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

Section I

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 Mañjula 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 Mañjula (932), Śrīpati (1039), and
Candra Śekhara Siṃha (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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626 The evection and the deficit of the equation of the centre …

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 Vaṭeśvara,1
the well-known critic of Brahmagupta2 (628). The works of Vaṭeśvara are
not available to us, but from Yallaya’s commentary (1482) on the Laghumā-
nasa (932) we learn that the Vaṭeśvarasiddhānta contained this correction. In
his commentary on the Laghumānasa, i(c), 1–2, Yallaya has actually quoted
Vaṭeśvara’s version of this correction. This is as follows:

एकादश भभ गै वव जतैः च ग तभागैः ।
ु टसूय च ो ं ा त ो टजीवा या ॥

गु णता ा णुकारैधनणसं या ेषा ।
े ौ ु टसूय वशो को ट क भुज वा ॥

ा ा तयोधना ामृणसं वा यथो चत कृ ा ।
भुजको ट े गु णते तेन गुणेनैव ते भुजे मशः ॥
पेण प भय ल ा े शीतगो त ु ौ ।

भव त फलं श श ल गुणकभुजातु भ नामयुतौ ॥
कुय पूा ं य धनमृण म ोः मा ु ा ।
भ ाशा ौ ात को टगुणौ त नं यं कुय ॥3 By the multiplier ob-
tained by subtracting eleven degrees from the Moon’s true daily
motion, in degrees (bhāga), multiply the Rcosine 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 (liptās), to the Moon’s true
longitude and true daily motion (in the following manner): The

1According to Śaṅkara Bālakṛṣṇa Dīkṣita, Vaṭeśvara’s time is 899 ad.
2In his Gaṇakataraṅgiṇī, Sudhākara Dvivedī writes:

यथा गु ेनायभटादीन ख नं कृतं तथैव वटे रेण स ा े ब गु ख नं कृतम ।
3Dattarāja gives the last 1 1

2
verses thus:

भव त फलैः श श ल गुणकभुजातु भ नामयुतौ ॥
कुय पूा ं य धनमृण म ोः मा ा ।
भ ाशा ौ ात को टगुणा त नं यं कुय ॥

Cf. Ketakī-grahagaṇitam, 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 Laghumānasa of Mañjula in exactly
the same form as stated above by Vaṭeśvara. According to the commentator
Yallaya, Mañjula has borrowed this correction from the Vaṭeśvarasiddhānta
itself. Yallaya gives the following introductory line to Mañjula’s stanzas re-
garding this correction:

अथ च हसमागम ाया ो त ाधने वटे र स ा ो म वशेषं
ोक येनाह—

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

And actually we find that Mañjula has only summarised the above verses of
Vaṭeśvara4. He says:

इ ू ोनाकको ट ा ग ंशा वभवा वधोः ।
गुणो क दुोःको ो पप ा योः मा ॥
फले शशा त ो ल ा े णयोवधे ।
ऋणं च े धनं भु ौ णसा वधेऽ था ॥5

Multiply the degrees of the Moon’s true daily motion6 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 Mañjula’s composition. He states the correction in
two verses while Vaṭeśvara gives the same in five.

5Cf. Laghumānasa, i(c), 1–2.
6From the word śuddhacandragatibhāga used by Vaṭeśvara it is obvious that Mañjula’s cor-
responding word gatyaṁśa should mean “the true daily motion, in degrees” and not “the
mean daily motion” which has been given as a translation of gatyaṁśa by D. Mukhopad-
hyaya (1930), P. C. Sengupta (1932), and N. K. Majumdar (1944). Sūryadeva Yajvā also
observes:

वधो ु टभु ं ष ा आरो भागा कुय ते ग ंशा इ त उ े।
Cf. Laghumānasa, i(c). 1–2 (comm).
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results (thus obtained) are respectively the corrections, in min-
utes (liptās), 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 Vaṭeśvara and Mañjula is

∓
(
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)
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±
(
8
2

15

)
cos(S − U) [Moon’s true daily motion, in degrees− 11]

×
(
8 2
15

)
cos(M − S)

5
minutes, (2)

according as (
8
2

15

)
cos(S − U) and

(
8
2

15

)
cos(M − S)

are of unlike or like signs.
Expression (2) is clearly an approximate value of the differential of (1). For,
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the term involving the differential of
(
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cos(S − U) being neglected.8

7For let dM = 790′35′′, dS = 59′8′′, and R = 3438′; then
d(M − S)

R
=

731′27′′

3438′
=

1

5
approx.

