ISSN 1330Ű0016 CODEN FIZBE7

SIGNIFICANCE OF THE SPINORIAL BASIS IN RELATIVISTIC QUANTUM MECHANICS

VALERI V. DVOEGLAZOV^1

Escuela de Fť”sica, Universidad Autťonoma de Zacatecas Antonio Dovalť” Jaime s/n, Zacatecas 98068, ZAC., Mťexico Internet address: VALERI@CANTERA.REDUAZ.MX

Received 7 March 1997

UDC 539.183.4

PACS numbers: 03.65.Pm, 11.30.Er

The problems related to the choice of the spinorial basis in the ( j,0) ⊕ (0, j) representation space are discussed. This choice is shown to have a profound signi^cance in the relativistic quantum theory and for physical applications. From the methodological viewpoint, this fact is related to the important dynamical role which the space-time symmetries play for all kinds of interactions.

1. Introduction

We have become accustomed to thinking of the particle world from a viewpoint of the principle of gauge invariance. Profound signi^cance of this principle seems to be clear to everybody and it deserves to be in the place that it occupies now. Remarkable experimental con^rmations of both quantum electrodynamics [1] and its non-Abelian extensions (Weinberg-Salam-Glashow model, quantum chromodynamics), Refs. 2 and 3, proved the applicability of this principle. As is known, the principle has primarily been deduced from the interaction of charged particles with the electromagnetic potential. For long, it has

1On leave of absence from Dept. Theor. & Nucl. Phys., Saratov State University, Astrakhanskaya ul., 83, Saratov RUSSIA. Internet Address: dvoeglazov@main1.jinr.dubna.su

been recognized that for other kinds of particles (namely, for truly neutral particles which are supposed to be described by self/anti-self charge conjugate states), a change of phase leads to the destruction of self/anti-self conjugacy [4]. It is in this ^eld of modern science (neutrino physics, gluon contributions in QCD etc.) that we have now most consistent indications for new physics. Without any intention to cast a shade on the great achievements of the theories based on the use of 4-vector potentials, I am going to consider the subject from a slightly different point of view. I will discuss here the constructs based only on the use of the ( j,0) ⊕ (0, j) Lorentz group representations for a description of the particle world and of the interactions. I hope that the presented thoughts may be useful for a deeper understanding of the surprising symmetries of the Dirac equation and of the unexpected rich structure of the ( j,0) ⊕ (0, j) representation space^2.

The spinorial basis in the standard representation of the Dirac equation^3,

u^{(1)}(p^{ffiţ}) = √ m 1 0 0 0 , u^{(2)}(p^{ffiţ}) = √ m 0 1 0 0 ,

v^{(1)}(p^{ffiţ}) = √ m 0 0 1 0 , v^{(2)}(p^{ffiţ}) = √ m 0 0 0 1 , (1)

is well understood and acceptable for the description of a Dirac particle. However, let ask ourselves, what forced us to choose the real basis for complex spinors?.. Let me attack the problem of the choice of a spinorial basis from the most general position.

I am going to consider theories based on the following four postulates:

• For an arbitrary j, the right- ( j,0) and the left-handed (0, j) spinors transform in the following ways (according to the Wigner’s ideas [11,12]):

ϕ_R (p^ţ) = Λ_R (p^ţ ← p^{ffiţ}) ϕ_R (p^{ffiţ}) = exp(+⃗J ·⃗φ) ϕ_R (p^{ffiţ}), (2a)

ϕ_L (p^ţ) = Λ_L (p^ţ ← p^{ffiţ}) ϕ_L (p^{ffiţ}) = exp(−⃗J ·⃗φ) ϕ_L (p^{ffiţ}). (2b)

Λ_{R;L} are the matrices for Lorentz boosts, ⃗J are the spin matrices for spin j and⃗φ are the parameters of the a given boost. We restrict ourselves to the case of bradyons, de^ned by (e.g., Refs. 9 and 6):

cosh(φ) = γ = 1 √ 1 − v^2 = E m , sinh(φ) = vγ = |⃗p| m , Ĺφ =⃗n = ⃗p |⃗p| . (3)

2Of course, spin-1/2 fermions, which transform according to the (1/2,0) ⊕ (0,1/2) representation of the Lorentz group, could be considered in such a framework as particular cases. The discussion of recent achievements [5,6] in the Weinberg 2(2 j + 1) component theory [7] can be found in Ref. 8.

