Delay Equations 307

F. Further topics

6.1 Delay Equations

Nonlinear Retarded Functional Differential Equations of Arbitrary (Fractional) Orders Ahmed M. A. El-Sayed Faculty of Science, Alexandria University, Alexandria, Egypt email: ama@alex.eun.eg The arbitrary (fractional) order integral operator I^α , α ≥ 0 is a singular integral operator, and the arbitrary (fractional) order differential operator D^α = I^{−α} , α ≥ 0 is a singular integro-differential operator, they generalize (interpolate) the integral and differential operators of integer orders. The fractional calculus {I^α ; α ∈ R} is enjoying growing interest not only among mathematicians, but also among physicists and engineers. In this lecture we study the existence of monotone solution (in the class L_1(0, T ) of Lebesgue integrable functions) of the problems D^α_a x(t) = F (t, x(m(t))) , x(a) = x_o ≥ 0 , α ∈ (0, 1], where the function F is a nonlinear function satisfies the Caratheodory conditions, and the more general one D^αx(t) = f(t, x(t), D^{α1} x(t − r), D^{α2} x(t − 2r)), ., ., ., D^{αn} x(t − nr)) , t ∈ I. D^j x(t) = 0 , for t ≤ 0 , j = 0, 1, 2, ..., n. Here the function f(t, U) satisfies the Caratheodory conditions i.e., t → f(t, U) is measurable for every U ∈ R^{n+1} and U → f(t, U) is continuous for every t ∈ I and α ∈ (n, n + 1], α_k ∈ (k − 1, k], k = 1, 2, ..., n , and α_o = 0 . As special case we also consider the following equations:

D^αx(t) = a(t) + n∑ k=0 g_k(t, x(t))D^{αk} x(t − kr) , t ∈ I,

D^αx(t) = a(t) + n∑ k=0 f_k(t, D^{αk} x(t − kr)) , t ∈ I, with the initial conditions (3), where f_k and g_k are nonlinear functions that satisfy the Caratheodory conditions.

Special slowly oscillating periodic solution of a state dependent delay differential equation Mustapha Yebdri University of Tlemcen, Algeria email: bel@ist.cerist.dz

We consider the following state dependent delay differential equation ẋ(t) = f(x(t − r(x(t)))) where f is a real smooth function. This equation playes an important role in medicine, economy and so forth... We are interested in the existence of slowly oscillating periodic solutions, in particular special symmetric ones.

6.2 Numerics

On the Mathematical Foundation of the Nonstandard Finite Difference Method Roumen Anguelov Vista University email: anglv-r.marlin.vista.ac.za

Jean M-S Lubuma Vista University email: lbuma-js.marlin.vista.ac.za

The finite difference method is one of the oldest, simplest and thus very popular technique for the numerical treatment of differential equations. For most of the equations in mathematical physics finite difference schemes have been designed and investigated from both theoretical point of view (convergence) and practical point of view (consistency, stability). Furthermore, provided the solution is smooth enough, these schemes produce numerical solution with optimal rates of convergence when the step-size approaches zero.

One disadvantage of this standard approach is that qualitative properties of the exact solution are not transferred to the numerical solution. In practice, the limit of the stepsize is not reached. What we have is the numerical solution obtained for one or several values of the step-size. Thus, the stated disadvantage might be catastrophic.

The nonstandard approach discussed in this talk preserves essential properties of the exact solution. This is achieved by replacing derivatives by nonstandard finite difference operators with denominators that are suitable function of the step-size, nonlinear expressions being, in general, approximated nonlocally.

Nonstandard finite difference techniques were developed empirically [1] for solving practical problems in applied sciences and engineering. Although they produce results satisfactory to their users, these techniques have not yet been subjected to rigorous mathematical analysis. Some concepts are still unclear.

Our aim is to give rigorous mathematical meaning and justification of some key concepts involved in the design of nonstandard finite difference schemes. We also discuss a certain number of ”successful” empiric procedures the mathematical justification of which is still pending.

References

[1] Mickens R. E. Nonstandard Finite Difference Models of Differential Equations.

World Scientific, Singapore - New Jersey - London - Hong Kong, 1994.

Optimal derivative procedure of a nonliear ODE. Tayeb Benouaz University of Tlemcen, BP 119,Tlemcen 13000, Algeria email: Bel@ist.cerist.dz We introduce a certain notion of approximation defined as the optimal derivative of the following nonlinear ordinary differential equation dx dt = F (x (t)) , x (0) = x_0.

This approximation is global in the neighborhood of a steady state. That is obtained as a sort of mean value of the derivative of the nonlinear function along trajectories linking the initial value to the origin. The procedure is based on the minimization of a certain functional with respect to a curve starting from an initial value x_0 and going to 0 as t goes to infinity. At each step, it gives a linear map, starting from the Jacobian matrix DF (x) estimated at the initial value x_0. The optimal Derivation of the nonlinear equation is obtained as a limit of the sequence of linear maps determined by the procedure and can be written as dx dt = Ãx (t) , x (0) = x_0.

Our results are in the line of previous work by Vujanovic in (1973) and Jordan et al (1987) .

References [1] T. Benouaz and O. Arino. Least square approximation of a nonlinear ordinary differential equation. Computers Math. Applic.Appl., 31 (8):69-84, (19996).

[2] T. Benouaz and O. Arino. Determination of the stability of a nonlinear ordinary differential equation by least square approximation. Appl. Math. and Comp sci., 5 (1):33-48, (1995).

An Approximate Method of Solution of Some Types of Singular Integro-Differential Equations Alla Boikova Penza State University email: boikov@diamond.stup.ac.ru The presentation is devoted to approximate method of solutions of singular integrodifferential equations, which is based on the approximation of functions by interpolated polynomials, fundamental functions of which are characteristic functions of differential and integral operators. This method was discussed in the papers [1]. We here spread it on the Cauchy problem for many types of singular and hypersingular integro-differential equations as: a(t)x(t) + b(t) 1∫ −1 p(τ)x^′(τ)dτ τ − t + λ 1∫ −1 p(τ)h(τ)dτ = f(t), −1 < t < 1, where p(t) is a weight, a(t), b(t), h(t), f(t) ∈ H_α, 1∫ −1 p(τ)x^′(τ)dτ (τ − t)^2 + λ 1∫ −1 p(τ)h(τ)dτ = f(t), −1 < t < 1,

where^1 ∫ −1 x(t)t^{−2}dt is hypersingular integral.

For example, let us consider the Cauchy problem for the Prandtl singular integrodifferential equation of finite wing: KΓ ≡ Γ(t) b(t) − 1 π 1∫ −1 Γ^′(τ)dτ τ − t = f(t), Γ(−1) = Γ(1) = 0

where −1 < t < 1, b(t), f(t) ∈ H_γ (0 < γ < 1). We obtain the approximate solution in the analytical form

Γ_n(t) = √ 1 − t^2 n∑ k=0 ( 1 γ_k n∑ i=0 U_i(μ_k)U_i(t) ) f(μ_k)B(μ_k) ( √ 1 − μ^2_k + B(μ_k))

where γ_k =^n ∑ i=0 U^2_i (μ_k) is a Chebyshev polynomial of the second kind, k is its degree and μ_k, k = 0, 1, . . . , n, are the roots of the polynomial U_{n+1}(t). References [1] A. Boikova. Methods for the approximate calculation of the Hadamard integrals and solution of integral equations with Hadamard integrals, in C. Constanda , J. Saranen and S. Seikkala (Editors) Integral methods in science and engineering. Volume two: approximation methods, Addison Wesley Longman, 1997.

Event recognition using a binary discriminant tree Mostafa Mjahed Département Maths et Systèmes, Ecole Royale de l’Air, 40000 Marrakech, Morocco also at LPTN, Faculty of Sciences Semlalia, Marrakech. jahed@hotmail.com In this paper, we propose a new design procedure for constructing a multivariate and discriminant binary tree for classifying high energy reactions data.

