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LOCAL CIRCUMSTANCES IN JAVA DURING THE TOTAL SOLAR
ECLIPSE OF 1983

BY FRED ESPENAK
Infrared and Radio Astronomy Branch, NASA/Goddard Space Flight Center, Greenbelt, Maryland.
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ABSTRACT

A total solar eclipse of unusually long duration will occur on 11 June 1983. The path of totality
begins in the Indian Ocean, passes over many of the islands of Indonesia and ends in the Coral Sea.
The duration of totality is maximum near Java where weather prospects are also quite favourable. Local
circumstances are examined in detail, presenting predictions for 35 cities on the island. A consideration
of lunar-shadow geometry is given to clarify some of the confusion concerning the advantages of
observing from the centre line. A comparison of the present predictions with those of the U.S. Naval
Observatory reveals some differences which could have important implications for observers.

The total solar eclipse of 11 June 1983 will provide an opportunity to observe the
sun’s corona for over 5 minutes. Such a long duration of totality has not occurred
since the great African eclipse of 30 June 1973, and will not be exceeded until the
Mexican eclipse of 11 July 1991. The path of totality begins in the Indian Ocean,
passes over Java, southern Celebes and New Guinea, and finally ends among
islands of the New Hebrides. General predictions describing the entire eclipse path
have been published previously (Espenak, 1981), and this paper will examine the
local circumstances in Java in greater detail.

Anderson (1981) has compiled weather satellite data which indicate that Java
(Surabaja) has a 75 per cent probability of clear skies during the eclipse. The fact
that the point of maximum eclipse occurs just to the northeast in the Java Sea,
coupled with good accessability to the island make Java the best choice along the
entire path. Totality occurs near local apparent noon with the sun 60° above the
northern horizon. Figure 1 shows the path of the moon’s shadow which will be
between 195 and 200 kilometres wide. Traveling 2100 km hr™! (590 m s7!), the
umbra will cross the island in a matter of minutes.

Approaching from the southwest, the umbra first touches Java along its southern
coastline at 4:22 UT. The coastal city of Tjilatjap will experience mid-totality at
4:25:21 UT with a duration of 262 seconds. However, an observer stationed on the
centre line further to the east can expect the total phase to last 305 seconds. Lying
17 kilometres southeast of the centre line, Jogjakarta will be plunged into darkness
for 301 seconds beginning at 4:26:54 UT. Two minutes later (4:28:30 UT), the
shadow’s edge reaches Surakarta. The city lies 14 kilometres from path centre and
totality will last 303 seconds. Quickly sweeping inland over the many volcanoes
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Fi1G. 1—The path of totality through Java during the total solar eclipse of 11 June 1983 is 195 to 200
kilometres wide. The outline of the moon’s shadow is shown at 15-minute intervals and the point of
maximum eclipse is marked by a star. The locations of 35 cities and villages are indicated and can be
identified by number from Table I which gives the local circumstances for each.

which form Java’s highlands, the umbra leaves Jogjakarta at 4:31:55 UT.
Continuing along its northeastern course, the moon’s shadow reaches the northern
coast of the island. There, the small village of Tuban will experience second
contact at 4:32:53 UT. Since it lies just 6 kilometres from the centre line, totality
will last 308 seconds. This is only 3 seconds short of the maximum duration
anywhere along the entire eclipse path. As the northern edge of the shadow moves
off the coast, totality will end in Surakarta at 4:33:34 UT.

