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The new canonical formulation of the massless Dirac field is applied in quanti-
zation of the field. It is found that the canonical pairs satisfy commutation rela-
tions. The scalar, vector and second order tensor constants of motion are evaluated
and their physical interpretation is given. The case of the real field is also consi-
dered.

1. Introduction

Correct canonical formulation of the Dirac field has been recently develo-
ped?:2:3 In this formulation the standard Dirac field appears as momentum of a
canonical pair. This momentum satisfies the Dirac’s equation. In this paper we
apply this formulation to the quantization of the massless Dirac field. We show
that final results are quite different from the standard theory. The procedure is,
however, completely consistent and physically clear.

* This work was supported by the SIZ of Science of SR Bosna and Hercegovina, Sarajevo.
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In Section 2 we reproduce in a short form a new canonical formulation of the
massless Dirac field. General solution of the Lagrange’s and the canonical equa-
tions is given in Section 3. The quantization of the massless Dirac field in the new
canonical formulation is presented in Section 4. The scalar, energy-momentum and
angular momentum constants of motion are evaluated in Section 5. In Section 6
the real field is considered. Dual symmetry is analyzed in Section 7. Conclusions
are given in Section 8.

2. Canonical formulation of the massless Dirac field

A new canonical formulation of the Dirac field has been developed in analogy
with the electromagnetic field* 5.

Starting from the Lagrangian density for the massless Dirac field > *
L =K@,y (0, D), €))

where @, @t are the Lagrange's variables of the field, K is a real constant, and the
Lagrange’s equation

2 o, 17‘9(5;‘7) —0, @)

follow the Lagrange’s equations for @, &t;
— 3, B =0, 3
— 089, Pt = 0. 4

The canonical conjugate momenta to @, @t are*

I, = 92 _ K@, Py y° = KY¥H, 5)
¢
: 0%
Hapt = Py i K(@.yp»®) = KW. (6)

The Hamiltonian density

H =Dt Tt + Iy @ — 2, @)
is then

H = lK"’;":ﬁ oIyt — 0, Pt ' [t —1lp 0, a' D ®
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According to

dF OF
E-= E—‘F {F: H}:

where {F, H} is the Poisson bracket, the canonical equations are

P ={P, H} =3‘5-1%=%y°11¢+ —0,d' D,
ot = (Ot, H} = 66171:'; =%Hmy° — 9, ®t o,
Iyt = {IIst, H} = .—g—;—— — 0 a' ITyt
Iy = {II, H} = —gg= — 3, ITy a'.

9

(10)

(1n

By making use of Egs. (5) and (6), these equations can be written in the form

oy ® =",
0, Bt 0 yry° =1,
y.j + al ai W= 0,

Yt L g, WPta =0.

(12)

13)

Egs. (13) are the massless Dirac field equations and Egs. (12) are equivalent
to the definition of the canonical conjugate momenta to @, @t (Egs. (5) and (6)).
By this correct canonical as well as the Lagrange’s formulation is established.

We use the coordinates x# = (¢, x) with the metric tensor

Boo= —811 = —822= —g3z=1, 8as =0, a#fp

and units ¢c = 4 = 1.

FIZIKA 12 (1980) 3, 195—216

* The fleld ¥ onc may also introduce by the deflnition g} = —i K 2. In this case one has ¥ = i 9, ¥* ®.
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3. Solutions of the Lagrange’s and canonical equations

We seek solutions of the Lagrange’s equations (3) in the form

o -
az (9
2
ez @ L.
4

& (x, 1) = T 14
AL PEYe @

4
|ez (t)_.
After substitution of (14) into (3) one gets
id+Ray =0, i=12734, (15)

where % — |k|.

General solution of Eq. (15) is

i i i
e az (). = az, e~k ag, e'ke, (16)

The general solution of Eq. (3) is then

u ™

2 2
b (% 1) = I Y i (kx—kt) i { G & kt) 17
Go=pas E{| 5 [e®w 1] Fadmm) )

- a-» a-—

P P8 2

4 4

G %

Let us notice that all components @' are independent in this solution.