3I use here and below the notation of Refs. 9, 6 and 10. For the 4-momentum of a particle in the rest one uses p^{ffiţ}.

• ϕ_L and ϕ_R are the eigenspinors of the helicity operator (⃗J ·⃗n):

(⃗J ·⃗n) ϕ_{R;L} = hϕ_{R;L} (4)

(h = − j,− j + 1,... j is the helicity quantum number).

• The relativistic dispersion relation E^2 −⃗p^2 = m^2 holds for free particles.

• Physical results do not depend on rotations of the spatial coordinate axes (in other words: the 3-space is uniform).

Since the spin-1/2 particles are most important objects in physical applications, and the Maxwell’s spin-1 equations can be written in the similar 4-component form (see e.g., Ref. 13), we concentrate on the analysis of the (1/2,0) ⊕ (0,1/2) representation space. For the sake of a compact description the 2-spinors (left- or right-handed) are denoted as ξ. From the condition (see the second item): 1 2 (⃗σ ·⃗n) ξ = ± 1 2 ξ, (5) and using the expressions for⃗n in the spherical coordinates:

n_x = sinθcosϕ, (6a) n_y = sinθsinϕ, (6b) n_z = cosθ, (6c)

we ^nd that the Pauli spinor ξ for the eigenvalue h = 1/2 of the helicity operator can be parametrized as

ξ_{+ 1=2} = ( ξ_1 tan (θ/2) e^{iϕ} ξ_1 ) or ξ_{+ 1=2} = ( cot(θ/2) e^{−iϕ} ξ_2 ξ_2 ) (7) in terms of the azimuthal angle θ and the polar angle ϕ associated with the vector ⃗p → 0 [14,10], and for the h = −1/2 eigenvalue as

ξ_{−1=2} = ( ξ_1 −cot (θ/2) e^{iϕ} ξ_1 ) or ξ_{−1=2} = ( −tan(θ/2) e^{−iϕ} ξ_2 ξ_2 ) . (8)

From the normalization condition ξ^Ę_{±1=2}ξ_{±1=2} = N^2 (N^2 is the normalization factor) we have that the form of spinors can be chosen^4

ξ_{+1=2} = N e^{iϑ+1} ( cos(θ/2) sin(θ/2)e^{iϕ} ) or ξ_{+1=2} = Ne^{iϑ+2} ( cos(θ/2)e^{−iϕ} sin(θ/2) ) , (9a)

4The second parametrization differs from the �rst one by an overall phase factor, what does not have in�uence on the physical results.

ξ_{−1=2} = Ne^{iϑ−1} ( sin(θ/2) −cos(θ/2)e^{iϕ} ) or ξ_{−1=2} = Ne^{iϑ−2} ( −sin(θ/2)e^{−iϕ} cos(θ/2) ) . (9b)

This parametrization is the same as in Eqs. (22a,22b) of Ref. 10b and with the formulas of Ref. 14 (p. 87), within the overall phase factors ϑ^±. Let me note the interesting identities:

ξ_{+ 1=2}(p^{ffi′ţ}) = e^{i(ϑ+−ϑ−)}ξ_{−1=2}(p^{ffiţ}), ξ_{−1=2}(p^{ffi′ţ}) = e^{i(ϑ−−ϑ+)}ξ_{+ 1=2}(p^{ffiţ}), (10)

where p^{ffi′ţ} is the parity conjugated 4-momentum (θ^′ = π − θ, ϕ^′ = ϕ + π).

