Chapter 6

SEATATATHTITH
Vyatipata

§.9 SAATATORIE:
6.1 The possibility of vyatipata

FFHGRTIT IHT TRTAT A FAT |
FIRSTAETeT QT s ATy T Sr=rar! 19 |
AYAISTTATH T4 BTe: FRFNGar: |

arkendvorhiyate caika yadanya vardhate kramat |

krantijyayostada samye vyatipato na canyatha || 1 ||

vaidhrto'yanasamye syat latah syadekagolayoh |

Of [the two objects] the Sun and the Moon, when [the magnitude of the declination of] one
is decreasing and the other is increasing steadily, and when the [magnitudes of] the Rsines
of their declinations become equal, then it is vyatipata and not otherwise; [The same is
called] vaidhrta if the ayanas are the same and lata when the hemispheres are the same.

Condition for the occurrence of vyatipata

Let & and §,, be the declinations of the Sun and the Moon at any given time. Then
the condition to be satisfied for the occurrence of vyatipata is given to be

with the constraint that the variation in the two declinations should be having oppo-
site gradients. That is, if | J| is increasing, |8, should be decreasing and vice versa.
Such a situation is schematically depicted in Fig. 6.1.

! The prose order of this verse is: AQT Cﬂﬁ: (Irb‘i’r) Ut Fwif=r: S HTT m K'ECIRC)
T T GFT=al:) TR SFATaTd: AT T )
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! M;3 ecliptic Moon’s orbit

Fig. 6.1 Positions of the Sun and the Moon during vyatipata.

Occurrence of lata and vaidhrta

In the Fig. 6.1, Z represents the zenith, P the north celestial pole, I" the vernal
equinox and N the ascending node of the Moon’s orbit. The Sun is at S whose
declination |8| = SF. My, M, M3 and My correspond to different positions of the
Moon, which lie in four different quadrants, at which

|8 = M1A = MyB = M5C = MyD = | 8. (6.2)

Out of these four positions of the Moon—since |J;| is increasing at S—only M,
and My correspond to vyatipata, as |8y | is decreasing only at these two positions.
Moreover, it may be noted that when the Moon is at M, the ayanas of the Sun
and the Moon are different but lie in the same hemisphere. Hence it is an instance
of lata-vyatipata. On the other hand, when the Moon is at My, the ayanas of the
Sun and the Moon are the same (both are northerly). Hence this is an example of
vatdhrta-vyatipata.

The commentary begins with the following avatarika: >

73 g S .Ei\l I ——

FTfaraSt{a ST g adHTE |

Thus the two eclipses of the Sun and the Moon, related to the observer-centred celes-

tial sphere (drggola), were clearly demonstrated. Now in order to explain the concept

of vyatipata—that arises owing to the equality of declinations of them [the Sun and the
Moon]—related to the geocentric celestial sphere bhagola, [the following] is stated.

2 The word avatarika refers to succinct introductory remarks.
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6.2 HAF gl FI<ATTITH
6.2 Finding the declination of the Sun and the Moon

TEFATaIg a5l FIf<sd qaaaad 12 |

samskrtayanasuryendvoh krantijye purvavannayet || 2 ||

From the ayana-corrected longitudes (sayana longitudes) of the Sun and the Moon, let
the Rsines of their declinations be determined as earlier.

In Fig. 6.2a, I' is the vernal equinox, S the Sun, M the Moon and N its ascending
node. The meridian passing through the Sun meets the equator at G. If A is the
longitude of the Sun at S, then its declination is given by

Rsin §; = Rsin€gsin As. (6.3)

The secondary to the ecliptic passing through the Moon intersects the ecliptic at 1.
If A, and &’ are the longitude and declination of this point, then considering the
triangle I'1J and applying the sine formula we obtain

Rsind’ = RsinesinA,,. (6.4)

It is the LHS of (6.3) and (6.4) that are referred to as Rsines of the declination
(kranti-jya) of the Sun and the Moon in the above verse. Though (6.4) does not
give the actual declination of the Moon, which will be derived in the subsequent
sections, it can be taken as a reasonable approximation when the latitude of the
Moon is small. In fact, as we will see in the next section, the derivation of the actual
expression for the Moon involves the declination of the point / given in (6.4) and
that’s precisely the reason for Nilakantha’s statement that it may be determined as
earlier.

£.3 I SEFI=ATIT fqaw:

6.3 Speciality in the determination of the desired declination of
the Moon

TSI SiraT WEEansar |

BT faan: & aesiferfy a=aq 1 a
WHTIwAH el Tqarasar fAge arredr |
gEHI= I B gefaeang =1 1y
gfest: ggforar: fagfefifeaura: we: |
Wmmﬁl%?j?ﬂ s aTard 1y |
FIFH TFeT FIR: el Aretamr
patonendorbhuja jiva paramaksepatadita |
trijyabhakta vidhoh ksepah tatkotimapi canayet || 3 ||
paramapakramakotya viksepajyam nihatya tatkotya |
istakrantim cobhe trijyapte yogavirahayogye stah || 4 ||
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Fig. 6.2a Finding the declinations of the Sun and the Moon.

sadisoh samyutiranayoh viyutirvidiSorapakramah spastah |
spastapakramakotirdyujya viksepamandale vasatam || 5 ||

ityuktatra sphuta krantih grhyatam golavittamaih |

The Rsine [of the longitude] of the node subtracted from [the longitude of] the Moon,
multiplied by the maximum deflection [of the Moon’s orbit] and divided by the trijya,
gives the latitude of the Moon (). Let the Rcosine of it also be obtained.

Having multiplied the Rsine of the latitude of the Moon (the viksepajya) by the cosine
of the maximum deflection [of the ecliptic from the equator], and having multiplied the
Rcosine of that (the latitude of the Moon) by the [Rsine of the] desired declination [of the
Moon determined earlier], the two [products] divided by the ¢rijya are readily suited for
addition or subtraction.

If these two are in the same direction then they must be added, and if they are in different
directions then their difference must be found. [Now] the true declination [of the Moon is
obtained]. The Rcosine of the true declination will be the day-radius (dyujya) for those
residing in the viksepamandala. Let the process of the [determination of] true declination
[of the Moon] thus explained be understood by the experts in the spherics.

