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As the first step, then, we write down the well-known bilinear covariants
" of the spinor fields for kinematically independent spinor fields PI(x), with

Sj=1,2.3 .... There are just five of them, and they correspond to the

_ lensors (I) to (V) as classified in section 6.1: '

, (8.92) SUB = JUNx)p*(x):, scalar nh.(‘;k‘ﬂ/}
(8.9b) VU» = 2 Px)y, ™ (x), four-vector M oA
| 630 TM = 0, ¥ ) Fepng "4—

;. antisymmetric tensor of second rank (flﬂov‘ LP
i (8 9d) PV = if N x)y, vs \{/"“(x)‘:. pseudovector

(8 9¢) PU-R = i D(x)y W™(x):, pseudoscalar,
;i,(s.ma) = s = 772

(8.10b) = Y1¥2¥37a-

" The factors of i are included so that, when j =k, the operators are Her-
£ mitian (or anti-Hermitian when any one index p = 4).

That the expressions eqs. (8.9) transform under proper Lorentz transfor-
mauons as indicated follows directly from the transformation properties of
t}l(x) given by eqs. (6.26) and (6.27). It remains to be determined how tensors
havmg the form of these bilinear covariants transform under the kin-
emaucally admissible transformations P, T, and C. For this purpose, we
replace the y%(x) in eqs. (8.9) by Y¥(x) and apply egs. (7.39), (7.45) (with :°
Yreplaced by t), and eq. (7.67). The results for P are then found to be:

'va: ety

o PGNP = PPDW): Aetion of
(8.1")) P;l[;‘dn(x)y" dlg')(x)IP_ ' = —E” f‘[’g)(f)}'y lﬁg"(f) P C
OT

Mo P, )P = & ¢, YPR)a,, YPE):

\-
P

A s T

o 4




166 Chapter Eight-

(8.11d) . Py, vs U8x)P ™ = e, P9y, 5 y(H):
(8.11¢) PySx)ys yix)P 1 = — Ry, p(z):,

where use has been made of the anticommutation of the gamma matrices, It
should be noted that commutators with the generators T', ™ of the unitary
transformations are not affected by the normal ordering because the differ:
ence between the normal-ordered and ordinary product is a c-number
(“classical number") function, not an operator.

The effect of T resulting from application of egs. (7.85) and (6.40) is '

(8.12a) TP )T = P (x): ;
(8.12b) Tig g7, W RT 1 = —ifxy, pe): ;“
(8.12¢) TYP(x)o,, yPx)T ! = — WP(x)o,, YR(x'): ‘
(8.12d) Ti:‘/;g)(x)?u YsWo(x)T ! = —i5'pg)(-")?u Ys¥o(x): )
(8.12¢) T s Wx)T™ = — gy, p(x):.

From these transformations it can be seen that the bilinear covariants, eqs.
(8.9), transform under T with the same phases as those assigned (o the
corresponding tensor fields in table 7.1, thereby establishing the correctness :
of that assignment as promised in connection with eq. (6.13b).6 '
Finally, the effect on those bilinear forms of charge conjugation is ob-

tained rom eq. (7.67) by use of eq. (7.66a), eq. (8.2), and
(8.13) Te=v"'= -y, \
where ye = 3, y,: I
(5,142 CHPNEIC = PHpo: ;
(8.14b) CHPp, W(x):C™ = — Py, wx): j
(8.14¢) CY¥(x)o,, y¥(x):C~"' = — YF(x)a,, p§(x): %
(8.14d) CPP(x)y, 75 Y(x):C ! = FWx)y, y5 W9x): !
(8.14e) CHP s ¥BA(x):C 1 = P Bx)y, pY(x):. i
‘ The examples of interactions between tensor and spinor fields to be
considered here are those Lagrangians that are obtained by construction of ‘

the products of these bilinear tensor operators with tensor ficlds of the same *
* Note that although q&yuw transforms like X, under proper Lorentz transformations, it js

not possible 10 consiruct a Hermitian (anti-Hermitian for » = 4) operalor transforming under -
T like x,, eq. (6.12a), because Wy, ¥) = —&, 9, ¥

TaBLE 7.1  Transformed Forms of Tensor and Spinor Fields for Improper Transformations

Field ¢°(X) ¢”.D(x) e ¢’".0(X) X,,.a(x) Zo(x)a

¥olx)

3 3 — %ol —% veWol— %, 1°
. -5 - —X, 1) £.6,9,,0(—% 1) e‘_z".o(-:x. t) 2ol —% t) + 7a¥0o -
;.' ﬁ"fx x—x —2“#:(';5 -—xt) —¢.,:‘,o€f, -0 = Xuol% —1) —txo(x,—t) frzwtg?o((x). 1)
cc gl —eBho0) |, —eedho®) el 24 7ol

i i designate either the scalar field or the
2 i t should be noted that while ¢ has been used there to ! r fiel
" r:i‘g:;:lga:cé:;ml:;cl:);::;ﬁl:’:\[ollalsion 1. of section 6.1, case V, is used here for the pseudoscalar field to differentiate it clearly
pesu 5 3
from the scalar field ¢. ) ) )
i i ith particle and antiparticle fields, respectively. ) ) ]
:11::: fh(s:igccnsoafrlchacs:“:aastseoii:lled l:;vi!h each type of tensor field is based on the convention that all spinor fields are assigned the
c

same .. See note 9.
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