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Abstract

The midnight sun is a fascinating phenomenon observed near the Earth’s poles. Whether it is known through observation or
through theory, it is bound to provoke one’s curiosity, since it involves the most familiar object in the sky, viz. the sun. This
paper seeks to investigate the various ways in which this phenomenon was understood or considered in ancient literature,
focusing on Indian astronomical literature. It is found that some texts primarily describe the phenomena at the poles them-
selves, while the remaining additionally describe the latitudes at which one would see days that are a few months long. A
comparison is made across texts in order to facilitate an understanding of the methods and the accuracy of the texts discussed.
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1 Introduction

The midnight sun refers to a phenomenon observed in
regions having high latitudes, where the sun remains above
the horizon for more than 24 h, leading to the sun being vis-
ible at midnight. A related phenomenon is the polar night,
where the sun remains under the horizon for more than 24 h.
The phenomena of midnight sun and polar night occur due to
Earth’s axial tilt with respect to the ecliptic, that causes the
poles and the region surrounding them to remain in perpetual
darkness or light for a certain period of time. The longest
daylight and night periods occur at the poles themselves: day
time lasts from the March equinox to the September equinox
in the north-pole and night time for the remaining 6 months
of the year, with the reverse being the situation in the south-
pole. The period of perpetual daylight or darkness decreases
as the latitude decreases, until the polar circles of latitude
(Arctic Circle in the north and Antarctic Circle in the south)
after which these are no longer observed.

P< Vinay Iyer
vinay1997@gmail.com

Ramakrishna Pejathaya
b.ramakrishnap@gmail.com

Research Intern, Centre for Indian Knowledge Systems,
Chanakya University, Devanahalli, Bengaluru 562110, India

Centre for Indian Knowledge Systems, Chanakya University,
Devanahalli, Bengaluru 562110, India

Such a phenomenon is indeed spectacular to any
observer since the sun, which is the most familiar object in
the sky, does not set or rise for a period of time as it does
elsewhere on the globe. Due to this, it was noted by observ-
ers who either visited places where these polar phenomena
were active, or was deduced through calculation. The ideas
and methods with which some ancient societies understood
the phenomenon of the midnight sun are presented here,
focusing on ancient India. This paper seeks to bring out
the understanding, methods and accuracy with which the
ancients discussed the midnight sun. By analyzing these
aspects, it is possible to gain a deeper insight into their
thought process.

2 Computation

As will be elaborated in the following sections, many astron-
omers provide values for the latitudes at which a midnight
sun can be observed. In order to verify the accuracy of these
figures, it is necessary to compute the latitude using the
equivalent modern formulae.

Let the observations be made from some place with
near-polar northerly latitude ¢p. The declination of the
sun is represented by 6. The situation is represented in
Fig. 1.

For the midnight sun to occur, the diurnal circle
(ahoratravrtta) must reach a point during summer such that
it is completely above the horizon. Hence, there must be
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Pole Zenith

Fig.1 An example of the celestial sphere at a near-polar latitude
showing important circles and points in the context of the midnight
sun

some value(s) of 6 for which M remains above N, i.e., arc
PM is less than arc PN, or equivalently, TN is less than TM
(where P is the pole). This is given by the inequality:

5>90—¢ (1

The polar night will also occur given the same condi-
tion. Further, for solar longitude A and maximum declination
(paramapakrama) e, the declination of the sun is given by:

siné = sin Asine 2)
Substituting 6 from Eq. (2) into (1), we have:
sin™! (sin Asine) > 90 — ¢ 3)

This equation connects the latitude at which the midnight
sun is visible to the longitude of the sun.

Several ancient texts mention the latitude of the places
where the sun remains in the sky for a few months at a
stretch. In Indian texts specifically, the latitudes are given
for places where the sun is seen for 2 months, 4 months and
6 months. These are now calculated using formula (3).

The first case considered is that of the sun being continu-
ally visible for 2 months of the year. This happens when
the solar longitude is between 60° and 120°.! Therefore, the

! The longitude here is reckoned from the March equinox (sdyana
mesadi) as is convention in the Indian texts. This implies that the sun
will have maximum declination when its longitude is 90° and mini-
mum declination when its longitude is 270°, which correspond to
sayana karkadi and sayana makaradi in Indian reckoning.
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first value of A that satisfies (3) is 60°. Substituting this into
(3), we get:

sin”! (sin 60° sin€) > 90 — ¢ “)

The maximum declination is the same as the obliquity
of the ecliptic. In Indian texts, this is usually taken as 24°.
Incorporating this into the inequality, the following is the
minimum latitude (rounded to the nearest arc second) that
satisfies this inequality:

¢ = 69° 22" 31" (5)

Fig. 2 depicts this situation in case of the midnight sun.
Similarly, if the sun is visible for 4 months in the year,
corresponding to the solar longitudes 30° to 150°, the first
longitude for which the inequality is satisfied is 30°. The
latitude (rounded to the nearest arc second) is then equal
to:

¢ = 78 15 58" (6)

This is represented in Fig. 3 for the midnight sun. The
place where the sun is visible for 6 months of the year is
the north pole, which has a latitude of 90°. The situation
here is represented in Fig. 4 for the midnight sun. As seen,
the horizon and the celestial equator coincide (the lower
horizontal circle) and the highest diurnal circle of the sun
in the sky is above this (the upper horizontal circle).

