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ARCHAEO ASTRONOMY IN INDIAN CONTEXT 
A Programme of the Tata Institute of Fundamental Research  

Funded by Jamsetji Tata Trust 
 

HIGHLIGHTS OF RESULTS FROM DECEMBER 2006 TO DECEMBER 2010 
 
Executive Summary. 
 
Archaeo Astronomy is a study of the origin and growth of astronomy. We are studying this in the 
Indian context in a rigorous manner. In order to obtain a broader view of the subject we have 
undertaken the study of the origin of astronomy that may have been recorded in the earliest rock art 
and megaliths, and are also studying the Harappan civilisation, its script and its evolution. We have 
extended our studies to search for astronomical references on records from stone and copper plates, 
ancient architecture and Sanskrit and Tamil literature.  
 
In order to achieve this, we are working on several fronts and collaborating with several institutions 
with expertise in various fields such as rock art, megalithic archaeology, Harappan archaeology, 
ancient Indian studies, institutions handling remote sensing as well as institutions of physical science 
research. The points listed below are indicative of some of the initiatives; but it is not exhaustive. 
 

 Visited more than twenty-five megalithic sites and surveyed seven sites in South India. Visited 
four sites in Nagpur region, surveyed one and was involved in the survey of another site. 

 Demonstrated that at least two of these sites in Karnataka seem to have been made with 
astronomical considerations.  

 Initiated Process for the acquisition of high resolutions satellite images for some of these sites 
is in the planning stage.  

 Visited to three Harappan sites and its survey together with past excavation reports is being 
studied. 

 Modelled Harappan culture and its spread using simulation and modelling techniques, which 
has uncovered several patterns of its evolution that were not so far known.  

 Initiated a completely new approach to study the structure of the on Indus script based on 
computational linguistics and pattern recognition techniques have been undertaken.  

 Interpretation of some astronomical references in Sanskrit literature are being studied as also 
the temple architecture from astronomical perspective.   

 A  catalogue of more than a thousand eclipses recorded between 400 AD and 1800 AD with 
major records from 1000 AD to 1300 AD has been created; these will be useful for important 
quantitative studies of past Earth's rotation. 

 
Our work has resulted in more than thirty publications in journals and conference proceedings. We 
have given more than twenty-five public and academic lectures.  Attempts to popularise the subject 
and sensitize the layperson and Government officials regarding the heritage value of sites of 
archaeological importance have been well received.  These efforts were done through popular level 
lecture, media interviews and popular science journals.  
The role of TIFR has been crucial in all this. With its tradition of scientific rigour and free thinking as 
well as exhaustive training in all aspects of modern scientific technology, simulation techniques etc. 
TIFR has helped us to raise the standard of this work significantly. Such work is a part of the long-
standing commitment of TIFR in encouraging scientists to take up socially relevant programmes with 
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high quality of rigour that can set up a standard of objectivity which can be emulated in other areas 
and other institutions.  
 
We believe the programme has now matured enough to take up a major leap forward in using modern 
scientific techniques to understand the intellectual growth, particularly, of astronomy in India. 
 

1. Background 
 
Human relation to astronomy is very complex. At one level, the sky is a mesmerising marvel of 
nature and at the second level, it is the source of life and a life-breath for earth dwellers. At 
the third level, the study of the sky is a study of the heavens, the stars, planets, comets and 
other wonders therein. Overall, it is the regularity and uncertainty of nature at its best. For 
early humans, the heavens were not only a fascinating sky-show, but a large jumble of 
everything including moon, stars and a large number of more erratic variables such as, 
comets, guest stars, meteor showers at night as well as  Sun and rainbow during the day, not 
to mention rains, thunder, lightning etc. at all times. Sky therefore must have appeared like a 
fascinating mystery.  
 
It took several millennia for humans to sort out the complex aspects of astronomy. In the 
mean time, astronomy has been a source of mythologies, linguistic growth, tools for travels 
and harbingers of times to come not to mention calendars and ceremonies. Astronomy has 
had more impact on human life than we normally appreciate. Sky watching therefore has 
occupied humans from early times and has been an integral part of human intellectual 
development. Since the rains from the sky seed the earth and make her fertile, Mother Earth 
and Father Sky have been one of the most enduring images of human existence. Images 
created as early as 75,000 years ago are believed to have exhibited this faith amongst 
humans.  
 
However, astronomy is also an exacting science. The sun rises in the east but the exact point 
of rising moves in a fixed rhythm. Similarly, the moon changes its phases in a regular manner. 
The planets have specific patterns of movement. At a wider level the rising point of the sun, 
the background of stars and the seasons all seem to be interlocked. It is therefore not 
surprising that astronomy should be the first observational and utilitarian science for which 
humans would create great observatories and spend considerable resources, both material 
and intellectual. It is also not surprising that astronomy would pervade all aspects of human 
life, from farming, mythologies, early architecture to religion.  
 
In India, this interrelation has not been well explored or systematically studied over the entire 
span of human existence. We therefore initiated this study of investigation of the origin and 
growth of astronomy spread over the entire range of human time from prehistoric period.  
 
During the study, several important results on this and related fields were obtained and about 
30 papers were published in various journals. A list of all the papers is given in Appendix 1. A 
summary book of the broad features of our studies is published as a TIFR technical report. We 
divide our study according to the field of study and highlight future plans in each field below. 
This programme of TIFR is supported by the grant from  Jamsetji Tata Trust from December 
2006 for a period of 5 years. We now wish to extend this work further. 
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2. Collaborators 
 
Various scientists and institutions have collaborated in these efforts. During the work major 
contributors came from the institutions listed below. The list is not exhaustive and casual  
contributions from some other institution are not listed here. 

 
In order to take the work forward TIFR entered into a formal Memorandum of Understanding 
with the Deccan College, Pune in June 2010 with the purpose of cross utilisation of facilities 
for benefit of scientists from both the Institutions. 

 
We are also discussing collaboration with Dr. Ashok Joshi, Director, Regional Remote Sensing 
Service Centre, Nagpur (RRSSC) of ISRO. We are planning to acquire high-resolution satellite 
images of selected megalithic sites in central and southern India to understand their possible 
astronomical orientation. We have sent a list of eight sites (three in Vidarbha and five in 
Karnataka) to RRSSC and we hope to get satellite images by January 2011. This will be in 
collaboration with the Rajiv Gandhi Science & Technology Commission of the Government of 
Maharashtra. 