Considering the triangle PKM in Fig. 6.2b and applying the cosine formula, we
have
cos PM = cos PK cos KM + sin PK sin KM cos PKM. (6.5)

Let A, B and &, be the longitude, the latitude and the declination of the Moon.
Then
KM=90—f and PM=90-34,. (6.6)

P and K being the poles of the equator and the ecliptic, the arc PK = €. I" is the pole
of the great circle passing through K and P. Therefore

T'KP =90 and PKM =90 — A, 6.7)
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Using (6.6) and (6.7) in (6.5) we obtain
sin 8, = cos€sin B +sinecos Bsink,,. (6.8)

This is the true declination of the Moon with latitude 3. The krantijya of the Moon
denoted by &', and given by (6.4), is the declination of a point on the ecliptic which
has the same longitude as the Moon (point / in Fig. 6.2a). It can be easily seen that
the RHS of (6.8) reduces to the RHS of (6.4) when 8 = 0. Now, using (6.4) in (6.8),

S\
o
We©

Fig. 6.2b Determination of the true declination of the Moon.

we have
sin§,, = cosesinf + cosBsind’. (6.9)

This is the formula for the true declination (spastapakrama) of the Moon given in
the verses, where it is stated in the form

Rcose [RsinB| | Rcosf |Rsind'|

Rsin &,| =
|R sin &, | R y R

. (6.10)
The value of the latitude of the Moon (f3) used in the above equation is found by
using the formula

sin B =270 x sinA,,, (6.11)

where the inclination of the Moon’s orbit with the ecliptic is taken to be 270 minutes.
Further, it may be noted from Fig. 6.2 that, when 3 and 8’ are in the same direction,
then the two terms are to be added, and if they are in different directions, that is,
if sin 8 and sin &’ have opposite signs, then |sin §,,| would be the difference of two
positive terms. This is what is mentioned in the first half of verse 5 in the text, and
is indicated by £ in (6.10).
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In a passing remark the text also mentions that: “The Rcosine of the true decli-
nation will be the day-radius (dyujya) for those residing in the viksepamandala’.
Here, the term viksepamandala refers to the declination circle of the Moon whose
radius is given by

dyujya = Rcos §,, = \/R2 — (Rsin ;)2 (6.12)

&.8 §aI: TR0l FI=<ATTdTH

6.4 Determination of the declination of the Moon by another
method

VAT FIfRT=aT qehT=ar s fawfo 1 e
WHATHITCT =R & |
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AT w HeA=<T: TFET arcwTicdnT Hadq |

athava krantiraneya parakrantya vidhorapi || 6 ||
paramaksepakotighnam jinabhagagunam haret |

trijyaya ksepavrtte’sya nabhyucchraya ihapyate || 7 ||
patasya sayanasyatha dohkotijye ubhe hate |

ksiptya paramaya trijyabhakte syatam ca tatphale || 8 ||
antyadyujyahatam tatra kotijam trijyaya haret |
nabhyucchraye ca tat svarnam mrgakarkyadi patajam || 9 ||
tadbahuphalavargaikyamilam krantih para vidhoh |
trijyaghnam dohphalam bhaktam taya calanamayanam || 10 ||
jukakriyadige pate svarnam tat sayane vidhau |

tadbahujya hata krantya tada paramaya svaya || 11 ||
trijyaptapakramagyendoh sphuta tatkaliki bhavet |

Otherwise the [true] declination of the Moon may be obtained from its maximum declina-
tion. The Rsine of 24 (degrees) multiplied by the Rcosine of maximum inclination is divided
by the trijya. The quantity obtained is called the nabhyucchraya of the ksepavrtta.

The Rsine and the Rcosine of the sayana longitude of the node, multiplied by the maximum
deflection [of the Moon’s orbit] and divided by the trijya, will be those phalas [i.e. the

3 In another reading of the text, we find the term W‘% instead of ‘T{W’% | That the latter
is correct gets confirmed from the procedure and formulae given in the text. The commentator

Sankara Variyar has also adopted the reading Preaics
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dohphala and the kotiphala]. Of them, the kotiphala is multiplied by the Rcosine of
the maximum declination of the Sun and divided by the trijya. The result is added to or
subtracted from the nabhyucchraya depending upon whether the [sayana] longitude of
the node lies within six rasis beginning with Mrga or Karkataka. The square root of the
sum of the squares of that and the dohphala is the maximum declination of the Moon.

The dohphala multiplied by the ¢rijyaand divided by that [i.e. the quantity obtained above]
is defined as the ayanacalana [of the Moon]. This has to be added to or subtracted from
the sayana longitude of the Moon depending upon whether the node lies within six rasis
beginning with Libra (Juka) or with Aries (Kriya). The Rsine of that is multiplied by
the maximum declination and divided by the trijya. The result is the refined (sphuta)
instantaneous [value of the] Rsine of the declination of the Moon.

An expression for the declination (J,,) of the Moon which is similar to (6.3) is
presented in the above verses. We may write such an expression as

sin g, = sinlsinn, (6.13)

where 1 = (A, —A); A, and A refer to the longitude and ayanacalana of the Moon.
I represents the maximum declination of the Moon which keeps varying and de-
pends upon the position of the Moon’s ascending node along the ecliptic. It is also
the inclination of the Moon’s orbit with the equator. For instance, when the ascend-
ing node N; coincides with the vernal equinox, then the inclination of the Moon’s
orbit is

I=0pax =€+1, (6.14)

which is the same as the maximum declination attained by the Moon. On the other
hand, when the ascending node coincides with the autumnal equinox then the incli-
nation of the Moon’s orbit is

[=8pin=¢€—i. (6.15)

Generally the value of the obliquity of the ecliptic, € is taken to be 24° and the
inclination of the Moon’s orbit with the ecliptic, i, to be 4.5°.

From (6.13) it may be noted that the expression for the Moon’s declination in-
volves obtaining expressions for two intermediate quantities, namely

1. the maximum declination of the Moon in its orbit, which is called the para-
kranti, denoted by I, and

2. the right ascension of the point of intersection of the Moon’s orbit and the equa-
tor. This is called the ayanacalana and is denoted by A.

