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BURMESE ECLIPSE CALCULATIONS

Lars Gislén
University of Lund, Dala 7163, 24297 Horby, Sweden.
Email: LarsG@vasterstad.se

Abstract: Two Burmese eclipse calculations, one lunar and one solar, are analysed using examples from a
Burmese manuscript. The fundamental parameters are with some important exceptions the same as in the
Suryasiddhanta, but the handling of, for instance, parallax in the solar eclipse is different and much simplified.

Specific to Burma are also the shadow calculations.

Keywords: Burmese astronomy, eclipse calculations, eclipse parallax.

1 INTRODUCTION

The traditional astronomical calculation proced-
ures in Southeast Asia are little known in the
West. Although they clearly show a great in-
fluence from traditional methods in India, their
actual implementation is very different. The pro-
cedures are laid out as a kind of computer pro-
gram, a set of rules without explanation that
once followed, generate a set of nhumbers that
describe the astronomical phenomenon in ques-
tion. Clearly, this set of rules has been estab-
lished by some competent agent who knew very
well their astronomical background but who
intended the rules to be used by other agents
whose only function was to compute by rote.
This presents some difficulties for the analysis
as many of the intermediate steps in the calcu-
lation are omitted and have to be reconstructed.

There are many clever calculation shortcuts,
as will be seen below. The parallax calculation
procedures, for instance, are extremely simpli-
fied but still quite adequate. In an earlier paper
(Gislén and Eade, 2014) we explained the Bur-
mese shadow calculations, and they will reap-
pear in the present paper and will vindicate the
conclusions we made there.

2 THE SOURCE

The main source for this investigation is a Bur-
mese astrology dissertation (U Thar-Tha-Na,
1937).

3 PARAMETERS

Hindu and Southeast Asian astronomers use
sidereal longitudes, i.e. longitudes measured
eastward along the ecliptic from a fixed origin on
the ecliptic. Modern astronomy uses tropical
longitudes where this origin is slowly moving
westward along the ecliptic due to precession
and is determined as the point on the ecliptic
where the Sun crosses the celestial equator on
the vernal equinox. In Hindu astronomy the fix-
ed origin for longitude is the point where the
mean Sun, the mean Moon and the mean plan-
ets were assumed to gathered together at the
start of the Kaliyuga epoch, which was midnight
on 18 February 3102 BCE.
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The [Old] Suryasiddhanta has 1577917800
days in 4320000 solar revolutions, the Kaliyuga.
As is usual in Southeast Asian astronomy these
numbers are divided by 5400 to have the more
handy 292207 days in 800 years. In the Bur-
mese Thandeikhta scheme (Irwin, 1909), used
in the calculations, this is corrected by 28 extra
days (4320000/193/800) in a Kaliyuga, making
the mean solar theory precisely that of the mod-
ern Hindu Suryasiddhanta.

The longitude of the solar apogee, the point
on the ecliptic where the solar longitude is such
that the distance between the Sun and the Earth
is largest, is assumed to be 4640'. The apogee
value (mandocca) in modern Suryasiddhanta is
4636'.

The Moon is assumed to make 5775336 rev-
olutions in a Kaliyuga or exactly 7219167' in 25
years. The mean daily motion of the Moon is
then 790.5811288' = 790' 35". These are Sur-
yasiddhanta values.

The lunar apogee is as in Suryasiddhanta
(without bija) and makes 488203 revolutions in
4230000 solar years or precisely 488203' in 200
years. The daily motion is then 6.682974624' =
6'41".

The lunar node is as in Suryasiddhanta (with
bija) and makes 232242 retrograde revolutions
in a Kaliyuga or precisely 116121' in 100 years
or 3.179143493' = 3' 11" per day.

The epoch of Thandeikhta is BE (Burmese
Era) 1100.

The calculations are made for Amarapura
(Mandalay) with a geographical latitude given as
21° 32",

For the Moon, the lunar apogee, and the
lunar node, the epoch is Kaliyuga 0 (i.e. mid-
night on 18 February 3101 BCE). The Moon
has an extra epoch correction of —12' as com-
pared with Suryasiddhanta. This could be a
way to account for the difference in geographical
longitude between India and Burma. The lunar
apogee is assumed to have a Kaliyuga epoch
value of 5140’ and the lunar node has an epoch
value of 10945'. The Suryasiddhanta values are
5400' and 10800’ respectively.
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4 UNITS AND NOTATION

The time unit used in Southeast Asia is the nadi
(Burmese nayi) that is 1/60 of a day and night.
The nadi is further divided into 60 vinadis (Bur-
mese bizana). A hexadecimal notation is used:
XX:yy, meaning xx + yy/60. For longitudes the
same notation means arc minutes and arc sec-
onds. We sometimes use the notation xx:yy:zz
for signs, degrees, minutes. The Burmese cal-
culations are presented in grids that we denote
by A, B, C ... Within each grid we give the
column number and the row number. Thus [B
2,8] denotes grid B, column 2, and row 5. The
transcribed grids are given in the Appendix.
The Burmese grids have labels specifying the
different numbers, some of these labels can be
identified as somewhat distorted Sanskrit or Pali
words but most labels are obscure Burmese
technical terms.

5 LUNAR ECLIPSE CALCULATION
5.1 Preliminaries

One of the model calculations made in the source
is the partial lunar eclipse of 26 July 1934. The
input for the calculation is the BE year (1296)
and the sutin (102), the elapsed days of the
Burmese year. The Burmese calculations are
typically arranged such that all operations involve
entire numbers. The Burmese division algorithm
is rather involved and for this we have used
Western notation instead without affecting the
final result. In two cases we have used decimal
notation for simplicity.

