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ABSTRACT
The Sun has been worshipped as a significant
deity in India for centuries. The Hindu
religion's Vedic scriptures refer to the sun as
a source of energy, vitality, and life that
governs the course of our lives. Many temples
in India are dedicated solely to the Sun,
including Martand in Kashmir, Katarmal in
Almora, Osia in Rajasthan, Konark in
Orissa,and Modhera in Gujarat. Sun temple
of Modhera is gaining attraction among
tourists, architects, and astronomers. The Sun
temple Modhera was built in the architectural
style of “Maru Gurjara” The same
architectural design is unique, and the
association of it concerning water bodies
makes it a marvel of engineering design. The
present paper discusses the geometrical
configuration of the Sun temple,
Sabhamandapa, and Suryakunda.
Architectural design has studied the axis of
symmetry, proportion, scale, relation,
dimensional planning, and fractal
architecture. The design of steps, intervals in
it, and miniature shrines make it different
from the rest of the sun temples. The
significance of the location of the sun temple,
which is the basic purpose of its kind is
discussed exclusively. It has been proven that
the knowledge of ancient astronomy was
applied in its orientation to create an equinox
event in the sun temple.
Keywords- Architectural elements, Component
planning, Design geometry, Fractal architecture,
Significance of the location, Sun temple
Modhera
INTRODUCTION
Sun temple at Modhera, Gujarat is
located 100 km North-West of Ahmedabad in
Mehsana district. The sun temple was built on
the collinear line parallel to the tropic of cancer-
23.5 ° from horizontal latitude, in the Northern
Hemisphere of earth. The temple was built by
Bhimdeva-I (Bhima-1) of the Chalukya
(Solanki) dynasty ruling the ancient state
Anahitapataka (today’s Patan) of Gujrat during
1026-27 CE (The then Vikram Samvat 1083) on
the bank of river Pushpavti. Fig. 1 shows the
drone view of Modhera sun temple.
Review
Wibke Lobo (1982), the investigator of
Berlin Museum studied Modhera Sun temple in
all aspects first time and wrote a book on it
monograph and iconography. The first-
dimensional study of the Modhera sun temple
was carried out in 1809 by European officer,
Colonel Monier- Williams as surveyor-general
(Fig. 1). He quoted that, “There is one of the
finest specimens of ancient Hindu architecture at
Mundra I ever saw”.
In 1887 A.K. Forbes published a short
description of the temple and designated the
parts as a dancing hall, called “Sita’s Choree”
and the holy tank, called “Ram Kund”. J.
Burgees and H. Cousens were the first to study
the temple precisely and published their results
in 1903 [1]. They carried out an exact
architectural survey and studied structures of the
whole temple premises, and prepared a plan,
elevation, and longitudinal sections of the same.
Later on, relevant studies were carried out by
researchers H.D. Sankalia (1941), S. Bharucha
(1951), and K.V. Soundrarajan (1966). Parmar
S.P. and Mishra D.P. (2020) carried out
geometric design correlation with architectural
style and features of temples. They also studied
the component parts and its significance with
Vaastu planning.
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(Source: Image ref: https://discoverindiabyroad.blogspot.com/2015/01/sun-temple-modhera.html)
Figure 1: Drone view of Modhera Sun temple.
ARCHITECTURE OF SUN TEMPLE
MODHERA
The sun temple Modhera is divided into
three parts (a) Surya Kunda, (b) Sabha Mandapa
(c) Surya Mandir (Sanctum- Garbh Griha /
Gudha Mandapa). The architecture of Modhera
sun temple is of Maru Gurjara Style [2]. The
flight of steps starts from “Kirti Torana” (A
carved stone gate of two vertical pillars) and
leads downstairs to a reservoir named Surya
Kunda [3].
Figure 2: Plan and Sectional elevation of the Modhera Sun temple elements.
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The whole premise which consists of
three parts of the temple is raised by an average
of 2.0 meters from the natural ground, covered
by stone pavement. Figure-2 shows the detailed
plan and sectional elevation along with the
vertical and horizontal geometry of the temple.
