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Opening Address

Opening Address

Kiyotaka Tanikawa
NAOJ, Mitaka, Tokyo, 181-8588, Japan email : tanikawa.ky@nao.acjp

Dear Friends,

Two years have passed since we had the Eighth Symposium on History of
Astronomy on June 15-16, 2021 and the Symposium on Calendars Used in Asia
and Oceania on March 15-16, 2021. These symposia were done through Zoom
due to the pandemic of the COVID-19. Our last face-to-face meeting was done
on March 11-12, 2019 as the Seventh Symposium on History of Astronomy. More
than four years have passed. As a participant of the symposium | eager to meet
friends and discuss intimately the history of astronomy. | may expect this in the
next meeting. Ten years of our international collaboration have taught me that the
center of mass of the research on the history of the Asian astronomy has shifted
from Europe to Asian nations, i.e, to India, China, Korea, and Japan. This is due to
the development of the respective nations including the education, the number of
scholars, and the amount of budgets together with the deepening of the
understanding the history of their past. The other shift of the center of mass has
taken place in the study of historical astronomy. For a long time, the Great Britain,
in particular the Stephenson school lead this field.

However, though their method of analysis is popular, | feel, theirs is out of
fashion because their accuracy in the time domain is not enough to cope with the
recent results from other fields related to the climate changes. The eastern
scholars using the ancient eastern solar eclipses and occultations with data of

other regions prepare a promising substitute with a new method.
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In this important stage, Sbma and Tanikawa have decided to pass the baton
of leading the community to Korean scholars Hong-Jin Yang and Yong-Bok Lee.
This baton pass is almost inevitable. In fact, Japan is shrinking rapidly due to the
un- avoidable interference of the foreign powers. This is in contrast to India,
China, and Korea which are rapidly expanding in every respect. The Japanese
governmental budget for science and education is decreasing. The political and
economical systems are deteriorating. The Japan cannot keep the leadership.

| hope that Drs. Yang and Lee may lead the group of the Asian history of

astronomy from now until the next baton pass.

Kiyotaka Tanikawa
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Thank you very much
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AT and the lunar tidal acceleration for AD 418

Kiyotaka TANIKAWA!

National Astronomical Observatory of Japan
Mitaka, Tokyo 181-8588, Japan

Received ; Accepted
Abstract

We obtain narrower and more reliable ranges of AT
and the lunar tidal acceleration for AD 418. The lat-
ter result is particularly important because there is no
method other than using the Séma diagram to obtain
this range. The first result for this range has been ob-
tained in 2004 for the year 188BC (Tanikawa & Soma,
2004).

Introduction

The lunar tidal acceleration means the secular deceleration of the lunar
motion along its orbit due to the tidal interaction between the Earth and
Moon. The longterm variations of the delay AT of the Earth rotation

have been obtained in
Stephenson (1997): —500 to AD 1600.
Stephenson et al. (2016): 720 BC to AD 2015.

The 9th International Symposium on History of Astronomy
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AT =TT -UT
TT is the Terrestrial Time (uniform time)
UT is the Universal Time measured with reference to the rotation of
the Earth.

The variations are expressed by a spline curve: a pieceiwse

quadratic curve with smooth connection.

Purpose of the present report

Our evaluation on the spline curve of Stephenson (1997) and
Stephenson et al. (2016)
(1) It is too much smooth.
(2) AT variations of periods as short as hundreds or several tens
of years may have been smoothed out.
(3) The scatters of AT values of adjacent years amount to

10000 seconds in some cases due to the clock errors.

Our ideas
(1) We use reliable total solar eclipses.
(2) We use
(2)-1 Single deep solar eclipses observed thousands of kilometers
apart;
(2)-2 Multiple deep solar eclipses of adjacent years.
(3) We plot SOma diagram.

Purpose

24 The 9th International Symposium on History of Astronomy
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We determine the ranges of A7’ and the lunar tidal accelera-
tion using the eclipse on AD 418 July 18.

Example eclipses

We have experiences of determining the range of A7’ using multiple
observations of a single solar eclipse (Fig. 1) and multiple observa-
tions of a single solar eclipse plus observations of contemporaneous
solar eclipses (Fig. 2). In the former case, the data are equivalent with
two independent observations of the same annular eclipse. In the lat-
ter case, the data are equivalent with five independent observations of
contemporaneous deep eclipses. In both cases, parameters AT and the

lunar tidal acceleration are common.

873 7 28 TD - UT = 3500.0 sec

- A"’(;-_‘:g-:_,

re1 EClipses of AD 873 observed at Nishapur and Kyoto
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eclipse should have been deep, say, the magnitude was larger than 0.99.
The range of AT is

6450 sec < AT < 6900 sec
and the range of the correction to the tidal acceleration is
A—1.0"/cy* < LTA < A+ 0.46" Jcy?

compared with the former result A —2".0 < A < A+ 0".5.

rable 1. LONGitude and latitude of Observation sites

City Longitude  Latitude

Chaves 7°28W 41° 44N
Ginzo de Limia  7° 44W 42 ° 04’N
Byzanz 28°539E 41° I'N

If the eclipse was not almost total at Chaves, then we have
6450 sec < AT

and
A=10"/cy* < A

i.e. compared with the former result A —2".0 < A < A +0".5.