In summary, the values arrived at through computation are
presented in Table 1.

3 Greek views

The references to the midnight sun and polar night in Greek
literature are considered below in brief.

3.1 Homer

One of the earliest available sources in Ancient Greek litera-
ture, interpreted as referring to the polar night, is Homer’s
Odpyssey (c. seventh century BCE). He states:

...And it reached the extreme boundaries of the deep-
flowing ocean; where are the people and city of the
Cimmerians, covered with shadow and vapor, nor does
the shining sun behold them with his beams, neither
when he goes towards the starry heaven, nor when he
turns back again from heaven to earth but pernicious
night is spread over hapless mortals ... (Odyssey, Book
XI, 1891, pp. 146-147)

While the information given in the epic must not be taken
literally, the above extract can be interpreted as showing
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Zenith

Pole

Fig. 2 The celestial sphere at latitude 69° 21’ 31” N where the mid-
night sun lasts for 2 months

Pole Zenith

Fig. 3 The celestial sphere at latitude 78° 15’ 58” N where the mid-
night sun lasts for 4 months

at least some level of knowledge pertaining to the situation
in the northerly latitudes, i.e., the fact that the sun does not
shine there for extended periods of time. Given that the
Greeks are located in the Mediterranean, they would not
have seen this phenomenon directly. However, there were
extensive trade routes moving northwards from the Medi-
terranean. Therefore, it is believed that this information
was probably gathered from sailors, traders, and others
who had visited the northern regions (Chevallier, 1984).

Pole/ Zenith

northernmost diurnal circle

.
equator / horizon

Fig. 4 The celestial sphere at latitude 90°N where the midnight sun
lasts for 6 months

Table 1 Values for latitudes at which the midnight sun will be visible
for 2, 4 and 6 months at a time (assuming 24° obliquity of the eclip-
tic, rounded to the nearest arc second)

Duration (months) Latitude
2 69° 22’ 31”
4 78° 15’ 58"
6 90°

3.2 Pytheas

The Greek explorer Pytheas of Massalia is said to have
sailed to the northern areas c. 325 BCE. He circumnavigated
the British Isles and observed the polar night somewhere at
a place that he designated as Thule, which was within the
Arctic circle. This is believed to be Iceland, the Shetland
Islands, or the coast of Norway. He then sailed back to the
Mediterranean. The original record of his voyage is now
lost, but he is referred to by several later sources (McPhail,
2014, p. 247).

3.3 Greek philosophers

Textual evidence for exploration of the Arctic after Pytheas
is limited. Much of the development during and after this
time is in the form of theory. Given that the midnight sun
phenomenon is intimately related to the idea of Earth being a
sphere, it is useful to consider how the concept of a spherical
earth was conceived by the Greeks.
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Greek philosophers from the fifth century BCE onwards
considered the Earth to be a sphere (Dicks, 1970, p.72). To
this effect, we can quote Plato (c. fourth century BCE):

Well then, my friend,” said he, “to begin with, the
earth when seen from above is said to look like those
balls that are covered with twelve pieces of leather ...
(Phaedo, 2021, 110b)

Plato’s Phaedo is presented as a dialogue where Socrates
explains his ideas to others, including Plato. Plato does
not provide any proof for the idea of a spherical earth.
However, Plato’s disciple Aristotle (c. fourth century BCE)
expanded upon this idea by connecting it to astronomical
observations:

Either then the earth is spherical or it is at least nat-
urally spherical. ... The evidence of the senses fur-
ther corroborates this. How else would eclipses of
the moon show segments shaped as we see them? ...
There is much change, I mean, in the stars seen in
Egypt and in the neighborhood of Cyprus which are
not seen in the northerly regions; and stars, which in
the north are never beyond the range of observation,
in those regions rise and set. All of which goes to
show not only that the earth is circular in shape, but
also that it is a sphere of no great size ... (De caelo,
1922, 297b-298a)

Here, we see a development of thought, where the concept
of a spherical earth, has been linked with physical observa-
tions. Various astronomers developed this concept of spheri-
cal earth after Plato and Aristotle. Given that the observa-
tions noted above are astronomical, it is not far-fetched to
assume that the midnight sun was also considered in this
context, especially during the time after Pytheas’ voyage,
however, several texts such as those of Eratosthenes are now
lost (Gonzalez, 2000), hence it is not possible to completely
trace the development of ideas.

