— Professional Paper | Received: 11-08-2016 | Accepted: 24-09-2016

Surveying the Vienna Meridian
from Brno to Varazdin

Miljenko SOLARIC and Nikola SOLARIC

University of Zagreb, Faculty of Geodesy, Kaci¢eva 26, 10000 Zagreb, Croatia
miljenko.solaric@geof.hr, nikola.solaric@geof.hr

Abstract. The introduction provides a brief overview of using trigonometric chains for determining meridian arc
lengths in Europe, as well as their extension to trigopnometric networks in order to produce contemporary accurate
maps in France. After Ruder BoSkovi¢ had visited Croatian-Hungarian Queen and Roman-German Empress Maria
Theresa, she ordered Jesuit Joseph Liesganig to survey the meridian from Brno (SobéSice), over Vienna and Graz to
Varazdin by establishing and surveying a trigopnometric chain. That distance amounts to 320 km, i.e. the difference
between latitude of the starting and finishing points of the chain equaled 2° 56' 45.85". Two baselines were measured
directly between Wiener Neustadt and Neunkirchen of 6410.903 Vienna fathom (12 158.175 m) and between Seyring
and Glizendorf in the Moravian field (Moravské pole, Marchfeld) of 6387.862 Vienna fathom (12 114.478 m). Liesganig
published previous Vienna Meridian survey results in Philosophical Transactions in London in 1768 and the final
results in Latin in Dimensio Graduum Meridiani Viennensis et Hungariciin 1770. His results were quickly criticized and
subsequently subjected to validation. Trigonometric point Varazdin is the first and oldest trigonometric point in Croatia.

1 Introduction

Famous Danish astronomer Tycho Brahe (1546-1601)
was the first to establish and survey a trigonometric
network in Oresund (nowadays on the border between
Denmark and Sweden) between 1578 and 1579, but un-
fortunately did not calculate it. After that, Dutchman
Willebrord Snel van Royen (Snellius) (1580-1626) estab-
lished and surveyed a trigonometric network in The
Netherlands and was the first to calculate it and de-
termined the meridian length and thus Earth’s radius.
He described that work and published it as Eratosthenes
Batavus in 1617 (Solarié, Solari¢ 2009).

Subsequently, trigonometric grids were established
in Europe in order to determine Earth’s size as accurately
as possible. For example, the following trigonometric
chains were established along the Paris Meridian in order
to determine the meridian arc length and Earth’s size:
Jean Picard (1620-1682), Cassini I (1625~ 1712), Cassini II
(1677-1756), Cassini 11 (1714-1784), Cassini IV (1748-
1845) and others. However, that trigonometric chain was
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later extended by Cassini Il and others, so France was
covered with a trigonometric network. Thus it was pos-
sible to map all details in the entire France and Cassini I1I
published the first map of contemporary France con-
sisting of 18 sheets, 1:870 000, in 1747. In 1790, Cassini I1I
and Cassini IV also published a map of France consisting
of 182 sheets, 1:86 400 (Solari¢, Solari¢ 2013a, 2013b).
Meridian arc surveys helped to resolve the dispute on
Earth’s size. One side was represented by Newton and
Huygens, who claimed Earth has the shape of a rotational
ellipsoid with flattened poles, while the other side was
represented by Cassinis, whose surveys of the Paris Me-
ridian arc made them think Earth has bulging poles. The
dispute was resolved by dispatching geodetic scientific
expeditions to Peru (1735-1744) and Lapland (1736-1737)
in order to survey a meridian arc near the equator and
near the polar circle. These surveys proved that Newton
and Huygens were right (Solari¢, Solari¢ 2014a, 2014b).
Nevertheless, scientists continued to survey meridian
arcs, for example Ruder Boskovi¢ and Ch. Maire surveyed

the meridian arc between Rome and Rimini (1750-1752)
1
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Mjerenje duljine luka Beckog meridijana
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SaZetak. U uvodu je dan kratki prikaz upotrebe trigonometrijskih lanaca za odredivanje duljina lukova meridijana u
Europi, ali i njihovo proSirivanje na trigonometrijske mreZe za izradu suvremenih to€nih karata u Francuskoj. Poslije
posjeta Rudera BoSkovica hrvatsko-ugarskoj kraljici i rimsko-njemackoj carici Mariji Tereziji, ona je naloZila isusovcu
Josephu Liesganigu da izmjeri duljinu luka meridijana od Brna (SobéSica) preko Be€a i Graza do Varazdina uspostavom i
mjerenjem lanca trokuta. Taj je potez dug oko 320 km, tj. razlika geografskih Sirina polazne i zavrSne tocke toga lanca
iznosila je 2° 56' 45,85". Izravno su izmjerene dvije duljine baza trigonometrijskog lanca i to izmedu Wiener Neustadta i
Neunkirchena duga 6410,903 beckih hvata (12 158,175 m) i izmedu Seyringa i Glizendorfa u Moravskom polju
(Moravské pole, Marchfeld) duga 6387,862 becka hvata (12 114,478 m). Prethodne rezultate mjerenja duljine Be¢kog
meridijana Liesganig je objavio u Philosophical Transactions u Londonu 1768., a poslije i kona¢ne rezultate na latinskom
jeziku u djelu Dimensio Graduum Meridiani Viennensis et Hungarici 1770. godine. Njegovi su rezultati ubrzo bili
kritizirani, a poslije i provjeravani. Trigonometrijska tocka Varazdin prva je i najstarija trigonometrijska tocka u Hrvatskoj.

Kljuéne rije€i: mjerenje duljine luka meridijana, trigonometrijski lanac, BeCki meridijan, zenitni sektor, kvadranta

1. Uvod

Slavni danski astronom Tycho Brahe (1546-1601)
prvi je postavio i izmjerio trigonometrijsku mrezu u
Oresundu (danas na granici izmedu Danske i Svedske)
izmedu 1578. i 1579. godine, ali je nazalost nije izralu-
nao. Poslije njega je Nizozemac Willebrord Snel van
Royen (Snellius) (1580-1626) postavio i izmjerio trigo-
nometrijsku mrezu u Nizozemskoj i prvi je izracunao te
uz to odredio duljinu luka meridijana i na taj na¢in radi-
jus Zemlje. Taj je rad opisao i objavio pod nazivom Era-
tosthenes Batavus 1617. godine (Solari¢, Solari¢ 2009).

Nakon toga se u Europi poCelo postavljati trigonome-
trijske mreZe za $to to¢nije odredivanje Zemljinih dimen-
zija. Tako su u Francuskoj postavljali trigonometrijske
lance uzduz Pariskog meridijana za odredivanje duljine
luka meridijana, odnosno Zemljinih dimenzija: Jean Pi-
card (1620-1682), Cassini 1. (1625-1712), Cassini 1L (1677~
1756), Cassini IIL (1714-1784), Cassini IV. (1748-1845) i
drugi. Medutim, poslije su taj trigonometrijski lanac pro-
Sirivali Cassini I1L. i drugi pa je podrudje Francuske bilo
L
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prekriveno trigonometrijskom mreZom. Na taj nacin
bilo je omogudéeno kartiranje svih detalja ¢itave Francu-
ske i Cassini IIL je izdao prvu suvremenu kartu Francu-
ske umjerilu 1:870 000 na 18 listova 1747. godine. Poslije
su Cassini IIL. i Cassini IV. izdali i kartu Francuske u mje-
rilu 1:86 400 na 182 lista (Solari¢, Solari¢ 2013a, 2013b).

Mjerenja duljina luka meridijana pomogla su i da se
rijeSi znanstveni spor o Zemljinu obliku. Na jednoj su
strani bili Newton i Huygens, koji su na temelju teorij-
skih razmatranja tvrdili da Zemlja mora imati oblik rota-
cijskog elipsoida spljostenog na polovima, a na drugoj
Cassiniji koji su iz svojih mjerenja duljine luka Pariskog
meridijana tvrdili da je Zemlja na polovima ispupcena.
Taj je spor rijeSen slanjem geodetskih znanstvenih eks-
pedicija u Peru (1735-1744) i Lapland (1736-1737) na iz-
mjeru duljine luka meridijana u blizinu ekvatora i u
blizinu polarnog kruga. Ta su mjerenja potvrdila da su
Newton i Huygens bili u pravu (Solarié, Solari¢ 2014a,
2014b).

Medutim, znanstvenici su nastavili s mjerenjima du-
ljina luka meridijana, pa je tako i Ruder Boskovi¢ zajedno
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(Solari¢, Solari¢ 2016, Lapaine 2016). Comparing their
results with previous surveyes by other authors made
Boskovi¢ think Earth is not shaped like a rotational el-
lipsoid. Therefore, he wanted to continue surveying
meridian arcs in various locations on Earth. Namely,
even before surveying the meridian arc between Rome
and Rimini, Boskovi¢ had thought about surveying me-
ridian arcs in Brazil, Austria, near Torino and in North
America.

