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Abstract The gauge symmetries of a constrained system can be deduced from the gauge
identities with Lagrange method, or the first-class constraints with Hamilton approach. If
Dirac conjecture is valid to a dynamic system, in which all the first-class constraints are the
generators of the gauge transformations, the gauge transformations deduced from the gauge
identities are consistent with these given by the first-class constraints. Once the equivalence
vanishes to a constrained system, in which Dirac conjecture would be invalid. By using the
equivalence, two counterexamples and one example to Dirac conjecture are discussed to
obtain defined results.

Keywords Constrained Hamiltonian system · Gauge symmetry · Gauge identities · Dirac
conjecture

1 Introduction

Dirac theory of constrained systems plays an important role in modern quantum field theory.
By using it, many of the central problems, which appeared in the development of the quan-
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tization procedure of the gauge fields, have been solved. However, in spite of these general
achievements some basic problems in this theory are still widely discussed. One of them
is Dirac conjecture. Dirac in his work on the generalized canonical formalism conjectured
that all first-class constraints (FCC) are independent generators of the gauge transforma-
tions, which generate equivalence transformations among physical states [1, 2]. In general,
it is closely connected with the question of the possible equivalence between Dirac proce-
dure in terms of the extended Hamiltonian HE (containing the canonical Hamiltonian HC

and all FCCs and second-class constraints (SCC)) and the Lagrangian description. If Dirac
conjecture holds true, the dynamics of a system possessing mixed constraints (including
FCCs and SCCs) should be described by the motion equations deduced from the extended
Hamiltonian HE , and its conservation laws deduced from HE through the canonical Noether
theorem should be equivalent to the results arising from the Lagrangian formalism via the
classical Noether theorem. Inversely, if the equivalence holds true to a constrained system,
Dirac conjecture would be valid. By using the equivalence, some counterexamples to Dirac
conjecture have been discussed [3–7].

In this paper this problem will be discussed from another new point of view. Basing on
the gauge symmetries of the system, let us consider whether the gauge transformations de-
duced from the generators via Hamiltonian formalism are equivalent to these arising from
the gauge identities through Lagrangian formalism. In the former case, these gauge transfor-
mations are generated, according to Dirac conjecture, by all FCCs. In the latter method the
gauge transformations are reflected in the existence of the gauge identities [8–14]. Lagrange
approach has been used to discuss constrained systems only containing FCCs [12] or with
mixed constraints [13]. In our paper, the validity of Dirac conjecture to a constrained system
is determined by the equivalence between the gauge transformations deduced from all FCCs
in Hamiltonian formalism and these derived from the gauge identities in Lagrangian frame-
work. By using it, we will discuss two counterexamples and an example to Dirac conjecture.
The former two supply the result that the gauge transformations via Lagrangian method is
not consistent with these through Hamiltonian approach. The later one has the gauge trans-
formations which in Lagrangian and Hamiltonian formalisms are uniform. These results are
completely consistent with the validity of Dirac conjecture.

This paper is organized as follows. In Sect. 2, the deducing process of the gauge trans-
formations is reviewed in Lagrangian formalism. Section 3 supplies two counterexamples
to the Dirac conjecture. Section 4 supplies an example to Dirac conjecture. Section 5 gives
the conclusion.

2 Dynamics of System with Singular Lagrangian

For the sake of simplicity, a system with a Lagrangian L(qi, q̇i) is considered in the k-
dimensional space. Based on Lagrangian equation, the motion equations for this system are

Li ≡ Wij q̈
j + αi = 0 (1)

where Li is the ith element of the primary motion equation matrix L, Wij denotes an element
of the Hess matrix W , the subindexes i and j denote the ith row and the j th column, as

Wij = ∂2L

∂q̇i∂q̇j
, (2)
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and αi is defined as

αi = ∂2L

∂qj∂q̇i
q̇j − ∂L

∂qi
. (3)

For a dynamic system with singular Lagrangian, the determinant of the Hess matrix is
zero, directly speaking, (1) can not supply analytical solutions to all of the generalized ac-
celerations q̈ i . If the rank of the Hess matrix is assumed as (k −A1) (k is the full rank of the
Hess matrix), the Hess matrix has A1 zero eigenvectors as λa1 , which satisfy

λ
a1
i Wij = 0 (a1 = 1,2, . . . ,A1). (4)

