
Roland Eötvös
physicist, geophysicist and 
innovator of teacher’s training



Curriculum vitae
Year Age Family/Private Scientific&Academic Public&Social

1848 Born in Buda

1866-
67

18-19 Jura studies at University 
of Pest

1868-
70

20-22 Studies at University of 
Heidelberg
Semester in Königsberg

1870 22 PhD in Physics 
from U.-Heidelberg

1871 23 Habilitation
at University of Pest

1873 25 Corresponding member of 
Hungarian Academy of Sciences

Editor of the science 
popularization monthly 
Communications in Natural 
Sciences



Curriculum vitae
1876 28 Married on Gizella Horvát

(2 daughters)
Summer mountaineering 
in Schluderbach (South 
Tirol) till 1914 

New method for the 
experimental 
determination of the 
capillary constant

1878 30 Head of the Department 
for Experimental Nature 
Studies
at University of Budapest

1880 32 Vice-President of the Society for 
Advancement of Natural Sciences 
(till 1919)

1885 37 Foundation of the Table Meetings of 
Mathematicians

1886 38 Eötvös-rule of the 
temperature dependence 
of the capillary constant



Curriculum vitae
1887 39 Open letter to the Minister of 

Education and Cults on higher 
education

1888-90 40-42 New method for testing the law of 
Universal Free Fall

1889 41 President of the Hungarian 
Academy of Sciences (till 
1905)

1891 43 Construction of the Eötvös-balance
Field tests in Western Hungary

Foundation of the 
Mathematical and Physical 
Society (president till 1919)

1892-93 44-45 Rector of the University of Budapest

1894-95 46-47 Minister of Education and 
Cults  (7 months)

1895 47 Foundation of the József
Eötvös Collegium (curator till 
1919)



Curriculum vitae
1900 52 Report on field experiments with Eötvös-balance to 

the Paris Conference of Geodesy

1902 54 Eötvös-peak in 
the Dolomites

1906 58 Report on field experiments with Eötvös-balance to 
the Budapest Conference of Geodesy

1906-
1909

58-61 Improved bound on the validity of Universal Free 
Fall (Beneke Prize, University of Göttingen)

1912 64 Report on field experiments with Eötvös-balance to 
the Hamburg Conference of Geodesy

1913 65 Instrument for laboratory demonstration of the 
Eötvös-effect

1891-
1916

Gravitational and magnetic anomaly mapping of the 
Austro-Hungarian Monarchy 
“Founding father” of applied geophysics

1919 71 Died in Budapest



Roland Eötvös, 
the scientist



The Eötvös-rule for surface tension (1876-86)

α =Energy required for unit increase of the liquid layer surface
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R curvature radius at height z along an 
infinite wall follows the geometric relation 
proposed by Gauss, Laplace, Poisson:
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Reflection method of Eötvös

𝒛𝟏 − 𝒛𝟐 = 𝟐𝒂(𝐬𝐢𝐧
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)



The Eötvös—(Ramsay) rule

Eötvös’ data on mercury (in cm) Previous data of others

Equation of state of ideal gas

𝑝𝑉= RT,         R= Regnault constant

Equation for surface layers

𝜶𝑽𝟐/𝟑 = 𝑬ö (𝑻∗ − 𝑻) Eö = Eötvös constant



A true challenge: 
Checking a fundamental concept 

of Newton’s mechanics



In modern terms  

Eötvös:  

“Logics requires to verify the 

fundamental concept with the 

accuracy one can achieve in 

measuring the weight of a body”

Gyula

Zsivótzky, 

olympic

champion 

(1968) 

accelerates

the inertial 

mass of the 

hammer

Imre Földi, 

olympic

champion 

(1972) 

throws out a 

gravitating 

mass

𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 (𝑍𝑠𝑖𝑣ó𝑡𝑧𝑘𝑦 − 𝑚𝑎𝑠𝑠)

𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔 𝑚𝑎𝑠𝑠 (𝐹ö𝑙𝑑𝑖 − 𝑚𝑎𝑠𝑠)
=

𝑼𝒏𝒊𝒗𝒆𝒓𝒔𝒂𝒍, 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑘𝑖𝑛𝑑 𝑜𝑓 𝑚𝑎𝑡𝑡𝑒𝑟



Old method for investigating the fundamental 
concept of Principia

I. Newton (followed by F. Bessel, 1830):  

Separate measurement of the  𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔 ratio 

for different samples A,B… with 

Kater’s pendulum

and calculation of pairwise differences of the results 

Accuracy: 10-3  
 10-5

2

𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙,𝐴

𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔,𝐴
−

𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙,𝐵

𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔,𝐵

𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙,𝐴

𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔,𝐴
+

𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙,𝐵

𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔,𝐵

= 𝑬ö𝒕𝒗ö𝒔 − 𝒓𝒂𝒕𝒊𝒐



NEW method for investigating the 
fundamental statement of Principia

Eötvös (1888-90): 

