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The evection and the deficit of the equation of
the centre of the Moon in Hindu astronomy *

Section 1

1. Dhirendranath Mukhopadhyaya (1930) published a paper entitled “The
Evection and the Variation of the Moon in Hindu Astronomy” wherein he
showed that the Hindu astronomer Manjula knew of a lunar correction which
is equivalent to the deficit of the equation of the centre and the evection.
P. C. Sengupta (1932) published another paper entitled “Hindu Luni-solar
Astronomy” in which, among other things, he considered various formulae
regarding this dual correction as given by Maifijula (932), Sripati (1039), and
Candra Sekhara Simha (latter half of the 19th century). None of these pa-
pers, however, contains a complete or systematic study of this correction and
in consequence some errors have crept in. The object of the present paper is
to exhibit the central idea underlying the corrections prescribed by various
Hindu authors and to explain them more thoroughly in the light of further
investigations in the field of Hindu astronomy.

2. The discovery of this correction is one of the greatest achievements of the
Hindus in the field of practical astronomy. Early Hindu astronomers made ob-
servations and recorded the differences between the observed and computed
positions of the heavenly bodies. As early as Vedic times, the Hindus per-
formed sacrifices when the planets occupied specified positions in the heavens.
This practice continued for thousands of years. The record of such observa-
tions served as the basis for the foundation of the Hindu theoretical astronomy
and later on supplied material on the basis of which corrections were made
and refinements introduced from time to time. These observations continued
over long periods led to the discovery of the above lunar inequality as well as
of all the other inequalities.

3. Due to the fact that a good deal of the early Hindu astronomical litera-
ture has not been preserved, it is impossible to locate the exact date when the
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lunar inequality was first detected in India and to trace a regular theoretical
history of this subject. The available formulae giving this correction exhibit
an advanced state of the subject and it is our belief that they must have taken
centuries to develop.

4. At present this correction can be traced back to the time of Vateévara,’
the well-known critic of Brahmagupta? (628). The works of Vate$vara are
not available to us, but from Yallaya’s commentary (1482) on the Laghuma-
nasa (932) we learn that the Vatesvarasiddhanta contained this correction. In
his commentary on the Laghumanasa, i(c), 1-2, Yallaya has actually quoted
Vatedvara’s version of this correction. This is as follows:

THIGIITITdafSTd: SegargsTaum: |
THEAT TS AFRAT dchitesiar 4 |l
TFOTAT FATEOTR AT FATAT |
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Rremret @t ?ﬁﬁ'ﬁ“ﬁ T S;TQ' 37&'1’&' s By the multiplier ob-
tained by subtracting eleven degrees from the Moon’s true daily
motion, in degrees (bhaga), multiply the Reosine of the Sun’s true
longitude minus the longitude of the Moon’s apogee (ucca). This
comes positive or negative. (Next) having subtracted the Sun’s
true longitude from the Moon’s true longitude and having obtained
the Rsine and Rcosine thereof, and (then) having properly ascer-
tained their signs—positive or negative—, multiply the Rsine and
Rcosine (thus obtained) by the (previous) product (or epicyclic
multiplier). The results should be respectively divided by 1 and 5
and applied as correction, in minutes (liptas), to the Moon’s true
longitude and true daily motion (in the following manner): The

1 According to Sankara Balakrsna Diksita, Vate$vara’s time is 899 AD.
2In his Ganakatarangini, Sudhakara DvivedT writes:

TAT TEEEATIWETEHT WU el T TSR ARG 957 TarTHEvE Fanral|
3Dattaraja gives the last 1% verses thus:
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Pt @t ST age g g
Cf. Ketaki-grahaganitam, p. 128.
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result which is obtained on dividing by one should be applied as
a positive or negative correction to the minutes of the Moon ac-
cording as the multiplier and the Rsine are of like or unlike signs;
(and) the product of the Rcosines is to be applied as a positive
or negative correction to the Moon’s true daily motion provided
their signs satisfy the contrary condition.

5. This correction is also found in the Laghumanasa of Manjula in exactly
the same form as stated above by Vatesvara. According to the commentator
Yallaya, Manjula has borrowed this correction from the Vatesvarasiddhanta
itself. Yallaya gives the following introductory line to Manjula’s stanzas re-
garding this correction:

T TS TETANTHDMET YFIAIGRITI T eR g athgRu aere
AHGITE—

Now, in the (next) two verses, (the author) gives a special visibil-
ity correction, the same which has been stated in the Vatesvara-
siddhanta in connection with the calculation of the Moon’s conjunc-
tion with the planets, the Moon’s shadow, the Moon’s $rriigonnati
and the Moon’s longitude agreeing with observation.