If we know the spin matrices for an arbitrary j, one can ^nd similar parametrizations for spinors of higher dimension by resolving the set of equations of the (2 j + 1)- order for each value of the helicity^5. One has a certain freedom in the choice of the spinorial basis in the (1/2,0) (or (0,1/2)) space since, according to the fourth postulate, physical results do not depend on rotations of the spatial axes and, furthermore, one has arbitrary phase factors e^{iϑ±} . Therefore, the commonly-used choice (⃗p||Oz)

ξ_{+ 1=2} = ( 1 0 ) , ξ_{−1=2} = ( 0 1 ) . (11)

is only a convenience.

In the Dirac equation, one has two kinds of spinors, ϕ_R and ϕ_L . In Refs. 9, 6 and 10, the relation between them in the rest frame,

ϕ_R (p^{ffiţ}) = ±ϕ_L (p^{ffiţ}), (12)

has been named the Ryder-Burgard relation (see also Ref. 15). It was shown (see footnote #1 in Ref. 10b) that the relation (12) can be used to derive the Dirac equation, the equation that describes eigenstates of the charge operator. Moreover, if we accept this form of the relation for (1,0) ⊕ (0,1) bispinors, one can construct a version of the Foldy- Nigam-Bargmann-Wightman-Wigner(FNBWW) type quantum ^eld theory [16,12,6]. The remarkable feature of this Dirac-like modi^cation of the Weinberg theory [7] is the fact that the boson and its antiboson have opposite relative intrinsic parities (like the Dirac fermions).

However, a more general form of Eq. (12) could be used. Let us assume that ϕ_R (p^{ffiţ}) and ϕ_L (p^{ffiţ}) are connected by the complex matrix A, an arbitrary linear transformation, namely, ϕ_R (p^{ffiţ}) = Aϕ_L (p^{ffiţ}). The unit matrix and the three Pauli σ-matrices form a complete set. Therefore, the matrix corresponding of the linear transformation A can be expanded as

ϕ^±_R (p^{ffiţ}) = Aϕ^±_L (p^{ffiţ}) = [ 1 c^0_1 + ⃗σ ·⃗c_1 ] ϕ^±_L (p^{ffiţ}) = = [ c^0_1 ± (|ℜe⃗c_1| + i|ℑm⃗c_1|) ] ϕ^±_L (p^{ffiţ}) = e^{iα±} ϕ^±_L (p^{ffiţ}), (13)

5See, e.g., the formulas (23a-c) in Ref. 10b and below.

where c_i are complex coef^cients^6. Above we have assumed that ϕ_L and ϕ_R are the eigenspinors of the helicity operator and have chosen the parametrization of the coef^cients [ c^0_1 ± (|ℜe⃗c_1| + i|ℑm⃗c_1|) ] ≡ e^{iα±} . The modulus of the bracketed quantity (the determinant of the A matrix) should be equal to the one, because of the condition of the invariance of the normalization of spinors. Equation (12) corresponds to the particular choices of α_± = 0, ±π. By using the generalized Ryder-Burgard relation, and the fact that [ Λ_{L;R} (p^ţ ← p^{ffiţ}) ]_{−1} = [ Λ_{R;L} (p^ţ ← p^{ffiţ})

]_Ę

, (14)

we obtain the ŞgeneralizedŤ Dirac equation^7:

ϕ^±_R (p^ţ) = Λ_R (p^ţ ← p^{ffiţ}) ϕ^±_R (p^{ffiţ}) = e^{iα±} Λ_R (p^ţ ← p^{ffiţ}) ϕ^±_L (p^{ffiţ})

= e^{iα±} Λ_R (p^ţ ← p^{ffiţ}) Λ^{−1}_L (p^ţ ← p^{ffiţ}) ϕ^±_L (p^ţ), (15a)

ϕ^±_L (p^ţ) = Λ_L (p^ţ ← p^{ffiţ}) ϕ^±_L (p^{ffiţ}) = e^{−iα±} Λ_L (p^ţ ← p^{ffiţ}) ϕ^±_R (p^{ffiţ})

