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Abstract

Maragheobservatory was built by such engineersviamyiededdinOrozi etc. under supervision thaje Nasireddin Tousnh 7" century

AH. The most significant feature associated witaragheobservatory is the fact that architecture is employed to achieve astronomical
purposes in this site. The reason for preferring observatory by astronomers was the fact that these units are supeeioraiedwoetal
instruments with respect to accuracy,se limitations, etc.

Architectural design and function of astronomical unitdviafraghe observatory site after discovery of its foundation in the course of
explorations before Islamic Revolution remained unclear until recent years.

After conducting regired studies and investigations, the author managed to find significant cues and after some precise comparisons, he
succeeded to recover the main design and function of some astronomical units of this international center. Based dimghethedim
agronomical structures can reliably be rebuilt.

This research showed that every circulapolygoral building cannot be considered as an observatory. For example form and function of
cemetery structures are completely different with astronomical ondswifgg this research also valuable results were obtained in relation
to stone architectural structures presenMamagheobservatory hill. In addition, claims about invention of astronomical unitdasbghe
observatory by nofranian scientists are rejed and rights of Iranian scientists are rationally defended in this regard.

Keywords:MaragheObservatoryRetrieval ofArchitecturalDesign,AstronomicalUnits, Circular Rans, JaipuObservatoryArchitecturalM aterials.

1. Introduction
indian observatories. Many observatories all over the
Maraghe observatory site as an international research world were built by inspiring fronMaragheobsewvatory

scientific center in Iran was recovered under the soils by at that time.
Parviz Varjavand in 1962 after several centuries.

Unfortunately during explorations conducted in this site

only damaged foundations of circular and seda ‘ r

buildings were discovered. Of course revealing of these U A %]
foundations made it possible to draw the plans of these e - —
buildings and structures. Explorer of the observatory was
not able to find out the complete design of the buildings
because he had not seffnt information. Thus his
reports on the structures of the buildings were based on
his guess.

After 35 years since that event, the author sought to
retrieve architectural design of circular observatory units ‘.
and clarify their functions. D%
At last based orexisting cues, an extensive research

started. After conducting required comparisons with P
existing examples inJaipur observatory of India and IR
study and matching olfigures it became possible to find ‘
out the main design of some circular unitshMéraghe e e
observatory Fig. 1, 2). It is worthy to note thatlaraghe
observatory was built over 5 centuries before

|

Fig. 1. Plan and crossection ofMaragheobservatory unit (Big
Shadow instrument). Height of unit was chosen based on similar
structure inJaipur (design by the author).
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Fig. 2. Uniform circular astronomical units Maragheobsevatory, (Holderof two cylinders) had a function similar to Ram Yantra in
Jaipur. (Design by the author).

Before exploration in the observatory site some people
thought that architectural units on observatory hill were
the same observatory and other ®adso created stories
about it. According to conducted research, useful
information was obtained on function of most of these
units and very accurafegures of themwereprovided for

the first time. Study of theiiigures and designs were also
resulted i interesting findings which will be provided in
later sections.

Explicit evidence for greatness of this observatory is that
according to historical texts, about 400000 volumes of
manuscript books were hold in great library of that
researckscientific insitution (Tayiar Maraghi, 1986p.
78).

2. Plans of astronomical units ofMaraghe observatory
discoveredduring scientific explorations

In historical texts there are some valuable notes about the
whole architecture and scientific and astronomical
activities of the observatory and also some studies were
conducted on it at various times. But archeological
exploration was a cornerstone for identifying architectural
characteristics of astronomical units in this observatory
and provided future scholars with réced cues.

The main architect of the observatory Fakhreddin
Ahmad Ebne Osman Maraghi but responsibility of
establishing scientific units was taken Moayiededdin
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Orozi who built astronomical instruments and devices of
observatory (Varjavand, Parviz,917, p. 153). In the
course of establishing observatory and building its
astronomical instruments, engineers and craftsmen from
various countries from Morocco to Syria and even china
were involvedKhaje NasireddinTousiemployed Chinese
craftsmen to build observatory instruments. But an
astronomer nameél-Orozi also involved in architectural
and engineering works and supervised blacksmith's heart
(Anas Khan, 194%. 457).