A binary decision tree is usually generated by repeated splits of the learning event set into two descendant subsets [1]. At each node of the tree, the split is obtained by a cut on the selected variable. Several attempts have been made to construct binary trees otherwise [2-4].

Instead of an univariate design, we suggest to use some linear discriminant functions. These discriminant functions are combinations of discriminant variables. Their choice is imposed by the topology of the events to be classified. Moreover, the computation of the functions’ cuts values is based on minimizing the Kolmogorov- Smirnoff distance. Finally, a test of performance using efficiencies and purities of classifications is used.

Experiments on real and simulated test data, containing four classes of high energy reactions events show that the proposed discriminant tree classifier is faster and more efficient than the univariate binary decision tree.

References

[1] L. Breiman et al. Classification and regression trees.Wadsworth, Monterey, California (1984).

[2] C. E. Brodley and P. E. Utgoff. Multivariate decision tree. Machine learning , 19:45 - 77, (1995).

[3] S. Shlien. Multiple binary decision tree classifier. The Journal of the Pattern Recognition Society, 23:757 - 763, (1990).

[4] L. A. Breslow and D. W. Aha. Symplifying decision tree: A survey. Knowledge Engineering Review, 12: 1-40 (1997).

On the investigation of boundary value problems Miklos Ronto Institute of Mathematics, University of Miskolc, Hungary email: matronto@gold.uni-miskolc.hu One of the problems which will be considered is the following two-point non-linear boundary value problem: dx/dt = f(t, x, λ_1, λ_2), Ax(0) + C(λ_1)x(T ) = d(λ_1, λ_2), x_1(0) = x_{10}, x_2(0) = x_{20}.

Here, f ∈ C([0, T ] × D × [a_1, b_1] × [a_2, b_2], R^n), D ⊂ R^n (n ≥ 3) is closed and connected, and d ∈ C([a_1, b_1] × [a_2, b_2], R^n); A and C(λ_1) are members of R^{n×n} such that det[k_1A + k_2C(λ_1)] ≠ 0 for some real k_1 ≠ k_2 and all λ_1 ∈ [a, b]; λ_1 ∈ [a_1, b_1] and λ_2 ∈ [a_2, b_2] are unknown scalar parameters.

We give a numerical-analytic method of successive approximations to establish existence theorems for a solution (x^∗, λ^∗_1, λ^∗_2) and construct approximations to the solution.

It is shown that, under certain conditions, the sequence

x_{m+1}(t, z, λ) = z + k_1Hd_1(z, λ) + ∫_t 0 f(s, x_m(s, z, λ), λ_1, λ_2)ds − t T ∫_T 0 f(τ, x_m(τ, z, λ), λ_1, λ_2)dτ + t T Hd_1(z, λ)ds, where m = 0, 1, 2, . . ., x_0(t, z, λ) ≡ z + k_1Hd_1(z, λ), H = [k_1A + k_2C(λ_1)]^{−1}, d_1(z, λ) = d(λ_1, λ_2) − [A + C(λ_1])z, λ = (λ_1, λ_2),

z = col(x_{10}, x_{20}, y_1, . . . , y_{n−2}) = col(x_{10}, x_{20}, y), uniformly converges.

The function x^∗(t, z, λ) = lim_{m→∞} x_m(t, z, λ) is a solution of the original problem iff the pair (y, λ) satisfies the determining equation

Δ(y, λ) := 1 T (k_2 − k_1)Hd_1(z, λ) − 1 T ∫_T 0 f(t, x^∗(t, z, λ), λ_1)dt = 0. A survey of the investigations concerning the method under consideration for various types of problems can be found in [1, 2].

References

[1] A.M. Samoilenko and N.I. Ronto. Numerical-analytic Methods of Investigating Periodic Solutions. Mir Publishers, Moscow, 1979.

[2] A.M. Samoilenko and N.I. Ronto. Numerical-analytic Methods in the Theory of Boundary Value Problems. Naukova Dumka, Kiev, 1992 [in Russian].

Coupling of kinetic and hydrodynamic equations: the case of Carleman model Moulay Tidriri Iowa State University email: tidriri@iastate.edu

The coupling of kinetic equations and their hydrodynamic limits was introduced and studied by Le Tallec and Tidriri [2,3] and Tidriri [4]. This approach was introduced in order to solve several difficulties that occur at the interface between fluid mechanics and kinetic theory. Because of the practical importance of these methodologies, the establishment of their mathematical foundations is of crucial importance. The mathematical theory of such coupling started in [4] and continued in [2,3], where the coupling of two models of hydrodynamical type is considered. In [5,7], the author provided an analysis of the coupling of two models of kinetic type. In [6] the author provided the analysis of the coupling of kinetics equations and their hydrodynamics limits for the Carleman model. In these papers, the author established the existence theory and the asymptotic behaviour of the resulting coupled systems. Moreover, he studied the semi-discretized (with respect to the time variable) coupled systems via the Time Marching Algorithm also introduced in [2,4] and established the convergence theory for the resulting coupled problems. Finally, he provided numerical results confirming the above mentioned mathematical results.

As far as we know the above mentioned results are the first mathematical results about the analysis of coupled systems of kinetic equations or coupled systems of kinetic equations and their hydrodynamical limits.

In our proposed talk, we shall first, present a motivation to our studies by giving some numerical results and experimental evidences that show why such coupling is of crucial practical importance. we shall then give more details about the analysis of the coupling of kinetic equations and their hydrodynamics limits.

References

[1] J.-F. Bourgat, P. Le Tallec and M. D. Tidriri, Coupling Navier-Stokes and Boltzmann. J. Comp. Phy. 127 227–245, (1996).

[2] P. Le Tallec and M. D. Tidriri, Convergence analysis of domain decomposition algorithms with full overlapping for the advection-diffusion problems, ICASE Report No. 96–37. In press Math. Comp.

[3] P. Le Tallec and M. D. Tidriri, Application of maximum principles to the analysis of a coupling time marching algorithm. In press Journal of Mathematical Analysis and Applications.

[4] M. D. Tidriri, Couplage d’approximations et de modèles de types différents dans le calcul d’écoulements externes, PhD thesis, Université de Paris IX, 1992.

[5] M. D. Tidriri, Asymptotic analysis of a coupled systems of kinetic equations. Submitted to C. R. Acad. Sci. Paris Sér. I Math.

[6] M. D. Tidriri, Coupling of kinetic and hydrodynamic equations: the case of Carleman model. Submitted to C. R. Acad. Sci. Paris Sér. I Math.

[7] M. D. Tidriri, Asymptotic and numerical analysis of a coupled systems of kinetic equations. Submitted to Mathematical modelling and Numerical Analysis.

6.3 Ordinary Differential Equations

Uniformly Isochronous Quintic Planar Vector Fields A. Algaba Mathematics Dept., Huelva University, Spain

M. Reyes Mathematics Dept., Huelva University, Spain

T. Ortega Mathematics Dept., Huelva University, Spain

A. Bravo Mathematics Dept., Huelva University, Spain email: abravo@uhu.es

In this paper we analyze the center problem, and consequently the isochronicity, for the vector fields ( −y + x ∑_4 i=1 H_i(x, y), x + y ∑_4 i=1 H_i(x, y) ) , with H_i homogeneous polynomial of the i-th degree, i = 1, . . . , 4, and H_iH_4 ≠ 0 for some i = 1, 2 or 3. To treat such problem basically we use procedure based in normal forms and also characterization of center through the existence of Lie’s symmetries of the system (see [1]). Besides, we give commutators, null divergence factors and first integrals of some subfamilies. We also include the phase portrait of the centers with polynomial commutators on the Poincare disk. We finish the paper with two open problems.

