HISTORICAL NOTE

Astronomical alignment of iron pillar and passageway at Udayagiri
and date of Sanakanika inscription

K Chandra Hari

Astronomical alignment of the passageway at Udayagiri is shown to be critically related to the date of the
Sanakanika inscription which corresponds to the sunrise when the azimuth at equinox and solstices differed
by the latitude 23 31" of the place. The date of the Sanakanika inscription of cave 6 at Udayagiri is shown to
be 29 May 402 CE. Astronomical alignment of the passageway corresponded to the direction of the rising
sun on 29 May 402 CE, when the direction of the rising sun had a deviation equal to the latitude 23°31" of
the place. Original installation of the pillar in front of the passageway is shown to have represented the philo-
sophy underlying Purusa siikta of Rgveda by the proportions of the foundation : pillar and height of decorative
bell capital : height of pillar. The date 29 May 402 CE as the date of the inscription and the reference date
for the astronomical alignment explains well the shadow on the south wall observed at summer solstice and
also brings out the extreme precision with which the passageway got constructed to mark the direction of the
rising sun. Discussion has been provided as to how the illumination of the passageway may be further exam-
ined to understand the astronomical orientation of the same and the inner panels vis-a-vis motifs that may

have existed on the rear wall.

The present work is a closer re-look at
the astronomical alignment of the pas-
sageway at Udayagiri which is shown to
mark the path of rays of the rising sun
around the time of summer solstice by
Balasubrahmaniam and Dass!, and Sha-
ran and Balasubrahmaniam®. Astronomi-
cal significance of the location, historical
importance of the archaeological ruins®
and the epigraphic record of cave 6 known
as ‘Sanakanika inscription’ have been
discussed in detail by Sharan and Bala-
subrahmaniam®. The Sanakanika inscrip-
tion which reads as: ‘Perfection has been
attained! Samvatsare (in the year) 80
(and) 2, Asadhamasa $uklaikadasyam
(on the eleventh lunar day of the bright
fortnight of the month Asadha) — this (is)
the appropriate gift of the Sanakanika,
etc.’, is dated AD 26 June 402, close to
the summer solstice of that year (22 June).
Direction of the early morning sun at the
site of Udayagiri has been calculated for
the summer solstice day to be 25°56’, as
against the latitude 23°31’ of the loca-
tion.

A re-look at the date of the
Sanakanika inscription

Given the luni-solar configuration of AD
402, it appears that the date AD 26 June
402 may correspond to the month of $ra-
vana than Asadha proper, as may be
understood from the sequence of new
moon and full moon of the year given in
Table 1.

It may be noted from Table 1 that: (i)
Amanta-Caitra was over with the new
moon of 18 April 402 CE. (ii) Amanta-
Vaisakha was over with the new moon of
18 May. (iii) Amanta-Asadha began on
18/19 May and ended with the new moon
of 16/17 June 402 CE. The sun was at the
fag end of Mithuna rasi and in no way it
could have been Vaisakha and there are
no reasons to suppose that Asadha may
have been different in 402 CE.

With the above picture of Asadha, the
date of the inscription, i.e. Asadha $ukla
ekadasi, the 11th tithi of the light fort-
night of Asadha falls on 29 May 402 CE.

The date 26 June 402 CE, 06:00 LMT
had sun A= 93°59" and moon 204° and the
tithi would have been only Sravana $ukla
dasami instead of ekadasi which falls on
27 June.

Table 2 furnishes the relevant data of
sun and moon for the lunar month of
Asadha.

It becomes therefore evident that the
date of the Sanakanika inscription is 29
May 402 CE. As the month was Asadha
proper instead of Sravana, the tithi corre-
sponded to Sayana Ekadasi, the begin-
ning of Caturmasya, important for Visnu,
the lord of Udayagiri.

Evidence of the astronomical
alignment of passageway at
Udayagiri

The direction of the rising sun on the
summer solstice day as given by Sharan
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and Balasubrahmaniam? is 25°56" and does
not match with the latitude of the place
to have the sunrise exactly on the east.
Even though Sharan and Balasubrahma-
niam had remarked that the horizontal
angle changes with time after sunrise to
lower values, explanation was not attempted
for the 2° higher value obtained on the
summer solstice for the direction of sun-
rise, i.e. difference between azimuth at
equinox and summer solstice. Table 3
explains the scenario and brings out the
fact that 29 May 402 CE was the date
when the sun rose exactly on the east at
Udayagiri, so that the rays illuminated
the passageway fully.

It is apparent from the contrast of the
direction of the rising sun for 29 May
and 26 June that the date 29 May was more
significant to Udayagiri as the sun rose
in the east and illuminated the passage-
way as well as the Ananthasayana panel
that the passage had on its walls. This as-
tronomical aspect supports the new dat-
ing given for the Sanakanika inscription,
i.e. 29 May 402 CE.