Indonesia’s second largest city and seaport is Surabaja and it is the capital of
East Java. Although it stands 55 kilometres from the centre line, observers there
will still enjoy 261 seconds of total eclipse, which begin at 4:35:08 UT. Located 7
kilometres from the southern limit, the village of Bangil will experience totality for
113 seconds, commencing at 4:36:09 UT. Only 15 kilometres east, its neighbor
Pasuruan will witness a partial eclipse of magnitude 0.999. This illustrates the fact
that small shifts in position have a very drastic effect for observers near the path
limits. We will return to this point a little later. Third contact will occur in Tuban at
4:38:01 UT and in Surabaja at 4:39:29 UT as the umbral shadow leaves Java and
engulfs all of the island of Madura. Maximum eclipse occurs at 4:42:41 UT, while
the shadow is over eastern Madura. Unfortunately, the centre line passes 20 to 70
kilometres north of the island’s coast.
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Contact times and local circumstances for 35 cities and villages in Java, Madura
and Bali are presented in Table I. Geographic coordinates are listed to a hundredth
of a degree and were obtained by measuring positions off the Surabaja topographic
map SB 49 (scale — 1:1,000,000) published by the Defense Mapping Agency. It
should be noted that the spellings of a number of cities were changed in 1970. In
particular, Jakarta has replaced Djakarta (no. 9) and Jombang has replaced
Djembatan (no. 10). Also, “tj” has been changed to “c” in the names of most cities
including Cepu (=Tjepu, no. 31), Cilacap (=Tjilatjap, no. 32) and Cirebon
(=Tjirebon, no. 33). The original spellings have been used in Table I since most
maps readily available predate the 1970 changes. Pronunciation of city names
remains unchanged. All contacts are listed to the nearest second Universal Time
(UT). The column labeled “MAG” is the magnitude at the instant of maximum
eclipse. It is defined as the fraction of the sun’s diameter obscured by the moon.
However, for locations where the eclipse is total, it is the ratio of diameters
between the moon and sun in units of the sun’s diameter. The sun’s altitude (Alt)
and azimuth (Az) at maximum eclipse are given, followed by the duration of
totality in seconds (blank if eclipse is partial). Finally, the width of the path of
totality (kilometres) is listed at the instant of maximum eclipse.

The sequence of events leading up to and following totality is illustrated in
figure 2. The sun-moon geometry is shown at fifteen minute intervals and at the
four contacts. First and fourth contacts mark the beginning and end of partial
eclipse while second and third contacts mark the beginning and end of total
eclipse. Beneath each Universal Time is the magnitude of the eclipse, followed by
the sun’s altitude. The tick marks along the top edge of the sun indicate the
direction of the zenith which has been adopted as the standard frame of reference.
This allows each stage of the eclipse to be compared directly with the naked-eye
impression (with the eye protected by suitable filtration, of course!). The direction
of the north celestial pole is shown by the arrow along the bottom of the solar disk.
Figure 2 is based on local circumstances on the centre line at 111° East longitude.
However, the figure can be used for any location in the path of totality from Java
with the one caveat that contact times may vary up to several minutes. Refer to
Table I for contact times at a specific place.

During total eclipse, observers will have a fine opportunity to gauge the sky
brightness since the sun will be placed among the brilliant winter constellations
(figure 3). Aldebaran (m = +1.1) will be only 11° southwest of the sun while
Betelgeuse (m = +0.5) will shine 18° to the southeast. Capella (m = +0.2),
Pollux (m = +1.2) and Procyon (m = +0.5) will be located 23° north, 34° east
and 39° southeast, respectively. Rigel (m = +0.14) will be 1° from the zenith and
31° south of the spectacle. Probably the easiest star to observe will be Sirius (m =
—1.5) which will be 45° southeast of the eclipsed sun. Three planets will also be
favorably placed during totality. Mercury (m = +0.5) will be at greatest western
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TOTAL SOLAR ECLIPSE - 11 JUNE 1983

CENTRAL JAVA
LAT = -7-2176 LONG =-111° 0’0

2:55:42 UT 3:15: 0 UT 3:30: O UT 3:45: 0 UT
0.00 51° 0.22  S4° 0.38 56° 0.54 S7°
1 CONTACT

Y: 0: 0 UT 4:15: 0 UT 4:29:11 UT 4:34:18 UT

0.70  58° 0.85 59° 1.00 80 1.00 60°
2 CONTACT 3 CONTACT

Y;45: 0 UT S: 0: 0 UT 5:15: 0 UT 5:30: 0 UT
0.88 60" 0.74  59° 0.59 58" 0.43  57°

6: 0: 0O UT 6:12: 2 UT
0.13 53° 0.00 5e*
4 CONTACT

Fic. 2—The sequence of events during the eclipse are graphically depicted at fifteen-minute
intervals and at the four contacts. See text for details.

elongation 24° from the sun. After having just emerged from solar conjunction,
Mars (m = +1.7) will be a scant 2° west of the sun and should form a striking sight
if the corona and sky are not too bright. Finally, Venus (m = —3.9) will be the
most conspicuous object besides the eclipsed sun and will probably be visible
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Local Circumstances in Java During the Total Solar Eclipse of 1983 11

SKYMAP : 11 JUNE 1983

MARG LIMIT = 3.50
4:30 CENTRAL JAVA

N

LST 5: 8 LATITUDE =  -7936

ut

LONGITUDE = -111%00

ALT

RISE = 22:45 UT
SET = 10:27 UT

FiG. 3—During totality, Venus, Mars and Mercury should be visible as will many of the brighter
stars (shaded) of the winter constellations. The sky should be especially dark because of the moon’s
large angular diameter which will occult the bright inner corona.

several minutes before the commencement of totality. Venus will be located 45°
east of the sun in Cancer.