Take the eigenvectors λa1 to left multiply (1), and A1 equations obtain

γ a1(q, q̇) = λ
a1
i Li = λ

a1
i αi = 0 (a1 = 1,2, . . . ,A1) (5)

where γ a1 called gauge identities denote the functions depending the generalized coordinate
q and the generalized velocity q̇ . If all the identities are not independent from each other,
(5) would not supply analytical solutions to all the rest undefined accelerations in (1). And
if we assume the rank of the matrix corresponding to (5) is Ā1, (5) contains Ā1 independent
constraints, which are called primary gauge identities, greatly corresponding to the primary
constraints in Hamiltonian formalism,

γ ā1(q, q̇) = λ
ā1
i Li = 0 (ā1 = 1,2, . . . , Ā1). (6)

In A1 gauge identities, there are Ā1 ones independent, the rest Â1 ones can be expanded as
the sum of the Ā1 primary gauge identities as

λâ1(q, q̇) =
Ā1∑

ā1

C
â1
ā1

(q, q̇)λā1(q, q̇) (â1 = 1,2, . . . , Â1 = A1 − Ā1), (7)

where C
â1
a1 is combinatorial coefficient. And Euler differential identities can be given by

λ
â1
i Li = 0 (â1 = 1,2, . . . , Â1). (8)

Addition of the total time differential of (6) expands the motion equations (1) as

{
Wij q̈

j + αi = 0 (i = 1,2, . . . , k),
dγ ā1

dt
= ∂γ ā1

∂q̇j q̈j + ∂γ ā1

∂qj q̇j = 0 (ā1 = 1,2, . . . , Ā1).
(9)

Integrate the second equation into the first, and the motion equations (9) are taken by

L1
i1

≡ W 1
i1j q̈

j + α1
i1

= 0 (i1 = 1,2, . . . , k + Ā1), (10)

where L1
i1

is the i1th element of the second-order motion equations matrix L1, W 1
i1j denotes

the i1th row and the j th column element of the second-order Hess matrix W 1 including Wij

and ∂γ ā1

∂q̇j , and αi1 contains αi and ∂γ ā1

∂qj q̇j .
Iterate the steps of (4)–(8), and one obtains

λ
â2
i Li + λ

â2
i

d

dt
(λ

ā1
i Li) = 0 (â2 = 1,2, . . . , Â2), (11)
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here Â2 is the number of the secondary gauge identities, and λ
â2
i denotes independent

nonzero eigenvector.
Following the previously iterating process, the nth fold obtains the motion equations of

the generalized accelerations as

Wn
inj q̈

j + αin = 0 (in = 1,2, . . . , k + Ā1 + Ā2 + · · · + Ān). (12)

In the nth step, the addition of Ān new motion equations about generalized accelerations
expands the original motion equations (1) again. To the matrix Wn, there are An new eigen-
vectors, they contain Ān+1 new gauge identities, and add Ân+1 differential equations to the
Euler relation expressions as

λ
ˆan+1

i Li + λ
ˆan+1

i

dγ ā1

dt
+ · · · + λ

ˆan+1
i

dγ ān

dt
= 0. (13)

Take the analogy of (11), (13) is converted, by partially differential, into

n∑

s

ds

dts
(φi

sLi) ≡ 0, (14)

where φi
s is a function depending on the generalized coordinates, the generalized velocities,

all the zero eigenvectors and their differentials, and is the associated coefficient relating the
above identity to the corresponding matrix element Li . Based on (14), the gauge transfor-
mations deduced from the gauge identities in Lagrangian formalism can be expressed as

δqi =
∑

k,s

(−1)k dkws(t)

dtk
φi

s(q, q̇), (15)

where ws(t) is the gauge parameter, an infinitesimal time dependent function.

3 Two Counterexamples to Dirac Conjecture

A counterexample to Dirac conjecture is considered with Lagrangian [15]

L = 1

2
(e2u(y)ẋ2 + e−2v(−y)ż2), (16)

where u(y) and v(−y) satisfy the following equations

u′′(y) = u′(y) + 2[u′(y)]2, (17)

and

−v′′(−y) = v′(−y) + 2[v′(−y)]2. (18)

With Dirac-Bergamman method, and in Hamiltonian formalism [11, 15–20], this dy-
namic system is discussed. With respect to the canonical variables x, y, z, the canonical
momenta px,py,pz are

px = ∂L

∂ẋ
= e2u(y)ẋ, py = 0, pz = ∂L

∂ż
= e−2v(−y)ż, (19)
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respectively. In Dirac-Bergamman framework, all constraints (including primary constraints
and secondary) are easily deduced as