The vector fields we are studing belong to the family (S) (−y + xH(x, y), x + yH(x, y)) , where H is an analitic function in a neighbourhood of the origin, with H(0, 0) = 0. As far as we know, some subfamilies of these systems have been studied by several authors. [4] analyzes (S) with H an homogeneous polynomial of an arbitrary degree, drawing to the conclusion that if the degree of H is odd the origin is a center, whereas if it is even it’s necesary that the integral of H on S^1 must vanish. Moreover, in [1] the isochronous condition have been obtained according to the coeficients of the systems. [7] research some properties for first integrals and for commutators of the systems studied by Conti with H an homogeneous function. [6] provides linearizating changes for the reversibles systems (S) with H = H_1 + H_2. Next, [5] removes the reversibility condition and shows that the only existing centers are the reversible ones. [2] and [3] study, in an independent way, the centers of the systems (S) with H = H_1 +H_2 +H_3, with H_iH_3 ≠ 0, i = 1, 2. All of them are reversible centers and there are some isochronous ones which don’t have polynomial commutator.

References

[1] A. Algaba, E. Freire, E. Gamero. Isochronicity Via Normal Form. Preprint, (1997). [2] A. Algaba, M. Reyes, T. Ortega, A. Bravo. Quartic Vector Fields with Constant Angular Speed. Preprint, (1999).

[3] J. Chavarriga, I.A. García, J. Giné. On Integrability of Differential Equations Defined by the Sum of Homogeneous Vector Fields with Degenerate Infinity. Preprint, (1999).

[4] R. Conti. Uniformly Isochronous of Polynomial Systems in IR^2. Collection: Differential Equations, Dynamical Systems and Control Science, 21-31, (1994).

[5] C.B. Collins. Conditions of a Centre in a Simple Class of Cubic Systems. Diff. Int.

Eq., 10: 333-356, (1997).

[6] P. Mardesic, C. Rousseau, B. Toni. Linearization of Isochronous Centers. Journal of Diff. Eq., 121: 67-108, (1995).

[7] L. Mazzi, M. Sabatini. Conmutators and Linearizations of Isochronous Centres.

Preprint, (1997).

Investigation of Resonances Using Higher Order Normal Forms Dmitri Balashov Institute of Mechanics, University of Kassel, 34109 Kassel, Germany email: balashov@ifm.maschinenbau.uni-kassel.de In the present analysis the higher order normal forms technique [2] is applied to the local analysis of the shock adiabat in an elasto-plastic solid and the transient resonance response of a non-linear slow-variant simple degree of freedom system. The solution of these problems is reduced to the investigation of a trajectory dynamic which is governed by the corresponding systems of non-linear ordinary differential equations. The local analysis in the vicinity of a stationary point is provided in the resonance case when the corresponding linear part has a multiple zero eigenvalue. The step to step technique of nearly identity transformations is applied to the analysis of a dynamics on the central manifold.

The shock adiabat in elasto-plastic solid with the smooth convex yield surface is constructed by embedding the Kelvin-Voigt type viscosity element in the rheological model [1], [3]. In the general case of a combined loading in the viscous layer the problem is reduced to the investigation of the following system of ordinary differential equations du_i dξ = ( L_{1i1p}(σ_{αβ} ) − (c^2 + ε)δ_{ip} ) u_p , dσ_{ij} dξ = −L_{ijk1}(σ_{αβ} )u_k here ξ is the coordinate of a viscous layer, u_i and σ_{αβ} are accelerations and stresses, L_{ijkl}(σ_{αβ} ) are components of the acoustic tensor, c is the sound velocity at the state after the shock, ε is the small nonnegative parameter.

Small intensity shock waves correspond to the heteroclinic type trajectories lim ξ→±∞ u_i(ξ) = 0 , lim_{ξ→±∞} σ_{ij} (ξ) = σ^±_{ij}

which satisfy the inequality of an active plastic load: A_{pqk1}F_{pq}(σ_{αβ} )u_k ≤ 0 A_{ijkl} are elastic moduli, F_{ij}(σ_{αβ} ) is the yield surface gradient.

Using the Lax evolutionary conditions the types of bifurcations with respect to a change in the velocity of a shock wave are found. An integration of the normal form is reduced to the investigation of an ordinary differential equation of the first order. The conditions of solvability which follow from the inequality of active plastic load are established. Numerical simulations of heteroclinic orbits are performed.

References [1] Balashov, D. B. and Kamenyarzh, Ya. A., On Simple Waves in Elastic-Ideal Plastic Medium, Journal of Applied Mathematics and Mechanics (Russian Academy of Sciences), 53(4):551-553, (1989).

[2] Bruno, A. D., Local Methods in Nonlinear Differential Equations, Springer, 1989. [3] Nouri A., and Chossat P., Shock Waves of Small Amplitude in Elastoplastic Solids, European Journal of Mechanics, A/Solids, 12(1):95-124, (1993).

Differential Equations of Infinite Order with Subordinate Terms Galina Balashova Moscow,Russia email: balashov@cs.isa.ac.ru Let G ⊂ R^ν , ν > 1, be a bounded domain and Γ be a boundary of the domain.

The solvability of the following Dirichlet problem for nonlinear differential equations of infinite order is being considered

L_1(u) + L_2(u) = ∞∑ |α|=0 (−1)^{|α|}D^αA_α(x, D^γ u) + ∞∑ |α|=0 (−1)^{|α|}D^αB_α(x, D^ωu) = h(x),

x ∈ G, (1) D^βu(x) = 0, x ∈ Γ, |β| = 0, 1, ... . (2)

The A_α(x, D^γ u), B_α(x, D^ωu) are continuous functions of x ∈ G and of all possible derivatives D^γ u and D^ωu, |γ| ≤ |α|, |ω| ≤ |α|. The right side h(x) of equation (1) may be a generalized function with singularity of infinite order.

Definition. The differential operator L_1(u) is called principal in comparison with operator L_2(u) (henceforth referred to as subordinate) if the space, being the domain of L_1(u), is compactly embedded in the space corresponding to L_2(u).

The conditions for compact embedding of the corresponding spaces for the comparison of the operators L_1(u) and L_2(u) has been studied. That allowed us to receive the conditions of solvability of the problem (1), (2), to indicate the methods of its examination. If (1) is the linear equation containing subordinate terms then it is Fredholm. That theory has allowed to receive the solvability of the series of problems which could not be solved earlier. That is demonstrated by examples.

On n-dimensional Riccati extended forms Katalin Balla Computer and Automation Institute, Hungarian Academy of Sciences email: balla@sztaki.hu We deal with initial value problems for the system of implicit difference equations of the form A^∗(n)Φ(n) − Φ(n + 1)f^∗A^∗(n)Φ(n) = 0, n = 0, 1, . . . ,

where the (m+1)×(m+1) complex matrices A(n) are composed of entries a_{i,j}(n), i, j = 1, . . . , m + 1, f is a fixed nonzero vector of m + 1 complex components. The initial value is prescribed as Φ(0) = Φ_0.

For the lowest dimension (m = 1), the problem reduces to iteration

x (n + 1) = a_{11} (n) x (n) + a_{12} (n) a_{21} (n) x (n) + a_{22} (n) , n = 0, 1, . . . . This iteration with constant real coefficients was studied by Brandt. Later, Kočic and Ladas considered real varying coefficients, too. Recently in the joint paper with Agarwal, we investigated the case with complex, constant coefficients when m = 2. We described the equilibria. Some problems of asymptotic stability were addressed there, too.

In general case, we observe that there exists at most one local solution Φ(n), n = 0, . . . , N + 1, of the problem such that f^∗A^∗ (n) Φ (n) ≠ 0, n = 0, . . . , N. For this local solution f^∗Φ (n) = 1, n = 1, . . . , N + 1, holds.

It turns out that the local solution can be given directly. It helps us to formulate a criterion for the the existence of the global solution.

Attention is paid to the constant case. The results obtained for the case m = 2 earlier for equilibria and asymptotic stability are extended now, as well.

References [1] L. Brand. A sequence defined by a difference equation.Amer. Math. Monthly, 62:

489-492, (1955).