And actually we find that Manjula has only summarised the above verses of
Vatesvara®. He says:

TgEMTRICYT TG favar fe: |
O SAFegaT:hIedT AagTEar: HA |
T TRNEARAHHT ¥orarae |
BT Ty O qhT WOETREE ST 119

Multiply the degrees of the Moon’s true daily motion® as dimin-
ished by 11 by the Rcosine of the true longitude of the Sun minus
the longitude of the Moon’s apogee. This is the multiplier of the
Rsine and the Rcosine of the true longitude of the Moon dimin-
ished by that of the Sun respectively divided by 1 and 5. The

4Note the brevity and conciseness of Mafjula’s composition. He states the correction in
two verses while Vatesvara gives the same in five.

5Cf. Laghumanasa, i(c), 1-2.

6From the word Suddhacandragatibhaga used by Vatesvara it is obvious that Mafijula’s cor-
responding word gatyanisa should mean “the true daily motion, in degrees” and not “the
mean daily motion” which has been given as a translation of gatyanisa by D. Mukhopad-
hyaya (1930), P. C. Sengupta (1932), and N. K. Majumdar (1944). Suryadeva Yajva also
observes:

e Theyfh YA SIRIST 9P FATd F T3 3 S|
Cf. Laghumanasa, i(c). 1-2 (comm).
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results (thus obtained) are respectively the corrections, in min-
utes (liptas), of the Moon and its true daily motion. If in the
above product one (factor) is positive and the other negative, the
correction for the Moon is subtractive and that for its true daily
motion additive. If both are of like sign, both positive or both
negative, the corrections are contrary.

If S, M, and U respectively denote the true longitudes of the Sun, the
Moon, and the Moon’s apogee (mandocca), then the correction for the Moon’s
longitude stated above by Vateévara and Manjula is

2
F <81—5> cos(S — U) [Moon’s true daily motion, in degrees — 11]
2\ . .
X <8ﬁ> sin(M — S) minutes, (1)
according as

(8%) cos(S —U) and (8135) sin(M — S)

are of unlike or like signs; and the correction for the Moon’s true daily motion
is

15
y (82) cos(M — S)
5

2
+ <8—> cos(S — U) [Moon’s true daily motion, in degrees — 11]

minutes, (2)

according as

(8%) cos(S —U) and (8%) cos(M — )

are of unlike or like signs.
Expression (2) is clearly an approximate value of the differential of (1). For,
R being the radius,

d{<8%> sin(M—S)} = (8135) cos(M — 8) d{M}gS}

B (81—25) cos (M —S) .
= : ,
the term involving the differential of (81—25) cos(S — U) being neglected.®

"For let dM = 790'35", dS = 59’8", and R = 3438’; then

dM—S)  73U27" 1
R 3438/ 5 ‘pPrO%

8The error committed is generally negligible.
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6. The general form of this correction appears in the Siddhantasekhara of
Sripati (1039), who gives it thus:

Deduct 90° from the longitude of the Moon’s apogee and by that
diminish the true longitude of the Sun and obtain the Rsine of that.
Multiply that by 160" and divide by the radius. This is known as
the paraphala (i.e., the maximum correction). Set it down in two
places. Multiply one by 5 and divide by the Moon’s true distance
as divided by its difference with the radius.'® Add whatever is
obtained here to or subtract that from the other placed elsewhere
according as the Moon’s true distance is less or greater than the
radius. (Thus is obtained the sphutaparamaphala). Now diminish
the true longitude of the Moon by that of the Sun and take its
Rsine. Multiply it by the sphutaparamaphala and divide by the
radius. Then is obtained the so-called cara correction of the Moon.
(When

{Sun’s true longitude — (longitude of Moon’s apogee — 90°)}
is less than 6 signs) this is subtractive or additive according as
(Moon’s true longitude — Sun’s true longitude)
is less or greater than 6 signs. When

{Sun’s true longitude — (longitude of Moon’s apogee — 90°)}

9Cf. Siddhantasekhara, xi. 2-4. The text of the above as printed by Babua Misra in his
edition of the Siddhantasekhara (Calcutta University Press) is defective. Emendations
have been made by us by comparison with the text of the above as found in the MS of
Suryadeva Yajva’s commentary on the Laghumanasa in the Lucknow University.

1O STRUTAR=RTT IO SpehaThu gdl (Suryadeva Yajva).
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is greater than 6 signs, the correction is reversed. This is the
process performed by those who wish to tally computation with

observation.!!

Expressed mathematically, Sripati’s correction is

1
F Rsin{S — (U —-90°)} x %x

14 5(Moon’s true distance, in minutes ~ R)| Rsin(M — S)

- - - minutes, (3
Moon’s true distance, in minutes R » (3)

where, within the square brackets, + or — sign is to be taken according as
Moon’s true distance in minutes < R
and the correction is to be applied positively or negatively according as
Rsin{S — (U —90°)} and Rsin(M —5S)

are of unlike or like signs.'?
It would be easily seen that the correction of Sripati may also be stated as

iw [Moon’s true daily motion, in minutes — 630'35"]
Rsin(M —S) .
X — 5 minutes approx.,

1P, C. Sengupta gives a different translation of the above passage which seems to us to be
incorrect. For the sake of comparison, however, we quote it here.

