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1. Introduction

In the area of high-energy physics, in order to
calculate the relevant Feynman diagrams and per-
form amplitude analyses for high-energy processes, it
is necessary to employ higher-spin relativistic wave
equations and their solutions.! 3 Among a variety of

(4-8] the Bargmann-

higher-spin equations available,
Wigner (B-W) equations have been regarded as the
simplest and least restrictive (though in many ways
the most profound) set of equations.®! In view of solu-
tion, however, the Klein-Gordon (K-G) equations for
integral spins and the Rarita—Schwinger (R-S) equa-
tions for half integral spins are the most convenient
equations.['®~13] The principal purpose of this paper
is to show that the B-W equations are equivalent to
the K-G equations for integral spins and to R-S equa-
tions for half integral spins. For lower spin cases, this

[14] We are here providing

equivalence is well known.
an explicit derivation for a general case of an arbitrary
spin, starting from the lowest spin cases. A profound
property of this derivation is to demonstrate clearly
that all the subsidiary conditions imposed on the K-G

or R-S equations are included in the B-W equations.

2.The equivalence between B-W
and K-G equations for integral
spin

2.1. Spin 1

We start from the lowest spin case of spin 1, the

B-W equations for this case are
(D + M) arg(z) = 0, (1a)

(@ +m)pp Yap (z) =0, (1b)

where ¥,z(x) is a symmetric spinor of rank 2 and can

be expressed as(!?

Vop(a) = (im7,C + X Cy)apA”(x),  (2)

with C = ~57v4 being the charge conjugation ma-
trix, v,C and X, C are the symmetric matrices, and
AY(z) is the vector fields satisfying the well-known
K-G equation and subsidiary condition

(0 —m?)A%(z) =0 (v=1,2,3,4), (3a)
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8,A" (z) = 0. (3b)

2.2. Spin 2

The B-W equation for spin-2 reads

(@ + M)aar Yargsr(z) =0, (4a)
(@ +m)pp Yaprs-(x) =0, (4b)
(@ +m)ss Yaps-(z) =0, (4c)
(@ +m)rr Wapsr (z) = 0, (4d)

where ¥, g5, () is a completely symmetric multispinor
of rank 4. Comparing Eqgs.(4a) and (4b) with Egs.(1a)
and (1b), it is easy to see that they satisfy the same
Dirac equation with respect to the indices a and g;
furthermore, W,gs-(x) is symmetric between o and
(3, therefore, by using exactly the same procedure in
which Eqgs.(2) and (3) are derived, we obtain

VUopsr(x) = (imy,C + X,,C0,)apAs, (), (5)

with A¥ (x) satisfying the following equations
(O-n®)A% () =0 (r=1,234), (6
0, A5, (z) = 0. (6b)

Since ¥,ps-(x) is also satisfying Dirac equation (4c),
we have

(imy,C + X,,C0,)ap(@ + m)ss Ay (x) = 0.

Because a and 3 are arbitrary indices, this equation

can be written in a matrix form, namely

im (7, 0)(@ + m)ss A% (@)
+ (5000, + m)ss A, (x) = 0,

and by virtue of the independence of matrices v,C

and X, C, the above equation gives
(9 + m)sy A%, () = 0. (7a)

Similarly, since ¥,gs-(x) is also satisfying Dirac equa-
tion (4d), we have

(@ +m)rr A5 (x) = 0. (7b)

Equations (7a) and (7b) are similar to Egs.(la) and
(1b) with respect to the spinor indices § and 7, there-
fore, we have (refer to Egs.(2) and (3))

£ (2) = (imy C + Zu Cu)5r A™ (), (8)

with 4" (z) satisfying equations bellow

(O—m?)A" () =0  (1,v' =1,2,3,4), (%)

A, AV (z) = 0. (9Db)
Substituting Eq.(8) into Eq.(6b) and applying the in-

dependence of matrices v,.C and X,,,-C, we obtain
8,A" (z) = 0. (9¢)

