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PREFACE

After successful completion of scientific and expert international conferences and exhibitions
of surveying equipment, that were organized in cooperation with the Company INTERGEO
(Germany) under the name INTERGEO EAST, and held in the years 2004, 2006 and 2008 in
Belgrade, we have continued with the work and sharing of scientific and expert knowledge
and practical experiences in this year.

The International Scientific Conference under the name PROFESSIONAL PRACTICE AND
EDUCATION IN GEODESY AND RELATED FIELDS was organized by scientific and
educational institutions of the Republic of Serbia: University of Belgrade - Faculty of Civil
Engineering and University of Novi Sad - Faculty of Technical Sciences. The organization of
both scientific and professional parts of the conference under the name XXIV MEETING OF
SERBIAN SURVEYORS was carried out by professional association Serbian Union of
Surveyors.

Topics of the conference are:

A. New technologies and their application
Geodetic infrastructure
Geoinformation

Landmanagement cadastral systems
Permanent education

Knowledge transfer.

nmoow

At the beginning of the conference proceedings there is a chapter dedicated to the Invitation
Papers presented in the Plenary session. In other chapters the papers are presented
according to the previously stated topics of the conference, in sessions (Session A, B, ..., F).

The Editorial Review Board was in charge of reviewing the Proceedings. All individual papers
in the Proceedings have been reviewed separately and independently by renowned
scientists. We extend our most sincere thanks for their great dedication in work and useful
recommendations.

We owe special gratitude for the support during the preparation and realization of this
conference to the following institutions: Ministry of Science and Technological Development -
Republic of Serbia, Republic Geodetic Authority, Serbian Chamber of Engineers,
International Federation of Surveyors, University of Ljubljana Faculty of Natural Sciences and
Engineering and Belgrade University College of Applied Studies.

Edition of the Proceedings was supported by Government of Republic of Serbia, Ministry of
Education and Science as a result of work on Project 36 020.

EDITOR-IN-CHIEF

u@_ 7P ./

?fm/ VA
Ivan R. Aleksi¢

Kladovo, upon Danube, Serbia.
June 2011.
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| nvitation Paper

CONNECTION BETWEEN THE STRUVE GEODETIC ARC
AND
THE ARC OF THE 30th MERIDIAN

Jim R Smith
International Institution for the History of Surveying & Measurement (IIHSM), an organisation wholly within
FIG. 24 Woodbury Ave, Hants, GU32 2EE, United Kingdom, E-mail: jim@smith1780.freeserve.co.uk

Summary: The paper summarises the background to the present efforts that are being made to research the triangulation
connection between the Struve Geodetic Arc and the Arc of the 30™ Meridian. This connection was mostly observed in the
period between 1920 and 1939 and extends from near Vilnius, Lithuania to Crete with a join across the Mediterranean Sea
to connect with the 30" Arc near Cairo. The hope is to make this triangulation and that of the 30" Arc an extension to the
Struve World Heritage Monument to make an overall monument of 105" of latitude.

Keywords: Struve Geodetic Arc. Arc of 30" meridian, World Heritage Monument,

1. INTRODUCTION

The area of concern here lies between latitudes 34" 50° N and 56" 00° N and between longitudes 21" Eiad 27" E.
It has at one time or another during the first half of the 20" century included 11 countries. Many of the
boundaries of these countries have changed since that time, some even several times, so it has been difficult to
discover which points are in which countries at any particular time. This was exacerbated by various changes in
the names of territories and station names. For example Poland at one time had stations forming a chain of 77
triangles all relevant to this Arc. It now has only about 9 stations.

In 2005 the Struve Geodetic Arc was inscribed by UNESCO as a World Heritage Site and the hope is to extend
that monument to include both the European Arc and that of the 30™ Meridian. Hence the present interest in
these old triangulations.

Overall the countries that have been involved at one stage or another and to lesser or greater degrees on the
European section are:

Latvia, Lithuania, Belarus, Poland, Ukraine, Czechoslovakia, Roumania, Serbia, FY ROMacedonia and Greece.
Egypt and Libya feature as having the African connecting points.

These notes summarise why the extension is of particular interest and outline all that has so far been found
relating to the survey work of the 1930s on a meridian arc often referred to as being from the Arctic Ocean to
Crete but more succinctly as the "Polish triangulation”. (See p.17)

Some consideration is given to different ideas that were considered before there was an eventual crossing of the
Mediterranean Sea and the possibility that there was, or could be, a northwards connection to the Struve arc.
Details are also given about the triangulation in Eastern Europe that in one area overlaps the Struve Arc before
continuing south to Crete, and for which help isrequired from informed readers.

2. BACKGROUND

The Struve Geodetic Arc and the Arc of the 30™ Meridian were observed as separate entities leaving a gap
between the southern end of the Struve Arc and the northern end of the 30th Arc of some 1600 km (1000 miles).
The Struve Arc ran from Hammerfest in Northern Norway to near Odessa on the Black Sea. The Arc of the 30"



Meridian started at Buffelsfontein near Port Elizabeth in South Africa and roughly followed the 30" Eline of
latitude northwards to near Cairo. There was then an important westerly extension to the border with Libya.

