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Roland EoOtvos

physicist, geophysicist and
innovator of teacher’s training




Curriculum vitae

Family/Private Scientific&Academic Public&Social

1848 Born in Buda

1866- 18-19  Jura studies at University

67 of Pest
1868- 20-22  Studies at University of
70 Heidelberg

Semester in Kénigsberg

1870 22 PhD in Physics
from U.-Heidelberg

1871 23 Habilitation
at University of Pest

1873 25 Corresponding member of Editor of the science
Hungarian Academy of Sciences popularization monthly
Communications in Natural
Sciences



1876

1878

1880

1885

1886

Curriculum vitae

28

30

32

37

38

Married on Gizella Horvat
(2 daughters)

Summer mountaineering
in Schluderbach (South
Tirol) till 1914

New method for the
experimental
determination of the
capillary constant

Head of the Department
for Experimental Nature

Studies

at University of Budapest

Eotvos-rule of the
temperature dependence
of the capillary constant

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

Foundation of the Table Meetings of
Mathematicians



Curriculum vitae

1887

1888-90

1889

1891

1892-93
1894-95

1895

39

40-42

41

43

44-45
46-47

47

New method for testing the law of
Universal Free Fall

Construction of the Eotvos-balance
Field tests in Western Hungary

Rector of the University of Budapest

Open letter to the Minister of
Education and Cults on higher
education

President of the Hungarian
Academy of Sciences (till
1905)

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

Minister of Education and
Cults (7 months)

Foundation of the Jozsef
Eotvos Collegium (curator till
1919)



Curriculum vitae

1900 52 Report on field experiments with E6tvos-balance to
the Paris Conference of Geodesy

1902 54 Eotvos-peak in
the Dolomites

1906 58 Report on field experiments with E6tvos-balance to
the Budapest Conference of Geodesy

1906- 58-61 Improved bound on the validity of Universal Free

1909 Fall (Beneke Prize, University of Gottingen)

1912 64 Report on field experiments with E6tvos-balance to
the Hamburg Conference of Geodesy

1913 65 Instrument for laboratory demonstration of the
Eotvos-effect

1891- Gravitational and magnetic anomaly mapping of the

1916 Austro-Hungarian Monarchy 2

“Founding father” of applied geophysics
1919 71 Died in Budapest



Roland EGtvos,

the scientist

y



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

z

‘ o =Energy required for unit increase of the liquid layer surface

R curvature radius at height z along an
infinite wall follows the geometric relation
proposed by Gauss, Laplace, Poisson:

X—

1 L 2Z a = 20 de — p density
| - az ) - gp ) dF - ) g grav. acc.
Reflection method of E6tvos 3
3 2
_(1+Z,2)2 , dZ Z o . 19 2
9 192 R = 7 'Z_E E—Z(SIHE)

Zy— Zy = \/Ea(sin71 — sin;)



The E6tvos—(Ramsay) rule

Eotvos’ data on mercury (in cm) Previous data of others
2415 2411 2 468 LarLace 2,55 Poissoxy 2,55
2407 2468 2476 Hagex 2.62—268 Biog 2,66
2,498 2420 2420 Daxeer 2,59 DEesains  262—2.65
Kozépirtik a = 2442 Quincke 2,861—2941.
tlnct il aldlale wn maedecfa ot e wrx e U Ses
Equation of state of ideal gas Equation for surface layers

pV=RT, R= Regnault constant aV?/3 = Ep (T, —T) EO = E6tvés constant



NATURALIS

PRINCIPIA
MATHEMATICA

Autore TS NEWTON, Trin. Call. Comsb. Ssc. Mathefcos
Profeidore Lucafiano, & Socictatis Regalis Sodali.

IMPRIMATUR:
S PEPYS, RegSx. PRESES
| Falis 5. 1636.

LONDIN]

ulla Swcitat. ac Typia Jofephi Sroster. Proftar
J ais yPs Tk apud

PHILOSOPHIE |

=

DEFINITIO I

Quantitas materie eff menfura ejufdem orta ex illius den-
fitate et magnitudine conjunttim.

E R denfitate duplicata, in fpatio etiam duplicato, fit qua-
A druplus ; in triplicato fextuplus. Idem intellige de nive &

pulveribus per compreflionem vel liquefaGtionem conden-
fatis. Et par eft ratio corporum omnium, qua per caufas quafcun-
que diverfimode condenfantur. Medii interea, fi quod fuerit, in-
terftitia partium libere pervadentis, hic nullam rationem habeo.
Hanc autem quantitatem fub nomine corporis vel maffe in fe-
quentibus paffim intelligo. Innotelcit ea per corporis cujufque
pondus : Nam ponderi proportionalem efle reperi per experimen-
ta pendulorum accuratiflime inflituta, uti pofthac docebutur.

