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Einstein and Eddington, 1930



The low water mark general relativity



1907-1915:	Genesis	

1915-1925:	Formative	years	

1925-1955:	Low-water-mark	period	

1955-1970:	Renaissance

Curious history of general relativity



	Widespread	explanations:	

Consequence	of	astrophysical	discoveries		
1963:	Quasars	
1965:	Cosmic	Background	Radiation	
1967:	Pulsars	

Simple	by-product	of	the	flow	of	persons	
and	money	into	theoretical	physics	after	
WWII



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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Social layer - Dynamics of collaboration networks



Giant component



Persons-institutions (2068) 

Affiliation 

Persons-persons links (1063) 

PhD student / PhD supervisor 

Influenced by 

Collaboration with  

Long co-authorship relation 

Collaboration documented in biographical accounts 
  
Co-authorship 

Persons-persons bipartite projection 

Work at the same institution at the same time 

Institutions-institutions bipartite projection 

Sharing of persons within a certain timespan

Edges, 1925-1970



The Collaboration network in 
1959. Isolated nodes have 
been excluded. Colors identify 
different connected 
components. Size labels 
proportional to betweenness 
centrality values. Centrality 
measure calculation and 
visualization with Visone



Dynamics of collaboration networks in GR,  
1925-1970

Number of scientists working on GR started 
increasing soon after WWII, but no effect on 
the largest connected component and the 
topology of the network.  

A sudden, drastic increase in the formation of 
a giant connected component set in only 
around 1960 and not immediately after WWII
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Dynamics of semiotic networks in GR,  
1925-1970

Co-citation network
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Citation network of the 100 
publications with the highest 
citation scores published 
between 1915 and 1970. 
Colors represent different 
clusters.



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

Structures of the co-citation 
networks of the general 
relativity publication space.  
Colors represent different 
clusters. 



Cluster Research area

1 - red relations between GR and relativistic quantum field 
theory

2 - green theory gravitational waves/initial value problem/
conservation laws/ADM formalism/geometrodynamics

3 - blue equations of motion in GR

4 - yellow proposal tests in GR/alternative theories for testing

5 - purple quantization of gravitation

6 - light blue Non-Big Bang cosmology

7 - orange Affine UFT

8 - brown Initial value problem in GR/space-time singularity

9 - pink crystal dislocation with non-Riemannian geometries

10 - light 
pink

twin paradox

11- light 
green

earth gravitational field

Toward a Semio-semantic analysis 
Co-citation network GR, 1956-1960



Dynamics of Co-citation networks in GR,  
1947-1974

Phase I: Low-water-mark 

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

Phase II: Renaissance of GR 
(mid-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. 

19471974



Thank you for the attention!


