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A canonical formulation of classical electromagnetic field is developed and 
some consequences are discussed. 

1. Introduction

The canonical formulation of the electromagnetic field is connected with 
serious difficulties 1 -9> •. Experimental background of the field equations put these
difficulties at the beginning somewhat aside. Mathematical properties of the field 
equations led to the electromagnetic field potentials and these potentials turned 
out later to be of fundamental importance for the Lagrangian and the Hamiltonian 
( canonical) formulation of the electromagnetic field. But it did not give correct for­
mulation. Several modifications have been done so far but the situation still cannot 
be accepted as satisfactory. We consider this problem here and give a possible 
solution. 

The canonical formulations of the Dirac' s field and a vector field have been 
successfully developed recently 10• 11• 12'. Analysis of the present work is based in
great deal on the knowledge obtained in these papers. 

*) This work was supported by the Fund for Scientific Research of SR Bosna and Hercegovina, Sarajevo, 
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In Section 2 we summarize the standard Lagrangian and canonical procedure 
of the classical electromagnetic field and indicate difficulties. The photon method 
is presented in Section 3. The correct Lagrangian and canonical formulation of the 
free electromagnetic field is given in Section 4. Transformation properties are con-

· sidc:-ed in Section 5. Some consequencics of the new canonical formulation of the
electromagnetic field are analysed in Section 6. The field with sources is considered
in Section 7. Connection with the potential method is given in Section 8. Conclu­
sions and some remarks are given in Section 9.

2. The standard Lagrangian and canonical formulation

The electromagnetic field equations are 

or in the covariant fo�·m 

where 

oH 
rotE = - ··-,

ot 

H oE
4 

. 
rot = ai + "itJ,

div E = 4n-e, 

divH = 0 

a 
xP = (t, x), Xµ = (t, - x), Oµ 

=
ox

P' a = 0, I, 2, 3, 

F,,v is the electromagnetic field tensor 

and j'' is the current four-vector satisfying the continuity equation 

a,,i'' = o.

We have chosen the velocity of light to be unity. 

(1) 

(2) 

(3) 

(4) 
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The electromagnetic field potentials are defined by 
BA E = - 7fi - '1 <p,

(5) 
H = rot A 

or 
(6) 

where A,. =(<p, -A) is the potential four-vector. The potential A,. separates the Max­
well's equations (1). Taking it as a mathematical tool there is the gauge freedom 

(7) 

where f is an arbitrary solution of the d' Alambert' s equation. It allows an additional 
condition on Aw The most frequently used is the Lorentz' s condition 

div A+-�� = 0. (8) 

or 
(9) 

The Lagrange's procedure starts with the scalar FµvF'"' and the interaction term 
A,.jJJ. The standard Lagrangian density of the electromagnetic field is 

!R = - _1_ F. p,,v - A ;·,,I6 1t µv " • 
(I.O) 

The minus sign in front of the scalar F,.vF"" secures the minimum of the action S = 

= J .Ii' di-dt. The Lagrange's variables are A,. (not Fµ11!). 
Starting from (I 0) and the Lagrange' s equations 

a!t' ( a!t' ) 
BA - aa a (a A ) = O 

µ • a µ 

follow the Lagrange' s equations for Aµ : 

tJ.. <p + div �� = -41te.
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Eq. (13) is not a dynamical equation. It doesn't contain the second time deri­
vative of <p. This is the first manifestation of incorrectness of the standard Lagran­
gian procedure of the electromagnetic field. Using the Lorentz condition (8), Eqs. 
((2) and {13) transform to 

(14) 

However, neither the Lorentz condition nor the way in which Eqs. (14) was derived 
are within the framework of the Lagrange' s procedure. 