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

भ वर हतच ो ोनभा जु ा
गगननृप व न ी भ य ा वभ ा ।
भव त परफला ं त पृथ ं शर ं
तमुडुप तकण योर रेण ॥
य दह फलमवा ं त नण पृथ े
तु हन करणकण कोना धकेऽथ ।
ु ट दनकरहीना द तुो या भुज ा
ु टपरमफल ी भा जता याऽऽ ॥

श श न चरफला ं सूयहीने गुोला
त णमुतधनं ा हीनाकगोलः ।
य द भव त ह या ो मेत धेयं
ु टग णत गै ं कतु म र ॥9

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.10 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 sphuṭaparamaphala). Now diminish
the true longitude of the Moon by that of the Sun and take its
Rsine. Multiply it by the sphuṭaparamaphala 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. Siddhāntaśekhara, xi. 2–4. The text of the above as printed by Babua Misra in his
edition of the Siddhāntaśekhara (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 Yajvā’s commentary on the Laghumānasa in the Lucknow University.

10 ाकणयोर रेण गु णते ु टकलाकणन ते। (Sūryadeva Yajvā).

The evection and the deficit of the equation of the centre …



630 The evection and the deficit of the equation of the centre …

is greater than 6 signs, the correction is reversed. This is the
process performed by those who wish to tally computation with
observation.11

Expressed mathematically, Śrīpati’s correction is

∓R sin {S − (U − 90◦)} × 160

R
×[

1± 5(Moon’s true distance, in minutes ∼ R)

Moon’s true distance, in minutes

]
R sin(M − S)

R
minutes, (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

R sin{S − (U − 90◦)} and R sin(M − S)

are of unlike or like signs.12

It would be easily seen that the correction of Śrīpati may also be stated as

±R cos(S − U)

R
[Moon’s true daily motion, in minutes− 630′35′′]

× R sin(M − S)

R
minutes approx.,

11P. 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 śara (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×R cos(S − U)×R sin(M − S)

R×R
×

Rvers (M − U)

H −R
,

H being the Moon’s true distance (mandakarṇa).
12The corresponding correction for the Moon’s true daily motion does not occur in the

Siddhāntaśekhara.
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according as
R cos(S − U) and R sin(M − S)

are of unlike or like signs, which form is analogous to the forms of Vaṭeśvara
and Mañjula.
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 Śrīpati, say, would be

±R sin {S − (U − 90◦)} × 160

R
×[

1± (Moon’s true distance, in minutes ∼ R)

Moon’s true distance, in minutes

]
× R sin(M − S)

R

according as

R sin{S − (U − 90◦)} and R sin(M − S)

are of unlike or like signs; or

±R

H
× 160

R
× R sin(M − S)×R cos(S − U)

R

13

according as
R sin(M − S) and R cos(S − U)

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

±160× R sin(M ∼ S)

R
× R cos(S − U)

R
× Moon’s true daily motion

Moon’s mean daily motion

according as
R sin(M ∼ S) and R cos(S − U)

are of unlike or like signs, which exactly conforms to the result of Candra
Śekhara Siṃha.
Śrīpati has introduced the number 5 in his formula to make it agree with

the forms of Vaṭeśvara and Mañjula.

7. The error committed in the above formulae of Vaṭeśvara, Mañjula, and
Śrīpati was recognised by Nīlakaṇṭha (1500), who states his rule in the follow-
ing manner:

क बुा को ट े हते वी ू भा तः ।
को धन जीवा े दश े कुला ुतौ ॥

13H denotes the Moon’s true distance, in minutes.

The evection and the deficit of the equation of the centre …
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अयनै े च भेदे च ण को टजमेतयोः ।
त ा फलवग मूल म धुरा र ॥

ा ं बा जं तेन भ ं ण वधोः ु टे ।
ककणादौ वधू ोनरवौ े ऽ थाऽ सते ॥14

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 bāhuphala
and the koṭiphala). Add the koṭiphala to or subtract that from ten
times the true distance of the Moon (viz. the Moon’s mandakarṇa),
in minutes (kalās), according as the Rcosines are of like or unlike
signs. The square root of the sum of the squares of that and the
bāhuphala is the distance (in yojanas) between (the true positions
of) the Moon and the Earth.15 By that divide the bāhuphala 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, Nīlakaṇṭha’s correction takes the following form:

± R

H1
×

R sin(M − S)× 1
2R cos(S − U)

R
minutes (4)

according as
R sin(M − S) and R cos(S − U)

are of unlike or like signs, H1 being the Moon’s second true distance, in min-
utes.16