[2] V. L. Kočic and G. Ladas. Global behavior of nonlinear difference equations of higher order with applications. Kluwer, Dordrecht, (1993).

[3] R. P. Agarwal and K. Balla. On Riccati’s extended form. Applicable Analysis, 69(1-2): 133-147, (1998).

On the Solutions of the Second Order Differential Equation with Variable Parameters Irina V. Barteneva Donetsk Railway Institute, Ukraine email: tanya@imail.dc.ukrtel.net Consider a linear differential equation

d^2x dt^2 + p(t) dx dt + q(t)x = 0, (1)

where t is time, p(t), q(t) are continuous functions which are bounded on every compact. In [1] one can find that no solution of (1) can possess a zero of order greater than one. Let t_1 and t_2 denote consecutive zeros of some solution x(t) of the equation (1) (t_2 > t_1).

Theorem. Let a = sup_{t1≤t≤t2} |p(t)|, b = sup_{t1≤t≤t2} |q(t)|. Then

1) t_2 − t_1 ≥^{4√}_{4b−a2} (^π_2 − arctan^{a√}_{4b−a2} ) if 4b > a^2;

2) t_2 − t_1 ≥^4_a if 4b = a^2;

3) t_2 − t_1 ≥^{2√}_{a2−4b} ln^{a+√a2−4b}_{a−}^√_{a2−4b} if 4b < a^2.

References [1] Philip Hartman. Ordinary Differential Equations.New York-London-Sydney, (1964).

Some Criteria on the Uniqueness of Limit Cycles in planar Polynomial Systems Javier Chavarriga Universitat de Lleida. Spain email: chava@eup.udl.es Héctor Giacomini Université de Tours. France email: hgiacomini@infovia.com.ar Jaume Llibre Universitat Autònoma de Barcelona - Bellaterra. Spain email: jllibre@mat.uab.es Josep Mallol Universitat de Lleida. Spain email: jmallol@hotmail.com

In this article we give criteria on the uniqueness of limit cycles in planar polynomial systems. It is well known that provided a system has an invariant straight line, there can be at most one limit cycle [1]. Also that parabolas, which are particular solutions of quadratic systems can coexist with limit cycles [2]. We prove the uniqueness of some known algebraic limit cycles for quadratic systems. We present also criteria and proofs on the existence and uniqueness of limit cycles under some conditions, as well as open questions on this subject.

References

[1] Ye Yan-Qian. Theory of Limit Cycles. Trans. of Math. Monographs, Vol 66, Amer. Math. Soc, Providence, 1986.

[2] Suo Guangjian. The quadratic and cubic systems with real straight line solutions, the imaginary straight line solutions or the quadratic curve solutions. J. of Jilin Teachers College, 1:6-21, (1988)(in Chinese).

Some unexpected properties of limit cycles of quadratic systems in the plain Leonid A. Cherkas Belarusian State University of informatics and radioelectronics, P.Brovki 6, Minsk, 220027, Belarus email: cherkas@inp.minsk.by In the generic case every autonomous quadratic system in the plane, which has a finite singular point, can be reduced to a quadratic system with five essential parameters. We consider two of them dx dt = −(x + 1)y + αQ(x, y) , dy dt = Q(x, y) , Q = x + λy + ax^2 + b(x + 1)y + cy^2 ; (1)

dx dt = 1 + xy , dy dt = 2∑ i+j=0 a_{ij}x^iy^j , 2∑ i+j=0 a_{ij} (−1)^j = 0. (2)

System (1) has the larger number of rotation parameters λ, b, α. For every parameter of system (1) (for example, b) we can define the curve of limit cycles at every point (x, b) on the plane x = b which corresponds to a limit cycle of system (1) passing through the point (x, 0) for given value parameter b. The curve of limit cycles corresponds to a manifold of limit cycles in the space (x, y, b). It is known [1] that for a given rotation parameter (for example, b) the curve of limit cycles corresponds to a unique function of the variable x having a point of Andronov-Hopf bifurcation. We establish that in contrary for parameters a, c corresponding curves of limit cycles can have some branches without points of Andronov-Hopf bifurcation and they can have also turning points. We establish that quadratic system (2) can have around a weak focus A(1, −1) a separatrix cycle with two saddles at infinity and critical stability (a_n = 0).

We prove also that it is possible to take as Dulac’s function the function B = |Ψ(x, y)|^{1/k}, k = const, Ψ is a polynomial with respect to y of degree 2m, such that div(Bf) = 1 k signΨ |Ψ|^{1/k−1} P (x), P (x) > 0, x > 0. It means [2], that the number of limit cycle of system (2) around the focus A(−1, 1) is not more than m, m = 1, 2, 3; f is the vector field associated with system (2). So we have a posibility to attack the Hilbert problem for quadratic systems.

References [1] Perko L.M. Rotated vector field and the global behavior of limit cycles for a class of quadratic systems in the plane. J. Differetial Equations, 18: 63-86, (1975).

[2] Cherkas L.A. The Dulac function of plane polynomial systems. Differncial’nye Uravnenia, 33(5): 689-699, (1997) (in Russian).

Limit sets in planar systems of piece-wise linear differential equations with a line of discontinuity Fotios Giannakopoulos GMD, Schloss Birlinghoven, D-53754 Sankt Augustin, Germany email: giannakopoulos@gmd.de Andreas Kaul Mathematical Institute, Weyertal 86-90, D-50931 Cologne, Germany email: akaul@mi.uni-koeln.de Karin Pliete Mathematical Institute, Weyertal 86-90, D-50931 Cologne, Germany email: apliete@mi.uni-koeln.de We consider planar systems of piece-wise linear differential equations with a line of discontinuity. Systems of this type have applications in science and engineering. They provide mathematical models for mechanical systems with Coulomb friction, or for electrical circuits with a thin triode, or for direct control systems with a two-point relay characteristic, see [1]. We estimate all possible limit sets of such systems. They consist of stationary, periodic, homoclinic and heteroclinic orbits. We study the existence, number and stability of the orbits mentioned above. In our analysis we distinguish between stationary points, which do or do not belong to the line of discontinuity, and orbits with or without sliding motion, see [2].

References [1] A.A. Andronov, A.A. Vitt and S.E. Khaikin. Theory of oscillators. Pergamon Press Ltd, Oxford, New York, 1966.

[2] F. Giannakopoulos, A. Kaul and K. Pliete. Qualitative analysis of a planar system of piece-wise linear differential equations with a line of discontinuity. In preparation (1999).

On stability and bifurcations in nonlinear systems of differential equations Yakov Goltser The Research Institute, The College of Judea and Samaria, 44837 Ariel, Israel email: goltser@research.yosh.ac.il

We consider the nonlinear system of differential equations dx dt = A(μ)x + X(μ, x), X(μ, 0) = dX(μ, 0) = 0 (1) continuously depending on a vector parameter μ.

One of the most studied phenomena arising in the neighborhood of the point x = 0 is the Hopf’s bifurcation. It arises when by μ = 0 the matrix A(0) has a pair of pure imaginary eigenvalues. In this talk the analogous problem connected with the study of higher codimension bifurcation is considered.

Our main concern was with the following problems.

i) Stability of the equilibrium point of the system (1), when at μ = 0 the matrix A(0) has m a pair of purely imaginary eigenvalues. (The results obtained for the problem (i) relate to two different situations: non-resonance case and resonant case.)

ii) Bifurcation of m-dimensional invariant tory, when μ ≠ 0 (non-resonance case). iii) Bifurcation of steady resonance modes.

Lyapunov functions in estimates of dimension of attractors of dynamical systems G.A. Leonov Department of Mathematics and Mechanics of St. Petersburg State University email: leonov@math.spbu.ru

Lyapunov functions are introduced into the estimates of Hausdorff and fractal measures of the sets which are shifted along the trajectories of differential equations. As a result new estimates of attractors also containing Lyapunov functions are obtained. Lyapunov functions in the estimates of Hausdorff dimension of attractors of Lorenz system are constructed. With the help of these functions the validity of Eden conjecture that the dimension of Lorenz attractor is estimated by the Lyapunov dimension of a zero saddle point is proved.