The canonical momenta to A,, are defined by 

and they are 

According to 

the canonical equations 

4 

TI - 8.P 
Aµ - a catAµ

) 

TIA, = - ;rt E,, (i = l, 2, 3), (15) 

Tiq,
= 0.

r 1 
= 

4
- E v'<p + -

8 
{E 2 + (rot A) 2} 

7t 7t 
(16) 
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for the Hamiltonian ( 16) are 

a d.Yt'
-flA = at I - dA,

a tJ.Yt'--fl
rp

= --
ot &p 

!_ A, = r� .YI' ot c,nA,

a tJ .Yt' 
-<p =--ac c, ntp 

aE 
-+ at = rot rot A, 

-+ divE = 0, 

oA 
-+ 

at = - E - 'v <p,

-+ ??. 

(17) 

The last equation is unknown due to zero momentum fl
rp
. It is the second ma­

nifestation of the incorrectness of the standard Lagrangian and canonical formalism
of the electromagnetic field. 

Considering the free field and taking <p = 0 there is no problem with the zero 
momentuin, but the canonical equations for the canonical pair { A, 

- 4
� E) are not 

equivalent to the Maxwell's equations. With definition H = rot A Eqs. (17) for 
aE/at and oA/at give the Maxwell's equations for oE/ot and oH/ot. However, the 
Maxwell's equations for aE/ot and oH/ot do not give Eqs. (17) for aE/at and��-The 
equation for oH/ot gives 

what leads to 

oA 
-=-E+vf 
ai 

where f is an arbitrary function. 
Following this line of reasoning we would find some other simmilar inconsis­

tencies. Besides these there is one which is very fundamental. The canonical mo­
menta conjugate to the canonical variables A

µ are components of the second order
tensor F

µv • Therefore, Aa and F
µv cannot be canonical pairs. Naturally, all these in­

consistencies are closely connected. 
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3. Photon method

An introduction of photons in quantum electrodynamics uses the following 
expansions of E and H13> : 

E = l: Ek (t) eikr, Ek = E�k,
k 

H = L nk x Ek eikr.
k 

(18) 

In the second expression the orthogonality of k, Ek, Hk is explicilety taken into 
account. The substitution of ( I. 8) into ( l) gives 

(I9) 

k ·Ek= 0. 

These equations are equivalent to 

(20) 
k ·Ek= 0. 

It is usually stated that Eqs. (20) are equivalent to the Maxwell's equations 
(1) for the free field.

The expansion of A in plane waves with respect to r gives

Ak are now variables of the system: the Lagrange's variables. The correspon­
ding Lagrangian is 

We see that it is not the Lagrangian of the system (20). Consequently, Eqs. (20) 
are not dynamically equivalent to the Maxwell's equations ( I.). This is a consequence 
of the second ofEqs. (I.8) where some basic properties of solutions of the Maxwell's 
equations are already expressed. 
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We have presented the photon method in order: (I) to emphasize dynamical 
characteristics of the Maxwell's equations in total, and (2) to indicate that the ten­
sor field Fµ,, can hardly be reduced to vector canonical pairs. 

4. Canonical formulation of the free electromagnetic field

In the canonical formulation of the Dirac's field 11) it was found that the Di­
rac' s field is the momentum of a canonical pair and the Dirac' s equation is the ca­
nonical equation for this momentum. There are deep similarities between the Di­
rac' sand the Maxwell's fields14 • 15, 16 >. Among them they satisfy the first order 
differential equations. Analogous situation appears with the vector field satisfying 
the first order differential equations where the field itself is also the momentum. 
Because of this we think that solution of the canonical formulation problem of the 
electromagnetic field has to be found on the same line. Consequently, we start with 
the Maxwell's equations as canonical equations for canonical momenta. 

For the Lagrange's density we take, as usually, the simplest scalar F,J,, Fµ": 

!i' = const F1,., pµv, (21) 

We choose the constant to be -I/I61t . The Lagrange's variables of these momenta we 
denote by <Pap· Let us emphasize that the Lagrange's variables are components of 
a second order tensor because the momenta are also a second order tensor. Then we 
look for 

(22) 

where <Pap satisfy the second order differential Lagrange's equations and in the cor­
responding canonical equations F,..,, satisfy the Maxwell's equations. 