A true challenge:
Checking a fundamental concept
of Newton’s mechanics




In modern terms

Inertial mass (Zsivotzky — mass)

Gravitating mass (Foldi — mass)

Eotvos:

“Logics requires to verify the
fundamental concept with the
accuracy one can achieve In
measuring the weight of a body”

Gyula
Zsivotzky,
olympic
champion
(1968)
accelerates
the inertial
mass of the
hammer

P Imre Foldi,
s olympic

champion
(1972)
throws out a
gravitating

@ ¢ mass



Old method for investigating the fundamental
concept of Principia

|. Newton (followed by F. Bessel, 1830):
Separate measurement of the m;,,0rtiq1/Mgravitating ratio

for different samples A,B... with
Kater’'s pendulum

and calculation of pairwise differences of the results

minertial,A minertial,B

Maravitatin JA - Maravitatin ,B .. . .
J J J 9= — Ebtvos — ratio

Minertial, A + Minertial,B
mgravitating,A mgravitating,B

2

Accuracy: 103 2 10°



NEW method for investigating the
fundamental statement of Principia

Eotvos (1888-90):
Improved Cavendish-
Coulomb type balance
(curvature variometer)
sensitive directly to the
difference

minertial/mgravitating A
Minertial/ Myravitating B

Accuracy: 5 x 108




The Eotvos-balance
(horizontal variometer, 1891)

Complete characterization of the

| - variations of the gravitational field
e = in the horizontal plane
b / Order of magnitude improvement of
- ‘:i-

the upper bound
on the Eotvos-parameter, 1906-09
Beneke Prize

el AR from University of Gottingen

S0 em




The Cavendish—Coulomb-balance

*V(x) = px)U(x) Gravitational potential energy density

Orientation of the coordinate system of the balance:

_OU _ U oU

oy 0, 5, =9 at the centre of the beam, x = 0

* Horizontal force components in inhomogeneous gravitational field
Fe = p(0)(Uxx (0)Ax + Uy, (0)Ay),  F, = p(0)(Uyx(0)Ax + U, (0)Ay)

 Vertical torque expressed with components of the inertial moment

Mz — f(AxFy R Any) — (Qxx R yy) ny(o) + Qxy(Uyy(O) — Uxx(O))



Platina fibre

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

x=acos?¥, y=a sind

6,y = ma®sind cos?, Oxx — 0y, = Ma®*(cos9* — sin9?)

Determination of the equilibrium position of the balance

sin 29

-

T(¢ — o) =K[U,(0) cos 29 + (U,,,(0)-U,,(0))

Qo = torquless position (unknown) With 3 9 positions one finds Uy, (0), U,,,,(0)-Us(0)



Platina fibre = **
/

The Eotvos-balance

* AM, = acosV AE, — asin? AF, —ma[h cosﬁ——smﬁax)]

=mah (U, cos¥ — Uy, sin?)
* Consequence of different m; . ;../ M. . itationar Fatios for the two masses:

FCf G . Gl
w I ~1 1

G' = Gref(l + Kl) G = Gref(l + KZ)

29
T(p — Qo) = K[ny(O) cos 20 + (Uyy(o Uxx (0)) —]
+mah(Uyy, cos¥ — U,y sind) — maG sinId( kK, — Kz) sin &



ldealized determination

x-axis oriented along the main curvature (North)

T 3TT

East-West oriented beam, 9 = ol

One pair of measurements with Pt — Reference-object,

TAQr /2 = —KUyxy — mahU,y + maG(Kpt — KRef), TAQ3r/2 = —KUyy + mahU, — maG(kKpy — Krey)

Analogue measurement for the Comparison object — Reference-object:

TA(p,’T/Z = —Kny — mahsz + maG(KCompare o KRef)'

TAQDén/Z — _Kny + mahU,, — maG (KCOmpare - KRef)

T(QDR/Z' 90371/2)' T(QD;T/Z' wén/z): 2T(":Pt o KCompare)



Eotvos
Memorial
Collection

The Eotvos-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)




Worldwide success of the
:-_»;;, s o -g
Eotvos-balance | e SRS

* Ol fle.e\v explorations:
Texas LOUISIana(USA) -
Egylfom Angola, Mexd
Punj&éB, Upper Assam §

Sarawa,k (Indonesia)

Eotvos Memorial Collection




Zeit eine unmittelbare physikalische Bedeutung. Ein Punkt-
ereignis hat die X;-Koordinate 21, bedeutet: Die nach den

1) DaB das Gravitationsfeld diese Eigenschaft mit groBer Genauig-
keit besitzt, -hat E6tvos experimentell bewiesen.

T74: | A. Einstein.

Regeln der Euklidischen Geometrie mittels starrer Stibe er-
mittelte Projektion des Punktereignisses auf die X;-Achse .