If Eq.(8) is substituted into Eq.(6a), one obtains the
same equation as Eq.(9a). Combining Eqgs.(5) and (8),

U.ps-(x) can now be expressed as

WaﬁST(x) Z(Im’y,,C + Z’HVCaﬂ)aﬂ
X (im, C + X C8,) 57 AV (). (10)

The right-hand side of this expression is symmetric
both in a and 8, and in § and 7. In order to make
sure that this expression is completely symmetric in all
the four indices «, 3, § and 7, we require that the con-
traction of W,gs,(2) with the three independent anti-
symmetric Dirac matrices C™!, C71y5 and C~1ysvy

with respect to indices 8 and § vanish, namely

Waﬁér(it)(cfl)m =0, (11a)
Uapsr(2)(C™15)p5 = O, (11b)
Papsr (2)(C T y570)p5 = 0. (11c)

These, as shown bellow, will yield some new condi-
tions. Expanding Eq.(10) and substituting it into
Egs.(11a) and (11b), using the formulae for the prod-
ucts of v matrices and using Egs.(9b) and (9c¢),

Egs.(11a) and (11b) become

(0 — m?) A" (z) +i(0 — m?) A" (2) X,,, = 0, (12a)

(04 m?) 4" (@) + 50 = m?)

x (A" (z) — AV (2)) Dy + 2md, A ()7,

+ 2 0, AV () 7572 = 0. (12b)

By the independence of v matrices, Eq.(12a) is equiv-
alent to Eq.(9a), but Eq.(12b) yields new conditions.

The first two terms of Eq.(12b) gives
(B4 m?) A" (z) =0, (13a)
(O +m?) (A" (z) — AV (z)) = 0. (13b)
On the other hand, Eq.(9a) can be rewritten as
(0 - m*) A" (z) =0, (14a)

(0 —m?)(A" (z) — A" (z)) = 0. (14Db)
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Combining these four equations yields the following

two conditions

A" (z) =0, A" (z)=A""(). (15)

The last equation of Eq.(15) indicates that A" ()
is symmetric in v and v/. From Eq.(15), it is easy
to see that the last two terms of Eq.(12b) vanish.
Similarly, by further using Eq.(15), Eq.(11c) gives
(0 —m?)A* (z)y, = 0 which is again equivalent to
Eq.(9a).

Collecting all the above results, we obtain

Vapsr (z) =(im7,,C + DY Cam)aﬁ
X (imYu, C + X450, C0py )57 A2 (2), (16)

with A¥1"2(z) being the second rank tensor fields that
satisfy the following K-G equation and subsidiary con-

ditions

(O —m?)A"¥2(z) = 0, (17a)
9, A2 (2) =0, 0,,A""(z) =0, (17b)
A" (z) =0, (17¢)
A2 (g) = AV (x). (17d)

2.3. Spin 3

The B-W equations for spin 3 read

(a + m)ala'l Wa;ﬂlazﬂzasﬁs (x) =0, (18&)
(@ +m)p, 51 Yo, ] s Prcasps (T) = 0, (18b)
(559 + m)a2a’2 aifrayBrasfs (x) =0, (18C)
(a + m)ﬁ25§ Walﬁlazﬁéaaﬂa (m) =0, (18d)
(a + m)OtSOélg a1ﬂ1a2520¢gﬂa (I) =0 (186)
(a + m)ﬂsﬁ; a1frazfBra3f (CE) =0, (18f)

where W, 8,a.8,a58; () is a completely symmetric
multispinor of rank 6. In exactly the same way as

used in the case of spin 2, Egs.(18a)—(18d) result in

Yoy B2 B3 B3 (T)
:(im%ﬂc + EP«1V1 C8H1)Oé1,31
X (im"/llzc + Eﬂszcal»tz)azﬂzAUIUZ (m)7 (19)

asfs

with AZL”;B (z) satisfying equations below

(O —m*) ALz (z) =0, (20a)
By, A2 (2) =0, 8, A% () =0, (20D)
asps () =0, (20¢)