References

Hayakawa, H., Murata, K. and Séma M.: 2022, PASIJ, 134:094401 (1pp).

Stephenson, ER. 1997, Historical Eclipses and Earth’s Rotation (Cambridge:
Cambridge University Press)

Stephenson, F.R., Morrison, L..V., & Hohenkerk, C.Y. 2016, Proc. R. Soc. A, 472

Tanikawa, K. and Soma, M. 2004, PASI, 56, 879

Theodorus Mommsen: 1892, Monumenta Germaniae Historica, Chronicorum
Minorum, Saec,IV.V.VLVIIL, Vol.1, p.755, AD418; (Auctores Abtiquissimi Vol.9,
1892, 755)

Waitz, G.: 1881 Annales Chronographi Vetusti, Monumenta Germaniae Historica,
Scriptorum, Tomus XIII, p.716, AD418;
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Abstract

Seonggyeong’s star data were calculated with precession correction, considering a 17-year period, with the
selection of traditional East Asia asterisms and southern sky constellations from the star catalog in Yixiang
Kaocheng Xubian. While Seonggyeong used improved position data, the East Asian tradition was maintained for
the coordinate system and composition of the asterisms. This a dual system is characterized by the application of
the latest data to reflect the new, while maintaining the old by adhering to tradition. This duality is analogous to
the conditions of conflict and convergence that emerged at the end of the Joseon Korea due to changes in
Western powers and values. In other words, we think that prior to the introduction of modern astronomy,
Seonggyeong reflected the values of astronomers in Joseon Korea, who were experiencing conflicts caused by
the fusion of tradition and modernity. The average position error of stars recorded in Seonggyeong is 5.33+£0.34
arcmin. Considering that the positional error of star catalogs made in Europe at the same time is within
approximately 0.5 arcmin, the positional accuracy of Seomggyeong is very low. In Europe, as navigation and
trade exchanges became more active, and industrialization occurred, the demand for scientific knowledge
increased, leading to the production of accurate star catalogs. Therefore, depending on the perspective of the
time, the purpose of using the star catalog in Joseon Korea, as evidenced by the method of composition of
Seonggyeong and the position error of recorded stars, can be understood to be completely different from that in
Europe.

The 9th International Symposium on History of Astronomy
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Introduction |

History of star catalogue in East-Asia after the 14t century

e 14th century = BREE R E Mingyi tianwen shu (Book of astronomy translated in the Ming Dynasty)

« 15t century = EBENE Chijeongsan-Oepyeon

(Supplement to the calculations of the motion of the seven celestial determinants)
» 16t century = EMES Qizhengtuibu (Calculation of the Seven Regulators)

« 171 century = BEIIEBE Xyang Xinfa Lishu

(Treatises on calendrical astronomy according to the new methods from the western ocean)
« 18th century = BRER Yixiang Kaocheng (Compendium of imperial astronomical instruments)

+ 19% century = ERERIER Viviang Kaocheng Xubian

Introduction li

« 15t century : CBENE Chiljeongsan Oepyeon

BERILSRRNERLBEEILR Hwangdo-nambuk-gaksang-naeoe-seonggyungwido-ipseong
Catalogue of stars in ecliptic northern and southern sky.

All of the stars’ positions are arranged within £10° on an ecliptic plane.

Islamic/Arabic culture is assumed to have had an influence.

vV V. V V

18t century : I8HNBEZE Jeungbo munheonbigo, and BEIBEE Viae jeonseo
Only 1st magnitude and the determinative star of 28 lunar lodges were selected
from the star catalogue in Vixiang Kaocheng

v

19t century : 28 Seonggyeong (by Nam Byeong-gil %%, 1820-1869)
The position of fixed stars is the result of corrections(s) to precession

in the star catalogue in Vixiang kaocheng xubian.

All sky data.

Historical data that can grasp astronomical knowledge of the late Joseon Korea
before the introduction of modern astronomy.

'

Vv

\'2
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Previous research : Seonggyeong

« Identification of the Stars listed in "Seong Kyung' (Hahn and Yu, 1974)
« |dentification of stars in Song-Gyong (ahn, Park, and Yu, 1996)

 An Analysis of the Stars Recorded in Seonggyeong
: Comparison with the Star Catalogue in Yixiang Kaocheng Xubian (Jeon, 2017)

The 9th International Symposium on History of Astronomy 31
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Content of Seonggyeong

* First volume (80 pages)
> F (Introduction), 318 (Three Yuan of asterisms), 2878 (28 lunar lodge)

*» Second volume (62 pages)

> 2878 (28 lunar lodge), JiFgHBE (the Southern constellation), & (Magnitude),
JRiE&E (Figure of equatorial instrument) , &% (Book review)

All 142 pages

> 134 page is information(name, position, magnitude) of stars.
> not a theoretical or mathematical book

Content : = introduction

e S|,

L\ R = %

A b i A S PP b o=

AR E R g

|2 | B g B || 52| & iqi i

@z |t x|B[x e iﬂ??-l‘ﬁ_. > Origins of constellations.