Boskovi¢ was on a diplomatic visit to Vienna from April
1757 to spring of 1758 in order to represent Republic of
Lucca (Italy) in the dispute with Grand Duchy of Tuscany
and waited for a reception by Croatian-Hungarian Queen
and Roman-German Empress Maria Theresa (Cubranié
1961, page 103). He proposed conducting geodetic-astro-
nomic surveys in Austria in order to determine the me-
ridian arc length and produce contemporary accurate
maps. Maria Theresa accepted Boskovié’s proposal so as
not to fall behind other leading European countries and in
1760 ordered Jesuit Joseph Liesganig to survey the meridi-
an between Brno (Sobé&Sice) and VaraZdin and also to con-
duct surveys in Hungary and Galicia. Ruder Boskovi¢ and
Joseph Liesganig were both Jesuits, knew each other and
corresponded to each other (Tolomeo 1991).

2 Joseph Liesganig

Joseph Liesganig (1719-1799) was born in Graz. He
was a Jesuit, theologist, astronomer, mathematician and
geodesist. He joined the Society of Jesus in 1734 and was
educated at the Jesuit College in Vienna. He worked as a
mathematics teacher in Graz from 1742 and from 1744
in Linz. After becoming ordained in 1748, he went to Ko-
marno in 1749 as a German preacher. He was then ap-
pointed historian and mathematician in the Society of
Jesus. In addition, he worked as a mathematics professor
at the University of Vienna from 1752. He was also the
chief of the observatory in Vienna from 1756 until the
Society of Jesus abolished in 1773.

On proposal by Ruder Boskovi¢ in 1757, when was in
Vienna for a long time, Liesganig and Joseph Ramspoeck
constructed a zenith sector with radius of 10 Vienna feet
(approcimately 3 m). Liesganig also constructed and Ram-
spoeck produced a quadrant with radius of 2.5 Vienna feet
which was equipped with measuring screws for increased
accuracy in measuring angles. In 1758, Liesganig employed
his zenith sector and determined the latitude of the St.
Stephen church belfry in Vienna was 48° 12' 34.5".

Liesganig conducted the astronomic surveys, geo-
detic survey of the part of the Vienna Meridian arc from
Sobé&Sice near Brno to the church tower in VaraZzdin,
and accompanying data processing, from 1758 to 1768

ein Hauptwerk war

sch grindlegende

Fig. 1 Memorial plague in honour of Josef Liesganig located
in the building of Alter Universitét (Old University)

in Graz placed in 1931

Slika 1. Spomen ploca podignuta u éast Josefu Liesganigu
smijeStena je u zgradi Alter Universitat (Staro sveuciliSte)

u Grazu, a postavljena je 1931. godine

(Vykutil 1982, page 421).

Liesganig started surveying the Budapest Meridian
arc in Hungary from Szeged to Peterwardein (nowadays
Petrovaradin in Serbia) in 1769. There were twenty-six
triangles in the trigonometric chain, and trigonometric
chain base lengths near Kistelek and Csurdg were sur-
veyed directly.

Liesganig was engaged with surveying the trigono-
metric network in eastern Galicia and Lodomeria
(nowadays Vladimir-Volynsky district in Ukraine) from
1772 to 1774. He was also the imperial and royal building
inspector in Lemberg (nowadays Lviv) at the same time,
as well as a mathematics professor at Collegium Nobilium
and a province director of the military enginery (Allmer
1987, Dorflinger 2004, Drbal 2014, 2015, Embacher 1962).

A memorial plaque was placed in his honor in the
building of Alte Universitit (Old University), established
in 1586 in Graz (Fig. 1). The plaque reads:

In memory of Styrian scientist Josef Liesganig,
*12.11.1719.1n Graz, T 4. 3.1799. in Lemberg
He started his universal career in this location.
His main work were geographic based
survey of meridian degrees
1762 - 1769
County of Styria and city of Graz, 1931.
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s Ch. Maireom izmjerio duljinu luka meridijana izmedu
Rima i Riminija (1750-1752) (Solari¢, Solari¢ 2016, Lapa-
ine 2016). Usporedba njihovih mjerenja s prethodnima
mjerenjima drugih autora ukazivala je Boskovi¢u da
Zemlja neée imati oblik rotacijskog elipsoida. Stoga je
Zelio da se nastavi s mjerenjima duljina lukova meridija-
na na raznim mjestima na Zemlji. Naime, on je i prije
mjerenja duljine luka meridijana od Rima do Riminija
pomisljao mjeriti duljinu luka meridijana na geograf-
skim Sirinama u Brazilu, Austriji, okolici Torina i u Sje-
vernoj Americi.

U diplomatskom posjetu Becu Boskovi¢ je boravio od
travnja 1757. do prolje¢a 1758. obavljajuéi poslove zastu-
panja republike Lucce (iz Italije) u sporu s velikim vojvod-
stvom Toscanom i ¢ekao na prijem kod hrvatsko-ugarske
kraljice i rimsko-njemacke carice Marije Terezije (Cubra-
ni¢ 1961, str. 103). Mariji Tereziji predloZio je da se i u Aus-
triji izvedu geodetsko astronomska mjerenja koja bi
omogudéila odredivanje duljine luka meridijana i izradu
suvremenih to¢nih karata. Carica je prihvatila Boskovi-
¢ev prijedlog kako njezino carstvo ne bi zaostajalo za dru-
gim vodedim europskim zemljama te je 1760. godine
nalozila isusovcu Josephu Liesganigu da izmjeri duljinu
luka meridijana izmedu Brna (Sobé&Sica) i Varazdina i za-
tim izvede izmjeru u Ugarskoj i Galiciji. Vazno je istaknuti
i Cinjenicu da su se Ruder Boskovi¢ i Joseph Liesganig,
obojica isusovci, poznavali i dopisivali (Tolomeo 1991).

2. Joseph Liesganig

Joseph Liesganig (1719-1799) roden je u Grazu. Bio je
isusovac, teolog, astronom, matematiCar i geodet. U
Druzbu Isusovu usao je 1734. godine i stekao obrazova-
nje na isusovackom kolegiju u Becu. Od 1742. radio je
kao ucitelj matematike u Grazu i od 1744. kao profesor
matematike u Linzu. Nakon zaredenja 1748. godine oti-
$ao je 1749. godine u Komarno kao njemacki propovjed-
nik. Zatim je imenovan povjesni¢arom i matemati¢arom
u Druzbi Isusovoj. Osim toga od 1752. bio je profesor ma-
tematike na Sveucilistu u Becu. Nacelnik na astronom-
skoj zvjezdarnici u Becu bio je od 1756. pa sve do
ukidanja isusovackog reda 1773. godine, gdje je i zapo-
eo svoju znanstvenu djelatnost.

Po prijedlogu Rudera Boskovi¢a 1757. godine, kad je
duZe vrijeme boravio u Belu, Liesganig je zajedno s Jo-
sephom Ramspoeckom konstruirao zenitni sektor radi-
jusa 10 beckih stopa (oko 3 m). On je konstruirao i
kvadrant, koji je izradio Ramspoeck s radijusom 2,5 becke
stope, a koji je bio opremljen mjernim vijcima za poveéa-
nje to¢nosti oCitavanja kutova. Godine 1758. Liesganig je s
pomocu svojeg zenitnog sektora odredio da geografska
Sirina tornja crkve sv. Stjepana u Becu iznosi 48° 12' 34,5".
L

MJERENJE DULJINE LUKA BECKOG MERIDIJANA OD BRNA DO VARAZDINA

Astronomska mjerenja, geodetsku izmjeru duljine
dijela luka Beckog meridijana od SobéSica pokraj Brna
preko Beca i Graza do crkvenog tornja u Varazdinu, kao i
obradu podataka mjerenja, izvodio je od 1758. do 1768.
(Vykutil 1982, str. 421).

Godine 1769. Liesganig je zapoCeo izmjeru duljine
luka Budimpestanskog meridijana u Madarskoj od Sze-
geda do Peterwardeina (danas Petrovaradina u Srbiji). U
trigonometrijskom lancu bilo je dvadeset Sest trokuta, a
izravno su mjerene duljine baza trigonometrijskog lan-
ca u blizini Kisteleka i Csuroga.

0d 1772. do 1774. Liesganig je bio angaZiran u mjere-
njima na trigonometrijskoj mrezi u isto¢noj Galiciji i Lo-
domeriji (danas oblast Vladimir-Volynsky u Ukrajini). U
isto doba bio je na poloZaju carskog i kraljevskog ins-
pektora zgrada u Lembergu, danas Lavovu, a od 1775.
profesor mehanike na Collegium Nobilium, kao i pokra-
jinski ravnatelj vojne inZenjerije (Allmer 1987, Dorflin-
ger 2004, Drbal 2014, 2015, Embacher 1962).

Njemu u Cast podignuta je spomen ploca u Grazu (sl.
1) u zgradi Alte Universitiit (Staro sveuciliste) koji je osno-
van 1586. godine. Na njoj piSe:

Za sjecanje na Stajerskog znanstvenika
Josefa Liesganiga,

*12.11.1719. u Grazu, T 4. 3. 1799. u Lembergu
Na ovom mjestu poceo je svoju univerzalnu karijeru.
Njegovo glavno djelo bilo je geografski utemeljena
gradusna izmjera meridijana
1762 - 1769
Zemlja Stajerska i grad Graz 1931.

