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The Berry—Tabor (BT) conjecture is a famous statistical inference in quantum chaos, which not only establishes the
spectral fluctuations of quantum systems whose classical counterparts are integrable but can also be used to describe other
wave phenomena. In this paper, the BT conjecture has been extended to Lévy plates. As predicted by the BT conjecture,
level clustering is present in the spectra of Lévy plates. The consequence of level clustering is studied by introducing the
distribution of nearest neighbor frequency level spacing ratios P (7), which is calculated through the analytical solution
obtained by the Hamiltonian approach. Our work investigates the impact of varying foundation parameters, rotary inertia,
and boundary conditions on the frequency spectra, and we find that P (7) conforms to a Poisson distribution in all cases.
The reason for the occurrence of the Poisson distribution in the Lévy plates is the independence between modal frequencies,

which can be understood through mode functions.

Keywords: Berry—Tabor conjecture, frequency spectra, Hamiltonian approach, Lévy plates

PACS: 42.50.Lc, 47.10.Df, 33.20.Tp

1. Introduction

Theories such as random-matrix theory,!!! periodic
orbits,[?! and spectral statistics'*! have been developed to un-
derstand quantum systems whose classical counterparts are in-
tegrable or chaotic for decades. The research findings revealed
that avoided crossings are present in chaotic wave systems and

The BT conjecture!*>!

absent in integrable wave systems.
and the Bohigas—Giannoni—Schmit (BGS) conjecture!®! ex-
plained that the reason for avoided crossings was level repul-
sion, which depends on the interaction between different en-
ergy levels. According to the BT conjecture, in quantum sys-
tems whose classical counterparts were integrable, the levels
are uncorrelated, which leads to the absence of level repul-
sion, so the spectral fluctuations follow a Poisson distribution.
The BGS conjecture pointed out that, due to level repulsion,
the spectral fluctuations of quantum systems whose classical
counterparts were chaotic could be predicted by the Gaussian
orthogonal ensemble (GOE) of random-matrix theory. The
Wigner surmise!”! Py (s) = AsP exp(—Bs? — Cs), where s rep-
resents the distance between two consecutive levels, and A,
B, C are normalization constants, provided an appropriate ex-
pression for the two conjectures. When 8 = 0, Py (s) follows
a Poisson distribution, which means there is no level repulsion
and is consistent with the BT conjecture. The other values of
B (1, 2, and 4) in chaotic systems represented varying degrees
of level repulsion according to the BGS conjecture.

The BT conjecture and the BGS conjecture not only
successfully described the spectral fluctuations for quan-
tum systems such as the Sinai billiard and Bunimovich
stadium but they can also be applied to other wave sys-
tems, for instance, high-frequency resonance in microwave
cavities.®° Although research on vibrating plates has a long
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10-14] and some researchers have tried to do research

tradition!
in the wave chaos context,'5-19! the precise nature of wave
chaos is still a highly open question in rectangular plates. Re-
cently, Ref. [20] used finite element simulation software to
obtain the frequency spectra and the distribution of nearest
neighbor frequency level spacing P(s) for rectangular plates
with four free edges (FFFF) and four simply supported edges
(SSSS). For the FFFF plate, avoided crossings are present in
the frequency spectra, and the fluctuation of P(s) is similar to
certain transition distributions between GOE and Poisson dis-
tribution. For the SSSS plate, the avoided crossings are absent
in the frequency spectra, and P(s) follows a Poisson distribu-
tion. This was a significant attempt to discuss the plate vibra-
tion problem from the perspective of the BT conjecture and
the BGS conjecture, opening new doors for our understanding
of the free vibration of the plate.

Lévy plates are a particular class of rectangular thin plates
with two opposite edges simply supported, while the other
edges are a combination of clamped supported, simply sup-
ported, and free supported.?! Up to this point, due to the com-
plexity of the vibration problem for Lévy plates, the spectra
of plates under combined boundary conditions have not been
obtained entirely, and the influence of rotary inertia and foun-
dation parameters on the spectra has yet to be studied. In this
paper, using the Hamiltonian approach, we have obtained the
analytical solution for the free vibration of Lévy plates on a
two-parameter elastic foundation. Using the solutions we ob-
tained, we plot the spectra for the 108 combinations of rota-
tion inertia, foundation parameters, and boundary conditions
and explore the effects of rotary inertia, foundation parame-
ters, and boundary conditions on the shape of the frequency
spectra. It should be noted that we improve the spectra by

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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introducing the aspect ratio and non-dimensional frequency
parameter to make it more general. As predicted by the BT
conjecture, level clustering appears in the frequency spectra.
In order to identify the cause of level clustering, we have cal-
culated P (7) for each of these cases and have found that P (7)
is the same as a Poisson distribution. Additionally, we deter-
mine the minimum sample size required to display the shape
of a Poisson distribution. In the end, we explain that the reason
for P (7) following a Poisson distribution in Lévy plates is the
independence of modal frequencies which can be understood
through mode functions.