3.4 Ptolemy

A clear and detailed reference of the midnight sun comes
from Ptolemy (c. second century CE). In his A/magest (11
6), he classifies locations of the world based on the length of
the day at summer solstice, starting from 12 h at the equator
to 24 h at the arctic circle. For places beyond the arctic cir-
cle, he provides calculated latitudes at which the sun would
not set for several months successively (4/magest, 1984,
11 6, pp. 34-39). The latitudes provided by him are repro-
duced in Table 2. Furthermore, in his opinion, the obliquity
of the ecliptic amounts to 23° 51’ 20" (4lmagest, 1984, 11
4). Hence, it becomes necessary to compute the latitude val-
ues separately. These have also been presented in the table,
rounded to the nearest arc second.
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Table 2 Ptolemy’s midnight sun latitudes

Duration Latitude (Ptolemy) Latitude (Computed)
(months)

1 67° 67° 0 18"

2 69° 30/ 69° 29’ 51”

3 73° 20/ 73° 22’ 58"

4 78° 20/ 78° 20’ 0"

5 84° 83° 59’ 30”

6 90° 90°

Ptolemy’s values are clearly quite accurate. This indicates
that, by this time, the idea of midnight sun was fully incor-
porated into astronomy and geography.

4 Indian views

Indian authors of the siddhantas (astronomical treatises)
during the siddhantic period (up to the twelfth century CE?)
mention the phenomena of midnight sun and polar night,
as occurring at the poles. It is not known if any Indians
travelled that far north, or received information from others,
including the Greeks, about the northerly latitudes directly.
Instead, most mentions appear to have been derived through
calculation from astronomical parameters.

Indians were aware of the spherical earth, just as the
Greeks. The earliest text available in whole among the
siddhantas, the Aryabhatiya, mentions this:

... YPTI: AT g |

... bhiigolah sarvato vrttah |
(Aryabhatiya, Golapada, 1976, 6b)

The earth is spherical (lit. circular in all directions).

This idea is carried over in all siddhantas including that of
Bhaskara:

I TUUE: TRTg ARG SIaT e haTT-

e

2 The earliest text that can be confidently dated and which is avail-
able in its complete form is Aryabhativa of Aryabhata, dating to
the end of the fifth century CE. There are, however, several texts
such as Siryasiddhanta, which have not been dated conclusively.
There is also an indication in the commentaries, as well as the
Paricasiddhantika of Varahamihira, that there were other siddhantas
prior to this period, which are no longer available today. Hence, the
beginning of the Siddhantic period cannot be stated with adequate
confidence. The period after the twelfth century did include various
developments in Indian astronomy, however these are not considered
in this paper.
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bhiumeh pindah Sasankajiiakaviravikujejyarki-
naksatrakaksa vrtairvrtto vrtah san ... |
(Siddhantasiromani, Goladhyaya, Bhuvanakosa, 1981, 2)

The mass (pinda?) of the earth, being surrounded by
the orbits of the Moon, Mercury, Venus, Sun, Mars,
Jupiter, Saturn, and the stars, is a sphere (vrtta, lit.
circle).

Hence, the earth was understood to be a sphere in these
texts. With respect to the midnight sun, texts commonly
state the latitude at which the sun is visible for 2 months,
4 months and 6 months respectively or, in some cases, pre-
scribe calculations for these latitudes. Specific references
are now considered.

4.1 Aryabhata

Aryabhata (fl. 499 CE), in his Aryabhatiya, only men-
tions about the sun being visible for 6 months of the year
at each of the poles. He explains this in the following
half-verse:

Ifaste aT: vrgled S qur var: |

ravivarsardham devah pasyantyuditam ravim tatha
pretah |
(Aryabhatiya, Golapada, 1976, 17a)

The gods (present at the north pole) see the sun risen
for half a solar year, and similarly the demons (present
at the south pole, see the sun for half a year).

As can be seen, the primary reference pertains to the north
pole itself. Other descriptions of the midnight sun are not
found.

4.2 Varahamihira

Varahamihira (sixth century CE) mentions the following in
connection with the midnight sun in the Paricasiddhantika,
in a chapter that is not explicitly connected to any one of the
five siddhantas propounded in the text:

i BERTafagdt TaeSHE e = |
PR faRmATa wwarsd swwromTe: |

yeHATeRaET = fEaT: |

TR IRl TEARHT ORI AT ||
FrSTISTaa I et Y T AT g Ta=aT: |
UEIERSLERERIEEE IR

ARATST TEr N g ehT Tqzardl I |

T U T AT RT: Shar=ary |l

TeNTd Ul 3N Alsi= o ad U |

STeaTed FehTe A 7 areRad |l

GERAT ST THAT TARIAT = HSTT: |
YAARTHIET = AE=dRTe S=A=aoTaT: ||

TFgfad: THI TTSHT ASYSTRAT |
TR g wRA TRedl T T Il

trisatim trisaptatiyutam gatvodagyojanatribhagam ca |
ujjayinito viramati paryasto'vam bhaganagolah ||
sastirnadyastasmin sakrdudite drsyate divasanathah |
paratah parato bahutarama sanmasaditi sumerau ||
yojanaparnicanavamsamstryadhikamsca catuhsatr
mudagavantyah |
gatva na dhanurmakarau kaddacidapi darsanam
vrajatah ||
tasmadeva sthanaddvyasitiyuktam catussatim sagram |
nodayamupayantyalimygaghatacapadharah kadacidapi ||
sadasitim paficasatim tryamsSonam yojanam ca tata
eva |
gatvantyam cakrardham nodetydadyam na yatyastam ||
lankastha bhitlagnam nabhaso madhyasthitam ca
merugatah |
dhruvataramiksante tadantarale'ntaropagatah ||
sakrduditah sanmasan drsyo'rko meruprsthasamsthanam |
mesadisu satsu caran parato drsyah sa daityanam ||
(Paiicasiddhantika,1993, 13.21-27).