The visibility of all these objects is strongly dependent on the transparency and
brightness of the sky during the eclipse. Sunspot maximum occurred in late 1979
so the corona is likely to be less active and somewhat dimmer than at recent
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Fi1G. 4—As seen from the moon, the umbral shadow appears as a black circular disk racing across the
earth’s surface. The duration of totality for an observer at point P is related to the length of chord C,
diameter D and distance d by Equation 4 which is derived in the text.

eclipses. Nevertheless, it is possible that the corona may display characteristics of
both high-sunspot (large equatorial streamers) and low-sunspot (delicate polar
brushes) activity. Since the moon will appear 5 per cent larger than the sun, it will
occult quite a bit of the inner corona, resulting in a darker sky. However, if a
moderate to heavy atmospheric haze is present, Venus may be the only object
seen.

The local geometry of the umbral shadow at any one point along the eclipse path
is rather complicated and changes rapidly. Ignoring the curvature of the earth’s
surface, the shadow is elliptical with its major axis aligned along the azimuth of the
sun; the minor axis is equal to the actual diameter of the umbral cone. The
eccentricity e of the shadow is related to the sun’s altitude A by:

e =V1 — sin? (A) (1)

The major and minor semi-axes of the shadow (a and b respectively) can also be
used to define the eccentricity as:

e =Va*— b*/a )

Unfortunately, the azimuth of the shadow’s path is independent of the
parameters describing its shape. As a result, the width of the path of totality can
take on any value between the major and minor axes’ dimensions. In order to
determine the relationship between the distance from the centre line and the
duration of totality, it is necessary to adopt a different frame of reference which
will simplify this geometry.

Figure 4 represents the appearance of the umbral shadow, seen from the moon as
it sweeps over the earth’s surface. Neglecting the tiny irregularities in the moon’s
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Local Circumstances in Java During the Total Solar Eclipse of 1983 13

limb profile, the shadow is quite symmetric and circular. If the shadow is moving
from left to right, the centre line runs along diameter D and totality lasts 7 seconds.
A hypothetical observer at point P is clearly located a distance d from the centre
line and A from the path edge. Such information is readily obtained from a large
scale map on which the path of totality has been plotted. Distances d and & are
always measured perpendicular to the eclipse path. As the shadow passes over the
observer, he will lie on chord C. The key question to be answered is: how long will
totality last at point P?

From plane geometry, the length of chord C is related to a circle’s diameter D
and perpendicular distance d by:

C =VD? - 44d? 3)

But the length of chord C is directly proportional to the duration of totality at any
point on the chord. Therefore, the duration of totality ¢ at point P is just:

t ="VD? — 4d?%D T seconds = C/D - T seconds 4)

where D is the width of the path, d is the distance of the observer from the centre
line and T is the duration on the centre line.

Expressing the duration of totality as a function of distance from the path edge,
the relation for C becomes

C =V4h(D — h) &)
and the duration of totality ¢ is:
t = V4h(D — h)/D-T seconds = C/D - T seconds 6)

Using circumstances for the moon’s shadow when centered at 111° East
longitude, figure 5 presents a graphic interpretation of equation (4) for observers in
Java. As one travels away from the centre line, the 307-second duration decreases
very gradually. At a distance of 20 kilometres, totality still lasts 300 seconds. Half
of the central duration occurs 85 kilometres from the centre line or 13 kilometres
from the path edge. An observer must get to within 4 kilometres of the limits
before the duration of totality drops to one minute! However, local circumstances
change very quickly thereafter. Several bonuses for stations near the path limits are
the prolonged duration of Baily’s Beads, the flash spectrum and the appearance of
the chromosphere. Nevertheless, many observers insist on traveling to the centre
line for an eclipse. In light of the previous discussion, the author suggests that local
weather conditions and transportation logistics should take higher priority during
the twelve hours preceding totality.

Expedition participants who wish to plot the eclipse path on a large scale map
can use the data presented in Table II. The latitude of the northern and southern
limits, as well as the centre line, are given at half-degree intervals in longitude.
The sun’s altitude and azimuth at maximum eclipse, the duration (seconds) and the
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DURATIBN OF TOTALITY VvS. DISTANCE FROM CENTER LINE
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Fi1G. 5—The duration of totality as a function of distance from the centre line is not very sensitive
within the central region of the path. However, as one approaches the path limits, the duration drops
dramatically. Distances are defined orthogonally to the eclipse path azimuth.

width of the path of totality (kilometres) are listed along with the Universal Time
on the centre line. Using such a map, the duration of totality for any prospective
observing site can be determined by measuring its distance from the centre line and
applying Equation (4). Alternatively, the duration can be found directly from
figure 5. The approximate times of second and third contact can be found through
the following procedure.