For linear homogeneous continuous and discrete systems frequency-domain estimates of singular numbers of fundamental matrices are received. Here Yakubovich-Kalman and Kalman-Szego theorems about solvability of matrix inequalities are applied. On the base of frequency-domain estimates of singular numbers estimates of Lyapunov dimension of Lorenz and Hennon attractors are obtained. The comparison of these estimates with computer experiments is done.

The connection of these results and the classical theory of motion is discussed. Special attention is paid to the global stability.

On the Stability of a Second Order Linear Differential Equation with Variable Parameters Alexander O. Ignatyev Institute for Applied Mathematics and Mechanics, Ukraine; Donetsk Railway Institute, Ukraine email: ignat@iamm.ac.donetsk.ua Natalia V. Lomakina Institute for Applied Mathematics and Mechanics, Ukraine; Donetsk Railway Institute, Ukraine email: ignat@iamm.ac.donetsk.ua Consider an oscillator described by the following differential equation

ẍ + f(t)ẋ + g(t)x = 0 (1)

where the damping and rigidity coefficients f(t) and g(t) are continuous and bounded functions of the time t. Most of the theories examining a stability problem of the zero solution are based on the Lyapunov stability and instability theorems and the corresponding Lyapunov function is assumed as an energy-type function V = 1 2 c_1(t)ẋ^2 + 1 2 c_2(t)x^2

where c_1(t), c_2(t) are time variable functions. In [1], A.P.Merkin considered the case c_1(t) = c_2(t) = 1 and stability conditions were obtained only for constant f and g. An extension was done in [2] for periodic functions f(t) and g(t). By means of a Lyapunov function which is a quadratic form with respect to x and ẋ, V.M.Starzhinsky [3] (assuming that 0 < l ≤ f(t) ≤ L, 0 < m ≤ g(t) ≤ M) obtained sufficient conditions of asymptotical stability for the solution

x = 0, ẋ = 0 (2)

of equation (1). They are written as restrictions to the constants l, L, m, M.

In this paper sufficient asymptotic stability conditions of the solution (2) are obtained which are close to necessary and sufficient conditions of stability. We suppose that g(t) is continuously differentiable and that the inequalities |f(t)| < M_1, |g(t)| < M_2, |ġ(t)| < M_3 hold for t ∈ R_+ = [0; ∞).

Theorem. If the conditions

g(t) > α_1 > 0, p(t) = 1 2 ġ(t) g(t) + f(t) > α_2 > 0

are fulfilled, then the solution (2) of the differential equation (1) is uniformly asymptotically stable.

References

[1] A.P.Merkin. Stability of Motion. ”Nauka”, Moscow, , (1976). [2] V.A.Yakubovich and V.M.Starzhinsky. Linear differential equations with periodic coefficients and their applications. ”Nauka”, Moscow, , (1972).

[3] V.M.Starzhinsky. Sufficient conditions of stability of the mechanical system with one degree of freedom.J.of Appl. Math. and Mech. 16, 369-374, (1952).

Decoupling of impulsive differential equations Andrejs Reinfelds Institute of Mathematics of Latvian Academy of Sciences and University of Latvia, Akadēmijas laukums 1, Rīga LV–1524, Latvia email: reinf@latnet.lv

Impulsive differential equations provide an adequate mathematical models of evolutionary processes that suddenly change their state at certain moments. The theme of this communication is the dynamical equivalence of impulsive differential system to a system which is simpler than the given one in terms of decoupling and linearization.

Let us consider the impulsive system in the Banach space U = X × Y dx/dt = A(t)x + f(t, u), dy/dt = B(t)y + g(t, u), Δx|_{t=τi} = x(τ_i + 0) − x(τ_i − 0) = C_ix(τ_i − 0) + p_i(u(τ_i − 0)), Δy|_{t=τi} = y(τ_i + 0) − y(τ_i − 0) = D_iy(τ_i − 0) + q_i(u(τ_i − 0)), (1)

where u = (x, y), i ∈ IN, f, g, p_i, q_i satisfy Lipschitz conditions with small ε uniformly with respect to t. Let Φ(·, t_0, u_0): IR → U be the solution of the system (1), where Φ(t_0 + 0, t_0, u_0) = u_0.

Definition. Two impulsive differential systems are dynamically equivalent if there exists a map H: IR × U → U and function e: U → IR_+ such that (i) H(t, ·): U → U is a homeomorphism.

(ii) H(t, Φ(t, t_0, u_0)) = Ψ(t, t_0, H(t_0, u_0)) for all t ∈ IR, where Ψ(·, t_0, u_0): IR → U is the solution of the second system. (iii) max{|H(t, u) − u|, |H^{−1}(t, u) − u|} ≤ e(u). We find sufficient conditions under which the impulsive system (1) is dynamically equivalent to the system dx/dt = A(t)x + f(t, x, k(t, x)), dy/dt = B(t)y, Δx|_{t=τi} = C_ix(τ_i − 0) + p_i(x(τ_i − 0), k(τ_i − 0, x(τ_i − 0))), Δy|_{t=τi} = D_iy(τ_i − 0). (2)

The last system splits into two parts. The first of them does not contain the variable y, while the second one is linear. This result allows one to replace the given system by a simpler one. Relevant results concerning decoupling and simplifying of the impulsive differential systems are given also. The proof of the theorems is based on a Green maps and a functional integral equations technique.

References

[1] A.Reinfelds. A reduction theorem for systems of differential equations with impulse effect in a Banach space. J. Math. Anal. Appl., 203(1):187–210, (1996).

[2] A.Reinfelds. Dynamical equivalence of impulsive differential equations. Nonlinear Anal., 30(5):2743–2752, (1997).

Autonomous Differential Systems with Prescribed Limit Set Allan Sandqvist Department of Mathematics, Technical University of Denmark email: a.sandqvist@mat.dtu.dk We present a class of non-linear differential systems for which an invariant set can be prescribed. Moreover, we show that a system in this class can be explicitly solved if a certain associated linear homogeneuos system can be solved. As a simple application we construct a plane autonomous system having a given closed curve on polar form as the only limit cycle .

Monotonicity and boundedness of the atomic radius in the Thomas-Fermi theory Tadie Matematisk Institut, Copenhagen University email: tad@math.ku.dk Consider an atom consisting of N electrons and a nucleus of positive charges Z. The ground state density of electrons is a non negative function ρ ∈ L^1(IR^3) such that ∫ IR^3 ρ(x)dx = N. In the semiclassical Thomas-Fermi approximation the consistency for

a neutral atom (N = Z) can be expressed : ϕ denoting the total electric potential, (A1) ϕ(x) = Z |x|^{−1} − ∫ ρ(y) |x − y|^{−1} dy ( Electrostatic attraction and repulsion) and

(A2) ρ(x) = [2 √ 2/(3π^2)] ϕ(x)^{3/2} ( Pauli-principle ).

For any k > 0, the radius R_k(N, Z) such that k electrons lie outside B(0, R_k(N, Z)) is defined by

(A3) ∫ |x|>R_k(Z) ρ(x)dx = k; Rk(Z) := Rk(N, Z).([1]) After some normalizations using the Thomas-Fermi scaled potential ( ϕ^{T F} (x) := Z^{4/3}u(z^{1/3}x) ), these equations are rewritten as:

u^{′′} +^2_r u^′ = u^γ_+, r > 0; γ = 3/2 ρ(r) = u(r)^{3/2}_+ ∫ r>R(z){z 4/3 u(z^{1/3} r)}^{3/2}r^2dr = k.