= e^{−iα±} Λ_L (p^ţ ← p^{ffiţ}) Λ^{−1}_R (p^ţ ← p^{ffiţ}) ϕ^±_R (p^ţ). (15b)

Using de^nitions of the Lorentz boost (2,3) one can rewrite Eqs. (15a,b) in the matrix form (provided that m /=0): ( −me^{−iα±} p_0 + (⃗σ ·⃗p) p_0 − (⃗σ ·⃗p) −me^{iα±} ) ( ϕ_R (p^ţ) ϕ_L (p^ţ) ) = 0, (16) or ( Ĺp − mT ) Ψ(p^ţ) = 0, (17)

with T = ( e^{−iα±} 0 0 e^{iα±} ) . (18)

Note the particular cases:

α_± = 0,2π : ( Ĺp − m)Ψ = 0, (19a) α_± = ± π : ( Ĺp + m)Ψ = 0, (19b) α_± = +π/2 : ( Ĺp + imγ_5)Ψ = 0, (19c) α_± = −π/2 : ( Ĺp − imγ_5)Ψ = 0. (19d)

6The signs ± correspond to the helicity of the spinors.

7A reminder: the Lorentz boost matrices are Hermitian for any �nite-dimensional representation of the group.

The equations (19a and b) are the well-known Dirac equations for positive- and negativeenergy bispinors in the momentum space. The equations of the type (19c and d) had also been discussed in the old literature, e.g.,in Ref. 17. They have been named as the Dirac equations for 4-spinors of the second kind [18,19]. Their possible relevance for the description of neutrino has been mentioned in the cited papers. Let me still note that this idea has been proposed before the appearance of the two-component model of Landau, Lee, Salam and Yang.

Since the spinors are, in general, complex quantities, it is possible to set up the Ryder- Burgard relation in the following form: ϕ_R (p^{ffiţ}) = Bϕ^∗_L (p^{ffiţ}). The operation of complex conjugation is not a linear operator. Therefore, these two forms of the relation are not equivalent. It is more convenient to expand B in the basis of another complete set^8: σ_2 and σ_iσ_2. The norm should again be conserved: ϕ^Ę_{R;L} ϕ_{R;L} = ϕ^T_{R;L} ϕ^∗_{R;L} = N^2. By using the procedure analogous to the above, we obtain another form of the Ryder-Burgard relation:

ϕ^±_R (p^{ffiţ}) = B[ϕ^±_L (p^{ffiţ})]^∗ = [ c^0_2 σ_2 + (⃗σ ·⃗c_2)σ_2 ] [ϕ^±_L (p^{ffiţ})]^∗ (20) = [ ic^0_2 Θ_{[1=2]} ∓ i (|ℜe⃗c_2| + i|ℑm⃗c_2|) Θ_{[1=2]} ] [ϕ^±_L (p^{ffiţ})]^∗ = ie^{iβ∓} Θ_{[1=2]} [ϕ^±_L (p^{ffiţ})]^∗

and, hence, the inverse one,

ϕ^±_L (p^{ffiţ}) = −ie^{iβ∓} Θ_{[1=2]}[ϕ^±_R (p^{ffiţ})]^∗. (21)

We used above that σ_2 matrix is related to the Wigner operator by Θ_{[1=2]} = −iσ_2, and the property of the Wigner operator for any spin Θ_{[ j]}⃗JΘ^{−1}_{[ j]} = −⃗J^∗. So, if ϕ_{L;R} is the eigenstate of the helicity operator, then Θ_{[ j]}ϕ^∗_{L;R} is the eigenstate with the opposite helicity quantum number: (⃗J ·⃗n) Θ_{[ j]} [ ϕ^h_{L;R} (p^ţ) ]_∗ = −hΘ_{[ j]} [ ϕ^h_{L;R} ]_∗ . (22)