ANNALEN DER PHYSIK.

VIERTE FOLGE. BAND 49.

Famous footnote in Einstein’s
extensive paper on the theory 1. Die Grundlage
of General Rel ativity (19 16) - der allgemeinen Relqtivit(itstheor’ie;

von A, Einstein.




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

ml* . lh .
9 — 9 = " (W, — W) sin 2a + 2W,, cos 2a) + ’"T(mz sin & — W, cos a).
(4.28)

The deflection 3 1s recorded photographically, and the instrumental constants m, [,
h, © are provided by the manufacturer. Hence, the field quantities W, — W, ., W,,,
W._., W, _, as well as 3, can be determined by measuring 3 for five different azimuths.

xzy "Vyze

The development of a torsion balance suitable for field work was achieved around 1900 by the
Hungarian physicist R. v. Edrvos; it was widely employed in applied geophysics between 1920
and 1940. An accuracy of +1 to +5 x 107° s72 can be attained for the field quantities
(MUELLER et al. 1963). Due to the considerable effort that is required in making measurements
and because of the large influence of nearby masses, the torsion balance has been superseded
by the gravimeter.

Spring gravimeters can be used to approximate grad g by measuring small gravity
differences. With station separations of 10 to 100 m, the horizontal gravity gradient
can be derived (HAMMER 1979). For the measurement of the vertical gradient, special
tripods are used with heights of up to 3 m (RODER et al. 1985). A precision of
+ 108572 can be achieved with such measurements.

Standard technological history reference in textbooks of geodesy and applied geophysics



The era of Eotvos-type

08 T T ' ' v v

experiments (1962-2008) o W———"
0.4} Zf/A -
1957, Chapel Hill conference: = | / Cu-P!
The Role of Gravitation in Physics OF- ) * 1
Robert Dicke, John Wheeler: -0.2f ¢ {Ag-Fe-S04 -
Exploration of the limitations of GR -04 4/
with high accuracy measurements a6 | / - osbestosCu
el ? CuSO,- 5H,0-Cu |
1963: Dicke, Roll, Krotkov ~ {i/‘cusoq (solution)- Cu
Comparison of the free fall of 'lg HO-Co L
different samples towards the Sun ~18 -15 -12 -09-06 -03 O 03 06 09 12
(3 orders of magnitude improvement) 0° & (B/)

1972: Braginsky, Panov
Further one order of magnitude
Improvement

1986: Ephraim Fischbach reanalyzes
original data of
Eotvos and collaborators from 1922



Fifth force?

20; yesterday 18-27. Details, page C20.
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Hints of 5th Force in Universe
Challenge Galileo’s Findings

A new lysis of early 20th y
experiments has produced results chal-
lenging both the findings of Galileo that
all falling bodies accelerate at the
same rate and a fundamental element
of Einstein’s general theory of relativi-

ty.

This has led physicists to suspect
that there may be a fifth, heretofore un-
identified force at work in the universe.

Scientists said the new study, pub-
lished in the Jan. 6 issue of Physical
Review Letters, could have a profound
influence on thinking in physics and
cosmology if the resuits can be sub-
stantiated by further experiments.
Those who had examined the report
said it appeared to be based on sound
research.

Principle of Equivalence

Even though the new findings
seemed to undermine a basic assump-
tion made by Einstein — the principle
of equi that d from
Galileo’s work — scientists said the hy-
new force, called the hyper-
charge, was so weak and local that, if it
did exist, it should not fundamentally
alter Einstein’s principles as the basic

tool of modern cosmology.
The other known forces are electro-

magnetism, gravity and the strong and
weak forces governing nuclear struc-
ture.

‘n;e new analysis suggests that, con-
trary to Galileo’s assertion, a feather
would fall faster than a coin if dropped

By JOHN NOBLE WILFORD

from the same height in a vacuum.
This is because, in the new thinking,
gravity is not the only force at work;
there is also presumably something
called hypercharge, which acts on ob-
jects of different compositions so that
they accelerate at slightly different
rates.

In a telephone interview, Dr.
Ephraim Fischbach, the leader of the
team of scientists who made the study,
said: ‘‘When you see something as fun-
damental as a new force, it’s likely to
change many things. We will have to
rethink many views of particle physics
and cosmology."”

Dr. Fi h, a prof of ph
at Purdue University in Indiana, is a
visiting professor this year at the Insti-
tute of Nuclear Theory at the Univer-
sity of Washington in Seattle. The other
authors of the report are Daniel Sudar-

Continued on Page B7, Column 1

A Fifth Force?
Established | New
Principle y Theory
!
YRR
ﬁ‘ ©
> B | v =

A Fifth Force?