The precision seen in the data is re-
markable — for the zenith distance (z) of
90°, the direction angle had been 23.80
and for zenith distance 89.5°, the direc-
tion angle had been 23.56°, i.e. when we
take into account the apparent radius of
the sun and refraction (z =-91° for sun
grazing the horizon), the direction of the
rising sun illuminating the passage (z =
—91° + 1.5° = 89.5°, note 1) had equalled
the latitude precisely on 29 May 402 CE
and the day of Séyana ekadasi of Asadha
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Table 1.

Configuration of new moons and full moons

Date and time —

Date and time —

newmoon Sun = Moon full moon Moon A Full moon naksatra Remarks
402/02/18 12: 42 330.65 402/03/06 00:49 166.00 Hastha Middle of Phalguni
402/03/20 03 : 06 359.84 402/04/04 10:00 194.72 Citra and Svati Middle of Caitra
402/04/18 18:20 28.58 402/05/03 17:39 222.96 Visakha and Anuradha Middle of Vaisakha
402/05/18 09 : 58 56.98 402/06/02 00:42 250.91 Mila Middle of Asadha
402/06/17 01 :14 85.22 402/07/01 07:57 278.83 Uttarasadha Middle of Sravana
was chosen precisely after the astronomi- Table 2. Tithi 1-11 of light half of Asadha
cal alignment was finalized to have the -
worship of Visnu there in the presence of g_?t_ed5 30 Sun 4 Moon A U= A)H2° Tithi
Candragupta, Vikramaditya. e ! 2 2o
402/05/19 57.76 66.578 0.73 1
Shadow near the south wall of the jg;;ggg? gg;; gg.ggs ;gg g
passageway 402/05/22 6062  102.32 3.47 4
. 402/05/23 61.58 114.51 4.41 5
Sharan and Balasubrahmaniam® have men- 402/05/24 6253 126.92 537 5
tioned about the observation of Dass and 402/05/25 63:48 139:62 6:34 7
Wills, which is noteworthy in the above 402/05/26 64.43 152.65 7.35 8
context: 402/05/27 65.39 166.06 8.39 9
402/05/28 66.34 179.88 9.46 10
‘Significantly it was noted that there was 402/05/29 67.29 194.12 10.57 11
no shadow in the passage on the summer
solstlce. day, becal.lse the sun was near Table 3. Direction of rising sun at Udayagiri on 29 May and 26 June 402 CE
the zenith at that time. They observed a
shadow near the south wall but not north 29 May Sun Direction 26 June Sun Direction
of the passageway. It would be interest- 402 CE azimuth Altitude east 402 CE azimuth  Altitude east
ing to understand the observation of Dass 05 00 64.77 593 2523 0500 6256 313 27 44
and Wills from a scientific perspective.’ 05 : 10 65.80 :0.85 24'20 05 : 10 63.60 :1 '09 26.40
Observation as above finds better ex- 05:20 66.79 1.25 23.21 05:20 64.60 0.97 25.40
lanation if we so by the date of the 05:30 67.75 3.37 22.25 05:30 65.56 3.05 24.44
p . . g . Y 05:40 68.68 5.49 21.32 05:40 66.49 515 23.51
Sanakanika inscription as 29 May 402 5. 54 69.59 7.64 20.41 05:50 67.39 7.26 22.61
CE and the fact that the passageway had  0g.00 7046 979 1954  06:00 68.26 938 2174
been precisely aligned with respect to the g 10 7132 11.96 18.68 06:10 69.11 11.51 20.89

rising sun at Udayagiri on 29 May 402
CE. Table 4 presents the precise declina-
tion data for the period from 28 May 402
CE to 1 July 402 CE.

It is apparent from Table 4 that the
maximum declination of 23.645° at noon
occurred for 22 June 402 CE, which is
little more than the latitude of the place
23.517°. Technically speaking, there are
two days on which the sun casts no
shadow at noon, viz. 16 June and 28
June, and there will be a shadow towards
the south during 16-28 June. When we
look at the azimuth of the rising sun it
becomes clear, as stated earlier, that the
sun rose exactly on the east for 29 May
402 CE. As the sun progressed towards
the summer solstice, it can be noted that
the rising sun had moved further north.
Thus on the summer solstice day and
around, the rising sun had been casting a
shadow on the south wall of the pas-
sageway.
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Time shown as hh : mm and all other values

It may be noted from the above that in
the case of the passageway aligned for
summer solstice, it is impossible for the
sun to cast a shadow on the south wall of
the passageway. Discussion as above
brings out the fact that the passageway
was designed for the rising sun on the
east and the structure had its inaugura-
tion on 29 May 402, the date of the Sana-
kanika inscription.