 
We have also entered into an understanding with the Indira Gandhi National Centre for the 
Arts (IGNCA) for the study of astronomical significance of the catalogue of rock art being 
created by them. 
  
2.1 Names of collaborators (in alphabetic order): 
 

1. Abbas Riza, Indian Numismatic Society, Nashik 
2. Adhikari Ronojoy, Institute of Mathematical Sciences, Chennai 
3. Bandey Aijaz, Kashmir University, Srinagar 
4. Bhujle Sudha, ex-TIFR, Mumbai 
5. Gangal Kavita, TIFR (Till August 2009) 
6. Iqbal Naseer, Kashmir University, Srinagar 
7. Jamkhedkar A P, Head Department of Buddhist studies, Somaiya Institute, Mumbai 
8. Joglekar Hrishikesh, Khagol Mandal, Mumbai 
9. Mahadevan Iravatham, Indus Research Centre, Chennai 
10. Mahajani Parag, Pune  
11. Masood Tabassum, Kashmir University, Srinagar 
12. Menon Srikumar M., Manipal Institute of Technology, Manipal  
13. Mohanty Rahas, Deccan College, Pune 
14. Rao Kailas, Manipal Institute of Technology, Manipal 
15. Rao Rajesh P N, University Washington, Seatle, USA 
16. Sinha Sitabhra, Institute of Mathematical Sciences, Chennai 
17. Subbarayappa B V, Centre for History and Philosophy of Science, Indian Institute of 

World Culture, Bangalore 
18. Sule Aniket, Homi Bhabha Centre for Science Education, TIFR, Mumbai 
19. Tarde Bhagyashree, TIFR (Till September 2009) 
20. Vahia Mayank N., TIFR 
21. Yadav Nisha, TIFR  
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2.2 Names of Institutions in alphabetic order:  
 

1. Centre for Central Asian Studies, Kashmir University, Srinagar 
2. Centre for History and Philosophy of Science, Indian Institute of World Culture, 

Bangalore 
3. Deccan College, Pune 
4. Department of Physics, Kashmir University, Srinagar  
5. Homi Bhabha Centre for Science Education, TIFR, Mumbai 
6. Indira Gandhi National Centre for the Arts, New Delhi 
7. Indian Numismatic Society, Nashik 
8. Indus Research Centre, Chennai 
9. Institute of Mathematical Sciences, Chennai 
10. Manipal Advanced Research Group, Manipal University, Manipal 
11. Tata Institute of Fundamental Research, Mumbai 

3. Work on Indian Megaliths  
 
Megalithic structures are prevalent in all parts of India and are generally assumed to be 
related to death rituals with primary or secondary burials or memorial structures. However, 
we know from western experience that megaliths also make the earliest astronomical 
observatories used to keep track of the movement of the sun and the moon. There are also 
some tantalising cave paintings  such as the one found at Onake Kindi, in Karnataka (Figure 1) 
suggesting a relation between the body and the cosmos beyond in the sense of proximity to 
material objects to apparent presentation of Sun, Moon and radiating energy. We therefore 
decided to study some select megaliths from central and southern India to investigate 
whether  any relation between the megalithic structures and astronomy exists. The result was 
revelation of several interesting features about the ancient megaliths. 
 

 
Figure 1: A cave painting at Onake Kindi, in Karnataka showing burial and mystical drawings 
suggesting a relation between burials and the cosmos.  

a. We undertook an extensive survey of the megalithic site at Junapani near Nagpur that 
is famous for its stone circles (Figure 2) about 150 of which have been catalogued. Our 
initial analysis suggts that the placement of cup-marked stones in the circles seem to 
have some astronomical significance. We were able to demonstrate that the stone 
circles seem to have cup-marked stones placed at specific locations indicating some 
important directions. A summary of our initial results was presented at the inaugural 
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review talk at the 7th International Conference on Oriental Astronomy held in Japan in 
September 2010. 

 
Figure 2: Survey work at Junapani, Nagpur. 

b. More than a thousand megaliths have been reported from various parts of South India. 
They are generally assumed to be sepulchral or memorial stones but, we decided to 
investigate if they had any astronomical orientation. For reconnaissance we visited 27 
megaliths largely in Karnataka and western Maharashtra (table 1), two of which had 
not been reported earlier. We then took up 2 sites for more detailed studies. 

 

Table 1: Sites visited for their potential as astronomical observatories. 

Sl. 
No. 

Sites visited Their nature Comments 

1 Brahmagiri, Karnataka Chamber burials, pit 
burials 

 

2 Marayoor, Kerala  Dolmens, rock art  

3 Burzahoma, Kashmir  Neolithic, megalithic, pit 
burials, menhirs 

Roughly surveyed 

4 Bandipur, Karnataka * Chamber burials Report sent to Man and Environment. 
Satellite maps requested. 

5 Hire Benkal, Karnataka  Chamber burials, dolmens  

6 Onake Kindi, Karnataka  Rock art  

7 Nilaskal, Karnataka  Avenue ? Surveyed for 3 seasons.  

8 Byse, Karnataka  Avenue ? Surveyed for 3 seasons 

9 Hergal, Karnataka  Avenue ? Satellite maps requested. 

10 Mumbaru, Karnataka  Avenue ? Satellite maps requested. 

11 Thrissur, Kerala  Rock-cut chamber burials, 
urn burials 

 

12 Aihole, Karnataka Chamber burials, dolmens  

13 Bachinagudda, 
Karnataka 

Chamber burials, dolmens  

14 Hanamsagar, Karnataka  Avenue Requested ASI for survey report. 

15 Kyaddigeri, Karnataka  Chamber burials 
(destroyed) 

 

16 Chik Benkal, Karnataka  Chamber burials, dolmens  
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(dilapidated) 

17 Vibhutihalli, Karnataka Avenue Survey map available with us. 

18 Bheemarayanagui, 
Karnatakka 

Avenue (disturbed)  

19 Gudde Maradi, 
Karnataka 

Menhirs (Destroyed)  

20 Santhekatte, Karnataka Menhir (?)  

21 Konaje Kallu, Karnataka Dolmens (some 
dilapidated) 

 

22 Kakkunje, Karnataka Dolmens (some 
dilapidated) 

 

23 Rajan Koluru, Karnataka Dolmens  

24 Aaraga Gate, 
Karnataka*  

Avenue? Report sent to Man and Environment. 