First the thawana, the elapsed days since the
Thandeikhta epoch BE 1100, is calculated (Ir-
win, 1909: 16) by:

{y 1100)-292207 + 17742 +
1100)/193)}/800 = a + b/800

292207 =1577917800/5400 is the number of un-
corrected days in 4320000/5400 = 800 solar
years. It is a standard number in Southeast
Asian calendar computations (Eade, 1995).

int((y

int(x) means the integer part of the number x.
This term gives an extra correction of 28 days in
a Kaliyuga.

y is the Burmese year, and a the integer part of
the division and b the remainder. The New Year
thawana then is a + 1.

The New Year weekday is given by the re-
mainder of (thawana — 2)/7 with 1 = Sunday.
800 — b is the kyammat, the mean solar longi-
tude at the New Year midnight (24 hours) ex-
pressed in 800 parts of a mean solar day. The
Kaliyuga year is the Burmese year + 3739.

Thus we have

[A 1,1] 1296, the Burmese year.
[A 1,2] 1296 + 3739 = 5035, the Kaliyuga year.
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(196-292207 + 17742 + 1)/800
715/800

[A 1,3] 800 — 715 = 85, the New Year kyammat.
thawana = 71612 + 1 = 71613

[A 1,4] (71613 — 2)/7 = 10230 + 1/7, the New
Year weekday = 1, Sunday.

[A 1,5] 102, the sutin.

71612 +

5.2 Mean Solar Longitude

The total elapsed kyammat at midnight on the
New Year is 85. To this we add the kyammat
resulting from the elapsed days from the New
Year to the eclipse day, 102, the sutin. Each
day corresponds to a kyammat of 800. Thus we
have in total 85 + 102-800 = 81685. Now the
mean daily motion of the Sun in arc minutes is
21600-800/292207 = 59:8'. By multiplying the
kyammat by 21600 and dividing by 292207 we
arrive at the mean solar longitude in arc min-
utes, skipping whole rotations (21600) if pos-
sible: 6038:10 [A 1,6].

5.3 Mean Lunar Longitude

Multiply the Kaliyuga year by 7219167, the mo-
tion of the mean Moon in arc minutes in 25
years and divide by 25. Skip whole rotations. The
result is 1033:48. Subtract the epoch correc-
tion of 12' to get 1021:48. This is the New Year
mean position.

For the mean daily motion we use 79058" in
100 days. The correct value is 79058.11287. This
introduces an error 79058.11287 — 79058
0.11287 = 1/9 in 100 days. The kyammat gives
a contribution 85-79058/800/100 = 84:0. The
sutin gives a contribution 102-79058/100
80639:9.6. The extra correction gives 102-(1/9)/
100 = 0:6.6. In total 80723:16, with rounding.
Adding the New Year longitude and skipping
whole rotations we finally get 16945:4 [A 1,7].

5.4 Lunar Apogee

Multiply the Kaliyuga year by 488203, the mo-
tion of the lunar apogee in 200 years and divide
by 200. The result is 12290510:31. Add the
epoch value 5140 and skip whole rotations to
get 5250:31. For the mean daily motion during
101 days we use 675. The correct value is
6.682974624-101 = 674.980437. The error is
674.980437 — 675 = —0.019563 = —1/51 in 101
days. The kyammat gives a contribution
85:675/800/101 0:43. The sutin gives a
contribution 102-675/101 = 681:41. The extra
correction gives —102:(1/51)/101 = -0:1. In
total 682:23. Adding the New Year longitude
and skipping whole rotations we finally get
5932:54 [A 1,8]. The source has 5932:53, either
a typo or the result of a different rounding.

5.5 Lunar Node

Multiply the Kaliyuga year by 116121, the mo-
tion of the lunar node in 100 years and divide by
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100. The result is 5846692:21. Add the epoch
value 10945 and skip whole rotations to get
4037:21. For the mean daily motion during
100 days we use 318. The correct value is
317.9143493. The error is 317.9143493 — 318
= —0.0857 = —-1/12 in 100 days. The kyammat
gives a contribution 85-318/800/100 = 0:20.
The sutin gives a contribution 102-318/100 =
324:22. The extra correction gives —102-(1/12)/
100 = —0:5. In total 324:37. Adding the New
Year longitude and skipping whole rotations we
finally get 4361:58 [A 1,9].

5.6 True Longitudes
The true longitudes are calculated from

A=Ayt esin(o — Ay)

(1)
where A is the true longitude, 4y the mean long-

itude, o the apogee longitude and e the eccen-
tricity.

This expression uses a constant eccentricity,
a difference from Suryasiddhanta that uses an
eccentricity dimension that varies with the an-
omaly. For the Sun the Suryasiddhanta dimen-
sions of the epicycle vary between 14° and
13:40° (Burgess, 2000: 70). The Burmese cal-
culation uses a fixed dimension that corres-
ponds to 13:44°. For the Moon the Suryasid-
dhanta epicycle dimension varies between 32°
and 31:40° (ibid.) while the Burmese dimension
is fixed at 31:44°.

The second term of the formula, the equa-
tion, is taken from Table 1 (Solar chaya) with
argument in steps of 10°. The anomaly a= v —
Awm is reduced to lie in the interval [0, 90°] using
the symmetry of the sine function, i.e.

If 0'< < 5400" do nothing Quadrant 0
If 5400' < o < 10800’ replace o with 10800’ — «.

Quadrant 1

If 10800’ < o < 16200’ replace « with o — 10800’
Quadrant 2

If 16200’ < o < 21600’ replace « with 21600’ —
o Quadrant 3

The equation is positive for anomaly in quadrants
0 and 1, otherwise negative.

For the Sun we have the fixed value of the
apogee o = 4640' and with 4y = 6038’ [A 6,1]
and get an anomaly of 4640 — 6038 = -1398.
As this is negative we add a whole turn, 21600’,
to get 21600 — 1398 = 20202.

