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ABSTRACT

The problem of reconstructing a model with prescribed
spectral data is known as inverse eigenvalue problem.
Reconstruction of the distribution of physical parameters of
a continuous vibratory system by using its eigenvalues is
addressed here. Considering a unit length piecewise
continuous rod as shown in figure 1. The eigenvalue
problem associated with this rod is given by the following
set of differential equations
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Applying the boundary and matching conditions of
displacement and force leads to problem of finding the non-
trivial solution of
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We named this problem the Transcendental Eigenvalue
Problem (TEP). The genera form of thisproblemis
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Frequently the classical finite element and finite difference
formulation are used in approximating such a continuous
system. The characteristic equation of the obtained
eigenvalue problem is a polynomia. In contrast, the
continuous systems are characterized by TEP [1]. By using
finite element or finite difference method, the TEP is

transformed into an algebraic eigenvalue problem. It has
been concluded by [2,3] that the solution to the discrete
problem is not a good approximation to the continuous one.
Past research associated with inverse problems of the
continuous vibratory system can be found in [4,5,6,7,8].
Since the behavior of a finite dimensional polynomial is
fundamentally different from the transcendental function,
such an approach may involve inaccurate approximation of
the physical parameters, asillustrated in figure 2.

For the given continuous system in figure 1, the inverse
problem can be defined asfollows:

Given the resonant frequencies w,,w,, anti-resonant
frequency m and the total mass of the rod.
Determine the physical parameters p,, p, and q,,d,.

The problem now is of determining the roots of the system
of transcendental frequency equations,
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for the given values of w,,w, and m . The research aims at

developing low dimensional analytical models allowing
estimation of the physical parameters of the structures from
measured vibration test data. The main idea presented here
is to replace the continuous system with variable physical
parameters by a continuous system with piecewise uniform
properties as shown in figure 3. The boundary and matching
conditions between the various parts of the continuous
model can be expressed in the TEP form. A rapidly
converged algorithm is used for evaluation of the physical
parameters of the system. The algorithm implements the
Newton's iterative method for determining the physical



parameters of the system. Formulation of such mathematical
models for non-uniform axialy vibrating rods and
reconstruction of their area distribution by using this
algorithm, as illustrated in figure 4, is presented. This
proposed solution of TEP can also be used to solve classical
direct problems in structural dynamics such as buckling [9]
and vibration control [10].
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Fig.1. Piecewise continuous axially vibrating rod
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Fig.2.Physical parameter | dentification of piecewiserod
from itsassociated discrete model
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Fig.3. New mathematical model used for the approximation
of anon-uniform rod
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Fig.4. Reconstruction of the shape of the exponential rod
with modd order n=4and n=8

ACKNOWLEDGMENTS
The research work presented here is supported by a
National Science Foundation research grant CM S-9978786.

REFERENCES

1. Singh K. V. and Ram Y. M., “A mathematical model to
overcome the discrepancies between continuous
systems and their discrete approximation”, ASME ETCE
2002.

2. Boley D. and Golub G.H., “A Survey of matrix eigenvalue
problems’, Inverse Problems, Vol. 3, pp. 595-622, 1987.

3. Paine J, “A numerical method for the inverse Sturm-
Liouville problem”, SIAM Journal on Scientific and
Statistical Computing, Vol. 5(1), pp. 149-156, 1984.

4, Ram Y.M. and Cadwdl J, “Physical parameters
reconstruction of a free-free mass-spring system from
its spectra’, SIAM Journal of Applied Mathematics, Val.
52(1), pp. 140-152, 1992.

5. Frieland S, Noceda J. and Overton M.L., “The
formulation and analysis of numerical methods for
inverse eigenvalue problems’, SIAM Journal of
Numerical Analysis, Val. 244, pp. 634-667, 1987.

6. Ram Y.M. and Elhay S., “Constructing the shape of a
rod from eigenvalues’, Communications in Numerical
methodsin Engineering, Val. 14, pp. 597-608, 1998.

7. Gladwdl GM.L., “Inverse problems in vibration”,
Applied Mechanics Review, Vol. 39, pp. 1013-1018, 1986.

8. Gladwel G.M.L., “Inverse Problem in vibration”, Martin
Nijhoff publishers, First Edition, 1986.

9. Singh K.V. and Ram Y.M., “The Transcendenta
Eigenvalue Problem and Its Applications’, Accepted for
publicationin AIAA Journal, 2002.

10. Singh K.V. and Ram Y.M., “Dynamic Absorption by
Passive and Active Control”, ASME Journal of vibration
and acoustics, Val. 122(4), pp. 429-433, 2000.