Improved Cavendish-

Coulomb type balance 

(curvature variometer) 

sensitive directly to the 

difference 
 𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔 A –

 𝑚𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑚𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑛𝑔 B

Accuracy: 5 x 10-8



The Eötvös-balance
(horizontal variometer, 1891)

Complete characterization of the 
variations of the gravitational field
in the horizontal plane

Order of magnitude improvement of 

the upper bound 

on the Eötvös-parameter, 1906-09

Beneke Prize 

from University of Göttingen



The Cavendish—Coulomb-balance

• 𝑉 𝒙 = 𝜌 𝒙 𝑈(𝒙) Gravitational potential energy density

Orientation of the coordinate system of the balance:

•
𝜕𝑈

𝜕𝑥
=

𝜕𝑈

𝜕𝑦
= 0,

𝜕𝑈

𝜕𝑧
= 𝑔 at the centre of the beam, 𝒙 = 0

• Horizontal force components in inhomogeneous gravitational field
𝐹𝑥 = 𝜌 0 (𝑈𝑥𝑥 0 ∆𝑥 + 𝑈𝑥𝑦(0)∆𝑦), 𝐹𝑦 = 𝜌 0 (𝑈𝑦𝑥 0 ∆𝑥 + 𝑈𝑦𝑦(0)∆𝑦)

• Vertical torque expressed with components of the inertial moment 

𝑀𝑧 =  ∆𝑥𝐹𝑦 − ∆𝑦𝐹𝑥 = 𝜃𝑥𝑥 − 𝜃𝑦𝑦 𝑼𝒙𝒚 𝟎 + 𝜃𝑥𝑦(𝑼𝒚𝒚 𝟎 − 𝑼𝒙𝒙 𝟎 )



Model of the balance: 
two pointlike masses at the opposite ends of the beam at distance a from the centre

x = acos 𝜗 , 𝑦 = 𝑎 sin 𝜗

𝜃𝑥𝑦 = 𝑚 𝑎2 sin 𝜗 cos 𝜗 , 𝜃𝑥𝑥 − 𝜃𝑦𝑦 = 𝑀𝑎2(cos 𝜗2 − sin 𝜗2)

Determination of the equilibrium position of the balance 

𝝉(𝝋 − 𝝋𝟎) =K[𝑼𝒙𝒚 𝟎 𝐜𝐨𝐬 𝟐𝝑 + (𝑼𝒚𝒚(0)-𝑼𝒙𝒙(𝟎))
𝐬𝐢𝐧 𝟐𝝑

𝟐
]

With 3 𝜗 positions one finds 𝑈𝑥𝑦 0 , 𝑈𝑦𝑦(0)-𝑈𝑥𝑥(0)

x

y

z

𝜗
m

Platina fibre

a

g

𝜑0 = torquless position (unknown)



The Eötvös-balance

• ∆𝑀𝑧 = 𝑎 cos 𝜗 ∆𝐹𝑦 − 𝑎 sin 𝜗 ∆𝐹𝑥 = 𝑚𝑎 ℎ cos 𝜗
𝜕𝑔

𝜕𝑦
− sin 𝜗

𝜕𝑔

𝜕𝑥

=𝑚𝑎ℎ(𝑈𝑧𝑦 cos 𝜗 − 𝑈𝑧𝑥 sin 𝜗)

• Consequence of different minertial/mgravitational ratios for the two masses:

𝜀′ − 𝜀 ≈
𝐺 − 𝐺′

𝐹𝑤
sin 𝜀

𝑮′ = 𝑮𝒓𝒆𝒇 𝟏 + 𝜿𝟏 𝑮 = 𝑮𝒓𝒆𝒇(𝟏 + 𝜿𝟐)

𝝉(𝝋 − 𝝋𝟎) = K[𝑈𝑥𝑦 0 cos 2𝜗 + (𝑈𝑦𝑦(0)−𝑈𝑥𝑥(0))
sin 2𝜗

2
]

+𝑚𝑎ℎ(𝑈𝑧𝑦 cos 𝜗 − 𝑈𝑧𝑥 sin 𝜗) −𝒎𝒂𝑮𝐬𝐢𝐧𝝑( 𝜿𝟏 − 𝜿𝟐) 𝐬𝐢𝐧 𝜺

h

𝐹𝑐𝑓

𝐺′

𝐺
𝐹𝑤

𝐹𝑤
′ ∡𝐹𝑤𝐺 = 𝜀,

∡𝐹𝑤
′𝐺′ = 𝜀′

x

y

z

𝜗

m

Platina fibre

a

g



Idealized determination

x-axis oriented along the main curvature (North)

East-West oriented beam, 𝜗 =
𝜋

2
,
3𝜋

2
. 

