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TWIN PILLARS
OF PRUSIGCS

Einstein’s special and general theories of relativity have permanently changed our view
of space and time and gravitation. In an even wmore radical break with the past,
quantum mechanics has transformed the very language we use to describe nature:

in place of particles with definite positions and velocities,

we have learned to speak of wavefunctions and probabilities.

... But now we are stuck.
Steven Weinberg, Dreams of a Final Theory
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EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

Noe More in All the Werld Could
Comperehend It, Sald Einsteln When
His Daring Publishers Accepted It.

Einstein and Eddington, 1930



The low water mark general relativity

La relativité générale a I'étiage: 19251955
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1. Introduction

Au-deld de la réception proprement dite de la théocie de la refativité génédnale,
qut apeés movembee 1918 s'étale sur une petite dizaine d'anndes, aw-deld des
rares “"wirifications expérimentales™ de fa théone, su-deld des eritiques techniques
suxquelles des réponses somme toule convamcantces sont données, au-deld des
réactions passiomnelles, emthousiastes ou péjoratives, au-deld de la glosre gud 4
ce titre, samit Envsrmin dars kes années vingt, [a théocie entre dans une période
extrémement curicese de son hstoire: gne soete d¢ traversée du désert,

La descripuon deamatique que sous a laissée WHITEHEAD d¢ 14 réunion Je
ka Royal Society de Londres ca novembre 1919 est bien connwe; lo portrait de
NrwTon ou second plan édiged par L gloire montante d'ENSTEIN, use image
que la théonsation popperienae & plus tard consacrée. On sait "opimson du co-

' EnsTon (AL), 19500 < On the peacrakood thoory of gravitation. - Sciestific Ameri-
can, 188 (4): 13-17.




Curious history of general relativity

1907- 19 15 . G e n eS I S THE RENAISSANCE OF GENERAL RELATIVITY

espite its enormous influence on scientfic thought in its early years, general rel-
ativity had become a sterile, formalistic subject by the late 1950s, cut off from
the mainstream of physics. Yet by 1970, it had become one of the most active

1 9 1 5 = 1 9 2 5 . FO r m a t i Ve ye a rS and exciting branches of physics. It took on new roles both as a theoretical tool of the

astrophysicist and as a playground for the elementary-particle physicist. New experi-

ments verified its predictions in unheard-of ways and (0 remarkable levels of precision.
One of the most remarkable and important aspects of this renaissance was the degree to
which experiment and observation motivated and complemented theoretcal advances.
This was not always the case. In deriving general relativity during the final months
. of 1915, Einstein was not particularly motivated by a desire to account for observational
I 9 2 5 I 9 5 5 | OW W; lte r m i l rk e rI O d results, Instead, he was driven by purcly theoretical ideas ol elegance and simplicity.
o His goal was to produce a theory of gravitation that incorporated both the special the-

ory of relatvity, which deals with physics in inertial frames, and the principle of equiva-

lence, the proposal that physics in a frame falling freely in a gravitational field is in
some sense equivalent to physics in an inertial frame. 1° 00 re
| | Chifford M. Will

Once he formulated the general theory, however, Einstein proposed three tests,
4 ‘ pProj

One was an immediate success: the explanation of the anomalous advance in the peri- MdDonnell Center for the Space

helion of Mercury of 43 arcseconds per century, a problem that had bedeviled celestial Samces, Washington University

[ ]
I <e I la ISsa I Ice mechanicians of the latter part of the 19th century. The next test, the deflection of
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Widespread explanations: \

Consequence of astrophysical discoveries b

1963: Quasars
1965: Cosmic Background Radiation
1967: Pulsars
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Was the renaissance a simple consequence of the radical
transformation of the social landscape of physics following
World War II and/or of technological advances?

Or did it entail conceptual modifications in the theory itself
and in its relation to other branches of physics?

And how did it unfold?
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Socio-Epistemic Networks

raliotive 1 osglaen Dinsall

5. Ueber die thermodynamische Theorie
der Potentialdifferenz zwischen Metallen und voll-
standig dissociirten Lésungen ihrer Salze und
dber eine elektrische Methode zur Erforschung der
Molecularkriifte; von A. Einstein.