3. Duljina Beckog meridijana od Brna (SobéSica)
do VaraZdina

Na osnovi iskustva drugih drZava, posebice u Francu-
skoj, doslo se do saznanja da se katastarska i topografska
izmjera moraju osloniti na trigonometrijsku mrezu. Tako
se na zapovijed carice Marije Terezije Austro-Ugarsko
Carstvo pocinje sustavno pokrivati trigonometrijskom
mreZom koju je Joseph Liesganig razvijao u Austriji od
1760. i u Ugarskoj od 1769. godine. Ta je mreZa bila nado-
vezana na francusku trigonometrijsku mrezu Cassinija i
pokrivala je podrucje na danasnjem hrvatskom teritoriju
sve do VaraZdina (Macarol 1977).

Liesganig je odredio duljinu dijela meridijanskog
luka kroz Be¢ od kapele Sv. K¥iZ u mjestu SobéSice (uda-
lienom 5 km od Brna) u Ceskoj (Moravskoj), preko Beca
(crkve sv. Stjepana), Graza i Cetiri toc¢ke u Sloveniji, do
tornja crkve u VaraZdinu izmjerom trigonometrijskog
lanca koji je dug oko 320 km (sL. 2). Pri tom je razlika
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Fig. 2 Liesganig’s trigonometric chain from Brno (SobéSice) to Varazdin (left) and a detailed description of the northern part
of Liesganig’s trigonometric chain from Brno (SobéSice) to Vienna (right) (according to Liesganing 1770)
Slika 2. Liesganigov trigonometrijski lanac od Brna (SobéSica) do Varazdina (lijevo) i detaljniji opis sjevernog dijela
Liesganigovog trigonometrijskog lanca od Brna (SobéSica) do Be€a (desno) (prema Liesganingu 1770)

(SobéSice) to Varazdin

Based on experiences from other countries, especi-
ally France, it was concluded that cadastral and topo-
graphic surveys have to rely on a trigonometric
network. As ordered by Empress Maria Theresa, Austri-
an-Hungarian Empire started to become covered with a
trigonometric network developed by Joseph Liesganig
in Austria from 1760 and in Hungary from 1769. The
network was connected to the French trigonometric
network established by Cassinis and covered the area of
contemporary Croatia up to Varazdin (Macarol 1977).

Liesganig determined the length of the meridian arc
through Vienna from the chapel of St. K¥iZ in SobéSice (5
km from Brno) in Czech Republic (Moravia), over Vien-
na (church of St. Stephen) and Graz, then four points in
Slovenia to the church belfry in Varazdin by surveying

the trigonometric chain (approximately 320 km) (Fig. 2).
The difference between latitudes at endpoints equaled
2°56' 45.85", and there were 22 triangles in the trigono-
metric chain. Certain church towers were chosen as tri-
gonometric points and 5 Vienna fathom (about 10 m)
high four-sided fir or spruce pyramids were constructed
only in some locations.

3.1 Direct Measurement of the Trigonometric
Chain Baselines

Liesganig wanted to directly measure baselines of
the trigonometric chain at its beginning and end, just li-
ke Ruder Boskovi¢ had done with the Rome - Rimini
meridian arc. However, Liesganig could not find a suita-
ble terrain on which to set the base at the beginning and
end of his trigonometric chain. He found suitable terrain
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Fig. 3 a) Monument at the southern end point of Liesganig’s base in Neunkirchen (Photo Lapaine, 2015), b) monument at the
northern end point of Liesganig’s base in Wiener Neustadt (Photo Lapaine, 2015) and
¢) monument to Liesganig in Wiener Neustadt (Photo Lapaine, 2015)
Slika 3. a) Spomenik u blizini najjuznije krajnje toCke Liesganigove baze u Neunkirchenu (Foto Lapaine, 2015), b) spomenik
u blizini najsjevernije krajnje tocke Liesganigove baze u Wiener Neustadtu (Foto Lapaine, 2015) i
c) spomenik Liesganigu u Wiener Neustadtu (Foto Lapaine, 2015)

geografskih Sirina na krajnjim to¢kama iznosila 2° 56'
45,85", a u trigonometrijskom lancu nalazila su se 22
trokuta. Kao trigonometrijske tocke bili su izabirani
pojedini crkveni zvonici, a samo na pojedinim mjestima
izgradivane su drvene Cetverostrane piramide iz jelo-
vine ili smrekovine, Cesto visoke pet beckih hvata (oko
10 m).

3.1. Izravna izmjera duljina baza trigonometrijskog
lanca

Liesganig je Zelio izravno izmjeriti duljine baza na
pocetku i na kraju trigonometrijskog lanca, kao $to je to
¢inio i Ruder Boskovi¢ pri mjerenju duljine luka meridi-
jana Rim - Rimini. Medutim, Liesganig nije nasao povo-
ljan teren za postavljanje baze na pocetku i na kraju
svojeg trigonometrijskog lanca. Povoljne ravne terenske
uvjete pronasao je u blizini Wiener Neustadta (Betkog
Novog Mjesta), koji se nalazi oko 50 km juZno od Be¢a. Tu
bazu postavio je 1761. godine i izmjerio je njezinu duljinu
izmedu Wiener Neustadta i Neunkirchena. Dobio je da je
ona duga 6410,903 be¢kih hvata' (12 158,174 m).

Bazis u Wiener Neustddtu ima tri spomenika, dva u Wi-
ener Neustadtu i jedan u Neunkirchenu (sl. 3a, 3b, 3¢). Prije-
vod s njemackog jezika na hrvatski jezik na najjuznijoj kraj-
njoj tocki Liesganigove baze u Neunkirchenu (sl. 3a) glasi:

1 Jedan becki hvat dijeli se na Sest stopa, a stopa se dijeli na 12
palaca: 1° (becki hvat) = 1,896484 m, 1' (b. stopa) = 0,316081 m,
1" (b. palac) = 2,634 cm (Macarol 1977, str. 27).

L

Austrijska drZavna izmjera, najjuznija krajnja tocka, bazis
Beckoga Novog Mjesta, podignuo Vojnogeografski institut
1857., popravio DrZavni ured za geodeziju 1928.11967.

Prijevod s njemackog jezika na hrvatski jezik na naj-
sjevernijoj krajnjoj tocki Liesganigove baze u Wiener
Neustadtu (sl. 3b) preveden na hrvatski glasi:

Austrijska drZavna izmjera, najsjevernija krajnja tocka, bazis
Beckoga Novog Mjesta, podignuo Vojnogeografski institut
1857., popravio DrZavni ured za geodeziju 1928.11967.

Treéi spomenik podignut je u Wiener Neustadtu (sl.
3¢), a otkrio ga je osobno princ Kaunitz. Prijevod teksta
sa spomenika s njemackoga na hrvatski glasi:

Po naredbi i zahtjevu njihovog veli¢anstva Franza i Marije
Terezije Josip Liesganig mjerio je tri stupnja Beckog
meridijanskog luka i podigao je ovaj stup na sjevernoj krajnjoj
tocki baze 1762. godine. Popravio Bundesamt fiir Eich- und
Vermessungwesen 1930.

Sliedee godine Liesganig je postavio drugu bazu tri-
gonometrijskog lanca sjeveroisto¢no u blizini Beca, izme-
du Seyringa i Glizendorfa u Moravskom polju (Moravské
pole, Marchfeld). Ona je bila duga 6387,862 beckih hvata
(12 114,478 m). Naime, tu je bazu Liesganig Zelio iskoristi-
ti i za produljenje trigonometrijskog lanca iz Francuske u
Austriju, koji prolazi Pariskom paralelom. Na tom je tri-
gonometrijskom lancu u Francuskoj radio Cassini III.
(Cassini de Thury) (Embacher 1951).
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Fig. 4 Liesgang’s angle-measuring quadrant, usually placed on a metal stand (according to Liesganing 1770)
Slika 4. Liesgangov kvadrant za mjerenje kutova koji se postavljao na metalni stativ (prema Liesganingu 1770)

near Wiener Neustadt, which is approximately 50 km so-
uth of Vienna. He set the base on 1761 and measured its
length between Wiener Neustadt and Neunkirchen, the
result being 6410.903 Vienna fathoms! (12 158.174 m).

Wiener Neustddter Grundlinie has three monuments,
two in Wiener Neustadt and one in Neunkirchen (Fig.
3a, 3b, 3¢). A German transcription on the southernmost
endpoint of Liesganig’s base in Neunkirchen (Fig. 3a)
translates to:

Austrian State Survey, the Southermost endpoint, Vienna
Neustadt baseline, errected by Military and Geographic Institute
1857, Repaired by Bundesvermessugnsamt in 1928 and 1967.

A German transcription on the northernmost end-
point of Liesganig’s base in Wiener Neustadt (Fig. 3b)
translates to:

Austrian State Survey, the Northermost endpoint, Vienna Ne-
ustadt baseline, errected by Military and Geographic Institute
1857, Repaired by Bundesvermessugnsamt in 1928 and 1967.