A2 (z) = AV ().

e s (20d)
Substituting Eq.(19) to Egs.(18e) and (18f), and with
the aid of the independence of matrices 7,C and
2, C, we have

(@ +m)aza, ALY (2) =0,

affBs
(9 -+ m) gy AL (@) = 0 (21)
Again, they are similar to Egs.(la) and (1b) con-
cerning the spinor indices a3 and (3; furthermore,

Uy, BrasBaasfs (T) 18 symmetric in ag and Gz, thus we
have (refer to Egs.(2) and (3))

AZ¢23’,/323 (w) = (im’yUSC’ + ZI—LsVs Ca#s)aaﬂz A (x)a
(22)

with A¥172¥3 (1) satisfying the following equations

(D _mZ)Aull/zus(x) =0 (V15V27V3 = 1727374)5
(23a)

B,y AV1V23 (1) = 0. (23b)

Substituting Eq.(22) to Egs.(20b) through (20d), and

utilizing the independence of matrices v, C and %, C,

it is found
0, A"*"23 () =0, 09,,A"*"?"3(x) =0, (23¢)
AR () =0, ANV () = AV2(z). (23d)

Combining Egs.(22) and (19) yields
Walﬂlazﬁy)ﬂa/@a (x)

3
- H(im%’jc + L0, COp; )y A7 ().
j=1

The right-hand side of this expression is symmet-
ric both in a;fB1a262, and in asz and (3. In or-
der to guarantee that this expression is completely
symmetric in all the six indices a1f8iasB2a3083, we
further require that the right-hand side of it is
also symmetric in asfa3f3, and this is true if the
contraction of (imwy,,C + X,,.,C0u, ) asss (iMmy,,C +
21305 C Oy )asps AV 273 (), with the three indepen-
dent antisymmetric Driac matrices C~!, C 715 and

C~ 457 concerning indices B2 and a3 vanish, namely

co
X (imY; C + Xy CO0puy ) s s
x AVivavs (.’E)(C_l),@ =0,

(imvuz C+ E;Lzuz H2 )azﬁz

203

(im’y,,ZC + Epzuz Ca}tz)azﬁ2
X (1m’y,,30 + 2[1,31/3 Caus)QBBB
x A2 (2)(C75) yay = 0,
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(im,szC + Eﬂzuz Ca#z)azﬁz Aw’(m) =0, (28C)
X (1myp, C + Ly COpug ) s s ATVivisrT (p) = ATV () (=1,2,---,n — 1).
X A (2) (CT 51 0 = 0. (284)

These equations are analogous to Egs.(11a)—(11c) and
thus can be expanded in a similar way. The results in-
dicate that only the second equation yields two new
conditions

AV (z) =0, AN (z) = AR (g). (23e)

Thus we have, for spin 3,

Wﬂl,@1a2ﬂ2aaﬁ3 (m)

3
- H(im’yyj C o+ 250 COp; )y, A2 (), (24)
j=1

with A¥*¥2¥3(z) being the third rank tensor fields that
satisfy the following K-G equation and subsidiary con-

ditions

(D 7m2)AV1V2V3(w) =0 (VI;V25V3 = 15253’4)7
(25a)

By, AN (2) =0, B, AV (z) = 0,

8, A""2"3 () = 0, (25b)
AP () =0, AMYY(z) =0, (25¢)
AV1V2V3 (.7,‘) — AVleVs (CE), AV1V2V3 (m) — AV1V3V2 (.CC)
(25d)
2.4. Arbitrary integral spin n
The B-W equations for spin n read
(a + m)oéloéll Wa;ﬂlazﬁz---anﬂn (2}) = 07 (263“)
(@ + m)p,8; YoarBrazps-anp, () = 0. (26b)

Extending the procedure used to deal with the B-W
equation for spin 1, 2 and 3, we find that the B-W

wavefunctions for spin n take the form

Wal/jﬂlz[?’z‘"am@n (12)