Among the reasons for this gap was the time scale. Struve and his colleagues, particularly Gen. Tenner, started
measurement in 1816 and finished their Arc through the Scandinavian and Russian territoriesin 1855. The idea
for the southern extension that became the Arc of the 30th Meridian, although hinted at by Struve as an obvious
extension to his arc, did not begin to materialise until towards the end of the 1800s and was not completed until
1954. It was the brainchild of David Gill who, when in South Africaas Her Majesty’s Astronomer at theCape of
Good Hope, had the idea, even the dream, of an Arc from the Cape to Cairo and thence northwards to North

Cape. An additional reason for this gap was the position of the Mediterranean Sea and the then, insurmountable,
survey difficulties it presented.

3. THE STRUVE GEODETIC ARC

1816-1855

The Sruve Geodetic Arc was set up and measured from 1816 to 1855. The goal was to determine
the dimensions of the Earth, its shape and size. Today the Arc spans through the territories of ten
countries, i.e. Norway, Sweden, Finland, Russian Federation, Estonia, Latvia, Lithuania, Belarus,
Republic of Moldova and Ukraine. It has also been the basis for mapping and land survey in many
of these countries up to the mid 20" century.

From the Struve Submission to UNESCO. [39].
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Figure 1. Struve Geodetic Arc. World Heritage Monument

Full details are available in the Submission document and there have been various technical papers written about
the Arc at international gatherings and in technical journals.
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4. OTTO STRUVE SRECONNAISSANCE

1867

In October 1867 at the International Geodetic Conference for the Measurement of degrees in Europe, held in
Paris, Otto Struve (son of the Struve after whom the Arc was named) presented a report which included his
thoughts on the extension of the work of his father who had died in 1864. The Report [20] was published in 1868
and roughly trandated read:

The grand measurement of an arc of meridian executed by Russia and Scandinavia, is known for
the most part by yourselves. Yet at the time my father published it, he expressed the desire, 12 to
15 years ago, to see the continuation of that measure further to the south: meanwhile the state of
the countries that neighbor Russia to the south, did not allow then any hope of realising it so soon.
Since then, this question has been put many times, as for example by your association.

From the connection of our triangulation to the Austrian net, one has already gained something
for our meridian arc; but only recently, an ulterior extension towards the south has become a
serious possibility. | have the pleasure to announce that the Ottoman government not only asked
us to direct the continuation, to cross its territory, for the measure of the meridian arc, but that it
would facilitate this work with the cooperation of Turkish officers and by the placing of them at
our disposition and of all means.

One as yet cannot again judge the success of this enterprise. It was hardly a month ago when my
aide at the Observatory of Pulkowa, Captain Kortazz, who occupied part of the time in geodetic
work in Transcaucasia, and who | trust perfectly capable of managing this work, left & Petersburg
to make the first reconnaissances; he has recently arrived there. As far as one can judge from the
accounts of the travellers, one can continue the arc measure at once across the Danube
Principalities, then across Bulgaria, Roumania, along the coast of Asia Minor, through the
Soorades islands as far as the extremity of Crete. Our intention is to add to the 25" 20" that our
meridian arc covers at present, a further 10” to 11 to have an extended arc of 36" .

This lead a year later to a more detailed paper [38] with the title Prolongation travers la Turquie du grand
m@ridien Russo-scandinave. Lettre de M.Otto Struve  M.Le Verrier. With a little effort the entire route that
Struve envisaged can be drawn out from the information in that Letter.

Otto Struve, who was at that time (1868) at the Pulkova Observatory, was essentially supervising the preparation
of the equipment for a start on the field work in the next month or so.

1871

Despite the imminence of the field work, that did not happen. The reason why was not spelt out but is perhaps
hidden in a statement made at the I1.A.G. meeting of 1871 [22] when Struve was elected as a Vice-President of
that organisation. He said very little during the meeting but the following quotation can be found on page 5 of
the Proceedings:

On the South East side [of Austria] the network of the Monarchy is so-to- say cut-up; but | hope
that with support of governments the Congress can succeed to secure from the Sublime Porte
(Turkish Government), that which is required to execute the necessary triangulations in that
region of the Turkish Empire. In this way the great network which extends from the North Cape as
far as the Danube, can be continued, and also the meridian arc of about 25" can be enlarged by
another 8" asfar as Cape Matapan*. | am assured n effect that the Greek government voluntarily
associates itself with our scientific enterprise.

* Cape Matapan, also known as Cape Tainaron, is the southernmost point of mainland Greece at
around 36" 30' N 22" 30" E.

This implies that work did not start in 1868 as Struve had hoped, because of problems with the Turkish
government. However that raises further questions:

1. If the field work had been so imminent and for some reason was stopped there would surely still have been
time for Struve to either stop his letter being published or at least to amend it or comment further in a later issue
of the publication.

2. This then brings us to a statement by Gill. We know that he corresponded with Otto Struve so surely Gill
would have known the outcome for certain long before he made his definitive remarks in the 1890s and again in
1904. [14]. No satisfactory answers have yet been found for these questions.