One can get solutions of the canonical equations directly or they can be ob-
tained by making use of the solution of the Lagrange’s equations and the connec-
tion (12). We follow the last choice.

Using the standard representation of the matrices y#, we have

g Oo 0 &, 9y — 10, o!
w2y 0 do O +i0, — 4. @2 (18)
ys3 — 2. — 0, +1d, —do 0 b3
e —8,—1id, 0. 0 — o4
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or in two-component form

where

For the sake of later calculations we also write ¥ in k-space:

Introducing the following notations

(A%(t)) Az ()
= - t’
VYO

2 (t)

—_ a_,e lkt_i_a_,e!kt

p—

47 ®)
1

4z @

430

A7 @)

3
3
(akz) 8.
k2’
%

az (t)
Bz (= =B e” + By e

FIZIKA 12 (1980) 3, 195—216

(19)

(20)

21

(22)

(23)

24
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the functions ¥ and @ read

Az (t) A
el kX 25
3 % (t) (25)

D o 10x ~kn) + Gk +kry b 26
(@u) % [ (ﬂkl) (ﬁﬁ) € ) } (26)

After substitution of (25) and (26) into (18) one gets equations for the coeffi-
cients 43 () and By (2):

Az @\ [—ik iko\ [®H ik iko| fag)
= — o) etk — (27
B (@ _ite ix|\PR —iko —ik| \Bp ) @

This is equation (18) in 75-space. @ given by (17) and ¥ given by (18) or (27) are
general solution of the canonical equations.

The coefficients a% ), ﬂ-;; (®» and A-:: ), B% (¢) are proportional to cano-

nical pairs in l:-space of the field. In the next Section it will be useful to have in-
verse of the relations (24) and (27).

Writing @ in the form

*% @ % — ke i ikt
(ﬂ']; (t)) = (/3;,1) tk + (akz) ) (28)

multiplying it by the matrices

ik iko —ik iko
F = - ]:' = - F) 29
Y\ ik —irf 2 \—iks ik (29)

and substracting from (27), one gets, respectively,

Az az (z) 10\ [ay u
B; o) P\ ) T T2 o - (ﬁ,;-. o G0
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Az (0 a3 () . 1 0\ [ap -
ol e

From here, after multiplication by T (27 k)~ ! y° ex'®, respectively, follows

@\ 1 A; @)\ ik B\ (o3 @ .
(;;)——M[(—B;(t))_(if&' o) o
az\ Az @\ (—ik ike) faz0\]
(ﬁ;z)"‘ﬂ[ —B;(z))’( ke —ik ﬂ;(z)]e" =

ag = 5 li 47 () + Raz () + (9) b ()] %,

or

B =55 [~ By 0 + Eo) ay () + k fu@]e™, (34)
ag = — g i A7 () — kag () + (o) 3 0] e,

B = — 55 [ By ) + ko) az () — & B ] ™%,
or in explicite component form

| - .
ag = 5z i 43 O + kag O + ko ag ) + (ke — ik)) a3 (9] &

afi = g i 47 () + kaf @) — kea} () + (ks + ik, af (9] &5

ag = _IE [—idz @ +koag ) + (ke — k) as () + kag (D] e
(35
ag = [— i A3 ©) — koag ) + (b + ik) ag () + kag ()] e
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a,:l’z Zk[ zA (t) + ka~ ® - ka% (t)— (Fy - i k) a% (0)] e~k
2Ik[ idy () +ka%: () + ke a-» @) — (ke + i &) az @) e,

k36)
ap = 2113'-—[_ 1 A" (L‘) k a (t) — (k iky) a—:’ (t) + ka% (t)] e—lkr,
ag, = ?k 5 ZA':f ©) + k. ag () — (ks +ik,) az () + kas ()] e~

4. Canonical quantization of the massless Dirac field

In this Section: we perform the canonical quantization of the massless Dirac
field using the results from the previous sections.