BOENW|E (R (R X 5 [ > How the position of the stars has been improved.
WA E AR | Bk T ——— o ) ]
A || P (| (A | | gk > Variation in the position of stars owing to precession.
ARV ITNE S L . )

TR |x ElElEx 4.1:‘& > European astronomical knowledge introduced

E ﬁi fj f’ﬁg fﬁ’ E;“g to Qing China by missionaries

RREE A AR : : :

w | ;ﬁ f,j 2 S % 5 _ﬁ > Seonggyeong with precession correction by

Vg w2 R selecting only the original constellations

AL e AR A o .
KL LA R E from the star catalogue in Vixiang kaocheng Xubian.

D=4 E 5| 2 12K
oA A X
=\ | | || R
i E B ek Al 30
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Content : sz 28% and iame

> 3B (BWUE, ABUE, XiiE)
Three areas enclosed by stars linked up like city walls:
Zewei, Taiwei, Tianshi

iR % =TT ey

> 2878 : 28 lunar lodge (east, west, south, north}
> The Southern sky asterisms
> Listed by constellations, not sequentially by longitude.
> The positions of the stars are recorded as longitudes
divided into 12 signs, and angular distances
from the North pole according to

the traditional East-Asian coordinate system.

> The magnitude is divided into separate.

> An illustration according to the asterisms area is included.
> Similar to the form of
$HRI Butiange or R Cheonmunryucho.
> The asterisms are described in the sequence of
three areas enclosed by stars linked up like city walls:
Zewei Taiwei, Tianshi and the 28 lunar lodges.

> The names of asterisms and coordinates of the each
stars belong to asterisms have been recorded.

> The Southern sky asterisms were recorded without
illustrations(and magnitude),
only their names and position.

> Magnitude of the stars are recorded separately.

The 9th International Symposium on History of Astronomy 33
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Content : 3= 8%

ET

| g

> An illustration according to the asterisms area is included.
> Similar to the form of

FRI; Butiange or FIIRH Cheonmunryucho.

om@T
TR0 E T o
a5 10

S

> The asterisms are described in the sequence of

e LT L Err 1]
BRHS | tUBY Tham BRI,

‘ ' ‘/lf ?;ﬂ ! : three areas enclosed by stars linked up like city walls:

3 B EE |

} L = FE EEEE R Zewei, Taiwei, Tianshi, and the 28 lunar lodges.

| i & Ei\ﬁ Lz 1:|@:B.§| g :
F= e > The names of asterisms and coordinates of the each
£

¥ ; stars belong to asterisms have been recorded.

8| =

W > The Southern sky asterisms were recorded without

*: illustrations(and magnitude),

HE

only their names and position.

> Magnitude of the stars are recorded separately.

R gl |

Content : #=#E Equatorial instrument

F- | R 2| e
(e w| FE wn |
W pemel o 2| |
B 4ace wimen ayr| |
F x sl (A J"

> It should be noted that this

g 7 i ; BEE R A ETE
§ ;% > An illustration of the ;‘é 2| |na ;\Z_]‘ﬁm l,ljy: ?& i
< 3 ol AN AE I ES T AL Al
% ’g‘ equatorial instrument and 75 | o 98| vm [z %i: Eﬁ? ?jé .
i is i 1 & | B | Pif 388 |aw) 2 |/ 3 @
2 i how it was used is included ped B i ey
il A 7 | FE | R | P AR [ <8R ) )
=| > The position of the stars % f;{ "'“J' zﬂfa ;i.fﬁﬂg *
: in Seonggyeong is not | X st
g ggy g . Fi'ﬁf % g;&ﬁyfﬁ.{r_
¥ the result of observations 4|3 A2 | T | & 8] | L
&) |7 mAe | T
of the equatorial instrument. F;E |3 @ m(xmes) 5
&
B
$#

result was calculated with

&
WhEGEAEEG

% aew p|em s
Bt w @ || S

TP B R R R
S RBESH IS b B R

precession correction.
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Content : &% Book review

LY il

|
| 1 ! d !
FEEE R L8l > by LleeJunyang (St 1817 1886)
|3 8| | okl 5 |4 3
B2 |0 A 2| 2|4 HEH R Sinbeob Bocheonga (1862)
N A AR An academic colleague of Nam Byeong-gil,
Z IR R B pr | 4%
B3| R | k] BB the author of Secnggyeong
| & -
5; ;1_5, & ;};]ér E“L"}é > It explains that data on the stars have been
}E i’ 4!% g% ?:’ ’%! improved and updated.
B W | | gk 4 | i |
£ |7 ﬂflﬁi % Yo 5|5 | > It emphasizes that it is an astronomical book
e Ak o A
FdLaE I 3 Pt | %% of new data.
:&,'% b HEEJ Fip
% T W-ﬁié; ir‘ 2{{' ; :f? > It explains that the meaning of Seonggyeong is great.
wri H.BE i 2 R

Content : Summary

This book is composed of a system that differs from the general star catalogue.