Due to linearity of the Lagrange's equations the most general functional de­
pendence Fµ,, of <Pap is 

(23) 

where G "" yafJ is a constant tensor antisymmetric in the indices (µ, v) and ( a, {J).
We assume that the tensor <Pap is antisymmetric also because the tensor Fw is an­
tisymmetric. 

The Lagrange' s equations for <Pap are 

(24) 

The conjugate momenta to <Pap are 

Il = naP = 
a!R 

= - _1_ G oap FP".
'1>ap a <Pa{J 41t µv (25) 
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Without loosing generality we take 

In this case we have 

and 

The Hamiltonian density is then 

and the canonical equations 

[l·ap = _ 0 J1i..11 G ka/J k -i..11 '

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

We see that Eqs. (30) contain only the canonical momenta. Now, we require 
that these equations are the Maxwell's equations for time derivatives of the field 
components(!). According to (27), we first write Eq. (30) in the form 

(32) 

The Maxwell's equations (2) of the free field for time derivatives of the field 
components are 

Comparison of (32) and (33) gives 

G kio = _!_ (�' �k _ �k �t) Aq 2 A '1 A 11' 

G w = _!__g (�' ..kl _ �1 gk') _ _!_ g (t}i gkl _ �1 gki)i..17 2 AO '1 15 '1 2 170 ,l ,\ • 

Eqs. (34) and (26) completely determine the tensor G µvyafJ. 

(33) 

(34) 
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With this tensor we have 

It is convenient to introduce the notation 

with A= (Ax, A:v, Az) and B = (Bx, B:v, Bz), 
Eqs. (35) then become 

-Ax -A:v
0 Bz

-Bz 0

B:v -Bx

Foi = - 00 (A), - (rot B),, i = x, y, z,

or in threedimensional notation 

E= -arA - rotB, 

H 
= - at B + rot A. 

(35) 

(36) 

(37) 

(38) 

Having the solution (32) and the notation (37) we may now check this solution. 
According to (21) and (38) the Lagrangian density is 

l 1 

.P = S1t (E 2 - H2) = S1t [(or A + rot B) 2 - (- at B + rot A)2J (39)

The Lagrange's variables are A,, B,. The corresponding Lagrange's equations are 

A: 

B: 

FIZIKA 12 (1980) 1, 1-25 
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a; B + rot rot B = 0. 

(40) 

(41) 
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The canonical momenta are 

I l 
IIA , = 41t (ot A+ rot B), = - 41t E,, i = x,y, z,

I I 
Il8 =-(-oiB +rotA), = -H

I 41t 47t i 

and the Hamiltonian density 

(42) 

(43) 

. . I 
Jl/1 = IIA, A,+ JIB, B, -ftJ = S1t (E2 

- H2 + 2E rot B + 2H rot A). (44)

The canonical equations are then 

. l 
]IA, = - 41t (rot H),, � Ov F'" = 0, 

A, = - E, - (rotB), 

Ii, = - H, + (rot A), 

or written in a compact form using the vectors E and H

E = rotH,

iI = - rotE, 

A= - E - rot B, 

B = -H +rotA.

(45)

(46)

The first two ofEqs. (46) are the Maxwell's equations for E and H. Therefore,
the canonical equations for the canonical momenta are the Maxwell's equations 
for the time derivatives of E and H. In Eqs. ( 46), however, there are not

div E = 0, (o, Po' = 0), 
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One may ask how one can get these equations? First of all, it is evident that they 
are not canonical equations because they do not contain any time derivates. We can 
get them in the following way. Let us take divergence of the canonical equations 
for the canonical momenta: 

divE = o,

div ii= o.

From these equations follow 

a, (div E) = 0, 

a, (divH) = o

and 

divE =/(r), 

div H = g (r). 

