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we suppose (Sν
F (t), u, v) → L(Sν

F (t), u, v) to be a Cν(F )-function [9].

Definition 2.2. The fractal Frechet derivative is defined by
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where h ∈ C∞(F,Rn).

Theorem 2.3. The fractal Euler-Lagrange equation is given by(
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Theorem 2.4. The fractal Dubois-Reymond optimality condition is given by
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Theorem 2.5. Let us consider a fractal functional as follows

(2.7) Jν [q] =
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where q ∈ C2(F,Rn) and Lν(., ., .) ∈ C2(F,Rn × Rn). If q(.) is an extremal, then
we have(
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which is called the fractal Euler-Lagrange equation.

Definition 2.6. Fractal functional (2.2) is called to be fractal s-invariant under of
group of diffeomorphism Ψi = {ψi(s, .)}s∈R, i = 1, 2 if it satisfies
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for any q(.) ∈ W̃ 1,p where W̃ 1,p is the fractal Sobolev space [9].

Theorem 2.7. If fractal functional (2.2) is invariant under Eq.(2.9) ,then we have(
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Theorem 2.8. If the fractal Lagrange equation is as
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is a constant of motion.

Example 2.9. Consider the fractal Lagrangian as
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Example 2.10. Consider the fractal functional in the following form
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By minimizing Eq.(2.16), we arrive at
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Figure 1. Graph of Eq.(2.20) for case of ν = 1
2

Simplifying Eq.(2.17) and setting α = β = 0.1 and neglecting α2β and α2β2 terms
we arrive at
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The solution of Eq.(2.18) is
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By using Sν
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where U(., ., .) is the confluent hypergeometric function of the 2nd kind and Ln
a(x)

is the associated Laguerre polynomial (see Figure 1). For the case of α = β = 0, we
have q(t) = c3 exp(S

ν
F (t)) + c4 exp(−Sν

F (t)).

In the table 1, two methods, i.e. fractional and fractal space models, are com-
pared.

3. Conclusion

In this paper, the fractal Frechet derivatives have been defined. The fractal gen-
eralized Euler-Lagrange equation and fractal Dubois-Reymond optimality condition
have been given and compared fractal space approach by fractional space model to
present the effect of space with fractional dimension on dynamics.
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Table 1. Comparison of generalized derivative operator [5] and gen-
eralized fractal derivative operator
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