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Summary. — A new derivation, avoiding the difficulties of the old demonstrations,
is given for the quantum potential form of spin-} fields.

The derivation of the form of a spin-dependent Quantum Potential for spin-}
particles, presented in recent papers (), was based on the use of the second-order
Feynman and Gell-Mann equation (2) for 4-component spinors (= ¢ = 1):

(1) [(10 —eA)(i0 — ed) —m?2]yp = [(iaﬂ— eA ) (ion — e A —-ngaw—mz] py=0.

In order to get the result, the following decomposition of the spinor p was adopted
(as an analog of the decomposition of a complex number in a modulus and a phase
factor):

k3

(2) Y =Qw with Q= |py|, w=é,

where @ is a real scalar positive function and w a spinor with |ww|= 1.

(*) N. CurArROo PETRONI, PH. GUERET and J. P. VIGIER: Nuovo Cimento B, 81, 243 (1984); Phys.
Rev. D, 30, 495 (1984).
(*) R. P. FEYNMAN and M. GELL-MANN: Phys. Rev., 109, 193 (1958).
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Of course ww jumps between -+ 1 and —1 in a discontinuous way everywhere
changes its sign. As a consequence the relations

(3) U@w) =0,  du(@ww) =0,

that are essential in the derivation (1), are not everywhere defined in space-time. The
same problem arises for the final form of the quantum potential (), which contains
second derivatives of Q.

In order to avoid these problems, we suggest here a decomposition of y different
from (2), but leading to the same final result: so that the proposed form of the quantum
potential (1) can be considered correct. In fact, by writing down a spinor ¥ in terms of
two component quantities

(4) Y= [E] ;
7

we can define the (4 x4)-matrix
(5) B =pI+qy; with p= (&, q=(yint.

Of course we will have

(6) R= VORT')’O = pl —qys»
so that
(7) RR = RRE = p2—q*— vy

is a real scalar nonpositive function. It can be shown that

(8) =g
and hence we can define

(9) = R1ly = with wu=1.

p2_q2
As a consequence we can always put

(10) v = Ru,

where R is a (4 X 4)-matrix defined by means of the everywhere continuous functions p,
q and w is a 4-component quantity with zu everywhere equal to -+ 1.

We must remark here that, differently from the decomposition (2), the new decom-
position is not covariant. In fact it is well known that, for a general 4-spinor vy, the
2-component quantities &, 7 of (4) are not 2-spinors. Hence p, q are not scalar functions
and % of (9) is not a 4-spinor. However, we can adopt (10) because we will see, at the
end of the calculation, that the meaningful physical quantities (as quantum potential,
currents ete.) can be expressed only by means of covariant quantities (y, gy ete.).
Hence our noncovariant decomposition can be considered as a formal trick in order to
work with everywhere continuous functions.

The derivation follows now this line: the Lagrangian density leading to (1) is

(11) P = (10 — eAd)p(i0 — ed)py —m2py ,
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so that the conserved current density with its decomposition in a drift and a polariza-
tion part (that are separately conserved) is

1 A P 1 . 1 _ . ;
(12) Ju= — Re [§y,(id — ed)y] = = Re [§(i0u— eAu) ¥] + 5— (Fowy) = ju + -
m m 2m
If now we use (10) in the wave equation (1) we get

RUOR RorR RouR
(13) u i +aldu + 2u 5 pw— e Ay An + jed, An + 2ied 0 =5 " +

+ 2ied woru gFuﬂaﬂ”u +m2=0.

The imaginary part of (13) coincides with the conservation equation for the drift current:
o4j, = 0, whereas the real part

ROR +UORR _ uRo,Rouu + 8,uo4 RRu
(14) g~ dwEeru + ” =5 “ — e Ay Ar -
. _RowmuR—o:RR L e _
+ 2ied,u ——=RER w + 2ied monu 4 EFﬂyuaﬂ”u +m?2= 0
can be put in the form
e
(15) gugﬂ—V—gFWﬁaﬂ”u—mz =0,
where
16 ”
b= —
(16) gh=mpn

is a momentum density and

ROR +URE X g wRo, Rory + 0,uor RRu
(17 V= — duuObu— WO,k + - =5 = =L
 _RwR—ouRR _ReuR—o#RR _ Ro,R— 0,RR
— U UU —————=—— U — U, = U =
RR 2RR 2RR

is the quantum potential. A little bit long calculation leads to the following form of V'
built only by means of covariant quantities:

_ Ogy)t | oupypony — gyoupory

(18) = =
(py)} (9y)?
or, in a more compact form,
.
19) _ r(Q_D Q)
Tr (22)

with Q = (P—T)* and P = y¢, T = 9y — p; so that our old result (!) must be
considered now as completely proved.
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