This anomaly is in quadrant 3, [A, 1,10] and
the reduced value is 21600 — 20202 = 1398".
Each 10° interval corresponds to 600’ so the
entry point in the table is 1398/600 2 +
198/600. Interpolation in the table gives the
equation

45 + (66 — 45)-198/600 = 51:56 [A 2,1].
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Table 1: Solar chaya.

Arg/10 0 1 2 3 4 5 6 7 8 9

Equation 0 23 45 66 85 101 113 123 129 131

The table difference 66 — 45 =21 [A 1,11] is
saved for the computation of the true daily mo-
tion of the Sun below. As we are in quadrant 3,
the equation is subtractive and we get the true
solar longitude

6038:10 — 51:56 = 5986:14 [A 2,2].

For the Moon we have o = 5932:53 [A 1,8]
and 4y 16945:4 [A 1,7]. The Moon’s mean
longitude is given an extra correction of the
solar equation (including sign) divided by 27, in
our case —51:56/27 —1:55. We have no
explanation for this correction.

The corrected mean longitude is then 16945
— 1:55 = 16943:9 [A 2,3]. Thus the corrected
anomaly is 5932:53 — 16943:9 + 21600
10589:44. This is in quadrant 1 [A 2,4], and the
reduced anomaly is 10800 — 10589:44 = 210:16
= 210.

With the same procedure as for the Sun, but
with a lunar chaya (Table 2), we get a difference
of 53 [A 2, 5], and an equation of +18:34.

The true longitude is then 16943:9 + 18:34 =
16961:43 [A 2,6].

The motion of the node is retrograde and its
longitude is 21600 — 4361:58 = 17238:2 [A 2,7].

5.7 True Daily Motions

The mean daily motion of the Sun is 59:8 [A
2,8].

Using the table difference in [A 1,11] we com-
pute the difference correction to the mean mo-
tion: 59:8:21/600 = 2:4.

The correction is positive for the anomaly in
[90°, 270°], quadrants 1 and 2, otherwise nega-
tive. The true daily motion of the Sun is thus
59:8 — 2:4 =57:4 [A 2,10].

The correctness of this procedure can be
seen by taking the time derivative of the true
longitude equation: dAi/dt = dAy/dt + d(e-sin
a)lda-da/dt. Here, di/dt is the true daily mo-
tion in longitude, d1,,/dt the mean daily motion in
longitude, d(e'sin o)/da is the chaya table dif-

ference, and da/dt the mean daily change in
anomaly.

As the apogee of the Sun is fixed, its motion
in anomaly is the same as the mean motion.

The mean daily motion of the Moon is 790:35
[A 2,9]. Forthe Moon we use the table difference

Table 2: Lunar chaya.

Argiio (o 1 2 3 4 5 6 7 8 9

Equation 0 53 104 152 195 232 262 285 298 303
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Table 3: Excess day time.

Sign Excess
0 6 12 0
1 5 7 11 48
2 4 8 10 86
3 9 102

ence [A 2,5] and a mean motion of the anomaly
that is the difference between the mean lunar
motion and the motion of the apogee 790:35 —
6:41 783:54. The correction to the mean
motion is then 783:54-53/600 = 69:15. As we
are in quadrant 1 the correction is positive. True
daily lunar motion 790:35 + 69:15 = 859:50 [A
2,11].

The daily motion of the node is 3:11 (retro-
grade) [A 3,1].

The true daily motion in elongation is 859:50
— 57:4 = 802:46 = 48166 [A 3,2]. The last num-
ber comes from multiplying 802:46 by 60.

5.8 Precession

The precession is identical with the one used in
Hindu astronomy. It is a zigzag function with a
period of 7200 years and an amplitude of 27°
1620" = 1800-9/10. The precession is positive
from AD 412 to AD 2212.

Add the epoch value 88 to the Kaliyuga year
and divide by 1800: (5035 + 88)/1800 = 2 +
1523/1800. The number 2 [A 3, 3] tells us that
the precession is positive and has the value
1523-9/10 = 1370:42 [A 3,4]. The tropical true
solar longitude is thus 5986:14 + 1370:42 = 122°
37' =4:2:37 [A 3,5]. The tropical true lunar longi-
tude is thus 16961:43 + 1370:42 = 305° 32’
10:5:32 [A 3,6].

5.9 Length of Day and Night

Again a table is used for this calculation. Table
3 gives the varying excess day times in vinadis
over the mean half day of 15 nadis. For zod-
iacal signs above 6 the excess is negative. The
solar tropical longitude is 4:2:37. Interpolating in
the table gives 86 — (86 — 48)-2:37/30 = 82 =
1:22.

A half day is then 15 + 1:22 = 16:22 [A 3,7].
A half night is 30 — 16:22 = 13:38 [A 3,8].

A quarter day is 8:11 [A 3,9].

A quarter night is 6:49 [A 3,10].

5.10 Noon Shadow

The equinoctial shadow for a location with geo-
graphical latitude ¢ is given by

Table 4: Shadow table.

Sign Excess Sign Excess
0 6 0 6 12 0
1 5 92 7 11 110
2 4 159 8 10 214
3 183 9 262
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Seq = G tang (2)
where G is the height of the gnomon, in Bur-

mese astronomy taken as 420 units or 7:0. The
noon shadow at another date is

Shoon =G tan(p — &) 3)

where ¢ is the declination of the luminary. The
Burmese method is to state the equinoctial
shadow for the particular location, for Amara-
pura 165 (Seq = 420 tan (21:32) = 165), and then
a table of the quantity |G tan (¢ — §) — G tan ¢
for different zodiacal signs. For Amarapura we
have Table 4.

Using the table with the Sun we have the
tropical true longitude 4:2:37. Interpolating in the
table gives 159 — (159 - 92)-2:37/30 = 153.
Subtracting this from the equinoctial shadow
gives 165—-153 = 12. Thus the solar noon shad-
ow is 0:12 [A 3,11].