We assume, therefore, the following substitution of the Poisson bracket
[
{4, B} - - [4, B], (37)

where [A4, B] is the commutator: [4, B] = A B — B A.

In the classical particle mechanics the canonical equations of the system des-
cribed by the canonical variables {g;, p;} are given by

qi = {qb H}, i’l = {Pi" H},

where {4, B} is the Poisson bracket:

{4, B} = (3A38 aBaA)

dqgp 2q9p)

These equations are particular cases of the general dynamical equation

dF F

—{FH}-+—a

where F is a function of the ‘canonical variables and tinte.
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-
The corresponding equation for a field # (x, ) is

dE_ (zLEé_ SHOF aF s

de dnodxn dnd=
where 4 '
F = I‘gﬁ-(n, al 7, 7T, al T, t) d3 X,

. . 0F, . S
7 is the conjugate momentum to % and o5 is the functional derivation:

oF_oF , oF
§n 9y @)

In comparison to the particle dynamics the Poisson bracket for the field is

defined by
0A6B ‘8Bd A
A, B} = —
%4 'f(éin&"z éndaz)ds

and the dynamical equation for the field ‘n now reads

dF _oF |
Taking dt 9t + {5 H}
one gets F=J’1;(§,r)66c—a?}d~"sz,,,

kA o
Similarly, taking U (x, 0= {’7 (= t)’ H} = dm. — 8_(3,_70

it follows F=fa@é(x—x)d*x = F,,
. g oA oH
7 ’[ = 17T ’[,H = e — a_;{_'._-—'
7 (%, ) = {7 (x, 1), H} P + e

These equations are in accordance .with (10) and (11).
The Poisson bracket for F, and F, are
{Fys, Fpa} = 0, {Far, Fan} = 0,
(Fpy Fa) = [0G—%)6 (& — &) d3x = 6 (¥ — ¥").

FIZIKA 12 (1980) 3, 195—216, 203



BRANA ET AL.: QUANTIZATION OF...

On the other hand
Fq’ = ?? (_x.‘s [), F;;.r =T (‘;’, E).

So, we have
(1 8)s (&5 0} = {7 (% 1), w (x> D)} =0,

(0, n (&, 0} = 8 (x — x).

The substitution (37) we mean in this sense.

The Hamiltonian of the field becomes then the operator
H= [#d’x= | {%IT«; YO Ilgt —0,D a' ITet — Iy 0, a‘Q): ddx (38)

and the dynamical equation (9) gaes over into

dF O0F

1
717=3—£+T[F’H] (39)

The commutation relations are
(B, (3, 9 @y (3 ) = [ (5, 21, B (3, O] = [B% Gy ), B (3, 9] =0,
UTs, G 0 I, (5 0] = (o, (3 0 ITa (5> 0] = Ut (& 0, Ha} (5, )] = 0,
(Do, (5, 2)s ot (5, ) = (B} (5, 23, o, (3, )] = O, (40)
(Ba (3 £, Mg, (3, )] = i 00p & ( — 3)s
(B} G 0, 0Tat (3, 0] = i 08 (x —3)s @b =1,2,3,4.

Let us mention that Egs. (40) must be the commutation relations, not anti-
.commutation relations. The commutation relations only give correct canonical
equations in accordance with (39). We think that this must be clearly emphasized.

From the Hamiltonian (38), the dynamical equation (39) and the commutation
rules (40) follow the equation of motions for the operators @, D%, I14, 1t :

& = —i[®, H) =—I[?y°ﬂ¢+—3,a‘¢,
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ot = — i [P, H) = %H.,, y° — ¢, Pt d!, (41)

o= —1i[lp, Hl = — 0,11, a',
17.1])1' = — l.[H.p‘l‘, H] = - 3, a‘quI'.

These equations are in agreement with Eqgs. (12) and (13).