After some qualitative investigations of a more general ( singular ground state ) problem

U^{′′} + a r U^′ = U^γ_+, r > 0; a > 1; lim_{r↘0} U(r) = +∞; lim_{r↗∞} U(r) = 0 (1)

we prove the following main theorem for a = 2, γ = 3/2 and any k > 0: Theorem A The problem (S0) has a unique solution U ∈ C^2((0, ∞)) such that U ≃ r^{1−a} at 0 and U ≃ r^{−4} at ∞ and i) any admissible z ≡ Z in (A1) - (A3) satisfies z ≥ z_k := k/{ ∫_∞ 0 U(r)^{3/2} r^2dr} ;

ii) R_k(z_k) = 0 and {d/dz}R_k(z) > 0 in z ≥ z_k; iii) 0 < lim_{z↗∞} R_k(z) := R_∞ < ∞.

The monotonicity established here of the radius in Thomas-Fermi theory agrees with the experimental fact that atomes grow in size as one goes down each group in the periodic table. ( The radius does not increase with Z throughout the whole periodic table but if one considers a fixed group (e.g. the noble gases ), it does).

References [1] Elliot H. Lieb. The Thomas-Fermi theory of atoms and molecules Reviews of Modern Physics, 53(1):603-642, (1981).

6.4 Partial Differential Equations

On the Dirichlet Problem for the Nonlinear Parabolic Equations in Non-smooth Domains Ugur Abdulla Fachbereich Mathematik-Informatik, Universität Paderborn, Paderborn 33098, Deutschland email: ugur@math.uni-paderborn.de We study the Dirichlet problem for the parabolic equation u_t = aΔu^m + b ▽ ·u^γ + cu^β with a, m, γ, β > 0, b, c ∈ IR, in a bounded, non-cylindrical and non-smooth domain Ω ⊂ IR^{N+1}, N ≥ 2. Existence and boundary regularity results are established. We introduce a notion of parabolic modulus of left-lower (or left-upper) semincontinuity at the points of the lateral boundary manifold and show that the upper (or lower) Hölder condition on it plays a crucial role for the boundary continuity of the constructed solution. The Hölder exponent^1_2 is critical as in the classical theory of the one-dimensional heat equation u_t = u_{xx}.

Problem of Small Denominators in the Theory of Continuous Systems Nonlinear Oscillations Igor Andrianov Prydniprovska State Academy of Civil Engineering and Architecture email: igor andrianov@hotmail.com Vladyslav Danishevs’kyy Prydniprovska State Academy of Civil Engineering and Architecture email: vdanish@lot.apex.dp.ua

Elena Horseva Prydniprovska State Academy of Civil Engineering and Architecture The problem of nonlinear oscillations of continuous systems is an outstanding one in science and engineering and has received considerable attention in recent years. From a fundamental, as well as design, standpoint it is desirable to calculate periodic solutions in an analytical way. Unfortunately, an exact determination of periodic solutions of nonlinear continuous systems is generally out of the question, even for the simplest case (nonlinear wave equation). The most natural ways for approximate solving of problem under consideration are variational and asymptotic approaches. Here must be noted papers of P.Rabinovitch, H.Bresis (variational approaches), G.Wayne, J.Bourgain, W.Craig (KAM theory), Yu.A.Mitropol’sky et al. (averaging), S.L.Lau et al. (multyscale method). In our paper we propose and analyze two new asymptotic approaches for construction of periodic solutions of nonlinear PDE. The difficulty in the construction is that one must overcome the phenomenon of small denominators that is present in this problem. We think that these novel approaches to small denominators problems are robust, and give an interesting alternative to the classical approach of the KAM theory.

Our first approach is based on the so-called ”small δ method”, proposed by C.M.Milton et al. The main idea of this approach may be described as follows. Let us consider boundary value problem for nonlinear wave equation

u_{tt} = u_{xx} − εu^3, (1)

u (0, t) = u (π, t) = 0. (2)

We introduce artificial ”small parameter δ” in such a way, that

u^3 = u^{1+2δ} = u ( 1 + δ ln ( u^2 ) + 0.5δ^2 ( ln ( u^2 ))_2 + ... ) . (3)

Then we represent solution of boundary value problem (1), (2) in the form of expansion u = u_0 + δu_1 + δ^2u_2 + .... (4)

It is very important that thanks expansion (3) we have only one resonance term in each approximation, and routine Poincaré-Lindstedt technique may be used for it elimination. In our solution we must not suppose parameter small, and we may construct periodic as well as quasi-periodic solutions.

Our second approach is valid for small value of ε and is based on the renormalization procedure with artificial ”small parameter” introduction. First of all from the conditions of secular terms absence we obtain infinite system of nonlinear algebraic equations. Then we introduce artificial ”small parameter μ” in order to diagonalize this system, and we search solution in the form of expansions in powers of μ. Then we use Padé approximants for truncated series in μ and set μ = 1. Proposed approaches are in some sense complimentary to each other and may be greatly extended.

Chaotic eigenfunctions, maximum norms and random superpositions of plane waves Ralf Aurich Abteilung Theoretische Physik, Universität Ulm, Albert-Einstein-Allee 11, D-89069 Ulm, Germany email: ralf.aurich@physik.uni-ulm.de Arnd Bäcker Abteilung Theoretische Physik, Universität Ulm email: arnd.baecker@physik.uni-ulm.de Roman Schubert Abteilung Theoretische Physik, Universität Ulm email: roman.schubert@physik.uni-ulm.de Michael Taglieber Abteilung Theoretische Physik, Universität Ulm The growth of the maximum norms of quantum eigenstates of classically chaotic systems with increasing energy is investigated. The maximum norms provide a measure for localization effects in eigenfunctions. An upper bound for the maxima of random superpositions of random functions is derived. For the random-wave model this gives the bound c √ ln E in the semiclassical limit E → ∞. The growth of the maximum norms of random waves is compared with the growth of the maximum norms of the eigenstates of six quantum billiards which are classically chaotic. The maximum norms of these systems are numerically shown to be conform with the random-wave model. Furthermore, the distribution of the locations of the maximum norms is discussed.

References [1] R. Aurich, A. Bäcker, R. Schubert and M. Taglieber. Maximum norms of chaotic quantum eigenstates and random waves. Physica D, 129:1–14, (1999).

[2] For related papers see http://www.physik.uni-ulm.de/theo/qc/

On differential operators of Mizohata type Chikh Bouzar Institut de Mathématiques, Université d’Oran-Essenïa, Algérie email: bouzarchikh@hotmail.com Fethïa Ouyekene Institut de Mathématiques, Université d’Oran-Essenïa, Algérie The differential operator of Mizohata ∂ ∂t + it^{2n+1} ∂ ∂x is not locally solvable at the origin of R^2. We call differential operators of Mizohata type the next operators M = ∂ ∂t + ib (t) ∂ ∂x where b (t) is a real function of class C^∞, satisfying tb(t) > 0 ,∀ t ∈ R^∗. These operators are also not locally solvable at the origin , because they do not satisfy the Nirenberg- Treves condition (P ) ([3])

In this work we study the differential equation Mu = f where f is a regular function in R^2 .

We give necessary and sufficient conditions on f such that this last equation has a C^1 solution in a neighbourhood of the origin. These results generalise the results obtained in the case of the Mizohata equation by other authors (see [4], [1], [2]). References [1] Hörmander L., The analysis of linear partial differential operators, T.IV, Springer- Verlag 1985.

[2] Ninomiya H., Necessary and sufficient condition for the local solvability of the Mizohata operator, J.Math.Kyoto Univ., 28-4, (1988), p.593-603.

[3] partial differential equation, Comm. on Pure and Appl. Math., vol 16,(1963), p.331-351.

[4] Proceedings of the 1980 Beijing symposium on differential Geometry and differential equation, vol 2, Science Beujin, (1982), p.861-928.

Goursat problems, multiparameter elliptic operators and related spectral asymptotics Alexander Brenner Technion - Israel Institute of Technology email: brenner@tx.technion.ac.il Partial differential equations with multidimensional time occur in various bran- ches of science, for example, in the theory of probability and Brownian motion, the theory of boundary layers, cosmology and physics.