25 Junapani, Maharashtra Stone Circles Surveyed for 2 seasons. Satellite maps 
requested. 

26 Nagbhid, Maharashtra Avenue? Satellite maps requested. 

27 Champa, Maharashtra Stone Circles, Cairns Satellite maps requested. 

*Sites previously not reported 

 
We then surveyed the megalithic site of Byse, near Nagara in Karnataka (Figure 3a, 3d). 
The site was then simulated for the length and movement of shadows over the period 
of a year. We found that the stones are aligned to the solstices with good accuracy 
(Figure 3b, 3c). We have been able to show that the stones are so placed that the 
easternmost stone shadows fall on a partner stone during the sunrise time of solstices 
and the shadows of the westernmost shadows fall on a partner stone during sunset. 
The association is far more significant than what would be expected by chance. This 
suggests that the alignments were meant to mark at least the solstice directions and it 
is likely that they also marked rising and setting points of moon during major and 
minor standstills. This is significant since individual menhirs tend to be oriented in 
cardinal directions and their orientation with respect to each other seems to mark out 
the solstices. Another large megalithic site at Nilaskal was also possibly an observatory. 
The work is being submitted for publication and  the results were presented at three 
international conferences which  were well received. Two hitherto unreported 
megalithic sites, Aarga Gate and Bandipur, both in Karnataka were also discovered 
during this study. These findings have been sent to Man and Environment for 
publication. 
 

Future work: We plan to undertake an extensive survey of the sites discussed here to 
establish the nature of the ancient megalithic monuments and study their astronomical 
significance. This will include parallel surveys of the absolute and relative orientation of south 
and central Indian megaliths, rock art found at these sites as well as cup-marked stones and 
other aspects related to the megaliths.  We also plan to use high-resolution satellite imagery 
to study the larger aspects of megaliths. In order get a better perspective, we now propose to 
use ISRO satellite images in future. We have held preliminary discussions with the Director of 
Regional Remote Sensing Service Centre, Nagpur and he has been very positive about 
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participating in the programme. We are confident therefore that this satellite survey will be 
very fruitful. 

 

 
Figure 3: Byse, Karnataka a) layout of stones at Byse b) orientation of the stones to summer solstice 

sunrise c) orientation of the stones to summer solstice sunrise d) one of the megalithic stones. 

4. Work on Harappan Civilisation  
One of the greatest unknowns of India’s prehistory is the Harappan Civilisation. The evidence 

Figure 4: Stages of the rise and fall of the Indus valley civilisation. We define cultural complexity as a sumtotal 
of 10 distinct parametes such as writing, fixity of residence, urbanisation etc. quantified on a scale of 0 to 4 
(Vahia and Yadav, 2011). 
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for its existence is entirely archaeological and its script remains undeciphered. However, it 
was a truly complex civilisation with significant intellectual achievements. They must have, 
therefore, had significant astronomical component also. We decided to study the intellectual 
aspects of the civilisation, including understanding of its spread, growth, technology, 
geometry as well as its script in detail. In order to get a better feel and to survey we visited 
some Harappan sites. We visited Dholavira thrice, Lothal twice and also sites such as 
Rakhigarhi and Farmana where either active excavations are on, are planned in future by 
Deccan College, or fully excavated situes 
 
a. Rise and decline of Hrappan Civilisation: Work on the dynamics of the growth of the 

Indus valley civilisation resulted in identification of specific stages of its growth. We 
specifically studied the causes of its evolution and decline based on models of other 
civilisations. It was shown that the rise and decline of the civilisation had a specific 
discernible pattern that can be quantified (Figure 4). This result is to be published in a 
Russian journal, Social Evolution and History in September 2011.  

 
 
Future work: On the basis of this analysis, it was suggested that the development can be 
studied against a specific model. In particular, the third rise Pt34 will have specific implications 
that will identify the reason for the rise in civilisation. This can be validated in detail based on 
archaeological data. Similarly, the fall point is also of great significance and while we have 
suggested decline due to excessive demand on resources, various competing models including 
breakdown in commerce with West Asia could also be a possible cause.  One of the features 
of the rise at Pt34 is its steepness. The civilisation makes a very dramatic jump across the 
entire 1.5 million km2 in a short period of less than 100 years. It is possible that this may have 
arisen due to a general agreement of the population on the standardisation of writing, units of 
measure and technology1.  

 

 
 
 

                                                 
1
 The history of  Loya Jirga is dated to Vedic period and may well have been Harappan in origin. 

Figure 5: Energy analysis of various parameters affecting the growth of a civilisation. This 
graph was created in our preliminary analysis. Connectivity of a node indicates how influential 
it is in the growth of the culture. The work is in progress. 
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Network studies: The method of network analysis can be used in two major ways. In our 
initial analysis (Figure 5), various parameters that define the different levels of the civilisation 
(Figure 4) can be studied. Characteristics of the civilisation can be identified and their relative 
importance at relative stages of the changes in the civilisation can be evaluated.  
 
b. Time evolution of Harappan civilisation: Work on the spread of Harappan civilisation 

through an analysis of timeline of the civilisation resulted in identification of three 
separate clusters within the civilisation. It was published in Current Science (Figure 6). In 
the paper, the catalogue created by Possehl (1997) was utilised to understand the spread 
of the civilisation over its active period from 5000 BC to 1500 BC. The analysis clearly 
showed that the spread was gradual and dictated by major urban centres. Also, the 
distribution of sites was not uniform but formed three distinct clusters, each with their 
own characteristics.  
 

 
Figure 6: Distribution of Harappan sites as a function of time (Gangal et al., 2010). 

Future work: Network studies can be effectively used to study the sites as a network of 
groups and their interrelation can be analysed (Figure 7). A quick analysis shows that the 
civilisation makes a transition from random distribution to scale invariant distribution.  

 
Figure 7: Phase transition studies in Indus valley civilisation. 
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c.    Geometry and symmetry: The geometrical art and their understanding of fundamental 

geometrical shapes, symmetries and their interplay were highlighted in a publication. In a 
series of papers published by us, it was shown that the Indus valley civilisation had 
explored a large variety of circular and conical geometrical shapes and used them in a 
variety of patterns. Their accuracy of workmanship and understanding of rectangular 
geometry were also very impressive. They also had a good understanding of symmetries 
and abstraction of figures. These issues were discussed in our papers in Indian Journal of 
History of Science and in a chapter in a book on growth of mathematics in India. 