On a transparent sheet of plastic, construct an ellipse having a major axis of
200.3 km and a minor axis of 172.8 km (map scale). Include the axes on the
ellipse. This overlay represents the outline of the umbral shadow and can now be
moved along the plotted eclipse path. Its orientation is determined by the major
axis whose azimuth (measured clockwise from North) is listed in Table II. Second
contact occurs when the eastern edge of the shadow is tangent to an observing site.
Conversely, third contact occurs when the western edge of the shadow is tangent to
the site. The Universal Time of each contact is obtained by interpolating between
points on the centre line which are also listed in Table II.

The solar ephemeris which was used for these predictions is based on the classic
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work of Newcomb (1895). It includes all planetary perturbation terms in longitude
and latitude with arguments greater than 0701. The lunar ephemeris was
developed primarily from the Improved Lunar Ephemeris 1952—-1959 (USNO,
1954). All solar perturbation terms in longitude and latitude with coefficients
greater than 07025 have been included. The cut-off for planetary perturbations is
07025 and 0701 in longitude and latitude respectively. Perturbations in lunar
parallax include all terms with coefficients greater than 070010. Finally, all terms
additive to the moon’s fundamental arguments with coefficients greater than
07025 have been retained. In order to determine the accuracy of these
ephemerides, they have been compared against the 1980 American Ephemeris
and Nautical Almanac. The solar ephemeris agrees with the published values with
a standard deviation of 0302 in right ascension and 0704 in declination. The
standard deviation of differences between the lunar ephemeris and the published
values are 05032 in right ascension and 0729 in declination. The largest
disagreements are clearly in the moon’s coordinates.

An error in right ascension of this magnitude can be interpreted as a 0%9 shift in
the position of the moon along its orbit. The discrepancy in declination
corresponds to a north-south shift of the moon’s shadow of 549 metres in the
earth’s fundamental plane. Such errors are well within the acceptable range for the
purposes of predicting local circumstances during the eclipse. Furthermore, a
comparison with the recently published United States Naval Observatory
predictions (Fiala and Lukac, 1982) show a difference in the moon’s coordinates
of only 0%010 in right ascension and 0”087 in declination at the instant of solar
conjunction. With respect to the eclipse, the author finds the moon to lag behind in
its orbit 033 and a north shift in the shadow of 162 metres in the fundamental
plane. In practical terms, the USNO ephemeris cannot be distinguished from the
present work without very careful observations made near the path limits during
totality.

There are a number of other factors of greater importance which distinguish the
author’s predictions from those of the USNO. The moon’s radius, expressed in
units of the equatorial radius of the earth, is derived from stellar occultations to
have a value of k = 0.272488 (Explanatory Supplement, 1961). This represents a
mean radius which does not incorporate corrections due to the lunar limb profile.
As has been pointed out by Meeus e al. (1966), an eclipse of the sun cannot be
regarded as total as long as any photospheric rays reach the observer through deep
valleys along the moon’s limb. Using a smaller value of kK = 0.272281 results in a
better approximation of the moon’s diameter and a slightly shorter total eclipse.
The author has chosen to use the latter value of k while the USNO uses the former.
The most reliable contact times can be determined if the USNO predictions are
corrected for the true limb-profile by way of the contact angles which vary
according to the observer’s geographic coordinates. These corrections are also
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vital to the success of any expeditions to the path limits. However, most observers
will probably be unwilling to go to this much trouble. For them, the contact times
presented in this paper should prove to be closer to the actual observations.

The author has also included a —0"'6 correction to the moon’s ecliptic latitude.
This takes into account the difference between the moon’s centre of mass and
centre of figure. To convert circumstances from Ephemeris Time to Universal
Time, an extrapolated value of 5339 was used for AT. Finally, a correction of
—1%34 has been applied to the lunar ephemeris to reconcile it with the FK4
equinox.

Predictions for the 1983 eclipse were generated on a DEC VAX 11/780
computer with algorithms developed primarily from the Explanatory Supplement
(1961). The author wishes to thank Goddard’s Laboratory for Extraterrestrial
Physics for several minutes of computer time.

Fred Espenak,

NASA/Goddard Space Flight Center,
Code 693.1,

Greenbelt,

Maryland, 20771,

U.S.A.
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