1 1 Vienna katgom is devigez into 6 feet, ang a zeet is gevide§ into

12 inch: 1° (Vienna fathom) = 1.896484 m, 1' (Vienna feet) =
0.316081 m, 1" (Vienna inch) = 2.634 cm (Macarol 1977, page 27).

Neustadt (Fig. 3c) and openned by Chancellor Prince
Kaunitz himself. A German transcription on the monu-
ment translates to:

By decree and request of His Majesty Francis and Maria
Theresa, Josip Liesganig surveyed three degrees of the Vienna
meridian arc and erected this pillar on the northernmost point
of the base in 1762. Repaired by Bundesamt fiir Eich- und
Vermessungwesen in 1930.

In the following year, Liesganig set a second baseline
of the trigonometric chain northeast near Vienna, be-
tween Seyring and Glizendorf in the Moravian field
(Moravské pole, Marchfeld). It was 6387.862 Vienna fat-
homs (12 114.478 m) long. Namely, Liesganig also wan-
ted to use that baseline to extend the trigonometric
chain from France to Austria which intersects the Paris
Parallel. Cassini III (Cassini de Thury) worked on that
trigonometric chain in France (Embacher 1951).

In order to directly measure base lengths, Liesganig
used 6 Vienna fathoms (about 11.4 m) long wooden rods,
which were made out of various types of wood. Led by
Liesganig and his associate Joseph Ramspoeck, sixteen
workers placed measuring rods horizontally on the

ground along a rope in the direction of the base. In doing
—1
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Fig. 5 Liesganig's 10 Vienna feet (approximately 3 m) long
zenith telescope (Liesganig 1770)

Slika 5. Liesganigov zenitni teleskop dug 10 beckih stopa
(oko 3 m, Liesganing 1770)

Za izravno mjerenje duljina baza Liesganig je primi-
jenio drvene letve duge Sest beckih hvata (oko 11,4 m)
koje su se sastojale od vise vrsta drveta. Pod vodstvom
Liesganiga i njegovog pomoc¢nika Josipa Ramspoecka 16
radnika polagalo je mjerne letve na tlo u horizontalni
poloZaj uz unaprijed postavljeno uZe u pravcu baze. Pri-
tom su razli¢iti komadi drveta polagani ispod letava za
njthovo grubo horizontiranje. Kona¢no horizontiranje
mjernih letava izveo je Liesganig osobno s pomocu libe-
le?. Brzina mjerenja duljina iznosila je oko 250 do 300 m
u satu. Nakon $to je Liesganig izmjerio duljinu baze tri
puta, odredio je visinske razlike krajnjih tocaka baze.
Tako je mogao reducirati duljinu baze u Wiener Neus-
tadtu na horizont njezine sjeverne tocke. Medutim,
poslije je jos trebao reducirati duljinu jednog stupnja lu-
ka meridijana na razinu mora.

Da bi Liesganig mogao usporediti rezultate svojih
mjerenja s francuskim, dobio je iz Pariza od Caniveta
kopiju toisea, francuske osnovne jedinice za duljinu iz-
radenu iz Zeljeza. Tako je mogao utvrditi da 1 toise izno-
si 1,02764 beckog hvata.

2 Libelu za horizontiranje izumio je Melchisedec Thévenot
1660. godine (Macarol 1977, str. 126).

L
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3.2. Mjerenje kutova u trokutima trigonometrijskog
lanca

Horizontalni i vertikalni kutovi u trokutima trigo-
nometrijskog lanca mjereni su s pomo¢u kvadranta (sl.
4) dimenzija 0,79 m (2,5 becke stope), koji je konstruirao
sam Liesganig sa svojim mehani¢arom Ramspoeckom.
Kvadrant je bio opremljen jednim pokretnim i jednim
¢vrstim durbinom, a stajao je na Zeljeznom stativu. Fino
olitavanje kutova izvodilo se s pomo¢u mikroskopskog
vijka. Liesganig se na pocetku koristio viskom, a kasnije
libelom dugom jednu becku stopu (1,9 m). Kvadrant i
mjerni pribor transportirani su izmedu susjednih trigo-
nometrijskih to¢aka s najve¢om paznjom u dva velika
sanduka. Pritom je uvijek sanduk u kojem je bio kva-
drant prevozen kolima u kojima se vozio Liesganig te je
tako kvadrant bio ¢itavo vrijeme pod njegovim nadzo-
rom. Prije svakog mjerenja kutova kvadrant je rektifici-
ran na svakom stajalistu, a Liesganig je sam mjerio sve
kutove u trigonometrijskoj mrezi.

Za ekscentri¢na stajaliSta na kojima Liesganig nije
mogao postaviti kvadrant na srediste trigonometrijske
tocke, odredio je redukciju s pomoéu mjerenja duljine
okomica od sredista na vizurnu liniju. U tu je svrhu sas-
tavio i vlastite tangentne tablice.

Kutove izmjerene iz stajalita na vizirane tocke re-
ducirao je na horizont. Zatim je u trokutima kontroliran
zbroj svih triju kutova, a poslije toga su kutovi poprav-
lieni tako da je svakom kutu dodana popravka od 1/3
nesuglasice (Embacher, P. 1951).

3.3. Racunanije duljina stranica u trokutima

Liesganig je, polaze¢i od duljine baze Wiener-Neus-
tadt reducirane na horizont u njezinoj sjevernoj tocki,
ali i nereducirane na horizont mora, izratunao s pomo-
¢u sinusova poucka duljine stranica svih trokuta u tri-
gonometrijskom lancu. Kako je prethodno kutove
reducirao u trokutima na horizont i izjednacio zbroj ku-
tova u trokutima na 180°, to je za kontrolu mogao izra-
Cunati preko svih trokuta u lancu i duljinu baze u
Moravskom polju. Dobio je da je razlika izmedu izratu-
nane duljine baze u Moravskom polju preko trokuta u
lancu i izravno izmjerene duljine te baze iznosila svega
jednu becku stopu (Embacher, P. 1951).

3.4. Astronomska mjerenija
a) Odredivanje razlika geografskih Sirina

Mjerenju razlika geografskih $irina mora se posvetiti
posebna pozornost jer razlika geografske Sirine od jedne
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so, various pieces of wood were placed below the rods
for rough leveling. Liesganig personally carried out final
leveling using a level2 Lengths were measured at a spe-
ed of about 250 to 300 m per hour. After Liesganig had
surveyed the base length three times, he determined
differences in height between base endpoints. In such a
way, he was able to reduce the base length in Wiener
Neustadt to the horizon of its norternmost point. Ne-
vertheless, he subseqeuntly had to reduce the length of
one meridian arc degree to the sea level.

In order to be able to compare his results with the
French results, Liesganig obtained an iron copy of toise
(French basic unit of length) from Canivet from Paris.
Thus he was able to determine that 1 toise equals
1.02764 Vienna fathoms.

3.2 Measurement of Angles in Triangles of the
Trigonometric Chain

Horizontal and vertical angles in triangles of the trigo-
nometric chain were measured using a 0.79 m (2.5 Vienna
fathoms) quadrant (Fig. 4), constructed by Liesganig and
his mechanic Ramspoeck. The quadrant was equipped
with one mobile and one fixed spyglass and was placed on
an iron stand. Fine reading of angles was done using a mis-
croscopic screw. Liesganig first used a plumbline, and later
a 1 Vienna fathom (1.9 m) long level. The quadrant and
measuring equipment were carefully transporte in two
large chests. Liesganig always travelled in the carriage with
the chest containing the quadrant and kept an eye on it.
Prior to each measurement, the quadrant was rectified in
each observation point and Liesganig personally measured
all angles in the trigonometric network.

When Liesganig could not place the quadrant in the
centre of the trigonometric point he determined the re-
duction by measuring lengths of normals from the cen-
tre to the line of sight. He also composed his own
tangent tables for this purpose.

Liesganig reduced to the horizon the angles measu-
red from the observation point to the viewpoints. He
then checked whether the sum of angles in triangles
was 180° and then adjusted angles so that 1/3 of the dif-
ference was added to each angle (Embacher, P. 1951)

3.3 Calculation of Lengths of Sides in Triangles
Starting with the baseline length of Wiener Neustadt

reduced to the horizon in its northernmost point, but
not to the sea horizon, Liesganig applied the sine law to

2 Level was invented by Melchisedec Thévenot in 1660 (Macarol
1977, page 126).

calculate lengths of sides of all triangles in the trigono-
metric chain. Since he previously reduced angles in tri-
angles to the horizon and adjusted the sum of angles in
triangles to 180°, he was able to calculate the baseline
length in the Moravian field using all triangles in the
chain. The difference between the calculated baseline
length in the Moravian field and the directly measured
one was only 1 Vienna fathom (Embacher, P. 1951).

