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APRIL YEETTNCG: For our meeting of April 11, 1972 (2:20 P4, 43T, at the lMuseum) we
have arranged a very colorful program entitled TGTAL 30LAR sCLIPsh 1970, to be
presented by a number of our members, including Lale Hankin, larry Hazel, 'lalter
Semerau, “alter Whyman and others, We invite anyone and everyone who observed the
recent eclipse and who took photographs to participate in this program. Please be
prepared to give a short talk (5-10 minutes) and bring your slides. 3ee Ernst Both
before the meeting to arrange your presentation. Talks shoulc be informal., The main
idea is to let your fellow members share in your experiences. Refreshments will be
served. This is your chance to find out what others did during this memorable eclipse.
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All members who submitted photographs for the recent Astrophotography fxiiibit may
pick them up at the April .feeting. We are making plans for a second exhibit to take
place sorietime in the fall or winter of 1970 - please plan to submit new photographs,
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3 TRANSITS OF ERCURY # By Ir, Frecerick R. West

On Xay 9, 1970, the Sun will rise above the Duffalo horizon with dercury visible
in front of the Sun's disk. When the disk of an inferior planet like Hercury appears
to cross the Sun's disk, the planet is said to transit the Sun. The transit of May 9,
1970 is predicted to end at 7h 13m %ST, approximately two hours after sunrise (see
the RASC's OBSERVER'S HANDERICK FOR 1970, p. 63). Transits of the inferior rlanets
occur at some aspects of inferior conjunction, when the planet passes between the
Earth and the Sun. The average time interval between successive aspects of inferior
conjunction for a given planet (llercurv or Venus) is the syriouic period of the planet,

To determine if an inferior planet will transit the 3 at a Ziven aspect of
inferior conjunction, we have to consider the five orbital aleients which determine
the size, shape, and space orientation of the planet's orbit., "hese are: a = the mean
Sun-planet distance in astronomical units; e = the orbital eccerntricity; i = the
inclination of the planet's orbit to the ecliptic; £} = the celestial longitude of the
ascending node of the planet's orhit (=tne intersection of the orbit with the eclipntic
where the planet goes frem south Lo north of the ecli tic); and @ = the celestial
longitude of the planet's perihelion noint. These elerents are listed in Table I for
Fercury and the Farth, along with sercury's synodic period. The space peometry of the
Sun (8), planet (F), and the artih (&) is shown in Fizure A, If a planet is to
transit the Sun at any given inferior conjunztion, its space cistance (z, from the
plane of the ecliptic must then subtend an ancvle at the iarth (Ag) that is less tnan
the apparent radius of the sun; otherwise the planet will cross to the north or south
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of the Sun at inferior conjunction. Figure B shows the relationship tetween the
ecliptic, the planet's orbit, with the angle i between the ecliptic and orbit at
the nodes, and the planet's arc distance Ap from the ecliptic as seen from the

Sun. By trigénometry we can show that from the orbital elements and Figures A and B
for a transit to occur, the arc distance NP of the planet from a node of its orbit
must be only a few degrees at most. Therefore, transits do not occur at most
aspects of inferior conjunction.

Mainly because of its orbital eccentricity, conditions of a transit of lercury
differ considerably for transits occiurring near the ascending node (shown in Migure
B) and those that occur near the descending node. Jor a transit of .Jercury to occur,
inferior conjunction must take place when ‘ercury is closer than L® L6' to the
ascending node (those inferior conjunctions that now occur between November 6 and
November 16), or is closer than 20 L0' to the descending node (inferior conjunctions
now occurring between 'ay 6 and “ay 11). Thus transits can happen only for inferior
conjunctions that occur over a total arc length of 1L° 52' out of liercury's 360°
orbital arc around the celestial sphere, or on an average of at one inferior con=
junction in 24, that is, only once every 7.7 years. Also an average of nearly twice
as many transits will take place in November than in MMay. Transits that have or are
predicted to occur between 1950 and 2200 are listéd in Table II. A total of 8 transits
will occur, with two in “ay and six in November., The author observed the last
transit of Mercury on November 7, 1960 at Indiana University's Kirkwood Observatory
as a member of a lLj-man observing team under the direction of Lr. James Cuffey.