The temple geometry is symmetric to its
longitudinal axis. The detailed architectural
planning and its relevant features are discussed
in a classified manner to structures.
Surya Mandir
The Modhera Sun Temple is situated
near the Tropic of Cancer at latitude of 23.5835°
N, 72.1330° E; the Tropic of Cancer passes
through latitude of 23.4999° N, 85.4866° E. The
Sun Temple in Modhera was designed in such a
way that during the equinox, the very first rays
of the rising sun illuminate the image of the Sun
God in the sanctum. During the summer solstice,
the sun shines on the top of the temple without
causing any shadows. The main deity, Surya, is
missing (not carved physically or documented in
any reference) in the Garbhagriha or sanctum
sanctorum, hence worship is not performed
nowadays.
Elevation
On elevation, the temple is divided into
three basic parts: the 1.50 m high socle (pitha),
the 3.30m high temple wall (mandovara), and
the superstructure, which is not preserved. The
mandovara again is divided into three
components: the podium (vedi- bandha), the
figural frieze (jangha), and the eave-cornice
(varandika). The recesses and projections of the
plan are carried from the socle up to the eave
above and affect a vertical break of the wall
surface. A horizontal break is achieved by the
tapering socle and, especially, by the carved
decoration, which runs as a succession of
astragals, cavettos, moldings, friezes, and
ornamental bands of different sizes around the
building.
(a) Plan and Sectional Elevation of Surya mandir (b) Ancient typical Sanskrit names of
A. Garbh Griha B. Sabha mandapa C. Pradakshinapatha architectural features in the plan of
Sanctum.
Figure 3: Surya mandir, main sanctums architectural features.
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The four outer corners of the temple are
broken by recesses and projections, whereby the
middle one of the three projections, i.e., the main
corner (karna), is more strongly pronounced
than both of the side ones (pratiratha). The
typical Sanskrit names of the architectural plan
are mentioned in Fig. 3(b) the edges of all
projections again are broken by three steps.
Windows in the north, south, and west
as well as a porch in the east are inserted in the
remaining wall surfaces (bhadras or rathas)
between the terraced corners. A ground plan
provided with bhadra, karna, and pratiratha is
called tri-anga in north-western Indian Vaastu-
texts. On the eastern side of the building, several
steps lead up to a small porch. Two columns,
placed on the platform, support the projecting
roof.
Through this porch, the only entrance of
the temple is reached. Inside a partitioning of the
space is achieved by various pillar formations. A
pair of pillars separates a narrow vestibule
(mukhamandapa), which measures 4.15 × 1.20
meters, from the main hall (sabhä- or
güdhamandapa). Eight pillars arranged in an
octagon form the central domed chamber. The
distance between these pillars varies. At the
cardinal points it measures 1.80 meters, in-
between 1.63 meters. Again, two pillars separate
the window niches on the northern and southern
sides of the assembly hall from the main room.
Both niches are 4.16 meters wide and 2.25
meters deep. A row of four pillars, marking the
division between the assembly hall and the
shrine proper, form a small antechamber
(antarala) with a slightly raised floor in front of
the cella-entrance [4].
The square cella with its outer
dimensions of 5.22 × 5.22 meters and inner
dimensions of 3.36 × 3.36 meters, is provided
with a lower equal-sized story (see section of the
temple, Figure 3 (a)). Around the garbhagrha
leads the 1.15 meters wide processional
passageway (pradaksinapatha), which is lighted
by three windows, set into niches. They are as
deep as those of the assembly hall (2.25 meters),
but only 2.82 meters wide. The niches are
framed by four square pillars (44 × 44 cm), so-
called engaged columns, which are placed
directly against the wall but have to be
distinguished from pilasters. A pair of square
dwarf pillars (44 × 44 cm) on the balustrade
beneath each of the five windows flank the
actual window screens on the exterior.
Sabha Mandapa
The plan of the open pillared hall also
called the dancing hall (nrtya- or
rangamandapa), is derived from a square, which
stands on the edge, and is seen with the -east-
west direction of the temple site (Fig. 7a.). The
square, however, evidently because of the
shortage of space, is shoved together on its east-
west axis (12.80 m), assuming thus a slightly
rhombic form. All the walls are terraced.