MoayiededdinOrozi wrote a book on the instruments and
devices of Maraghe observatoy and descriptions
provided by it were used by Varjavand in design and
recovery of the instrument®roziwrote:

"Khaje made me responsible for building that structure.
Though it was not my job but | engaged in it with
reluctance and because of this | wast managed to
complete some instruments and devidg&ifiei, 1985 p.
457). These honest assertions by him clearly show that
professionals and engineers from various countries having
expertise in the field of observatory were engaged in
establishment dflaragheobservatory.

Combination of scientific achievements of West and East
in great research institution of "Khaje Nasir" results in
enhancement of human experience in the field of various
sciences and techniques especially in astronomic and
math and géering of scientists from various parts of the
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world led to spread of their achievements in many
nations.

There are fragmented descriptions on architecture of
observatory and astronomical and scientific units of it.
"There was a central dome in the obs#ory complex
which sunlight reached the inner wall of observatory
through its middle sun lounge and in this way from
sunrise to sunset, degrees and details of daily movement
of sunlight in various hours was known and it was
possible to measure sunligheight angle and determine
the time in various seasons. Position of this dome and the
inner gallery was in such a way that dforouz day
sunlight beam fell on Otbe [1]. (Saeili, 1947, 5Fid. 3)
Archeological explorations byVarjavand in 1962
revealed lie plans of observatory scientific units,
especially central tower and also a number of other
structures of it ig. 3, 4, 5, 6). Their main design can
largely be retrieved from these plans and in the book of
"exploration ofMaragheobservatory”, some effts were
made to provide the retrieved design of some units and
the central tower which revealed with a circular plan is an
example for it.

After explorations in this complex, approximately 6
astronomical units with circular plans were discovered
which wee designed as a plan with a single circle or as
homocentric plans in which the circles are tangent or
separated and are in an inscribed situation. Totally 17
units of observatory complex were excavaté&ig.(4).
Most of these astronomical units have stémendations
and the stones are frequently river cobble ones. Outer
surface of foundations are veneered by cut stone, thus
main core of foundation and wall of astronomical units
are consisted of river cobble stones.

Cobble stones, if applied with weak martxe the worst
stone materials for buildings which usually are not very
durable. According to explorer, the structure coverings
had flat roofs which of course this assertion is not very
acceptable for circular units because indeed many of them
were withou roofs. An enclosure wall is observed around
the observatory complex. The longest part of the wall is
on west side with an estimated length of 270 m. Of course
this complex had a complete enclosure but over time its
material has removed by local people.

Main core or central tower of observatory has a circular
plan with orthogonal partitions and a vestibule along the
northrsouth axis within it and twelve spaces are
positioned on both sides of it in a symmetrical manner. It
means that on each side of axiere are six spaces with
various depths and in a curved form. Inner diameter of the
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structure is 22m and its outer diameter is 23.6m. The wall
on the stone foundation has a diameter of 80 cm. Sizes of
bricks incorporated in the structure were 38x38, 18x18
and 20x2Q@m. The latter size was used to cover galleries,
floors as well as walls. This tower was the main center for
observing space bodies and was the main center for
scientific documents of the complex. The wall quarter is
in the central gallery and oeists of cut stone and the
main observation was conducted via it. (Varjavand,
Parviz, 1947pp.169170). Fig. 3)

Fig. 3. Circularmain tower plan oMaragheobservatory (from
an Exploration in Observato)y

3. Some knowledge on astronomical units whit circular
design inMaragheobservatory

There are five circular units with different designs around
the central tower which are mentioned in the order
introduced by the explorer. These units were either a
place for installing various astronomical instrems or
were a means for observation of space bodies themselves
and were built using architectural materials.

One of these units is on south side of the observatory. It
is an enclosed and circular space in a ring form with
thickness of 2.15m encapswddt by a void space with
diameter 0f3.30 m. On both sides of this stonework ring,
two rectangular planes are connected to the ring along the
same line and their sizes are 1.5x1.5m and 1.5x2 m. Total
diameter of this unit is 7.60m.
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Fig. 4. Maragheobservatory site and position of @stronomical
units (from Explorationin Observatory

Fig. 5. plan of instrument of Digamsa YantraJ#ipurin

Maragheobservatory(By Varjavand)

Obviously the two rectangular planes ammaining of
stairs of this astronomical unit. Similar astronomical units
can be observed ifaipur observatory in India.Kig. 4, 7)

a4

Fig. 6. A plan similar to Ram Yantra dhipur
in Maraghe( by Varjavand)
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Fig. 7. Jaipur observatory site plan (fromstronomical Ob of J.

