Generalized Conservation Laws for Free Fields with DMass.
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The purposa of Lhis ledber ig twolold., sy, we wish to oxtend our methed of
pbiaining goneralized congervation laws For nassless froe fields (1) (which conlain,
as parlionlar eases, the generalized conservation lows of Larwey (%) and Morcas ("}
to the ease of fres felds with mass, Becond, we wish to show how the vsoal eon-
gervalion Luws for free Belds with mass way Tis devived, withont $he nse of Lagrangians
or Noother's thoorem, by o method similar (o thal ueed by Goon and Tt {1
Eor massloss froo fields.

Dizeat (5, Fimme (%, Pavrer i) and Boasims (3 have derived relativistie wave
eqnations for particles of any integral or odd kalf-integeal spin, This diseossion will
be based on the Bhabha eqoation which may be writhen in the torm (")

1 (im#% | x)-',"[ra;‘.l a,

f..JTl.

where e, ara fenc-malriecs determining the apin properlies and = is o constand
rolated to lie mass of the particle. The =, may abways be elosen to have the
propertios

= 4
2y Xy = — ¢, Ey== Hg.
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Furthermore, a matriz 7 always exists sueh that
i3] e, = —wa, 00, Lo, = o, ¥

and D0 =L These properlies enabls one o write down the ad'eing equation
{4) §—— D, et =10,

Promn eigs, (1) and (4) Buoscoay obfained the clharge-currant conservation laws:
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(5] et D) = 0,
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Clonaider now the infinitesimal transformation of eo-oeling bea
() Wy, =y, ey

and the corresponding fransformation of the wave-Tienetion
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Infroduce o linear operador @ defined by

(8) P = D)

This enalded us to find the goneral conservation law
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This equation, which was derived without the use of Lagrangians or Noether's
theorem ig similar in form o the eguation devived by Goor and avasi (4 for
magsless froe fields. Coresponding to the various co-ordinade teansformations
of displacement, rotation ele., wo obdain appropriate expressions for ¢, The various
operators @& when substituted into oq. (9 vield the usual conzeevation laws of
energv-momentum, angilar momentom, aod so on, Leb ug considar some axamples,
The identity transformation o, — r, gives & — | s0 that eq. (9) redoces to e (5],
The infinitesimal space and time displacemonis

“,f,l:l Ty = Wy T gy

where », is an infinitesimal eonstant, imply that

{1y W) = i)
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which reanlta in
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This gives
i
(1) =T =1
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whire
{14} L= g’ F}xlﬂ E'.r; LT

Thia i8 the energyomomentom eomzervialion law which Daarga derived uaing a
Lagrangian, Wa next consider Gho infimitesinal d-spanee rotation (1)
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where e, are the inlinitesimal parameters and Yoo Wi infinitesimal gonerators,
The corvesponding wave-function teansformation

f]ﬁ_:l 'i:,'_r""'“,-_;'“} = 1;,-(;’.-‘} : él'ur_rfod?-"":."'-!-:'

rosults in
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This pives the conservation low

o M 0
)
wlvare
': I-S.:' ‘:I'lrlra O A ""':.u Vi I1-rr Ay i'r','m | i:1|" ! ”'xn "f_m”f' 2

This is the sngulsr-mamentam densify whieh Boasia ohiained nainge o Lagrangian.
[n general, we see that wa may obtain all of the usnal eonservation laws from
og. (UL W now wish to generalize these conservation Iaws in the anme mannee as
ormployel for massless fields {1,
Consider any cpecabor Va0 selectol that Vled s n (gonorvalized) eolution of
ei. {1}, Thusy we can write

(14 (f.zy '3_ +- x) w'iar =1
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Heing o progadire analogons to Ml used in deriving e, (9 we obtain
g it g T
(22) o B Byly =0,
ar,
wlhich constibute our generalized conservation lows for fren fislds with miass.

Ag o partienlar example of oor general resuliz wa consider the generalized con-
gervalion laws associaled with the Divae feld, Tn this case eq. (22 reduoces fo

a 1 ¥
(23} — (" Op') = 0,
s

wlhere fhe 3, are the nsnal Ddrae madriese. Taking @' 7 = w0 wo obiain (e usaal
rivaae lield conservation laws, An example of a generalized conservaltion las For
the Dirae field is
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corresponding to the particular chioice of
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