(e.q. coordinate system, format of book etc.)

This book is organized according to the traditional East-Asian asterisms system.

= Similar to Butiange, Cheonmunryucho

No theoretical statements. No astrological interpretations. No mathematical explanations.

The star’s position and magnitude were recorded.

An illustration is attached, which is similar to the illustration format of Butiange or Chenmunryucho.
In general, the star catalogue is tabulated with information regarding name, position, and magnitude.
However, in Seonggyeong, names and positions are recorded in sentences,

and the magnitude is classified and organized separately.

Southern sky asterisms are recorded only by name and position.

= No illustration. No magnitude.

“In conclusion, it is similar to the star catalogue in terms of functional aspects,
but the composition system is similar to the traditional East-Asian method.”

The 9th International Symposium on History of Astronomy
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Error : Summary

« Position error.

+ Magnitude error.

« Position error based on the declination.
« Positional deviation in ARA and ADEC.

1. Similar to the characteristics of star catalogues published in Europe and Islamic/Arabic
cultures in the 15t to 18t centuries.

2. Similar to the characteristics of star catalogues published in Qing China with the help
of European missionaries in the 17t to 19t centuries.

“In conclusion, the star catalogue in Qing China, which was influenced by
European and Islamic/Arabic cultures, may have influenced Seonggyeong(1861)"

Comparison |

+ Based on Seonggyeong, the average position error was calculated by selecting
determinative stars of 28 lunar lodges from the previous star catalogues in Qing China.
* Yixiang Kaocheng (1744) and VYixiang Kaocheng Xubian (1844) include examinations
of the star catalogues from the previous period.

m Standard epoch Position error (arc-min)

Yixiang Kaocheng 1744.0 0.87
Yixiang Kaocheng Xubian 1844.0 2.19
Seonggyeong 1861.0 244

38 The 9th International Symposium on History of Astronomy
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Comparison Il

> In general, the positions of stars recorded in star catalogues tend to become more
accurate over time.
The use of telescopes increased accuracy, particularly in the 18" century.

\%

> However, during the period of more than 100 years from Vixiang Kaocheng (1744) to
Yixiang Kaocehng Xubian (1844), and from Yixiang Kaocheng Xubian (1844)
to Seonggyeong (1861), the position error increased rather then decreased.
In other words, the accuracy was reduced.

> Rather than interpreting that observation technology has deteriorated over time;
in other words, it is more reasonable to view records in Seonggyeong as
the result of editing with precession correction, rather than the result of observation.

> The supports the record in the preface that Seonggyeong is precessed and corrected
from Yixiang Kaocheng Xubian.

COmparison HI : with Yixiang Kaocheng Xubian

> The name, position, and magnitude of the stars are recorded in the star catalogue of
Yixiang Kaocheng Xubian (1844).

> At the bottom of the table, precession correction values according to right ascension
and declination for each star were recorded.

> | confirmed that this precession correction value reflected
the ‘'movement value of the vernal equinox’ and the ‘proper motion value of each star’.

> However, it is not known how these two values were used to give the correction value.

> Further research is needed in the future.

The 9th International Symposium on History of Astronomy
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Comparison IV : with Yixiang Kaocheng Xubian

| Yixiang Kaocheng Xubian (1844) — Seonggyeong (1861) |
| 1844 year — 1861 year |
17 year

> As a result, it was confirmed that precession correction was used for a period of 17 years.
> It was confirmed that 1,430 stars among 1,449 stars were perfectly calculated results.

> For the remaining 19 stars, the error caused by miscalculations and miswrites were confirmed

> In particular, the error of four stars is sufficiently large to affect the identification analysis.

Summary and Discussion |

+ Seonggyeong (1861) is the result with precession correction applied
a period of 17 years from the star catalogue in Vixiang Kaocheng Xubian (1844).

+ Seonggyeong used the improved position data, but the East-Asia tradition
continued to be maintained for the coordinate system and composition of the asterisms.

+ Among 1,449 stars, 1413 were identified with modern stars (HIP 2000.0).
+ The average position error(angular distance) of the identified stars was 5.33+0.34 arcmin.

+ Considering that the position error of star catalogues made in Europe at the same time
is within approximately 0.5 arcmin, the positional accuracy of Seonggyeong is very low.
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Summary and Discussion I

+ A dual system to reflect the new by applying the latest data while maintaining the old
by following the tradition. = A dual condition of conflicts and convergence amid change
in Western powers and values that appeared at the end of Joseon Korea.

