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Introduction 

A cohomological approach is 
hidden symmetries and especially 
external calculus is a feature of Ein
symplectic manifolds [4]. We note t
4-volume integral of the scalar curv
(see, for example a review work [5
model set up. Similar approach is 
introduced by analogy with the theo
standard form used in general relativ

In our approach, we build the a
 

              
 

where ∗ is the Hodge star operator. T
defined simultaneously on the tange

 

 
The objects are well-known an

the action can be constructed in a co
We use the following concepts

manifold R1,3. We naturally assume 
space. That is, at each point R1,3 a 
metric takes the simple form  = 

Here below, we use Latin lette
global system  on R1,3.Thus at 
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se of a complex scalar field on a Riemannian manif
nstruct field theory Lagrangians. The total Lagrangia

To this end, we use inner product of differential (p, 
luding that for gravity, can be represented in quadrat

mited to the case of the Levi-Civita metric. We stress s
operty. Within the model, Klein-Gordon, Maxwell and

ory, exterior calculus, differential forms, field theory

used to describe field theory models as a power
topological properties. The use of the theory o

nstein-Cartan’s theory [1, 2], teleparallel gravity 
that the action for gravitational field in general r

vature of the field, or other scalars are built from 
]). The reason for such choice is to keep invaria
used in the gauge theory of gravity, where the

ories of physical fields, but the action of the field 
vity; see, for example, one of the first work [6].  
action based on the well-known inner product of d

                                                                              

The concept of external differential forms is gene
ent and cotangent bundle and written in the antisym

 

d called (p, q)-forms. We introducing these and u
ohomological approach. 
 and notations. Let  be coordinates in a certain
that a small neighborhood of each point R1,3 is is
local coordinate system  (a = 0,1,2,3) can b
diag(1,−1,−1,−1). 

er indices for local coordinate system and  Gr
each point on R1,3 the following elements are 

elementary oriented area , volume 
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4-volume  form  
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The relation of the differentia

given point is determined by the coe
 

,         
 
If we define a basis  indep

turn into functions of the system 

they can be considered as a tetrad of
The space-time metric on R
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In the following, along with the
denoted by ∧, we will use notation

On TR1,3, an antisymmetric ba
contravariant antisymmetric tensors
forms, can be expanded. In particul
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and the total ghost number shou
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with the operator  rather

. We stress that the int
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Let (p, q)-forms be antisymmet
antisymmetric with respect to the bo
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e notation and for the anti-symmetric b
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s called here as q-forms, dual to the usual antis
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ev-Popov’s ghost fields meaning; see [7] for de
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troduced above are the same as  but antisy
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There is an isomorphism betwe
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Let’s define the generalization
using the metric tensor due to the ru

 

A covariant exterior different
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In particular, when it is acting o
 

Here and after, by  is mean
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forms. However, on the space of (0, 
 

 

where  is the Riemannian curv

It can be shown that the dual to
be represented as , o

 

Using the 4-form of volume

contravariant tensor 

operators: the operator ∗ which is t
conjugate operator * converting (p,

The Hodge star operators ∗ and

p-rank of the form by one ((p, q)→
can be shown that 
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Note that the operator can be d

It is easy to check that comm

isomorphism ). We use the term 
the latter applies only for odd (p+q)
[8]) can be applied here to a full e
operators (2) and (3) gives the Ricci
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The inner product (1) allows to
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where  is a

For 1-forms  and 
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2. Scalar Field 

The complex scalar field
points of R1,3, with a complex str

. In the last case,
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The inner product of two comp
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where the Hermitian conjugation 
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) rank. We now see that methods of cohomology 
extent. However, it is easy to verify that the co
i tensor when acts at the (0,1)-form: 
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This allows us to represent the 
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Klein-Gordon equation in the fo
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with imposed local U(1) symmetry w

 

, 

where  is a generato

Thus, the covariant derivative
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In field theory, the covariant
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Generalization of external calc
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the covariant differential on Riema
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For double differential we have
 

 
Obviously, the first term is iden
 

 

Taking into account the relation

 

 

Finally, the action of the electro

terms of structure elements of tangen
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