Table 4 provides an illustration for the
slow change in declination with the ap-
proach of the solstice. It may have been
difficult for the astronomers to under-
stand the limit of the sun’s northward
motion as happening precisely on a par-
ticular date. The passageway (Figure 1)
helped the ancient astronomers to solve
this problem as the lighting up of the

in degrees.

passage provided an indirect observation
of the sun*. Just as 29 May 402 CE
marked the direction of the rising sun
due east (6= 21°43") before the solstice,
16 July 402 CE marked the swing back
of the rising sun (6= 21°39’) to the same
point. These dates are roughly 24 days
on either side of the solstice. As nearly
48 days intervene, we get the declina-
tional swing of the sun between Asadha
$ukla ekadaéi and Sravana amavasya —
the latter tithi too of great religious sig-
nificance in Indian tradition. During this
interval, the lighting of the passage by
the sun may have been of observational
significance to the astronomers at Visnu-
padagiri, i.e. modern Udayagiri.

It is apparent from Figure 1 that when
the rising sun rays had lighted up the
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Table 4. Declination of sun and shadow for 12 units gnomon 28 May to 26 June 402 CE

Shadow for gnomon

Date

(12 Noon) Declination & Latitude ¢ Altitude 90 — ¢ + & Azimuth of rising sun 12 Angulam 320 Angulam
402/05/28 21.59791 23.517 88.081 66.36 0.402 10.72
402/05/29 21.75799 23.517 88.241 66.20 0.368 9.83
402/05/30 21.91189 23.517 88.395 66.05 0.336 8.97
402/05/31 22.05955 23.517 88.543 65.90 0.305 8.14
402/06/01 22.20094 23.517 88.684 65.76 0.276 7.35
402/06/02 22.33601 23.517 88.819 65.63 0.247 6.59
402/06/03 22.46472 23.517 88.948 65.49 0.220 5.88
402/06/04 22.58701 23.517 89.070 65.37 0.195 5.19
402/06/05 22.70284 23.517 89.186 65.25 0.170 4.55
402/06/06 22.81216 23.517 89.295 65.13 0.148 3.93
402/06/07 22.91492 23.517 89.398 65.02 0.126 3.36
402/06/08 23.01109 23.517 89.494 64.92 0.106 2.82
402/06/09 23.10061 23.517 89.584 64.82 0.087 2.32
402/06/10 23.18344 23.517 89.667 64.72 0.070 1.86
402/06/11 23.25956 23.517 89.743 64.63 0.054 1.44
402/06/12 23.32892 23.517 89.812 64.55 0.039 1.05
402/06/13 23.3915 23.517 89.875 64.47 0.026 0.70
402/06/14 23.44726 23.517 89.931 64.40 0.015 0.39
402/06/15 23.49617 23.517 89.980 64.33 0.004 0.1
402/06/16 23.53822 23.517 90.022 64.27 -0.005 -0.12
402/06/17 23.57339 23.517 90.057 64.22 -0.012 -0.32
402/06/18 23.60165 23.517 90.085 64.17 -0.018 -0.47
402/06/19 23.62299 23.517 90.106 64.13 -0.022 -0.59
402/06/20 23.63739 23.517 90.121 64.09 -0.025 -0.67
402/06/21 23.64485 23.517 90.128 64.06 -0.027 -0.72
402/06/22 23.64536 23.517 90.129 64.03 -0.027 -0.72
402/06/23 23.63891 23.517 90.122 64.02 -0.026 -0.68
402/06/24 23.6255 23.517 90.109 64.00 -0.023 -0.61
402/06/25 23.60514 23.517 90.088 64.00 -0.019 -0.49
402/06/26 23.57783 23.517 90.061 64.00 -0.013 -0.34
402/06/27 23.54358 23.517 90.027 64.01 -0.01 -0.15
402/06/28 23.50242 23.517 89.986 64.02 0.00 0.08
402/06/29 23.45435 23.517 89.938 64.04 0.01 0.35
402/06/30 23.39941 23.517 89.883 64.07 0.02 0.65
402/07/01 23.33761 23.517 89.821 64.10 0.04 1.00

Ananta$ayin panel on the solstice day of

extreme north declination, viz. 22 June W /

402 CE, the width of the passage must
have allowed the rays to be admitted on
29 May 402 CE, when the direction of
the rising sun (90° azimuth) equalled the
local latitude.

Studies on the lighting up of the

passageway
-
Lighting up of the passageway during 29 /
May—16 July is dependent upon factors . 1 g l_'é —
like north-south movement of the rising N v L_—_:.‘l—f
. o . ~ e )
sun (azimuth), declination or obliquity of ®
the rising sun (not perpendicular to the ®
horizon for non-zero latitudes), angular \\ \\
diameter of the sun and dimensions of ————— VARAHA PANEL
the passageway. Declinational change 10m PROPOSED IRON PILLAR LOCATION
during the above period of 48 days has
the midpoint on summer solstice on Figure 1. Layout of the passageway at Udayagiri*.
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either side of which declination varied by
nearly 2°. Variation in the azimuth data
of the sun shows that during the 24 days
from 29 May to 22 June, azimuth
changed by —2.18° (northward), and bet-
ween 22 June and 16 July, the azimuth
had a change of nearly +1.5° (south-
ward). This change (average 1.75°) may
have caused the light beam to have a
width of nearly 36in over a rear-end
marker motif placed 100 ft inside the
passage (note 2). At different inward dis-
tances and changes in azimuth, the width
of the light beam will be as shown in
Table 5.