Mercury's orbital eccentricity also causes considerable variation in the time
interval between successive aspects of inferior conjunction. Although Mercury's
synodic period is 115.28 mean solar days, the actual interval between inferior con=
junctions can range from 106 mean solar days (if the inferior conjunctions occur
520 on either side of perihelion) to 129 mean solar days (for inferior conjunctions
620 on either side of aphelion). For example, the interval between the last inferior
conjunction on January 13, 1970 and the one which will occur 'fay 7, 1770 will be
116 days, while the interval between that and the one of September 13, 1770 will be
126.); days. Also tecause of its orbital eccentricity, Mercury moves imuch more slowly
in its orbit at the descending node in ifay (2995 per day) than at the ascending node
(697 per day). At inferior conjunction, Mercury appears to us to move retrograde
(from east to west) on the celestial sphere; from geometry, the apparent westward
rate of motion of its disk across the Sun is about 19 36' per day near the descending
node (™ay), and about 20 21' per day near the ascending node (iovember), Therefore
the maximum possible duration of a transit at the descending noce is considerably
longer (7h 55m) than one at the ascending noce (5h 31m)., The transit of May 9, 1970
will last Th 53m, close to the maximum possible. i'or observatories in Europe and the
western half of the Soviet Union, the Sun will be above the horizoen for the entire
transit.

Like eclipses of the Sun, transits of llercury are not random events, but instead
tend to recur at definite intervals, as an inspection of Table II shows. The condition
necessary for a series of transits to recur at a definite interval of time is that the
time interval must be an integral mumber of synodic periocs of Fercury that nearly
equals an intepgral or half-integral number of sidereal pericds of !iercury and an intepral
or half-integral number of sidereal (Earth-) years. JSix of these intervals of less
than 50 years between successive transits in the series are listed in Table III, with
the lengths of the integral number of synodic neriods, the inte ral or half-inte:ral
number of sidereal periods, and the inte_ ral or half-integral number of sidereal
years in mean solar days listec for each interval; this alllows comparison of differences
between the three periods for ech interval. The best intervals {(where the differences
between the three periods are least) are ihe ones of L6 and 16.5 sidereal years.
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The May 9, 1970 transit is one of a series of transits separated by 16.5 years;

we see in Table II that the transits of November 1L, 1953 and November 13, 1986 are
some of the other transits in this series, Although they are not listed, it is very
likely that transits of Mercury will occur in May 2203 and November 2019 in this
series, As many as 7 transits can occur in such a series, which would require 99
years to complete, In a series of transits separated by intervals of L6 years, as
many as 23 transits spanning a total of 1012 years can occur. The transits of
November lh, 1953 and November 15, 1999 form part of such a series. * 3 /To be
concluded in the May issue/. *

TABLE I: Orbital Elements - (Mercury's Synodic Period = 115.28 days)

Mercury a= 0.3871 e= 0,20563 1= 7°00'15" &3 = 70591 & = 77000!

-

Earth 1.0000 0.0169 0°001 001 102018

TABLE II:Lates of lercury Transits; A= ascending node, B= descending node

November 1L, 1553 A November 10, 1973 A
May 6, 1957 D November 13, 1986 A
November 7, 1960 A November 6, 1993 A
May 9, 1970 O November 15, 1999 A

L}

TABLE III: Intervals at which series of !ercury Transits recur

1) 3.5 sidereal years 1,278,396 mean solar days

11 synodic periods of “ercury = 1,27L.68 n
14,5 sidereal " t = 1,275.5L "

2) 9.5 sicereal years = 3,469.932 H
30 synodic periods of Mercury = 3,476.32 "
39.5 sidereal " i = 3,47L.76 "

3) 13 sidereal years = L,7L8.332 4
Ll synodic periods of !fercury = L,750.98 "

Gy sidereal " n = 4,750.30 "

L) 16.5 sidereal years = 6,026,73 ik
' 52 synodic periods of Mercury = 6,025.63 "
68,5 sidereal v n = 6,025.89 "

5) 20 sidereal years = 7,305.127 "
63 synodic periods of ‘lercury = 7,300.31 W

83 sidereal " " = 7,30L.43 i

6) L6 sidereal years = 16,801.793 u
145  synodic periods of Mercury = 16,802.237 *
191 sidereal " u = 146,%02,09 "

FIGURE A: Geometry of the positions of

the Sun (S), an inferior planet (P) and
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the Farth (E) relative to plane of the ecliptic at the aspect of inferior conjunction.
(z) is the distance of the planet from the plane of the ecliptic and )\p and )\9

are the arc distances subtended by (z) on the celestial sphere at the Sun and ZFarth
respectively. P
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FIGURE A: 5 0~£%£

Plase of #ae Eolyyfc. =
The geometry of the ecliptic, the planet's orbital path on the celestial sphere, the
inclination (i) of the orbital path to the ecliptic at the ascending node (N) and the
arc subtended by (z) at the Sun for an arc distance NP of the planet from the node.

FIGURE B:

Planet's Orbit on the Celestial Sphere
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