Therefore, from Eqs. (20,21), we have

ϕ^±_R (p^ţ) = + ie^{iβ∓} Λ_R (p^ţ ← p^{ffiţ}) Θ_{[1=2]} [Λ^{−1}_L (p^ţ ← p^{ffiţ})]^∗ [ϕ^±_L (p^ţ)]^∗, (23a) ϕ^±_L (p^ţ) = −ie^{iβ∓} Λ_L (p^ţ ← p^{ffiţ}) Θ_{[1=2]} [Λ^{−1}_R (p^ţ ← p^{ffiţ})]^∗ [ϕ^±_R (p^ţ)]^∗. (23b)

Using the mentioned property of the Wigner operator, we transform Eqs. (23a,b) to

ϕ^±_R (p^ţ) = + ie^{iβ∓} Θ_{[1=2]}[ϕ^±_L (p^ţ)]^∗, (24a) ϕ^±_L (p^ţ) = −ie^{iβ∓} Θ_{[1=2]}[ϕ^±_R (p^ţ)]^∗. (24b)

8It is known that after a multiplication by a non-singular matrix, the property of completeness of a set remains valid.

In the matrix form one has ( ϕ_R (p^ţ) ϕ_L (p^ţ) ) = e^{iβ∓} ( 0 iΘ_{[1=2]} −iΘ_{[1=2]} 0 ) ( ϕ^∗_R (p^ţ) ϕ^∗_L (p^ţ) ) = S^c_{[1=2]} ( ϕ_R (p^ţ) ϕ_L (p^ţ) ) , (25)

where S^c_{[1=2]} is the operator of charge conjugation in the (1/2,0) ⊕ (0,1/2) representation space, see, e.g., Ref. 20. In fact, we obtain the conditions of the self/anti-self charge conjugacy:

Ψ(p^ţ) = ±Ψ^c(p^ţ). (26)

Thus, depending on the relations between the left- and right-handed spinors (in fact, depending on the choice of the spinorial basis), we obtain physical excitations of a different physical nature. In the ^rst version of the Ryder-Burgard relation, we have the Dirac equations; in the framework of the second version, neutral fermions^9.

The most general form of the Ryder-Burgard relation is^{10}

ϕ_R (p^{ffiţ}) = Aϕ_L (p^{ffiţ}) + Bϕ^∗_L (p^{ffiţ}), (27)

which results in ϕ_R (p^{ffiţ}) = Ae^{iα±} ϕ_L (p^{ffiţ}) + iBe^{iβ∓} Θ_{[1=2]} ϕ^∗_L (p^{ffiţ}) (28a)

ϕ_L (p^{ffiţ}) = Ae^{−iα±} ϕ_R (p^{ffiţ}) − iBe^{iβ∓} Θ_{[1=2]} ϕ^∗_R (p^{ffiţ}). (28b)

The equation, that could be considered as a mathematical generalization of the Dirac equation, is then ( −1 Ae^{iα±} Λ_R Λ^{−1}_L + iBe^{iβ∓}Θ_{[1=2]}K Ae^{−iα±} Λ_L Λ^{−1}_R − iBe^{iβ∓} Θ_{[1=2]}K −1 )( ϕ_R (p^ţ) ϕ_L (p^ţ) ) = 0, (29)

where A^2 + B^2 = 1 and K is the operation of complex conjugation. In a symbolic form, it is rewritten as [ A Ĺp m + BT S^c_{[1=2]} − T ] Ψ(p^ţ) = 0. (30)

Using the computer algebra system MATEMATICA 2.2, it is easy to check that the equation satis^es the correct relativistic dispersion relation (see the third item of the set of postulates). What physical meaning could be attached to this equation?

Consider the problem of the choice of the spinorial basis in the j = 1 case. In the present consideration, I use the Weinberg 2(2 j + 1)Űcomponent formalism [7]. It is easy

9In fact, the second de�nition of the Ryder-Burgard relation leads to the Majorana-McLennan-Case spinors [21,22]. Recent discussions of this construct can be found in Refs. 23, 10 and 24.