= [Tm79:C + Bt €O, )i A2 2 (), (27)
=1

with A¥1¥2»(z) satisfying the following K-G equa-

tion and subsidiary conditions

(D _m2)AV1V2"'Vn (x) =0 (l/lv Vo, =+, Vn = ]-7 27374)7
(28a)
amAUluzmwmyn(w) =0 (Z = 1725"'777“)7 )

To prove this, we make use of the induction method.
This result is obviously correct for spin 1,2 and 3. Sup-
pose it is also correct for spin n, then we consider the
case of spin n+1. The B-W equations for spin n+1

are

(a + m)alall WO‘;EIQZﬁZ"'anﬂnan+lﬂn+l (I) = 07 (29&)

(@ + m)B.p;, Youprasfa---anByansa fuia (T) = 0, (29D)
(&9 + m)an+1a;+1 Wﬂ1ﬁ1azﬁz"'anﬁna'"+1ﬁn+1 (SC) =0,
(29c¢)

(ép + m)ﬁn+lﬁl"+1 Wa1ﬂ1a2ﬂ2"'anﬂnan+lﬁ;+l (a:) =0.
(20d)

Utilizing the results for spin n, that is Eqgs.(27) and
(28), we have from Eqs.(29a)—(29b)

Walﬁlazﬂz"'anﬁnan+1ﬂn+1 (x)

= H(im,ywc + Livs Caﬂz )Déi,BiA

i=1

L (@), (30)

Oén+1,8n+1

with A:;Zlflﬂ::l (z) satisfying equations below

(O -m*) AR (@)

=0 (1/1,1/27"',1/,”: 1727374)

a, AV1V2""’1'"'V"(1:) =0 (Z =1,2,--- 7”)7

i* 41801

A;:fl"f}nﬂ(x) =0, (31c
A @ = A0 (@) (=1,2,---,n— 1),
(31d)

Since Yo, 8, a08s-cnBnaniifnis () also satisfies Dirac
equations with respect to indices a1 and B;,41, sub-
stituting Eq.(30) into Egs.(29¢) and (29d) yields
e (2) =0,

QI"+1:8n+1

@+ M), A

AnvEm (g) =0, (32)

@+ m)psipr, Aairin
which are similar to Egs.(1a) and (1b) with respect
to the spinor indices a,41 and B,41. Thus we have
(refer to Egs.(2) and (3))
o s1 s (%)
=m0, 1, C + T 10012 COia 1B

X AV atati () (33)

with Av1v2vnvnti(g) satisfying the following equa-
tions
(O — m2) AVve=vevess (g) = 0
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(V17V2a"'a’/nal’n+l :1727374)’ (343‘)

Dy 1 AV Vn¥ot () = 0, (34b)

Substituting Eq.(33) into Egs.(31b)—(31d), we obtain

61/1'AV1V2“.W‘“V"V"+1 (CI}) =0 (Z = ]-7 27 e ,TL), (34C)
A () = 0, (34d)
A () = ATV () (= 1,2, n— 1).
(34e)
Combining Eqgs.(30) and (33) yields
W061,31Ctzﬁz"'Otn,BnOln+1,5n+1 (I)
n+1
= H (im'yl/ic + EMW Ca#i)aiﬂi
=1
X ATV () (35)

The right-hand side of this expression is symme-
tric both in 1810007 - - - @ fBr, and in ay110p+1- In
order to guarantee that Vo, 5, a.8, -anfnansifns (L)
is completely symmetric in all the indices a0
sl O BrnQni1 By,
the right-hand side of Eq.(35) is also symme-
tric in apBnant1Bnt1, and this
sfied if the contraction of the factor, (imvy, C+ X, ...
Caun)am@n (im%/nﬂc + Eun+1l’n+1 Caun+1)an+1ﬂn+1
Avivevnvntt () with the three independent antisym-