φ0 = py ≈ 0, (20)

and

φ1 = e−2u(y)p2
xu

′(y) + e2v(−y)p2
zv

′(−y) ≈ 0. (21)

And it is easy to see that the two constraints (20) and (21) are FCCs. The generator of the
gauge transformations of the system is, therefore,

G = ε0(t)φ0 − ε̇0(t)φ1, (22)

which can give rise to gauge transformations

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

δx = [x,G] = −2ε̇0(t)e
−2u(y)pxu

′(y),

δy = [y,G] = ε0(t),

δz = [z,G] = −2ε̇0(t)e
2v(−y)pzv

′(−y),

δpx = [px,G] = 0,

δpy = [py,G] = −ε̇0(t)φ1,

δpz = [pz,G] = 0.

(23)

In what follows, the gauge transformations are deduced in Lagrangian formalism. Based on
(16) and (1), the motion equation of the system (16) can be written as

L0
i ≡ W 0

ij q̈
j + α0

i = 0 (i, j = 1,2,3), (24)

where

q = (qi) = (q1, q2, q3) = (x, y, z), (25)

and

W 0 =
⎛

⎝
e2u(y) 0 0

0 0 0
0 0 e−2v(−y)

⎞

⎠ , (26)

and

α0 =
⎛

⎝
2ẋẏe2u(y)u′(y)

−ẋ2e2u(y)u′(y) − ż2e−2v(−y)v′(−y)

2ẏże−2v(−y)v′(−y)

⎞

⎠ . (27)

To the matrix W 0, a zero-order zero eigenvector λ0 can be given by

λ0 = (0,1,0), (28)

which satisfies the following equation

λ0W 0 = 0. (29)

By left-multiplying the zero eigenvector to (24), a primary gauge identity appears

γ 0 = λ0
i L

0
i = λ0

i α
0
i = −ẋ2e2u(y)u′(y) − ż2e−2v(−y)v′(−y) = 0, (30)
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where subindex i denotes the ith element of the matrix, and its total time differential is

dγ 0

dt
= −2ẋe2u(y)u′(y)ẍ − 2że−2v(−y)v′(−y)z̈

− ẋ2ẏe2u(y)(2u′2(y) + u′′(y)) − ẏż2e−2v(−y)(2v′2(−y) − v′′(−y))

= 0, (31)

Substitute (31) into (24), and the motion equation (24) is taken by

{
W 0

ij q̈
j + α0

i = 0,

dγ 0

dt
= 0.

(32)

The first equation of (32) contains three Euler-Lagrangian equations for L1,L2, and L3.
Take the second equation of (32) as an additive motion equation L4, then (32) can be taken
by

L1
i1

≡ W 1
i1j q̈

j + α1
i1

= 0 (j = 1,2,3; i1 = 1,2,3,4), (33)

where

W 1 =

⎛

⎜⎜⎝

e2u(y) 0 0
0 0 0
0 0 e−2v(−y)

−2ẋe2u(y)u′(y) 0 −2że−2v(−y)v′(−y)

⎞

⎟⎟⎠ , (34)

and

α1 =

⎛

⎜⎜⎜⎝

2ẋẏe2u(y)u′(y)

−ẋ2e2u(y)u′(y) − ż2e−2v(−y)v′(−y)

2ẏże−2v(−y)v′(−y)

−ẋ2ẏe2u(y)(2u′2(y) + u′′(y)) − ẏż2e−2v(−y)(2v′2(−y) − v′′(−y))

⎞

⎟⎟⎟⎠ , (35)

and here L1
1 = L1, L1

2 = L2, L1
3 = L3, L1

4 = L4. Iterate the previous calculation steps, and a
first-order zero eigenvector λ1 obtains

λ1 = (2ẋu′(y),0,2żv′(−y),1), (36)

a secondary identity γ 1 then obtains

γ 1 = λ1
i1
L1

i1
= λ1

i1
α1

i1
= −ẋ2ẏe2u(y)u′′(y) + ẏż2e−2v(−y)v′′(−y) = 0, (37)

whose total time differential is

dγ 1

dt
= −2ẋẏe2u(y)u′′(−y)ẍ − [ẋ2e2u(y)u′′(y) − ż2e−2v(−y)v′′(−y)]ÿ + 2ẏże−2v(−y)v′′(−y)z̈