In thee case of the free field all space points are equivalent and concequently 
only physically meaningfull solutions are f (r) = g (r) = 0. One can select these so­
lutions by initial conditions. So, we have 

divE = 0, 
{47) 

divH = 0. 

These Maxwell's equations are, therefore, a consequence of the canonical equations 
and appropriate initial conditions. 

Similarly from the last two of Eqs. ( 46) follow 

and by initial conditions 

o, (div A) = 0, 

or (divB) = 0 

div A= 0, 

divB = 0. 

Let us mention that Eqs. (48) lead to (47). It can be easily checked. 
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With Eqs. (48) and the notation (36) the Lagrange's equations (24) become 

(49) 
6. B - a: B = 0

and the field equations ( 45) 

a., pµv = 0, 

5. Transformation properties of the canonical formulation

In this Section we consider the transformation properties of the developed 
canonical formulation of the electromagnetic field. We follow the procedure adopted 
at the canonical formulation of the vector field satisfying the first order differential 
equations1 2>. 

The tensor G1'"'YClfl we write by means of the six order tensor and a four-vector: 

(50) 

where the tensor awvaflC is constructed from the products of the metric tensors 
ga/J and qP is a four-vector with constant components. 

Due to symmetry properties of the tensor GµvvafJ the tensor GµvvafJC can be writ­
ten in the form 

12 

The tensor GµvyafJ is then 

+ (g"fl gn _ gµ/J gVV) <pa + (gµ/J gay _ gµa gflY) <p" + (52) 

+ (g"° g/JY _ g"fl gay) <p"}.
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After substitution of (52) into (23) one gets 

The Lagrange's equations for <P
11

,;, according to (2 f) and (53), are now 

where Fµ• is given by (53). 
As we have said in the previous Section, we expect that Fw are components 

of the momentum of the electromagnetic field and that the canonical equations of 
the field determine Fµ,, independently of <PafJ. Eqs. (54) are just equations for Fµ11 · 
In order that these equations become physical equations one has to impose the prin­
ciple of special relativity. Similarly to the vector case 12>, the only interesting solu­
tion is 

(55) 

Selecting these equations for F,.11 the four-vector <pa becomes completely free 
with respect to Fµ11· 

Eqs. (55) are the first set of dynamical equations of the tensor field Fµ"· The se­
cond set are Eqs. (53). For a given Fµ11 Eqs. (53) give <Pap as a particular solution. 
This solution depends on <pa. Because <pa are free, there is a family of particular so­
lutions depending on <pa. The principle of special relativity makes a selection. In 
order that Eqs. (53) satisfy this principle <pa has to be equal in each reference system. 
It means that at the end of the calculation this selection has to be done. By this ten­
sor characters of <pa and <Pap have not been changed. Only among possible tensors 
qf1 (four-vectors) and <PafJ one makes a definite selection. 

The conjugate momenta to <Pap are defined by 

(56) 

Jlafl is a linear combination of Fµv· On the other hand Jlafl are components of the third 
order tensor constructed from Fµv, <pa and Cµ11· The selection of <pa based on the prin­
ciple of relativity makes them the second order tensor. Due to the free selection 
of the four-vector <pa in a given reference system, we may take 

(57) 

FIZIKA 12 (1980) 1, 1-25 13 
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In this case [[0P becomes 

[[afJ = _ _ l_pafJ 
47t (58) 

i. e. the momentum components are directly proportional to the field components.
By this a simple connection of the field F"" and its momentum is established. The
canonical equations are naturally Eqs. (55) after substitution of F

µ
. by II"" according

to (58):

a,. [[AC = 0, (59) 

For <p0 given by (57) F""' according to (53), reads 

or 

(60) 

Eqs. (60) are equal to Eqs. (35). Therefore, the canonical formulation follows in 
the form as it is developed and expressed in the previous Section. 