10We deal above with the spinors of the same helicities. Without much effort, the reader can reveal what happens if one joins the spinors of different helicities, ϕ^±_R = Aϕ^∓_L or ϕ^±_R = B[ϕ^∓_L ]^∗.

to show, by using the same procedure, that j = 1 spinors ξ can be parametrized, e.g., in the following form

ξ_{+1} = N e^{iϑ+} 1 2 (1 + cosθ)e^{−iϕ} √_1

2 sinθ 1 2 (1 − cosθ)e^{+iϕ}

, (31a)

ξ_{−1} = N e^{iϑ−}

−^1_2 (1 − cosθ)e^{−iϕ} √_1

2 sinθ −^1_2 (1 + cosθ)e^{+iϕ}

, (31b)

ξ_0 = N e^{iϑ0} − √_1 2 sinθe^{−iϕ} cosθ √_1

2 sinθe^{+iϕ}

, (31c)

provided they are eigenspinors of the helicity operator. In the isotropic-basis representation, the j = 1 spin operators are expressed [25]^{11} in the following way:

J_1 = 1 √ 2 (0 1 0

1 0 1 0 1 0 ) , J_2 = i √ 2 (0 −1 0

1 0 −1 0 1 0 ) , J_3 =

(1 0 0

0 0 0 0 0 −1 ) . (33)

The eigenvalues of the operator ⃗J ·⃗n could be h = ±1, 0. As opposed to the spin-1/2 case, one has 9 = 3^2 linear independent matrices forming the complete set. They can be chosen from the following set of the ten symmetric matrices

J_{00} = 1, J_{0i} = J_{i0} = ⃗J_i, (34)

J_{i j} = ⃗J_i⃗J_j + ⃗J_j⃗J_i − δ_{i j}. (35)

The condition J_{ţţ} = 0 eliminates one of the J_{ţν} matrices (e.g., J_{00}). Following the main points of the preceding discussion, consider relations between left and right spinors. The following form of the Ryder-Burgard relation:

ϕ^{±;0}_R (p^{ffiţ}) = e^{iα±;0} ϕ^{±;0}_L (p^{ffiţ}), ϕ^{±;0}_L (p^{ffiţ}) = e^{−iα±;0} ϕ^{±;0}_R (p^{ffiţ}) (36)

11Of course, it is possible to choose the so-called ‘orthogonal’ basis (⃗J_i)_{jk} = −iε_{i jk} because they are connected by the unitary matrix ⃗J^{isotr:} = U⃗J^{orth:} U^{−1}: U = 1 √ 2 _{1 −i 0}

0 0 − √ 2 −1 −i 0 ! . (32)

is very similar to the ^rst form of the relation in the spin-1/2 case. In the process of deriving this relation, we used that any tensor can be expanded in a direct product of two vectors. The equation obtained by using the Wigner postulate (item 1, m^2 /=0) [ γ_{ţν} p^ţ p^ν − m^2T ] Ψ(p^ţ) = 0 (37)

in the case α_{±;0} = 0, is identical to the Weinberg equation and, after taking into account α_{±;0} = ±π, with the modi^ed equation obtained by Ahluwalia [6] within the framework of the FNBWW-type quantum ^eld theory [16,12].

As for the second form (connecting ϕ_{L;R} and ϕ^∗_{L;R} ), essentially different relations are found when comparing to the spin-1/2 case. Expanding the B matrix, ϕ_R (p^{ffiţ}) = Bϕ^∗_L (p^{ffiţ}), in the other complete set^{12}, namely, J_{ţν}Θ_{[1]} one obtains

ϕ^{±;0}_R (p^{ffiţ}) = e^{iβ∓;0} Θ_{[1]} [ϕ^{±;0}_L (p^{ffiţ})]^∗, ϕ^{±;0}_L (p^{ffiţ}) = e^{iβ∓;0} Θ_{[1]} [ϕ^{±;0}_R (p^{ffiţ})]^∗. (39)

This fact is connected with another property of the Wigner operator: Θ_{[ j]}Θ_{[ j]} = (−1)^{2 j}. As a result, we obtain

Ψ(p^ţ) = ( ϕ_R (p^ţ) ϕ_L (p^ţ) ) = e^{iβ±;0} ( 0 Θ_{[1]}K Θ_{[1]}K 0 ) ( ϕ_R (p^ţ) ϕ_L (p^ţ) ) = Γ_5S^c_{[1]}Ψ(p^ţ), (40)

provided that the charge conjugation operator S^c_{[1]} is chosen as in Refs. 6, 23 and 10, i.e., in accordance with the FNBWW construct.