We introduce a new class of polyparabolic equations with multidimensional time and develop the existence and uniqueness theory for Goursat like problems in the corresponding Sobolev-like scale of spaces.

On our way to the existence and uniqueness theorem for polyparabolic problems we study elliptic boundary value problems with parameters in a bounded domain.

The notion of the ellipticity with parameters for differential and pseudodifferential operator pencils is applied to the resolvent construction, which leads to the definition of the corresponding complex powers and ζ−function, i.e. to a new functional calculus of operators with promising applications to multiparameter spectral theory.

We prove the extension theoremfor the traces of the kernels of the complex powers and the corresponding ζ−function. The last appears to be a meromorphic function in C^m (m is the number of parameters) with polar sets of the first order and the corresponding holomorphic residue-forms.

In particular, for m = 2 , this investigation gives the opportunity to write a twoparameter spectral asymptotics in terms of these forms using the two-dimensional refinement of the Ikehara Tauberian theorem.

Mathematical analysis of the finite elasticity BVP for materials with ideal saturation Igor Brigadnov North-Western Polytechnical Institute, St. Petersburg, Russia email: brigadnov@ip.nwpi.ru

For materials with ideal saturation the elastic potential Φ(x, ∇u) of which has the linear growth in |∇u|, where x → u ∈ R^3 is the map, the existence of the limited static load (such external static forces with no solution of BVP) and discontinuous maps with breaks of the sliding type was proved by the author in [1,2]. From the physical point of view these effects are treated as the destruction of material.

For estimation of the mechanical durability of the elastic solid Ω ∈ R^3 the following variational problem must be solved

t_∗ = inf ∫ Ω |∇u(x)|λ(x) dx : u ∈ V, L(u) = 1 , (1)

L(u) = ∫ Ω ⟨f, u⟩ dx + ∫ Γ^2 ⟨F, u⟩ dγ, ⟨g, u⟩(x) = u(x)∫

x g(x, u) · du,

λ(x) = inf { Φ(x, Q) |Q| : Q ∈ R^{3×3} } , where V = {u ∈ W^{1,1}(Ω, R^3) : u(x) = u^0(x), x ∈ Γ^1} is the set of admissible maps, u^0 is the given map of a portion Γ^1 of the boundary ∂Ω, f and F are the external mass and surface forces, respectively, and Γ^2 = ∂Ω \ Γ^1. The limited static load is (f^∗, F^∗) = t_∗(f, F ). If t_∗ < 1, then the appropriate finite elasticity BVP has no solution.

From the mathematical point of view the variational problem (1) is non-correct and, therefore, needs regularization. We use the partial regularization which is based on the special discontinuous finite-element approximation (FEA) [3]. After this discontinuous FEA the problem (1) is transformed into the non-linear system of algebraic equations which is badly determined. Therefore, for the numerical solution the decomposition method of adaptive block relaxation is used [2,4]. The main idea of this method consists of iterative improvement of zones with ”proportional” fields by special decomposition of variables, and separate calculation on these variables.

The numerical results show that, for finding the main parameter t_∗ of a limited static load, the proposed technique has qualitative advantages over standard continuous finite-element approximations.

References [1] Brigadnov, I.A. Existence theorems for boundary value problems of hyperelasticity.

Sbornik: Mathematics, 187(1): 1-14 (1996).

[2] Brigadnov, I.A. Numerical methods in non-linear elasticity. In: Numerical Methods in Engineering‘96. Proc. of the 2nd ECCOMAS conf. (France, Paris 9-13 September 1996) Wiley, Chichester: 158-163 (1996).

[3] Brigadnov, I.A. Discontinuous solutions and their finite element approximation in non-linear elasticity. In: ACOMEN‘98 — Advanced Computational Methods in Engineering. Proc. of the conf. (Belgium, Gent 2-4 September 1998) Shaker Publishing B.V., Maastricht: 141-148 (1998).

[4] Brigadnov, I.A. Numerical solution of nonlinear elasticity boundary value problem for increments. Mech. of Solids, 6: 42-50 (1994).

L^2–Regularity Theory of Linear Strongly Elliptic Dirichlet Systems of Order 2m with Minimal Regularity in the Coefficients Stefan Ebenfeld email: ebenfeld@mathematik.tu-darmstadt.de

In this talk we consider the following Dirichlet system of order 2m: L(x, ∇)u = f(x) in Ω, ∇^ku = 0 on ∂Ω (k = 0, . . . , m − 1).

Here, Ω is a smooth bounded domain in IR^n and the differential operator satisfies the Legendre–Hadamard condition. From the general elliptic theory we know that for sufficiently smooth coefficients and for f ∈ H^{−m+s}(Ω, IR^N ), every weak solution u ∈ H^m_0 (Ω, IR^N ) is actually in H^{m+s}(Ω, IR^N ) and satisfies an a–priori estimate of the following form:

‖u‖_Hm+s_{(Ω,IR}N_) ≤ C_1‖f‖_H−m+s_{(Ω,IR}N_) + C_2‖u‖_L2_{(Ω,IR}N_).

The latter a–priori estimate is of particular interest in applications to nonlinear PDE’s (see e.g. [2] and [3]). There, the coefficients of L(x, ∇) result from a linearization procedure and consequently they cannot be chosen as smooth as one likes. Therefore, the authors cannot use the famous results stated in [1].

Here, we proove the above regularity result under minimal assumptions on the coefficients of L(x, ∇) and we give an explicit representation formula for the regularity constants C_1 and C_2.

References [1] S. Agmon, A. Douglis and L. Nirenberg. Estimates near the Boundary for Solutions of Elliptic PDE satisfying General Boundary Conditions 2. Comm. Pure Appl. Math., 17, (1964).

[2] C. Dafermos and W. Hrusa. Energy Methods for Quasilinear Initial Boundary Value Problems. Arch. Ration. Mech. Anal., 87, (1985).

[3] T. Kato. Abstract Evolution Equations and Nonlinear Mixed Problems. Lezioni Fermiane Pisa, (1988).

On the Solvability of Thermoviscoelastic Contact Problems with Coulomb Friction Christof Eck Institute of Applied Mathematics, University Erlangen–Nürnberg, Martensstr. 3, 91058 Erlangen, Germany email: eck@am.uni-erlangen.de Jiří Jarušek Mathematical Institute, Academy of Sciences of the Czech Republic, Žitná 25, 115 67 Praha 1, Czech Republic email: jarusek@math.cas.cz In a physically realistic model for contact problems with friction it is reasonable to include the aspect of heat transport, since friction usually generates a non–negligible amount of heat. In the present contribution we study a viscoelastic contact problem coupled with a heat conduction equation. The equations are coupled by volume terms describing the heat generated by viscous deformation and the deformation created by heat, and by a boundary term modeling the generation of heat by friction. In the contact problem the contact condition is formulated with the displacement velocities. The weak formulation of the problem consists of a variational inequality for the contact problem and a variational equation for the heat conduction problem.

The heat generated by friction can be modeled by a nonlinear non–monotone boundary term with quadratic growth in the variational formulation. If this model is used in a problem with linear constitutive laws for the material properties, then this boundary term dominates in estimates. This up–to–now prevents the proof of the existence of solutions for such a model. Here we consider two different simplifications:

1. In the first model we limit the growth of the heat generated by friction by a linear term and use linear constitutive laws for the viscoelastic material.

2. In the second model we admit the full quadratic growth of the heat generated by friction. In order to control this growth we employ a constitutive law for the viscoelastic material satisfying suitable growth conditions.