 
Future work: This study needs to be extended to understand their exploration of geometry on 
all size scales. 
 
c. Harappan writing: Harappan script was assumed to be a string of symbols put together 

for unknown purposes. Using the techniques of computer linguistics and statistical 
analysis, we have demonstrated that the Indus writing is clearly highly structured with a 
flexibility in sign usage similar to linguistic writing. It was published in some of the most 
reputed journals in science and computer science such as Science, Publications of the 
National Academy of Sciences, USA, PLoS One etc. This work has attracted attention from 
various International news agencies and science magazines as well as newspapers in 
several countries. We were also invited to give lectures in the University of Wisconsin, 
Madison and also give a credit course on this subject at the University of Washington, 
Seattle. 

 
In Figure 8 below, taken from Yadav et al. (2010) we have listed a series of tests that were 
performed on the Indus concordance of Mahadevan (1977) which all show that the 
writing is highly structured.  
 
We have also undertaken a study on the manner in which the Indus signs were designed 
and merged to create the entire set of 417 signs and the environment in which they 
appear. We have shown that the merged signs are not simple short hand but seem to 
have a fundamentally different function. 
Recently, we have initiated a new study on the quality and nature of writing on a specific 
subset of Indus seals in collaboration with Prof. J M Kenoyer, Co Director, Harappa.  

Figure 8: Results of a series of tests performed on Indus corpus showing that the writing is 
highly structured (Yadav et al., 2010). 
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Archaeological Research Project (HARP), University of Wisconsin, Madison which should 
provide new insights into the quality of writing during the mature Harappan phase In a 
recent study (Figure 9), we have shown that the writing has the rigidity and flexibility 
comparable to linguistic writing. 

 

 
Figure 9: Study of flexibility in Indus writing compared to other writing systems (Rao et al, 2010). 

Future work: Future work will rely on extensive data mining beyond bigram models to search 
for long-range correlation in sign usage. It will also include the search for semiotic 
substructures of Indus writing. A study of sign design and their complexity, their association 
with media and sites where the written objects are found and other such studies will also be 
undertaken.  

5. Work on ancient records of eclipses  
 
Studies of ancient India have often been hampered by lack of records. We therefore 
undertook a major exercise to identify and catalogue all the eclipses in ancient Indian records 
and have compiled a list of more than one thousand eclipses recorded in India between 800 
AD and 1800 AD (Figure 10) that are scattered in the form of ceremonial plaques, copper 
plates etc. The data will be used in collaboration with the Japanese colleagues Dr. Tanikawa 
and Dr. Soma of National Astronomical Observatory of Japan, Tokyo with expertise in the 
subject to understand the straggling in earth’s spin over this period since eclipse locations 
help pinpoint this parameter with great accuracy. A meeting is scheduled in the middle of 
January 2011 to take stock of the data. 
 
Future work: It is proposed to analyse this data of eclipses in order to study subtle variations 
in the Earth’s rotation as well as to validate the nature of ancient Indian records. The method 
of using the eclipse data, especially the data on solar eclipses has been done with scattered 
eclipse records from other regions. It is hoped that the Indian data will, for the first time, 
permit a far more comprehensive study of the subtle changes in the earth’s spin (due to 
internal geophysical changes, sea level changes and post-Ice Age recovery) over a millennium. 
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Figure 10: Data on eclipses compiled for detailed study. The variation in the observations at different 

periods are a reflection of the environment in which the astronomers worked and the durability 
of the records, which is interesting in its own right.   

6. Record of rare astronomical references in ancient literature 
 
While a lot of work has been done on the understanding of formal astronomical literature in 
ancient India, there has not been a systematic study of some of the rare astronomical 
references in ancient text. We have studied some of the astronomical references in early 
literature with care and shown that several of them have astronomical relations that were lost 
in later period. In particular we were able to show that the Saptarshi Calendar mentioned in 
Mahabharata to refer to the date of coronation of Parikshit refers to a specific calendrical 
date that can be fixed at 1200 BC (Figure 11). 
 
Similarly, we have studied other aspects of panchanga and other astronomical calculations. In 
particular, we have also studied the distance between the marked Nakshatras and their 
current distance from the path of the Moon which shows that the Nakshatra system must 
have been designed around 3000 BC. 

 
 

Figure 11: The 'house of Saptarshi' defined in Matsya Purana, its variation and calendrical relevance 
(Sule, Vahia and Bhujle, 2007). 

2100 BC 2000 AD
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Future work: We plan to extend the study of such astronomical references and folklores to 
identify and investigate their accuracy and relevance. We have already made a study of 
ancient astronomical myths that is to be published as a chapter in a book “Stars of Asia” in 
Japan being edited by Dr. N Kaifu (Former Director General of National Astronomical 
Observatory of Japan). We will continue to study issues such as references to eclipses, 
supernovae, comets etc. in any format in ancient Indian context. 

7. Rock art and its astronomical significance  
 
Rock art is one of the most potent form of expressions of human sense of interest and 
wonder. India is rich in rock art and rock etchings. We have studied two of them in great 
detail. One from Sopore in Kashmir seems to indicate the first impressions of either a meteor 
impact, or at least the first mapping of the terrain dated to before 20,000 years ago. The 
paper is to appear in Puratattava.  
 
In another study (Figure 12), we have shown that another rock engraving from Burzahom in 
Kashmir might be perhaps the first to be the first record of a supernova HB9 dated to 3000 BC. 
The paper has been submitted to the Journal of Astronomical History and Heritage, Australia. 
  

 
Figure 92: Rock art at Burzoham in Kashmir and its apparent recording of a Supernova in 3000 BC. 

Future work: We have entered into an  understanding with the Indira Gandhi National Centre 
for the Arts (IGNCA) for the study of astronomical significance of the catalogue of rock art 
being created by them. This should result in significant insights into the nature of human – sky 
relation as expressed on rock faces.  

8. Instrumentation work 
  
In order to study the archaeological samples more scientifically, we have initiated the 
development of in-house instrumentation capabilities. We are developing a mobile X-ray 
Spectroscopy facility (Figure 13). 
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Future Plans: We are planning to develop extensive experimental infrastructure in 
collaboration with other likeminded institutions so that the instrumentation technology that 
are available in physical sciences also become available to archaeologists. A joint meeting of 
TIFR, Deccan College and BARC scientists was held in TIFR in September 2010 to discuss these 
issues. We have also proposed additional facilities such as accelerator based instrumentation 
for Carbon dating and other rare element studies in the XII Plan of the Government of India. 
 