− ẋ2ẏ2e2u(y)[2u′(y)u′′(y) + u′′′(y)] + ẏ2ż2e−2v(−y)[2v′(−y)v′′(−y) + v′′′(−y)]
= 0. (38)

Take it as an addition L5 to (33), which have to be taken by

L2
i2

≡ W 2
i2j q̈

j + α2
i2

= 0 (i2 = 1,2,3,4,5), (39)
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where

W 2 =

⎛

⎜⎜⎜⎜⎜⎝

e2u(y) 0 0
0 0 0
0 0 e−2v(−y)

−2ẋe2u(y)u′(y) 0 −2że−2v(−y)v′(−y)

−2ẋẏe2u(y)u′′(y) [−ẋ2e2u(y)u′′(y) + ż2e−2v(−y)v′′(−y) 2ẏże−2v(−y)v′′(−y)

⎞

⎟⎟⎟⎟⎟⎠
,

(40)
and

α2 =

⎛

⎜⎜⎜⎜⎜⎜⎝

2ẋẏe2u(y)u′(y)

−ẋ2e2u(y)u′(y) − ż2e−2v(−y)v′(−y)

2ẏże−2v(−y)v′(−y)

−ẋ2ẏe2u(y)[2u′2(y) + u′′(y)] − ẏż2e−2v(−y)[2v′2(−y) − v′′(−y)]
−ẋ2ẏ2e2u(y)[2u′(y)u′′(y) + u′′′(y)] + ẏ2ż2e−2v(−y)[2v′(−y)v′′(−y) + v′′′(−y)]

⎞

⎟⎟⎟⎟⎟⎟⎠
.

(41)
It is easy to see that a second-order zero eigenvector of (40) can be given as

λ2 = (2ẋu′(y),0,2żv′(−y),1,0). (42)

By left-multiplying λ2 to (39), we obtain another secondary identity γ 2

γ 2 = λ2
i3
L2

i3
= λ2

i3
α2

i3
= −ẋ2ẏe2u(y)u′′(y) + ẏż2e−2v(−y)v′′(−y) = γ 1, (43)

but which is not a new identity. Folding the previously discussed steps, we can not obtain
any new identity. So the considered system has only two identities γ 0, and γ 1. Basing on
(36) and (37), we can obtain

2ẋu′(y)L1 + 2żv′(−y)L3 + L4 = 0. (44)

Substitute (31) into (44), and it can be rewritten as

2ẋu′(y)L1 + d

dt
L2 + 2żv′(−y)L3 = 0 (45)

with respect to (14). Refer to [21], and the relation between the gauge transformations and
the gauge identities is

δqi =
n∑

s=0

(−1)s dsw

dts
φsi , (46)

where φsi can be deduced from (14). Following (46), the desired gauge transformations are

⎧
⎪⎨

⎪⎩

δx = 2ẋu′(y)w(t),

δy = ẇ(t),

δz = 2żv′(−y)w(t),

(47)

where the dot denotes the time differential, and w denotes an arbitrary infinitesimal function
depending time.
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From (19), the time differential of coordinates x and z are

ẋ = pxe
−2u(y), ż = pze

2v(−y). (48)

As w(t) satisfies the following relation

w(t) = −ε̇0(t), (49)

its time differential has

ẇ(t) = −ε̈0(t). (50)

Substitute (48) into (47), and the required gauge transformations are

⎧
⎪⎨

⎪⎩

δx = −2ε̇0(t)e
−2u(y)pxu

′(y),

δy = −ε̈0(t),

δz = −2ε0(t)e
2v(−y)pzv

′(−y).

(51)

Compare (51) with (23), and the difference of δy appears. If the δy in (51) equals the one
in (47) strictly, there would be −ε̈0(t) = ε0(t). ε0(t) is an arbitrary infinitesimal function
depending time. Generally speaking, ε0(t) does satisfy the following inequality

−ε̈0(t) �= ε0(t). (52)

So the gauge transformations (51) are inequivalent to these (47). In other words, Dirac con-
jecture loses true to this dynamic system.

In what follows, for generality, another counterexample is introduced with a Lagrangian
[22–27]

L = ẋż + xz − yż. (53)

Iterate the steps (16)–(23), the gauge transformations through Hamiltonian formalism are

⎧
⎪⎨

⎪⎩

δx = ε̇0(t),

δy = ε0(t),

δz = 0.