373% vojanas north of Ujjain, the celestial sphere
moves differently (paryastah?). At that place, the sun
is visible for 60 nadis (1 whole day) having risen only
once. It increases further and further [with increase
in latitude] until it is for six months at the pole. 403%
yojanas north of Ujjain, Dhanu and Makara are never
seen. 482 and a fraction of yojanas north of that place
(Ujjain) itself, Vrscika (ali), Dhanu (capadhara),
Makara (mrga) and Kumbha (ghata) never rise. 586%
yojanas [north] from there (Ujjain), the latter half of
the zodiac (Tuladi) never rises and the former half
(mesadi) never sets. Those present at the equator see
the pole star on the ground (horizon), while those at
the pole see it at the zenith, and those between these
two places see it in between. Those present on Meru
see the sun as rising once and remaining visible (risen),
when it moves in the six rasis beginning with Mesa.
The sun is visible [in the same way] for demons when
in the other [six rasis].

Varahamihira has given the latitude of the places in terms of
the yojanas from Ujjain. The latitude of Ujjain is taken to be
24° in Panicasiddhantika (13.10). Based on the distance to
the north pole from Ujjain, given above as 586% yojanas, it
can be inferred that the circumference of the earth according
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Table 3 Varahamihira’s midnight sun latitudes

Duration (months) Yojanas north of Ujjain Latitude
2 403% 69° 24/
4 ~ 482 ~ 78° 13" 30"
6 5862 90°
3

to Varahamihira, is 3200 yojanas. From this, we can calcu-
late the latitudes of the other places mentioned above, which
have been given in Table 3.

4.3 Suryasiddhanta

The following verses in the Siryasiddhanta® pertain to the
midnight sun:

ST [ABHT SARIRISTATET: |
TTETSAT AHEERTA AT AHa T ||

Faawsiy T sTagesr srefam: |
R aRrarsT sTes: qiEdd |

T IR g fesarashaars: |
IR FIAAT QT 7 T2 |

TIT IRIRATT Y Hebe R |
TEBRMEGTUTS TR I
TehSaTIh AT Id g ST ARt |
JrARsTTag AT FETSRg Ire: ||

T EHY RIS 7 T5ad |
FTHPTSIRION g e F=qey |

AR ARt <aT: TRAfe TR |
AHadlad daadRIE I |

ayanante vilomena devasuravibhagayoh |
nadisastya sakrdaharnisapyasmin sakrttatha ||
tadantare pi sastyante ksayavrddht aharnisoh |
parato viparito 'yam bhagolah parivartate ||

une bhivrttapade tu dvijyapakramayojanaih |
dhanurmrgasthah savita devabhage na drsyate ||
tathd casurabhdage tu mithune karkate sthitah |
nastacchayamahivrttapade darsanamadiset ||
ekajyapakramanitairyojanaih parivaryjite |
bhiimikaksdcaturthamse vyaksdacchesaistu yojanaih ||
dhanurmygalikumbhesu samsthito'rko na drsyate |
devabhdge suranam tu vrsadye bhacatustaye ||
merau mesadicakrardhe devah pasyanti bhaskaram |

3 The currently available Siryasiddhanta has not been confidently
dated but is known to postdate Varahamihira.
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sakrdevoditam tadvadasurasca tuladigam ||
(Suaryasiddhanta, 2015, 61-67)

A day of 60 nadis occurs once at the end of the sol-
stices in the portions (hemispheres) of the gods and
demons inversely (vilomena). A night of the same
length also occurs once here. In the middle region,
the increment and reduction of night and day are
less than 60 [radis]. Beyond this, the celestial
sphere revolves differently. The number of yojanas
calculated from the declination, derived from the
sine of two [rasis], is subtracted from a quarter of
the earth’s circumference. At that distance from the
equator, in the northern hemisphere, the sun is not
visible when in Dhanu and Makara (mrga), and
in the southern hemisphere, when in Mithuna and
Karkata. In the quarter portion of the earth’s cir-
cumference, where the shadow is lost (or not pre-
sent), the sun is visible. The number of yojanas,
calculated from declination, derived from the sine
of one [rasi], is subtracted from a quarter of the
earth’s circumference. At a place with that latitude,
the sun is not visible, in the northern hemisphere,
when in Vrscika (ali), Dhanu, Makara (myrga) and
Kumbha, and in the southern hemisphere, when
in the four rasis beginning with Vrsabha (vrsa).
At Meru (the North Pole), the gods see the sun,
[which] rises [only] once, when it is in half the
zodiac beginning with Mesa, similarly the demons
[for half the zodiac] beginning with Tula.