In its present state of preservation, the
hall has entrances at its four corners, i.e., on its
western, southern, eastern, and northern sides.
As, however, the ground plan and the south side
elevation published by Burgess and Cousens
illustrate, this does not correspond to its original
form. The ground plan (Fig. 4a) shows that only
the east and west stairs led into the interior,
while on the south and north, no entrances
existed but roofed terraces, which had been
considerably drawn out. In addition, the south
side elevation shows the decorative moldings of
the socle running continuously around the
former terraces (only the lowermost moldings
have remained, Fig. 4b), while, of course, at the
entrances, they are interrupted. From the present
entrances, four parallelly running pairs of pillars
(see Fig. 4a, pillar pairs 1, 2, 3,) lead towards the
center of the hall, forming there an octagon,
which supports the central dome. The pillars of
the entrance porches (pairs 1) have a square,
terraced base. All the other pillars have an
octagonal base. The above-mentioned fact that
the square plan of the hall had been shoved
together on its east-west axis, becomes clear
from the different distances of the square
entrance pillars to the following octagonal ones.
On the south and north, the distance measures 55
cm, just as between all the octagonal pairs (from
2 to 3 and 4). But on the east and west, it
amounts to only 30 cm, almost half of the
normal distance [5].
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(a) Plan and Sectional elevation of Sabha mandapa. (b) Photograph of Sabhamandapa.
Figure 4: Sabha mandapa at Sun temple Modhera.
As in the temple, the central octagon
here, too, is irregular. The interspaces at the
cardinal points measure 1.86 m, in-between 1.25
m. As a part of the outer walls, there are five
rectangular pillars (45 × 38 cm) on each side of
the hall, which follow the recesses and
projections of the walls and support the roof.
Surya Kunda
The deeply sunk rectangular water
basin, which is fed with groundwater, is
surrounded by a flight of four terraces. They
negotiate the considerable difference in height of
approximately 5.00 m between the water basin
(21.40 × 37.70 m) and the normal ground level
(uppermost terrace 37.50 × 53.80 m). Small,
pyramidal stairways, which are arranged in
staggered rows, lead from one terrace to the
other. On the small landings of each of these
stairways, there is a very low semi-circular step
(ardhacandra).
Between the stairways of both the
middle terraces (figure-5) miniature shrines with
bell roofs are attached to the terrace walls, which
contain the reliefs of various deities. Framed
niches with images are found also on the faces of
the stairways of the second terrace. Due to
climatic influences many of the figures have
become unrecognizable and a good part of them
has been removed. The visual impression of the
surrounding terraces illustrates in Fig. 4a. The
strict horizontality of the terraces is dissolved by
the diagonally running stairways. The small
shrines, which are fixed to the front of the
terrace walls, are the vertical element of this
pattern.
On the western side of the tank, a flight
of steps permits access to the dancing hall. In the
middle of the eastern, southern, and northern
sides broad stairways lead from the tank up to
the deep niches, gradated as rathas
(approximately 4.00 × 6.80 m), which project
outwards from the rectangle of the terraces. Each
niche contains a detached shrine. At the
entrances, to the niches, two smaller detached
shrines are placed, facing each other. At the four
corners of the uppermost terrace other detached
shrines are erected (in Fig. 5b (water tank)
indicated as E, F, G, H).
Of the three shrines, those of the
southern and northern niches are almost intact,
while that of the eastern niche is preserved only
in fragments. The shrines are all facing the tank.
They consist of a square cella (garbhagrha) and
a tower (sikhara). The cult- images inside the
cella are still preserved.70 The corners of the
square socle (2.00 × 2.00 m as measured at the
plinth) are triply terraced, whereby the central
projecting corner (karna) is always more
pronounced than both of the lateral ones
(pratirathas), that is to say, the shrines are tri-
anga in the plan like the temple proper. The
corners of the low, rectangular platform at the
front sides and the semicircular entrance steps
(ardhacandra) form a part of this terracing.