By this the character of the developed canonical formulation of the electromag­
netic field with respect to the Lorentz transformations or the principle of special 
relativity is established. At the end let us mention that the whole analysis can be 
completely based on <Pap, 

6. Energy-momentum vec,tor

In order to see some consequences of the developed formulation of the electro­
magnetic field we evaluate the energy-momentum vector of the free field. 

The energy-momentum density tensor 

(61) 

for the Lagrangian (21) with F
µ
., given by (53) is 

(62) 
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From 

a., r; = o

follows conservation of the four-vector 

P1' = const f {2 (q;0 pa/J o1' <Pap + 2 <pa pop aµ <Pap + 2 <f}
y 

pva au <Pa 
0) -

For <pa given by (57) it is 

P1' = const f (2 pa/J o1' <Pap 
- g''0 P

ap p
af1) d 3x.

The energy component is 

and the momentum components are 

p l = COnSt 2 f pafJ 01 <Pap d 3x. 

Introducing the notation 

E 1 = - o, A, E2 = - rot B,

H2 = - o, B, H 1 = rot A

with, according to (3 8), 

the energy becomes 

P0 
= - const 2 f {(E; + H;) - (E; + H;)} d 3x

and the momentu m components 

(63) 

(64) 

(65) 

(66) 

(67) 

(68) 

(69) 

(70) 

(71) 

(72) 

Expressions (71) and (72) are very similar to the standard energy-momentum 
vector but also very different. First, the energy is no more positive definite. This is 
a consequence of the term - (o0B) 2 in the Lagrangian (39). Second, the standard 

FIZIKA 12 (1980) 1, 1-25 15 
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expressions one obtains for B = 0. An inspection shows that this selection of the 
solutions gives the completely standard free electromagnetic field. However, in 
the quantum theory the solution B = 0 cannot be accepted because of the quan­
tum rules. Third, due to (71) and (72) and the quantum rules the ground state 
energy of the field is zero as well as the momentum. 

7. Field with sources

In the standard theory interaction of the electromagnetic field with charges is 
described by 

(73) 

where A
µ is the potential four-vector and jµ is the charge density current satisfying 

the continuity equation 

o
µ
jµ 

= 0. (74) 

We now have the tensor <Pap instead of Aw This tensor has to be connected with 
the vector j". It is evident that it cannot be done directly but with certain contrac­
tions. In the new canonical formulation for the free field appears the tensor QPvvafJ. 
This tensor can be used for this purpose. 

The following contractions can be considered: 

Cu 
= 3 <pa <P/Jll ,

1 
GP = - -<pa <Paµ' 

2 

(75) 

G/J
I' 

Y{J <P C'f1 A.Rn y µs, -+ = 'Pa YF-• 

Consequently, the interaction can be taken in the form 

(76) 

where a is a constant. 

The total Lagrangian density is then 

where !t'1 is the Lagrangian density of the free current. 
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The Lagrange's equation for <l>rJr;, is now (instead of (53)) 

+ orJ p!;A} = 0

where F,w is given by (53) and k = - VI61t. 

The principle of special relativity now leads to 

a Fe;. - a ·c 
A --J' 

4k 

(77) 

(78) 

Selection of these equations for Fw leaves again free the four-vector <pa with 
respect to Fµv · Comparison with Eq. (2) gives for a= I. 

The second set of dynamical equations for the field Fµ•· remains the same as 
in the case of the free field, i. e. they are given by Eq. (53). Therefore, the applica­
tion of the principle of special relativity to Eq. (53) gives the same results. 

The conjugate momenta to r/Jap are given by (56) or selecting r/Jap according to 
(57) by (58). After substitution of Fap from (58) into (78) one gets the canonical equa­
tions for the momenta:

(79) 

After substitution of <pa from (57) into (53) one gets the corresponding equations 
for the Lagrange's variables of the field: 

(80) 

The selection of <pa can be incorporated in the Lagrangian in a given reference 
system at the beginning, as it was done for the free field in Section 4. Here we pre­
sent it in a short form for the field with sources. We use the notation (3) and (36). 