The desired true declination of the Moon, denoted by 6,,, is expressed in terms of
these quantities.
Expression for the para-krant: and ayanacalana

The expression for the para-kranti, in turn requires the defining of a few interme-
diate quantities. A term called the nabhyucchraya (x) is defined as
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_ Rsing Rcosi
N R

Then the dohphala (D) and the kotiphala (K) are defined to be

) (6.16)

R|sinA,| Rsini
_ R|cosA,| Rsini
= » .

D

and K (6.17)

We introduce yet another quantity (y), defined by

y = Rcose XK
_ Rcose |cosA,| Rsini

X (6.18)

Using x and y, one more term (z) is defined to be

z=x—y when 90 < 4,, <270,
=x+y otherwise.
Essentially, 7 = x+ RCOSECOS Ay sini. (6.19)

Now the para-kranti, the maximum declination 7 of the Moon, is given as

Rsinl = /22 + D>
= \/(Rsinscosi+Rcosesinicosln)2+(Rsinln sini)2.
(6.20)

The ayanacalana (A) of the Moon is defined in terms of the maximum declination

through the relation

RxD
RsinA= ", 6.21)
Rsin/

This is also referred to as the viksepacalana.

Expression for the istakranti

Having obtained the ayanacalana, it is added to the true longitude of the Moon
when 180° < A,, < 360°, and subtracted from it otherwise. The Rsine of the result
is multiplied by the Rsine of the maximum declination and divided by the trijya to
get the Rsine of the desired declination. That is,

Rsing, — Rsinl x R;in(lm +A)

= Rsin/sinn, (6.22)
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where 7 is the angle of separation between the Moon and the point of intersection
of its orbit with the equator, along the orbit of the Moon. In the following we pro-
vide the rationale behind (6.20), (6.21) and (6.22) with the help of Figs 6.3a, 6.3b
and 6.3c.

Derivation of the expression for the parakrant:

While the Yuktibhasa derivation of the expression for the parakrant: is given in
Appendix E, here we derive the same using modern spherical trigonometry.

Fig. 6.3a Determination of the para-kranti, the greatest declination that can be attained by the
Moon at a given point in time.

In Fig. 6.3a, P is the celestial pole, K the pole of the ecliptic, I" the vernal equinox
and N the node of the Moon’s orbit. Let / be the inclination of the Moon’s orbit to
the equator. Draw a great circle arc I'E which is perpendicular to the Moon’s orbit
at E. Considering the triangle I'EN and applying the sine formula, we have

sin'E = sinisinA,. (6.23)

Here A, = I'KN is the sayana longitude of the node. Similarly, applying the sine
formula to the triangle I'EQ, we have

sin'E =sin/sinl"Q, (6.24)

Hence
sinfsinI'Q = sinisin A,,, (6.25)

where / is the angle of inclination of the Moon’s orbit with respect to the equator.
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In the figure, C and D are points that are 90° away from I" along the equator
and ecliptic respectively. Let p be the arc from C, perpendicular to the Moon’s
orbit. Considering the triangle QAC, which is right-angled at A, and using the sine
formula,

sinp = sin/sinQC
= cosI"Qsin/ (rQ+0C =90). (6.26)

Let BD = K be the arc from D, perpendicular to the Moon’s orbit. Considering the
triangle NBD, which is right-angled at B, and using the sine formula,

sinkK = sinisinND
= cos A, sini (CN+ND =90). (6.27)

Let the Moon’s orbit be inclined at an angle & to the prime meridian KPYDC. Let
YD = x. Therefore, YC =YD+ DC = x+ €. Now considering the triangles Y BD and
YAC and using the sine formula, we have

sinK = sinxsin & and sinp =sin(x+€)siné&. (6.28)
Therefore,

sinp  sin(x+¢€)
sinkK sinx
SINXCOS € + cosxsin €

B sinx
cos
—cose+ . sine. (6.29)
sinx
In the above equation, we would like to express 0>+ in terms of other known quan-
tities. From now on, all the intermediate steps till (6.35) are worked out for that
purpose. Let NY = ¥ in the triangle NDY, which is right-angled at D. Using the sine
formula, we have
sinx = sin jy sini. (6.30)

Let YZ be perpendicular to the secondary to the ecliptic passing through N. Consid-
ering the triangle NYZ which is right-angled at Z, we have

sinYZ = sin y cosi. (6.31)
Now NKY = 90 — A,,. Further,
KY = KP+ PY
=&+ (90— (x+¢))
=90 —x. (6.32)

Considering the triangle KYZ, which is right-angled at Z, we have
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sinYZ = sinKY sin(90 — 4,,)

= sin(90 — x) cos A,
= cosxcosAy. (6.33)

From (6.31) and (6.33),
sin y cosi = cosxcosA,. (6.34)

Replacing sin  in the above equation using (6.30), we have

cosi .
cosxcosA, = . _sinx
sini
COSX cosi
or — (6.35)

sinx  sinicosA,

Using the above in (6.29), we obtain

in cosSi .
_ =CosE+ . . SIn€. (6.36)
sinkK sinicos A,

Further, eliminating sink using (6.27) in the above equation, we have
sinp = sinicos A, cos € + cosisine. (6.37)
From (6.26) and (6.37), we get
sin/cosI"Q = sinicos A, cos€ -+ cosisin€. (6.38)

Now squaring and adding (6.25) and (6.38), we obtain

2

sinI = (sin A, sini)? 4 (sinicos A, cos € + cosising)?. (6.39)

Therefore,
sinl = \/(sin Ausini)2 + (sinicos A, cos € + cosising)?2. (6.40)

This is the formula for the inclination of the Moon’s orbit to the equator presented
in the text as given in (6.20), which is also the maximum declination of the Moon
(at any given time). It is known that the nodes of the Moon’s orbit complete one
revolution in about 18.6 years. During that period, it could happen that the Moon’s
orbit lies in between the ecliptic and the equator as indicated in Fig. 6.3b. In such a
situation, the expression for sin p in (6.28) will have sin(e — x) instead of sin(x+¢).
The effect of this in the final expression for the para-kranti (maximum declination)
would be

sinf = \/(sin/ln sini)2 + (cosisin€ — sinicos A,y cos€)?2, (6.41)
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Moon’s orbit
e,c\“?“c

Fig. 6.3b Determination of the para-kranti, when the Moon’s orbit is situated between the equa-
tor and the ecliptic.

where N’ is the descending node of the Moon’s orbit and A,y = A, + 180°. Then it
can easily be seen that the above equation is also the same as (6.20) given in the
text.