The Moon has a true tropical longitude of
10:5:32. Again interpolation gives 214 — (214 -
110)-5:32/30 = 194. |In this case we add the
equinoctial shadow and the table number to get
the Moon ‘noon’ shadow: 165 + 194 = 359 =
5:59 [A 3,11].

The reason for calculating both the solar and
lunar noon shadow is, as we will see, that this
eclipse starts before sunset.

5.11 Conjunction Time

The longitude of the Earth’'s shadow will be ex-
actly 180° away from the Sun. In our case we
get 5986:14 + 10800 = 16786:14 [B 1,1].

The longitude of the Moon is 16961:43, thus
it has moved 16961:43 — 16786:14 = 175:29 too
far. This is converted into time using the daily
motion in elongation, 175:29-3600/48166 = 13:7
nadis before midnight (24 hours) [B 1,2]. This is
30 — 13:7 = 16:53 after noon [B 1,3]. The Moon
will move 859:50-13:7/60 = 187:58 backwards
during this time and have an opposition
longitude of 16961:43 — 187:58 = 16773:45 [B
1,4].

In the same way we can calculate the op-
position position of the node, remembering its
retrograde motion, and get 17238:44 [B 1,5].
The Moon has not yet reached the ascending
node and its latitude is south. The number O [B
1,6] is the quadrant relative to the ascending
node: (17238:44 — 16773:45)/5400 = 0: 464:59.
The number 464:59 is the distance of the Moon
from the ascending node.

5.12 Latitude of the Moon

The inclination of the lunar orbit in many Indian
texts is taken as 4.5°. In the neighbourhood of
the node we can approximate a spherical tri-
angle by a planar one and get the lunar latitude
by multiplying the distance from the node by
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tan(4.5°) = 0.0787 = 1/12.7. Some Southeast
Asian astronomical schemes use the small angle
approximation of the tangent function tan(4.5) =
tan(9°/2)=9/2-7/180 = 9/2-3/180 = 9/2:1/60 =
1/13.3 (Faraut, 1910; Gislén and Eade, 2001;
Wisandarukorn, 1997). The Burmese scheme
uses the factor 1/13 that may be a rounded value
of either of these previous numbers. In the pres-
ent case the distance from the node is 464:59,
thus the latitude is 464:59/13 = 35:46 [B 1,7].
There can be an eclipse only if the distance of
the Moon from the node is less than about 10°.
The resulting difference in latitude between the
above schemes is less than about 1 arc minute.

5.13 Diameters and Radii

As in Hindu astronomy, the diameter of the lum-
inaries is assumed to be proportional to their
true daily motions with a mean diameter of 31".
The diameter of the shadow is taken as 2.5
times the lunar diameter, a value also used in
other Southeast Asian schemes (Gislen and
Eade, 2001).

Diameter of the Moon 31-859:50/790:35 = 33:43
[B 1,8].

Diameter of the shadow 33:43-2:30
2,1].

Sum of the radii (84:18 + 33:43)/2
2,2].

Difference of radii (84:18 — 33:43)/2 = 25:18 [B
2,3].

Eclipsed part 59:1 — 35:46 = 23:15 [B 2,4].
Crescent 33:43 [B 1,7] — 23:15 = 10:28 [B 2,5].

84:18 [B

59: 1 [B

5.14 Eclipse Duration

(59: 1-60)* = 12538681 [B 3,5].

(35:46-60)° = 4605316 [B 3,6].

(25:18-60)% = 2304324 [B 3,7].

This is smaller than the number on the row
above, thus the eclipse is partial.

V{(59.1-60)® — (35:46-60)°} = 2816:37

See Figure 1 for the geometry.

We convert this value to time using the daily
motion in elongation 2816-60/48166 = 3:30 [B
2,6], the preliminary half duration.

5.15 Correction for the Change in Latitude
During the Eclipse

The relative daily motion of the Moon relative to
the node is 859:50 + 3:11 = 863:1.

This motion during 3:30 nadis is 863:1-3:30/60 =
50:21.

The change in latitude is 50:21/13 = 3:52.

The Moon is approaching the ascending node.
Thus its south latitude decreases during the
eclipse.

The latitude at the start of the eclipse is 35:46 +
3:52 = 39:38 (south) [B 2,7].

The latitude at the end of the eclipse is 35:46 —
3:52 = 31:54 (south) [B 2,8].
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The eclipsed part is 59:1 — 39:38 = 19:23 [B 3,1]
and 59:1 — 31:54 = 27:7 [B 3,2] respectively.
(39:38-60)° = 5654884 [B 3,8].

(31:54-69)° = 3663396. This number is written
below grid B.

The formula R + r — S, used for the ‘eclipsed
part’ above, is only correct at the conjunction.
The correct formula to use is R + r — V(8% + A?),
where A is the Moon’s distance from the con-
junction longitude. The numbers in [B 3,1] and
[B 3,2] are purely nominal.

5.16 Corrected Duration Times

We repeat the duration calculations with the new
set of latitudes. The duration from the start to
the middle eclipse is then 3:16 [B 3,3] and from
the middle eclipse to the end, 3:43 [B 3,4]. In
the Suryasiddhanta scheme this iteration is re-
peated several times.

5.17 Eclipse Times

Start of the eclipse 16:53 — 3:16 = 13:37 after
noon [C 1,1]. This is before sunset as the half
day length is 16:22.

B /¢

C

Shadow radius R
Moon radius r
CB=R+r
CB'=R-r

R

Partial eclipse half-duration AB = V{(R + r)2
Total eclipse half-duration AB’ = V{(R - r)?

Figure 1: Eclipse geometry.

