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QUANTUM FIELD THEORY and PHILOSOPHY. G.D.ROBERTSON .

A. Q.F.T. is an attempt to unify three older theories; field theory,
quantum mechanics and special relativity, and provides a mathematical
framework for describing elementary particle physics as will, I hope,
become clear presently. Q.F.T. is not the only means used to exanmine
elementary particles: sfrong interaction dynamics, current algebra and
group theory ( i.e. an examination of particle symmetries ) are also
important but these will, for the most part, be ignored in the following
discussion.

As will be seen later no completely successful mathematical form=-
ulation of Q.F.T. has ever been produced, which is notAsurprising as
‘quantum mechanics and relativity are in some respects cﬁntradictory.

1. In quantum mechanics the spatial variable, x, is an operator and the
time variable, t, a c-number ( or non-operator ) while relativity
requires them both to be of the same status. Q.F.T. manages to avoid this
problem by making them both c-numbers.

2. The uncertainity principle shows that point particles can not exist
in quantum mechanics as this would imply a well defined position could
be associated with the particle. Relativity on the other hand can only
admit point particles without which the principle requiring finite speed
of transfer of information would be violated.( I am here assuming that a
non-point particle has a rigid structure for without this assumption

the .particle could be forced to adopt an ellipsoidal shape of arbitrary

length. )



In modern Q.F.T. particles are point-like and their experimentally
observed structure is interpreted as some secondary dynamical effect.
Now since these particles are point-like their eigen-energies turn out
to be divergent and need renormalisation as described later. So in
relativity therg;;ell defined space-time boundaries while in quantum
mechanics these boundaries can not be well defined. This leads to the
suggestion that space and time may themselves be quantised yielding a

_minimum length, 19 and time, tj the values of 1°and t’being non-absolute
but depending on the particular situation. This approach will possibly
be able to avoid the contradictions involved in Q.F.T. but time will not
permit further discussion of this here.

Although different in the above respects, it should be rembered that
quantum mechanics and relativity are very similar in other respects;
for-example, at the foundations of both theories are to be found
fundamental constants of nature, h and 1/¢c, which, if made to approach
zero ( i.e. fiw/E and v/c become negligible ) yield classical physics
from both theories. Since these are the two most basic physical theories

\available at present there is good reason to suppose that their unification
would not only be desirable but necessary to obtain a more complete and
conceptually accurate view of nature.

One example of Q.F.T.'s greatef conceptual accuracy is found in
wave-particle duality. Quantum mechanics suggests that not only should
all elementary objects be regarded as having sometimes wave and sometimes
particle properties but also that two apparently quite different objects
( eege photons and electrons ) should be treated as being at least very

similar. Quantum mechanics cannot cope with this as it assumes particle
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creation and annihilation to be impossible except for particles with zero
rest mass, ignoring pair creation, ﬁ -decay etc.... Thus photons must be
treated differently from electrons. However, although in quantum mechanics
the number of particles of finite rest mass present is a constant, in
Q.F.T. the number of particles is a dynamical variable represented by an
operator and thus the symmetry between photons and electrons is restored.

It is hardly surprising, since particle production is a high energy process,
that relativity should be required.

It may seem natural to suppose that in the limit of v7glbecoming
negligible Q.F.T. may turn into quantum mechanics, but the situation is
more complicated than this. Quantum mechanics is not a limiting case of
Q.F.T. and so the concepts involved in quantum mechanics may not entirely
be superseded by those of Q.F.T. A solution to this problem nust wait for

a more satisfactory formulation of Q.I.T.

B. I shall now attempt to outline the source of the relativistic
wave equations for both particles with integral and half integral spin
( bosons and fermions) and later show how they lead to a particle
interpretation.

Firstly the equation for bosons is simply obtained by applying
the quantum mechanical operators p—>-iV, E-—>id/0x, to the relativistic
energy equation E= If::m?. Writing everything in terms of Levectors
gives pM—> id” and p'=m. ( p'= p"pyg/w ) 86 =d=Hi

i.60 (°+m* ) g(x) = O

This is called the Klein-Gordon Equatione.

The corresponding equation for quantum electrodynamics is simply
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obtained from the above by substituting m=0 and ¢@- A*  giving 2A%= 0
where A” is the k-vector potential ( g', A ).

The equation for spin 4 particles is found from the time dependent
SchrBdinger equation i 9/2t ¥ = H ¥ by linearising it with respect
to space and time (i.e. H contains V ) and then requiring it to be
invariant under rotation -- this second requirement forces the introduction
of matrices and spinors. This gives (¥.p ) Y (x) =m Y (x)

(i¥.2-m) ¥ (x)=0
shich is called the Dirac Equation.

The Klein-Gordon equation has two solutions, one corresponding to
the particle the other to the antiparticle while the Dirac equation has
four solutions, two for each particle as they are of spih %+ and therefore
each have two possible spin orientations.

A note on the T.C.P. theorem.

There is a theorem called the T.C.P. theorem which states that, for
relativistically invariant local field theories, invariance under time
reversal, T, is equivalent to invariance under space inversion and charge
conjugation taken together, CP. Taking the boson field as an example the
following is a simplified proof of the theorem:

B(x) > B0, -x)

#(x) <> g gt

g(x) > 8( -x°, x )

F(x) “h minine gt (-x)

We can take /% 7 =1 . Now for a Lagrangian L(x) = g By
L(x)-I££+ L(=x) . So when L is symmetrised with respect to the boson

field @ it is invariant under T.C.P. i.e. g ¢3 + g*ﬁ*%iﬁ; g*¢T3 + g ¢3 .



We are considering the Lagrangian as any scattering process is dependent
on the Lagrangian rather than the field or Hamiltonian as will be seen
later.
Now in certain reactions, particularily K, —>2w. , it is believed -

that CP is violated and so, by the T.C.P. theorem, T is also violated.
From this asymmetry we can associate a direction with time at a fundamental .
level in physics. Note that for electromagnetic radiation there is invariance
of T so, if the universe contained only radiation, which indeed it has
done for most of its life since its explosion from a singularity about
10'° years ago, then no time direction can be found from this source. It is
unclear at present what the connection between this source of a direction
in time and those derived from thermodynamics or cosmology, if indeed there
is any connection at all.

l One further point to be noticed about the T.C.P. theorem is that
it universally relates space, time and matter showing that in future none
of these concepts can properly be discussed in isolation but only in
connection with the other pair. ( c.f. In a paper on relativity written
in 1908 Minkowski made a sigimilar claim: " Henceforth space by itself, and
time by itself, are doomed to fade away into mere shaddows, and only a

kind of union of the two will preserve an independent reality.")

Ce A particle interpretation may be obtained from the above by Fourier
Transforming the field function which is treated as an operatoree..

#(x) = 1/(aw>‘f &5 (alp) & F™ 4 a¥(p) 'F™ ) s 2B &

af(p) may now be regarded as a creation operator for a particle of momentum
P , while a(p) is an éﬁ;hilation operator. i.e. 2" (p)jo> ={p> and

a(p)lp)=10> .