In the same way, if the light strikes the
rear motif at a height say 3-6 ft, it can
move down 3 ft before grazing on the
floor across an angle of 1.7°. This when
added to the angular diameter of the sun,

yields 2.2° as the ascent of the sun dur-
ing the lighting up of the passageway.
Table 6 presents the different scenarios
(note 3).

Identified decorative capital which
may have included the wheel of aster-
isms may have been of an angular radius
related to the above variation in declina-
tion and azimuth and also on the angular
diameter of the sun. Also it is possible
that it may have been of critical signifi-
cance in orienting the light beam to spe-
cific spots in the passageway with the
help of windows or openings chosen for
the purpose.

Subtle changes possible for the light-
ing up may be understood from data pro-
vided in Table 7.

Table 7 is illustrative of the signifi-
cance of the date and precise time of the

day in observing the lighting up of the
passageway and understanding the astro-
nomical alignment of the same. After
sunrise, the azimuth changes swiftly and
may alter the lighting significantly than
at sunrise across even 5-day intervals.
During the 45-day interval of 29 May to
13 July, the azimuth had little change for
the rising sun compared to the change in
azimuth due to diurnal movement of the
sun. Lighting up of the passageway dur-
ing the 48-day interval, therefore shall be
dependent more upon the width and
height of the tunnel and the profile of il-
lumination of the north wall and the in-
ward direction of the floor needs to be
studied as a function of altitude of the
sun.

Time interval of illumination and daily
shift of the direction of light noted using

Table 5. Width of the light beam on rear motif possible at different distances

Width of the light beam (in) for azimuth
change across 24 days on either side of the solstice

Rear motif distance (ft) 0.5° 1° 1.75° 2° 3° 4°
20 2 4 7 8 13 17
40 4 8 15 17 25 33
60 6 13 22 25 38 50
80 8 17 29 34 50 67

100 10 21 37 42 63 84

Table 6. Impact of diurnal motion on lighting up of passageway
Altitude of sun and time of rise for vertical ascent of the rays in feet
Rear motif distance (ft) 0.51t Time (min) 1ft Time (min) 1.5ft Time (min) 2 ft Time (min)
20 2.0° 9 3.4° 15 4.8° 22 6.3° 28
40 1.2° 6 2.0° 9 2.7° 12 3.4 15
60 1.0° 5 1.5° 7 2.0° 9 2.4 11
80 0.9° 4 1.2° 6 1.6° 7 2.0° 9
100 0.8° 4 1.1° 5 1.4° 6 1.7° 8
Time given in minutes, altitude given in degrees.
Table 7. Variation of azimuth after sunrise and across 5-day intervals
Date
29/05/402 CE  Azimuth Altitude Declination 05:10 Azimuth Altitude Declination
05:10 65.80 -0.85 21.713 402/05/29 65.80 -0.85 21.713
05:20 66.79 1.25 21.714 402/06/03 65.25 -0.35 22.429
05:30 67.75 3.37 21.715 402/06/08 64.82 0.04 22.984
05:40 68.68 5.49 21.716 402/06/13 64.52 0.32 23.374
05:50 69.59 7.64 21.717 402/06/18 64.37 0.51 23.594
06:00 70.46 9.79 21.719 402/06/23 64.36 0.62 23.641
06:10 71.32 11.96 21.720 402/06/28 64.52 0.65 23.515
06:20 72.15 1413 21.721 402/07/03 64.83 0.61 23.216
06:30 72.95 16.32 21.722 402/07/08 65.31 0.53 22.747
06:40 73.75 18.52 21.723 402/07/13 65.95 0.40 22.112
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appropriate markers during 29 May-16
July can render more precise understand-
ing of the astronomical alignment of the
passageway.

Iron pillar and astronomical
interpretation of Purusa siikta

Balasubrahmaniam® has discussed the
dimensions of the Delhi Iron Pillar which
probably served the purpose of a gnomon
at the entrance of the passageway. Height
above the ground level of 240 units of
modern inch equalled 324 afigulam. On
the date of the inscription, i.e. 29 May
402 CE, the Iron Pillar had a noon shadow
of 10 aigulam, which may be computed
as shown below: For a gnomon of height
7, the midday shadow y at a place of lati-
tude ¢ is given by

w=y* tan(g - o),

where & is the declination of the sun.
Midday declination of the sun at Uday-
agiri on 29 May 402 CE was 21.76° and
yielded the shadow for a gnomon of
324 afigulam as 324xtan(23.5 - 21.76) =
9.84 ~ 10 afigulam.

Here we meet with an allusion to the
Purusa siikta of Rgveda, where the Vi-
ratpurusa is described in terms of the five
circles and the shadow of 10 afigulam.