In both cases the problem is solved with a fixed point approach. Let U(ϑ) denote the solution of the contact problem with given temperature field ϑ and Θ(u) be the solution of the heat conduction problem with given displacement field u. If both problems are uniquely solvable, then the operator

Φ := Θ ∘ U, Φ(ϑ) = Θ(U(ϑ))

is well defined. Any solution of the coupled thermoviscoelastic contact problem is associated with a fixed point of this operator. However, the uniqueness of the solution to the contact problem is still an open problem. Therefore we employ the above described fixed point approach to an approximate problem obtained by the application of the penalty method. The existence of a fixed point for the approximate problems is proved with the fixed point theorem of Banach in the first case and the fixed point theorem of Schauder in the second case. The solvability of the original thermoviscoelastic contact problem follows by passing to the limit of the penalty parameter.

On the integrability of the Pfaffian equation concerning the octahedral web formed by four pencils of spheres Hakki Ismail Erdogan Istanbul Technical University, Mathematics Department, Maslak 80626 Istanbul, TURKEY email: erdogan@itu.edu.tr In this paper, we consider four pencils of spheres whose centers lie on the same plane such that any three pencils cut the fourth pencil under a hexagonal 3-web [1,2]. We then use a system of Pfaffian equations to obtain the condition for the surface web formed by four pencils of spheres to be an octahedral web and show that this condition involves 28 parameters [1].

References [1] W. Blaschke. Einführung in die Geometrie der Waben. Basel, (1955). [2] H.I. Erdogan. Triples of circle-pencils forming a hexagonal three-web in E^2. J. of Geometry, 35: 39-65, (1989).

Effect of large vibration amplitudes on the mode shapes and natural frequencies of thin circular cylindrical shells. A multi-mode approach F. Moussaoui Universit Moulay Ismail, Facult des Sciences et Techniques Dpartement de Physique, B.P 509, Errachidia, Morocco R. Benamar Laboratoire d’Etude et de Recherche en Simulation Instrumentation et Mesures (LERSIM), Département des EGT, BP. 765, Ecole Mohammadia d’Ingnieurs Rabat-Morocco A theoretical model has been proposed by Benamar et al. for studying the nonlinear dynamic behaviour of thin straight structures like beams and plates [1,2,3,4]. The results obtained by these works has been in good agreement with previous theoretical and experimental investigations. The main topic of this paper is to present the mathematical development of a semi-analytical method, based on Hamilton’s principle and spectral analysis, by extension of the previous model to the shell-type structures, in order to study the effects of large vibration amplitudes on the mode shapes and natural frequencies of thin circular cylindrical shells. The Donnell’s non-linear theory is used, and, the longitudinal, circumferential and transverse displacement functions are expanded in the form of a series of basic functions satisfying the boundary conditions and harmonic motion is assumed. The non-linear dynamic variational problem obtained by applying Hamilton’s principle is transformed into a static case by integrating the time functions over a period of vibration. The minimisation of the energy functional with respect to the basic function contribution coefficients has lead to a set of non-linear algebraic equations whose solution leads to the non-linear longitudinal, circumferential and transverse modes shapes, given as a function of the amplitudes of vibration, and their corresponding frequencies. Application of this approach was adapted, to the shells of infinite length, using a multi-mode approach, considering, first; transverse vibrations only [5], second;

coupling circumferential-transversal vibrations[6,7], and recently the simply supported circular cylindrical shells using a single mode approximation[8]. Because of their interest in many branch of engineering (aeronautical, ocean and civil), we will present same results, at multi-mode approach, for the simply supported circular cylindrical shells.

References

[1] R. Benamar, Ph.D Thesis, University of Southampton, 1990 [2] R. Benamar, M.M.K. Bennouna and R. G. White, J. S. V, 149-195, 1991. [3] R. Benamar, M. M. K. Bennouna and R. G. White, J. S. V, 164, 399- 424, 1993. [4] R. Benamar, M. M. K. Bennouna and R. G. White, Proc. of 4th Int. Conf. on Recent Advances in Str. Dyn., Southampton, July 1990.

[5] F. Moussaoui, R. Benamar, Proc. of 6éme Colloque Maghrebin sur les Modeles Numériques de l’Ingénieur, Tunis, 1998.

[6] F. Moussaoui, R. Benamar. Proc. of 2nd Int. Conf. on Applied Mathematics and Engineering Sciences, Casablanca, 1998.

[7] F. Moussaoui, R. Benamar, and R.G White, accepted provisionally for publication in J.S.V.

[8] F. Moussaoui, R. Benamar, accepted in Vibration, Noise and Stru. Dyn. Conf., Venise, 1999.

Gain of Regularity for one nonlinear dispersive equation Octavio Vera Villagrán Facultad de Ingeniería, Universidad Católica de la Santísima Concepción email: overa@david.ucsc.cl Using the technics of Craig - Kappeler - Strauss, cf.,[1] we study smoothness properties of solutions of some nonlinear equations of evolution dispersive.

We consider the nonlinear dispersive equation

∂_tu + ∂_xf(u) = ϵ∂_xβ(∂_xu) − δ∂^3_xu (1)

with x ∈ IR, t ∈ [0, T ] and T is an arbitrary positive time. The flux f = f(u) and the (degenerate) viscosity β = β(λ) are given smooth functions satisfying certain assumptions. The complete equation arises, at least for the diffusion β(λ) = λ (the so called Korteweg - de Vries - Burgers equation)as a model of the nonlinear propagation of dispersive and dissipative waves in many different physical systems. We studied this case in [2–3]. In this work we obtained under certain additional condition on f and β a C^∞ solution u(x, t) for t > 0 if the initial data u(x, 0) decay faster than polinomially on IR^+ = {x ∈ IR : x > 0} and have certain initial Sobolev regularity.

References [1] W. Craig, T. Kappeler and W. Strauss. Gain of regularity for equations of Korteweg - de Vries type,Ann. Inst. Henri Poincaré,Vol. 9( Nro. 2) , pp. 147-186 (1992).

[2] O. Vera. ”Existencia y Unicidad de Soluciones para una ecuación del tipo Korteweg - de Vries - Burgers”. Acta I CIMAC 1998, Universidad Pinar del Rio. Pinar del Rio. Cuba.

Index 333

[3] O. Vera. ”Gain of Regularity of the nonlinear dispersive equation of Korteweg - de Vries - Burgers Type”. Accepted to be apresented IMACS International Conference on Nonlinear Evolution Equations and Wave Phenomena: Computation and Theory. University of Georgia, Athens, GA, USA, April 12-15 (1999).

Posters

Path Formulation for a Modal Family Manuela Aguiar Faculdade de Economia do Porto, Portugal email: maguiar@fep.up.pt All persistent bifurcation diagrams in unfoldings of the modal family

g(x, λ) = εx^4 + 2ax^2λ + δλ^2

are described using path formulation: each bifurcation problem in the unfoldings of g is reinterpreted as a λ-parametrized path in the universal unfolding of x^4. The space of unfolding parameters for the modal family is divided into regions where bifurcation problems are contact-equivalent and the bifurcation diagrams for these persistent problems are shown.

Bifurcation of Infinitely Many Fine Modes from Radially Symmetric Internal Layers.

Kunimochi Sakamoto Hiroshima University email: kuni@math.sci.hiroshima-u.ac.jp For a system of reaction-diffusion equations of activator-inhibitor type defined on an N-dimensional disk, it is shown that there exists a family of spherically symmetric stationary transition layer solutions when the activator diffuses very slowly compared with the inhibitor. Spectral analyses are also carried out for the linearization of the internal layers, which reveal that the layer solutions are unstable, and more importantly, that there exist infinitely many static bifurcations from the radially symmetric layer as the diffusion rate of the activator goes to zero. The wave length (l) of the bifurcated solutions becomes more fine as the diffusion rate (d) gets smaller. The relation between these two quantities is: l ∝ d^{1/4}. This result proves the validity of a conjecture given in [1] for the special case where the domain is a disk.

References [1] Kunimochi Sakamoto. Internal layers in high-dimensional domains. Proc. Roy.

Soc. of Edinbrough, 128A:359-401, (1998).