APPENDIX 

Solution to the equation of motion

The solution to the equation (18) of motion can be sought as
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Where
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Is the elliptic integral of the first kind (see, e.g., [16,17]). In the above equations, 
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is the modulus of the elliptic function, 
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is the amplitude of this function, and 
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 is the frequency parameter.  In order to express the modulus 
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of the elliptic function and the frequency parameter 
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 through the parameters of the dynamic system (17), we seek the inversion of the integral (A-1) in the form
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Here 
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z

 is the maximum displacement,
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 is the elliptic cosine, and 
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is a thus-far unknown parameter. Using the rules of differentiating elliptic functions [16,17], we obtain the following expressions for the velocity and the acceleration:


[image: image12.wmf],

]

)

1

(

1

[

2

2

max

cnu

snudnu

z

z

-

+

+

=

d

d

ds

&

                                                  (A-4)


[image: image13.wmf]3

2

2

2

2

max

2

]

)

1

(

1

[

)

2

1

(

1

)[

1

(

)

2

1

)(

1

(

2

cnu

u

sn

k

cnu

u

sn

k

z

z

-

+

+

-

+

-

+

-

+

=

d

d

d

d

ds

&

&

                            (A-5)

Here 
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is the elliptic sine, and 
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is the function of delta-amplitude. Substituting (A-3) and (A-5) into (18), we conclude that the maximum displacement 
[image: image16.wmf]max

z

is expressed by the equation (29), and the modulus 
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and the frequency parameter 
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 are expressed as  
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Where the parameter
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Is related to the dimensionless parameter 
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 of nonlinearity as follows:
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In the linear case (
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 In a strongly nonlinear case 
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 EMBED Equation.3 [image: image29.wmf]3

=

d

, 


[image: image30.wmf],

2588

.

0

3

2

2

1

=

-

=

k

and 
[image: image31.wmf].

¥

®

s

  

All the relationships from the main text can be established, of course, on the basis of the solutions of this Appendix.  Let us show, for instance, how the relationships (48) can be obtained from (A-3) and (A-5). From (A-3) we find that 
[image: image32.wmf]1

=

cnu

when 
[image: image33.wmf].

max

z

z

=

 Since in this case 
[image: image34.wmf],

0

=

snu

 the eq. (A-5) yields:
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 Then from (A-6) and (A-7) we have: 
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 This leads to (48).

The formula for the amplitude 
[image: image37.wmf]q

 of the elliptic function can be obtained from (A-3) by assuming 
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The amplitude 
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 reaches its maximum value 
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reaches its maximum value 
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In this case the integral (A-2) becomes a complete elliptic integral of the first kind:
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Since the time required for the angle 
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 to change from zero to
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 is equal to the quarter of the period of vibrations, we conclude, on the basis of the equation (A-1), that this period is 
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In the linear case, 
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Thus, when the solution to the equation of motion is used, and the non-dimensional parameter 
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 not 
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, is used to characterize the board’s vibrations, the dynamic factors for the displacement, velocity, acceleration and frequency are expressed by the formulas:
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Here 
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h

 is the ratio of the nonlinear static displacement to the linear static displacement.
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