metric Dirac matrices C!, C~1y5 and C~lv57y, con-

we further require that

can be sati-

cerning indices 3,, and o,,+1, vanish, namely

(imv,,,C+ X, Cou. a8,
x (im%’nﬂ C+ Zﬂn+1un+1ca
X AR n (x)(c_l)ﬁnan+l =0,

Hn+1)an+1ﬁn+1

(imYs,,C + 240, CO,, )
X (im%/nﬂ C+ Zun+1l’n+1caun+1)
A @) O ) = 0,

an+1,3n+1

(im’y,,nc + X Caun)anﬁn
X (im’y’/n+1 C + Eﬂn+1’/n+lcap‘n+1)
X AY1V27Vnlnil (w)(07175’7k),3nan+1 =0.

Cnt1Pn+1

These equations are again analogous to Egs.(11a)-
(11c¢), and thus can be expanded in a similar way.
The results are that only the second equation yields

two new conditions
Auluzn-un_guu(m) _ 07

AVIVZ"'Vn72VnVn+1 (.’L‘) — AV1V2"'Vn72Vn+1V71 (1,‘) (36)

Collecting all the results above, we obtain

Walﬂlazﬁz"'anﬁnan+lﬁn+l (m)
n+1

= H (imy,C + L0, COp; )i,
i=1
X AVIVETVnVndl (g, (37)
with A¥t¥2'"¥n¥nt1(g) satisfying equations below
(O — m?)AvrvzVntnii(g) = 0, (38a)

al/iAuluz..-ui...unun+1 (w) =0 (’L — ]_, 2, ceen + 1)’

(38b)
ATV (z) = 0, (38¢)

ATV () = ATV () (1= 1,2, n).
(38d)

Thus the conclusion expressed by Eqs.(27) and (28)
for spin n has been proved also correct for spin n+1.

3.The equivalence between B-
W and R-S equations for half-
integral spin

3.1. Spin 3/2

The B-W equations for spin 3/2 are

(@ + m)aoc’ !pa’ﬂp(m) = 0, (39&)
(@ +m)pp Yapp(x) =0, (39D)
(@ +m)pp Yapp (z) =0, (39¢)

where ¥,3,(z) is a completely symmetric multispinor

of rank 3 and can be expressed as!'?!

Waﬂp(x) = (im'YVC + Eyucau)a,@ W:(ﬂ?), (40)

with ¥} (z) being the vector-spinor satisfying the R-S
equation and subsidiary conditions (the spinor index

p is to be suppressed)

(0 —m?) ¥ (z) =0, (41a)
9, ¥"(z) =0, (41b)
(@+m)¥"(z) =0, (41¢)
Y ¥ (z) = 0. (41d)
3.2. Spin 5/2
The B-W equations for spin 5/2 read
(@ +m)aar Yarpsrp(x) = 0, (42a)
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(@ +m)pp Yaprsrp(z) =0, (42b)
(@ +m)ss: Yapsrrp(z) =0, (42c)
(@ + m)rr Yapsrp(z) = 0, (42d)
(@ + M) ppr Yapsry (z) = 0, (42¢)

where W.gs-,(x) is a completely symmetric multi-
spinor of rank 5. Comparing Egs.(42a)—(42d) with
Eqgs.(4a)—(4d), it is easy to see that they satisfy the
same Dirac equation with respect to the indices a3d7;
furthermore, ¥.gs-,(2) is symmetric in a7, there-
fore, by using exactly the same procedure which re-
sults in Egs.(16) and (17), we obtain

Wa,@&rp(x) :(im7u1 c + EHI vy Caul )Oéﬁ
X (imYpy C 4 By, COpy )sr U2 (),
(43)

2V2

with ¥)1"2(z) satisfying equations below

(O —m?) w2 (z) = 0, (44a)

D, W2 (2) =0, 9,,¥,*"?(z) =0, (44Db)
vy (z) =0, (44c)

v (z) = U (). (44d)