3.4 Astronomic Measurements
a) Determination of differences in latitudes

Special attention needs to be paid to the measure-
ment of differences in latitudes because a difference of
just one second of angle (1") on Earth equals approxi-
mately 30 m. This is why Liesganig and his mechanic
Ramspoeck listened to R. Boskovic's advice and started
constructing a zenith telescope (Fig. 5) in order to de-
termine the difference in latitudes between two locati-
ons in 1757. The telescope was about 10 Vienna feet
(about 3 m) long. The zenith sector was better than qu-
adrant because one is able to choose stars intersecting
the meridian near zenith of both points. In such a way,
one avoids errors caused by atmospheric refraction.

Liesganig determined latitude of Vienna from the
known latitude of Paris and the surveyed difference
between latitudes from simultaneous astronomic me-
asurements in Vienna and Paris. Frenchman Nicolas Lo-
uis de Lacaille (1713-1762) conduced measurements in
Paris, while Liesganig did the same in Vienna. Thus, Li-
esganig determined in 1758 that Vienna had the latitude
of 48° 12' 34.5". Then he determined latitudes of Sobési-
ce, Brno, Graz and Varazdin in the same way.

b) Astronomic determination of the orientation of
the trigonometric chain

Liesganig determined the direction of sides in the
trigonometric chain in relation to the Vienna Meridian
astronomically, by observing positions of the Sun. For
example, he measured the origin azimuth between the
Jesuit College in Vienna and the dome in Leopoldsberg
from repeated observations of positions of the Sun on
July 21, 1765. The resulting azimuth equaled 343° 12
39" Then he used that azimuth and angles measured in
triangles of the trigonometric chain to calculate bearing
angles of other sides in the trigonometric chain. He also
calculated the convergence of meridians from rectan-
gular spherical triangles in order to be able to compare
the calculated bearing angles with the measured

azimuths. Namely, the triangle chain does not comple-
1
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kutne sekunde (1") na povrsini Zemlje iznosi oko 30 m.
Zato su Liesganig i njegov mehani¢ar Ramspoeck, po sa-
vjetu R. Boskovica, poceli 1757. godine izradivati zenitni
teleskop (sl. 5) za odredivanje razlike geografskih $irina
izmedu dva mjesta (Liesganig 1765). Teleskop je bio du-
gacak 10 beckih stopa (oko 3m). Prednost zenitnog sek-
tora pred kvadrantom sastoji se u tome $to se pri
astronomskom mjerenju s pomo¢u zenitnog sektora iz-
aberu zvijezde koje prolaze meridijanom u blizini zenita
jedne i druge tocke. Na taj se nacin izbjegavaju pogreske
u izmjeri razlika geografskih Sirina koje su uzrokovane
atmosferskom refrakcijom.

Geografsku $irinu Beca Liesganig je odredio iz poz-
nate geografske Sirine Pariza i izmjerene razlike ge-
ografskih $irina iz simultanih astronomskih mjerenja u
Becu i u Parizu. Pri tom je Francuz Nicolas Louis de Laca-
ille (1713-1762) mjerio u Parizu, a Liesganig u Be¢u. Tako
je 1758. godine dobiveno da Be¢ ima geografsku Sirinu
48° 12' 34,5". Zatim je Liesgang istim na¢inom odredio i
geografske Sirine SobéSica, Brna, Graza i Varazdina.

b) Odredivanje orijentacije trigonometrijskog lanca
astronomskim nacinom

Smijer stranica u trigonometrijskom lancu u odnosu
na Becki meridijan Liesganig je odredio astronomskim
nacinom opazajuéi poloZaje Sunca. Kvadrantom je iz-
mjerio ishodiSni azimut izmedu Jezuitskog kolegija u
Becu i kupole u Leopoldsbergu iz ponavljanih opaZanja
poloZaja Sunca 21. srpnja 1765. Dobio je da taj azimut iz-
nosi 343° 12' 39", Zatim je mogao, polazeéi od tog azi-
muta i izmjerenih kutova u trokutima trigonomet-
rijskog lanca, izraCunati smjerne kutove ostalih stranica
lanca. Da bi izra¢unane smjerne kutove mogao uspore-
diti s tamo izmjerenim azimutima, izratunao je i ko-
nvergenciju meridijana iz pravokutnih sfernih trokuta.
Naime, lanac trokuta ne ide to¢no po Betkom meridija-
nu te je i tu korekeciju morao uzeti u racun. Kada je uspo-
redio korigirane smjerne kutove s izravno izmjerenim
azimutima jedne stranice trokuta u Brnu i druge u Gra-
zu, dobio je razlike od 34", odnosno 16", Uzrok tim ve-
¢im razlikama Liesganig je pripisao netocnosti
odredivanju azimuta s pomoéu Sunca (Embacher, P.
1951).

3.5. RaCunanije udaljenosti svakog stajalista od
okomice na Becki meridijan

Kroz jednostavne projekcije trokutnih stranica na
Becki meridijan Liesganig je izratunao pravokutne ko-
ordinate tocke ili, kako je to Liesganig nazvao, udalje-
nost svakog stajalista od okomice i Beckog meridijana.
L

MJERENJE DULJINE LUKA BECKOG MERIDIJANA OD BRNA DO VARAZDINA

Poslije je reducirao te duljine na toranj crkve sv. Stjepa-
nauBecu.

3.6. Redukcija duljine jednog stupnja luka meridija-
na na razinu mora

Liesganig je za redukciju duljine jednog stupnja luka
meridijana na razinu mora odredio nadmorsku visinu
zadnje tocke s pomoéu barometra. Da bi reducirao dulji-
nu jednog stupnja meridijana na razinu mora, izracunao
je da se duljina jednog stupnja luka meridijana, prema
slici 6, mora skratiti za 2,3 becka hvata (4,362 m). Do tog
je rezultata doSao primjenom formule

p-p=Lh
R+h
u kojoj je R polumjer zakrivljenosti odreden Eulerovom
formulom, izmjerene veli¢ine L duljine jednog stupnja
luka meridijana, h nadmorska visina i L' duljina luka me-
ridijana koji odgovara jednom stupnju reducirana na
razinu mora.

- Razina mora

Slika 6. Redukcija duljine jednog
c stupnja luka meridijana na razinu mora

4. Trigonometrijska totka VaraZdin

Liesganig je postavio posljednju trigonometrijsku
tocku na Beckom meridijanskom luku u Varazdinu na
zvoniku uz isusovacki samostan. U njegovu je sastavu i
crkva Uznesenja BlaZene Djevice Marije na nebo, koja je
zavr$ena 1646., a njezin toranj 1676. godine (sl. 7). Danas je
ta crkva varaZdinska katedrala, a isusovacki samostan su
nakon ukidanja isusovackog reda 1773. godine preuzeli
pavlini. Samostan zajedno s crkvom, gimnazijom i sjeme-
niStem danas tvori najvredniji kompleks ranobarokne
arhitekture u gradu VaraZdinu. U njemu je smjeSten Fa-
kultet organizacije i informatike Sveucilista u Zagrebu.

Liesganig je u svojem djelu Dimensio Graduum Meridi-
ani Viennensis et Hungarici iz 1770. godine naveo da je pos-
liednja trigonometrijska tocka u Beckom meridijanskom
luku turris templi Collegii S,J. (toranj hrama zajednice SJ.) u
Varazdinu. Skraéenica S. J. na latinskom znaci Societa Je-
su, tj. Druzba Isusova. U Dimensio Graduum ... navedeno je
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tely coincide with the Vienna Meridian and Liesganig
had to account for that correction. When he compared
corrected bearing angles with directly measured azi-
muths of one side of angle in Brno and another in Graz,
the differences were 34" (seconds of angle) and 16", res-
pectively. Liesganig attributed these large differences to
the lack of accuracy of determining azimuths using Sun
(Embacher, P. 1951).

3.5 Calculation of Distances of Each
Observation Point from the Normal to the
Vienna Meridian

Using simple projections of triangle sides to the Vi-
enna Meridian, Liesganig calculated rectangular point
coordinates, which he referred to as the distance of each
observation from the normal and the Vienna meridian.
He later reduced those lengths to the tower of the Chur-
ch of St. Stephen in Vienna.

3.6 Reduction of the Length of one Meridian
Arc Degree to Sea Level

In order to reduce the length of one meridian arc
degree to sea level, Liesganig determined the elevation
of the final point using a barometer. He calculated that
the length of one meridian arc degree, according to Fig.
6, has to be shortened by 2.3 Vienna fathoms (4.362 m).
He reached this result by applying formula

L-h
. . . —L'=—— .
in which R is the radftis bf" cryvature obtained by the
Euler's formula, L' length of one meridian arc degree re-
duced on the sea level, h is elevation, and L calculated

values length of one meridian arc degree.