=)
- %}

Middle eclipse 16:53 after noon [C 1,2], shortly
after sunset.

End of the eclipse 16:53 + 3:43 = 20:36 after
noon [C 1,3].

13:37 — 8:11 (quarter day) [A 3,9] = 5:26 [C 2,1].
The middle eclipse is 16:53 — 16:22 = 0:31 after
sunset [C 2,2].

The end of the eclipse is 20:36 — 16:22 = 4:14
after sunset [C 2,3].

Column [C3] contains the times converted to
Western hour:minute:second. This is done by
multiplying the times in nadis by 2/5.

13:37-2/5 = 05:26:48 (p.m.) [C 3,1].
16:53-2/5 = 06:45:20 [C 3,2].
20:36-2/5 = 08:14:24 [C 3,3].
Modern calculations give 05:24 p.m., 06:51

p.m., and 08:6 p.m. respectively, local true solar
time.

5.18 Shadow Calculations

The Burmese method of calculating shadows for
times other than noon/midnight is based on the
following model. At noon the deviation from the
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Table 5: Multipliers.
Nadis 1 2 3 4 5 6 7 8 9 10 | 11 |12 | 13 | 14 | 15 | 16
Capricorn 61 | 124|168 |216|251 280|307 |325|338 345|349 |350 325
Aquarius | Sagittarius | 63 | 133 | 176 | 220 | 250 | 280 | 305 | 321 | 331 | 335 | 337 | 337 | 310
Pisces Scorpio | 79 |134 (187|232 |267 [291|309 | 320|324 |325|320|312|301 | 288
Aries Libra 89 |162|236 (283|312 |330|339|340|335|328|317|303|286|267 | 268
Taurus Virgo 1781304 | 363 | 395 | 408 | 415 | 402 | 391 [ 375|313 [ 338 [ 318 | 296 | 309 | 251
Gemini Leo 571|599 | 582|563 | 590 | 509 | 484 | 456 | 430 | 409 | 375|349 | 322|301 | 270 | 229
Cancer 455 | 522|539 | 530 | 515 | 494 | 471 | 450 | 427 | 402 | 372 | 351 | 326 | 302 | 267 | 241
noon shadow has to be zero. At set/rise the D-M =818 x 310 = 253580 [D 2,4].

deviation is infinite. A mathematical function with
the required behaviour is

(H-M)/(D - H)
or the equivalent expression
(D-M)/(D-H)-M

where H is the time from noon/midnight, D is the
length of a half day/night, and M is a suitably
chosen multiplier. Actually this multiplier is a
rather complicated function of H, the geograph-
ical latitude of the location and the tropical longi-
tude of the luminary. Ignoring the rather weak
geographical latitude dependence, we arrive at
a multiplier, that depends on two arguments: H
and the tropical longitude of the luminary. A
table with such multipliers is given in the present
and several other Burmese sources (Gislén and
Eade, 2014); see Table 5 above.

When using the table, only the zodiacal sign
is used and H is rounded to the nearest nadi;
there is no interpolation involved. The total sha-
dow, S, will then be

S = Snoon + (D-M)/(D — H) = M @)

Grid D treats the shadow calculations. Column
[D 1] shows a solar shadow calculation as the
Sun has not yet set at the start of the eclipse
and the Moon is below the horizon. [D 2] and [D
3] are lunar shadow calculations. We have

Start eclipse:

The solar tropical longitude is 4:2:37 [A 3,5].

D =16:22 = 982.

H =13:37 from solar noon = 817 [D 1,1], [D 1,2].
Zodiacal sign = 4 (Sun)H = 14 gives M = 301 [D
1,3].

D-M =982 x 301 = 295582 [D 1,4].
D-H=982-817=165[D 1,5].

Shoon = 0;12 =12 from [A 3,11].

Shadow:

S = Speon + (D-M)/(D — H) = M = 12 + 1791 —
301 = 1502 = 25:2 [D 1,6].

Middle eclipse:

The lunar tropical longitude is 10:5:32 [A 3,6].
The time is 0:31 from sunset [D 2,1].

The time is 16:53 from solar noon, H = 30 —
16:53 = 13:7 = 787 from midnight [D 2,2].

D =13:38 = 818 (half night).

Zodiacal sign=10, H = 13 gives M = 310 [D 2,3].

Page 58

D-H=818-787=31[D 2,5].

Shoon = 5:59 = 359 from [A 3,11].

S = Spoon + (DM)/(D - H) - M =359 + 8180 —
310 = 8229 = 137:9 [D 2,6].

End eclipse:

The time is 4:14 from sunset [D 3,1].

The time is 20:36 from solar noon, H = 30 —
20:36 = 9:24 = 564 from midnight [D 3,2].
Zodiacal sign = 10, H =9 gives M = 331 [D 3,3].
D-M = 818 x 331 = 270758 [D 3,4].

D-H =818 -564 =254 [D 3,5].

Shoon = 5:59 = 359 from [A 3,11].

S = Sioon + (D-M)/(D — H) — M = 359 + 1066 —
331 =1094 = 18:14 [D 3,6].

6 SOLAR ECLIPSE CALCULATION

The solar eclipse calculation example is for the
annular eclipse on BE 1295, sutin 128, 21 Aug-
ust 1933. By coincidence this eclipse is also
calculated for Calcutta (Burgess, 2000: 392g).
The procedures for calculating the longitudes
are the same as for a lunar eclipse but the
kyammat is reduced by 400 in the calculations
in order to get the longitudes at noon. In Burma
the eclipse was patrtial.

For grid A, we only give the numbers without
a detailed derivation.

6.1 Fundamental Data

[A 1,1] The Burmese year, 1295.

[A 1,2] The Kaliyuga year, 5034.

[A 1,3] The New Year kyammat, 292.

[A 1,4] The New Year weekday, 0, Saturday.
[A 1,5] The sutin, 128.