  
Figure 13: An in-house development of a mobile XRF facility being developed for non destructive 
studies of  archaeological samples. 

9. Impact of our work 
 
International Impact 
 
The work has resulted in presentation of our work at several international platforms. Twenty-
three presentations are listed here. This is apart from a collaboration meeting on “Indian 
Eclipse data and the earth’s spin” between Prof. M N Vahia and Dr. Mitsuru Soma (NAOJ, 
Japan) and Dr. Kiyotaka Tanikawa (NOAJ, Japan) which is scheduled to be held in January 2011 
in NAOJ, Japan for the analysis of eclipse data generated by this work. 
 

1. Invited talk on Eclipses in Ancient India at the 5th Conference on Origin of Astronomy, 
Tokyo Japan, January 2011.  

2. Invited review and two papers on Indian Megaliths were presented at the 7th 
International Conference on Oriental Astronomy in 2010 in Tokyo, Japan. 

3. Three papers on Origin of Indian Megaliths, Harappan Civilisation and Harappan Script 
were presented at the Third International Conference of the Society of South Asian 
Archaeology in August 2010 (Colombo, Sri Lanka).  

4. A paper on “Investigating Megalithic Astronomy:  the role of remote sensing” was 
presented at the International Conference on Archaeology and Remote Sensing, Trichi 
in September 2009. 

5. An invited talk was given on “Indian astronomy and inscriptions” at the International 
conference on History of Science, Budapest in June 2009. 
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6. A public lecture on History of Indian Astronomy was given Museo Elder de la Ciencia y 
la Technologia in Canary Islands, Spain in June 2009. 

7. A public lecture on Indus Script was given at the University of Washington, Seattle in 
April 2009. 

8. A credit course consisting of five lectures on Indus Civilisation and its writing was given 
by the research team at the University of Washington, Seattle in April 2009. 

9. A lecture on Origin and Growth of Astronomy in India was given at the California 
Institute of Technology in April 2009.  

10. Two invited talks on the Origin and Growth of Astronomy in India and the Structure of 
Indus Script were given at the Centre of South Asian Studies, University of Wisconsin, 
Madison in April 2009. 

11. Two papers were presented on Origin of Astronomy in India and Indus Seal Patterns 
were presented at the Second International Conference of the Society of South Asian 
Archaeology in May 2008 (Shiraz, Iran). 

12. Invited review on our work on Origin and Growth of Astronomy in India was presented 
at the 6th International Conference on Oriental Astronomy in 2008 (Townswill, 
Australia). 

13. Two papers were presented on our work on Prehistory of India and Harappan Script  
were presented at the 1st International Conference of the Society of South Asian 
Archaeology in 2006 (Mumbai, India).  
 

Our work on Indus script is listed as one of the important contributions in the field by the US 
website Harappa.com that lists important research on Indus Culture and makes it available to 
the community.  
 
Impact in India 
 In India, more than forty lectures were given by the collaborators in Chennai, Mumbai, 
Bangalore, Nagpur etc. at several academic and public forums. In the interest of brevity, only 
the select ones are listed here.  
 
Lectures given at TIFR 

1. Megalithic Astronomy in South India, Srikumar Menon, ASET Colloquium, November 
26, 2010. 

2. Structure of Indus Script, Nisha Yadav, ASET Colloquium, September 11, 2009. 
3. Markov Chain Model of the Indus Script, Ronojoy Adhikari, Theory Physics Seminar, 

September 1, 2009. 
4. History of India astronomy, Harappa and all that ....”, M. N. Vahia, Wednesday 

Colloquium, August 26, 2009. 
5. The Harappan Question: Venturing into the silent zone of Indian prehistory, M. N. 

Vahia, Wednesday Colloquium, March 8, 2006. 
 
Lectures given in other academic institutions 
 

1. Cosmogony and Space: From Rock Art to Temples, M. N. Vahia, National Institute of 
Advanced Studies, Bangalore, December 3, 2010. 
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2. Megalithic Builders of South India, Srikumar Menon, Centre for Excellence in Basic 
Sciences, Mumbai, November 2, 2010. 

3. Indus Valley Civilization and its Writing, Nisha Yadav, Special Lecture in the 2nd IMSc 
Complex Systems School, IMSc, Chennai, Jan 27, 2010. 

4. Harappan Civilisation: Its Culture and Writing, M. N. Vahia, National Centre for 
Biological Sciences, Bangalore, June 12, 2009. 

5. Indus People and their Script, M. N. Vahia, National Institute of Advanced Studies, 
Bangalore, June 9, 2009. 

6. Dynamics of Harappan Civilisation, Kavita Gangal, Centre for Excellence in Basic 
Sciences, Mumbai, March 17, 2009. 

7. Dholavira: A Futuristic Metropolis of the Past, M. N. Vahia, Centre for Excellence in 
Basic Sciences, Mumbai, January 20, 2009. 

8. Archaeo Astronomy in Indian Context, M. N .Vahia, Seminar on History of Classical 
Sciences, Poornaprajna Institute of Scientific Research & NIAS, Bangalore, Feb. 2008. 

9. Indus Seals and Script, Nisha Yadav, Seminar on History of Classical Sciences, 
Poornaprajna Institute of Scientific Research & NIAS, Bangalore, Feb. 2008. 

10. Simulation of Cultures, M. N. Vahia, Conference on History of Science and Technology, 
Deccan College, Pune, December 2007. 

11. Indus Objects: Patterns and Script, Nisha Yadav, Conference on History of Science and 
Technology, Deccan College, Pune, December 2007. 

12. Indus Script, Nisha Yadav, Institute of Mathematical Sciences, Chennai, Nov. 2007. 
13. Indus Culture and its Script, Nisha Yadav, Centre for Excellence in Basic Sciences, 

University of Mumbai, December 2007. 
 

