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Definitions - The formal definition of surgery  

 
 



Definitions - The local process 

 
 



Definitions – Local process as part of the global process 

 
 



Morse theory - Local form of a Morse function 
 

 
 



Morse theory – Local form of a Morse function 
 

 
 



1-dimensional surgery – Morse description  

 
 

ε -> t 



1-dimensional surgery – Natural processes 
 

 
 



The forces similar to our description in physical phenomena:  
 
-The two magnetic flux tubes have a non-zero parallel current 
through them, which leads to attraction of the tubes.  
 
-During DNA recombination enzymes break and rejoin the DNA 
strands, hence in this case the seeming attraction of the two 
specified points is realized by the enzyme. 
 
-During chromosomal crossover the pairing of the chromosomes is 
remarkably precise and is caused by mutual attraction of the parts 
of the chromosomes that are similar or homologous. 
 
 
 

1-dimensional surgery – Natural processes 
 

 
 



2-dimensional surgery – Definition  

 
 



2-dimensional surgery – Morse description  

 
 



2-dimensional surgery – Natural processes 
 

 
 

Tornado formation 
 



2-dimensional surgery – Natural processes 
 

 
 



2-dimensional surgery – Non-trivial embeddings 
 

 
 



 
 

3-dimensional surgery – Types 
 
 
 
 

 
 



 
 

3-dimensional surgery – Core description 
 
 
 
 

 
 



 
 

3-dimensional surgery – Rotation 
 
 
 
 

 
 



 
 

m-dimensional surgery – Rotation 
 
 
 
 

 
 



3-dimensional 0-surgery – Topology change 
 
 
 
 
 

 
 

 
 



3-dimensional 0-surgery – Fundamental group 
 
 
 
 
 

 
 

 
 



3-dimensional 1-surgery – Topology change & fundamental group 
 
 
 
 
 

 
 

 
 



3-dimensional 1-surgery – Fundamental group 
 
 
 
 
 

 
 

 
 



Cosmic phenomena - Topological processes 
 
 
 
 

 
 

 
 

A wormhole is a tunnel is 3-space connect two spacelike regions, 
hence we can described it as a 3-dimensional 0-surgery 

• Initial 3-manifold is `space’ = 3-dimensional spacial section of 4-dimensional spacetime 
(given some natural definition of time, one can slice spacetime up to hypersurfaces which 
each can be thought of as space) 
 
•  4-dimensional cobordism bounded by M  and x(M)  is the 4-dimensional spacetime 
manifold with past boundary one spacelike component M and future boundary the 
spacelike component x(M) 

A cosmic string black hole is a solid torus collapsing is 3-space, 
 hence we can described it as a 3-dimensional 1-surgery 

Morse description  
Fundamental group   



Wormholes – Continuous formation 
 
 
 
 

 
 

 
 Wormhole formed by entangled black holes as a continuous change of 3-space 

Surgery description proposes a classical path  

ER= EPR 



Cosmic string black holes - Avoiding singular manifolds  
 
 

 
 

 
 

- Physicists undecided whether the prediction of this singularity means that it actually exists 
or that current knowledge is insufficient. 
-The loop shrinks to the critical point which coincides with the physical singularity  
but the process continues. We end up with a topologically new universe with a local 
topology change from the 3-space M to the 3-space x(M). 



Cosmic string black holes - New 3-manifolds behind the event horizon  
 
 

 
 

 
 
 
 

• Except from avoiding a singular 3-space, our approach is also consistent with a very 
large family of 3-manifolds.  
• For the Poincaré dodecahedral space (J.P.Luminet), the surgery approach suggest that 
the shape of the universe came about via a knot surgery on the trefoil knot (with the 
right framing). 

We can speculate that finding the Poincaré dodecahedral space (or some 
other non-trivial 3-manifold) in our universe may indicate that we are observers that 
evolved inside the event horizon of a collapsed trefoil cosmic string (or some other 
cosmic string). 



Cosmic string black holes - Generalized wormholes 
 
 

 
 

 
 
 
 Cosmic string black holes equivalent to wormholes made from a string of entangled 

black holes. 

ER= EPR 

• A cosmic string made of pairs of entangled concentrated masses. Given that all these 
pairs of masses have started on the same cosmic string, the distinct wormholes merge and 
the entire collection of wormhole cores (the green arcs, see (1)) forms a 2-disc (see (2)). 
• A cosmic string black hole can be seen as a collection of Einstein-Rosen bridges. The 
process of surgery amalgamates these bridges to form a new 3-manifold resulting from 
surgery on the cosmic string. From any black hole location on the cosmic string to any 
other, there is a `bridge' through the new 3-manifold. 



Conclusion 

 

 

Topological surgery 

Dynamic and 
continuous 

process 

Morse  
theory 

Fundamental 
group 

Topology change 

Description of surgery and related natural process in all 3 dimensions  
ER=EPR, connectivity of space and topology 

Physical implications of the surgery approach (in all phenomena of dim 1,2,3) 
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