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Miniature Shrines
(a) Staggering of Miniature shrines and depth of platform in an actual photograph. (b) E, F, G, H =
Corner Miniature shrines, P, Q, R, sides middle miniature shrines
Figure 5: Staggered arrangement of miniature shrines.
Of the three shrines, those of the
southern and northern niches are almost intact,
while that of the eastern niche is preserved only
in fragments. The shrines are all facing the tank.
They consist of a square cella (garbhagrha) and
a tower (sikhara). The cult- images inside the
cella are still preserved.70 The corners of the
square socle (2.00 × 2.00 m as measured at the
plinth) are triply terraced, whereby the central
projecting corner (karna) is always more
pronounced than both of the lateral ones
(pratirathas), that is to say, the shrines are tri-
anga in the plan like the temple proper. The
corners of the low, rectangular platform at the
front sides and the semicircular entrance steps
(ardhacandra) form a part of this terracing.
Number of Shrines and their Meaningfulness
The total number of shrines is 108 in the
Surya Kunda. As per Vedic mythology, it is
commonly observed practice to put information
or knowledge in terms of monuments and their
design. The 108 number is significant in
different ancient topics of knowledge. In
astrology, 108 can be noticed with the
approximate relationships between the Sun,
Earth, and Moon. The diameter of the Sun is 108
times the diameter of Earth. The distance from
the Sun to Earth is 108 times the diameter of the
Sun. The distance from the Earth to Moon is 108
times the diameter of the moon. Lastly, there are
12 astrological houses and 9 planets. 12
multiplied by 9 equals 108.
According to Ayurveda, we have 108
“marma” points (vital points of life forces) in
our bodies. So, this is why all mantras are
chanted 108 times because each chant represents
a journey from our material self towards our
highest spiritual self. Each chant is believed to
bring you 1 unit closer to our god within.
Hindus also believe our body contains
seven chakras, starting at the top of the head and
ending at the base of the spine. Each chakra is
said to be an energy center within our body. The
heart chakra, located at the exact center of the
chest, is associated with transformation and love
energy. It is believed that opening this energy
center will lead to joy and compassion. The heart
chakra is said to have 108 “nadi” (energy lines)
that converge to form this energy center.
FRACTAL ARCHITECTURE OF SUN
TEMPLE MODHERA
Professor Trivedi K. (1993) deed
pioneering work in the field of fractal
architecture of the temples. Parmar S.P. and
Mishra D.P. (2020) [2] explained the fractal
architecture concept in the design and geometry
of ancient step-wells and water tanks that exist
across India.
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Figure 6: Fractal architecture in Modhera Surya Kunda.
Self-similarity, repetition, and self-
similarity by reducing or increasing the size of
the geometrical shape results in the formation of
fractals. Fractals in another sense create an
illusion effect. As per the Vedic philosophy,
human life has to be considered an illusion (in
another sense “Maya”), and to represent the
same philosophical values for understanding a
human being, such type of architectural shapes
were adopted. The Modhera sun temple is
symmetrical concerning its longitudinal axis
(Fig. 6). The miniature shrines in the corners of
Surya kunda are the same (Fig. 4b.), similar to
the three shrines in the middle of the sides of
Kunda is also similar to each other. The
descending steps in each platform, going
towards the bottom of the kunda is having the
same repeated design throughout the kunda (Fig.
7). The plan of “Surya mandir” and
“Sabhamanadpa) is similar to the 3rd
iteration
increasing the number of corners as depicted in
“Nanda type Agni Kunda” (Trivedi K. 1993).
Figure 7: Fractal architectural elements.
The stone carvings on the pillars of the
sabhamandapa (Fig. 7), the ceiling of the
sabhamandapa and the sun temple, the exterior
side walls of the temple, etc. exhibits self-
similarity, and repetition of the designs indicates
the adoption of fractal architecture.