The second half of verse 64 is obscure. In any case, the
above verses state that method by which the latitudes are
to be calculated. The first calculation produces the dis-
tance in yojanas from the equator to the point where the
sun is visible for 2 months without setting. The second
one does the same but for the point where the sun is vis-
ible for 4 months instead of two. The calculation is as
follows:

First, the sine of two rasis has to be calculated and from
it the declination has to be derived. This is done using
the formula stated above, which is reproduced here for
convenience:

sind =sin Asine

With this declination, the equivalent yojanas have to
be calculated. This is derived as follows: The value of
the earth’s circumference in yojanas is usually given
in the text.* The circumference can be considered as a

4 Suryasiddhanta (1.59) states that the diameter of the earth is 1600
yojanas and that the circumference is this value multiplied by the
square root of 10, which amounts to about 5059.64 yojanas.
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great circle, and hence equal to 360°. The declination 6
must be thought of as an angle, and the corresponding
yojanas must be derived proportionately. This gives the
distance from the pole to the location in question. This
result has to be subtracted from a quarter of the earth’s
circumference to get the yojanas to the location from
the equator. This distance is of the place where the sun
is visible for 2 months. Doing the same with the sine of
one rasi results in the place where the sun is visible for
4 months.

4.4 Brahmagupta

Brahmagupta (seventh century CE) provides the following
regarding the midnight sun:

AT: ARIRT: Tt 3 faifasT |
fargafa gt FRefezRaan: g ||
AreaqaueeTd AT T war 2 aT: |
gzt e gfgromaTerst < |l

gRafed qaeaT AqauTdgfed Ihd 949 |
ZIRReT: ZfRmTaTe et sqRe wRT: 7|few ||

devah savyagamasurah pasyantyapasavyagam ravim
ksitije |
visuvati samapascimagam niraksadesSasthitah purusah ||
saumyamapamandalardham mesadyam savyagam
sada devah |
pasyanti tuladyardham daksinamapasavyagam
daityah ||
pasyanti devadaityda ravivarsardhamuditam sakrt
siaryam |
sasigah sasimasardham pitaro bhiistha narah svadi-
nam ||

(Brahmasphutasiddhanta, Goladhyaya, 1966, 6-8)

On the day of equinox, the gods perceive the sun mov-
ing clockwise at the horizon, the demons perceive it as
moving anticlockwise [at the horizon], and the humans
living at the equator perceive it as moving westwards.
The gods always see the northern half of the ecliptic
that begins with Mesa in a clockwise direction, while
the demons always see the southern half of the ecliptic
that begins with 7u/a in an anticlockwise direction.
[Because of this] the gods and demons see the sun
risen once [in the sky] for half a solar year. The manes
residing on [the far side of] the moon [see it] for half
a lunar month. The humans, residing on earth, [see it]
for their own day.

As is seen from these, the main references pertain to the
situation at the poles themselves.

4.5 Lalla

Lalla (eighth century CE) mentions the following with
respect to the midnight sun in Sisyadhivrddhidatantra:

TR AT A To e 3 |
BEEEIEEEILERCRRCiEo Ik Ml

paricabhiradhikah saptatiramsa yasmin palasya visaye

syuh |

tatra na vrscikakarmukamakaraghata drsyatam yanti ||
(Sisyadhivrddhidatantra, 16.20)

In that place where the latitude is 75°, Vrscika, Dhanu
(karmuka), Makara and Kumbha (ghata) are not vis-
ible.

Based on Bhaskara II’s criticism of Lalla’s value (quoted
in the Discussion section below), it is known that Lalla’s
values for the latitude where the sun is visible for 2 months
continually is 66° 30’

4.6 VateSvara

The following reference is found pertaining to the midnight
sun in Vate$vara’s Gola (c. ninth-tenth century CE):

YT TSI IARIZTGeAT 1 I T8l AR 94 |

TS TRTTEIH BIeaT: FTaHg o 3aq |l

yasmin palamsa rasakosatulya na tatra drsyo makaro
dhanusca |
pale saragamsamite hyadysyah kumbhalisaptangamrgah
sadaiva ||

(Vatesvara Siddhanta and Gola, 1986, 4.17)

Makara and Dhanu are not visible [at the place] where
the latitude is 66°. Vrscika (ali), Dhanu (saptanga’),
Makara (mrga) and Kumbha are never visible [at the
place] where the latitude is 75°.

Since the specific rasis are not visible, when sun is transit-
ing through these rasis, it will not be visible either. This is
summarised in Table 4.

5 The word saptanga literally means seven parts (or that which has
seven parts). Based on the context and comparing the enumeration of
rasis with that of other authors, saptanga has been considered as a
synonym of Dhanu. Dhanu rasi is thought of as a half-horse half-man
wielding a bow and arrow. Hence, saptanga could be a corrupt read-
ing for saptyanga—sapti meaning horse and anga meaning part. This
makes it a bahuvrihi compound meaning, “he who has a horse as his
part”.
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Table 4 Vate$vara’s

Durati th Latitud
midnight sun latitudes uration (months) attude

2 66°

4 75°

6 —

4.7 Sripati

The following is mentioned by Sripati (eleventh century
CE):

JATEATIT: ATTIG FEHPTRARHT <3 af-ashraesar |
THIAT TR 7 A1 T Th AT HT: I

yatraksamsah sardhasatsastibhdagastasmin dese
dhanvinakravadrsyau |
paficopetd saptatiryatra tatra no drSyante
nakracapalikumbhdah ||

(Siddhantasekhara, 1947, 16.57)

At the place where the latitude is 66%0, there Dhanu
(dhanvin) and Makara (nakra) are not visible. Where
the latitude is 75°, Vrscika (ali), Dhanu (cdpa),
Makara (nakra) and Kumbha are not visible.