At the present stage of the theory we prefer further analysis in the -I;-space.

By making use of (14) and (22), i. e.

@ (x, 1) =

1 — -
om Z @
4

. - l "1- e
D't (x,1) = Iz T az (et
!

I = K%'t (x,0) = K Lz{/z z A% () e®, (42)
Y
. L= 1 i - —
It =K¥'(x0) = Kgzz L Az () '™,
k

the commutation rules (40) in the Z-space for equal times read
e o] =[] - [ ]
45 48] - [, ] - [ 4.
[0, 47] = [a% 4F] = o (43)
(o5 4%] = g 0w o5

it i .
[a—,;, A,—;,] = —-R-éu 027, 6j=1234
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Having these commutation rules we now evaluate the commutation rules for
.. . i it
the time independent coefficients (a-» > Gy ghs a—»):

R 2 %R
[a;:.»l, aj-t,l] = 2—]:— oY o2 (44)
[a,;-l, a'l'-:] =— _l_slﬁ o §2s (45)
[a kiz’ a’j,z] = — r_kl_K- 0" 8=, (46)
(o &) = 5 ™ 05> @7

=12 n,m=3,4,
and all other commutators are zero.

Introducing the new coefficients according to

i 1 1
a = V—— aij (48)

the commutation relations (44—47) become

i it

[2in G = 8 0555
[ n mt

agy Fogn| = — 0" Ous

(49)

[ it — iJ

apn Gpan| = — 87 duan

[ n mt

— = nm
| %’ Fian | o™ 8.

In these relations the signs of the right hand sides are not the same. We can
make them equal by the new notation

n nt nt n
apn =% %n=tan 72=3%
(50)
i it it f .
aGpn = by = oy =12
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Then we have

; TR
[al?iN’ k’lN] 000,
n mt
[ biine Bpun | =005
(51
J -
[ bkzN’ k'ZN 6 6kk’ ?
n
[ 2N ak'zN] =g 6;::7
,7=1,2, n,m=23,4.
The field @ (x-; t) in the new notation is given by
. B
Y bign
2 2t
| 1 Gan| oo ban | o=
@(x’ l) — __3_2 § V__ b3_‘r .el (kx—kt) + 3 el (kx+kty \ | (52)
P HN BN
b3 .
_kIN_ BN

(The calculation could start with this expression dropping also the index N.)

By this we have completed the quantization of the massless Dirac field.

5. Constants of motion

In order to see consequences of the new quantization of the massless Dirac
field we evaluate the main constants of motion. In the Lagrange’s language they
are given by the Noether theorem and in the canonical language by the equations

5-=0, {FH}=0. (53)

The scalar constant of motion, which follows from

. . ¥ 07
n = ot o
g ’( 5@, 00 " 30,9) ) Out =0, (54
is given by
O =const | j°d3x =const | (PtY¥ — Wtd)d3 . (55)

FIZIKA 12 (1980) 3, 195—216 207



BRANA ET AL.: QUANTIZATION OF...

Using the expressions (17), (22), (23), (27), (48) and (50) it becomes

l 1‘ 2 3 3 4 4t
Q = const Z {(aklN an T %R T — Ggnban T O5nbaa) —

(56)
1t 2

t 3 4 4
— Genbion + bandan) T @on oy T Con Tnn)

or written in the particle number operator form

] % 2 W .3 4t a4
Q = const E {(aklN an T Givan) — Candan + Banbin) —
%
C))
1t 1 3 4t 4
— (gn by + bkzN MN) + (akZN on T %% — 4

The energy-momentum constant of motion follows from

X4 22
YTeEh T TGe e P Y BTA=0 (D)

Tf =08,P

and for the Lagrangian (1) reads

Py = const [(DtW + Wtd — Wty0 W) g3 5,

(59)
P, =const [(0, DtV + VPt 9,D)d? x.