Established New
Principle Theory

€—GRAVITY

" HYPERCHARGE —>

The New York Times/Jan. 8, 1986; Bettmann Archive

The new theory proposes that a fifth {5, ce called hypercharge pushes up
against falling objects, working against the force of gravity. The force of
the hypercharge is a function of the mass and the atomic composition of a
given object; it is greater for a copper coin than for a feather. Thus, if a
feather and a penny were dropped through a vacuum the feather would fall
slightly faster than the coin. That contradicts established principle, shown
by Galileo at Tower of Pisa, asserting that all objects fall at the same rate.

Finite range force field (cca. 10-100 m)
disguised in the weight of the bodies?



iy . TESTS OF THE
EOt_WaSh SEries Of WEAK EQUIVALENCE PRINCIPLE

experiments JLL L I B B B B
108 —Eotvos Matter waves —
» 1989-2008: University of I Renner i l
. . 109 ree-fall _
Washington, Eric Adelberger l I .y
Irtn-rorce
. . _ searches
Sensitive to a force range not less 1010 |- Y 4 —
than 1m i o1 = Princeton ; Ebt-Wash |
- No indication for the existence of I
5th force 012b- Moscow R
-13 j— —
In 100 years 5 orders of magnitude 0 o, {
Improvement in the upper bound for 014 ™ arapr 4
I | 1 1 | | |

the violation of Universal Free Fall . . > 5
'%a % L7 Gb ‘p"' ’%’ % % %o



Eotvos-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.

According to the Weak Equivalence Principle, all bodies should fall at the same rate in a gravi-
tational field. The MICROSCOPE satellite, launched in April 2016, aims to test its validity at the
10™** precision level, by measuring the force required to maintain two test masses (of titanium and
platinum alloys) exactly in the same orbit. A non-vanishing result would correspond to a violation
of the Equivalence Principle, or to the discovery of a new long-range force. Analysis of the first data
gives 0(Ti, Pt) = [~149(stat)£9(syst)| x 10~** (1o statistical uncertainty) for the titanium-platinum
Eotvos parameter characterizing the relative difference in their free-fall accelerations.




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

Triple star system
a Inner orbit b Outer orbit discovered in 2014
(Ransom et al.)

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

Neutron

No distortion:
Accuracy: 10




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

Q2

‘ Sey 0011 ;
v RS0/ A E6tvos effect =
€ féc;,% vertical component of
Coriolis foree ':'-..,f)a]‘a//e/ Coriolis acceleration
“‘"*..H o
6(5}[/ : 6,Q’Y(‘::?C
S e
(OJ‘% Os efe )
O¢o,. ‘Cc Ag = —20 cosVVg ¢
9 2ay
0



Rotating balance
of EOtvOs

Eotvos
Memorial
_ Collection

oy

‘More in the lecture by
Prof. Istvan Groma

EOtvOs correction

heading = 45°, latitude = 45°
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total velocity [km/hr]

Important for interpreting
data of airborne gravimetry



Roland Eotvos, the public figure

Q 1871

Initiates
countrywide
system supporting
research of high-
school teachers

Q 1887 O 1894

Minister of Education and

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

Cults

Increased budget of
education, sextuple
financial support for

Q 1896-1919

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

' Founding

" president of

' Mathematical
" and Physical

. Society

O 1891-1919

. elementary school teachers
o

°

' Founding curator
. of Jozsef E6tvos
. College

O 1895-1919

@

- President of the
- Budapest

- University

- Athletic Club

O 1898

>



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

MATHEMATIKAI
PHYSIKAI LAPOK

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

BARTONIEK GEZA £s RADOS GUSZTAV

The idea of “teacher-scientist”

Vol. 1 of the monthly
Mathematical-Physical Journal

BUDAPEST, 1892



Building of the

E6tvos College, 1910




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

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

 Students of the E6tvos College (1895-1950):

1204 accepted members

400 high-school teachers

81 members of the Hung. Acad. of Sciences
Famous pupils:
Zoltan Kodaly (composer)
Tamas Varga (math. teacher-innovator)
Miklos Vermes (physics teacher, organizer of the
Eotvos 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 E6tvos 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 EOtvos

* 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 (E6tvos 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 E6tvos,
the sportsman




https://eotvos100.hu/en/page/tomorlatvany kepek

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

Stereoscopic photos of a mountaineer



https://eotvos100.hu/en/page/tomorlatvany_kepek
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1EOQ1VOS

Exhibition:

Bibliothek Hans Glauber/
Biblioteca Hans Glauber
Gebrider 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/

Method of Eotvds for measuring Newton’s constant

AM, = +%Gpl2 sin 29; - Am AM, = —%Gpl2 sin 29, -+ Am

Equations of small oscillations around a torsion fibre

09, = —(t — GeO)V, 09, = —(t+ GO)I,,

1 1 1

) . . . o — G
Difference of the oscillation periods: T%r le 2172 o



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.

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