Another unit is as two overlapping rings with diameter of
3.60m, with a central circle with diameter of 50cm which
its outer ring is 80 cm thick. Another similar unit is placed
in its neighborhoodvith distance of 6.75m both aligned
in northrsouth direction and are probably connected to
each other. Southern unit has diameter of 4.10 m.
Thickness of inner stonework is 40 cm and that of outer
one is 50 cm. Indeed they are positioned as two nested
circles with different heights on a foundation with 90 cm
in upper part(Fig. 2, 6). Similar to these two aligned
circles can be observed in Indiaipur observatory with
similar size and form and in turn function.

Though these two units were introduced sejgdydy the
explorer, but they indeed are correspondent to a similar
instrument named RarMantrain Jaipur observatory in
India. Thusfigures of these two similar units should be
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provided next to each other. Difference between heights
of these two stonewhrrings is 30 cm. Southern circle has
an appendix with60x280cm which probably was a step
for climbing.

One of the astronomical units of this observatory has an
interesting and complicated design. Its design consists of
a central stonework circle with afneter of 1.80m
encompassed by two separate inscribed circular rings and
in contrast with other designs there is nothing but void
space between these two circles. In other words they
consist of a solid circle and two separate inscribed rings.
Diameter ofthis unit is 9.60m. Diameter of its middle
wall is 85 cm and diameter of its outer wall with a
distance of 60 cm from the middle one is 1R2%Fig. 5).

At last another circular unit was found with a circular
stonework wall with a thickness of @n. It should be
noted that there are a squared room with dimensions of
4.55x4.55m and a circular platform with diameter of 2.20
m within it. Library, casting shop and place for making
astronomical tools and instruments, school and other
buildings were discovereduring excavation and all these
units are encapsulated by a rectangular enclosure
(Varjavand, 1977pp. 169-242).

4. Some circular astronomical units of Maraghe
observatory and Jaipur observatory in India are
similar:

Some structures with circular plamere discovered by
Parviz Varjavand during his excavations irMaraghe
observatory. He only exerted effort to reconstruct the
biggest circular tower or the most substantial unit of the
complex. It seems that imddition to some precise
speculations about ¢h actual shape of some other
structures, because of lacking required information, the
excavator only provided some brief comments.

Though Varjavand was aware of the relations between
astronomical units oMaraghe observatory and Indian
observatory, but beeise of lacking sufficient documents
and information about this fact he only provided some
brief comments about the intact and reconstructed units of
Maraghe observatory. Based on required cues, | decided
to conduct a comparison between astronomical wofits
two observatory one iMaragheand the other in India as
possible. Fortunately after a great deal of search, | found a
useful and brief book by Daulat Singh on Jaipur
observatory and studied it. Then in the course of
searching scientific websites, Iuiad some extraordinary
useful and clear images and documents to conduct the
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mentioned comparison. One of these documents was a
valuable book byirendraNath Sharma

After extensive search in internet in relation to the
intended subject, | achieved a greatcess in this way
and they were very effective in my later research.

As previously mentionedshiaseddinJamshid Kashani
himself explained that he made some instruments of
Ologh Beig observatory in Samargand by study of and
inspiring from those irMaraghe observatory Fig. 8, 9,

10). Also observatories in china and Istanbul were built
based onMaraghe observatory which the last one in
Istanbul was established based on command of Sultan
Morad Il by well-known astronomer, mastdiagieddin

in 1575 (Varjavad, 1977 pp.383-390).

Observatories in India built in 17 century were
established irDehli, Jaipur, Ujjain (Fig. 7, 12, Masura

and Banaras(Fig,19) [3] by a talented Indian named
Maharajasawai Jai Singhl (16991744) [4]. He built
these five obseatories includingJaipur one in 1721
(Rajavat p. 38). One observatory has 18 astronomical
units Fig. 7) some of them are similar to ones in
Maraghe observatory. Maraghe observatory can be
reconstructed by ceful study of these observatories
based in In@.

In present research in addition to analyses and
explanations, one unit ofMaraghe observatory is
compared with one idaipur one because they are very
similar in various aspects in such a way that one cannot
distinguish between them with regard to bstiape and
function. Shape of the plan of this astronomical unit in
Maragheobservatory is in the form of three nested circles
which its first circle is as a solid cylinder from internal
view with a diameter 0f..80 m and its full diameter is
equal t09.60 m. The distance between second and third
circles (outer one) is filled with a terrace with a width of
60 cm. Width of the second circle wall is 8 and that

of the third circle wall which is the outer circular ring is
1.25m (Fig. 1, 5).