By making use of Egs. (17), (22), (23), (48) and (50) it becomes

l 1‘[‘ 2 2t
Py = const E k {(“kw anta kIN + “km) + (bkzN v TNt —

(60)
33 4 a4t it 3 4% 4

— Gpabin T bantan —@an %o T %y %an)h
o %t 2 31 3¢ 4 4

P, = const }: k {(a aHN) (bﬁwbﬁn 4+ bﬁubﬁx) —_

an v T AN

(61)
1 2 o3t 3t 3 4t
— (pydan + daadan) (@ an P T G kzN)}
or

2t 2 2t .2
Py = const Z k {(akl’\f v T %Gan % T (b.u\ By T SpnbaN) —

(62)
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3t .3 a4 3 it 4
— (Grin v T BanBan) — @y % T %50 Panb
i 2 it .3 PP
P = constE b {(fy S F T %) — Gnbiin + Bin i)
(63)
3 4 4
( bon T kaN kaNJ + (akzN wy T %5a %m0}

The angular momentum density tensor

Py ;
Mebs = (xr The — 38 Tre) — é%‘—@ (—;-o'ﬂv) o — ot ( — o ) E éfm) (64)

for the Lagrangian (1) reads
Mebr = R{ PPV +P b — g PYP) —
— B @DV Py 7D — g P — (65)
— ' — i
— Py (jfoﬁ?) ®— O (— _faﬁr) y ).
From here the constant of motion is
MPr = const [{x» (PPtY + WtBD — g P W) —
— B DY L P D —gBPYP) — (66)
—%(Ei’*oﬁ*cﬁ — B yootr yO W)} &3 x.

The spin part of this constant, using Egs. (17) and (22), reads

S = const 2 [A~ (Cad a-o = a» (o'”),,,, A-] (67)
®

“The spin pseudovector is then

i
-4, SY

N|—
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and using the expressions (20), (26), (27), (28), (31) and (32)

ko, ] o .
S, =const 3, l(a+ fl < [ o -5 [on ko) (“m) +
7 glonka By

— ko ——l—[fr»ktr] %3
WEY:S L, o) +
(68)
0 | -
- [0, ko] a4
2 — 2Ukt
+ (akz ﬂkz) ( [O',., kO'] 0 ) (ﬁ;’l) +
0 1 =
— 5 [on ko] %2 2ike
+ (akl ﬂkl) < [a,,,ko‘] 2 0 ) (ﬁa).e ‘ }’
where [o,, k—.c;] =0, (75;) — (Z;) g,.

—is

For one particle state with the momentum & the projection A

£ - .
= const {[ o (ko) agy — B (ko) B| —
k1 k k1

R
(69)
1- - -
[ (ko’)a ,;'z(ka)ﬂ;'z]].
For polar axis in % direction it becomes
ES 2t 2 33 4 4
5 = constk{(a—v a —agay) —(agag — ag ) —
(70)
o it 2 3 4 4
—lapag —apap) + (akz B % %))
or
ES 1 2t 2 3 3t 4 4t
% = const5 2 {(aklN win ~ %in %in) — Ggin by — i Biin)
(71)
11 22t it 3 a4 4
= Cian by — Bian bian) T @y in — an S}

FIZIKA 12 (1980) 3, 195—216
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6. Real field -

The commutation rules (51) show a similarity of the field with the electro-
magnetic field. The electromagnetic field is a real field. Consequently, it is of inte-
rest to look for real solutions of the massless Dirac field equations. For this pur-
pose we write the canonical equations (12—13) and the Lagrange’s equations (3—4).
in the form

idy,yr¥ =0,

W =id,y (— i), (12)

ioy)(ioy)® =0,
and c. c..