Since ¥}'"2(x) also satisfies the Dirac equation with
respect to the index p, substituting Eq.(43) into
Eq.(42e) yields

(im’ylfl C + Eﬂl V1 Caﬂl )aﬁ
x (imv,,C + X,,,,,C0,, ) sr
X (YA0x +m) o W:’IW (z) =0;

by virtue of the independence of the + matrices, this

equation gives

(@ +m)pp V3" (2) = 0. (44e)

On the other hand, the right-hand side of Eq.(43) is
symmetric in indices a8d7. In order to make sure that
this expression is completely symmetric in all the five
indices aB§Tp, we further require the right-hand side
of Eq.(43) is also symmetric in indices §7p, the condi-
tion for this requirement is that the contraction of the
part of (imv,,C + X.,,,C0,,)s- ¥ (x) in Eq.(43)
with the three independent antisymmetric Dirac ma-
trices C~1, C~ 145 and C~ 457y, concerning indices 7p

vanish, i.e.

(im’yUZC+EH2V2 Caﬂ2)5‘f' ngle (w)(c_l)‘fp = 07 (45&)

(imv,,C + X,,,,,C0, ) s+ w2 (m)(Cilfys)Tp =0,

2V2
(45b)
(im’yl/zc + 2}'«21/2 C8H2)5T W;;lyz (m)(c_1757)\)7'ﬁ =0.
(45¢)

Expanding Eq.(45) and using Egs.(44b)—(44e), we
have

Voo (P + m) ¥ (z) =0, (46a)
g, W (2) + 30 (P ) U (2) = 0, (46D)
(@+m)w2(z) =0. (46¢)

Both Egs.(46a) and (46¢) are equivalent to Eq.(44e),
the last term of Eq.(46b) vanish while the first term
gives

v, TV2 (z) = 0.

Combining the above results, we obtain

VUapsrp(x) =(imy,, C + X1, COp, )ap
X (imfyllzc + Eﬂzl/z Caﬂz)ST W;;luz (I)’
(47)
with ¥}1"2(z) being a second rank tensor-spinor sat-

isfying the following R-S equation and subsidiary con-

ditions (the spinor index is to be suppressed)

(0 — m?) "2 (z) = 0, (48a)
0, T2 (2) =0, 9,,¥""(x) =0, (48b)
U (z) =0, (48c¢)
ra(z) = B (3), (48d)
(@ +m)v*(z) =0, (48e)
Y P2 (x) = 0. (48f)

3.3. Arbitrary half-integral spin n+1/2

The B-W equations for spin n+1/2 are

(a + m)alall Wallﬂlamﬂz'"anﬁnp(m) = 07 (49&)
(@ +m)p,5, arprazps--anpe(®) =0, (49b)
(559 + m)PP’ Wa1ﬂ106252"'0tn,3nﬂ' (1,‘) =0. (49C)

Utilizing the results for spin n, we have from

Eqgs.(49a)—(49b)
Wa1ﬂ1a2,32"'an,3np(m)
= H (imy,C + X0,C0p; ) a8,
j=1

X W (z), (50)



No. 1

The equivalence between B-W and K-G and R-S equations 31

with @312 ¥» (z) satisfying equations below

(0~ m2) gy rn () =0, (51a)
B, Wi (g) =0 (i=1,2,---,n), (51b)
T () = 0, (51c)

By ) = U ) (=12, = 1),

(51d)
Since W;1¥2"¥»(z) also satisfies the Dirac equation
with respect to the index p, substituting Eq.(50) into

Eq.(49¢) yields

(imy,C + X;0,C0p;)a,8,
j=1

X (P +m)pp U727 (2) = 0.