14Cf. Tantrasaṅgraha, viii. 1–3.
15This is also known as Moon’s second true distance (dvitīya-sphuṭa-karṇa).
16As regards the corresponding correction for the Moon’s true daily motion, Nīlakaṇṭha does
not give any formula analogous to that given by Vaṭeśvara and Mañjula. He has, however,
prescribed the following rule (cf. Tantrasaṅgraha, viii. 4) for obtaining the second true
daily motion of the Moon:

म भु दश े ो ा ा योजनै ता ।
भूच ा रगैभु वधोर ु टा मता ।।
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 (bhūcandrāntara), 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× 10×R

Moon’s second true distance, in yojanas
minutes.
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8. This correction also occurs in the Siddhāntadarpaṇa of Candra Śekhara
Siṃha where it has been called tuṅgāntara and stated as follows:

अभी कालो तच म ा प े सते स भसूयहीना ।
कृ े भोनायमव जता के ं तदीया भुजमौ वका या ॥
सा ा भू ी गुणेन भ ा ु टाकच ा रदोगुण ी ।

ो तृा ल मतः कला ं ग ा व न ं थम ु टे ोः ॥
त ग ा व तं फलं ा तु ा रं तेन वहीनयु ः ।
पय यतः स भ व भाकहीने मु ो भवो के े ॥
तुलाधराजा दभष न े ा च ो भव त तीयः ।17

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 Moon18 and divide by the Moon’s mean daily motion: the
result (thus obtained) is known as tuṅgāntara. 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:

± 160× R cos(M ∼ S)

R
× R sin(S − U)

R
×

daily motion of the first true Moon
Moon’s mean daily motion minutes, (5)

where + and − signs are chosen according as

R sin(M ∼ S) and R cos(S − U)

are of unlike or like signs.
17Cf. Siddhāntadarpaṇa, grahagaṇita, 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.

The evection and the deficit of the equation of the centre …
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The corresponding correction for the Moon’s true daily motion given by
Candra Śekhara Siṃha is contained in the following lines:

तु ा रं य फलम स ं ाहतं त थमे भुा ोः ।
व ेषदो फलं तदीया रो कोटीगुणस ुण ॥

ो तृं त पुनरकच ग र ं गुणा ल ।
यो ं तदवे थमे भुु फले भवे ु फलं तीय ॥
त सं ृ तं म गतौ पुरोव वे तीया रजनीशभु ः ।19

The result known as tuṅgāntara, 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

±160× R cos(M ∼ S)

R
× R cos(S − U)

R
×

daily motion of the first true Moon
Moon’s mean daily motion ×

motion-difference of the Moon and the Sun
R

minutes, (6)

+ or − sign is to be taken according as

R cos(M ∼ S) and R cos(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.

19Cf. l.c. 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 Śrīpati, Nīlakaṇṭha, and Candra Śekhara
Siṃha have deviated from Vaṭeśvara and Mañjula regarding the sign of the
correction for the Moon’s longitude. Vaṭeśvara and Mañjula apply the correc-
tion negatively where Śrīpati, Nīlakaṇṭha, and Candra Śekhara Siṃha apply it
positively and vice versa. The reason for this deviation is that all the Hindu
astronomers including, of course, Śrīpati, Nīlakaṇṭha, and Candra Śekhara
Siṃha agree among themselves in taking R sin θ positive or negative accord-
ing as

0 < θ < 6 signs

or
6 signs < θ < 12 signs,

whereas Vaṭeśvara and Mañjula take R sin θ positive or negative according as

6 signs < θ < 12 signs

or

0 < θ < 6 signs.

Mañjula gives his rule of sign as follows:

हः ो ो नतः के ं त धोऽधजो भुजः ।
धनण पदशः कोटी धनणणधना का ॥20

The (mean or true-mean) longitude of the planet diminished by the
(mean) longitude of the (manda or śīghra) ucca is known as (manda
or śīghra) kendra. There the bhuja21 (and the Rsine thereof) is
positive or negative according as the kendra is greater or less than
half a circle; and the koṭi (i.e., the complementary arc of the bhuja)
(and the Rsine thereof) is plus, minus, minus, and plus in the
respective quadrants.22

20Cf. Laghumānasa, i(b), 1. The text given here agrees with that given by Sūryadeva Yajvā
(b. 1191), Parameśvara (1409), and Yallaya (1482). N. K. Majumdar, however, gives
ṣaḍūrdha instead of tadūrdhva. P. C. Sengupta’s version is ṣaḍūrdhvādardhajo.

21“If 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 koṭi); 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).

