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The Physics and Astronomy Classification Scheme (PACS) has been introduced by the
American Institute of Physics (AIP) to identify fields and sub-fields of physics. This work
analyses the co-occurence of PACS numbers in 263,300 documents published by the
AIP between 1985-2005.We find that the netwark of PACS co- occurences is an
extremely dense network with small world properties. We also use the clique
percclation method to study the communities of PACS numbers for each year. The

communities formed strongly overlap with each other:
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We are able to identify the major fields in physics, as well as smaller sub-fields. We find
that though different sub-fields change with time, the average path length of the
network decreases due to the presence of strongly overlapping communities that
connect most of the sub-fields to one another. The PACS codes in these communities
have high betweenness centrality and correspond to basic theories and techniques in
physics. The autocorrelation of the PACS over the 2| years show that there is a small

positive correlation of the growth of a field with its recent growth.
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The Data

In the field of physics, most journals use author supplied keywords or the
Physics and Astronomy Classification Scheme (PACS) supported by the
American Institute of Physics (AIP) for classifying articles in various
sub-fields. The PACS is a hierarchical subject classification scheme introduced
by the AIP containing 10 broad subject categories subdivided into narrower
sub-categories. Authors are required to specify one or more PACS codes for
their articles. Articles published in AIP journals have multiple PACS codes
assigned to them
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Small-World Network

The Algorithms
We used the clustering coefficient and the average path length to determine
whether the network is a small world structure or not. This is because it is

well known that information flow is most efficient in a small world structure.

Clustering Coefficient is defined as the ratio of triangles to the number
of connected triples in the network.
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Path Length is defined as the average value of the shortest paths

connecting all possible pairs of nodes in the network.
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Density is increasing over time

— The Network and lts Properties —
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Generating the Network
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Network becomes more cliquish
over time, but there are also
shorter paths connecting subfields

Density of a network is defined as the ratio of the number of edges of

a network to the square of the total number of nodes.

A Small-World Metwork has a higher clustering coefficient and shorter
average path length than a random network of similar density.
Betweenness Centrality is a measure that describes a nodes position in a
network in terms of the flow it is able to control. Mathematically,
it is defined as the number of shortest paths between pairs of nodes that

pass through a given node.
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The Betweenness Centrality
distributions of PACS codes
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—— Subtields and

1985 - 2005 Co-occurence Matrices

which is why we used clustering techniques to identify the communities.
K-means clustering, agglomerative and divisive clustering techniques work for
networks with well defined non-overlapping clusters. However, in our case all
the communities overlap considerably with each other so these techniques
did not work. For this reason, we have used the clique percolation method
which works better for overlapping communities

The clique percolation method is based on the following definitions. A
k-clique is defined as a complete (fully connected) subgraph of k vertices.
Two k-cliques are adjacent if they share k - | vertices and they are a
connected community if they are a union of adjacent k - cliques.

The clique percolation method finds the maximal k - clique connected
subgraph for different values of k. So k = 3 gives the largest possible

community while higher values of k give smaller communities.

Smaller communities overlap and can be
identified by the clique percolation method

Summary & Interpretation of Results
1) The network of PACS codes has a small world structure.,
A small world structure means there is very good communication within the

subfields in physics.

2) With time the network density increases, the network becomes more
cliquish but there are also shorter paths connecting subfields.
Densification of the network implies presence of community structure.
Physics has evolved to have increasingly specialized subfields but also has

bridging fields to link these specialties.

3) Some of the PACS codes have higher betweenness centrality than others.
These represent techniques and concepts that are common to various
subfields in physics mostly related to condensed matter physics as that is one

of the largest subfield in physics.

4) The subfields of physics overlap with each other considerably and it is
possible to obtain an average autocorrelation for the fields over time.
Subfields show momentum: growth of a field is modestly positively
correlated with its recent growth.
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The co-occurence matirx indicated the presence of clusters and communities,

OmEvolution of subfields in PhysicsmO
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It is possible to obtain the auto correlation
of the PACS codes. Subfields show
momentum. The growth of a field is modestly
positively correlated with its recent growth.

Future Work
Based on this analysis, we plan to have a model of science that reflects the
following:

- Fields recursively split into sub-subfields

- Once created, fields become increasingly entrenched

- Subfields also emerge that bridge/fuse otherwise distant fields

- The density of different subfields is highly uneven, due to

“rich-get-richer” effects.
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