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In a paper published is 1876 W. K. Clifford*1', after the 

study of B. Riemann's(2) famous paper 'ON THE HYPOTHESIS WHICH 

LIBS AT THE BASES OF GEOMETRY'(which he translated to English), 

proposed that some of Riemann's speculations may be applied to 

the investigation of physical phenomena. Indeed he proposed: 

<<(i) That small portions of space are in fact of a nature 

analogous to little hills on a surface which is on 

the average flat; namely that the ordinary laws of 
(*) geometry are not valid in them. 

(ii) That this property of being curved or distorted is 

continually being passed on from one portion of space 

to another in the manner of a wave. 

(iii) That this variation of the curvature of space is what 

really happens in that phenomenon which we call the 

motion of matter, whether ponderable or etherial. 

(iv) That in the physical world nothing else takes place 

(*) Clifford refers to the validity of Euclidian three-dimensional geometry. 



- 2 -

but a variation subject (possibly) to the law of con

tinuity.» 

As is well known, Clifford didn't succeed in building a "gen-

netrical theory of matter" and as we are going to see one of the 

main reasons was the lack of knowledge concerning the properties 

Of the manifold he chose to represent the world. In parti

cular it is clear from the text quoted above that Clifford was 

thinking of 'elementary particles' as curved regions of a three-

dlmensional manifold. It is worth also to call the reader's at

tention to Clifford's remark that the notion of matter (as he 

conceiveid it) is wave-like. 

In 1884 the American mathematician C. H. Hinton wrote a 

series Of speculations about the fourth-dimension . He explicitly 

Suggested that the physical world must be considered, at least, as 

a four dimensional manifold and possiblly with an unusual metric 

(i.e., a non euclidian metric). He said that the concrete evi

dences would come from the study of the structure of the universe 

on the large and zz\talníij from the study of elementary particles. 

His reasoning (concerning elementary particles) was that human 

beings are not very extended in the fourth-dimension for other

wise they should be concious of that dimension. Now, in e'ementary 

particles the usual dimensions are very small { ~10 cm) and may 

be of the same order of magnitude as the fourth-dimension, which 

then will show up in phenomena involving elementary particles. 

The idea of building a geometrical theory of elementary 

particles along Clifford's path attracted A. Einstein's attention 
(4) in 1919 . He tried to build particles as special configurations 

of a metrical field in a Lorentzian four-dimensional manifold 

(see below). In this work,Einstein tried to modify his famous 

equations of the general relativity. His suco:;:; was very limited. 

Meanwhile physicists 'take the quantum leap' (due mainly to the 
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defeat of Einstein by Bohr , regarding the interpretation of 

quantum mechanics and forget for a long time that purely geo

metrical models of elementary particles could be constructed and 

that these models could be useful in the representation of rea

lity*. 

It is whithout doubt that the developments of the relati-

vlstic quantum field theory produced many important results, but 

it produced also a lot of unsolved problems concerning elementary 

particles and some of us think they are really deep and merit a 

new approach. 

This now approach boqan mainly with the work by Bohm 

and Barut , Roman and Haavisto . Salan and Strathdee , 
_ ... . (9) u , (10) ,„ (11) „, ,(12) .. 
Caldirola , Recaml , Charon , Nowosad , among others. 

Indeed these authors showed that it is reasonable to in

terpret elementary particles as micro-universes or micro - black-

holes . 

These concepts ere defined assuming (at least) the following 

hypothesis: 

(a) The micro-universes and micro-black-noles are to be in-
(13) 

terpreted as Lorentzian 4-four dimensional manifolds , 

which represents the complete history of the system. 

(b) A relation which we shall call 'Einstein type equation' 

holds between the geometry of the Lorentzian manifold 

modeling the structure of the particle and its material 

content. 

We left hypothesis (b) without a clear specification be

cause different theories postulate different equations relating 

geometry and matter. What is important here is that in all these 

approaches, (like in Einstein's general retativity),objects resem

bling universes or black holes with character!sitic dimension 
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R < 10 cm exist. 

The general scheme of these theories resembles Clifford's 

proposals but there are some important differences. Indeed,in 

the modern approach the elementary particles are associated with 

four-dimensional Lorentzian structures instead of three-dimensional 

Riemaniann structures(it seens that Hinton was right). This dif

ference is so fundamental that it generates a series of open 

mathematical problems. For example, it seems from the general 

approach outlined above that leptons are to be identified with 

micro-universes having the topology R * S3 which is also pro

bably the topology of our macroscopic gravitational universe. We 

then get the following fundamental problem which I will naively 

formulate as follows: "Define the structure of a manifold where 

elementary particles (each one a Lorentzian micro~universe> and 

the gravitational macroscopic cosmos (also a Lorentzian universe) 

co-exist in a natural way. Define natural way'. 

Probably it wi 1 i need a kind of fiber-bundle formu-
(14) lation or some new idea. 

It is impossible in this short note to go into more details 

and I ask the interested readers to consult the literature quoted. 

I would like to stress here that there doesn't exist yet 

a well formulated theory using the above ideas but some of the 

results that already emerged are really impressive. 

Also, concerning the black-hole like solutions I quote that 
(IS) 

recently Ammiraju, Recami and Rodrigues explained many as
pects of the multiple production of particles in high energy col
lisions supposing that the so-called fireballs nre evaporating 
strong micro-black holes. 

Here at Unicamp work is in progress in order to develop 

the ideas here presented in a hopefully intelligible theory of 

fundamental matter. Indeed the project intends also to show that 



- 5 -

the wave-part ic le d u a l i t y of quantum mechanics can be r e l a t e d 

t o the pulsat ions of the mic ro -un ive r ses r e p r e s e n t i n g the p a r t i 
cles .A more d e t a i l e d account of t he se i n v e s t i g a t i o n s w i l l 

be reported e l sewhere . 
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