From the moon’s apogee subtract 90°, diminish the sun by the remainder left;
take the “sine” of the result; multiply it by 160’ and divide by the radius; the
result is the caraphala. Put it down in another place, multiply it by Sara (i.e.,
Rvers(M —U) or versed sine of the Moon’s distance from the apogee) and divide
by the difference between the moon’s distance (hypotenuse) and the radius; the
result is called parama(cara)phala, which is to be considered to be positive or
negative according as the hypotenuse put down in another place is less or greater
than the radius. Multiply the “sine” of the moon which has been diminished
by the apparent sun, by the apparent paramaphala and divide by the radius;
the final result is to be called caraphala to be applied to the moon negatively
or positively, if the moon minus the sun and the sun minus the moon’s apogee
(diminished by 90°) be of opposite signs; if these latter quantities be of the same
sign the new equation should be applied in the inverse order by those who want
to make the calculation of the apparent moon agree with observation.

In consequence, P. C. Sengupta gives the correction in the following form:
160 x Rcos(S —U) x Rsin(M — S) " Rvers (M —U)
* R X R H-R

)

H being the Moon’s true distance (mandakarna).
12The corresponding correction for the Moon’s true daily motion does not occur in the
Siddhantasekhara.
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according as
Rcos(S—U) and Rsin(M —S)

are of unlike or like signs, which form is analogous to the forms of Vate$vara
and Manjula.

It will be noted that all the formulae stated above are but approximate. The
approximation has been preferred because it gives the formulae a particular
form. The correct form of the formula of Sripati, say, would be

+Rsin{S — (U —90°)} x i}i_iox

14 (Moon’s true distance, in minutes ~ R) » Rsin(M — S)

Moon’s true distance, in minutes R

according as
Rsin{S — (U —-90°)} and Rsin(M —5)

are of unlike or like signs; or

13
R 160 " Rsin(M — S) x Rcos(S —U)

H R R

according as
Rsin(M —S) and Rcos(S—"U)

are of unlike or like signs, which is equivalent to the form of Nilakantha; or,

Rsin(M ~ 5) y Rcos(S —U) y Moon’s true daily motion

£160 x
R R Moon’s mean daily motion

according as
Rsin(M ~ S) and Recos(S—U)

are of unlike or like signs, which exactly conforms to the result of Candra
Sekhara Simha.

Sripati has introduced the number 5 in his formula to make it agree with
the forms of Vatesvara and Manjula.

7. The error committed in the above formulae of Vate$vara, Manjula, and
Sripati was recognised by Nilakantha (1500), who states his rule in the follow-
ing manner:

SHGEGHITCH & drgaaa: |
Fiegaa Frsia gerggwmeryar |

13H denotes the Moon’s true distance, in minutes.
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FTH T U T WO RifCSHAAT: |

SFARRICERER L QL E-CRE R W]

BT vt A e A e T |

EE CUREP GIEEEIIRE N DINE LR

Divide by the radius the Rsine and the Rcosine of the Moon’s true
longitude minus the Sun’s true longitude severally multiplied by
half the Rcosine of the sun’s true longitude minus the longitude
of the Moon’s apogee: (the results are, in yojanas, the bahuphala
and the kotiphala). Add the kotiphala to or subtract that from ten
times the true distance of the Moon (viz. the Moon’s mandakarna),
in minutes (kalas), according as the Rcosines are of like or unlike
signs. The square root of the sum of the squares of that and the
bahuphala is the distance (in yojanas) between (the true positions
of) the Moon and the Earth.!® By that divide the bahuphala as
multiplied by the radius and apply it as a positive or negative

correction to the Moon according as the Sun minus the Moon’s
apogee is in the six signs beginning with Cancer or in those begin-
ning with Capricorn provided that it is the light half of the lunar
month; in the dark half the correction is to be reversed.

Stated mathematically, Nilakantha’s correction takes the following form:

R " Rsin(M — S) x $Rcos(S —U)

+
H, R

minutes (4)
according as
Rsin(M —S) and Rcos(S—"U)

are of unlike or like signs, H; being the Moon’s second true distance, in min-
utes.'6

4Cf Tantrasangraha, viii. 1-3.