One pair of measurements with Pt — Reference-object, 

𝜏Δ𝜑𝜋/2 = −𝐾𝑈𝑥𝑦 −𝑚𝑎ℎ𝑈𝑧𝑥 +𝑚𝑎𝐺 𝜅𝑃𝑡 − 𝜅𝑅𝑒𝑓 , 𝜏Δ𝜑3𝜋/2 = −𝐾𝑈𝑥𝑦 +𝑚𝑎ℎ𝑈𝑧𝑥 −𝑚𝑎𝐺(𝜅𝑃𝑡 − 𝜅𝑅𝑒𝑓)

Analogue measurement for the Comparison object – Reference-object:

𝜏Δ𝜑𝜋/2
′ = −𝐾𝑈𝑥𝑦 −𝑚𝑎ℎ𝑈𝑧𝑥 +𝑚𝑎𝐺 𝜅𝐶𝑜𝑚𝑝𝑎𝑟𝑒 − 𝜅𝑅𝑒𝑓 ,

𝜏Δ𝜑3𝜋/2
′ = −𝐾𝑈𝑥𝑦 +𝑚𝑎ℎ𝑈𝑧𝑥 −𝑚𝑎𝐺(𝜅𝐶𝑜𝑚𝑝𝑎𝑟𝑒 − 𝜅𝑅𝑒𝑓)

𝜏(𝜑𝜋/2- 𝜑3𝜋/2)- 𝜏(𝜑𝜋/2
′ - 𝜑3𝜋/2

′ )= 2𝜏(𝜿𝑷𝒕 − 𝜿𝑪𝒐𝒎𝒑𝒂𝒓𝒆)



The Eötvös-balance
(horizontal variometer, 1891)

Mapping  of gravitational anomalies

1901: Recognizing a tectonic line below the lake 

Balaton 

1916: Identification of anticline dome formation 

containing natural gas/ oil at Egbell (Moravia) 

Eötvös

Memorial

Collection



Worldwide success of the 
Eötvös-balance

• ≈100 “Original Eötvös Made in Hungary”

• Oil field explorations:
Texas, Louisiana (USA)
Egyiptom, Angola, Mexico, Venezuela
Punjab, Upper Assam (India)
Sarawak (Indonesia) 

Eötvös Memorial Collection



Famous footnote in Einstein’s 
extensive paper on the theory 
of General Relativity (1916)



W. Torge, Geodesy, de Gruyter, 2015 (p. 85)

Standard technological history reference in textbooks of geodesy and applied geophysics



The era of Eötvös-type 
experiments (1962-2008)

1957, Chapel Hill conference: 
The Role of Gravitation in Physics
Robert Dicke, John Wheeler:
Exploration of the limitations of GR 
with high accuracy measurements

1963: Dicke, Roll, Krotkov
Comparison of the free fall of 
different samples towards the Sun
(3 orders of magnitude improvement)

1986: Ephraim Fischbach reanalyzes 

original data of 

Eötvös and collaborators from 1922

1972: Braginsky, Panov

Further one order of magnitude 

improvement



Fifth force?

Finite range force field (cca. 10-100 m) 

disguised in the weight of the bodies?



Eöt-Wash series of 
experiments

• 1989-2008: University of 

Washington, Eric Adelberger

• Sensitive to a force range not less 

than 1m

• No indication for the existence of 

5th force

In 100 years 5 orders of magnitude 

improvement in the upper bound for 

the violation of Universal Free Fall



Eötvös-parameter measurement in space
(2017-19)

The MICROSCOPE mission: first results of a space test of the 
Equivalence Principle

Pierre Touboul, Gilles Métris, Manuel Rodrigues et al.



How does fall the gravitational field bound in 
binary neutron star – white dwarf system 
in the gravitational field of a third star?

Triple star system 
discovered in 2014 
(Ransom et al.)