Fig. 6.3¢ Determination of the ista-kranti, the actual declination of the Moon at a given point in
time.

In Fig. 6.3c, M represents the Moon and MX is its declination at a given instant.

P is the point where the secondary to the ecliptic passing through M meets the

ecliptic. Considering the triangle MQX, which is right-angled at X, and applying
the sine formula,

sin 8, = sinMQ sinl. (6.42)

Now

MQ = MN +NQ
= MN+TN+NQ—TN
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~ NP+TN—(I'N—NQ)
=T'P—(I'N—NQ)
~Am—T0, (6.43)

where A,, is the sayana longitude of the Moon. In arriving at the above equation we
have used two approximations:

1. MN ~ NP. This is a fairly good approximation since i, the inclination of the
Moon’s orbit is, very small.*

2. The other approximation is that (I'N — NQ) ~ I'Q. This again is reasonable as i
is small.?

Applying the sine formula to the triangle I'ON, we have

sinrg = SnAnsini. (6.44)
sin/
It may be noted that the above equation is the same as (6.21) presented by Nilakantha,
once we identify I'Q with the ayanacalana A. Obviously the term ayanacalana in
this context refers to the right ascension of the point Q.
Again, because i is small, we may write

MQ ~ Xy —T'Q= Ay —A. (6.45)
Substituting for MQ in (6.42) we get
sin§ = sin(A,, —A)sinl, (6.46)

which is the same as the expression for the declination (6.22) given in the text.

&.¥ AT TEUZa:

6.5 The occurrence or non-occurrence of vyatipata

T aaIaa -l 1d: Jarq | 22 |
ANSTIFHTAT AL FAMGTAT = AT |

samskrtaksepacalanasayanendoh raveh padat || 12 ||
ojayugmataya bhede vyatipato na canyatha |

Only if the longitude of the Moon, corrected for the change in viksepa and ayana [as
described earlier], is such that the Sun and the Moon lie in the odd and the even quadrants
[or vice versa] does vyatipata occur and not otherwise.

The condition for the possibility of the occurrence of vyatipata or otherwise, that
was hinted at in—and hence to be inferred from—verses 1 and 2a of this chapter, is

4 It may be recalled that the inclination is taken to be 270’ = 4.5° in Indian astronomy.
3 It needs to be verified numerically how good this approximation is.
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being explicitly stated here. It is said that the Sun and the Moon must be in odd and
even quadrants for the occurrence of vyatipata. In other words, the gradients with
respect to the change in declination must have opposite signs during vyatipata.

The following verse in Laghu-vivrt: succinctly puts forth the criteria to be satis-
fied for vyatipata to occur:

FIfOTR AT HAg TR |
A ATRA R S Ao At |
Vyatipata occurs only when the declinations [of the Sun and the Moon] are equal and

they are in different quadrants. And not when they are in the same quadrant or when their
declinations are not equal [in magnitude].

We explain this with the help of Fig. 6.4. Here S refers to the Sun and ST its dec-
lination. M and M, represent the Moon when it lies in the I and the IV quadrant
respectively. We have depicted their positions such that

AM, = ST = BM,. (6.47)

In other words, the magnitude of the declination of the Moon at M| is same as that
at My, which is also equal to that of the Sun. When the Moon is at M there is no
vyatipata, because the declination gradients of the Sun and the Moon have the same
sign. On the other hand, when the Moon is at M, there will be a vyatipata since the
gradients have opposite signs, and it is vaidhrta since the Sun and the Moon lie in
different hemispheres.

=P meridian through the Sun
when it is in the I quadrant

meridian through
the Moon when it

Fig. 6.4 Criterion for the occurrence of vyatipata.

For the sake of clarity and completeness we present in Table 6.1 all the different
possible cases that could give rise to a vyatipata. The term ‘quadrant’, occurring
as the heading of the first column of the table, has been given a special connotation
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that suits the present context. From this, the origins of the quadrants for the Sun
and the Moon are taken to be the (ascending) points of intersection of their own
orbits with the equator. They are referred to as gola-sandhis. In the case of the Sun
it is the same as the vernal equinox, marked as I". The gola-sandhi of the Moon is
marked by the point Q (see Fig. 6.4). This point moves at a much faster rate than I".
It completes a cycle in about 18.6 years which amounts to about 20° per year.

Quadrant Declination Ayana Nature of
Sun Moon Sun Moon  Sun Moon Vyatipata

1 1 1 1 uttara uttara —
I I T ! uttara daksina lata
I 1m 7 ) uttara daksina —
I 1Iv 7 | uttara uttara vaidhrta
o I 1 T daksina uttara lata
o l | daksina daksina —
o | T daksina daksina vaidhrta
nm v | | daksina uttara —
o I T T daksina uttara —
o 1 T | daksina daksina wvaidhrta
o o 7 T daksina daksina —
u v 71 | daksina uttara lata
v 1 l T uttara uttara vaidhrta
v 1 l 1 uttara daksina —
v 1 | T uttara daksina lata
v v | | uttara uttara —

Table 6.1 The different possible cases for the occurrence of vyatipata.

£.8 SOAIATATHTE g H:

6.6 The criterion for the non-occurrence of vyatipata

FFg: WHFT=A: JouT Beamear=ar 193 |
Lo
AT qarstare arer HeTshT=a= Joadm |
TETT HFA A TRT@a-T=qar: | 28 |
IS T THA FI=A: T T S |
arkendvoh paramakrantyoh alpa trijyahatanyaya || 13 ||
bhakta tato'dhike bahau mahakranterna tulyata |
taccapam bhatrayacchodhyam tadadhyonayanantayoh || 14 ||
antaralam gate tasmin krantyoh samyam na jayate |

The lesser of the the maximum declinations of the Sun and the Moon is multiplied by the
trijya and divided by the other. If the Rsine of the greater is larger than the result, then
there will be no equality.