15 This is also known as Moon’s second true distance (dvitiya-sphuta-karna).

16 As regards the corresponding correction for the Moon’s true daily motion, Nilakantha does
not give any formula analogous to that given by Vate$vara and Manjula. He has, however,
prescribed the following rule (cf. Tantrasangraha, viii. 4) for obtaining the second true
daily motion of the Moon:

e FeEAT |
ST h I eIRe ¥geT war ||

Ten times the Moon’s mean daily motion (in minutes) multiplied by the ra-
dius and divided by the distance between (the true positions of) the Earth
and the Moon (bhucandrantara), in yojanas, has been stated to be its (sec-
ond) true daily motion (in minutes).

This gives the following formula:
Moon’s second true daily motion =

Moon’s mean daily motion, in minutes x 10 x R |
minutes.

Moon’s second true distance, in yojanas
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8. This correction also occurs in the Siddhantadarpana of Candra Sekhara

Simha where it has been called turngantara and stated as follows:

sfrEEsiaTgT= g R afERgEdAmE |
For PraRTaTatsiaTed Fw adEr erHEiEE 4
JATFE BR[O 9wbT FperdhegT=Rarog! |
Frsatgar Femd: wor T ANY Tureper:
Wwﬁmwwwﬁ?ﬁ@ml
T AR Ta s |
TRy EHS WiRgar wata fadm: 117

From the longitude of the Moon’s apogee for the desired instant
subtract the Sun’s true longitude as increased by 3 signs if it is the
light half of the lunar month and subtract the Sun’s true longitude
as diminished by 3 signs if it is the dark half of the lunar month.
Treat the remainder as kendra and determine the Rsine thereof.
Multiply that by 160 and divide by the radius; (again) multiply
by the Rsine of the difference between the true longitudes of the
Sun and the Moon and divide by the radius. Multiply the quo-
tient, in minutes, thus obtained, by the daily motion of the first
true Moon'® and divide by the Moon’s mean daily motion: the
result (thus obtained) is known as turigantara. The true longitude
of the Moon obtained before, when diminished or increased, or
increased or diminished by that according as the kendra obtained
by subtracting the Sun’s true longitude as increased by 3 signs
or decreased by 3 signs from the longitude of the Moon’s apogee
is in the six signs commencing with Libra or Aries respectively,
becomes the second true longitude of the Moon.

This is equivalent to the following correction:

Rcos(M ~ S) " Rsin(S —U) "
R R
daily motion of the first true Moon

+ 160 x

- - minutes
Moon’s mean daily motion ’

where + and — signs are chosen according as
Rsin(M ~S) and Rcos(S—1U)

are of unlike or like signs.

17 ¢t Siddhantadarpana, grahaganita, vi. 7-10 (i).

()

18The first true Moon is the same as the true Moon. Similarly the first true longitude and
the first true daily motion are the same as the true longitude and the true daily motion.
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The corresponding correction for the Moon’s true daily motion given by
Candra Sekhara Simha is contained in the following lines:

TFR I FoaT Rig Hsargd ad ‘;I'ﬂ'ﬁﬁ]ﬂv_cﬁ |

%%I'Ercﬁ?q‘rm aamm—am

I?quo,id T TREGIITARY FRUHGST |

ST TRT TR Tagrhthe Taarad |

T Hhd THATAr qRITga T TsHRmRe: 119

The result known as tungantara, which has been just obtained,
should be multiplied by the radius and divided by the Rsine of
the difference of the first true longitudes of the Moon and the
Sun. The result should be multiplied by the Rcosine of the same
difference and divided by the radius. That should be again mul-
tiplied by the motion-difference of the Sun and the Moon, and
divided by the radius and that should be added to (or subtracted
from) the Moon’s first bhuktiphala (correction for motion): result
is the Moon’s second bhuktiphala. That applied (as a correction—
positive or negative—) to the Moon’s mean daily motion as before
gives the Moon’s second (true) daily motion.

Accordingly, the corresponding correction for the Moon’s true daily motion
is
Rcos(M ~ S) y Rcos(S —U) "
R R

daily motion of the first true Moon »

+160 x

Moon’s mean daily motion
motion-difference of the Moon and the Sun

7 minutes,  (6)

+ or — sign is to be taken according as
Rcos(M ~S) and Rcos(S —U)

are of unlike or like signs.

Expression (6) is clearly an approximate differential of (5), the term involv-
ing the differential of R cos(S — U) having been neglected.

Correspondence between formulae (2) and (6) may be noted.

9. The above discussion clearly shows that there is striking similarity among
the rules stated above. The differences are due to different maximum values
of the correction taken by different authors.

