slightly different orbital planes. The next conjunction of
Jupiter and Saturn will occur on 21 December 2020 in the constellation Aquarius.
For more interesting information about the interpretation of the conjunctions as Omens
for future earthly events, see https://en.wikipedia.org/wiki/Great_conjunction .
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A Table of Great Conjunctions
The table below shows the actual dates of and time intervals between the 23 consecutive
generational* Great Conjunctions between the years 1583 and 2020.
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Date

Time (years) between
conjunctions

3 May 1583
18 December 1603
16 July 1623
24 February 1643
16 October 1663
24 October 1683
21 May 1703
5 January 1723
30 August 1732
18 March 1762
5 November 1782
17 July 1802
19 June 1821
26 January 1842
21 October 1861
18 April 1881
28 November 1901
10 September 1921
8 August 1940
19 February 1961
14 January 1981
31 May 2000
21 December 2020

21.07
19.52
19.84
20.41
20.26
19.49
19.15
20.39
19.2
20.25
20.05
18.98
20.81
19.59
19.40
20.91
19.25
18.85
20.85
20.00
20.56
19.56

*

From time to time, the apparent retrograde motion of the outer planets as seen from a
moving Earth can result in up to three conjunctions occurring within a few months of
each other but that relate to only one true passing of Saturn by Jupiter. These are
considered conjunctions as well because at these times both planets have the same right
ascension when viewed from Earth. For this reason we have not included these
conjunctions in our generational list. Some believe that the triple great conjunction in
8BCE-7BCE may have been mistaken for the ‘star in the east’ seen by wise men before
the birth of Christ.
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