The arc of that has to be subtracted from 90°. The result has to be added and subtracted
from the ayanantas. If ‘that’ lies in between, then the equality of the declinations does not
take place.
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Like many other verses in Tantrasarngraha, these have been written in a somewhat
terse form and require a detailed explanation. The condition given here for the non-
occurrence of vyatipata may be represented in the form

Rsind_ xR

RsinA, >
! + Rsin5+

(6.48)
where R represents the ¢rijya, 04/0_ is the larger/smaller of the paramakrantis of
the Sun and the Moon, and A the longitude of the Sun/Moon corresponding to o
(measured from the point of intersection of its orbit with the equator). If the above
condition is satisfied then there will be no vyatipata. The maximum declination of
the Moon depends upon the situation of the lunar orbit, which in turn is determined
by the location of the Moon’s nodes. It is worth while discussing the variation of the
maximum declination quantitatively before we take up (6.48).

Variation in the maximum declination of the Moon

Let 6; and &, be the maximum declinations of the Sun and the Moon. While the
maximum value of the Sun’s declination is fixed—and is equal to the obliquity of the
ecliptic, € = 24°—the maximum declination of the Moon &, is a variable quantity.
Its value depends upon the position of the ascending node (Rahu, denoted by N;) of
the Moon’s orbit with respect to the equinox. The range of its variation is given by

(e—i) <o, < (e+1), (6.49)

where i is the declination of the Moon’s orbit, which is taken to be 4.5° in the text.
When Rahu coincides with the vernal equinox, then J,; = (€ +i). On the other hand,
when it coincides with the autumnal equinox, then §;; = (& — i). The two limiting
cases are depicted in Figs 6.5a and 6.5b respectively.

As the Moon’s orbit itself has a retrograde motion, around the ecliptic, the node
of the Moon’s orbit completes one revolution in about 18.6 years. Hence the inter-
val between these two limiting cases depicted in Fig. 6.5 is nearly 9.3 years. We
now analyse the two cases from the viewpoint of the occurence of vyatipata or
otherwise.

Casei: o, > o7

When the maximum declination of the Moon is greater than the obliquity of the
ecliptic, then invariably the magnitude of the declination of the Moon becomes
equal to that of the Sun four times during the course of its sidereal period (section
6.1). Of the four instants at which the declinations are equal, only two correspond
to vyatipata. These two vyatipatas, namely lata and vaidhrta, necessarily occur
during the course of a sidereal revolution of the Moon.

In Fig. 6.5a, we have depicted the limiting case in which the Moon’s orbit has
the maximum inclination (/ = € 4 i) to the ecliptic. U and D represent the ayana-
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sandhis® in the northern and the southern hemispheres respectively. M; and M,
represent the positions of the Moon, in the uttarayana and daksinayana (northern
and southern courses of the Sun), when its declination is equal to that of the obliquity
of the ecliptic. Let #,, be the time taken by the Moon to travel from M; to M,. During
this interval, the declinations of the Sun and the Moon will never become equal and
hence there can be no vyatipata. This is because the declination of the Moon during
this period will be greater than that of the Sun. As has been stated in the text:

=AU T A FT=Al: A T AT

When it (the Moon) is in that interval, the declinations do not become equal.

Fig. 6.5a Moon’s orbit having the maximum inclination, / = € + i, with the ecliptic.

Caseii: 8, < &;

When the Moon’s orbit lies completely in between the equator and the ecliptic, then,
depending upon the longitude of the Sun, its declination could remain greater than
the maximum declination of the Moon—which is the same as the inclination of the
Moon’s orbit with respect to the equator, denoted by 7 in Fig. 6.56—for fairly long
intervals of time. The said interval may extend even up to two to three months of
time when the inclination I has the minimum value. During this period, the declina-
tion of the Moon doesn’t become equal to that of the Sun and hence vyatipata does
not occur.

In Fig. 6.5b, S| corresponds the position of the Sun when its declination is just
equal to §;. As the Sun S has northern motion, and is approaching the ayanasandhi

6 The point of intersection of the two ayanas, namely the uttarayana and the daksinayana.
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U, its declination will be increasing during the next few days till it reaches the
maximum €. Having crossed the ayanasandhi, the Sun starts receding away from
it and its declination starts decreasing. When the Sun is at S, again its declination
will be equal to §,,. Between S; and S, the declination of the Sun remains greater
than §;, and hence there will be no vyatipata.

I" (vernal equinox)

Fig. 6.5b Moon’s orbit having the minimum inclination, / = € — i, with the ecliptic.

Howeyver, the inclination of the Moon’s orbit, which is the same as the maximum
declination attained by the Moon, does not change significantly. The change in the
maximum declination from (€ 4 i) to the minimum value (€ — i), a difference of
2 x 4.5° = 9°, takes place in about 9.3 years. This amounts to hardly one degree
per year or around 5’ per month, whereas the change in the declination of the Sun
is around 480’ per month. Hence, the change in the inclination of the Moon’s orbit
over a few weeks is negligible compared with that of the Sun. In the following, we
make a rough estimate of the duration during which there will be no vyatipata.

Minimum period for which vyatipata does not occur

In the latter half of the 14th verse and the first half of the 15th verse, the criterion
for the non-occurrence of vyatipata is given. From this, the minimum period during
which vyatipata does not occur can be estimated. For numerical illustration, we
choose the limiting case where the maximum declination of the Moon attains its
minimum value as shown in Fig. 6.5b. In this case §;, = 24.0 —4.5 = 19.5. The
longitude of the Sun corresponding to this declination is
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sin19.5
A = sin~!
’ s (sin24>

~ 55°. (6.50)

As the longitude of the Sun increases in the odd quadrants, the magnitude of its
declination also increases. Hence, when the longitude’ of the Sun is approximately
in the range

55° < Ay < 125°,

or when it is in the range
235° < Ay < 305°, (6.51)

the magnitude of its declination will always be greater than the maximum declina-
tion the Moon can attain. Therefore, there will be no vyatipata during this period.