This unit mademe curious because of its strange shape
thus | decided to obtain the plan of the structure or its
recovered desigrF{g. 1) and gather some information on
its function. There was no sufficient information about the
shape of this unit except for some sgatians. Author of
"Exploration inMaragheobservatory" wrote: ‘function of
this structure only can be inferred by experts in ancient
astronomy. But according to specific situation of it and
four platforms within it, one can guess that this unit was
one ofthe great research sites Maraghe observatory
complex and was exploited for various measurements.
Probably some graduated planes and instruments were



Space Ontologinternational Journal 413) Spring2015 41-52

installed on those platforms. With respect to probable
function of this unit it can be said that it waslace for
installing magnetic rings being shifted due to solar
eruptions' (Varjavand, 197pp. 204-205). But we should
further enquire about this issue to see that whether it was
possible to make such sensitive instruments at those
times?
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Fig. 8. Fakhri Sixth or circular geometrical pulpit in Samargand
observatory
(Sourcethebook of "From Samarqgand tashari.)

Fig. 9. Fakhri Sixth or circular geometrical pulpit in Samargand
(author's archive)

5. A plan similar to "Digamsa Yantra' [5] of Jaipur
observatory (18th century) in Maraghe (12th century)

There is an astronomical unit daipur observatory in the
shape of three nested circles. This astronomical unit is
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completely similar to an instrument irMaraghe
observatory (Fig.11, 5). Thus itrcde said thafaipour
observatory in completing its astronomical units imitated
Maraghe observatory and other ones all over the world.
This imitation was either direct or indirect through
Samargand observatory. Comparing designs and images
of these two uits which are thousands kilometers far
from each other and there is a time interval between them
which amounts to several centuries, it is clear that they are

e

Fig. 10. Main tower of Samarqand observatory constructed
based orMaragheobservatoryauthots archive)

Fig. 11. DigamsaYantrafrom Jaipur (As.Ob.of Jaipu)

precisely similar. It is necessary to note thtipur
observatory was built between AD 171824 and
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building of Maragheobservatory began in 657 AH. Here
we describe the function dfis astronomical urfiased on
citation byDaulat Singh, an Indian scholar.

This astronomical buildingsimilar to Russiandolls, was
built in a nested form. In the middle of it, there is a
column with a height of In while the second circular
wall inscribeit as a ring and its height is equal to that of
central cylindrical columnHig. 11).

North

1y

Samrdt Yantra B

Digarnéa

Dakginottara Bhitti

Fig. 12. Ujjain observatory sitéfirendraNath Sharma

Height of the third circular wall or the outer oie2 m

and its diameter is & (nearly equal toMaraghe unit).
Horizontal surfaces of all circular elements are covered by
layers of marble stone and they are graduated fidm

360 and all wall surfaces are covered as such.

Above mentioned degrees in turn are decimally
graduated. Two strong cooper wires areeaged along
diagonals of outer walls from 0 to 180 degrees and 90 to
270 degrees (in such graduating systems always O
indicates north and 180 indicates south and 90 to 270
represents wesast direction). In the middle of the above
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said two wires a metaing is placed held by them. This is

a very precise instrument to show solar azimuth
(horizontal circle or horizontal arch with a clockwise
direction,big circle) and using a string and fixing it on the
middle or axis of the central column, azimuth can be
determined.

When sun rises, the shadow of circular metal ring
encloses the shadow on the second circular ring. We
extend the string direction up to the outer circular level
emerging on the side of enclosed shadow of the ring. In
this way solar azimuth isesad on stone graduated layers
on the third (outer) ring. Thus we can forecast sunrise and
sunset, weather conditions, time and seasonal changes by
dual calculations.

Also this method can be exploited for observation and
calculation at night time. In thisase a person rests on the
second ring and looks through the metal ring. Eye
direction is assumed towards the third wall. With regard
to eye direction and position of it, the azimuth of intended
planet is determined (Daulat Singh, Bg-39).

Obviously becase of great similarity of this astronomical
unit with one inMaragheonly a plan of it left for us, it
can be said that this Indian astronomical unit was modeled
by one inMaragheand it is clearly inferred based on
presence of such a planMearaghewith a time interval of

5 centuries and with a distance of thousands kilometers
from Indian one.