Before the introduction of modern astronomy, the values of astronomer
in Joseon Korea, who were experiencing conflicts caused by the fusion
of tradition and modern, were reflected in Seonggyeong (1861).

In Europe, at that time, navigation and trade exchanges became active,
and as industrialization occurred, the demand for scientific knowledge increased,
and accurate star catalogues were competitively created according to these demands.

Depending on the perspective of the times, considering the method of composition
of Seonggyeong (1861) and the position error of recorded stars, the purpose of using
the star catalogue in Joseon Korea can be understood to be completely different from
that in Europe.

Reference
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The lunar movement model presented in
the Sechoyuhui #iE %% of the Joseon FA%F

Choe, Seung-Urn E£$2

Seoul National University

The 9t International Symposium on History of Astronomy 2023.3. 29.

Abstract

* While comparing with {(ZRiEE&ZE), we examine in detail how
to obtain the lunar position of the moon covered in (& %E
=),

*and even when compared with modern methods, there are
some differences in the constants used, but there is no big
difference in the method.

« However, as the record of {{#iE#E5) followed the record of
<BBER> of (EMEEE), it was found that it followed the
misunderstanding or mis-wrighting part of <A &§zk> instead
of the method correctly described in < BE#EIE> of (EEE
=).
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Intoduction

1. Joseon EAf# had been interested in the Siheon calendar(or Almanac)
KrEE from the time of King Injo 1Zi, and had Kim Sang-beom &fa
38, an officer of the Gwansanggam Ei5kEz, study in China to learn the
movement of the sun, moon, and five planets, started this Siheon
calendar at the 4 year (1653) of King Hyojong Z2=.

2. Afterwards, in the 31st year (1705) and 34th year (1708) of King
Sukjong &R, Heo Won &%, an official of the Ministry of
Gwansanggam, was sent to China to learn all the calculation methods
recorded in {Sungjeongyeokseo ETHEZE) or {Western New Method
Almanac FFUEES). In the 37th year of King Sukjong's reign, in
the year of Gyeongin BEE (1710), {Sechoyuhui #iE =) was
written with this almanac by Heo Won.

3. China's Siheon Almanac begins with (ZiEEZE) managed and
compiled by Xt Guangqi(fRJ£Z) at the end of the Ming B Dynasty.

<HEABEHE> in GIE2E=) Gon i

« <M ABEME >, recorded in KHEEZESE) 3, records how to
obtain the ecliptic longitude E=#& and latitude =#& of the
Moon located on the orbit of the moon Hj&.

* This method is the same as the method of obtaining the
ecliptic longitude and latitude of the moon, which is recorded

in < ABER> of (EMEEBEZE), not in < ABEETE> of (EEFEE).

* In the case of the moon, as in the case of the sun, it is based
on the winter solstice £ Z.
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The two epicycles A &i-2X# model of the Moon
explained in < ABEEE> of (EMEES)
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Table of the second and third equation of center

A N N g 8 0:|/Jt_ﬂ“g§‘;g§§§g . Num'bers in ’ghe table can not
_E'My‘.i%o': =lnla) ?'irtwt—ﬁ:‘*ii?% % obtained with the model
BEAE={Aik oo s-aonomipe b | described at < ABETEIE > of
MRARBALAfoososozazn s k| (BTAEE)
Jﬁi ;-..'7’1. E:-*:Eff:i‘.i&_:%:[oz‘o::’inf%\{_l[g_iﬂlﬁé_ . ,
e el (e ) LT After calculating with the
iff;:;;ﬂfs%w%f.miﬂifﬂiim%ﬁifi?“ model at < ABEE> of (/&
S e R A s E] REE) numbers are almost
:;"zmiﬂii—-\—l: el E_!i__Tb w4, - matched to the table.
2aAm-bozmali-l el T RE 2 5
S‘iﬁl{;oﬁj—m ~>‘<Lf\j !ioli::ml:j :JCJZZ%

The lunar location

* The longitude from the winter solstice &% is calculated along
the lunar orbital plane Hi&.

* This longitude should be calculated to the ecliptic longitude
along the ecliptic with the angle between the lunar and solar
orbital plane EH K.

* The locations of two nodes & = between the lunar and solar
orbital plane can be calculated. Therefore how to obtain_the
lunar latitude is described at < BEEEIE>, < BBER> of (REE
£) and <#BHME> in (HIEFE=) Gon (3#). Two methods
are same each other.

* The lunar and solar eclipse A& or HE can be calculated
because the first equation of center #]¥3% is only needed to
calculate the longitude.
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Summary

1.

< ABEMHE>, recorded in (HIEX %) 1, records how to obtain the
ecliptic longitude and latitude of the Moon located on the orbit of the
moon(H3i8).