The unitary transformation

U=L_(l 0'2‘),'. U'r = U_l,
V2\—o, 1

where ¢, are the Pauli matrices

0 1 0 —i) 1 0
"‘=(1 o)’ "2_(i o)’ "3‘(0 —1)’

changes the operator i d, p* into the real one™. Indeed, the new field functions
and yp” matrices, given by

P=U¥, V¥Y=U1'Y, (73)
y=Uy U} 74
0 o,) o 1 0
=\—q, oS 7 (o —1)’
are
Y’l—iflj“
77 l g’z'*‘igls
_ —— . 75'
yj V“2- 973 +1yl2 2 ( )
T4_iwl
0 —o, io; 0 0 o, —1i0;, 0
50 ~1 v ~3 _
4 (—cz 0)’ ¥ (0 sas)’ Y (—az 0)’ ¥ (0 —ia.)'
(76)
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The field equations then become

io, ¥ =0,

(17)
V=id, % (—id),
(i9.%)G0,5) & =o0. (78)

Now, we state the reality condition. We require that the canonical pairs are
real:
YR =1,
% =@,

The second of Egs. (77) shows that this condition cannot be fulfilled. From here
we conclude that there are no real solutions in this realization of the canonical
formulation of the massless Dirac field®.

7. Dual symmetry of the field

The transformation®-1!2’

| 0 1
W=y, 75=‘(1 0}’ )

leaves Egs. (13) unchanged. From here it follows that if ¥ is a solution, of Egs.
(13) then ¥’ is also a solution. Explicitely,

Y= 3
Y= _y4 (80)
Y3 = _ gt
pe — _ 2,

This dual symmetry can be used in decomposition of the field variables and
corresponding physical quantities.

The substitution of (17) into (12) gives™

v [ , k 0 —k,

=3 !|laz 0 2 k 3 — k. —1ik

7;{ Uk T ea|k—in) tem|l Tk
ke +ik, — k. 0
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— k. +iky
4 k: -0—)_
+a o ]e((kx kD
—k
(81)
—k 0 — k.
1 0 .2 —k 3| — k. — ik,
+[“;i k. ) T % ke —ik) T% A I
k. + ik, — k, 0
— k., +ik
+ai|l & ] e@rin),
k
One can easily see that two columns in the first row are linearly dependent on other
two. This is also the case in the second row. Taking a,% = a,% = aESi = aé =0

one gets the general solution of Egs. (13). Let us denote it by ¥,,:

k 0
1 0 2 k STk
lIln=§{[a;l kz ‘{‘d;’l k,:—ik_v ]ei(k. ko
7 ko +ik, — k.
(82)
—k 0
! 0 L2 —k iTkx+kn)
+[“;‘z B, ) 7% |k —ik, ]3"‘ r

kot ik, — k.

s 1 2 1 2 )
Taking now ap = ap = ap = ap = 0 one gets also the general solution of Egs.

(13). Let us denote it by ¥,:

—k, —k 1k,
— k. —1 k. -
P, — }; {[a% byt iky * "Ei = ]e[(kx~kl) 4
& 0 —k
(83)
— k. — k. ik,
L I:a;i - k"k— 1 k” + a;.z k0= ] elax.;.+kr)}'
0 k

These two solutions are in dual relation given by (79). Therefore, we can write

W=, + ¥, (84)
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This decomposition of ¥ corresponds to the following decomposition of @,
accordiag to (12):

(p b (Dn + Qd! (85)
where
- - -
LY i)
l 2 | jiti- 2| il
(D" ___1_3_7_2 § { a[?] el(k kt) + a];i el(k +kl)}’ (86)
k 0 0
0. . 0.
-0 "o
_ Y1 i(kx
k 4 4
% G
We have then
VY, = 0ay* Dy,
(88)
qjd = 3a yq‘ Qd'

Using this decomposition the constants of motion (56), (62), (63) and the
spin projection (71) become:

O = On + Ou (89)
Pa=Pun‘—‘Pad> (90)
ES_(&S) kS
where

1 it 2 11t 2 2

0, = const T {(a5,y 4in T Gy az ) — (G bian T by Bian )b 92)
k

a* 3 4t 4 3 3t 4 4%

0, = comst T {(agy Gy T %in 28w — Ginbin + BintEO»  (93)

