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Critical remarks on the recently formulated »correct canonical formalism« are raised
with the aim of demonstrating physical counter-arguments and mathematical re-
strictions on the proposed sheme.

In a recently published paper!’ the authors claim the necessity of a require-
ment by which in [field theory the members of a canonical pair, i. e. field compo-
nents and their canonical momenta, must possess equal transformation properties.
The proclaimed principle is then implicitly taken as the underlying motive for a
detailed critical analysis of the canonical formulation of classical and quantum field
theory and also as a stepping stone for attempts to reformulate and physically rein-
terpret various classical fields? 3. The procedure is refered to as sthe correct canoni-
cal formalisme.

While the physically reinterpreted fields may merit attention, in particular the
Dirac field, the requirement of equal transformation properties suffers from severe
shortcomings. These may be grouped in two classes:

I. The requirement that the canonical momenta transform by the same represen-
tation as the corresponding fields leads to intolerably strange physical implications.
In case of a scalar field @ (x), for instance, if the canonical momentum 7g(x) were
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a Lorentz scalar the Hamiltonian could no longer be the time component of a four-
vector, since from

H=fd3xd>n—fd3xz’, (1)

the first term on the right-hand side would behave as a scalar and the second as the
time component of a fourvector. Similarly

Pk=—fd3xn3k¢ 2)

could no longer be the space component.

Consequently, the concept of the fourmomentum of the field where the mo-
mentum comprises the space components and the energy of the field the timecom-
ponent, would then be violated and the identification of energy and momentum
with the Poincare group translation generators made impossible.

In the quantized version the requirement of the equal transformation proper-
ties would lead to contradictions in the basic commutation relations since

[D (%) 7 (M]xgmyo = i 6P (x — 3) 3)

would have the left hand side transform as a scalar and the right-hand side as the
time component of a fourvector on account of the equality

5D F = 3) = — 8o (< — Ysyese @

The scalar field can most easily demonstrate our point but the same criticism
applies to fields satisfying any Lorentz group representation. Even more generally,
including internal symmetries, the Noether theorem gives the generalized charges

Qo = —i [ & x 2§ () iy 99 (=), (5)
where the requirement that =¥ (x) transforms in the same way as @ (x) prevents
Q4 from being Lorentz scalars.

All these examples present a serious threat to the foundations of Special relati-
vity.
2. Therequirement that the canonical momenta transform by the same, or equiva-
lent, representation es the corresponding fields is mathematically extremely restric-
tive. To show this we start with the assumptions, shared by the authors of sthe cor-
rect canonical formalisme, that @ (x) be components of a field which transform by
some finite dimensional representation S of the Lorentz group LG}, that the
Lagrangean density % is a Lorentz scalar and that the canonical momenta are de-

fined as
0%

34.5‘4 (x) (6)

7y (x) =

136 FIZIKA 12 (1980) 2, 135—139



STIPCEVIC—SURULIZ: TRANSFORMATION PROPERTIES. ..

About the functional form of the Lagrangean density . we make no assump-
tions making thereby the forthcoming conclusions valid for any Lagrangean.

Introducing auxiliary quantities

o
Ty = W, Q)]
with =, = — i 7 44, one readily deduces their transformation properties as
7‘4’4# = zpv S4B Tpys (8)

where L denotes the fundamental (vector) representation (%, -%—) of LG!,and

the wiggle »~« denotes the transposed inverse matrix.
It is easy to see that matrices gcomprise a representation of LG}, equivalent

to representation S. To this end it suffices to examine the corresponding expres-
sions for Casimir operators. One has

1 = My My = CT, (9a)
62 = Cappy Mnﬂ M;w = C{a (9 b)

and since the finite-dimensional representations of the Lorentz group® are fully
reducible, the Casimir operators form diagonal matrices giving

6; = Cp, 612 = G, (10)

which implies the equivalence of S and S
Consequently, the transformation property (8), actually states that n,, trans-
form according to the direct product repreasentation L ® S of LG}. The Clebsch-

Gordan expansion of the reducible representation L ® S indicates then the allo-
wed transformation representations for z ,. The analysis is straightforward :

(a) Scalar field @ (x) implies S = (0, 0). We have

(3 3)e@o=(1 1), (1)

and, hence, 7, transform by the irreducible vector representation. Canonical mo-
mentum x has to be the time component of a fourvector regardless of the form of
the Lagrangean.

(b) Vector field 4, (x) implies S — (_; %)
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Werave (25 5)® (3 ) =©001L0®0 Do D (12)

The reduced form contains a scalar (0, 0), an antisymmetric tensor (1,0) @ (0, 1), a
. . 1 1

symmetric traceless tensor (1, 1), but no vector representation (?, 7)) Conse-

quently the canonical momenta can not transform as vectors and any attempt to re-

formulate the vector field in accordance with »the correct canonical formalism« is
futile.

(c) Antisymmetric tensor field A4, implies S = (1, 0) ® (0, 1) and so

os-(h o Polh Dolh D w

(d) Symmetric tensor field S, implies S = (1, 1) and so

11 1 3 3 1) 3 3

Relations (13) and (14) again show that S does not reappearin L ® Sand there-
fore &4 cannot transform as @ .

(e) The Dirac field ¥ (x) transforms according to S = (%, 0) ® (O, 71-), and

L®S=(I,%)@(%, 1)@(%,0)@(0,%), 15)

where the last two terms witness the reappearance of Sin L ® S.

The Dirzc field, therefore, has the unique property that by a suitable reformu-
lation of the Lagrangean one may hope to satisfy the requirement of »the correct
canonical formalism¢. The importance that one attaches to this circumstance, howe-
ver, is largely a matter of esthetcial domain.

Taken from the positive attitude this may possibly indicate, in the light of
Eq. (15), an explanation for the fact that basic matter fields in Nature, quarks and
leptons, are associated with the Dirac field. However, the gauge fields, gluons, pho-
tons and heavy intermediate bosons, which come into existence by the »global-to-
local« mechenism, should then be dissociated from the canonical procedure.

we have
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formalizam«, demostriraju fizikalni kontraargumenti i analiziraju matematicka
ogranitenja predloZene sheme.
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