TEEYIT [E: | TETEHE a0 |

q%{éﬁﬁwal‘rqu—{;ﬁrmn% 1l

Sahasra $irsa purusah |
sahasraksah sahasrapat |
Sa bhiimim vi$vato vrtva |
atyatistad dasaigulam |
Rgveda (10.7.90.1)

Traditional interpretation mentions™:

A thousand heads hath Purusa, a thou-
sand eyes, a thousand feet. On every side
pervading earth he fills a space ten fin-
gers wide.

The verse may also be interpreted to
yield the following meaning:

‘Endowed with a thousand heads, thou-
sand eyes and thousand feet, Purusa stands
with his ten finger (angulam) long foot
firmly established on Earth.”

The verse as above contains archaic
words of Sanskrit, whose meaning is not
clear. When the word Sahasra is taken to
mean a great circle, we can see five cir-
cles described in the above verse, viz. (i)

Sirsa vrtta or the Meridian Circle, (i1)
Aksa-vrtta or the Celestial Equator, (iii)
Pata-vrtta or Prime Vertical, (iv) Bhaimi-
vrtta or Horizon and (v) Vis$va-vrtta or
Ecliptic.

Stkta may be interpreted as a sym-
bolic description of the sun identified in
terms of the ancient mode of fixing time
with the help of a gnomon and on the
tropic of Cancer when the sun rose ex-
actly on the east, he had a foot 10 angulam
long as the noon shadow.

As 27 x12=324 and a gnomon of
height 324 afigulas gave a shadow of
10 afigulam at Visnupadagiri on 29 May
402 CE (note 4). The shadow obviously
finds a symbolic interpretation as the feet
of the sun or Visnu and thus we reach an
explanation for the name Visnu-pada-giri
in the above analysis. Is this is a coinci-
dence or not? The answer lies in the Iron
Pillar or Visnudhvaja of Udayagiri.

Balasubrahmaniam® has discussed the
geometry of the Delhi Iron Pillar vis-a-
vis dimensions above and below the
ground level as follows:

‘If the start of the smooth surface section
is taken as the original level to which it
was buried, the rough surface occupies
one-fourth (60 U) and smooth surface
three-fourths (180 U) of the length of the
main body of the pillar, excluding the
decorative top.... The decorative bell
capital is a symmetrical object as
well . . .. The Cakra idol must have been
20 U in length, thereby making the total
length of the decorative top 60 U. The
length of the decorative capital (60 U)
would now be exactly one-fourth of the
total pillar exposed above the ground
level (240 U). Therefore, it is concluded
that the depth to which it was buried was
equal to the height of the decorative
capital, which is indicative of the excel-
lent engineering design of the pillar’.

This description of the dimensions of Visnu-
dhvaja which has come to be known as
Delhi Iron Pillar, echos the description that
we find of Purusa in the Purusa sukta
Regveda (10.7.90.3-4) as explained below:

@Térmwn%m| Sl?ﬁ?JTGTTI'JI{%TEL’;'GFI |
trnlqlbrsqwﬁ’jorr %{Wréﬂﬁrmalqarr[‘clr’%ﬁn 3

etavanasya mahima |
ato jyayagamiisca purusah |
padofsya visva bhitani |
tripadasyamrtam divi |
Rgveda (10.7.90.3)
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‘So mighty is his greatness; yea, greater
than this is Purusa. All creatures are one-
fourth of him, three-fourths eternal life in
heaven.’

The verse receives the detailed inter-
pretation that the earthly transient world
is one-fourth of Purusa, while the eternal
world is three-fourths and we the echo of
this description of Purusa in the dimen-
sions of Visnu-dhvaja, whose one-fourth
stood buried in Earth. Three eternal parts
are sat, cit, ananda—the highest one-
fourth ananda may be depicted addition-
ally as the decorative capital of 60 U.

I I 1 I I
froTged srgET: | UTe SRR |

T I

AT faagaashTae | ATAEI 3T % 0
tripadirdhva udayat purusah |

pado f'syehabhavatpunah |

tato visvajnakramat |

saganana asane abhi |

Rgveda (10.7.90.4)

‘When three-fourths Purusa went up: one-
fourth of him again was here. Thence he
strode out to every side over what eats
not and what eats.”

The 1:3 ratio of heights of the pillar
beneath and above the ground reminds us
of the fourth verse as well. Three parts of
the Purusa are above all earthly beings
and of only one part is the cycle of crea-
tion again and again —all that eats and
eats not comes forth from the one-fourth.
It may be further noted that the Iron Pil-
lar above the ground also exhibited the
1:3 ratio that we see in Purusa sukta be-
tween the decorative capital of one-
fourth height and the three-fourths height
of the Iron Pillar above ground.

It is apparent that the design of the
Iron Pillar and its installation at Visnu-
pada-giri was guided by Vaisnava dar-
sana, the root of which is traceable to the
Purusa sukta, which is commonly used in
Vedic ceremonies and rituals. Even in
modern times, the traditional importance
is reflected in the use of Purusa sukta for
the worship of Visnu or Narayana in
temples. The fact that the sukta is the
cornerstone of Vaisnava philosophy and
the description of the Purusa resembling
the Iron Pillar suggest that both philoso-
phical and astronomical knowledge had
gone into the design of the site.