A

Sea level sess"
R
Fig. 6 Reduction of length of

one meridian arc degree to
sea level Cc

4 VaraZdin Trigonometric Point

Liesganig set the final trigonometric point of the Vi-
enna meridian arc by the Jesuit monastery belfry in

Fig. 7 Belfry of the Jesuit Church of Assumption of Virgin
Mary into Heaven — nowadays cathedral in Varazdin; end
trigonometric point of the Vienna meridian arc

(Photo Lapaine, 2015)

Slika 7. Toranj isusovacke crkve Uznesenja Blazene Djevice
Marije na nebo, danas varazdinske katedrale, posljednja je
trigonometrijska tocka Betkog meridijanskog luka

(Foto Lapaine, 2015)

Varazdin. A part of it is the Church of Assumption of
Virgin Mary into Heaven, which was completed in 1646,
while its tower was finished in 1676 (Fig. 7). Nowadays,
the church is VaraZdin’s cathedral, and the Jesuit mo-
nastery was taken over by Paulines after the Jesuit Or-
der was abolished in 1773. The monastery, church, high
school and seminary form the most valuable complex of
early baroque architecture in Varazdin. Nowadays, it
houses the Faculty of Organization and Informatics,
University of Zagreb.

In his work Dimensio Graduum Meridiani Viennensis et
Hungarici from 1770, Liesganig stated that the final tri-
gonometric point in the Vienna meridian is turris tem-
pli Collegii SJ. (belfry of the temple of the society S,J.) in
Varazdin. The abbreviation S,J. in Latin means Societa
Jesu, i.e. Society of Jesus. According to Dimensio Graduum
..., the final point in the Vienna trigonometric chain is
the church belfry in Varazdin. Such a description would
not suffice nowadays, beacause the historical centre of
Varazdin features 11 church towers, six churches and
three monasteries. Since Liesganig was a member of the
Society of Jesus, it is completely understandable that he
chose templum Collegii S,J. in Varazdin to be the final po-

int in the trigonometric chain along the meridian arc
1

14
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Fig. 8 Trigonometrijc point St. Urban at Ankenstein (nowadays old city of Borl) (left) and trigonometric point Jerusalem
surrounded by vineyards (right) (Photo Lapaine, 2015)
Slika 8. Trigonometrijska totka Sv. Urban (danas stari grad Borl) (lijevo) i Crkva Zalosne Majke BoZje u Jeruzalemu blizu
OrmoZa okruZena vinogradima (desno) (Foto Lapaine, 2015)

samo da je posljednja trigonometrijska to¢ka u Be¢kom
trigonometrijskom lancu zvonik crkve u Varazdinu. Ta-
kav opis danas ne bi bio dovoljan jer u starogradskoj jez-
gri u Varazdinu ima 11 zvonika, 6 crkava i 3 samostana.
Kako je Liesganig bio ¢lan Druzbe Isusove, potpuno je
razumljivo da je izabrao templum Collegii S,J. u Varazdinu
kao posljednju trigonometrijsku tocku u lancu trokuta
uzduZ meridijanskog luka od Brna (Sobé&Sica) do Vara-
zdina, a u ¢ijem se sastavu nalazi zvonik crkve Uznese-
nja BlaZene Djevice Marije na nebo. Naime, u Varazdinu
franjevci imaju crkvu sv. Ivana Krstitelja sa zvonikom
visokim 54,4 m, najvi$im u Varazdinu, te bi inale za tri-
gonometrijsku tocku, po geodetskoj logici, bilo razum-
ljivo izabrati taj najvisi toranj.

S tornja u Varazdinu vide se dvije susjedne trigono-
metrijske tocke u Sloveniji: Sv. Urban kod Ankensteina
(danas stari grad Borl) i Jeruzalem (sl. 8) u kraju gdje se s
posebnom pozorno$éu uzgaja vinova loza (Lapaine
2012). Preko te dvije trigonometrijske tocke Varazdin je
bio povezan na Citavi Liesganigov trigonometrijski la-
nac kojim je on odredio duljinu luka Be¢kog meridijana
od Sobésica do Varazdina.

5. Objava rezultata izmjere duljine luka Betkog
meridijana i novija istraZivanja

Prvi dokument o prethodnim rezultatima izmjere
duljine luka Beckog meridijana Liesganig je objavio
1768. godine u londonskom Philosophical Transactions (sl.
9). Pritom je samo ukratko izloZio rezultate svojih mje-
renja, a u komentaru koji nije potpuno jasan pise da ve-
lika razlika u duljinama jednog stupnja luka meridijana
na razli¢itim $irinama vjerojatno proizlazi pod utjecajem
L

okolnih brda. Zato treba pogledati ekstremne vrijednosti
za duljine jednog stupanja luka meridijana, podcrtane u
tablici 1, iz kojih se vidi da najveca razlika iznosi ¢ak 466,3
toisea® (908,8 m). Naime, prema Newtonovu teorijskom
proracunu, razlika duljina za jedan stupanj luka meridija-
na izmedu susjednih stupnjeva na geografskim Sirinama
izmedu 40° i 50° iznosi svega 13 toisea (Solari¢, Solari¢
2013b). Zato se Liesganigovo objasnjenje ne bi moglo pri-
hvatiti kao neko posebno opravdanje, pa ¢ak i kad se u ra-
¢un uzme utjecaj okolnih brda.

Konacne rezultate izmjere Liesganig je napisao i
objavio na latinskom jeziku u djelu Dimensio Graduum
Meridiani Viennensis et Hungarici 1770. godine (sl. 10). Ti se
rezultati malo razlikuju od prethodnih Liesganigovih
rezultata iz 1767. 1 u tablici 1. Naglasimo da razlika izme-
du duljine jednog stupnja luka meridijana izmedu Beca i
Graza te Graza i VaraZdina po tim popravljenim konac-
nim podatcima iznosi 450,5 toisea (878 m). Dakle, to je
samo malo smanjenje (poljepSanje) razlike izmedu eks-
tremnih duljina jednog stupnja meridijana. Tako velika
razlika sigurno je mogla ukazivati na neku grubu pogre-
$ku u Liesgangovim mjerenjima.

Rezultati Liesganigovih mjerenja ubrzo su nakon
objavljivanja, a i nakon njegove smrti, o$tro kritizirani.
Tako je geometar i astronom Franz Xaver von Zach,
ravnatelj opservatorija u Gothi, optuZivao Liesganiga da
je obradivao rezultate mjerenja kako bi bila sto bolja su-
glasnost (Zach 1803, 1804, 1811). Drugim rije¢ima, tvrdio
je da je Liesganig uljepSavao svoje rezultate mjerenja.
Danas vidimo da je tu bilo i grubih pogresaka.

3 Prema Bialasu (1982, str. 99), 1 toise = 6 pariskih stopa =
1,94905 m, 1 pariSka stopa = 0,3248 m.
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from Brno (Sobé&Sice) to VaraZdin, and the tower of the
Church of Assumption of Virgin Mary into Heaven. Na-
mely, there is a Franciscan Church of St. John the Baptist
in Varazdin with a 54.4 m high tower (highest in Vara-
zdin), which would be a reasonable choice for a trigono-
metric point.

Two neighbouring trigonometric points can be seen
from the tower in Varazdin: St. Urban at Ankenstein
(nowadays old city of Borl) and Jerusalem (Fig. 8) in a
land where grapevine is cultivated (Lapaine 2012). Va-
razdin was connected with these two trigonometric po-
ints to Liesganig's entire trigonometric chain, which he
used to determined the length of the Vienna meridian
from SobéSice to Varazdin.

5 Publishing Results of the Vienna Meridian
Arc Survey and More Recent Research

The first document on previous results of surveying
the Vienna meridian arc was published by Liesganig in
the London Philosophical Transactions in 1768 (Fig. 9).
In it, he briefly expounded on the results of his research
and he also made an unclear comment about how the
large difference in length of one meridian arc degree in
various latitudes is probably due to nearby hills. One
should therefore look at extreme values for lengths of
one meridian arc degree, underlined in Table 1, which
shows the largest difference equals as much as 466.3 to-
ises® (908.8 m). Namely, according to Newton’s theoreti-
cal calculation, the length difference of one meridian
arc degree between neighbouring degress on latitudes
between 40° and 50° equals only 13 toises (Solari¢, Sola-
ri¢ 2013b). Therefore, Liesganig's explanation can not be
accepted as a special justification.

Liesganig wrote and published the final survey results
in Latin in Dimensio Graduum Meridiani Viennensis et
Hungarici in 1770 (Fig. 10). These results do not differ sig-
nificantly from Liesganig’s previous results from 1767
and in Table 1. Let us emphasize that the corrected diffe-
rence between one meridian arc degree between Vienna
and Graz and Graz and Varazdin equals 450.5 toises (878
m). Therefore, it is just a small reduction (embellishment)
of the difference between extreme lengths of one meridi-
an degree. Such a large difference could certainly point
out a gross error in Liesganig’s surveys.

Results of Liesganig’s surveys were harshly criticized
soon after publishing and continued soon after his death.
For example, director of the observatory in Gotha, sur-
veryor and astronomer Franz Xaver von Zach accused

3 According to Bialas (1982, p. 99), 1 toise = 6 Paris feeet = 1.94905
m, 1 Paris feet = 0.3248 m.

VOL. :.vm.] PHILOSOPHICAL TRANSACTIONS. & 4 497

1l Eztract of @ Letter, dated Fienna, April 4, 1767, from Father Joseph
. Liesganig, Jesuit, to Dr. Bevis, F. R. §., containing a short Account of t}
Measurement of Three Degrees of Latitude under the Meridian of Vienna.
From the Latin, p.15.