22Parameśvara says: के े तुला दषडा शगते धना को भुजः मेषा दषडा शगते ऋणा क इ थः। Sūryadeva
Yajvā says: के च उ ध अधोऽध जात भुजः मा धनसं ं च ऋणसं ं च भवतः। यदा के ं
रा शष ाद धकं तदा ऊ ध वतत इ त ेय । यदा रा शष ा नं तदा अधोऽध वतत इ त ेय ।
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 koṭi in the
respective quadrants is positive, negative, negative, and positive.”
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Consequently in the four quadrants the signs of R sin θ and R cos θ taken by
Vaṭeśvara and Mañjula are minus, minus, plus, plus and plus, minus, minus,
plus respectively. As regards the sign of R sin θ, this convention, as already
pointed out, does not agree with the general Hindu convention.
The conception of Vaṭeśvara and Mañjula 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 koṭiphala (i.e., the correction for the radius) is a
function of the Rsine of the koṭi; 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 koṭiphala (i.e., the correction for the radius) is additive,
subtractive, subtractive, and additive.

Following this Vaṭeśvara and Mañjula 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
koṭiphala (i.e., the correction for the radius) is negative the Rcosine and like-
wise the corresponding arc known as koṭi is taken as negative and where the
koṭiphala is positive, the Rcosine and the koṭi are taken as positive.

This explains the difference in sign in the corrections for the Moon’s longi-
tude given by Vaṭeśvara and Mañjula and those given by Śrīpati, Nīlakaṇṭha,
and Candra Śekhara Siṃha.

11. Thus there has been established complete unity among the rules of
Vaṭeśvara, Mañjula, Śrīpati, Nīlakaṇṭha, and Candra Śekhara Siṃha.

Section II

12. Vaṭeśvara and Mañjula call the expression(
8
2

15

)
cos(S − U)[Moon’s true daily motion, in degrees− 11]

by the term guṇa, which has also been used to denote the epicyclic multiplier.
Śrīpati calls

160

R
×R sin{S − (U − 90◦)}



637

paraphala, which corresponds with the antyaphala i.e., the radius of the epicy-
cle, and

R sin{S − (U − 90◦)} × 160

R
×[

1± 5(Moon’s true distance, in minutes ∼ R)

Moon’s true distance, in minutes

]
sphuṭa-parama-phala, which may be translated by the expression “corrected
epicyclic radius”. Nīlakaṇṭha has actually used the terms bāhuphala and
koṭiphala, and says

bāhuphala =
R sin(M − S)× 1

2R cos(S − U)

R
yojanas,

and koṭiphala =
R cos(M − S)× 1

2R cos(S − U)

R
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 (kakṣāvṛtta), the
point U the position of the Moon’s apogee on the concentric, M the true
position of the Moon’s centre and ES the direction of the Sun from the Earth’s
centre. The small circle round E has λ for its radius where λ denotes the
maximum value of the dual correction at the Moon’s distance given by the
following table:

Authority λ, in minutes (kalās)

Vaṭeśvara and Mañjula 144 approx.
Śrīpati and Candra Śekhara Siṃha 160
Nīlakaṇṭha 171.9

K is the point on the small circle opposite to U . KE1 is perpendicular
to SES1 and E1P to MEM1. The point E1 denotes, according to Hindu
astronomers, the displaced position of the Earth’s centre and is known as
ghanabhūmadhya.

The circle with centre E and radius EE1 (not shown in the figure) is treated
as an epicycle and its radius EE1 is known as the epicyclic radius23 (para-
phala). In consequence E2P is known as bāhuphala (or bhujāphala) and EP

23It will be noted that the size of this epicycle does not remain constant. It depends on the
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Figure 1

as koṭiphala.

∵ ∠KEE1 = S − U,

and ∠E1EP = M − S,

∴ EE1 = λ cos(S − U),

whence E1P i.e., bāhuphala = λ cos(S − U)× sin(M − S),

and24 EP i.e., koṭiphala = λ cos(S − U)× 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 E. It will be further noted that EE1 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 (sphuṭa-parama-phala).