Appendix 1 provides a discussion re-
garding the original location of the ob-
servation that formed the basis of the
Purusa siikta verse.
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Appendix 1. Location of 10 afigulam shadow observed on solstice day

What kind of Vedic wisdom inspired the artisans and astronomers of the Gupta Age to incorporate the 10 afigulam shadow in
the design and installation of the Candra Pillar or Visnu-dhvaja at Udayagiri?

The only reason by which importance got attached to a 10 afigulam shadow is the knowledge of the rationale of the siikta as
referring to the great circles of heaven and the fact that the sun did cast a shadow of 10 afigulam at the place where the hymn
had its origin on the summer solstice day. Table A1 illustrates variation of the shadow with latitudes on the solstice day.

Latitudes 1 and 2 represent solutions for places north to the tropic of Cancer and those which are at lower latitudes. It can
be understood from Table A1 that a declination of 21.877 for the sun resulted in a shadow of 10 angulams at Udayagiri. The
date of the Sanakanika inscription had been one such date when the Candra Iron Pillar of 324 afigulam had cast a shadow of
10 afigulams at noon and the day coincided with $Sayana ekadasi on 29 May 402 CE, the date of the Sanakanika inscription.

Figure A1 presents the latitudes for which there will be a noon shadow of 10 afigulam with a gnomon of height 324 angulam.

26.0 Table A1. Declination of sun and gnomon

shadow
/

255

E 25.0 Sun § Shadow Latitude 1 Latitude 2
§ 245 /

2 20 — 2ages 1 dases  20aee
“g 235 <\‘\ 23.645 2 23.999 23.292
B 20 23.645 3 24.176 23.115
e \-\\ 23.645 4 24.353 22.938
i 23.645 5 24.530 22.761
220 ~ 23.645 6 24706  22.584
215 ‘ : . ) 23.645 7 24.883 22.408
0 2 4 6 8 10 12 23.645 8 25.060 22.231
Shadow length (angulam) 23.645 9 25.236 22.054
23.645 10 25.413 21.877

Figure 1A. Shadow of 10 angulam on summer solstice.

It can be deduced from Table A1 that the Purusa sikta probably had its origin at a place of latitude 25°N25’, where the sun
had been casting a shadow of 10 afigulam on the summer solstice day. This latitude when we considered against the possible
locations on the banks of erstwhile Sarasvatl, or say roughly in the same longitude as the UjjayinT meridian, falls north of mod-
ern Kota on the eastern banks of River Chambal, the main tributary of the Yamuna. It is likely that the Ujjayini meridian of an-
cient Indian astronomy may have grown out of a remnant of the Vedic astronomical tradition that existed at 25°N25’, 75°E45’.

We have innumerable evidences in the Vedas and Brahmanas of the summer solstice observations in ancient days'. Ai-
tareya Brahmana has recorded the observation that the sun remained stationary for a period of 21 days or more precisely dur-
ing a period of seven days and the Vedic people could ascertain this by observing the noon shadow of a vertical pole.
Sengupta* gives the following details:

‘If we assume that the observation was made at the latitude of Kuruksetra (about 30°N) and when the obliquity of the ecliptic
was about 24°15°, and the height of the pole was taken equal to, say, 6 ft then:

(a) When the sun had a longitude of 80 °, the length of the noon shadow = 7.44 in.
(b) When the sun had a longitude of 87 ¢, the length of the noon shadow = 6.98 in.
(c) When the sun had a longitude of 90°, the length of the noon shadow = 6.93 in.

Now 7.44—6.98 = 0.46 in and 6.98 — 6.93 = 0.05 in. Hence by use of any sort of measuring rods, they could perhaps easily
discern a change in the noon shadow of about half an inch, but a difference of 0.05 in was, of course, quite impossible of per-
ception with them. They could thus infer that the sun remained stationary at the summer solstice for 7 days when they used
any measuring rods and when they used rougher methods, they could conclude that the sun remained stationary for 21 days at
the summer solstice . . . It should thus be clear that the Vedic Hindus knew how to determine the summer or the winter solstice
day. When they found that the sun apparently remained stationary at the solstice for 21 days, the true solstice day was the
11th and when they found that the sun remained stationary for 7 days, they took the fourth day as the real solstice day.’

In a footnote Sengupta offers the following comments on the Varahamihira’s mention of the methods for fixing the solstice:

‘The solstice day may be determined by observing the coincidence of the sun at the time of rising or setting with a distant sign-
post or by the marks of entrance or exit of the tip of the shadow of a gnomon in a large horizontal circle (having for its centre
the foot of the gnomon). Here two methods are described by Varahamihira, in the first of which the sun’s amplitude at sunrise
or sunset is to be observed. If the Vedic Hindus followed this method, they could perhaps observe the sun to remain stationary,
i.e. without any appreciable change of amplitude, for 21 days near the solstices. It does not appear probable that the second
method was followed by the Vedic Hindus . . ..