§ 1. Eine hypothetische Erweiterung des zweiten Hauptsatzes
der mechanischen Wirmetheorie.

Der zweite Hauptsatz der mechanischen Wirmetheorie
kann auf solche physikalische Systeme Anwendung finden, die
im stande sind, mit beliebiger Anniherung umkehrbare Kreis-
processe zu durchlaufen. Gemiss der Herleitung dieses Satzes
aus der Unmoglichkeit der Verwandlung latenter Wirme in
mechanische Energie, ist hierbei notwendige Voraussetzung,
dass jene Processe realisirbar seien. Bei einer wichtigen An-
wendung der mechanischen Warmetheorie ist es aber zweifel-
haft, ob dieses Postulat erfillt ist, nimlich bei der Ver-
mischung zweier oder mehrerer Gase mit Hiilfe von semi-
permeabeln Wianden. Auf der Voraussetzung der Realisirbarkeit
dieses Vorganges basirt die thermodynamische Theorie der
Dissociation der Gase und die Theorie der verdiinnten Losungen.

Die einzufithrende Voraussetzung ist bekanntlich folgenmals
Zu je zwei Gasen 4 und B sind zwei Scheidemip >
bar, sodass die eine durchlissig fiip, gl e die
andere durchlissig fiir B, snlis - .2 SH - “Bésteht die
Mischung eusamlh NESRWORSSRIVETE - S0 gestaltet sich diese
' c NI Plicirter und unwahrscheinlicher. Da
1 airung die Resultate der Theorie vollstindig be-
statigt hat, trotzdem wir mit Processen operirt haben, deren
Realisirbarkeit wohl bezweifelt werden kann, so erhebt sich
die Frage, ob nicht vielleicht der zweite Hauptsatz auf ideale
Processe gewisser Art angewendet werden kann, ohne dass
man mit der Erfahrung in Widerspruch gerit.

In diesem Sinne konnen wir auf Grund der gewonnenen
Erfahrung jedenfalls den Satz aussprechen: Man bleibt im
Einklang mit der Erfahrung, wenn man den zweiten Haupt-

S vosviewer
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Social layer - Dynamics of collaboration networks

Scientometrics, Vol. 75, No. 3 (2008) 495 518
DOI 10.1007/511192-007-1888-4

Population modeling
of the emergence and development of scientific fields

Luts M. A. BETTENCOURT,™ DAVIDI KAISFR.® JASLFFEN KAUR €
CARLOS CASTILLO-CHAVEZ ¢ DAVID E. WONCE®
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Wo amalyze the temporal svolution of emerging Selds within several scientific disciplines m
terms of sambers of authors and publicaticns. From bibliographic searches we construct databases
of authors, papers, and their dates of pubbication. We show that the teaaporal developmant of sach
field, while different in detail, is well described by populatica contagion models, suitably adapted
from cpidezmiclogy to reflect the dymamics of scieatific interactiom. Dynamical parameters are
estimated and discumssed to meflect fundameatal charactenstics of the Seld, such as time of
appreaticeship and recruitment rate. Wo also show that Selds are charactenzed by simple scaling
laws relating sumbers of new publicattions to new authors, with exponeats that refloct increasing or

[ 1epIpn s memper? of res bmppcapone po pewr amipon:’ mnp exhomeny? grat 1egjecs cesrIoE oo
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Edges, 1925-1970
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Dynamics of collaboration networks in GR,
1925-1970
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Dynamics of semiotic networks in GR,
1925-1970

Bibliographic coupling
* I —.

Direct citation

Co-citation Co-citation




number publications Set F

O N DD 5 A
D DD D
NCEENEINING

'\/o) o

NORENORING

3 N D A O N D DA D
3 o o AN R G R AR AR
NN SN OENEINASIN NN




einstein ‘I
Ifnse

[Eﬁ’i CitNetEprDrer]




Structure of the co-citation networks in GR,
1946-1960

1946-1950 1951-1955

1956-1960




Toward a Semio-semantic analysis

Co-citation network GR, 1956-1960
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Phase I: Low-water-mark

Dispersion in research agendas aimed at
overcoming the theory of general relativity

Phase II: Renaissance of GR
(Mmid-1950s-1963)

Emergence of a large cluster of papers focusing
on GR proper and its physical predictions (esp.
GWs). Theoretical reconfiguration related to a
social dynamics.