Lectures given at public forums 
1. The Roots of India, M.  N. Vahia, International Centre for Cultural Studies, Nagpur, 

November 24, 2010. 
2. Indus Seals and Indus Script, Nisha Yadav, International Centre for Cultural Studies, 

Nagpur, November 24, 2010. 
3. Origin and Growth of Astronomy in India, M. N. Vahia, Observer Research Foundation, 

Mumbai, June 12, 2010. 
4. Understanding an ancient writing system: The Indus script, Nisha Yadav, TEDx Mumbai, 

April 3, 2010. 
5. Origin and Growth of Astronomy in Indian Context, Sathe College, Mumbai, December 

2009. 
6. Indus Valley Seals: A Glimpse into their Art and Writing, Nisha Yadav, Ruia College, 

Mumbai, November 22, 2009. 
7. Indus Script: Search for Grammar, Nisha Yadav, A half-day seminar on “The Indus 

Script”, Roja Muthiah Research Library, Chennai, November 17, 2007. 
8. India’s prehistory: New evidence from archaeology, astronomy, genetics, genealogy 

and linguistics, M N Vahia, Public lectures, Roja Muthiah Research Library, Chennai, 
July 31, 2007. 

9. Challenges of Archaeo Astronomy in Indian Context, Mayank Vahia at a two day 
seminar on “The Indus Script: Problems and Prospects”, Roja Muthiah Research 
Library, Chennai, July 30 2007. 
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10. Indus Script: Search for Grammar, Nisha Yadav at a two day seminar on “The Indus 
Script: Problems and Prospects”, Roja Muthiah Research Library, Chennai, July, 30 
2007. 

11. Power and limits of Computer aided study of Harappan Grammar, Hrishikesh Joglekar 
at a two day seminar on “The Indus Script: Problems and Prospects”, Roja Muthiah 
Research Library, Chennai, July 2007. 

12. Deciphering Indus Script, Nisha Yadav, Public lecture at Roja Muthiah Research 
Library, Chennai, Nov 2007. 

 
Television appearance 
 
Ms. Nisha Yadav appeared on a live televised debate on Indus Script on Times Now (The 
News-hour Special), on August 6, 2009 along with two other experts from USA. 
 
Press coverage of our work on Indus script 
 
Our work on Indus script attracted a lot of international media attention and stories of our 
work were featured in Scientific American, New Scientist, Guardian (UK), Time Magazine (Web 
edition), Physics Today, BBC (Web edition and radio), Wall Street Journal, Wired, Discover, 
Science News, Smithsonian Magazine, etc. and in Indian press in DNA, The Telegraph, Hindu, 
Science Daily, Times of India, Indian Express, Hindustan Times, Nature (India), Deccan Herald 
etc. Our papers and extensive press coverage on Indus culture and its script are available at 
indusresearch.wikidot.com. 

10. Academic output 
 
More than thirty papers have appeared (or are submitted to various academic journals) of high 
reputation for rigour. We have also been invited to contribute chapters in book chapters (see 
Appendix 1). Three students have registered for Ph D in Computer Science (Mumbai 
University), Architecture (Manipal University) and Astronomy (Kashmir University).  

11. Future plans 
 
It is proposed to extend this work in future as per the discussions in the respective sections 
above. In addition to this, new studies such as study of rock art, numismatics etc. will be 
initiated. We also plan to continue our studies on ancient literature, architecture simulations, 
surveys, megaliths, Harappan Civilisation etc. We have also proposed setting up of an 
accelerator facility, survey instrumentation etc. for more experimental work in future. The 
planned expenditure for the next five years is given in Appendix 2. Ideally, due to the inter 
disciplinary nature of the research programme, the group could be well served if an 
archaeologist, a geologist, a chemist and a computer scientist, especially for animation and 
simulation are added to the group, at least on part time basis. 
 
There is considerable excitement in the archaeological community about collaborative efforts 
to take the Indian archaeological work to a higher level of technological sophistication. This 
has resulted in formal and informal understandings with the following institutions to extend 



18 

 

the work especially in conservation archaeology, laboratory archaeology, and computational 
archaeology. In order to pursue this we have entered into a formal or informal agreement with 
the following institutions: 
 

 Deccan College, Pune 

 Indira Gandhi National Centre for the Arts, New Delhi  

 Indus Research Centre, Chennai 
 Kashmir University, Srinagar 

 Manipal University, Manipal 

 Numismatic Society of India, Nashik 
 
One more aspect we wish to pursue is the study of knowledge astronomy and interpretation 
of the night sky amongst the tribal people of India. We have discussed the issue with some 
intermediaries to local tribes and with the Nehru Planetarium, Mumbai. We may also explore 
the possibility of approaching other planetariums for tribes in their area. The plan is to call 
them to the planetarium and explain the sky to us, as they understand it. We propose to video 
record such sessions.  
 
We therefore hope to add following new researchers to our programme: Dr. Sridhar 
Mahadevan, of the University of Massachusetts, have closer interaction with the staff of 
Members of Deccan College, Dr.Mulla and Dr Rahas Mohanty,  of IGNCA, Delhi, Dr. M Kenoyer 
of  Univ of Wisconsin, people associated with the Gond community in Nagpur region and 
beyond, Nehru Planetarium,  Mumbai, RRSSC, Nagpur, Numismatic Society of India Mumbai, 
Dr. Tanikawa and Dr. Soma of NAOJ, Tokyo etc. 
 
 
11. Critical role of TIFR in the programme 
 
A large part of the work in the programme is interdisciplinary and involves use of modern 
technological tools and advanced simulation techniques that require continuous interaction 
with scientists using these techniques for other fields. We have greatly benefitted by 
interactions with scientists from computer science, mathematics, astronomy and condensed 
matter physics etc. No other institution in India can provide this kind of coherent environment. 
TIFR continues to demand rigour of work that is in the best traditions of physical sciences. 
Such programmes have been a part of the long-standing attitude of TIFR of letting scientists 
pursues unconventional projects which can provide new pathways for research in India across 
disciplines. 
 