These 3 degrees measured by father Liesganig, constitute the arc between
Sobieski, near Brunn, in Moravia, and Waradin, in Croatia. *The terrestrial
arc is constituted by 22 large triangles, connected by measured bases, of mdre
than 6000 Paris toises each. The celestial arc was determined by many obser-
vations of fixed stars, made with a 10 foot sector, at several stations; by which

. he deduced the length both of the whole arc, and of several of the intermediate
parts. Hence he found the length of the degree between Vienna and Gratz,
186 toises less than that between Vienna and Brunn, towards the north, but that .
between “Waradin and Brunn almost 300 toises greater. A difference, so great,
he ascribes to the attraction of certain mountains near some of the stations.
A synopsis of the celestial and the terrestrial arcs here follow. 7

Arc of the Celestial Meridian.

| # Cyesi. | = Cyend. | Capra. |4 Aurige. | Medium, |
7 - B b+ ~
0 33581
L 2290(
2 10 55.0(3
Between Brunn & Vienoa 0 58 53 5/
ralz 2 7 18.315
Between Vienoa & Gralz B 28,018 B 25816
or, |1 B 248
& Warsd | i seanvens 1 54 17,911 54 17.9(8
Between Graz & Waradjn |........ |, ..ce0. 0 45 50.5/0 45 48.9[0 45 50.1]1 45 4900 45 Iy
|Amplit. of |Distance o | From the Magaitude of 1 degree.
the | series of | Vienca Red. to the
arc. parallels. | triangles. | toises. |Paris toises. level of the
ea.

7
Between Scbieski & Warad. |2 56 45,
Between Sobieski & Vienoa[1 2

Between Brunn & Vieooa 0 58 53.5
Between Viennaaod Gratz. l--u‘ﬂ'ul bt 8
or 1 8248
Between Grats & Warsd, [0 43 4.9
¥OL, X1I, p

Fig. 9 Philosophical Transactions Vol. LVIII, page 497
from 1768

Slika 9. Philosophical Transactions Vol. LVIII, str. 497
iz1768. godine

DIMENSIO GRADUUM

MERIDIANI VIENNENSIS

ET

HUNGARICI
'AUGG. JUSSU ET AUSPICIIS

PERACTA

A JOSEPHO LIESGANIG,

SOCIETATIS JESU

cuM FIGURIS ENEIS,

VINDOBON &,

¥RosTAT APUP AUGUSTINUM BERNARDI, Bixnorou%;: ;‘i}
UNIvERSITATIS VIENNENSIS UBvin

—_— 1]
M, DCCLXX, R

Slgiptath

Fig. 10 Cover of Liesganig’s Dimensio Graduum Meridiani
Viennensis et Hungarici published in 1770

Slika 10. Naslovnica Liesganigova djela Dimensio Graduum
Meridiani Viennensis et Hungarici objavljenog 1770.
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Table 1 Review of results of distance measurements of Vienna meridian Sobieschiz-Warasdin
(middle taking over from Liesganig (1767) — abbreviation V.fa. (Vienna fathom)
Tablica 1. Pregled rezultata izmjere duljine luka BeCkog meridijana od Brna (SobéSica) do Varazdina

(preuzete sredine od Liesganiga (1767) — skracenica b. hv. (becki hvat)

. Udalj. izmedu | Duljina jednog stupnja | Redukcija na razinu
Razlika geogr. e
P e Sirina paralela luka meridijana mora
) . . Distance Length of one meridian Reduction on see
Between locations Difference in
latitudes between arc degree level
parallels
b.hv./V.fa b.hv./V.fa toise toise m
gggfesslgﬁi_z}fe\;ema 1°02' 29,0" 61091,2 586632 | 570853 | 570829 | 1112546
g;ﬁg; ?evciema 0°58'53,7" | 575885 586723 | 570942 |570918 | 1112719
\B[?ecn_nirféraz 1°08'253" | 666818 584742 | 569015 |56899,2 | 1108965
gzz ) \\grfs?i 0°45'49,9" | 450323 589535 | 57367,9 | 573655 | 1118044
gggf;‘;lfﬁfﬁi 4 | 256 458" 172 808,1 58657,5 | 570798 | 570774 | 111243,9

Table 2 Angles in the St. Magdalena — Wildon — St. Urban (near Maribor) triangle according to Liesganig and P. Embacher
(Embacher, P. 1951)
Tablica 2. Kutovi u trokutu Sv. Magdalena — Wildon — Sv. Urban (kod Maribora) po Liesganigu i po P. Embacher

(Embacher, P. 1951)

Stajaliste Kut od Liesganigu Kut od P. Embacher
Station Angle by Liesganig Angle by P. Embacher
Sv. Magdalena 37°17'59" 38°42'06,2"
Wildon 46° 59' 00" 42°33'43,0"

Sv. Urban 95°43' 01" 98° 44'10,8"

Prije 200. obljetnice Liesganigovih mjerenja na Bec-
kom meridijanu, Paula Embacher iz Be¢a obranila je dok-
torsku disertaciju Die Liesganigische Gradmessung (Lego
1951). U toj disertaciji ispitivala je to¢nost Liesganigovih
mjerenja Beckog meridijana (Embacher, P. 1951). Savjesno
je izvela mjerenja i analizu te pronasla pogresku u trokutu
Wildon - Sv. Urban (kod Maribora) - Sv. Magdalena, $to je
objasnila zamjenom ciljeva u teSkom brdovitom terenu.
Dakle, Liesganig je imao pogresno izmjerene kutove u tom
trokutu, kao $to se vidi iz tablice br. 2.

Naime, pogreska u trokutu Sv. Magdalena - Wildon -
Sv. Urban izazvala je pogresku u odredivanju koordinata
Cetiriju posljednjih tocaka: Magdalena, Jeruzalem, Sv. Ur-
ban i Varazdin. Osim toga P. Embacher izralunala je i du-
liine jednostupanjskih dijelova luka Beckog meridijana
(tablica 3).

Iz tablice 3 vidi se da razlika duljine luka od Graza do
L

Varazdina izmedu Liesganigova rjeSenja i P. Embacher
iznosi 482,05 m. U tablici 4 W. Embacher je dao pregled
veli¢ina dijelova luka od jednog stupnja Beckog meridi-
jana prema Liesganigu i P. Embacher, kao i odgovarajuce
duljine dijelova lukova od jednog stupnja na Beckom
meridijanu na Besselovom elipsoidu.

Pod utjecajem studije Paule Embacher ing. Alois Simek
(1883-1967) iz Brna izveo je istraZivanje u Moravskoj
1954, godine (Simek 1963). Naime, iz Liesganigovih doku-
menata poznato je da je polazna tocka u njegovom mje-
renom trigonometrijskom lancu na Beckom meridijanu
bio toranj kapele sv. KriZa u selu Sobé&Sica 5 km sjeverno
od Brna, na Sumovitom breZuljku Ostrd horka. On je na
novijim kartama oznacen kao trigonometrijska tocka vi-
sine 404 m. Ostali vrhovi trokuta (trigonometrijske tocke)
bile su kapele sv. Antuna (oko 15 km jugoistocno od Brna)
i sv. Peregrina (oko 11 km jugozapadno od Brna). U
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Table 3 Differences in lengths of arc sections of one degree of the Vienna Meridian
according to Liesganig and P. Embacher (Embacher, P. 1951)
Tablica 3. Razlike u duljinama dijelova lukova jednog stupnja luka Be¢kog meridijana
po Liesganigu i po P. Embacher (Embacher, P. 1951)

Luk meridijana
Arc of meridian

Duljina od Liesniganiga Duljina od P. Embacher Razlika
Length according to Length according to P. Embacher | Difference

Bed - Brno / Vienna - Brno

Be& - Graz / Vienna - Graz

Be& - Varazdin / Vienna - Varazdin
Graz - Vara¥din / Graz - Varazdin

109 209,02 m 109 209,63 m +0,61m
126 463,04 m 126 455,74 m -7,30m
211 843,88 m 211 354,50 m -489,38 m

85380,84 m 84 898,70 m -482,05m

Fig. 11 Stone monument in SobéSice — Ostra Horka under
which there is a renovated stabilization stone of the first
trigonometric point in the Czech Republic and initial
trigonometric points for Liesganig’s survey of a part of the

Vienna Meridian arc

Slika 11. Kameni spomenik u SobéSicama — Ostra Horka

pod kojim se nalazi obnovljeni stabilizacijski kamen prve Fig. 12 Pyramid on Ostra horka hill near SobéSice near the
trigonometrijske tocke u Ceskoj Republici i pogetne first trigonometric point of the Vienna Meridian
trigonometrijske tocke za Liesganigovu izmjeru duljine dijela  Slika 12. Piramida na brdu Ostra horka u blizini SobéSica i

Betkog meridijanskog luka

prve trigonometrijske toke Beckoga meridijana

Liesganig of processing measurement results in such a  bacher wrote and defended her doctoral dissertation at
way to obtain the best possible concordance (Zach 1803,  the University of Vienna. The dissertation was titled Die
1804, 1811). In other words, Liesganig modified his resul-  Liesganigische Gradmessung (Lego 1951) and was about
ts, and nowadays we see there were gross errors. verification of Liesganig's surveys from Vienna and Graz