YCf le. vi. 17-19 (i).
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10. Although there is a general unity among the rules above, yet it is sur-
prising to note, at first sight, that Sripati, Nilakantha, and Candra Sekhara
Simha have deviated from Vatesvara and Mafjula regarding the sign of the
correction for the Moon’s longitude. Vate$vara and Manjula apply the correc-
tion negatively where Sripati, Nilakantha, and Candra Sekhara Simha apply it
positively and vice versa. The reason for this deviation is that all the Hindu
astronomers including, of course, Sripati, Nilakantha, and Candra Sekhara
Simha agree among themselves in taking Rsin# positive or negative accord-
ing as

0 < 6 < 6 signs

or
6 signs < 6 < 12 signs,

whereas Vate$vara and Manjula take R sin 6 positive or negative according as
6 signs < 6 < 12 signs
or
0 < 0 < 6 signs.

Manjula gives his rule of sign as follows:

Tg: WrEiET: éﬁr;ra;a‘rﬁsﬁa‘r =T |
YUT I3 HIST GOToTeT T 1120

The (mean or true-mean) longitude of the planet diminished by the
(mean) longitude of the (manda or sighra) ucca is known as (manda
or Sighra) kendra. There the bhuja®! (and the Rsine thereof) is
positive or negative according as the kendra is greater or less than
half a circle; and the koti (i.e., the complementary arc of the bhuja)
(and the Rsine thereof) is plus, minus, minus, and plus in the
respective quadmnts.22

200f. Laghumanasa, i(b), 1. The text given here agrees with that given by Suryadeva Yajva
(b. 1191), Parames$vara (1409), and Yallaya (1482). N. K. Majumdar, however, gives
sadurdha instead of tadurdhva. P. C. Sengupta’s version is sadurdhvadardhajo.

21«Tf the (mean or true-mean) planet is in the odd quadrant (the portion of) the kendra
(which lies in that quadrant) is known as bhuja (and the complementary arc as kot7); if
the (mean or true-mean) planet is in the even quadrant (the portion of) the kendra (which
lies in that quadrant) is called koti (and the complementary arc as bhuja).” (Lalla).

22Paramesvara says: Fvg @?&rﬁwﬁnﬁ TR ST: AufeugRrma woma® g1 Saryadeva
Yajva says: Hged T SATAI TSI ATqY T FHATT oFE= T BT T WG@:| T Fg
fRTagTelad qar St aa sf wwl gar af¥regrgt qar stavsed ada fa sl

Literally translated the latter part of the above verse would give: “There the bhuja

arising from the upper half-circle (commencing from the sign Libra) and the lower half-
circle (commencing from the sign Aries) is positive and negative and the koti in the
respective quadrants is positive, negative, negative, and positive.”
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Consequently in the four quadrants the signs of Rsin 6 and R cos 0 taken by
Vatesvara and Manjula are minus, minus, plus, plus and plus, minus, minus,
plus respectively. As regards the sign of Rsinf, this convention, as already
pointed out, does not agree with the general Hindu convention.

The conception of Vatesvara and Manjula is based, however, on the follow-
ing two considerations:

(i) the bhujaphala (the equation of the centre) is a function of the Rsine
of the bhuja while the kotiphala (i.e., the correction for the radius) is a
function of the Rsine of the koti; and

(ii) the bhujaphala (i.e., equation of the centre) is subtractive, subtractive,
additive, and additive in the four successive quadrants while in the same
quadrants the kotiphala (i.e., the correction for the radius) is additive,
subtractive, subtractive, and additive.

Following this Vate$vara and Manjula take the Rsine and the correspond-
ing arc known as bhuja negative where the bhujaphala (i.e., the equation of
the centre) is negative and positive where it is positive. Similarly, where the
kotiphala (i.e., the correction for the radius) is negative the Rcosine and like-
wise the corresponding arc known as kofi is taken as negative and where the
kotiphala is positive, the Rcosine and the koti are taken as positive.

This explains the difference in sign in the corrections for the Moon’s longi-
tude given by Vatesvara and Manjula and those given by Sripati, Nilakantha,
and Candra Sekhara Simha.

11. Thus there has been established complete unity among the rules of
Vate$vara, Maifijula, Sripati, Nilakantha, and Candra Sekhara Simha.

Section II

12. Vatesvara and Manjula call the expression

2
<8E> cos(S — U)[Moon’s true daily motion, in degrees — 11|

by the term guna, which has also been used to denote the epicyclic multiplier.
Sripati calls

1
% « Rsin{S — (U — 90°)}
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paraphala, which corresponds with the antyaphala i.e., the radius of the epicy-
cle, and

1
Rsin{S — (U —90°)} x i0><

5(Moon’s true distance, in minutes ~ R)

1+
Moon’s true distance, in minutes

sphuta-parama-phala, which may be translated by the expression “corrected
epicyclic radius”. Nilakantha has actually used the terms bahuphala and
kotiphala, and says

Rsin(M — S) x $Rcos(S —U)

bahuphala = I yojanas,
) Rcos(M — S) x $Rcos(S —U)
and kotiphala = 7 yojanas.

