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In a recent paper, Jaradat et al. [J. Math. Phys. 53, 033505 (2012)] have pre-
sented the fractional form of the electromagnetic Lagrangian density within the
Riemann-Liouville fractional derivative. They claimed that the Agrawal procedure
[O. P. Agrawal, J. Math. Anal. Appl. 272, 368 (2002)] is used to obtain Maxwell’s
equations in the fractional form, and the Hamilton’s equations of motion together
with the conserved quantities obtained from fractional Noether’s theorem are
reported. In this comment, we draw the attention that there are some serious steps
of the procedure used in their work are not applicable even though their final results
are correct. Their work should have been done based on a formulation as reported
by Baleanu and Muslih [Phys. Scr. 72, 119 (2005)]. C© 2014 AIP Publishing LLC.
[http://dx.doi.org/10.1063/1.4868479]

Jaradat et al.1 presented a fractional form of the electromagnetic Lagrangian density by using the
Riemann-Liouville fractional derivatives. They reported that they have used the Agrawal approach
presented in Ref. 2 to obtain the fractional Euler-Lagrange equations for the constructed fractional
electromagnetic Lagrangian density. Although they obtained the correct results, they did not use the
correct formulations as well as the previous works relevant for their problem. The purpose of this
comment is to present the correct procedure which should be used.

We start by reviewing the definition of partial fractional derivative for a function of several
variables. The partial left Riemann-Liouville fractional derivative of order αk is defined as3
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while the partial right Riemann-Liouville fractional derivative of order αk is of the form3
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where 0 < αk < 1. Note that we have used bold D to represent partial fractional derivatives. If
we have the Lagrangian for the field system in the form L = L(φ, ∂μφ), then the corresponding
Euler-Lagrange equation becomes

∂L
∂φ

− ∂μ

L
∂(∂μφ)

= 0, (3)

where φ is the field variable.
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Let us consider the action function of fractional classical fields of the form

J =
∫

L(φρ, aμ
Dα

xμ
φρ, xμ

Dβ

bμ
φρ, x)d3xdt, (4)

which is the corrected form of Eq. (9) in Ref. 1. Following Ref. 3, in the case of the continuous field
fractional derivatives, the Euler-Lagrange equations for this action are given as
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where a and b in Eq. (10) in Ref. 1 are replaced by aμ and bμ.
At this point we notice that Jaradat et al.1 have done some technical errors in their calculations.

They used ordinary fractional derivatives instead of the partial fractional derivatives. Also, they
have fixed the limits of the integration for all fractional derivatives. They should use Eqs. (1) and
(2) instead of Eqs. (1) and (2) in their paper. Therefore, Eq. (10) in Ref. 1 should be replaced by
Eq. (5). Also the left and right partial fractional derivatives in their work should be written as akDαk

xk

and xkDαk
bk

, respectively.
In addition, they claimed that Eq. (10) in Ref. 1 has been obtained by Agrawal.2 We recall that

Agrawal discussed in that paper only the discrete systems but Eq. (10) is related to the continuous
systems, so the authors should have used the generalization of Agrawal work which is given by
Baleanu and Muslih in Ref. 3. We believe that all equations should be corrected according to the
notes discussed above. For example, Eq. (21) in Ref. 1 should be corrected as
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Another technical error they used is the traditional method in obtaining the Hamiltonian Eq. (27)
in Ref. 1, while they should have used the theory of constrained systems given by Dirac4 because
one of the conjugate momenta (namely, παφ

= 0) is equal to zero.
In addition to this, the fractional Lagrangian Eq. (26) in Ref. 1 has no obvious form. We are

unable to figure out the meaning of its arguments, e.g., what is the meaning of Ai and Aj and what is
the difference between them.
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