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ON TWO VARIATIONAL PRINCIPLES FOR
THE NATURAL VIBRATIONS OF ELASTIC BODIES

Har-Caana Hu

(Tnstivure o/ Wechnirs,  leademia Sinioa)

ABweigact

Consider the natural vibrations of elastic budies, For the natiral frequencies,
we have obtained two variational principles, In the [irst variational principle, an
allowable state is defined as follows. The siress components and their variafions
have the forms
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and satisfy the stress~free boundary conditions. The corresponding displac ement
components are derived from equations of motion:
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Then it is proved that the ratural frequencies w of the body correspond to the
extreme values of the following functional:
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‘ 4‘ where H' has the expression
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i
where 7 is the strain energy per unlt volume expressed in terms of stress com-
“ponents. "

In the second Va.).la.tlonal principle, an allowaple stats is defined by any
continuous stress and displacement distributiors, rot necessarily -satisf ying any
" equation and boundary condition. In thiz case, i% is pxcved that *he natural frequ-
encies o of the body corres pond 10 the extreme valueés f the following functional:
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H= a,a +a~y9 y+ +T,,<ag+gl’) V(owow ima)s  (41)

Pas Py P are the surface tra.ctlons, and S, is that part of the surfaoe of the body
where displacement should vanish. :

In the last wo sections of this paper, the Timoshenko’s theory for the tran-
_sverse vibrations of beams and the 'Ufliand-Mindlin’s theory for the flexural
vibrations of. plates are derived from the second Varla.tlonal prmclple