These facts clearly indicate that the Hindu astronomers had also an epicyclic
representation of the above correction. In what follows we shall explain this
point of view.

13. The Hindu astronomers believed that the Earth did not always occupy
its natural position (which coincides with the centre of the so-called bhagola)
and that the dual correction above was due to its displacement. Let E (ed.
See Figure 1) denote the natural position of the Earth’s centre (bhagolaghana-
madhya), the bigger circle round E the Moon’s concentric (kaksavrtta), the
point U the position of the Moon’s apogee on the concentric, M the true
position of the Moon’s centre and E'S the direction of the Sun from the Earth’s
centre. The small circle round F has A for its radius where A denotes the
maximum value of the dual correction at the Moon’s distance given by the
following table:

Authority A, in minutes (kalas)
Vatesvara and Manjula 144 approx.

Sripati and Candra Sekhara Simha 160

Nilakantha 171.9

K is the point on the small circle opposite to U. K F; is perpendicular
to SES; and E1P to MEM,. The point F; denotes, according to Hindu
astronomers, the displaced position of the Earth’s centre and is known as
ghanabhumadhya.

The circle with centre F and radius EE; (not shown in the figure) is treated
as an epicycle and its radius EE; is known as the epicyclic radius®® (para-
phala). In consequence EoP is known as bahuphala (or bhujaphala) and EP

231t will be noted that the size of this epicycle does not remain constant. It depends on the
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9]

Figure 1

as kotiphala.

- /KEE, =S5 —U,
and  /E,EP =M — S,
. EE; = Acos(S —U),
whence E\ P i.e., bahuphala = Acos(S — U) x sin(M — S),
and?* EP i.e., kotiphala = Xcos(S — U) x cos(M — S).

positions of the Sun and the Moon’s apogee. When S — U is zero or 180°, it assumes its
greatest size and coincides with the small circle drawn in the figure. When S ~ U equals
90°, it reduces to the point-circle at F. It will be further noted that EFFE; denotes the
epicyclic radius at the Moon’s second true distance. When it is reduced to the distance
R, it is known as corrected epicyclic radius (sphuta-parama-phala).

241f we put A = 171.9 minutes or % yojanas, we have

Rsin(M — S) x %RCOS(S -U)

bahuphala = 7 yojanas,
Rcos(M — S) x %RCOS(S -U)
and kotiphala = 7 yojanas,

which agree with the formulae stated by Nilakantha.
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Due to the displacement of the Earth’s centre from E to F; the Moon’s true
distance, measured in minutes, (mandakarna or sphuta-kala-karna) changes
from EM to E1M. The distance F1M is known as the distance between
(the true positions of) the Moon and the Earth (bhumyantara-karna) or the
Moon’s second true distance (dvitiya-sphuta-karpa) and is obtained by the
following formula:

Moon’s second true distance, in minutes =

(Moon’s true distance, in kalas + kotiphala, in kalas)?

=

+ (bahuphala, in kalds)z]

according as the kotiphala is positive or negative.?®
Similarly, the dual correction due to the displacement of the Earth’s centre
from E to Ej is obviously given by the following:

the dual correction = ZEM E;
= Rsin~! {

. E1P><R
T E\M

- x Asin(M — S) x cos(S — U)?¢
H,y

E1P X R
EvM

approx.

where H; denotes the Moon’s second true distance, in minutes.

Since the Moon’s true distance is approximately equal to the Moon’s second
true distance, the Hindu astronomers have in general used the Moon’s true
distance, in minutes, in place of the Moon’s second true distance, in minutes,
in their formulae for the dual correction. The error is negligible. Nilakantha,
however, used the Moon’s second true distance, in minutes.

14. The displacement of the Earth’s centre conceived by Hindu astronomers
not only changes the Moon’s true distance but it also creates a change in the

25This corresponds with Nilakantha’s formula above.

26Putting various values of X\ in this formula, we obtain the formulae of Vatesvara etc.
in their modified form. For example, putting A = g yojanas, we obtain Nilakantha’s
formula

Rsin(M — S) x $Rcos(S — U
the dual correction = i X sin( ) X 5 Rcos( )
Hy R

R « Rsin(M — S) x 2 Rcos(S — U)

o 10x R

yojanas,

minutes.
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distances of all other planets, howsoever small that change may be.

Nila-

kantha has considered the two particular cases relating to the lunar and solar
distances:

(1) when the longitudes of the Sun and the Moon are the same; and

(2) when the longitudes of the Sun and the Moon differ by 180°.