6.2 Mean Longitudes

[A 1,6] Mean solar longitude, 7561:27.
[A 1,7] Mean lunar longitude, 7742:47.
[A 1,8] Lunar apogee, 3664:2.

[A 1,9] Lunar node, 3242:38.

6.3 True Longitudes

[A 1,10] Quadrant 3 for the solar equation.

[A 1,11] Difference in solar equation table, 16.

[A 2,1] Solar equation, 98:54, negative.

[A 2,2] Solar true longitude, 7462:33.

[A 2,3] Lunar mean longitude corrected by
—98:54 / 27, gives 7739:7.
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[A 2,4] Quadrant 3 for the lunar equation.

[A 2,5] Difference in lunar equation table, 24.

[A 2,6] Lunar equation 280:13, negative.

[A 2,7] True lunar longitude, 7458:54.

[A 2,8] Lunar node, 21600 — 3242:38 = 18317:22.

6.4 True Daily Motions

[A 2,9] Mean solar daily motion, 59:8.

[A 2,10] Mean lunar daily motion 790:35.

[A 2,11] True solar daily motion, 57:33.

[A 3,1] True lunar daily motion, 760:32.

[A 3,2] Daily motion of the node, retrograde, 3:11.
[A 3,3] True daily motion in elongation, 42179.

6.5 Precession, Day Length and Noon
Shadow

[A 3,4] Quadrant for precession, 2.

[A 3,5] Precession, positive, 1369:48.

[A 3,6] True solar tropical longitude, 147° 12' =
4:27:12.

[A 3,7] Half day, 15:52.

[A 3,8] Half night 14:8.

[A 3,9] Quarter day, 7:56.

[A 3,10] Quarter night, 7:4.

[A 3,11] Solar noon shadow, 1:7.

6.6 Parallax of the Middle Eclipse

The difference in longitude between the Sun and
the Moon at noon is 7462:33 — 7458:54 = 3:39.
This is the distance the Moon still has to travel.
We convert this into time using the daily motion
in elongation [A 3,3]: 3:39-3600/42179 = 0:19
nadis [B 1,1]. This is the time of the true con-
junction after noon. The time after midnight is 30
+0:19=30:19 [B 1,2].

The procedure used to calculate the parallax
in longitude (time) is to take the true conjunction
time after noon and express it in vinadis, v. The
parallax in nadis, n, is then computed from the
formula

n = (7-v)/(600 + |v|),
|v|] being the positive value of v.

®)

The correct parallax is a complicated function
of the latitude of the luminary, the time of day,
and geographical latitude. However, the formula
above gives a surprisingly good approximation
to the true parallax at least for locations not too
far from the equator (see below). For times be-
fore noon the parallax correction in longitude is
negative. Applying the formula with 19 vinadis
above, we arrive at the longitudinal parallax (in
time measure) of 0:13 [B 1,3]. Thus the true
apparent conjunction time, corrected for parallax
isat0:19 + 0:13 = 0:32 [B 1,4] after noon.

During the time from noon the Moon moves
0:32.760:32/60 = 6:46 [B 1,5]. The movement
of the node is in the same way 0:2, backwards
[B 1,6]. The longitude of the Moon is then

Page 59

Table 6: Declination table.

/v |0 10 20 30 40 50 60 70 80 90

N 0 4 8 12 15 18 20 22 23 24

7465:40 [B 1,7], and of the node 17317:20 [B
1,8].

The descending node is at 17317:20 — 10800
= 6517:20. The Moon has not reached the de-
scending node; its longitude is still north. Rel-
ative to the ascending node it is in quadrant 1 [B
1,9]. The distance from the descending node is
51:40, giving a latitude of 51:40/13 = 3:58 (north)
[B 1,10].

The procedure for calculating the parallax in
latitude is as follows. The time in nadis of the
apparent conjunction after noon is multiplied by
6 in order to convert it to degrees (360° = 60
nadis). The result is then added to the true trop-
ical longitude of the Sun. The result is an approx-
imation to the longitude of the nonagesimal, Ay,
the highest point of the ecliptic. From Table 6
we then calculate the declination of the non-
agesimal, Sy. The table uses the standard South-
east Asian value of 24° for the obliquity of the
ecliptic. The table is based on the formula sin
SOy = Sin 24°-sin Ay.

Inour case we have Ay =147° 12' + 6-0:32 =
150° 24'. Reducing to the first quadrant we get
by interpolation 6y =11° 50’ [B 1,11], positive.

The parallax in latitude is then
1= 49" sin (& — ) (6)
where ¢ = 21° 32' is the actual geographical
latitude. The value, 49, is the effective hori-
zontal parallax of the Moon and the Sun used in
Southeast Asian astronomy. This is also the

mean value used in Suryasiddhanta (Burgess,
2000(V): 11).

We have 6y — ¢ = 11° 50’ — 21° 32' = -9°
42' [B 1,12]. The parallax is taken from a new
table (Table 7); we get by interpolation 7:45,
negative [B 1,13].

The latitude corrected for parallax is then
3:58 — 7:45 = —3:47 (south) [B 1,14].

6.7 Diameters and Radii

[B 2,1] True diameter of the Sun, 30:10.

[B 2,2] True diameter of the shadow (Moon),
29:49 .

[B 2,3] Sum of radii, 29:59.

[B 2,4] Difference of radii, 0:10.

[B 2,5] Eclipsed part, 26:12.

Table 7: Parallax table.

N-¢| 0 10 20 30 40 50 60 70 80 90

g 0 8 17 24 31 37 42 46 48 49
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6.8 Preliminary Data for the Beginning and
End of the Eclipse

[E 1,1] Square of sum of radii, (29:59-60) =
3236401.

[E 1,2] Square of middle apparent latitude
(3:47-60)* = 51529.