Starting from the Lagrangian (39) and 

FIZIKA 12 (1980) 1, 1-25 17 
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the Lagrangc's equations for A and B are, respectively, 

o; A + rot rot A = 41t j, 

o; B + rot rot B = 0. 

The Hamiltonian density is 

.YI' = .Yt'Jrce Jleld - A j. 

The corresponding canonical equations are 

or 

or 

18 

• 1
II Ai = -

4
7t (rot H), + j,, 

• I 
ll B, = -

4
7t (rot E),, 

A, = - E, - (rot B),, 

Bi = 
- H, + (rot A), 

E = rot H - 41t j, 

Ii= - rotE, 

A= -E - rotB, 

B = -H + rot A. 

From Eqs. (85) and (74) follow 

div E = 41te, 

divli = o

at (div E - 41te) = o, 

ot (d.iv H) = 0. 

(81) 

(82) 

(83) 

(84) 

(85) 

(86) 

(87) 
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From here we have 

div E = 41te + f (r), 

div H = F(r). 

Similar arguments as in the case of Eqs. ( 4 7) lead to 

divH = 0.

(88) 

(89) 

The corresponding equations for A and B read ( equation for B remains in the 
same form) 

div A = - 41te, 

divB = o. 

Using Eqs. (89) the field equations become 

E = rotH - 41tj, 

ii= - rotE, 

div E = 41te, 

divH = 0, 

A= -E - rotB, 

B = -H +rotA. 

(90) 

(91) 

Besides the current jJJ one can introduce also the pseudo-vector current i: sa­
tisfying the continuity equation 

(92) 

making contractions of the pseudo-tensor �/J with <p0
, where <l>cfJ is dual tensor 

to '?>ap, i. e. 

(93) 

FIZIKA 12 (1980) 1, 1-25 19 
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and Eafl,,v is a unit totaly antisymmetric tcnso:-. Similarly to (75), in this case one
gets 

G''./u{J <Paµ � DI' = 3 <(la ipµa, 

G/11,Y fJ
<P

,..., 

I' yv � 

µI' y{J A\ 
G ,, "V,o· � 

and consequently 

whe:·c b is a constant. The total interaction is

or 

ra /J n I' • b n <P- I' ( · ) 
.,Z int = a <p ,._i)fl J,, + <f'F 

{J )p µ. 

The Lagrange's equation fo:· <P
11r: is n1w 

The prinicple of special relativity leads to 

o;,. pt).=� f,4k 

E = rot H - 41t j, 

ii = - rot E + 41t j P' 

(94) 

(95) 

(96) 

(98) 

(99) 
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div E = 41t e,

div H = - 41t f!v · 

Selcctioa of Eqs. (98) leaves again free the four-vector <p" and follow the con­
clusions as in the previous cnses. We give it in a short fo:·m. 

U�ing the notation (3) and (36), the total .Pint is 

!l' = A · j + B · j
v 

· (100) 

where a and b are selected to be I. The Lagrange's equations, the Hamiltonian den­
sity and the canonical equations are then, respectively, 

or 

FIZIKA 12 (1980) 1, 1-25 

o; A + rot rot A= 41t j, 

a; B + rot rot B = - 4rc j P' 

. l 
II 81 

= -
4

7t (rot E), + Ov),, 

A, = + E1 - (rot B),,

B, = - H, + (rot A), 

E = rot H - 4rc j, 

A= - E - rotB, 

B = -H + rotA.

(101) 

(102) 

(103) 

(104) 

(105) 

(106) 
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From Eqs. (105), (74) and (92) now follow 

at (div E - 41te) = 0, 

div H = - 41t(!
p
, 

With this selection the final form of the canonical equations becomes 

E. = rot H - 41t j, 

div E = 41te, 

div H. = - 41tQ
p
, 

A= - E - rotB, 

B = -H +rotA. 

One gets again the standard Maxwell's field by taking B = 0. 