He says:

ITEIRIResaTes atst e |

SHEASHERI W& STEId Haditast dad: |l

T RS W st T4 |

THCASHERI & AT SIREga: ||

TR TS HE R 127

The half of the true value of the Rcosine of the Moon’s longitude
minus the longitude of the Moon’s apogee (mandocca) correspond-
ing to the instant of geocentric conjunction or opposition of the
Sun and the Moon should be added to the true distance of the
Moon, in yojanas, (when the Moon is in the six anomalistic signs
commencing with Capricorn) and subtracted from that when the
Moon is in the six anomalistic signs beginning with Cancer. This
gives the distance, in yojanas, between (the true positions of) the
Moon and the Earth (bhumyantarakarna). This is to be used in
calculating the Moon’s diameter, in minutes (kalas), (for the in-
stant of geocentric conjunction or opposition). In order to obtain
the distance (in yojanas) between (the true positions of) the Sun
and the Earth, apply the same as a positive or negative correction
to the Sun’s true distance, in yojanas, as in the case of the Moon,
provided that it is the end of the lunar month; if it is the end of
the fifteenth lunar date, apply the same reversely.

From figures similar to that drawn above for the general case, it will be
seen that, when the Sun and the Moon are in geocentric conjunction,

(i) the Sun and the Moon are in the same direction from the natural position
of the Earth’s centre (bhagolaghanamadhya) while the displaced position
of the Earth’s centre is in the contrary or the same direction according
as the Moon is in the six anomalistic signs commencing with Capricorn

or Cancer; and

(i) M — S =0, whence

1
bahuphala =0 and kotiphala = iR cos(M — U) yojanas.

27Of. Tantrasangraha, iv. 12-14 (i).
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Consequently

Sun’s second true distance, in yojanas =

1
Sun’s true distance, in yojanas £ iR cos(M — U) yojanas,
and

Moon’s second true distance, in yojanas =

1
Moon’s true distance, in yojanas + iR cos(M — U) yojanas,
according as the Moon is in the six anomalistic signs commencing with Capri-
corn or Cancer.

When the Sun and the Moon are in geocentric opposition, it will be, simi-
larly, seen that

(i) the Moon and the Sun are on the opposite sides of the natural position
of the Earth’s centre (bhagolaghanamadhya) and the displaced position
of the Earth is directed towards that of the Sun or the Moon according
as the Moon is in the six anomalistic signs commencing with Capricorn
or Cancer; and

(i) M — S = 180, whence
1
bahuphala =0 and kotiphala = §R cos(M — U) yojanas.

Consequently
Sun’s second true distance, in yojanas =
Sun’s true distance, in yojanas F %R cos(M — U) yojanas,
and
Moon’s second true distance, in yojanas =
Moon’s true distance, in yojanas + %R cos(M — U) yojanas,

according as the Moon is in the six anomalistic signs beginning with Capricorn
or Cancer.
Hence Nilakantha’s rules above.

15. In the above graphical method of the Hindus the true position of the
Moon remains unaffected whereas the position of the Earth goes on changing
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from time to time. Also the size of the epicycle ascribed to the Earth does
not remain invariable. It depends upon the positions of the Sun and the
Moon’s apogee. It is maximum when the Sun crosses the Moon’s line of
apsides (uccanicarekha) and minimum when the Sun is at right angles to
it. This variation in the size of the Earth’s epicycle causes a variation in
the eccentricity of the Moon’s path which, it will be noted, always assumes
its maximum value when the Sun crosses the Moon’s line of apsides and its
minimum value when the Sun is at right angles to it. This variation in the
eccentricity of the Moon’s orbit is obviously related to the dual correction.
In fact the dual correction depends upon it. Young (1889) has actually said
that the evection “depends upon the alternate increase and decrease of the
eccentricity of the Moon’s orbit, which is always a maximum when the sun is
passing the moon’s line of apsides, and a minimum when the sun is at right
angles to it.” According to Manjula and Vatesvara the maximum value of the
eccentricity of the Moon’s orbit comes out to be roughly about 0.0652 and
according to Sripati and Candra Sekhara Simha about 0.0674; the minimum
Hindu value of the Moon’s eccentricity is about 0.0442. The corresponding
maximum and minimum values given by Horrocks (1640) are 0.06686 and
0.04362 respectively. According to Young the eccentricity of the Moon’s orbit
varies from ﬁ to 2—12

Section IIT

16. The Greek astronomer Ptolemy (140 AD) was also aware of this dual
correction of the Moon.?® He is said to have constructed an instrument by
means of which he observed the Moon in all parts of its orbit and found

(i) that the computed positions of the Moon were generally different from
the observed ones, the maximum amount of this difference noted by him
being 159 minutes, and

(ii) that the difference between the observed and computed positions of the
Moon attained its maximum value when | M — S| equalled 90° and S —U

28In modern works we find that instead of this dual correction being attributed to Ptolemy,
the evection is generally attributed to him. It should be noted that Ptolemy did not
detect the evection alone but a mixture which contains the deficit of the equation of the
centre and the evection. And this is what can be naturally expected from the ancient
astronomers who took the maximum value of the Moon’s equation of the centre smaller
than its actual value. Some writers also make the erroneous statement that the ancient
astronomers detected the evection because it can affect the time of an eclipse by about
6 hours at its maximum. The fact is that the ancient astronomers did not detect the
evection separately, and if we call this dual correction by the name of evection, we find
that it does not make any difference in the time of an eclipse. Even Ptolemy says that
this correction is zero when (M — S) is zero or 180°.
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was either zero or 180°, and that it vanished altogether when M — S
equalled zero or 180°.