(54)

But repeat the steps (24)–(47), and the gauge transformations via Lagrangian formalism to
this system are

⎧
⎪⎨

⎪⎩

δx = w(t),

δy = 0,

δz = 0.

(55)

It is very clear that the gauge transformations (54) and (55) are different. Therefore, Dirac
conjecture is invalid to this system, too.

4 An Example to Dirac Conjecture

It is well known that Dirac conjecture is effective to electromagnetic field. In what follows
its gauge transformations are considered in Hamiltonian and Lagrangian formalism, respec-
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tively, too. A free electromagnetic field is the description of Lagrangian

L = −1

4
Fμν(x)Fμν(x) (μ, ν = 0,1,2,3), (56)

where Fμν = ∂μAν − ∂νAμ, and Aμ denotes the four-dimensional electromagnetic field.
In Legender transformation, canonical momentum πμ conjugating to the canonical field

Aμ can be given by

πμ = ∂L

∂Ȧμ

= −F 0μ. (57)

It is easy to see that there is only one primary constraint as

π0(x) ≈ 0. (58)

With Dirac-Bergamman method, we obtain a secondary first-class constraint as

∂iπi ≈ 0. (59)

In Dirac sense, Dirac conjecture is effective, so the generator of the desired gauge transfor-
mations is

G =
∫

[ε0(t)π
0(x) + ε̇0(t)∂iπi]dt, (60)

and the gauge transformations are

{
δA0(x) = ε0(t),

δAi(x) = ε̇0(t)∂iδ(x − x ′).
(61)

In what follows the gauge transformations of the free electromagnetic field will be de-
duced in Lagrangian formalism again. In Lagrangian formalism, it is easy to calculate that
this system satisfies the following differential equation

L0
μ = W 0

μνÄν(x) + α0
μ (μ = 0,1,2,3), (62)

where

W 0 =

⎛

⎜⎜⎝

0 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

⎞

⎟⎟⎠ , (63)

and

α0 =

⎛

⎜⎜⎝

∂iȦ0 + ∂μFμ0

−Ä1 + ∂μFμ1

−Ä2 + ∂μFμ2

−Ä3 + ∂μFμ3

⎞

⎟⎟⎠ . (64)

According to the matrix W 0, a zero-order zero eigenvector λ0 can be easily given as

λ0 = (1,0,0,0), (65)
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which satisfies the following identity

λ0W
0 = 0. (66)

In Lagrangian formalism, a primary identity of this system is

γ 0 = λ0α
0 = ∂iȦ0 + ∂μFμ0 = 0, (67)

and its time total differential is

dγ 0

dt
= ∂iÄ0 + ∂2

i Ȧ0 − ∂iÄi = 0. (68)

According to the previous deduction, the motion equations of this system can be rewritten
as

L1
i1

≡ W 1
i1j q̈

j + α1
i1

= 0 (j = 0,1,2,3; i1 = 0,1,2,3,4), (69)

where

W 0 =

⎛

⎜⎜⎜⎜⎝

0 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

∂iδ(x − x ′) −∂1δ(x − x ′) −∂2δ(x − x ′) −∂3δ(x − x ′)

⎞

⎟⎟⎟⎟⎠
, (70)

and

α1
i1

=

⎛

⎜⎜⎜⎜⎝

∂iȦ0

−Ä1

−Ä2

−Ä3

∂2
i Ȧ0

⎞

⎟⎟⎟⎟⎠
. (71)

To matrix (70), a first-order zero eigenvector can be given by

λ1 = (0, ∂1δ(x − x ′), ∂2δ(x − x ′), ∂3δ(x − x ′),1). (72)

Then a secondary identity can be easily obtained

γ 1 = λ1α
1 = d

dt
(∂iπ

i) = 0, (73)

and it has a total time differential form. So it can not bring out any new identity. The two
identities (67) and (73) are pretty consistent with (58) and (59) in Hamiltonian formalism,
so the required gauge transformations can be deduced [10, 28] as

{
δA0(x) = w0(t),

δAi(x) = ẇ0(t)∂iδ(x − x ′).
(74)

It is easy to see that the gauge transformations (74) are completely consistent with these (61).
The result keeps the validity of Dirac conjecture to free electromagnetic fields.
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5 Conclusions