Since the rate of motion of the Sun is approximately 1° per day, under the limiting
cases the minimum period for which a vyatipata does not occur is about 70 days. As
the longitude of the Sun is 0° around March 21, this period approximately extends
from the later half of the second week of May to the last week of July, when the
Sun is in the northern hemisphere. When the Sun is in the southern hemisphere,
this period would be from from the later half of November to the end of January
approximately. With this background, we now proceed to explain the criterion given
in the text.

Rationale behind Nilakantha’s criterion for the non-occurrence of vyatipata

The declination of the Sun and its longitude are related through the formula
sin §; = sin€ sin Ay, (6.52)

where ¢ is the obliquity of the ecliptic, which is the same as the maximum decli-
nation of the Sun. In otherwords 8; = €. The longitude of the Sun A, is measured
from I' along the ecliptic and is given by I'S in Fig. 6.6.

The declination of the Moon is given by

sin 8, = sinl sinQM = sinIsinn. (6.53)

Here, [ is the inclination of the Moon’s orbit with respect to the equator. As in the
case of the Sun, / is the maximum declination of the Moon. Thatis, §,;; =1. OM =1
is measured along the Moon’s orbit from the point of intersection of the equator and
the Moon’s orbit. We have seen that 1 ~ A, — A, where 4, is Moon’s longitude,
and A is its ‘ayanacalana’. Dividing (6.52) by (6.53) and rearranging, we have

sind;  sineg

sind, — sin X sinAg. (6.54)

sinm X

7 Since declination is involved, the longitudes that we talk about here are all s@yana longitudes.
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Fig. 6.6 Schematic sketch of the Moon’s orbit and the ecliptic, when the maximum inclination of
the Moon’s orbit, /, is greater than €.

Depending upon the position of the Moon’s ascending node represented by Q in
Fig. 6.6, either € > I or € < I. The case € = [ is true only at one instant, and is a
very special case. The other two cases do prevail for an extended period of time.
Now let us consider the case € < I. Vyatipata occurs under these circumstances
when

sinf) = F x sinA,. (6.55)
sin/

As sinA; < 1, this implies that the condition for the occurrence of vyatipata is

sing
sinp < (6.56)
sin/
Hence there is no vyatipata if
sing
i . 6.57
smn > sin/ (6.57)

The above condition is the same as the one given in (6.48) once we identify that
e=06_,1=0, andn = A, as the maximum declination of the Sun is less than that
of the Moon. Similarly, when / < &, there is no vyatipata if

sin/

sinAy >
sing

(6.58)

The equivalence of this condition with (6.48) is also clear once we identify that in
thiscase [=6_, € =6, and A, = A,
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£.\9 FAITA TaHca(=urg:

6.7 Determining whether vyatipata has occurred or is yet to
occur

At T9: UTERT=CAT FeaT AT5JT T4T &4 I 9y
FETATTTH THATET FHT[ON TAT |
aevﬁm@ma“rﬁ—«rwﬁ%aﬂ I 28 I
arcﬁuﬁﬁn—cﬁmﬁnﬁmu%m|
afeea=sagw: W%‘QW" 90 |
e wot &1y T TSy 7 |
HGIAT I1q ATaehaies Jg: 1 2¢ |
ATATH I AT THTH I THH |

dorjyam raveh parakrantya hatva candrya taya haret || 15 ||
labdhacapasame candrabahau krantigunau samau |
candrasyaujapadasthasya dordhanusyadhike tatah || 16 ||
vyatipato gato nyune bhavi yugmapade'nyatha |
tadistacandradhanusah svasvabhuktighnamantaram || 17 ||
gatiyogahrtam svarnam dose gamye gate'pi ca |
suryendvoranyatha pate tavatkuryadidam muhuh || 18 ||
yavadarkotthadhanusa tatkalendudhanuh samam |

Having multiplied the sine of the longitude of the Sun by its parakranti, divide [that] by
the parakrantt of the Moon. If the resulting arc [say x] is equal to the arc corresponding to

the Moon (1), then the Rsine of the declination of the Sun and the moon will be equal.

If the arc corresponding to the Moon, in the odd quadrant, is greater than that (x), then
vyatipata has already occurred; if less, then it is yet to occur. It is exactly the reverse

[when the Moon is] in the even quadrant.

The difference of the arc corresponding to that (Rsinx) and that of the [ayana-corrected]
Moon must be multiplied separately by their own [i.e. of the Sun and Moon] daily motions
and divided by the sum of their daily motions. The results must be added to or subtracted
from the Sun and the Moon depending upon whether the dosa (a vyatipata) is yet to occur
or has already occurred. In the case of the node it has to be applied inversely. The process
has to be repeated till the arc obtained from the Sun becomes equal to the Moon’s arc

[found] at that time.

371

We saw earlier in (6.54) that the ratio of the declinations of the Sun and the Moon

satisfy the relation
sind; _ sing sinAs
sind,,  sin/ sinn
Using the notation
sin O

. sine .
sinx= . _ xsinA and y=
S

inl sind,,’

(6.59) reduces to,

(6.59)

(6.60)

sin1n X y = sinx. (6.61)
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If x = 1, the above equation implies that y = 1, that is, § = §,,. This is precisely
the condition given here for the declinations of the Sun and Moon to be equal and is
stated in the following words:

FTATTTH THATET FHT[ON TAT |

Though the term capa in general refers to arc, in the present verse it seems to
have been used to refer to the sine of the arc. In other words, the term labdhacapa in
the above verse refers to sinx. The term candrabahu refers to sin1. As mentioned
earlier,

if x=mn, it is the middle of vyatipata.

The criteria as to whether a vyatipata has already occurred, or it is yet to occur are
given by

if x<n, already occured,
and if x>n, yet to occur,

in the odd quadrant. It is the other way round in the even quadrant, as |3, | decreases
with time. Here 7 is the angular separation of the Moon from the point of intersec-
tion of the Moon’s orbit and the equator. In Fig. 6.7 it is given by OM,; = ¢o; (i =0, 1
and 2).

