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1. Ruđer Bošković – in brief 
(Dubrovnik, 18th May 1711-Milan, 13nd February 1787) 

Jesuit priest 

Astronomer:  Brera observatory 

Polymath:   Applied mathematics 

  Geometric method 

Boscovic’s adjustment : ∑ǀviǀ=minimum 

Physists:  Model of atom 

Constructor of optical instruments 

Geodesist:  survey of arc of the meridian 
Rome – Rimini 

Philosopher: Philosophiae naturalis theoria 

Poet:  scientific poems in hexameter  

Cartographer: Map of States of the Church 

Diplomacy: Lucca, Dubrovnik 

 

 

Portrait by Robert Edge Pine, London, 1760. 
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Life and work 

1711 – 1725 Dubrovnik 

1725 – 1757 Rome, student and teacher 

1747 Visiting home – Dubrovnik 

1757 – 1763 Vienna: diplomatic duties for Lucca, Philosophiae 
naturalis theoria 

1760 Visiting London and Greenwich observatory 

1764-1773 Teaching in Pavia, Brera – instruments, project 
forobservatory 

1774 – 1782 Paris, Director of optics for the navy 

1782 – 1785 Bassano, Italy. Opera I-V 

1787 He passed away 
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Education 

Dubrovnik (-1725): Collegium Ragusinum 

Rome (1725-1760): Collegium Romanum 

Student (1727-1741) and Teacher (1740-1760) 
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Parere di tre Matematici sopra i danni che si sono trovati nella 
Cupola di S. Pietro (1742)  

(On the opinion of three mathematicians concerning the 
damage to the dome of St Peter's) 

(https://en.wikipedia.org/wiki/Roger_Joseph_Boscovich) 
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Philosophiae naturalis theoria. 
Main work based on one natural law 

Vienna 1757, Venice 1763 Boscovic’s curves 
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Life and work 
Pavia 1764 

Brera – Milan 

Model of the Brera observatory made by 
Ruđer Bošković (Museo nazionale della 
Scienza e della Tecnologia "Leonardo da 
Vinci„) 
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Brera 

Brera observatory today Plate in Brera Observatory 
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Paris (1774-1782) 

Director of optics for the navy 

- Works on optics and 
astronomy (I-V) 

- an elegant solution of the 
problem to determine the 
orbit of a comet from three 
observations, and  

- works on micrometre and  

- achromatic telescopes. 

 

Preparing and editing Opera’s 

Bassano (1782-1785) 
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Map of diplomatic activities - Bošković’s travells 

http://virtualna.nsk.hr/boskovic/diplomacija/ 
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More about Josip Ruđer Bošković… 

Links and books 

• http://virtualna.nsk.hr/bosk
ovic/ 

• Leksikon Ruđera Boškovića 

Brief and informative 

• https://en.wikipedia.org/wi
ki/Roger_Joseph_Boscovich 

Leksikon Ruđera Boškovića 
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Sun rotation elements i i Ω 
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Sun rotation elements i i Ω 
Carrington elements of Sun rotation 

Sun rotation 

Positions of Sunspot 
heliographic coordinates (B,L) 

i - inclination angle between 
planes of ecliptic and equator 
of Sun 

Y - year 
Ω = 74,40 + (Y - 1850) · 0,014 

i = 7,25 

Sun rotation period lasts 25-
29 days (Bogutovac 2011). 

 

Sun 
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Differential rotation of Sun 

Sun rotation 

Sun is plasma body 
Faster closer to Sun equator 

Slower closer to Sun pole 

Positions of Sunspot 

heliographic 
coordinates (B,L) 

Sun rotation period 
lasts 25-29 days 
(Bogutovac 2011). 

Reinsch et al (1999) 
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Heliographic coordinates (B,L) and 
Plane coordinates (x, y) 
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Mathematical model 

x = R cos B sin l 

y = R (sin B cos B0 – cos B sin B0 cos l) 

 

sin θ  = r / R 

sin B = cos θ sin B0 + sin θ cos B0 sin φ 

sin l = cos φ sin θ / cos B 

L = L0 + l 
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Bošković’s works regarding this research 

• About sunspots (De maculis solaribus), Rome 1736 

– Geometric and trigonometric method for determining rotation elements 
of the Sun using three positions of one Sunspot  

• Works ragarding optics and astronomy (Opera pertinentia ad 
opticam et astronomiam), I-V. Venetiis apud Remondini, Bassano 
1785. 

– Sun rotation about its axis determined by observation of its Sunspots (Sur 
les éléments de la rotation du soleil sur  son axe déterminés par 
l'observation de ses taches) 

– In 1777 France, Bošković observed six days one regular middle-sized 
Sunspot and he traced its position on the Sun surface 

• On the sun, moon and eclipses (1760 De Solis ac Lunae defectibus) 

– In the poem Bošković descrbied how Sunspots look like 
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1760 De Solis ac Lunae defectibus 
(On the sun, moon and eclipses) 

Bošković descrbied how Sunspots look like (in Croatian):  

 

"Sjajno nagrđuju čelo. Jer bilo da nastanu nove 

Njemu nasred lica ili pjege, njih više, u jednu da se spoje. 