In addition to RamYantrathere are some other units in
Jaipur observatory similar to those iMaraghe one.
Presence of such a level of similarities cannot be
incidental. This astronomical unit is also can be seen in
Varanasiobservatory in addition tdaipur one(Fig. 13).

Fig.13. Varanasi observatoryDigamsaYantrd'.
(Source VirendaNath Sharma
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6. Tracking design of Ram Yantra in Maraghe
observatory and rdated issues

Up to now five circular units have been discovered and
identified in Maraghe observatory which islrawn in its
general map. For two ones of these circles with identical
shape and nearly equal size being established in the same
direction, Vargvand presented two separate plans though
he mentioned that these two circles may be identical and
are related to each other (Varjavand, 1,9200. But
because of lacking required data he had no way but
presenting two separate plans for them.

Studies condcted on astronomical instruments and tools
of Jaipur observatory [8] showed that in that observatory
also there are two observation instruments which are
completely of the same shape and size named "Ram
Yantrd' (Fig. 14). These two astronomical units are
complementary and have walls extended from bottom to
the top and are divided into 12 parts. Their walls are
connected together via a stone circular plane with a
diameter same as that of the units and each unit near to
itself and connected to the main citl@mu structure has
some steps so that accessibility of top level is achieved
which was required to read solar indicators and required
graduations. Therefore the appendix with a height of 2
and width of 160 cm connected to south circle of
Maraghe observatoy has a plan very similar to that of
Ram Yantra inJaipur one and this appendix iMaraghe
observatory is obviously the base of steps existing there at
old times Fig. 9, 14).

Considering the ability to circulate within partitions of
Ram Yantra, accordinto Fig. 18 12 partitions were
created using triangle stones attached to the walls. There
is an inverse case for the other similar astronomical
instrument i.e. solid and void spaces in these two
instruments are opposite to each other though their sizes
and the numbers of partitions are the same. This made it
possible to come in and exit from them for observation
purposes. With this trick astronomic engineers succeeded
to create a complete circular disc with two separate parts
(Fig. 14, 17) and astronomerfachieved their main goal i.e.

a more precise, complete and continuous observation.
Based on the above we should explore the north circle in
Maragheobservatory in the main explored site so that the
remaining parts of the steps are discovered which their
material is probably are removed as those of other
architectural units.

Also we should draw theifigures together not in a
separate manner. With a simple comparison both with
respect to the position and high level of similarity
between these two instrumerih architectural plan, their
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structure should be assumed as their Indian pedaipur
observatory and in this way the design for reconstruction
of them can be providedFig. 14). Therefore by
identifying astronomical units and other works of
Maraghe observatory even further and by providing
complete information to various groups of public we can
revolutionize visiting this valuable scientific place and
make it constructive, useful and pleasant for visitors as
currently is the case for other countriesittWhis purpose

in mind, at first stone architecture of observatory hill was
focused Fig. 15, 16) and we tried to identify this great
research, academic and scientific complex which at its
time operated at an international level and science
generated byit flowed all over the world and the
significant evidence of it is currently seen from
Samargand up to China and India. Above all, we should
try to revive achievements of previous generations and in
this line we are responsible for introducing this great
scientific work to the people of our country (Iran) and
also people of other parts of the world so that inventions
and innovations of our national scientists is not attributed
to others.

As a result of our little information and our deficient
communicatios, an Indian author attributes the invention
of this astronomical instrument made using architectural
material to Jai SinghMirendaNath Sharma 1995, p.80).

But the fact is that several centuries before establishment
of Jaipur observatories the originahstrument had been
built in Maraghe Another researcher while providing
some useful information repeats the previous comments in
some way: "RamYantrais of a cylindrical shape and
consists of two cylinders. The main function of it is to
measure the harontal arch placed between fixed points
of space bodies in a clockwise direction. In astronomy
there were no instruments similar to Radfantra before
invention of it by Jai Singh. Virendra Nath Sharma
explains the principles for exploiting RaMantra and
says:'RamYantrahas a cylindrical structure. It is open at
the top and its height mqual to its radius.' $arry Perlus

Fig. 14. Jaipur observatory. These two instruments are complementary
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Fig. 15. Temples excavated in 'Rasad Daghi" hill related to shamanism. (Source: author)

Fig. 16. Temples excavated in "Rasad Daghi" hill related to shamanism, spaces of bottom floor. ¢Gnock:
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