<

By virtue of the independence of the v matrices, this

equation gives

@+ m)py TS (2) =0, (5le)

On the other hand, the right-hand side of Eq.(50)
is symmetric in indices ayB1asfs - - apBn. In order
to make sure that ¥, 8, 0,8, an8.p(¢) is completely
symmetric in all the indices a1f81as02 - a,Bnp, We
further require the right-hand side of Eq.(50) is also
symmetric in indices a,8,p. The condition for this
requirement is that the contraction of the part of
(im7,,,C + 24,0, COu, )anp, Uy (z) in Eq.(50)
with the three independent antisymmetric matrices
C~1, C71~5 and C~ 1957, concerning indices 8, and

p vanish, i.e.

(imv,,,C + Xy, COu, ) ans.,

x P (g)(C g, = 0, (52a)
(im’yync + Eﬂnl’n Caﬂn)anﬁn
X W (2) (C )5, =0, (52D)
(im’YllnC + 2 nVn Ca#n)anﬁn
X e (2)(C 'v572) . p = 0. (52c)

Expanding Eq.(52) and using Egs.(51b)—(51d), we
have
Voo (@ +m) w2 (z) = 0,

—2my, UPN (@) 4, (9 + m) P () = 0,

(@4 m)grrzin(g) = 0.

Equations (53a) and (53c) are equivalent to Eq.(51e).
The last term of Eq.(53b) vanish while the first term
gives

Y, P (z) = 0.

Combining the results above, we obtain
Walﬂlazﬂz'"anﬁn/’(m)
n
= H (imy, C + X0, COpy) ;s
j=1
X grrzrn (z), (54)

with ¥}12"¥»(z) being a rank n tensor-spinor satis-
fying the following R-S equation and subsidiary con-

ditions (the spinor index is to be suppressed)

(O — m?) @12 vn (g) = 0, (55a)

d,, vzt () =0 (i =1,2,---,n), (55b)
WVV($) — 0’ (550)

PR (p) = PV () (1=1,2,--0,n — 1),
(55d)

(@ +m) W vz e (z) = 0, (55€)

~, UPVEVETEn () = 0. (55f)

4. The Lagrangian density

Finally, we give the Lagrangian density for fields
with integral and half-integral spins. The Lagrangian

density for fields with integral spins could be expressed

as
1 —VUV3: " Upn qHY2Un
L(z) = - {10,477 (2) - 9,4"* " ()]
0" (2) - 0,407 o)
1 — VU2V,
- gmt A @) A (@), (56)
where
ZVVZ"'Vn (33) = Gvip9rape " Gunpn (AI—LIV‘T"”" (.’L‘))*,

Arivevn () is a symmetric tensor satisfying the con-
dition A“*¥*(x) = 0. From Eq.(56), the following
field equations could be easily reproduced from the
Euler-Lagrange equation

oL oL

—LU3 Uy )

3# — VUV Uy =
0(0,A ) O0A

(O — m2) A2 vn () = 0, 9, A" (z) = 0,

which are in agreement with Egs.(28).
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The Lagrangian density for the fields with half-
integral spins takes a quite different form, which could
be expressed as

L) = = 0" @)@+ m) 09 ()
1 pmonn, .
ST @) (0 + 30 U )
1

ST @)@ — ) 0 @),

(57)

with

=Gy Guapin *** Gupn V2 (T2 Hn ()

griva Vit vn (1) being a symmetric tensor-spinor sat-
isfying the condition ¥*"*(z) = 0. Substituting
Eq.(57) into the Euler-Lagrange equation

oL oL

a,u — vz Un.
20, ¥ ) o0V
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where
A=09,¥"?*""(x), B=r~,¥"?""(z). (59)
Multiplying Eq.(58) by v, gives
24 = mB. (60)

Operating 0, on Eq.(58), with the aid of Eq.(60),
yields

A=0. (61)

From Egs.(58)—(61), the following field equations
could be reproduced

(0 —m2) v (z) =0, 8, ¥ " (z) =0,

(@ +m) e (z) =0, v, T2 (2),

which are in agreement with Eqgs. (55).
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leads to
Bz vn 1 1
—(@+m)v¥ (z) + 3 A+ 0B
1
- g'Yu(a —-m)B =0, (58)
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