24If we put λ = 171.9 minutes or R
2

yojanas, we have

bāhuphala =
R sin(M − S)× 1

2
R cos(S − U)

R
yojanas,

and koṭiphala =
R cos(M − S)× 1

2
R cos(S − U)

R
yojanas,

which agree with the formulae stated by Nīlakaṇṭha.
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Due to the displacement of the Earth’s centre from E to E1 the Moon’s true
distance, measured in minutes, (mandakarṇa or sphuṭa-kalā-karṇa) changes
from EM to E1M . The distance E1M is known as the distance between
(the true positions of) the Moon and the Earth (bhūmyantara-karṇa) or the
Moon’s second true distance (dvitīya-sphuṭa-karṇa) and is obtained by the
following formula:

Moon’s second true distance, in minutes =[
(Moon’s true distance, in kalās ± koṭiphala, in kalās)2

+ (bāhuphala, in kalās)2
] 1

2

according as the koṭiphala is positive or negative.25

Similarly, the dual correction due to the displacement of the Earth’s centre
from E to E1 is obviously given by the following:

the dual correction = ∠EME1

= R sin−1

{
E1P ×R

E1M

}
=

E1P ×R

E1M
approx.

=
R

H1
× λ sin(M − S)× cos(S − U)26

where H1 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. Nīlakaṇṭha,
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 Nīlakaṇṭha’s formula above.
26Putting various values of λ in this formula, we obtain the formulae of Vaṭeśvara etc.
in their modified form. For example, putting λ = R

2
yojanas, we obtain Nīlakaṇṭha’s

formula

the dual correction =
R

H1
×

R sin(M − S)× 1
2
R cos(S − U)

R
yojanas,

=
R

H1
×

R sin(M − S)× 1
2
R cos(S − U)

10×R
minutes.
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distances of all other planets, howsoever small that change may be. Nīla-
kaṇṭha 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:

उ ोनश शको ट ादलं पव जं ु ट ।
ु टयोजनकण ं ज ा क दजं ततः ॥

स भू रकणः ा तेन ब कल नये ।
ु टयोजनकण े मासा े श शव वेः ॥
ं प ा जं काय र वभू रा ये ।27

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 (bhūmyantarakarṇa). This is to be used in
calculating the Moon’s diameter, in minutes (kalās), (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

(ii) M − S = 0,whence

bāhuphala = 0 and koṭiphala =
1

2
R cos(M − U) yojanas.

27Cf. Tantrasaṅgraha, iv. 12–14 (i).
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Consequently

Sun’s second true distance, in yojanas =

Sun’s true distance, in yojanas ± 1

2
R cos(M − U) yojanas,

and

Moon’s second true distance, in yojanas =

Moon’s true distance, in yojanas ± 1

2
R 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

(ii) M − S = 180, whence

bāhuphala = 0 and koṭiphala =
1

2
R cos(M − U) yojanas.

Consequently

Sun’s second true distance, in yojanas =

Sun’s true distance, in yojanas ∓ 1

2
R cos(M − U) yojanas,

and

Moon’s second true distance, in yojanas =

Moon’s true distance, in yojanas ± 1

2
R cos(M − U) yojanas,

according as the Moon is in the six anomalistic signs beginning with Capricorn
or Cancer.
Hence Nīlakaṇṭha’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 (uccanīcarekhā) 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 Mañjula and Vaṭeśvara the maximum value of the
eccentricity of the Moon’s orbit comes out to be roughly about 0.0652 and
according to Śrīpati and Candra Śekhara Siṃha 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 1

14 to 1
22 .

Section III

16. The Greek astronomer Ptolemy (140 ad) was also aware of this dual
correction of the Moon.28 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-nīca-rekhā)
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 1

2

′ 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 M1O

(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(M1 − S1),

where M1 and S1 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.29

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

Moon’s longitude = M1 − 377′ Sin (M1 − U)

− 76′ Sin {2(M1 − S1)− (M1 − 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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M1 and S1 denote the mean longitudes of the Moon and the Sun and U the
longitude of the Moon’s apogee.
The term −377′ Sin (M1 − U) denotes the equation of the centre and the

term −76′ Sin {2(M1 − S1)− (M1 − U)} is known as evection.
If the equation of the centre viz. −377′ Sin (M1−U) be broken up into two

components −301′ Sin (M1 − U) and −76′ Sin (M1 − U) and the second com-
ponent be combined with the evection-term, then formula (7) would become

Moon’s longitude = M1 − 301′ Sin (M1 − U)

− 152′ Cos (S1 − U)× Sin (M1 − S1). (8)

Here, if the term −301′ Sin (M1 − U) be taken for the equation of the centre,
then the term −152′ Cos (S1 − U)× Sin (M1 − S1) would give the deficit of
the equation of the centre and the evection. The term −301′ Sin (M1 − U)

corresponds to the Hindu equation of the centre and the term −152′ Cos (S1−
U)× Sin (M1−S1) 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 Vaṭeśvara or Mañjula and by formula (7)
would never exceed about 5 minutes.
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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 Vaṭeśvara (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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