This method is the same as the method of obtaining the ecliptic
longitude and latitude of the moon, which is recorded in <A&E&xR> of
(REEE).

However in <ABEEE> of (ZRIEEE) the lunar model is described in
detail.

As the record of (#iE%E5) followed the record of < ABfFR> of (EEE
&), it was found that it followed the wrong part of < Agfsk> instead of
the method correctly described in < ABEE> of (RBEEE).

However The lunar and solar eclipse can be calculated because the first
equation of center is only needed to calculate the longitude of the Moon.
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Title: Orientation of Phimai Temple Related to the Acronychal
Rising of the Pleiades on Saka Lunar New Year Day
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Abstract

Astronomical phenomena played crucial roles in several cultural products, including
calendars, rituals, festivals, traditions, and archaic structures. Many ancient sites around the
world, such as temples, monuments, palaces, and mysterious ruins, have been found with
distinct astronomical orientations that utilized the cyclic pattern to mark the time for
auspicious ceremonies or agricultural activities. Knowing the cosmic tool used for alignment,
which varied by ancient ethnography, we may be able to extract the founding date of the
site, particularly the one with limited written records, as is the case with the subject of this
study, the Phimai temple. This temple, located in Nakhon Ratchasima Province of Thailand,
was built during the Khmer Empire, which was believed to be influenced by Mahayana
Buddhism and Vedic astronomy. Given the azimuth of the temple being off-east and
associated cultural traces like the Loy Krathong festival and luni-solar calendar, it is probable
that the astronomical alignment is related to a fixed star rather than equinoxes or solstices.
To obtain the precise azimuth of the temple, we surveyed the site with a theodolite and a
GPS, and then calibrated with the Stellarium software. We then employed the precession
corrected Stellarium to simulate the ancient sky to find the star with the matching azimuth.
Our findings suggest that the orientation of Phimai Temple is related to the acronychal rising
of the Pleiades between 1010 and 1150 AD. The Pleiades rising had a connection with the
traditional Lunar New Year’s Day, known today in Thailand as Loy Kratong Day.
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Zhou Daguan The book The Customs of Cambodia was written within

A Record of Cambodia’s 15 years of Zhou's return from Cambodia.
Land & Customs

Translated from an ancient Chinese edition by

Solarg Uk & BelingiUk Zhou said that almost every maenth has different

entertainment: 4th month: ball throwing; 5th month:
welcoming/washing Buddha; 7th month: burning freshly
ripened paddy, 8th month: music and dancing, pig and

elephant battles, etc.

Zhou also noted that New Year's Day fell on the full
mcon day of the Kattik month, which is equivalent to
the 10th lunar Chinese month.

g and Belin 5., Engla Authors Online, 2010
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Stone star map in Gaya tomb
of 5 Century

Sohnam Institute for History of
Astronomy

Yong Bok Lee
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top view
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Characteristics of the tomb

» The tomb was robbed long years ago
* First excavation on 1918
« Size tomb of bottom : L 910cm, W 210cm, H 180cm
» Main direction of the tomb : N — E 38 °
» Anonymous 4 holes of side wall
« Cover stones are consist of 13-14 parts
« After excavation the cover stones were fixed 15 parts
» Size range of cover stones :
length : 234 — 282 cm
width : 234 — 282 cm
depth : 22 — 46 cm
*» The cover stone of star map is six-th part

5. Identification of stars on the stone

(1) Size and shape of stone plate carved constellations

=i 25cm
thickness.

“o* 210/ 160cm’
= = -

. length
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Winter solstice and season

* Especially we found the winter solstice on stone plate.

« The winter solstice is located on the center of the plate, near
the Du(=}) which is in Sagittarius.

* The position of the plate center is almost same place with
winter solstice in 5" century.

* The constellations are same location on the night sky after
evening civil twilight in early August.

« We can directly observe the night sky on the stone plate in
August at the tomb.

* The star map would be related with ritual festival of Gaya in
5t century
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Title: Brahmnatulya-Udaharanam by Visvandtha - an Insight into the

Procedures of 1 7th Century for Calculations of Celestial Events

Shubha B. S.
Purnapramati Centre for Integrated Learning, Girinagar,
Bengaluru, 560085 shubhashivaniyer@gmail.com

Shylaja B. S.

Jawaharlal Nehru Planetarium, High grounds, Bengaluru,
560001 shylaja.jnp@gmail.com

Abstract:

Brahmatulya-Udaharanam, is a 17th century text containing examples. Based
on Karanakutithala of Bhaskaracarya I1, it is a manual for application of the
theory derived in Siddhantic texts. Eclipses, retrograde-motion, rise and set of
planets are discussed. Apart {rom the basic calculations for fixing the celestial
positions of planets, as per the standard procedures, examples are found in this
astronomical text. The emphasis is on the details of calculations. Some
examples will be discussed giving importance to astronomical events that have

occurred during that historical period.
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1. Introduction:

The popularity of different texts can be established from the improved
illustrations and commentaries written on them. Most of the texts of the
medieval period are based on the works of Bhaskaracarya 11. Specifically, the
commentaries improve and update the parameters while retaining the
computational proficiency of the original texts and therefore yield better results

for the positions of planets. Brahmatulya udaharanam (BU) 1s one such text of

the 17th century.