Let us pay attention to other ways for the description of a particle of arbitrary spin. In general, it is possible to choose another representation of the Lorentz group for the description of higher spin particles (see Ref. 7c). It is interesting to note that the wellknown Dirac-Fierz-Pauli equation for any spin has been rewritten in Ref. 26 (see also my recent work [27]) in the form that is very similar to the spin-1/2 case:

α^ţ ∂_ţΦ = + mϒ, (41a) ŕα^ţ ∂_ţϒ = −mΦ, (41b)

where ŕα^ţ = α_ţ are the matrices which satisfy all the algebraic relations that the Pauli 2 × 2 matrices σ^ţ do, except for the completeness. The object Φ belongs to the ( j,0) ⊕ ( j − 1,0) representation of the Lorentz group and the ϒ, to the ( j − 1/2,1/2) representation. Does there exist the analog of the Ryder-Burgard relation which could be proposed in the framework of the Dirac-Fierz-Dowker construct for any spin?

12The explicit form of the Wigner operator Θ_{[1]} for spin 1 has been given in Refs. 10 and 26 in the isotropic basis:

Θ_{[1]} =

_{0 0 1}

0 −1 0 1 0 0 ! . (38)

2. Conclusion

In this work, an attempt was made to explain how all possible relations between the basis vectors of the different representation spaces (e.g., between right- ϕ_R (p^{ffiţ}) and lefthanded spinors ϕ_L (p^{ffiţ}) that are known to become interchanged under parity conjugation [9]), de^ne dynamical equations. It was found that, from a mathematical viewpoint, the well-known equations are the particular cases only. The analysis reveals that the choice of spinorial basis in the ( j,0) ⊕ (0, j) representation space has a profound signi^cance for the dynamical evolution of the physical systems.

Acknowledgements

I appreciate the help of Prof. D. V. Ahluwalia whose articles and preprints are the basis for this work. The valuable advice of Prof. A. F. Pashkov was very helpful in realizing the ideas presented here and in my previous publications. I thank the students attending my course on advanced quantum mechanics for asking many good questions.

I am grateful to Zacatecas University for a professorship.

References

1) V. V. Dvoeglazov, Yu. N. Tyukhtyaev and R. N. Faustov, Mod. Phys. Lett. A8 (1993) 3263; Fiz.

Elem. Chast. At. Yadra 25 (1994) 144; [English translation: Phys. Part. Nucl. 25 (1994) 58]; 2) J. L. Rosner, Overview of the Standard Model. Preprint EFI 94-59 (hep-ph/9411396), Nov. 1994, to be published in Proc. of the Joint US-Polish Workshop on Physics from Planck Scale to Electroweak Scale., Warsaw, Poland, 21-24 Sep., 1994;

3) R. K. Ellis, Status of QCD. Preprint FERMILAB-CONF-93/011-T, Jan. 1993, presented at the 7th Meeting of the APS Division of Part. and Fields, Fermilab, Nov. 10-14, 1992 4) W. H. Furry, Phys. Rev. 54 (1938) 56; ibid 56 (1939) 1184; 5) D. V. Ahluwalia and D. J. Ernst, Mod. Phys. Lett. A7 (1992) 1967;

6) D. V. Ahluwalia, M. B. Johnson and T. Goldman, Phys. Lett. B316 (1993) 102; D. V. Ahluwalia and T. Goldman, Mod. Phys. Lett. A8 (1993) 2623;