[E 2,1] Square root of the difference: 1785.

[B 2,6] Convert to time 1785-60/42179 = 2:32,
preliminary half duration.

During this time the Moon moves relative to the
node 2:32-(760:32 + 3:11)/60 = 32:15.

This corresponds to a change in latitude of
32:15/13 = 2:28. During the eclipse the lunar
latitude will decrease as the Moon is approach-
ing the descending node.

The true latitude at the beginning is 3:58 + 2:28
= 6:26 (north) [B 2,7].

The true latitude at the end is 3:58 — 2:28 = 1:30
(north) [B 2,8].

Preliminary time of the beginning 0:32 — 2:32 =
—2:0, before noon [B 2,9].

Preliminary time of the end 0:32 + 2:32 = 34,
after noon [B 2,10].

60

40

20 —

Parallax/arc minutes

-20 4

-40

Time from noon/hours
T T T T T 1

-4 -2 0 2 4 6
Figure 2: Parallax in longitude.
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6.9 Latitude Parallax Corrections

Repeating the procedures for parallax in latitude
we have:

Nonagesimal longitude at the beginning 147°
12'-6-2:0 =135° 12",

Nonagesimal declination 16° 26'[B 2, 11].
Nonagesimal longitude at the end 147° 12' +
6-3:4 = 165° 36'.

Nonagesimal declination 5° 45’ [B 2, 12].
Argument for beginning parallax 16° 26" — 21
32'=-5° 6’ (south) [B 2,13].

Argument for end parallax 5° 45" — 21° 32’
—15° 47' (south) [B 2,14].

Parallax correction at the beginning 4:4 (south)
[B 3,1].

Parallax correction at the end 13:12 (south) [B
3,2].

Apparent latitude at the beginning 6:26 — 4:4 =

o
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2:22 (north) [B 3,3].
Apparent latitude at the end 1:30 — 13:12 =
—11:42 (south) [B 3,4].

6.10 Time Corrections

[E 1,3] Square of latitude at the beginning (2:22
.60)° = 20164.

[E 1,4] Square of latitude at the end (11:42-60)2
=492804.

[E 2,3] V{3236401 — 20164} = 1793. Beginning
of the eclipse.

[E 2,4] V{3236401 — 492804} = 1656. End of the
eclipse.

[B 3,5] Eclipsed part at the beginning 29:59 —
2:22 = 27:37.

[B 3,6] Eclipsed part at the end 29:59 — 11:42 =
18:17.

[B 3,7] Conversion to time from the true con-
junction 1793-60/42179 = 2:33.

[B 3,8] Conversion to time from the true con-
junction 1656-60/42179 = 2:21.

[B 3,9] 30:19 — 2:33 = 27:46, time from midnight
[B 3,10] 30:19 + 2:21 = 32:40, time from mid-
night

As counted from noon the times in [B 3,7] and
[B 3,8] become

[B 3,11] 2:33-0:19=2:14 =134

[B 3,12] 2:21 + 0:19 = 2:40 = 160

Using the formula (1) to compute the longitud-
inal parallax correction we get

[B 3,13] 1:17

[B 3,14] 1:28

The total duration of the beginning phase is then
2:14 + 1:17 = 3:31 and of the end phase 2:40 +
1:28 = 4.8.

[C 1,1] Beginning of the eclipse after midnight
30:0 — 3:31 = 26:29.

[C 1,2] Middle eclipse 30:32.

[C 1,3] End of the eclipse 30:0 + 4:8 = 34:8.

[C 2,1] Quarter day — beginning phase = 7:56 —
3:31 = 4:25.

[C 2,2] Middle time from noon 0:32.

[C 2,3] End time from noon 4:8.

[C 3,1] Western time of the beginning 10:35:36
[C 3,2] Western time of the middle 12:12:48
[C 3,1] Western time of the end 1:39:12

Modern calculations give 10:23 a.m., 12:7
a.m., and 1:43 p.m. respectively, local true solar
time.

6.11 Grid D, Shadow Calculations

The tropical longitude of the Sun is 147° 12/
zodiacal sign 4.

Half day D = 15:52 = 952.

[D 1,1] The time of the beginning from sunrise
15:52 - 3:31 =12:21

[D 1,2] The time of the beginning before noon
3:31.

[D 1,31 H = 3:31 = 211, sign 4, 4 nadis gives
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M = 563.

[D 1,4] D-M = 952563 = 535976.
[D1,5] D—H =952 - 211 = 741.
[D 1,6] Shadow 3:47.

[D 2,1] The time of the middle eclipse from noon
0:32

[D 2,2] The time of the middle eclipse after noon
0:32.

[D 2,3] H = 0:32 = 32, sign 4, 1 nadi gives M =
571.

[D 2,4] D-M =952-571 = 543292.
[D2,5]D—-H=952-32=920.

[D 2,6] Shadow 1:27.

[D 3,1] The time of the end from noon 4:8

[D 3,2] The time of the beginning after noon 4:8.
[D 3,3] H =4:8 =248, sign 4, 4 nadi 2 gives M =
563.

[D 3,4] D-M = 952.563 = 535976.

[D 3,51 D—H =952 -248 = 704.

[D 3,6] Shadow 4:25.

7 THE BURMESE SOLAR ECLIPSE
PARALLAX CORRECTIONS

The Burmese parallax corrections represent a
large simplification as compared with the anal-
ogous Suryasiddhanta corrections and it is there-
fore interesting to compare them with parallaxes
computed using modern astronomy. How accu-
rate are they?

The parallax in latitude and longitude of the
Moon in general depends on the observer’s lati-
tude, ¢ the longitude of the Sun, A, that in a
solar eclipse is equal to that of the Moon, the
time from noon h, and the obliquity ¢ of the eclip-
tic. We here neglect the dependence on the dist-
ance of the Moon from the Earth.