Ili se kidaju, deru pa više ih bude iz jedne – 

One u isto vrijeme na isti odlaze dio 

Neba, vidimo, uvijek u krugu koncentrično kružeć 

Te se oko Titana po srijedi jednodušno vrte." 
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Dissertations – the first one 

1736 About sunspots   (De maculis solaribus) 
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About sunspots (De maculis solaribus), 
Rome 1736 – the first dissertation 

• Determining rotation 
elements of the Sun using 
three positions of one 
Sunspot 
– Geometric method and  

– Trigonometric method for  

• 7 pages in Latin, 1 page with 
six figures 
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Works regarding optics and astronomy  
(Opera pertinentia ad opticam et astronomiam),  

I-V. Venetiis apud Remondini, Bassano 1785. 

• Opusculum II, pages 75-178, in old French 
– Sun rotation about its axis determined by observation of its Sunspots 

(Sur les éléments de la rotation du soleil sur  son axe déterminés par 
l'observation de ses taches) 

• In 1777 France, Bošković observed six days one regular 
middle-sized Sunspot and he traced its position on the Sun 
surface 
– The observations of Bošković, pages 87-89  

• September 12, 13, 15, 16, 17, 19 1777 

– The calculations, pages 166-169 
• Tables I. – XII. 

– APPENDICE, all observations, pages 170-178 
• September 12, 13, 15, 16, 17, 19, 21, 22, 23, 25, 26, 27, 28, 29, 1777 
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Results of Bošković 

Period of Sun rotation:  

• Absolute period of 
rotation 26,77 days 

• Sinodic period of 
rotation 28,89 days 
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Opera pertinentia ad opticam et astronomiam 
Bošković’s calculations, pages 166-167 
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Opera pertinentia ad opticam et astronomiam 
Bošković’s calculations, pages 168-169 
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Opera pertinentia ad opticam et astronomiam 
APPENDICE: Bošković’s observations, pages 169-170 
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Opera pertinentia ad opticam et astronomiam 
APPENDICE: Bošković’s observations, pages 171-172 
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Opera pertinentia ad opticam et astronomiam 
APPENDICE: Bošković’s observations, pages 173-174 
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Opera pertinentia ad opticam et astronomiam 
APPENDICE: Bošković’s observations, pages 175-176 
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Opera pertinentia ad opticam et astronomiam 
APPENDICE: Bošković’s observations, pages 177-178 
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Observations 
What does it mean? Time series observations. 
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Calculations 
Calculations with logaritham tables – we don’t use it any more 
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Reseach 

1. Calculations the Sun rotation elements: 
– Reconstruction of Bošković’s calculations – Did he made errors? 

2. Using nowaday’s methods with Bošković’s observations 
– Time Series Analysis (Tor 2002, Diebold et al 2006) 

3. Methods of adjusment: L1 norm and L2 norm 
L1 norm – Josip Ruđer Bošković (1711-1787) 

lim ∑ǀviǀ = minimum 

L2 norm – Carl Friedrich Gauß (1777-1855) 
lim ∑ vi

2 = minimum 

– L1-norm or L2-norm adjustment 

4. Can we calculate i and Ω using his observations 
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L1 method v. s. L2 method 

References: 

1. Tor (2002): L1, L2 Kalman 
and Time Series Analysis 
in Deformation Analaysis. 

2. Diebold, Kilian, Nerlove 
(2006): Time Series 
Anlysis. 

3. Bektaş and Şyşman (2010): 
The comparison of L1 and 
L2-norm minimization 
methods. 

Older sources: 

1. Churchill Eisenhart (1961): 
Boscovich and the 
Combination of 
Observations, 200-212. 

2. Željko Marković (1968): 
Prva teorija izravnanja 
pogrešaka (The first 
theory of error 
adjustment), 360-365 u 
Vilko Niče ed.: Ruđe 
Bošković. 
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Sun rotation periods: Tab. X. and Tab. XI. 
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Contemporary research of the rotation elements of the Sun 

References: 

H. Wöhl (1977): On the Solar Rotation 
elements i and Ω as Determined bz Doppler 
Velocitz Measurements of the Solar Plasma.  

Table 1 Solar rotation elements Ω and i as 
derives from measurements of he 
rotation of sunspots.  

H. Balthasar, G.Lustig, D. Stark, H. Wöhl 
(1986): The solar rotation elements i and Ω 
derived from sunspot groups. 

Greenwich (1874 to 1976) 

Knazelhöhe (1947 to 1984) 

H. Balthasar, D. Stark, H. Wöhl (1987): The 
solar rotation elements i and Ω derived from 
recurrent single sunspots. 

Greenwich (1874 to 1976) 
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Bošković 1785 ?              ?           ?         ? 



TO DO LIST – Future activities 

1. Translation:  
Opusculum II, pages 75-178, in 
old French 

2. About sunspots 1736, 
explanation of  
Geometric method and  

Trigonometric method 
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Conclusions 

Answers to questions 

1. Did Bošković calculate 
without errors? 

2. Which method should we 
use for the observation 
result processing with 
accuracy evaluation: Gauß 
or Bošković? 

 

 

 

1. Importance of Bošković’s 
work in  
– positional astronomy and in  

– calculating Sun rotation 
elements 

2. Comparison Bošković work 
with nowadays methods 
and results using numerical 
evaluation of both results. 
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