So whilst Otto Struve had done his reconnaissance his hopes were not realised.
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To take the story further one hasto dig into particularly the various Proceedings and other papers of the |.A.G. as

there appears to be no substantive written document about either the work on the Polish triangulation, nor on the
Arc of the 30" Meridian.

5. ARC OF THE 30"" MERIDIAN

1896
By 1896 when Gill was well into the observing of the 30" Arc he wrote [13]

....... By an additional chain of triangles from Egypt along the coast of the Levant, and through
the islands of Greece, the African arc might be connected by direct triangulation with the
existing triangulation of Greece, and the latter is already connected with Struve's great arc of
meridian.....

In pursuance of these aspirations (i.e. Arc extended to the North Cape) | had in 1895 endeavoured
tointerest Cecil Rhodes in this great enterprise

The statement there that Greek triangulation is already (i.e. in 1896) connected to the Struve arc is of particular
interest. Where was the join and what was the route from Greece?
There is however evidence that although the comment only appeared in print in 1896 it could have been made 17

years earlier and in the interim Gill would have had ample opportunity to modify his statement if it were
incorrect.
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Figure2: Arc of the 30" Meridian. (Courtesy of T Zakiewicz)



1900
Dehalu in 1930 [11] referred back to the 1.A.G. at its Conference in Paris in 1900 thus: (roughly trandlated)

It is now the moment to speak of the grand enterprise conceived by the English scientist of very
rare merit, the late Sr David Gill, former Astronomer Royal at the Cape Observatory. He agitated
for the measurement of an arc of the 30" meridian crossing all of Africa. The total length of this
arc would be around 66 degrees. But it could yet be much augmented, when by a triangulation
in the Levant one could join the measures made in Africa, to the grand arc of Struve which
extends from the North Cape in Norway as far as the southern frontiers of Russia.* The total
length of this arc would be 104 degrees; it is the greatest arc of the meridian that one could
possibly measure on the earth s surface.

This project of Sr David Gill was presented to the XllIth International Conference for Geodesy
held in Parisin 1900. It produced a much greater sensation than the author had made before of a
display of geodetic operations undertaken in South Africa under his impetus and which comprised
the measure of an arc of the 30™ meridian from the southern frontiers of Rhodesia, 22 degrees
south of the Equator, as far as the southern extremity of Lake Tanganyika.

* At that time the southern borders of Russia coin cided with the River Prut i.e. the western
boundary of the modern Moldova where it meets Bulgaria. However this was a very flexible
boundary and depends on just what Gill understood by the frontier of Russia which could have
been the frontier of Russian influence.

1905
At apresentation in 1905 to the British Association for the Advancement of Science [15], Gill said

.... By an additional chain of triangles from Egypt along the coast of the Levant and through the
islands of Greece the African arc might be connected with the Roumanian and Russian arc, so as
to form a continuous chain of 105 degrees in amplitude, extending from Cape Agulhas to the
North Cape- the longest meridian measurable in the world.

The continuing references to "going via Levant”, was solely because of the problem of how to cross the
Mediterranean Sea by surveying methods.

1930
G@ndral Georges Perrier in hietite histoire de la Gdoddsief 1939 [35] said:

The Arc of Meridian from the Glacial Arctic Ocean to the Mediterranean, prolonged as far as
Africa, is an important operation which allows one to obtain a chain capable of replacing, for the
relative studies of the earth, the ancient Arc of Struve; the new Arc project, for which the
triangulation and the astronomical observations are in great part executed, passes by Norway,
Estonia, Latvia, Lithuania, Poland, Czechoslovakia, Roumania, Yugoslavia, Greece and Crete;
special studies are to be made to see how this could be extended from Crete to Egypt over the
Mediterranean

In [36] there is an intriguing diagram by Robbins taken from the Bulletin G@oddsiqueof 1949. The figure
purports to show a continuous arc from that of Struve joining onto the Arc of 30th Meridian via Levant and
Turkey to Istanbul and thence into Bulgaria and Roumania and northwards to North Cape (or thereabouts).
This bears subtle differences to the same base diagram used in [10] by Chovitz and Fischer in 1956.

Thus it can be seen that while Otto Struve and later 1.A.G. were considering routes from the Struve Arc going
southwards, Gill in South Africa was considering routes going northwards to make the same joining-up to
provide the Cape to Capeideal.

6. NEW MERIDIAN ARC

As aresult of the initiative taken by the 1.A.G. in the early 1920s there exists a triangulation from points of the
Struve Arc near Lithuania/Latvia that goes south through several countries to Greece. In 1954 the Greek island
of Crete was connected to the Arc of the 30" Meridian via a direct crossing of the Mediterranean Seaand a chain
of coastal triangulation going east from near Libyato join the Arc near Cairo.
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Figure 3b: Overlap area between Struve Arc and Polish triangulation
Struve arc in red. Polish arc grey shaded. Common points as double circles.
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Figure 4c
Figure 4: The section of the arc from former Sotrheoland to Crete

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