7.1 The Parallax in Longitude

As shown above, for the parallax in longitude
the Burmese use a very simple function:

n=7v/ (600 + |v|) @)
where v is the time in vinadis after noon, and n
the parallax in nadis. Since 1 vinadi = 1/150

hour and the mean elongation motion is 730’ per
day we can rewrite this formula as

64 =85.2:h/(4 + |h)|) (8)
where now h is the time after noon in hours and
6/ the longitudinal parallax in arc minutes. The

Burmese formula is explicitly independent of the
longitude of the Sun.

We compare the value of this function with
the corresponding modern function for parallax in
longitude (Meeus, 2000: 98-100) being a func-
tion of the geographical latitude ¢, the solar
longitude A, and the time from noon h.

We use ¢ = 23.2°, the geographical latitude
of Ujjain, but our result is quite insensitive of this
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choice. All latitudes of Burmese sites are quite
close to 20°, and the manuscript has 21° 32'.
The graph of the parallax function versus the
time in hours from noon (Figure 2) for a fixed
solar longitude is a sigmoid curve. Different
solar longitudes give similar parallel curves but
displaced slightly upwards or downwards. For
simplicity we only show the extreme cases, the
bottom black curve being the parallax for solar
longitude 0° and the upper black curve the
parallax for solar longitude 180°. The red curve
is the Burmese longitudinal parallax, which is a
kind of average of the modern values and quite
closely approximates the modern parallax for
solar longitudes 90° and 270°. The horizontal
axis in this diagram is the time in hours from
noon, and the vertical axis is the parallax in arc
minutes. Negative hours are times before noon.

The error of the Burmese longitudinal paral-
lax is at most about 10’, which corresponds to
about 20 minutes in time.

7.2 The Parallax in Latitude

The Burmese parallax in latitude depends, as
does the modern parallax, on the solar longitude
A, the observer's geographical latitude ¢ and
the time h from noon. We have again taken the
observer’s latitude as 23.2° and compare par-
allaxes for 4 = 0°, 30°, 60°, 90°, 180°, 210°,
240°,270° (see Figures 3a—h). Graphs for other
longitudes that are multiples of 30° are identical
to the others but with the sign of the time axis
reversed. The black curves show the modern
parallax and the red curves the Burmese one.

The Burmese algorithm has a maximum dis-
crepancy of about 5. The main part of this dis-
crepancy is due to the Burmese use of a hori-
zontal parallax value of 49’ instead of the modern
value of 57'.

8 CONCLUSIONS

A general impression one gets from the calcu-
lations above is that they are of surprisingly good
quality. There are very few computational or typ-
ographical errors. The computational methods
show a delicate balance between the need for
accuracy and clever approximation shortcuts for
simplifying the calculations. This is especially
evident in the solar eclipse calculation and in the
corrections for parallax.

The shadow calculations seem to be a char-
acteristic of Burma and give a very simple and
interesting solution to a complicated mathemat-

ical problem.
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D 1 2 B

1 13:37 0:31 4:14
2 13:37 13:07 9:24
& 301 310 331

4 295582 253580 270758
® 165 31 254

6 25:02:00 137:09 18:14

11. 2 Appendix 2

Annular solar eclipse grids Burmese Era 1295,
sutin 128, 21 August 1933.

See Tables 9 A-E.

Table 9 A — E: Transcription of solar eclipse panels A — E.

11 APPENDICES

11.1 Appendix 1
Partial lunar eclipse grids Burmese Era 1296

sutin 102, 26 July 1934.

See Tables 8A-D.

Table 8 A—D: Trancription of lunar eclipse panels A — D.

A 1 2 3

1 1296 51:56 3:11

2 5035 5986:14 48166
8 85 16943:9 2

4 1 1 1370:42
5 102 53 122:37
6 6038:10 16961:43 305:32
7 16945:4 17238:2 16:22
8 5932:53 59:08 13:38
O 4361:58 790:35 8:11
10 3 57:04 6:49
11 21 859:50 0:12 5:59
B 1 2 3

1 16786:14 84:18 19:23
2 13:07 59:01 27:07
S 16:53 25:18 3:16
4 16773:45 23:15 3:43

5 17238:44 10:28 12538681
6 0 3:30 4605316
7 35:46 39:38 2304324
8 33:43 31:54 5654884
C 1 2 3

1 13:37 5:26 5:26:48
2 16:53 0:31 6:45:20
3 20:36 4:14 8:14:24

A 1 2 3

1 1295 98:54 760:32
2 5034 7462:33 3:11
3 292 7739:07 42179
4 0 3 2

5 128 23 1369:48
6 7561:27 280:13 147:12
7 7742:47 7458:54 15:52
8 3664:02 18317:22 14:08
9 3242:38 59:08 7:56
10 3 790:35 7:04
11 16 57:33 1:07
B 1 2 3

1 0:19 30:10 4:04
2 30:19 29:49 13:12
5 0:13 29:59 2:22
4 0:32 0:10 11:42
5 6:46 26:12 27:37
6 0:2 2:32 18:17
7 7465:40 6:26 2:33
8 18317:20 1:30 2:21
9 1 2:00 27:46
10 3:58 3:04 32:40
11 11:50 16:26 2:14
12 9:42 5:45 2:40
13 7:45 5:06 1:17
14 3:47 15:47 1:28
© 1 2 3

1 26:29 4:25 10:35:36
2 30:32 0:32 12:12:48
3 34:08 4:08 1:39:12
D 1 2 3

1 12:21 0:32 4:08
2 3:31 0:32 4:08
5 563 571 563

4 535976 543592 535976
5 741 920 704

6 3:47 1:27 4:25
E 1 2

1 3236401 1785

2 51529

5 20164 1793

4 492804 1656
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