2. Author:

Visvanatha was well versed with all the Siddhantic texts as well as commentaries

prior to him as evidenced by the citation of the 12th century text Mahadevi
Sarini. The present text, BU, written in saka 1557 (CE 1612), revers Mahadeva
with great respect. Some of his works include Gahanartha prakasika
(commentary on Stryasiddhania), commentaries on Makaranda Sarini and
Pata Sarini. (Dikshitl, 1981). He has written another text with sclved examples

called Karanakutuhala- Udaharanam.
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3.1 Madhyamadhikara (Mean positions of Planets)

The procedures for calculation of the positions of planets in Indian
astronomical texts start with the basic parameter Ahargana, which represents
the number of civil days elapsed from a standard epoch to the required date of

the event. Using this Ahargana value, mean positions of planets are calculated.

3.2 Spastadhikdara (True positions of Planets)

The method of computing the true positions of the planets from their mean
positions is given in this chapter. It continues with the calculation of #thi,
karana and yoga at the requisite time, the smaller units of time of the day in the

luni-solar calendar.

3.3 Triprasnaadhikara (Direction, Place, Time)

The word Triprasna refers to the three parameters dik(direction),
desa(location) and kala(time), corresponding to fixing the position of the
celestial body. The first exercise is to [ix the location of the observer and
derive the necessary constants to be applied for routine astronomical
observations. We find the procedure for finding the lagna (ascendant), kranti
(declination), dinardha (duration of half day), nata (some texts use same word
for hour angle but here it refers to the zenith distance) and wnnata (altitude)

with examples, which are specific to the location and time of the day.
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3.4 Candragrahana (Lunar eclipse)

In the chapter on candragrahana, lunar eclipse, Visvanatha discusses an example

of a total lunar eclipse that had taken place on oth December, 1620, i e saka

1542 margasira Sukla piirnima.

To start with, at the instant of full moon (calculated approximately) the
declinations of the moon with that of the sun are compared using the avanamsa
(precession correction). In this case the difference is 11°, which confirms the
possibility of an eclipse (since it is less than the angular diameter of the shadow).
The next step is to calculate the true longitudes of the sun and the moon with
corrections for the location of the observer. Now all the calculations of the
longitudes of the sun, the moon, Rahu (the nede), instant of full moon,
declinations are redone by the process of iteration very precisely. The
instantaneous speeds of the sun and the moon also are calculated. Both methods of
the calculation of declination are demonstrated in this example, resulting in the

latitude value of 3|37 anguia.

It should be noted that all the angles are represented in linear measure arigula, so
that they can be used directly in the drawing. The standard scale is about 3 = 1

angula.

The next step is to get the diameters of the moon, 11|41 (chadaya bimba) and the
shadow of the earth, 27|57, (which is called bhabha or chadaka bimba) are

derived. The separation between the two bodies keeps changing every instant and
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Fig 2: Lunar eclipse from Occult

Parilekhana is the procedure for geometrical representation of the diagram. It
starts with drawing the cardinal directions as per the procedure termed
mukhapuchhca-sutram, (the line joining the mouth and tail of the fish). The circles
with radius of half the sum of diameters of shadow and moon is drawn. We mark
the position of conjunction and the points of first contact and last contact based
on the values of valana. The amount of obscuration at any instant also can be

estimated from the drawing.

g AlB = path of the
D moon
AD, DW = valana for FC

ECBC = valanes for LC
‘ E

K I =lnstant of conjunctio

(@]

duration of the eclipse Y

Fig 3 parilekhana for the eclipse on Dec 10 th 1620

3.5 Suryagrahana (Solar eclipse)

This provides an example of solar eclipse on 15th Dec 1610. All the steps are

shown very clearly in the text and the most crucial part namely the half
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duration of the eclipse is calculated by iteration. The declination of the moon,
for example, is calculated in 6 iterations as 22[25|39, 22|26|35, 21]40|26, 21|21]26,
21|14|37 and finally 21|11|56. The instants of the first contact and second contact
are also calculated by process of iteration. The parallax correction and the
latitude of the moon are calculated at both the contacts and at the midpoint.

These two are very crucial in deciding the visibility criterion for a given

location. The iteration process for every step is demonstrated up to 5 or 6 steps.