As in the previous cases, the visibility of 7asis translates to
visibility of the sun. This is summarized in Table 5

4.8 Bhaskara Il

Bhaskara II (twelfth century CE), the author of
Siddhantasiromani, presents the following information with
regard to the midnight sun:

T GARAT: TSR I TF [T = |
TS T Hh T HI [oh o HichgHT Faiaar |l

T A ST ST A P eI qed T |
THASY TR 9T Aed 7 B8 |

T ISY TATd: TATREAT HIFARRT Har=T |
TS 7 IS qolias daal IHfad fshatasd |l

tryamsayunnavarasah palamsaka yatra tatra visaye
kadacana |

drsyate na makaro na karmukam kim ca karkimithu-
nau sadoditau ||

yatra sanghrigajavajisammitastatra vrscikacatustayam
naca |

drsyate'tha vrsabhdccatustayam sarvada samuditam
ca laksyate ||

yatra te'tha navatih palamsakastatra kanicanagirau
kaddcana |
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Table 5 Sripati’s

midnight sun latitudes Duration (months) Latitude
2 66° 30/
75°
6 _
Tz?ble' 6 Bhéska.ra’s Duration (months) Latitude
midnight sun latitudes
2 69° 20/
4 78° 15
6 90°

drsyate na bhadalam tuladikam sarvada samuditam
kriyadikam ||

(Siddhantasiromani, Goladhyaya, Triprasnavasana,
1981, 28-30)

In that place where the latitude is 69%0, Makara and
Dhanu (karmuka) are not visible, and Karkata (karki)
and Mithuna are always risen (above the horizon). [In
that place where the latitude is] 78}—‘0, the four [rasis]
beginning with Vrscika are not seen, while the four
beginning with Vysabha are always risen. At Meru
(karicanagiri, the North Pole) where the latitude is 90°,
half of the zodiac beginning with Tula is not visible at
any time, while the half beginning with Mesa (kriya)
is always visible.

Bhaskara states that at specific latitudes, certain rasis are not
visible. As with some of the previous authors, this is equiva-
lent to the sun being invisible in those rasis. The values are
provided in Table 6.

5 Discussion

The references to the midnight sun in astronomical texts
of Greek and Indian origin were explored in the previous
sections. Among the astronomers mentioned above, it is
observed that several have mentioned the latitudes for which
the sun would be visible for 2 months and 4 months respec-
tively. Such a practice is also observed in Ptolemy’s A/mag-
est, although it is for each month successively and not just for
every 2 months. The result for 6 months is trivial, and hence
it is not being considered. Table 7 summarizes the views of
all of the above Indian authors and texts regarding the lati-
tudes for the visibility of 2-month and 4-month-long days.
Aryabhata and Brahmagupta have not been included
since they only give description of the pole itself and not
the latitudes leading up to it. Siryasiddhanta presents the
method for deriving these values. This is in the form of an
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Table 7 Comparative of midnight sun latitudes in Indian texts

Duration (months) Varahamihira Lalla Vate§vara Sripati Bhaskara II Computed
2 69° 24/ 66° 30/ 66° 66° 30/ 69° 20/ 69° 22/ 31"
4 ~ 78° 13’ 30" 75° 75° 75° 78° 15 78° 15" 58"

algorithm that relies on a sine table, the obliquity of the
ecliptic and the circumference of the earth. The accuracy of
the values derived using this algorithm thus depends on the
accuracy of the sine table and the obliquity used. Hence, it
is not appropriate to include it here.

The values given by Lalla, Vate$vara and Sripati are
far removed from the actual values. Lalla’s value for the
midnight sun latitude has been criticized by Bhaskara II in
Siddhantasiromani. He states:

YEID: ASHT AT TS IRAT 7 dle 9-
TR 7 I 7 9 9 Tea a9 = |

TT: e I T TSI S s el
st AT 3fedT: Hereadt &g |l

satsastih sadala lavah palabhava yasmin na tasmin

dhanu-

rnakrascapi na vrsciko na ca ghatah paricadrayo yatra

ca |

drsyah syaditi yat sada pralapitam lallena gole nije

golajiia trilavonitasta uditah kenocyatam hetuna ||
(Siddhantasiromani, Goladhyaya, Triprasnavasana,

1981, 32)

[At that place] where the latitude is 66.5°, there Dhanu
and Makara (nakra), and where [the latitude] is 75°,
Vrscika and Kumbha (ghata) as well (apart from
Dhanu and Makara), are not visible — this is said
repeatedly (sada pralapitam) by Lalla in his Gola. Tell
me, O knower of spheres, why has he stated the values
three degrees less [than what they are]?

Given that Varahamihira had stated correct values much ear-
lier, it is unclear why such a value is stated by them.