8. Standard potential method

(107) 

(108) 

(109) 

(110) 

One can get the connection of the developed canonical formulation of the elec­
tromagnetic field and the standard potential method by decomposition of the vec­
tors A and B in two parts: 

A=a+a, (111) 

B = b + {J. 

Eqs. (101) then read 

a - fl. a + {grad div a + a + rot a} = 41t j, (112) 

b - fl. b + {grad div b + p + rot rot {J} = - 41t j
P
. 
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The freedom introduced by the decomposition (111) we use now to elimi­
nate the curly brackets in these equations : 

grad diva+ ii.+ rot rota= 0, 
(113) 

grad div b + p + rot rot fJ = 0. 

These arc equations for a and /J. In the next step we introduce new function� <p and 
<J> instead of a and /J according to 

Eqs. (113) then become 

a = "v <p, rot a = 0, 
(114) 

iJ = "v fJ>, rot fJ = 0. 

grad (diva + <p) = O, 
(115) 

grad (div b + <P) = 0.

The rest of the introduced freedom, now present in the function <p and <J>, we eli­
minate by 

diva+ 9' = 0, 
(116) 

divb + «P = 0. 

After this step Eqs. ( 111) and (90) with extension to the pseudo-vector source 
term become 

a - A a = 41t j,
(117) 

(118) 
ii> - A <J> = - 41te p· 

The substitution of A and B from ( 111) into last two equations. of the canonical 
equations ( 110) gives 

a + "v<p = - E - rot B, 
(119) 

b + "v <J> = - H + rot A, 
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or 
E = - a - 'l<p - rot b,

H = - b - '\/ <P + rot a, 

where Eqs. ( 114) are also taken into account. 

One gets the standard theory by taking B = 0, i e. b = fJ = 0: 

E = - a - '\/<p,

H = rota, 

a -A a= 41t j, 

diva+ <p = 0. 

9. Conclusions

(120) 

Correct canonical formulation of the electromagnetic field is developed. In 
this formalism two tensors, (3) and (39), are canonical pair. The standard potentials 
are not canonical pairs to the field components. The standard potential can be con­
nected with the canonical variables by suitable decomposition of the tensor com­
ponents ( 111) and suitable conditions on the new quantities, ( 114) and ( 115). 

The canonical equations for the momenta can always be taken in the form of 
the Maxwell's equations or the Maxwell's equations with two kind of sources ((78), 
(79), (98)). Theil conjugate variables are particular solution of last two of Eqs. 
(91) (or (80)) or (106).

The new canonical formulation has serious consequences. Some of them are
manifested in the energy-momentum vector. The energy is no more positive defi­
nite quantity. Selecting solution B =0 it becomes positive definite. However, in 
the quantum theory this solution is not allowed because the quantum rules in this 
case cannot be satisfied. Another remark can be made with respect to the quatum 
theory. The ground state energy as well as the momentum are zero, according to 
(71) and (72).

The obtained results illustrate also the problem of magnetic monopoles. We
do not consider particularly this problem here17

, 

18>. 
. At the end, one has to say that the tensor <PatJ allows for an interaction with 

some other sources besides the standard charges. 
Application of the new canonical fo�·mulation of the electromagnetic field to 

various problems and investigation of related consequencies will be considered in 
subsequent papers. 
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Originalni znanstveni rad 

Razmatrane su poteskoce Lagrangeove i kanonske formulacije elektromagnet­
skog polja i data je nova formulacija u kojoj su kanonski parovi tenzori, od kojih je 
jedan klasicni tenzor elektromagnetskog polja. Utvrdena je i veza sa standardnom 
metodom potencijala. U okviru izucavanja posljedica nove kanonske formulacije 
izracunat je cetverovektor energije-impulsa i ustanovljene su neke posljedice u 
tom smislu u kvantnoj teoriji ovog polja. Razmatranja ukljucuju i magnetske mo­
nopole. 
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