To represent this dual correction Ptolemy imagined an eccentric in the cir-
cumference of which the centre of the epicycle moved while the Moon moved
on the circumference of the epicycle. Later on it was discovered by Coperni-
cus (1543) that the lunar distances resulting from Ptolemy’s hypothesis were
totally at variance with the observations of the Moon’s apparent diameter.
Consequently he gave another method of representing the lunar inequality
which is known as Copernicus’s hypothesis.

17. Ptolemy had previously discovered that in quadrature when the equa-
tion of the centre assumed its maximum value viz. 5°1’, the dual correction
increased it to 7°40’, which happened when the apse-line (ucca-nica-rekha)
coincided with the direction of the Sun from the Earth’s centre, but when the
Sun’s direction was perpendicular both to the apse-line and Moon’s direction,
the equation of the centre vanished with the dual correction. Consequently
Ptolemy had fixed 6°20%/ as the value of the mean of the two corrections.
Copernicus took it as the corrected value of the maximum equation of the
centre and treated it as the radius of the Moon’s first epicycle. Thus the
deficit of the equation of the centre was unconsciously added to it. The ra-
dius of the first epicycle conceived by Copernicus was likewise equal to M;0
(ed. See Figure 2). In order to account for the remaining correction viz. the
evection, Copernicus took Om for the radius of the Moon’s second epicycle
and supposed the Moon M to move on it in the anti-clockwise direction from
the point m in such a way that, at any instant,

/MOm =2(M; — Sy),

where M, and S are the mean positions of the Moon and the Sun respectively.

Copernicus’s hypothesis also leads to the same form of expression for the
Moon’s dual correction as given by Hindu astronomers but it does not explain
the variation of the eccentricity of the Moon’s orbit which really causes the

dual correction.??

19. According to modern lunar theory the relevant terms of the Moon’s
longitude are given by

Moon’s longitude = My — 377" Sin (M; — U)
— 76" Sin{2(M; — S1) — (My = U)}.  (7)

29ed. As per the sequence, the subsequent point of discussion should be numbered 18.
However, since in the original it jumps by one number, we have just retained it.
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Figure 2

My and S; denote the mean longitudes of the Moon and the Sun and U the
longitude of the Moon’s apogee.

The term —377" Sin (M; — U) denotes the equation of the centre and the
term —76" Sin{2(M; — S1) — (M; — U)} is known as evection.

If the equation of the centre viz. —377 Sin (M7 — U) be broken up into two
components —301" Sin (M; — U) and —76" Sin (M; — U) and the second com-
ponent be combined with the evection-term, then formula (7) would become

Moon’s longitude = My — 301" Sin (M — U)
— 152" Cos (S; —U) x Sin (M7 — S1).  (8)

Here, if the term —301" Sin (M; — U) be taken for the equation of the centre,
then the term —152" Cos (S1 — U) x Sin (M; — S1) would give the deficit of
the equation of the centre and the evection. The term —301’ Sin (M; — U)
corresponds to the Hindu equation of the centre and the term —152” Cos (S1 —
U) x Sin (M7 —51) to the dual correction discussed above. Comparison of this
term with the expressions for the dual correction given by Hindu astronomers
proves the correspondence between the two as also the perfectness of the
Hindu form. It would also be noted that the difference between the Moon’s
longitudes calculated according to Vatedvara or Manjula and by formula (7)
would never exceed about 5 minutes.



The evection and the deficit of the equation of the centre ... 645

20. The above discussion proves conclusively the soundness of the formulae
for the Moon’s dual correction given by various Hindu astronomers. We have
also seen that this correction in its perfect form was known in India in the
time of Vatesvara (c. 899) or earlier. In view of the advanced state of the
available Hindu formulae, we have every reason to believe that the correction
was known much earlier in India, specially when we see that in Europe it was
known in its proper from about 1400 years after it was actually detected. The
graphic method of the Hindus which not only explains the dual correction but
also the variation of the eccentricity of the Moon’s orbit was known to the
Hindus long before Copernicus gave his own. Hindus were, thus, the first to
give the Moon’s dual correction in its perfect form and the first to explain it

properly.

21. I take this opportunity to express my thanks to Prof. A. N. Singh for
help and guidance.
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