Observation of the 
orbital for 4 years:
Archibald et al. (2018)

No distortion:
Accuracy: 10-5



Weight variation of objects moving relative to 
the surface of the Earth (1913 – 1917 – 1919)

ϑ
∆𝑔 = −2Ω cos 𝜗𝑣𝐸𝑎𝑠𝑡

Eötvös effect =
vertical component of 
Coriolis acceleration

ϑ



Rotating balance   Eötvös correction
of Eötvös

More in the lecture by 
Prof. István Groma

Important for interpreting 
data of airborne gravimetry

Eötvös
Memorial
Collection



Roland Eötvös, the public figure

Initiates 
countrywide 
system supporting 
research of high-
school teachers

1871

Open letter to 
the Minister of 
Education on 
problems of 
higher education

1887

Founding 
president of 
Mathematical 
and Physical 
Society

1891-1919

Minister of Education and 
Cults
Increased budget of 
education, sextuple 
financial support for 
elementary school teachers

1894

Founding curator 
of  József Eötvös
College

1895-1919

Chair of the 
Teacher’s 
Examination 
Committee of the 
Budapest University

1896-1919

President of the 
Budapest 
University 
Athletic Club

1898



“The school needs a good school system and good teachers
You might ask which is more important. Myself, I would prefer the latter.”

Vol. 1 of the monthly 
Mathematical-Physical  Journal

“The quality of teaching depends in first place on 
the scientific preparedness of the teachers” 

The idea of “teacher-scientist”



Building of the 
Eötvös College, 1910



József Eötvös
College

• Independent, self-governing teacher’s training 
boarding-school (100 student/year, 30 stipends for 
students from poor families)

• High intensity educational program (best library of 
the country, foreign language courses) with strict 
performance requirements

• Students of the Eötvös College (1895-1950):
1204 accepted members
400 high-school teachers
81 members of the Hung. Acad. of Sciences

Famous pupils: 
Zoltán Kodály (composer)
Tamás Varga (math. teacher-innovator)
Miklós Vermes (physics teacher, organizer of the 
Eötvös problem solving competition in physics)



Living tradition under heavy disputes: 
Elitist institution or a widely followed example?

In the democratic environment since 1990: 
newly founded colleges follow the EC-tradition
Science Faculty of Eötvös University:  Bolyai College (1992)

Adapting the meaning of “teacher-scientist” to the actual needs of 
public education:

Content pedagogy development research  initiated by the 
Hungarian Academy of Sciences: 

talks by teacher-members of the 
MTA-ELTE Physics Education Research Group at present conference



Legacy of Roland Eötvös

• Pioneer of high precision physics experiments, always stretching 
the accuracy to the actual limits of the measuring equipment; 

• Inventor of a method for the verification of the Weak 
Equivalence Principle, which for a century has determined the 
direction of research by its continuous adaptability to the 
progress of technology;

• Founder of institutions (Eötvös College) and organizations
(Mathematical and Physical Society) of considerable social 
impact, and existing even today, thanks to their continuous 
adaptability to the changing social environment







Roland Eötvös, 
the sportsman



Stereoscopic photos of a mountaineer

https://eotvos100.hu/en/page/tomorlatvany_kepek

Anagliph photos can be enjoyed with Cyan (right) - Red (left) 
glasses

https://eotvos100.hu/en/page/tomorlatvany_kepek










Exhibition:

Bibliothek Hans Glauber/ 
Biblioteca Hans Glauber
Gebrüder Baur Str. 5b/
Via Fratelli Baur 5b
39034 Toblach|Dobbiaco
Italia

www.bibliothek-toblach.com

August 10 – September 21, 2019

http://www.bibliothek-toblach.com/


𝜗𝑡𝑟

𝜗𝑙

Δ 𝑀𝑧 = +
1

2
𝐺𝜌𝑙2 sin 2𝜗𝑙 ∙ Δ𝑚 Δ 𝑀𝑧 = −

1

2
𝐺𝜌𝑙2 sin 2𝜗𝑡𝑟 ∙ Δ𝑚

Equations of small oscillations around a torsion fibre 

𝜣  𝝑𝒍 = −(𝝉 − 𝑮𝝔𝜣)𝝑𝒍 𝜣  𝝑𝒕𝒓 = −(𝝉 + 𝑮𝝔𝜣)𝝑𝒕𝒓

Difference of the oscillation periods:
𝟏

𝑻𝒕𝒓
𝟐 −

𝟏

𝑻𝒍
𝟐
=

𝟏

𝟐𝝅𝟐
𝑮𝝔

Method of Eötvös for measuring Newton’s constant



The idea of the
“teacher-savant”

“Yes, we have to educate high-
school teachers as scientists in order 
they could teach their subject on 
the highest level. 
But also to save them from 
disinterest and paralysis caused by 
the daily repetitive obligations. 
An activity full of enchantment will 
keep their ambitions awaken during 
a life career often lacking even the 
due recognition.”

Rector’s inaugural speech, 1892