7) S. Weinberg, Phys. Rev. B133 (1964) 1318; ibid 134 (1964) 882; ibid 181 (1969) 1893; 8) V. V. Dvoeglazov, Rev. Mex. Fis. Suppl. 40 (1994) 352;

9) L. H. Ryder, Quantum Field Theory Cambridge University Press, Cambridge, UK, 1987, x2.3; 10) D. V. Ahluwalia, Incompatibility of Self-Charge Conjugation with Helicity Eigenstates and Gauge Interactions. Preprint LA-UR-94-1252, Los Alamos, Apr. 1994; McLennan-Case Construct for Neutrino, its Generalization, and a Fundamentally New Wave Equation. Preprint LA- UR-94-3118, Los Alamos, Sept. 1994;

11) E. P. Wigner, Ann. Math. 40 (1939) 149;

12) E. P. Wigner, in Group theoretical concepts and methods in elementary particle physics Ű Lectures of the Istanbul Summer School of Theoretical Physics, 1962. Ed. F. Gĺursey;

13) T. Ohmura (Kikuta), Progr. Theor. Phys. 16 (1956) 684; M. Sachs, Ann. Phys. 6 (1959) 244; M.

Sachs and S. L. Schwebel, J. Math. Phys. 3 (1962) 843;

14) C. Itzykson and J.-B. Zuber, Quantum ^eld theory., McGraw-Hill Book Co., New York, 1980;

15) Yu. V. Novozhilov, Vvedenie v teoriyu elementarnykh chastitz. (Nauka, Moscow, 1971); [English translation: Introduction to Elementary Particle Theory., Pergamon Press, Oxford, UK, 1975, p. 96];

16) B. P. Nigam and L. L. Foldy, Phys. Rev. 102 (1956) 1410;

17) G. A. Sokolik, ZhETF 33 (1957) 1515; [English translation: Sov. Phys. JETP 6 (1958) 1170]; 18) ťE. Cartan, Lecons sur la Thťeorie des spineurs., Hermann, Paris, 1938;

19) I. M. Gelfand and M. L. Tsetlin, ZhETF 31 (1956) 1107; [English translation: Sov. Phys. JETP 4 (1957) 947];

20) P. Ramond, Field Theory: A Modern Primer. Addison-Wesley Pub. Co., USA, 1989; 21) E. Majorana, Nuovo Cim. 14 (1937) 171; [English translation: Tech. Trans. TT-542, Nat. Res.

Council of Canada];

22) K. M. Case, Phys. Rev. 107 (1957) 307;

23) D. V. Ahluwalia, M. B. Johnson and T. Goldman, Mod. Phys. Lett. A9 (1994) 439; 24) V. V. Dvoeglazov, A note on the Majorana theory for j = 1=2 and j = 1 particle states. Preprint EFUAZ FT-94-10, Dec. 1994, reported at the XVIII Oaxtepec Nuclear Physics Symp., Jan. 4-7, 1995;

25) D. A. Varshalovich, A. N. Moskalev and V. K. Khersonski¸”, Kvantovaya teoriya uglovogo momenta. Nauka, Leningrad, 1975; [English translation: Quantum Theory of Angular Momentum. World Sci. Pub., Singapore, 1988];

26) J. S. Dowker and Y. P. Dowker, Proc. Roy. Soc. A294 (1966) 175; J. S. Dowker, ibid 297 (1967) 351;

27) V. V. Dvoeglazov, Nuovo Cim. 107A (1994) 1758.

VA “ZNOST SPINORNIH BAZA U RELATIVISTI “CKOJ KVANTNOJ MEHANICI

Raspravljaju se problemi odabira spinornih baza u reprezentaciji ( j,0)⊕(0, j). Pokazuje se da taj odabir ima duboku va“znost u relativisti“ckoj kvantnoj teoriji i u ^zi“ckim primjenama. S metodolo“skog stanovi“sta, ta je “cinjenica u uskoj vezi s va“znom dinami“ckom ulogom koju imaju vremensko-prostorne simetrije u svim vrstama uzajamnih djelovanja.