&
2 H it 1 24 2
P,, = const z R{(apy dmn + 5n mn T+ Canbin + Smntanh (09

3 4t -
Pog=const T & {(akzg\r By T %N kZN) + (bklN RN T bkwbkm)} (95)

®
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% 2 i1 it 2
Py Mconstzki {(aklN klN+ AGin %in) — Ogn b + Banbandb  (96)

El 4t 3,3 a 4

4
Pyy = const 2 &y {(akzN By T Yy BN — (bSiN ban + bE.INbI?IN)}’ 97

—

25 [, 4 0 2f 1 2t
-gﬂ)*”:cons'ij{(aﬁ:\raﬂ'm — gy S —Onn ten — bantanh  (98)

k
2% 1 ., 3t 3 a4 4 Wt .3 i 4
LE““)‘ = const—2~{(“;’m a3 n ™ S S — Con bin — Banbiandl (99)

Due to the fact that ¥, and ¥, are general solutions of the canonical equations
(13) we may restrict our attention to one of these solution. It leads to a selection
of states of the system. There is no a priori rule for this selection. One may expect
that the correct selection comes from the interaction of this field with other fields.
At the present moment the following selection seems to be plausible

if i i+ i .
aE.zN'aﬁNl > = b!?leJ?lNl > =0, 1=3,4 (100)

It corresponds to the elimination of the magnetic monopoles in the theory of the
electromagnetic field.

. . i i .
In this case, changing bz, — b_3,,» the constants of motion become

1t 1 2 o 24
Q = const % {(Gan %in + %in %ian) — Ciandin T b bk?.N — 4} (101)
!

2+ 1 2 2
Pe = const E ko {(akm v T % ;,m) + (bkzN wav T bi’m bS'zN)}’ (102)

kS 1 2t 3 2
(—k)_ = COHSI— {(aklNaklN %N klN) +( k?.N kzN — B dmad) (103)

The particle interpretation of these constants is evident. It is important to
notice that the energy of these particles is always positive. Thus, the historical prob-
lem of negative energies associated with solutions of the Dirac equation doesn’t
appear in correct canonical decsription of the massless Dirac field. There is only
one problem present in the infinity constant term in Q. Although it can be subtrac-
ted from Q, the physical meaning of this infinity is not clear.

According to (104) the spin of the particles is 1/2. Therefore, the quantization
of the correct canonical description of the massless Dirac field gives particles with
spin 1/2 but with Bose statistics. This is also important result and quite different
from the standard theory.
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8. Conclusion

Consistent and correct canonical quantization of the massless Dirac field leads
to the commutation and not anticommutation rules for the canonical pairs. The
constants of motion of the field exhibit particle description but with the Bose stati-
stics. The spin of the particles is 1/2.

The energy-momentum vector and the angular momentum tensor do not con-
tain infinities. However, the scalar constant does contain an infinity term.

The appearance of particles with negative energies does not cause difficulties
because restriction can be made on states without such particles. The elimination
of these states corresponds to the elimination of the field produced by the magnetic
monopoles in the electromagnetic field theory.
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KVANTIZIRANJE DIRACOVOG POLJA BEZ MASE U NOVOJ
KANONSKOJ FORMULACIJI
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Univerzitet u Sarajevu, Sarajevo

UDK 530.19

Originalni znanstveni rad

Na osnovu nove kanonske formulacije Diracovog polja bez mase mirovanja u
radu je izvrS§eno konzistentno kanonsko kvantiziranje ovog pol)a Nadeno je da je
kvantiziranje moguée provesti samo sa komutacionim, a ne i antikomutacionim
pravilima, Izracunate konstante kretanja pokazuju CestiCnu interpretaciju sa spi-
nom 1/2. Problemi negativnih energija standardne teorije ne pojavljuju se, kao ni
beskonacnosti u izrazu za energiju. Skalarna konstanta sadrZi jedan beskona¢ni
¢lan i on zasluZuje posebnu paznju.
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