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MECHANISM OF SOLAR EQUINOX FOR
SUN TEMPLE MODHERA
Only twice a year is the Earth's axis
tilted neither toward nor away from the sun,
resulting in "nearly" equal daylight and darkness
at all latitudes. Equinoxes are the names given to
these occurrences. The term equinox derives
from two Latin words: aequus (equal) and nox
(night) (night) [6]. P. Rocher (1993) from
institute of celestial mechanics and ephemerides
calculation – observatory of Paris published the
calendar of autumn and spring equinox in
Wikipedia website. As per the observation, at
noon on these two equinoxes, the sun is directly
overhead at the equator. The "nearly" equal
hours of day and night are caused by sunlight
refraction or bending of the light's rays, which
causes the sun to appear above the horizon when
its actual position is below the horizon.
Furthermore, because the sun takes longer to rise
and set at higher latitudes (those farther from the
equator), the days become slightly longer. As a
result, the length of the day on the equinox and
for several days before and after the equinox will
range from about 12 hours and six and a half
minutes at the equator to 12 hours and eight
minutes at 30 degrees latitude to 12 hours and
sixteen minutes at 60 degrees latitude.
(a) Sun temple orientation to the north and east direction of the earth. (Ref: Google earth desktop).
(b) Location of the sun temple concerning earth and its celestial features.
Figure 8: Significance of Modhera Sun temple concerning solar Equinox.
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The summer solstice occurs when the
earth's tilt toward/away from the sun is at its
highest. As a result, the sun appears at its highest
elevation on the day of the summer solstice, with
a noontime position that changes very little for
several days before and after the summer
solstice. The summer solstice occurs when the
sun is directly overhead the Tropic of Cancer,
which runs through Mexico, the Bahamas,
Egypt, Saudi Arabia, India, and southern China.
The sun is at its highest point in the sky for
every location north of the Tropic of Cancer, and
today is the longest day of the year [7-8].
Figure-9: Modhera sun temple and its Solstice and Equinox positions.
The orientation of the sun temple of
Modhera is shown in Fig. 8a. where the red
dotted line indicates the east direction of the
earth. Fig. 8b. shows the location of the sun
temple on planet earth. The Modhera sun temple
is exactly located on the tropic of cancer and has
a perfect co-incident point to generate vernal and
autumnal equinox. The rotation of the earth for
the sun and the generation of each equinox is
further clarified in Fig. 9. The location of the sun
temple was so selected in ancient times, that on
the vernal equinox, the sun rays directly reach
the “garbh girha” of the temple crossing the
Sabhamandapa. The shadow less day will come
once a year on Autumnal Equinox day [9-11].
CONCLUDING SALIENT FEATURES OF
SUN TEMPLE
The Modhera sun temple is not only an
engineering marvel but it exhibits several other
fields of expertise also. The whole structure was
constructed using stones, which includes the
knowledge of selection, quarrying, cutting, and
shaping it for decorative architectural elements.
The association and sequence of the temple –
sabha mandapa- water tank and the distance
between each are proportionate to balance the
architectural beauty. It might be possible that the
construction of Surya Kunda (water tank) was
constructed to capture the direct sunlight in the
early morning and after late morning the
reflected light enters the sabha mandapa. The
design of Garbh Griha/ sanctum (location of Sun
deity) with respect to the east was so arranged
that only once a year on the day of the spring
equinox, the direct sun rays reaches in it and
illuminate the deity. The position of sun temple
Modhera and its equinox effect correlation
further proves that the ancient astrophysicist
knows the inclination of the earth's inclination
angle as 23.5 °. The alignment of the
longitudinal axis and symmetry with respect to it
is observed for all three structures in the
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Modhera sun temple. The design of steps is
indicative of symmetry with respect to the
vertical axis and the triangle cluster of steps is
repeated throughout descending platform as well
as on the same platform, ultimately creating the
illusive effect. This illusive effect can be
represented as fractal architecture. Identical
shrines were planned for all four corners and the
middle of the sides. Miniature shrines on every
platform are unique in their design, which is rare
for their type of water tanks. The total number of
miniature shrines is 108, which is significantly
planned according to Vedic philosophy.
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