The values given by Varahamihira and Bhaskara closely
align with the computed values as is evident above. The val-
ues given by Ptolemy are also relatively accurate subject to
his value of the obliquity of the ecliptic, as was seen earlier.

6 Possible antecedents

While these ideas are linked directly to astronomical theory,
these certainly could not have arisen in a vacuum.

In case of the Greeks, it has been possible to trace out the
development of the concept of the midnight sun over the

course of various texts, even though there are gaps. Starting
from stray references in Homer, through the injection of theory
from philosophical schools, the astronomical discourse on the
midnight sun attains a culmination in the treatise of Ptolemy.
However, when considering the Indian texts, it is seen that
Varahamihira, who is one of the oldest dateable astronomers
whose works have survived into the present, mentions the mid-
night sun in the same way that subsequent astronomers have.
Hence, the recorded tradition does not give a direct indication
of development with time. There are however, two pieces of
information that shed some light on this matter.

First is the idea of enumerating latitudes where the midnight
sun is apparent. In case of Ptolemy, this is done for places where
the midnight sun will be visible for 1 month, 2 months and so
on, starting at the Arctic Circle, until the North Pole. In case of
the Indian astronomers, however, we see that they enumerate
these latitudes only for a visibility of 2 months and 4 months,
apart from the Pole itself. While several reasons can be con-
ceived of for this, one possible idea is as follows. Most Indian
authors enumerate the rasis visible at each place. As the latitude
increases beyond the Arctic Circle, the range of the zodiac that
is always visible will increase on either side of 90°. The first
instance where this range covers whole rasis is when the mid-
night sun is 2 months long and the range spans two whole rasis.
The second instance is when the midnight sun is 4 months long
and the range spans four whole rasis. Hence, this preference
may have been for the purposes of measuring in whole rasis and
not splitting a rasi midway. The formulae for deriving these val-
ues in the Siryasiddhanta also speak of whole rasis being used
in calculating the declination and distances, hence this supports
this idea. This hints at the fact that the Indians may have arrived
at the midnight sun latitudes through calculation and used it to
demonstrate the theoretical principles of their treatises.

Another idea which is seen in Indian texts is a clear
mention of the sun remaining in the sky for 6 months and
remaining set for 6 months at the poles. This is also found
in the works of Aryabhata and Brahmagupta, apart from
those of Varahamihira. Unlike the previous idea which can-
not be traced beyond Varahamihira, we do find this concept
in another form in literature that is older than these authors.

While non-astronomical texts do not describe the midnight
sun directly, the idea that the gods (devas), who are said to
live on Mount Meru, have a day that is equal to 1 year of
humans is seen in several texts. In the siddhantas, Meru is
equated to the North Pole and these statements are interpreted
in terms of astronomical theory. In non-astronomical works,
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it is usually only a statement that is provided. Nevertheless,
these statements have great antiquity since they can be traced
back to the Vedas. Given their relevance to the present dis-
cussion, it seems appropriate to present some of these.

A clear comparison is found in the Taittiriya Brahmana:

Teh 9T Tdea™HE: | TR |

ekam va etaddevanamahah | yatsamvatsarah |
(Taittiriya Brahmana, 2021, 3.9.22)

Or it is a day for the gods, what is a year [for humans].

This is a clear statement. The phrase “for humans” is added

based on the context. From this, it is seen that there are

Vedic statements linking the year to a day, specifically that

of the gods. This idea is also observed in later literature.
For example, the Manusmrti states:

éﬁmﬁm g |
HETAAGTI AT TETTOTE ||

daive ratryahani varsam pravibhagastayoh punah |
ahastatrodagayanam ratrih syaddaksindayanam ||
(Manusmrti, 1886, 1.67)

The night and day of the gods is a year [for humans].
Of these, day represents sun’s northern course
(uttarayana, udagayam), while night represents sun’s
southern course (daksinayana).

A couple of verses in the Bhagavadgita, which is a section
of the Mahabharata, can be interpreted as expressing this
in a cryptic manner:

ATISAITRE: F[E: TOATAT ITRMEVH |
RERRIGINE EEECIE I

agnirjyotirahah Suklah sanmasa uttarayanam |

tatra prayata gacchanti brahma brahmavido janah ||

dhumo ratristatha krsnah sanmasa daksinayanam |

tatra candramasam jyotiryogi prapya nivartate ||
(Bhagavadgita, 8.24-25 | Mahabharata, 1999,

6.30.24-25)

Fire, light, day, white, and the six months of the north-
ern course [of the sun] — those knowers of Brahman
who leave [their bodies] at these times attain Brahman.
Smoke, night, black and the six months of the south-
ern course [of the sun] — the yogi [who leaves at these
times] reaches the lunar light and returns.

In commentaries such as that of Sankaracarya, this state-
ment is interpreted in terms of the deities presiding over
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the times or elements, such as the deity of fire, deity of
light, and so on. However, purely from a grammatical
view, it is possible to connect these elements since they
have been given in the same grammatical case. The con-
nection relevant in this context is that of ahah or day with
uttarayana and ratri or night with daksinayana. This asso-
ciation is interpreted based on the statement of Manusmrti
and other works.