Prior to the 200th anniversary of Liesganig's surveys  to points in Slovenia and Varazdin (Embacher, P. 1951).
of the Vienna Meridian, graduate engineer Paula Em-  She conducted the measurement and analysis consci-
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Table 4 Lengths of arc sections of one degree of the Vienna Meridian (Embacher, W. 1962)
Tablica 4. Duljine dijelova luka jednog stupnja Beckog meridijana (Embacher, W. 1962)

I Razlika geogr. Duljina 1° Duljina 1° Duljina 1°Lm. | Sred. geogr.
Meridijanski luk Sirina mer. luka Lisg. | mer.lukaEmb. | (Bessel.elipsoid) Sirina
Meridian arc Differ. of latit Length. of Arc | Length. of Arc 1° | Length (Bessel. Middle

‘ ‘ 1° Lisg. Emb. el.) latitude
Be¢ - Brno . " .
e 0°58'53,5" | 111264,25m 111 265m 111191 m 48° 40
]\?’/?gn_nirf‘émz 1°08'24,8" | 110910,94m 110904 m 111171 m 47° 40'
]\?’/?;;n\ﬁri‘fa‘ilanz 4 | 1754'165" | 11122727m 110972 m 111162 m 47° 10'
g;ji ) Xg;g;gﬁ 0°45'49,9" | 111775,35m 111144 m 111152 m 46° 40'

danagnjoj Ceskoj bile su jos dvije tocke Leskoun (kod Mo-
ravského Krumlova) i Dévin (kod Pavlovské vrchy). Te su
tocke bile vezane na tocke Oberleis i Schrick u Austriji.

Kapela sv. Kriza bila je poletna tocka u trigonome-
trijskom lancu, ali je, naZalost, sruSena 1786. godine pa je
njezin poloZaj bio neko vrijeme nepoznat. I kapela sv.
Antuna srusena je 1814. godine, ali je na zahtjev francu-
ske vlade kao vaZan spomenik bila obnovljena na svom
prvobitnom poloZaju . PoloZaj kapele sv. Peregrina ostao
je nepromijenjen. Iz Liesganigovih dokumenata pozna-
to je da za tocku Spilberg bio izabran jedan dimnjak, ali
se nije znalo koji je to dimnjak od mnogih.

Nakon veceg broja geodetskih mjerenja i odredenog
otkopavanja pronadeno je srediste kapelice sv. Kriza
gdje je bila postavljena prva trigonometrijska tocka u
Cehoslovackoj (danas Ceskoj). Na to mjesto postavljen je
obnovljeni podzemni stabilizacijski kamen u rujnu 1960.
godine, a u blizini granitni spomenik dimenzija 40x40x
160 cm s dvjema broncanim plo¢ama (sl. 11). Na jednoj
od njih pise:

Srediste kapele. Prva trigonometrijska tocka na teritoriju
Cehoslovacke postavljena Liesganigom. Novo oznacavanje
tocke provela je Geodetska sluzba Cehoslovacke Republike 200
godina po njenom uspostavljanju.

Nazalost, metalnih ploca sa spomenika prikazanog
na sl. 11 viSe nema, ukradene su, ali su zamijenjene no-
vima od plastike. U blizini je izgradena Zeljezna pirami-
da s koje se prostire lijepi pogled na sve strane (sl. 12).

Iz kasnijih radova na trigonometrijskoj mreZi stvar-
no proizlazi da su duljine stranica izmedu trigonome-
trijskih to¢aka veée nego je to izracunao Liesganig. Tako

L

je ing. Alois Simek iz novijih mjerenja izratunao da je
duljina stranice SobéSice - Dévin 42 162,91 m, a prema
Liesganigu ta duljina iznosi 41 972,98 m. Dakle, razlika je
189,93 m, $to odgovara skoro 100 beckih hvata, a to
stvarno dokazuje da je postojala gruba pogreska u Li-
esganigovim izraCunima (Vykutil 1982, str. 422).

6. Zakljutak

Liesganigova mjerenja duljine Be¢kog meridijana s
pomocu trigonometrijskog lanca bila su prva te vrste u
Austrougarskoj, te tako imaju svoje veliko povijesno
znacenje. Istina, ti rezultati nisu bili primljeni s velikim
povjerenjem, ali i pored toga skupljeno znanje u razvija-
nju trigonometrijskih mreza bilo je vrlo znacajno za iz-
radu suvremenih karata i poslije za izradu katastarskih
planova u Austrougarskoj.

Za Hrvatsku su Liesganigova mjerenja duljine luka
Beckog meridijana posebno vazna jer je pritom u Hrvat-
skoj po prvi put u povijesti postavljena i izmjerena jedna
trigonometrijska tocka. Nju bi trebalo i sve¢ano obiljeZi-
ti spomen plo¢om tako da se zna da je to bila prva ge-
odetska trigonometrijska tocka u Hrvatskoj.
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entiously and found an error in the Wildon - St. Urban
(near Maribor) - St. Magdalena triangle, which she
explained by change in targets in a difficult mountaino-
us terrain. Table 2 represents Liesganig's erroneous an-
gles in the triangle.

Namely, the error in the St. Magdalena - Wildon - St.
Urban (near Maribor) error caused an error in determi-
ning coordinates of the final four points: Magdalena, Je-
ruzalem, St. Urban and VaraZdin. In addition, P.
Embacher calculated lengths of one-degree parts of the
Vienna Meridian which are presented in Table 3.

Table 3 shows that the difference for the arc length
from Graz to Varazdin between Liesganig and P. Embac-
her equals 482.05 m. Table 4 provides and overview of
arc sections of one degree of the Vienna Meridian ac-
cording to Liesganig and P. Embacher, as well as corres-
ponding lengths of arc sections of one degree on the
Vienna Meridian and the Bessel Ellipsoid.

Influenced by Paula Embarcher’s research, engineer
Alois Simek (1883-1967) from Brno conducted a survey
in Moravia in 1954 (Simek 1963). Namely, it was known
from Liesganig’s documents that the initial point in his
trigonometric chain in the Vienna Meridian was tower
of the St. KriZ chapel in Sobé&Sice, 5 km north of Brno, on
the wooded hill of Ostra horka. 1t is indicated as a trigo-
nometric point with an altitude of 404 m on recent
maps. Other triangle vertices (trigonometric points) in-
cluded chapels of St. Anthony (approximately 15 km so-
utheast of Brno) and St. Peregrine (approximately 11 km
southwest of Brno). Two additional points are located in
contemporary Czech Republic, namely Leskoun (by
Moravského Krumlov) and Dévin (by Pavlovské vrchy).
These points were connected to points Oberleis and Sc-
hrick in Austria.

The chapel of St. KriZ was the initial point in the tri-
gonometric chain, but it was unfortunately destroyed in
1786, making its location unknown for some time. The
chapel of St. Anthony was destroyed in 1814, but the
French government considered it a valuable monument
and demanded it be restored in the same location . The
location of the chapel of St. Peregrine remained unc-
hanged. According to Liesganig’s documents, a chimney
was chosen for the Spilberg point, but it is unknown
which one since there were many chimneys.

After a number of geodetic surveys and some excava-
tions, the centre of the chapel of St. KriZ was found, where
the initial trigonometric point was set in Czechoslovakia

(nowadays Czech Republic). A renovated subterannean
stablization stone was placed there in September 1960, as
well as a granite monument (40x40x160 cm) with two
brozne plates (Fig. 11). One of them reads:

Centre of the chapel. First trigonometric point on the
territory of Czechoslovakia set by Liesganig. New point
designation carried out by Geodetic Service of Czechoslovakia
200 years after it was established.

Unfortunately, metal plates from the monument in
Fig. 11 were stolen, but they were replaced by new plas-
tic ones. An iron pyramid was constructed nearby
which provides a panoramic view (Fig, 12).

According to more recent work on the trigonometric
network, lengths of sides between trigonometric points
really are larger than those calculated by Liesganig, For
example, engineer Alois Simek calculated the length of
the side Sobé&Sice - Dévin to be 42 162.91 m, which Liesga-
nig determined to be 41 972.98 m. Therefore, the diffe-
rence is 189.93 m, which corresponds to almost 100
Vienna fathoms, mening Liesganig’s measurements in-
cluded a gross error (Vykutil 1982, page 422).

6 Conclusion

Liesganig’s surveys of the Vienna Meridian using a
trigonometric chain were the first of their kind in Aus-
tria-Hungary and therefore have a great historical im-
portance. While it is true the results were not accepted
with great trust, but the knowledge in developing trigo-
nometric networks was very important for producing
contemporary maps and production of cadastral plans
in Austria-Hungary.

Liesganig’s surveys of the Vienna Meridian are espe-
cially important for Croatia because it was the first time
atrigonometric point was set and surveyed in Croatia. It
should be commemorated with a monument or ame-
morial plaque at least in Varazdin.
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