Rationale behind the given criteria
(a) Criterion for vyatipata to have occured

Suppose x < 1) at some time ¢ = ¢, then we should have y < I in order that (6.61)
is satisfied. Now
y<1 = sin &y < sin O,. (6.62)

This situation is represented by the positions of the Sun and the Moon at S; and
M, in Fig. 6.7. Since the Moon is in the odd quadrant and the Sun is in the even
quadrant, the magnitude of the declination of the Moon keeps increasing and that of
the Sun keeps decreasing. Since |3y < |8, | at r =11, there must be an earlier instant,
t = ty, at which |d| = |8,,|. This is precisely the condition for the occurrence of
vyatipata. Thus we see that if x < 11 and the Moon is in the odd quadrant, then
vyatipata has already occurred.

(b) Criterion for vyatipata to occur later

If x > n, then from (6.61), y > 1. Now,

y>1 = sin &; > sin 0y,. (6.63)
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Fig. 6.7 Positions of the Sun and the Moon before vyatipata, at the instant of vyatipata and after
vyatipata.

This situation is represented by the positions of the Sun and the Moon at S, and
M, in Fig. 6.7. Again, since the Moon is in the odd quadrant and the Sun is in the
even quadrant, the magnitudes of their declinations are increasing and decreasing
respectively. Since at t = 1o, |0s| > |0, vyatipata is yet to occur att =t > ;.

The situation in the even quadrants can be understood similarly. The above cri-
teria are precisely those given in verses 16b and 17a to find out whether vyatipata
has already occurred or it is yet to occur. In the succeeding verses 17b and 18, a
procedure is given for finding the time interval (At) between the desired instant and
the instant of vyatipata. Having determined this time interval, an iterative proce-
dure for finding the longitudes of the Sun and the Moon at the instant of vyatipata
is outlined.

The time interval between the desired instant and the middle of vyatipata

Let A; and A, be the longitudes of the Sun and the Moon a given instant ¢, and let the
angular velocities (gati) of them at that instant be As and A,,,. It is seen from (6.60)
that the quantity x is related to the Sun’s longitude and 1 is related to the Moon’s
longitude. We denote the difference in arcs between x and 11 by A 6. That is,

x—1 = A6, (6.64)

The significance of A0 is that it refers to the angle by which the sum of the longi-
tudes of the Sun and the Moon must increase for vyatipata to occur. It is mentioned
that this has to be divided by the sum of the angular velocities of the Sun and the
Moon. We denote the result in time units by Az, which is given by
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A6

At = ., . in days
)vm + A’S ( y )
A
= 9. x 60 (in ghatikas). (6.65)
)vm + A’S

The longitudes of the Sun and the Moon at the middle of vyatipata

The changes in the longitudes of the Sun and the Moon during the above time inter-
val At are obtained by multiplying their daily motions with it. That is

ALy = Ag X At (6.66)
and ALy, = Ay, X At (6.67)

If Ay and Ay, are the longitudes of the Sun at the desired instant # and the middle of
the vyatipata, then
Ay = As FAA. (6.68)

Similarly, if A,, and A,,, are the longitudes of the Moon at the desired instant and
the middle of the vyatipata, then

A’mo =/Am+ Aﬂ,m. (669)

Here we take the sign ‘—’ if the vyatipata has already occurred and the sign ‘+’ if
it is yet to occur.

Iterative method

In the procedures described in the previous sections, it has been implicitly assumed
that the rates of motion of the Sun and the Moon (4,, and A) are constant, which is
not true. Hence both At and the longitudes Ay and A, obtained are only approx-
imate. As a corrective measure to this, an iterative procedure for determining the
longitudes of the Sun and the Moon at vyatipata is prescribed. The iterative method
to be used here is indicated in verses 18b and 19a.

AT FAMEE HE: ATTEH I TehTOgU]: THA|

This [process] has to be repeated till the arc of the Moon at that time will be equal to that of
the Sun.

The method indicated above, and further explained in the commentary, may be
explained as follows. As At given by (6.65) is not exact, we denote it by A#; to
indicate that it is the first approximation to the actual value. Having determined At
we evaluate x and 1 at time

h =t+ Aty (6.70)

and denote their values as x| and 1;. The rates of mot.ion of the Sun and the Moon
are also evaluated at 7; and are denoted by A, and A,,;. With them, we find Az,
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given by

Aty = . .,
Aml +lsl

where A@; = x; — 1. The second approximation to the actual instant of vyatipata
is tp and is given by

(6.71)

=t +An. (6.72)

Again at t, the values of x and 1] denoted by x, and 1, are to be determined. From
their difference A6, and the rates of motion of the Sun and the Moon, At; is found.
The process is repeated and, in general,

AG; = xi—;
A6;
AtH_l == . .
lmi +)~si
and tiy1 = i+ Atit. (6.73)

The iteration is continued till Az, ~ 0. At this instant (), x =1 to the desired ac-
curacy. Hence, the longitude of the Moon that is determined from 7 in this process,
which in turn is determined by finding x, would be the same as the longitude deter-
mined at ¢’ directly. This is what is stated in verse 19a, quoted above. The instant of
vyatipata is then given by

t' =t+ At + Aty + - + Aty (6.74)

Here, it should be noted that A¢, can be positive or negative.

&.¢ ATITAH:
6.8 The middle of vyatipata

FIA SAAAAHARTG: I 1 29 |

krantisamye vyatipatamadhyakalah sudarunah || 19 ||

When the declinations [of the Sun and the Moon] are equal, that instant corresponds to the
middle of vyatipata, which is quite dreadful.