The detailed records of solstice observations available in the Brahmana literature amply illustrate the social significance of the
event and there cannot be any doubt that the Vedic people had sufficient intellectual caliber as to devise appropriate methods
for observation. Vedic literature cannot be expected to contain exhaustive description of the astronomical methods and as
such, the only recourse is to infer such details circumstantially from other known factors.

*Sengupta, P. C., Ancient Indian Chronology, University of Calcutta, 1947, pp. 90-92.
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HISTORICAL NOTE

Visnupadagiri on tropic of cancer

Symbolic engravings at Udayagiri elo-
quently bring out the fact that the site in-
corporated the Vedic symbolism of sun
and Visnu, as given in the expressions by
the Rsis in different hymns praising
Visnu. The original installation of the
Candra Iron Pillar or the Visnu-Dhvaja
had been for astronomical purpose, and it
also reflected the concept of the Cosmic
Man or Purusa as we find described in
the Purusa-siikta. We can also find evi-
dence for the fact that the title assumed
by Candragupta II, viz. Vikramaditya too
had explicit connection with the worship
of Visnu and the Vedic hymns in praise
of Visnu.

Pande® has traced the origin of the
Vikramaditya legend to the mythic an-
tiquity of the Vedas citing many verses:
Rgvedal.154:1

fasoig & Jraifor ux ard o
grfyanf ferasifi |

Al JEPURIGTR G
freraToTEI oI | |

‘Let me tell forth the mighty deeds of
Visnu, He who has measured out the
earthly regions. And has the upper gather-
ing place established, Having strode out
the wide-paced one, with three strides.’

This picture of Visnu wherein his great-
est exploit mentioned is the three strides
or steps (krama) with which he measures
or conquers the earthly regions, has led to
the coining of the name Krmaditya,
Vikramaditya, Vikramarka, Vikramanka,
etc.

It may be noted here that the Naksatra
Sravana has Visnu as the deity and had
the name Trivikrama owing to the stars
a, f and y Aquilae, which symbolized
the three footsteps of Visnu. When we
place the use of gnomon against the
celebration of Indradhvaja, it becomes
apparent that the raising of Dhvaja or
Venuyasti (bamboo pole) is in fact a re-
dundant form or a symbolic imitation of
the original Vedic practice of determin-
ing the summer solstice.

Emulating Uparicara Vasu by
installing the Visnordhvaja

In Mahabharata Ch. 63, Sloka 13-15 we
find that Indra provides Uparicara Vasu
with many gifts, including the bamboo
pole and Vasu achieved prosperity by in-

stituting the worship of Indra-Dhvaja or
Indrotsava in Indra’s honour.

We have evidence in many coins is-
sued by Candragupta-II that the great King
wanted to conquer the heavens like
Uparicara Vasu:

On the Chhatra type of coins®:

frfomrafse gaRay fed
swfa fasafear

‘Vikramaditya, having conquered the
world through his pious actions conquers
the heavens.’

On the Lion-slayer type of coins:

Regers wiaRar fod
SrreSdl fa fygfreer

‘Indra among men, (King Candra) of
lion’s valour who is invincible in the
world, conquers the heavens.’

The Rgveda 1.22.16 and 21 speaks of
the three strides of Visnu across the
seven regions and his position on the ze-
nith®.

1 I I
AT AT A A T YOfTHT |
Z - -
gferer gHwETaer: |
‘The Gods be gracious unto us even from

the place whence Visnu strode through
the seven regions of the earth.” (16)

I I
72 ferqufeteretr srear Fed e |
-, = - _
TUEHE W g 1l
‘Through all this world strode Visnu;

thrice his foot he planted, and the whole
was gathered in his footstep’s dust.” (17)

I I (] 1
Sfifor ger ferers fawopafar e |
] ! [
A AT arE
‘Visnu the Guardian, he whom none de-

ceiveth, made three steps; thenceforth es-
tablishing his high decrees.” (18)

I 1 I
fawun: wwifor uvaa a6 F@ T
~ 1 - - -
T AT Il
‘Look ye on Visnu’s works, whereby the

friend of Indra, close-allied, hath let his
holy ways be seen’. (19)
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" I I
AT T g Wer uvdt I |
- - -
fedta Fggaaaw
‘The princes evermore behold that lofti-

est place where Visnu is, laid as it were
an eye in heaven’. (20)

1 I
Iy

I
afgurar fag=rat et geafiee |

ﬁ'ELUﬁa‘FLtlrr_rruat[n_

‘This, Visnu’s station most sublime, the
singers, ever vigilant, lovers of holy song,
light up.” (21)

These verses of the Rgveda in later
times formed the basis of the worship of
Visnu, who is known by the epithet Up-
endra or the second in command of the
Devas. Balasubrahmaniam has discussed
in detail the mythical background of
Udayagiri, which in the Gupta age bore
the name Visnupadagiri, meaning the
foot of Visnu or sun. Looking at the por-
trayal of Visnu as available in the Vedas
and the later Puranic literature, one can-
not miss the astronomical symbolism of
Visnu as the deity having the lordship of
12 Adityas. This sovereignity that Visnu
has over the Adityas suggests the possi-
bility that Visnu has a deeper signifi-
cance as the ecliptic north pole (ENP).