In this paper, how to solve the gauge identities for a constrained system has been reviewed
first. The gauge identities in Lagrangian formalism are consistent with the first-class con-
straints in Hamiltonian formalism for a constrained dynamic system, in which Dirac con-
jecture is valid. Once the consistence vanishes to a system, in which Dirac conjecture
would lose its validity. The gauge identities give rise to the gauge transformation via La-
grangian method, and the FCCs arise the gauge transformations through Hamiltonian ap-
proach. Therefore, the validity of Dirac conjecture can be told by whether the gauge trans-
formations in Lagrangian formalism are equivalent to these in Hamiltonian formalism. This
method is different from the old methods that they used expanded Hamiltonian, it depends
on Lagrangian and total Hamiltonian of the constrained system. To prove this method, there
are three examples, which include two counterexamples and an example to Dirac conjecture.
The final results completely agree with the results discussed [29]. To constrained system
with mixed constraints, whether the method is effective which needs to discuss again.

Acknowledgements This subject is supported by National Nature Science Fund (10671086), Shandong
Province Nature Science Fund (Y2008A14 and Y2007A01). We would like to extend special thanks to Gui-
Hong Zhang for revisions of grammar errors.

References

1. Dirac, P.A.M.: Can. J. Math. 2, 129 (1950)
2. Dirac, P.A.M.: Lecture on Quantum Mechanics. Dover, New York (1964)
3. Cawley, R.: Phys. Rev. Lett. 42, 413 (1979)
4. Cawley, R.: Phys. Rev. D 21, 2988 (1980)
5. Frenkel, A.: Phys. Rev. D 21, 2986 (1980)
6. Li, A.M., Jiang, J.H., Li, Z.P.: Acta Phys. Sin. 51, 943 (2002). (In Chinese)
7. Li, A.M., Zhang, X.P., Li, Z.P.: Acta Phys. Sin. 52, 1054 (2003). (In Chinese)
8. Rothe, H.J., Rothe, K.D.: Ann. Phys. 313, 479 (2004)
9. Banerjee, R., Rothe, H.J., Rothe, K.D.: J. Phys. A 33, 2059 (2000)

10. Banerjee, R., Rothe, H.J., Rothe, K.D.: Phys. Lett. B 479, 429 (2000)
11. Shirzad, A., Mofhadam, M.S.: J. Phys. A 32, 8185 (1999)
12. Rothe, H.J.: Lagrangean approach to Hamiltonian gauge symmetries and the Dirac conjecture.

hep-th/0205243
13. Rothe, H.J., Rothe, K.D.: Lagrangean approach to gauge symmetries for mixed constrained systems and

the Dirac conjecture. hep-th/0302210
14. Rothe, H.J.: Phys. Lett. B 539, 296 (2002)
15. Li, Z.P., Li, A.M., Jiang, J.H., Wang, Y.L.: Commun. Theor. Phys. 43, 1115 (2005)
16. Costa, M.E.V., Girotti, H.O., Simòes, J.J.M.: Phys. Rev. D 32, 405 (1985)
17. Staito, Y., Sugano, R., Ohta, T., et al.: J. Math. Phys. 30, 1122 (1989)
18. Garcia, X., Pons, J.M.: Ann. Phys. 187, 355 (1988)
19. Cabo, A., Chaichian, M., Martinez, D.L.: J. Math. Phys. 34, 5646 (1993)
20. Henneaux, M., Teitelboim, C., Zanelli, J.: Nucl. Phys. B 322, 169 (1990)
21. Shirzd, A.: J. Phys. A 31, 2747 (1998)
22. Li, Z.P., Li, X.: Int. J. Theor. Phys. 30, 225 (1991)
23. Li, Z.P.: Europhys. Lett. 21, 141 (1993)
24. Li, Z.P.: Chin. Phys. Lett. 10, 68 (1993)
25. Li, Z.P.: J. Phys. A 24, 2461 (1991)
26. Li, Z.P.: Acta Phys. Sin. 41, 710 (1994). (In Chinese)
27. Wu, B.C.: Int. J. Theor. Phys. 33, 1557 (1994)
28. Gitman, D.M., Tyutin, I.V.: Quantization of Fields with Constraints. Springer, Heidelberg (1990)
29. Li, Z.P.: Constrained Hamiltonian System and Its Symmetries. Beijing University Polytechnology Press,

Beijing (1999). (In Chinese)

http://arxiv.org/abs/hep-th/0205243
http://arxiv.org/abs/hep-th/0302210

	Gauge Symmetries and Dirac Conjecture
	Abstract
	Introduction
	Dynamics of System with Singular Lagrangian
	Two Counterexamples to Dirac Conjecture
	An Example to Dirac Conjecture
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