&.8 SAITAYRRT: TATHTTH
6.9 The beginning and the end of vyatipata

TATIIF AT I @R |
ghigfaaerdes Tea fAgeg aq 120 |
T afg sadmaraes f4g: |
ZAITaac afel= ATS e famfad 1 g |
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HAFTAIE HAq T THAHY: TFe: |
wﬁmmﬁzﬁm%xﬁm 122 1

navamsapancakam tattvabhagau bimbau svabhuktitah |
suryendvorbimbasamparkadalam sastya nihatya yat || 20 ||

gatiyogoddhrtam taddhi vyatipatadalam viduh |

vyatipatadale tasmin nadikadau visodhite || 21 ||

madhyakalad bhavet tasya prarambhasamayah sphutah |

tadyute madhyakale'sya mokso vacyo hi dhimata || 22 ||

The daily motion of the Sun multiplied by 5 and divided by 9, and that of the Moon divided
by 25, are the diameters of the discs (bimbas) of the Sun and the Moon. Half the sum of
the discs multiplied by 60 and divided by the sum of their daily motions is considered to be
the half-duration of the vyatipata.

By subtracting the half-duration of the vyatipata, in nadikas etc., from the middle of the
vyatipata, the actual beginning moment is obtained. By adding the same to the the middle
of the vyatipata, the ending moment has to be stated by the wise ones.

If ZS and ?Lm are the daily motions of the Sun and the Moon, expressed in minutes,
then the angular diameters of their discs o and ¢, are given as

ZS X5 Z«m
O = 9 oy = 25" (6.75)
Now the angular diameter of the Sun
Dy
O = d; ) (6.76)

where Dy and ds are the Sun’s diameter and its distance from the Earth in yojanas
respectively. The horizontal parallax of the Sun (P), whose value is taken to be one-
fifteenth of daily motion of the Sun, is given by
R, 1 ;
P=""="_A. 6.77
4 15’ (6.77)
Using this in (6.76), . ‘
o Dy Ay 2Dg Ag
‘R 15 D, 15
where D, = 2R, is the diameter of the Earth. In Chapter 4, the values of D; and D,
are given to be 4410 and 1050.42 yojanas respectively. Therefore

(6.78)

2% 4410 ,
0= | 0ur s s O = 05598 . (6.79)

Itis this 0.5598 that is approximated by S =0.5556 in the text. Similarly, the angular
diameter of the Moon is given by

2Dy Am

Oy = 5
D, 15

(6.80)
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where D,, is the Moon’s diameter in yojanas. As D,, is given to be 315 yojanas,

2 x 315
T 1050.42% 15 7™
=0.04 A,
2’”’l

= 55 (6.81)

aﬂ’l

Using the angular diameters, the half-duration of the vyatipata is found using the

formula
_Sx 60

B z’n‘l—"_z’j"

where S is the sum of the semi-diameters of the Sun and the Moon and is given by

At (6.82)

dy+dy

S
2

(6.83)

Let 1, t,, and 7, be the actual beginning, the middle and the ending moment of the
vyatipata. Here t,, refers to the instant at which (6.1) is satisfied. Then the beginning
and the ending moments are given by

ty =ty — At and te =ty + At. (6.84)

&.¢0 fasFRIRENT=ENMTT aca@Es
6.10 Inauspiciousness of the later half of viskambhayoga and
others

famwfey Ny sdrag arsta 4@ |

T GHeTAT=<gHY m [IRSER
viskambhadisu yogesu vyatipatahvayo'pi yah |

tasya saptadasasyantyamardham capyatidarunam || 23 ||

The later half of the seventeenth yoga commencing with viskambha, also known as
vyatipata, is extremely inauspicious.

Analogous to the 27 naksatras, 27 yogas (see Table 6.2) are defined in Indian
astronomy. They correspond to intervals of time during which the sum of the longi-
tudes of the Sun and the Moon increases by 13°2(/. It may be noted from Table 6.2
that the 17th yoga is called vyatipata. Perhaps, hereby due to the similarity in name,
this is also considered inauspicious (particularly its later half).

In this context the following verse is quoted in the commentary Laghu-vivrti:

ga=ar f7e W gRTEefe |

OrHEIFAE: T aar arstafaf=a:

Among the yogas of the Sun and the Moon, the later half of Maitrais called Sarpamastaka
and that period is considered to be highly inauspicious.
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1. viskambha 10. ganda 19. parigha
2. priti 11. vrddhi  20. Siva

3. ayusman 12. dhruva  21. siddha
4. saubhagya 13. vyaghata 22. sadhya
5. Sobhana  14. harsana 23. Subha
6. atiganda 15. vajra 24. sukla

7. sukarma  16. siddhi 25. brahma
8. dhrti 17. vyatipata 26. aindra
9. sula 18. varyan  27. vaidhrtt

Table 6.2 The names of the 27 yogas.

Note:

In the above verse, the term maitrasya literally means ‘ belonging to Maitra’. Ac-
cording to the tradition, each naksatra is associated with a deity. The deity for the
17th naksatra, namely Anuradha, is Maitra. Hence the 17th naksatra is called
Masitra.

While discussing vyatipata, Bhaskara I states:

uﬁaﬁ‘hwﬁm—cﬁuﬁﬁwﬁw
T T FAwd=1 fagT: ardEes:

When the sum of the [nirayanal longltudes of the Sun and the Moon is half a circle (i.e.
180°) it is vyatipata; when the sum is a full circle (360°) it is vaidhrta. If [the sum] ex-
tends to the end of Maitra (Anuaradha naksatra) then itis to be known as sarpamastaka
[vyatipatal.

§.29 SAAUTTALATUN ATAEH

6.11 Inauspiciousness of the three vyatipatas

ZATITTAd 9R GaHHY Tead |
m&r@nﬁmﬁwﬁql
WS GHEHT: TehTGar-asd: |28 |

vyatipatatrayam ghoram sarvakarmasu garhitam |
snanadanajapasraddhavratahomadikarmasu |
prapyate sumahacchreyah tatkalajnanatastatah || 24 ||

The [period of the] three vyatipatas (lata, vaidhrta and sarpa-mastaka) is [considered
to be] dreadful and is inauspicious for performing all religious rites. But by acquiring the
correct knowledge of these periods and performing certain deeds such as having a holy dip,
performing charitable deeds or sacrificial deeds, doing penance, oath-taking, performing
homa etc. one reaps great benefits.

8 {LB 1974}, (I 29), p. 39.
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