Acknowledgement A programme of this magnitude cannot succeed without active 
participation of a large number of people, all of whom it is impossible to name. First and 
foremost, we would like to acknowledge the vigorous and stimulating interactions with the 
14th Astronomer Royal of Britain, Prof. Sir Arnold WolfendaleFRS, whose active and critical 
support for all aspects of the programme made us strive to achieve the highest possible 
standards within our capabilities. We believe that working from TIFR has made a critical 
difference to our work and qualitatively improved the standards of the work. In particular, 
we want to mention Prof. S. Ramakrishnan whose enthusiastic support was a great moral 
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booster in the early stages of the programme. We remain indebted to TIFR, its Director, 
Dean and the entire establishment of TIFR. We would like to thank the present and former 
Programme Officer, Media, Art and Culture, Dorabji Tata Trust, Ms. Niyati Mehta and Ms. 
Shernaz Vasunia for their enthusiastic support for the programme. We also wish to thank 
the trustees of  Jamsetji Tata Trust for their unconditional support. We would also like to 
thank Prof. Virendra Singh for guiding this programme and Prof. S. M. Chitre for all his 
support. Several colleagues have worked hard on various aspects of the programme. We 
want to thank all the collaborators for willingly joining in and contributing to the 
programme. We would also like to thank Prof. Vasant Shinde and the Deccan College for 
their support for the programme. We want to acknowledge the advice of Prof. B. V. 
Subbarayappa, Dr. Iravatham Mahadevan, Prof. Aijaz Bandey, Prof. A. P. Jamkhedkar and 
friends like Dr. Balachandra Rao. We want to particularly thank our colleagues Prof. Deepak 
Mathur, Prof. G Krishnamoorthy and Dr. K. Samudravijaya whose continuing encouragement 
helped us a lot. The quiet support of S. Ramadurai is also gratefully acknowledged. One of 
our most enduring friends through all the trials and tribulations was Mr. Kishore Menon 
whose help was invaluable in so many ways that it is impossible to list them all here. We 
must also acknowledge the continuing help and support of Mr. V. Nandagopal. Mayank 
Vahia would also want to thank his wife Neeta for patiently standing with him during many 
difficult periods. We also want to thank Prof. J. M. Kenoyer and Dr. Omar Khan for their 
encouragement and for making our work available on Harappa.com for the larger 
community. 

 
Prepared by: Prof. Mayank Vahia and Nisha Yadav 

 Archaeo Astronomy in India Context 
A programme funded by the Jamsetji Tata Trust 

December 2010 
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Appendix 1 
Publications by the Collaboration 

 
Papers in published in journals  
 
1. Possible errors in historical dates: Error in correction from Julian to Gregorian calendars 

Mohan Apte, Parag Mahajani, M N Vahia 
Current Science, 84, 21, 2003 

 
2. Calculations of tithis: an extension of Surya Sidhanta formulation 

Sudha Bhujle and M N Vahia 
Indian Journal of History of Science, 41 no 2, 133, 2006 
 

3. Dating of Rohini Shakat Bhed 
Parag Mahajani, M N Vahia, Mohan Apte and A P Jamkhedkar 
Annals of Bhandarkar Institute, vol 87 (2006), p 135 – 151, 2007 

 
4. Saptarshi’s visit to different Nakshatras: Subtle effect of earth’s precession 

Aniket Sule, M N Vahia, H. Joglekar, Sudha Bhujle 
Indian Journal of History of Science, 2007, 42.2, 133 – 147 

 
5. In search of Indian records of supernovae 

Hrishikesh Joglekar, Aniket Sule and M N Vahia  
Indian Journal of History of Science, 42.1, 83 – 93, 2007 

 
6. Harappan weights 

M N Vahia and Nisha Yadav 
Puratattva, 37, 213 – 217, 2007 
 

7. A Statistical approach for pattern search in Indus writing. 
Nisha Yadav, M N Vahia, Iravatham Mahadevan and H. Joglekar  
International Journal of Dravidian Linguistics, 37, 39 – 52, January 2008 

 
8. Segmentation of Indus texts 

Nisha Yadav, M N Vahia, Iravatham Mahadevan and H. Joglekar  
International Journal of Dravidian Linguistics, 37, 53 – 72, January 2008 

 
9. The prehistoric meteor shower recorded on a Palaeolithic rock  

Naseet Iqbal, M N Vahia, Ajaz Ahmed, Tabasum Masood 
NRIAG Journal of Astronomy and Astrophysics (Egypt), Special Issue, PP. 469–475, 2008 
 

10. Some earliest ancient astronomical observatories in Kashmir (India) 
Naseer Iqbal, M N Vahia, Tabasum Masood and Aijaz Ahmad 
Journal of History of Astronomical History and Heritage, 12, 61, 2009 
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11. Evidence for linguistic structure in the Indus script 
Rajesh P. N. Rao, Nisha Yadav, Mayank N. Vahia, Hrishikesh Joglekar, R. Adhikari, 
Iravatham Mahadevan 
Science, 324, 1165, 2009  
 

12. A Probabilistic model for analyzing undeciphered scripts and its application to the 4500-
year-old Indus script 
Rajesh P. N. Rao, Nisha Yadav, Mayank N. Vahia, Hrishikesh Joglekar, R. Adhikari, 
Iravatham Mahadevan 
Proceedings of the National Academy of Sciences (PNAS), Dec. 2009 106:13685-13690; 
published online before print August 5, 2009, doi:10.1073/pnas.0906237106 
 

13. Statistical analysis of the Indus script using n-grams 
Nisha Yadav, Hrishikesh Joglekar, Rajesh P.N. Rao, M. N. Vahia, Iravatham 
Mahadevan, R. Adhikari  
PLoS ONE 5(3): e9506., doi:10.1371/journal.pone.0009506 
   

14. Harappan geometry and symmetry: A study of geometrical patterns on Indus objects 
M N Vahia and Nisha Yadav 
Indian Journal of History of Science, 45, 343, 2010 
 

15. Reconstructing the history of Harappan civilisation 
M N Vahia and Nisha Yadav 
Accepted for Publication in the Journal of Social Evolution and History, May 2010 

 
16. Spatio temporal analysis of Indus valley civilisation  

Kavita Gangal, M N Vahia and Ronojoy Adhikari 
Current Science, 98, 846, 2010 

 
17. Entropy, the Indus script and language: A reply to R. Sproat  

Rajesh Rao, Nisha Yadav, M N Vahia, H Jogalekar, R Adhikari and I  Mahadevan 
Computational Linguistics 36(4), 2010 

 
18. The architecture of the Iron age  
 Srikumar Menon 

Accepted for publication in Architecture plus Design magazine, December 2010 
 

Papers submitted to journals 
 
1. Stone drawing found at Sopore and its cartographic or astronomical interpretation 

M N Vahia, Aijaz A Banday, Naseer Iqbal, Tabasum Masood Bhat, and Mumtaz Ahmad 
Yatoo 
Submitted to Puratattava, December 2010 

 
2. Indus Script: A study of its sign design 

Nisha Yadav and M N Vahia 
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Submitted to Scripta, December 2010 
 