Identification of the modern Udayagiri
located on the tropic of Cancer as Visnu-
padagiri stems from the identity or sym-
bolism of Visnu with the sun. Apparent
path of the sun or the ecliptic has its
north pole (ENP) permanently located in
& (zeta) Draconis (f=6589 and A=
102.74), which is circumpolar at the lati-
tude of Udayagiri (23°31’). The pole of
the equator or Dhruvam goes round the
ENP, and therefore ENP and its location,
viz. {~Draconis cannot go below the ho-
rizon on the day of summer solstice. This
discovery of ENP on the northern hori-
zon and on Draco had been the crux of
Puranic myths that make Visnu sleep on
a serpent. Anantaayin panel” in the pas-
sageway symbolically depicts the ENP
(18h00m, 66°33'38") location on Draco.
As ENP grazed the horizon during the
times of solstice over the tropic of Can-
cer, Udayagiri was chosen for the wor-
ship of the sun or Visnu and the mount
was given the appellation Visnupadagiri.
For places north of Udayagiri, ENP was
always above the horizon and at Uday-
agiri ENP touched the lowest altitude or
horizon and hence the place became the
foot of Visnu.
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HISTORICAL NOTE

Observation of Polaris (Dhruva) and
the north pole and the associated ENP is
obvious from the precise orientation of
the passageway to the rising sun of 29
May 402 CE. Polaris and ¢-Draconis
may have been firm observational refer-
ences for the cardinal directions fixed us-
ing the gnomon.

Conclusion

It is apparent from the above discussion
that:

(i) Astronomical alignment of the
Udayagiri structure is shown to be based
on the azimuth difference of the rising
sun between the vernal equinox and 29
May 402 CE, the date of the Sanakanika
inscription in cave 6.

(i1) The date of the Sanakanika inscrip-
tion of cave 6 at Udayagiri is 29 May
402 CE, which corresponded to Asadha-
sukla ekadasi of the year 82 of the
Gupta-kala.

(i11) The date of inscription 29 May
402 CE corresponds to the astronomical
alignment of the passageway of the Uday-
agiri archaeoastronomy structure and the
date corresponded to the precise easterly
rising of the sun.

(iv) The height of the Iron Pillar was
designed to cast a noon shadow of 10
angulam on 29 May 402 CE and installa-
tion of the pillar with the ratio 1 : 3 of the
parts beneath and above the ground level
is shown to reflect the philosophy of Pu-
rusa sukta of the Rgveda.

(v) It becomes clear that both astro-
nomical and philosophical wisdom were
utilized to perfection in the construction

of the passageway and the gnomon or
Visnu-dhvaja in the form of the Iron Pillar.

(vi) Future studies on the illumination
of the passageway are needed in order to
have a better understanding of the astro-
nomical orientation of the passageway
and the motifs on the walls.

(vii) Appendix 1 suggests that the Pu-
rusa siikta may be based on an observa-
tion of the midday shadow of the gnomon
(Visnu or Indra Dhvja) on the solstice
day at the place 25°N25’ on the meridian
of Udayagiri (75°E45’) with a bamboo
pole of height 324 aiigulam.

(viii) Height of the Iron Pillar as 324
angulam strikes our attention as the year
of the Saka Era corresponding to the year
82 of the Gupta Kala, i.e. Year 420 aD.

Notes
1.
A 90 — Az | 7 =0°, Centre of
89 23.32 Sun’s disk touches a
mathematical horizon.
89.5 23.56 b =-0.25°, Upper
90 23.80 limb touches a
mathematical horizon.
90.25 23.92
h=-0.583°, Centre
90.583 | 24.07 of the disk touches
the horizon (refrac-
90.833 | 24.20

tion accounted).

h =-0.833°, Upper
limb touches the ho-
rizon (refraction ac-
counted).

Z = Zenith dis-

tance = 90 — altitude,
Az, Azimuth.

2. With the rear motif at a distance d, the
azimuth variation of « (since the rays had
their first entry into the passageway on 29
May), width of the light beam w at dis-
tance d, sina=w/d and w = dxsina in
units of d. Given d in ft, we obtain w in
inches as 12xdxsina.

3. Given that the variation in altitude of the
sun is «, vertical ascent of the rays 7 on a
rear motif at distance d is obtained as
h = [arcsin(a/d) + 0.53° (angular diame-
ter of the sun)]. Time taken by the rays for
vertical ascent over a height 7 is obtained
as £/0.222, in minutes.

4. Gnomon shadow w= y=tan(g— J), gives
324xtan(23.5 — 21.76) = 9.84 ~ 10 afigulam.
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