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Ceeneralized sonservation laws have been diseussed by Looery (Y, Moncay (),
Fraogrs (9, Kipnne o9, Panoo (5, Casoois (%, and  the present aonthors (75,
Wa have also aliown (%) how all the usaal eonservadion laws Tor frea lelds with mass
may b derived withont the nse of Lagrangians or Noother's theorem, by a method
gimilar o that nsed by Gooo and Havmer (%) for maseless Tree fields, and Pran-
g1y (% reached o similar conclugion from a consideration of the equations of molkion
i the Paoli-Tiers-Thirae form. T6s our porpese here o give aoclear ingighl inko the
plivsical interpretation of (he generalized conservation laws. We will also show
that all the wsual consorvation Iaws in the number opeeator Fermalism may boe
wrililien down very simply in one egunation,

To avold unnecessary formalism we will congider, as an exaropls, the Dhrac field,
bk it will b obviows: fhat coe procedare will apply o all Gelds,  Fuvbhecmore, the
Diran field will be wseful for o diveet generalization to the Barovaxy-Winuer (10
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eiquation, the labler being the most general relalivistio field equation possible. We
have alveady shown (%) that all the nsaal conservabion lows assoeiaded with the Drivme
fiel, s well as all Che generalived conservation luws, may be suminarized o oone
equation (')

[
(1) == pat=0,

iy,
wheee p'= T o' =19, 7 and 17 ave operators so seloeted that »* and " madiaty
thes Theae equation, and g ie the usual Dive wave-fone

The particle aspeel of these conservation laws is oblained by considering the

usual expansion of v in plane waves which are eigenatales of momendum and pola-
rization (14):

1 : 4
@) v g2 D {adpiuie) explip el | blipie(p) explip-al} ,

» =1

where the operatore e, and d, obey the Permi-Tirae eormmnutatar rules, Thus the
somserved climrge

a

(3] Q = .r:l ak it %

ueky e written, in o second quantization theory, ss (%) the expectation value of the
charge operator 3:

(4) r=eX 3N Mm— N},

L I |

where N0 and M7 are the expectation values of the particle number operalors

(5] G = al e, lp)
el
{5b) iy pd = biphb

W now wish to genevalize. We inmediately find (53 (hiad all congerved quantities
for the Dirac field, which we denote by €, may be simply written aa

(i) J=¢ f Vg 3

Groiwge over now fo the parbicle picture and making the perbicuior choice of
LM T 8 ¥

{7 =3 e

»

% o "

i
e H T

a'l]:l E:Ilﬁs R af

3 W hawve abaorbed the opoealor & whish appests in bhe serresponding cquatlon 1o eef, LAg]
into F Y,

(3 A, LoArnmene and V. Bl Breeamersgy: Quanber Eeeladyemiss (Unitead 2lades Atomie
Energy Comimizsion tranalalion 25765 p. 1706,

() We havvo omittol Che dnfmite eonatanl shorge assaedated wikh the vaenur og ib iy unimportane
for our discussion and Duetherntors it mpy bo climingted b uae of normal products {noeq, (3,
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win nhtain

(8] W= ZANp) — Nl

B read

where: ¥ and F7' are the expeetation walues of the operators

{9t i p) = a tplagip)
and
fab el — BN Bl
and whern
[ Lk ant{p) = {— B P oed P OELPY
(1005} Bel) =47 P, Py oo P B (DD 5
{10 fo_[j:] = v?’“-pl.;1-;1l.j-g e P )
anil
(1043 by tip) = (A, e P, BriD)
Thua
11 1ee) -.:EE,":'-_‘-JU} I e P, pl'*'.u"'fg-ﬁ"::l"']
and
(110 Ty = (= o P, e Dt D)
Therefore
- 2
(%) @@= e S SN (N i), Dby, - P, -
F o=l

Bimply Ty redefinifion we see that the most general congerved quasnbity is

2
1) = & FIND ) L = 1N T Py Py Pa

For=l

Wit obrbain Che nsnal charge conservation law with no 0, the nsual energy-momentam
congervalion law with = L. Lipkin's «zileh o conservation law with #—= 3, and
olher more generalized conservibion laws for higher o valoes, Wewish to re-pmphasice
that our resolls are oblained without the weae of Lagramgian theary, Morcas and
Josrea (1 have oblained o similar expression bor nse of lengor Tagrangiang and
Moether's thoorem,

Chipr expreaaion for {fﬁ_} malkes clanr the origin of the generalised conservation
laws; they are due to Fhe faeb that X Pip) and 7' ave separately consbont in

M T AL Monaaw snd 1, W, Josnre: Peeesct Degraogicee and Oenevatized Congeroalisie fang
T Mroe Fielda (preprint).
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fima for awy poand any r. Thus any linear combination of these gaantities must
also be conatant o time. Tnoobher words, we can write {00 in a still more general
form, iz,

1
{14 (=83 D INCHPIPL P o P NN D P 25, Pt

el

e general formalism of conrse does not restriet 7 to be a linear operalor; the
only eriterion is that ¥y be a solution of the velevant field squation. Thus for the
Pritae egnation we could choose the charge-conjugate selubion g'= wwt {which
ia I'radlkin‘s (*) 1,""'“] or more generally stll we could fake p'= 8, ... 8, s wt (ke
nonlinear transformations are associatod with space and Gme reflactions,  However,
coamination of all fhese franaformations will not lead to any more general conservad
quandity than the (@} given by oeg. (14) above,

Tm snmumary, we see that the existence of an infinite namber o conzserved gnan-
titieg in dependent on the foek that he ficlds are noninterscting,  These ao-ealled
generalized conservation laws do not actually eonstitnte now nontrivial eonservation
lawe beeause they are in fact derivable from the weual basic conservalion Luwa.
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