3. Oldest sky-chart with supernova record 
Hrishikesh Joglekar, Kavita Gangal, M N Vahia, Aniket Sule 
Submitted to the Journal of Astronomical History and Heritage, October 2010 
 

4.   Indian record for Kepler’s supernova: Evidence from Kashmir valley 
A Sule, A Bandey, M N Vahia, N Iqbal and M Tabassum 
Submitted to Astron. Nachr., November 2010 
 

5. First reporting of a stone alignment at Aaraga gate, Karnataka 
Srikumar M. Menon, Mayank N. Vahia and Kailash Rao 

Submitted to Man and Environment, November 2010 
 

6. Classification of patterns on Indus objects 
        Nisha Yadav and Mayank Vahia 
        Submitted to the Indian Journal to History of Science, November 2009 
 
7.  First reporting of a megalithic site near Bandipur, Karnataka 

Srikumar M. Menon, Mayank N. Vahia and Kailash Rao 

Submitted to Man and Environment, November 2010 
 
Papers in conference proceedings 
 
1. Archaeo Astronomy in Indian context 

M N Vahia and Nisha Yadav 
To appear in the proceedings of 6th International Conference on Oriental Astronomy, 
Townswill Australia, 2008 

 
2. Network analysis reveals structure indicative of syntax in the corpus of undeciphered 

Indus civilization inscriptions 
Sitabhra Sinha, Raj Kumar Pan, Nisha Yadav, Mayank Vahia and Iravatham Mahadevan 
Proceedings of the 2009 Workshop on Graph-based Methods for Natural Language 
Processing, ACL-IJCNLP 2009, pages 5–13, Suntec, Singapore 

 
3. Investigating megalithic astronomy: the role of remote sensing 

Srikumar M. Menon, Mayank N. Vahia  
Space, Time, Place, Proceedings of the 3rd International Conference on Remote Sensing in 
Archaeology, 17th - 21st August 2009, Tiruchirappalli, Tamil Nadu, India, ed. S Campana, M 
Forte and C Liuzza, BAR International Series 2118, Archaeopress, UK, p, 333, 2010 

 
4. Indian megaliths 

M N Vahia, Srikumar Menon, Riza Abbas and Nisha Yadav 
To appear in the Proceedings of 7th International Conference on Oriental Astronomy, 
Japan, September 2010 
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5. Harappan astronomy 
M N Vahia, Nisha Yadav and Srikumar Menon 
To appear in the proceedings of 7th International Conference on Oriental Astronomy, 
Japan, September 2010 

 
6. Megalithic astronomy in south India 

Srikumar Menon and M N Vahia 
To appear in the proceedings of 7th International Conference on Oriental Astronomy, 
Japan, September 2010 

 
7. Enigmas in stone: the megaliths of the Indian subcontinent 
 Srikumar Menon 

Booklet to generate awareness about megaliths among the general public on the request 
of the Archaeological Survey of India, Southern Sector, October 2010 
 

8. Eclipses in Ancient India 
M N Vahia and B V Subbarayappa 
To appear in the proceeding of the 5th conference on History of Astronomy, National 
Astronomical Observatory, Japan, January 2011. 
 

9. Statistical Studies of the Indus Script 
Nisha Yadav and M N Vahia 
To appear in the proceedings of the conference on History Indian Science and 
Technology, Udaipur, January 2011. 

 
Book chapters 
 
1. Megalithic astronomy in the Indian subcontinent 

Srikumar Menon, M N Vahia and Kailash Rao M 
To appear in a book edited By Rabi Mohanty, Deccan College, 2010 

 
2. In square circles: Geometric knowledge of the Indus civilisation 

Sitabhra Sinha, Nisha Yadav and M N Vahia 
To appear in History of Indian Mathematics, ed. R. Sujatha and R. Yogananda 

 
3. Astronomical myths of India 

M N Vahia 
To appear in the book Stars of Asia, ed. N Kaifu, Japan 

 
4.    Cosmogony and Space: From Rock art to temples 

M N Vahia 
To appear in A P Jamkhedkar Felicitation Volume, 2011 

 
Technical reports 

 
1. Positional distribution of sign pairs in Indus script 
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Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-1, Jan. 2010 

 
2. Positional distribution of sign triplets in  Indus script 

Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-2, Jan. 2010 

 
3. Distribution of sign pairs by sites in Indus script 

Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-3, Jan. 2010 

 
4. Distribution of sign triplets by sites in Indus script 

Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-4, Jan. 2010 

 
5. Distribution of sign pairs by object types in Indus script 

Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-5, Jan. 2010 

 
6. Distribution of sign triplets by object types in Indus script 

Nisha Yadav 
TIFR, Technical Document No.: TFR-DAA-AA-TEC-6, Jan. 2010 
 

7. Origin and growth of astronomy in India  
M N Vahia, Nisha Yadav and Srikumar Menon  
TIFR, Technical Document No.: TFR-DAA-AA-TEC-7, Jan. 2010 
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Appendix 2 
 

Proposed Financial Layout for the next phase of the programme 
 
1. Item wise breakup of proposal 
 

 Acquisition of research material   10 lakhs 

 Acquisition of site survey and other instrument 10 lakhs 

 Publication of work     10 lakhs 

 Site survey        4 lakhs 

 Field trips           5 lakhs 

 International meeting in India and abroad   11 lakhs 

 Travel within India        9 lakhs 

 Review meetings      10 lakhs 

 Project and visiting staff    20 lakhs 

 Miscellaneous        6 lakhs 
Total 95 lakhs 

 
2. Year wise breakup of proposal 
 

Sl. 
No. 

 
Activity 

Year 
2011 

Year 
2012 

Year 
2013 

Year 
2014 

Year 
2015 

Total 
 in 
lakhs 

1 Computers, IRS images and other 
hardware, books etc. 

2 2 2 2 2 10 

2 Survey equipment 10 0 0 0 0 10 

3 Publication of work 2 1 1 2 4 10 

4 Targeted surveys 1 1 1 1 0 4 

5  Field trips 1 1 1 1 1 5 

6 International meetings 2 2 2 2.5 2.5 11 

7 Internal travel 1 1.5 2 2 2.5 9 

8 Review meetings 2 2 2 2 2 10 

9 Project and visiting staff 3 4 4 4 5 20 

10 Miscellaneous 1 1 1 1 2 6 

 Total 25 15.5 16 18.5 20 95 

 
 