(Shubha? 2020)

daka 15332, Mgrgasira Krishna paksha Amavasya
(1610 Dec 15&1)g P >

Sparsa kala (onset) 724 ghati
Madhya kala (midpoint) 10|55 ghati
Moksa kala (end point) 1447 ghati

Table 2: The details of the timings Solar eclipse

3.6 Udaydstadhikarah (Helical rising and setting of stars)

The phenomenon of heliacal rising and setting of stars and planets vary with the
terrestrial latitude. We used the formulae as devised by Bhaskaracarya 11 for
verification and noted that a derivative of sine as cosine was used for finding the

rate of change of motion. The chapter also covers retrograde motion with an

example in detail. The examples were recalculated and verified (BSS and BSS3
2021). The table below shows the comparison with results from Occult software

for retrograde motion.
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Dates of the stationary points as per the examples for the year 1629CE

tithis as per
calculations

equivalent dates

Dates as per
Occoult

Remarks

Difference of 1

. Onset | Jyestha $u 6 26th May 25th May day
Jupite
r
End Bha $u 6 23rd September | 23rd September | Agreement
Mars Difference of 7
(Kuja) Onset | Margasira su1 15th November | 23rd November days

Difference of 3

Mercury Onset | sra su 11 11th August 8th August days

(Budha) .
difference of 8
31st August days

End Bha su 4 23rd August

Table 3: Details of examples of retrograde motions of planets

3.7 .frfzgonnati (Elevation of Cusps)

The calculation of the elevation of horns of the moon is provided with three
examples. This concept does not find coverage in European texts (although they
are covered in all Indian texts). The examples provided were verified by actual

calculation and the task of parilekhana has been completed along with the

drawings. (BSS and BSS# 2020)

3.8 Grahayuti (conjunctions of planets)

We find one example of the conjunction of Venus and Saturn, which was
verifiable by repeating calculations. It is interesting that this chapter lists the
coordinates of the 28 stars in a unique way (paper “stars from the medieval
period” in this volume). The chapter continues to cover Patadhikra (finding the

nodes).
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Many manuscripts have remained unknown to the astronomers and the present

study is an attempt in bringing to light Brahmatulya Udaharanam of

Visvanatha. This is a very good manual for beginners explaining the method of

iterations in great detail. Unlike other commentaries, this text offers examples

for all events like the retrograde motion, conjunction and the elevation of the

horns of the moon. We also note that he has devised a quick method of

determining the ascendant by observing the meridian transit of stars.

Brahmatulya Udaharanam of Visvanatha is one of the best texts to understand

siddhantic procedures with practical examples of celestial events summarized in

the table below. Thus, the study leads us to explore many more such

manuseripts in future. (BSS>  and BSS 2023)

Event

Date

Text

Jupiter conjunction

20th January, 1630

Saka 1551 Phalguna tryodasi

Venus conjunction

14th july, 1629

Saka 1551 Jyesta Shudha Chaturdashi

Solar eclipse

Solar eclipse

Mercury 14th August, 1629 Saka 1551 Shravana krishna dashmi
conjunction ’

Equal Declination 2374 December. 1610 Saka 1532 Margasira shukla shasti
Equal Declination | 53rd October, 1617 Saka 1539 Kartika krishna dashmi
Lunar eclipse oth December, 1620 Saka 1542 Margasira prirnima

10t December. 1610

215t Tune, 1629

Saka 1532 Margasira amavasya

Saka 1551 Jyesta amavasya

Table 4: List of the celestial events as described in the text
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Abstract:

Recently aurora ancient records have actively been studied. In the
Eastern Asian records of the phenomena a characteristic word “EHR” :
white vapor can be seen, though, it seemed to be used for not only
aurora’s but comet’s and meteor’s, too.

In this presentation the usage difference of “H R~ among these three
phenomena are reported. The data source is Zhongguo gudai tianxiang
Jilu zong ji : “HREH AR RELEAE” in 1988. Applied data are
surely identified and listed as respective phenomena, aurora, comet
and meteor in this compilation book. Then the rate of “B &~ records
for total records, the word used plus non-used , are calculated.

As the result following respective usage difference are proven : the
(13 . 2 - .

white and red vapor™ as the characteristic aurora structure
expression in a very strong solar activity period, “white vapor” as
appearance of a coma in comet records and “white vapo” as
appearance of a permanent trail or smoke of meteorite fall in meteor
records.
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Closing Remark

Closing Remark

Thank you very much for many participants in this meeting.

Especially, I thank a lot to Dr. Tanikawa and Dr. Soma to contribute for this
meeting for a long time.
And they recommended to be held the meeting after long rest because of Corona

disease.

And I thank to Dr. Yang too. He accepted the recommendation to prepare for the
meeting in glad. And then he has prepared this meeting. He is important

contributor for this meeting.

And thank you very much for speakers who give good and valuable papers. They
show interesting subjects on the field to all participants. Most of representations

would be stimulated and influenced on the field of “History of Astronomy”.

I have a hope to continue such meeting on “History of Astronomy”. If possible, I
would like to be held this meeting once one or two years. From next time, I hope

the meeting will be opened in face to face as well as using Zoom.

Thank you again to participants to take in the meeting.

See you again in next meeting.

Yong Bok Lee
March 29, 2023
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