Two puranas also mention the idea of a day and night of
the gods being a human year clearly:

i hehea AT 3TET AT AT ¥4 |
T TE RIS 2T sTetarerar 9o ||

e =T I yir R g |
HETAAGITE AT TETIOTE ||

laukikenaiva manena abdo yo manusah smrtah |
etaddivyamahoratram Sastre'sminniscayo matah ||
divye ratryahant varsam pravibhdagastayoh punah |
ahastatrodagayanam ratrih syaddaksinayanam ||
(Vayu Purana, 1987, 57.12)

The year of the humans, as is known in the world (i.e.,
the solar year), is considered to be equal to the year of
the gods in this sastra (subject, i.e., in jyotihsastra or
astronomy). The day and night of the gods constitutes
one [human] year. They are divided into day (ahah)
which is the uttarayana (udagayana, northern course)
and night which is the daksinayana (southern course).

The description is the same as that of Manusmrti. The sec-
ond verse is almost entirely identical.

BT T WTAgd o AT T |

SIAHHERTS T = 7 Fehifera: |l

Ferrewgst ¥ A faasT 3=
W@%W@rﬂgﬁ I

rtutrayam cayanam syattaddvayam ca sama smrta |
devatanamahoratram sa ca rama prakirtital ||
mesadisatkage siirye tesam divasa ucyate |
tuladisatkage siirye tesam ratrih prakirtita ||
(Visnudharmottara Purana, 1929, 1.73.12—13)

Three seasons (rfu, two months long) constitute one
ayana (six months). Two of those make one year
(sama). That, O Rama, is the day and night (ahoratra)
of the Gods. When the sun transits in the six [ra@sis]
beginning with Mesa, it is their day. When the sun
transits in the six [rasis] beginning with 7ula, it is their
night.

The northern and southern courses of the sun are given in
terms of the rasis through which the sun transits at that
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time. In this context, it must be specified that, the mid-
night sun remains in the sky from the vernal equinox to
the autumnal equinox, and remains set for the rest of the
year. Sun’s northern course which is called uttarayana is
usually interpreted as starting from the winter solstice,
when the sun actually starts moving towards the north.
Similarly, daksinayana, sun’s southern course, begins at
the summer solstice and proceeds for 6 months thence.
However, “northern course” may be interpreted as the
time when sun is in the northern part, i.e., from vernal to
autumnal equinox, instead of winter to summer solstice,
and similarly for “southern course,” aligning this state-
ment with the midnight sun observed at the poles. In
other words, uttarayana can be interpreted as beginning
when the sun transits into Makara or Mesa, the latter
being the same as the observed midnight sun.

It is not known which of these two interpretations was
intended in Vedic and subsequent texts, since only the
reference from Visnudharmottara Purana, among those
considered above, makes a definite statement about
the rasis involved. The statement in this purana does
indeed match with the midnight sun, since it is stated
that uttarayana begins when the sun transits into Mesa.

In any case, even if the statements do align with the
observed midnight sun, it is also not known whether these
statements were made after understanding astronomical
theory or by some other means. What complicates this
effort to trace the development of the concept of the
midnight sun is that Varahamihira’s Paiicasiddhantika
provides all information relating to the midnight sun
in a chapter that is not explicitly connected to any one
siddhanta (as already noted above). Given this, it is not
possible to trace this concept backwards from existing
siddhantas either. Hence the link between the Vedic asso-
ciation of a day of the gods with a year of humans, and
the midnight sun of the siddhantas remains elusive.

However, even if the exact intention of these statements and
the development of these ideas into the later siddhantas cannot
be effectively traced, the fact that there are similar statements in
earlier literature is evident.

7 Conclusion

The midnight sun, with its fascinating features, was referred
to by several ancient astronomers who took interest in it.
Among the Greeks, it is observed that stray references occur
in the earliest texts and that with the development of theories
in astronomy, it became possible to place these observations
within a definite scheme and formulate a complete system,
the culmination of which is represented in the Almagest of
Ptolemy, that contains a clear description of the midnight sun.

The voyage of Pytheas to the northern regions is a highlight
in the record.

In the Indian tradition, it is observed that most authors
mention at least the fact that the poles experience the mid-
night sun, and several others also mention other latitudes at
which the midnight sun is observed for successive periods
of time, viz., for 2 months and 4 months at a stretch. These
mentions are distinct from those of the Greek tradition (as
represented by Ptolemy), where the latitudes for each addi-
tional month of visibility are noted. The values noted by
Lalla, Vate$vara and Sripati were erroneous while those of
Ptolemy, Varahamihira and Bhaskara were found to align
closely with the modern computed values.

Some facets of the Indian references are found to have a
deeper history: Vedic literature does mention that the gods
have a day that is equivalent to a human year, which cor-
responds to the situation at the poles. It cannot be said with
certainty whether the requisite astronomical theories were
available to them to make such a statement. Even then, a
similarity is evident and this interpretation was also carried
over into the siddhantas as seen above. Given that most
texts between the Vedas and the earliest known siddhantas
are not presently available, it is not possible to trace the
development of thought that took place between these
times. However, it is hoped that further analysis of extant
texts and the discovery of new manuscripts will shed light
on this matter.
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