Phase III: Astrophysical turn (1963-1974)

Specialization to research areas strongly
connected to recent astrophysical discoveries in
the 1960s. Experiment-driven reconfiguration of
research agenda toward relativistic astrophysics
and physical cosmology.

The extended
theory of gravitation

C. W. Misner

(1969) . W. Misner
L (1968) C. Brans
Gravitational J.L.Synge  (1961)

instability (1960)

R. Penrose
(1965)

J. Weber
(1969)

R. H. Boyner
(1967)

Rotating _ .
black hole Supermassive

J. Weber el
(1970) H. Y. Chiu (1964)

Gravitational
wave
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The dynamikcs of collaboration networks and the history
of general relativity, 1925-1970

Robarto Lalli" " . Rizz Howey ' - Dirk Winteegrin'

Racarced B huy 2010
€ T Autian () 2013

Abstract

This paper preoats a rovel mathodology ‘%or defnizg and malyzing the dynamics of
the rollsherstion nerworks of wenlids wwking on gerwral wintivity ‘mm the mid-
1920s-1970. Durin these 1our and 3 har decades (he smoxs o1 (he theory underwent a
radical sasdorustion. Hum 2 mazisal Ueeory Deloe Use mid- 1950 W s pilks of modan
phvsics. To mvestigaie fis pasage—known 25 the ;onsixsance of general relativity—we
uscd 2 definition of selladoraton netandk: broader thar the cc-suthorship relations retries
shibe from anlme datzei We condmciad & mulh layer nefwort | m whaed asch layer mp-
resents 2 dinesent kind of collaboration. Arer having amalyred the evolation ovar ume of
spreuilic pameten of e co-aubaslep pewa K we investigated Use ellecs of aldiag vee
type of collnberation edge al o time, it @ currulacive fashion, on the value: of these parum
elers and on the topology of the collabortion network through dme, induding rapic shif's
m e dynamic evoluaor of the larzes: carrposent. 1S analysis provides robus! quantita-
twe evidence hat a shit in the stucure of the rladvity collsboradon rework occumad
betwoen the late 19503 and the carty 1960, when 2 giant component started formiag. We
interpret this shift = the coatul social dynamic of the mmaiksance process sod thes iden-
tify ‘s conirsl acters O ansdyxic disprwes commen exnlanstisas of the mrsunee pro-
cess It shows hal Dus p%nOmenon was nct a corsecuerce of astrophysical discovenes m
the 190, »or wan it & simple by-product of 2oci>economic tansformations in the phy sics
landscape after World War Il
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The Socio-Epistemic Networks
of General Relativity, 1925-1970

Roberte Lalli, Riaz Howey, and Dirk Wintergriin

1  Introduction

Neweork has long been a catcaword in history writing. Until recandy, however,
petwork concepts and terminelogies have beer. mostly emploved on a parely
metaphonical level wthoar eagagement with the tho's of netwark theory develnpad
in :ociology, biology, paysics, engineering, computer science, ard 30 on (I'reeman
2004)." Fur dexades, networt has bees witpduyed (o cuickly label couples social
and, more rasely, conceptsal pheromena with little it any explanatory value other
than some generalized racogaition of the role of social structures in history.

A new body of literature has gose significently bevoad these early attempts to
conceptualize and narrate historical processes atl the level of natwork dynamics.
Thanks io increasing computing power, sewly available big data reposiories and
dedicated sollwar e progisms, @ vesearcl Ozl has weosdy eanciged calked Historical
Network Kesearch (HNKR ), which promises (o make the mos. of tormal methods
of Social Network Amalysis (SNA) applied to corpom of historical data (Daring
201717 Within ths broad field. new aporcaches bave been developed aimed at
employing netwark ooncepts and toals ia the history of wwisnee (0.g . Fangeran 2010k
Preiser-Kapeller and Daim 2015; Breure and Heiberger 2019).
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