2. Analytic free vibration solution for Lévy
plates

Figure 1 shows that the Lévy plates on a two-parameter
elastic foundation are placed in a three-dimensional Cartesian
coordinate system. According to the Kirchhoff-Love theory,
the free vibration equation of thin plates on a two-parameter

foundation derived by Hetényi’s suggestion can be set as!?>%3]
92 *w

DV*% +kw — kaViw — [ == V? h—=— =0, 1

wHkiw —kVew 32 w+p Bro) (D

where D = Eh3 /[12(1—1?)] is the flexural rigidity of the plate,
V4 =V2V?2 and V2 = 9?/9%x + 3% /9%y is the Laplace oper-

ator, I = ph3 /12 is the rotary inertia, and k; and k, are the
Winkler parameter and shear parameter of the foundation, re-
spectively.

The transverse deflection in harmonic vibration can be set
as

wix,y,t) =W(x,y)e'”, )

where @ is the natural angular frequency of the vibration and
W (x,y) is the mode function of the vibration. Substituting
Eq. (2) into Eq. (1) we can get

DV*W + kW — ko VW + 10° VW — pho®W = 0. (3)

Importing Eq. (3) into the Hamiltonian system we can
{[24-26]

ge
a—U:HU, “4)
dy
where
(0 A
(3 )
0 1
A= 2D(—1+v) 9% |,

I —htlo*+=———— -

‘ ox2
92 9? , D(=142) 3% 152
. kl"‘zaxﬁ(’axz‘h”)“’ T o Tvae
1 92 1
vl D

and

U=(WMVve),

v D 82W+ 9°w
v\ ox? v8y2 ’

oW 1-2v\ *W W ow
V:k28y+D< v )&xzﬁy_ 0y3’ dy

The method of separating variables is valid for Eq. (4) in the
symplectic geometry, >’ so that

U=ZxT(). 5)

Substituting Eq. (5) into Eq. (4), we can obtain

ar (y)
dy =uY (y), (6)
(H—ul)Z(x)=0, (7

where I is the fourth order identity matrix,  and Z (x) are the
eigenvalue and eigenvector, respectively, and in the meantime
Z (x) canbe set as Z (x) = (Z1 (x),Z (x),Z3 (x),Z4 (x))".

Y Yy
S C C
b||is S bl|'s S bl|is S
S) C S
) xT o) €T o xT
a a a
SSSS plate SCSC plate SSSC plate
Yy Yy Y
| F F F
bl|is S bllis S bl|is S
X xT
¢ a o a o a
SSSF plate SCSF plate SFSF plate

Fig. 1. Lévy plates on a two-parameter elastic foundation with six combinations of boundary conditions.
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Substituting matrix H and vector Z (x) into Eq. (7) by
simplification, we can get
44z, (x) d?Z, (x)
dx? dx?

+ (ki — kop® — pho* + 10’ u* +Du*) Zy (x) = 0. (8)

D

+ (—ko +I0* +2Du?)

The general solution of the differential Eq. (8) can be set
as

7y (x) = CreM* + Cye™* + Cye™¥ 4 Cye. 9)

The boundary conditions of two opposite edges simply
supported at x = 0 and x = a are

oW  o*w
Whe02 =0, (axz *Vay2>

Substituting Eq. (9) into Eq. (10) we can get the eigenval-

=0. (10)

x=0,a

ues

25+ 2Da? — Iw* —
Hn1 = \/ - Q Hn2 = —HUn1,

2D ’

2s+2Da? — [w* +
.un3:\/ “ Q Hna = —Up3, (11)

2D ’

where Q = \/(—2s—i—l(x)2)2 —4D(k—hpw?) and o, =
nit/a,n=1,2,3... And the eigenvector we can get as

1
D (02— vi2)

— v
Zni() = i (—2sv+ Ive* + D ((1—2v) o + vu))
a v
Uni
x sin (o,x) (12)

wherei=1,2,3,4andn=1,2,3,...

Due to the simply supported boundary condition, the
eigenvectors satisfy the symplectic orthogonality and com-
pleteness, so the state vector U can be expanded through sym-
plectic eigenfunctions as!?®]

oo 4
U (x,y) = ; (Zl Z,i (x) Yo (y)>. (13)

The first component of vector U (x,y) is W (x,y) so the
general solution we obtained is[?%-3"!

W (x,y) = Z (Cnl el +Cpe'n
n=l1
+C3e" + Cpae'r) sin (04,x) (14)

where C,; (i =1,2,3,4) are constants which can be obtained
by the boundary conditions at sides y =0 and y = b. Substi-
tuting Eq. (14) into the boundary conditions in Table 1 leads
to the desired frequency equations.

104204-3

Case of the SSSS plate:
sinh (b,) sinh (bpt,3) = 0. (15)
Case of the SCSC plate:

2Un1 W3 — 2cosh (b,unl ) cosh (b,un3) Hn1 U3
+sinh (bt ) sinh A (bi,s) (i1 + ) =0. (16)

Case of the SSSC plate:

W1 cosh (b, sinh (bpt,3)
—Un3 sinh (b‘unl ) cosh (b‘un3) =0. (17)

Case of the SSSF plate:

(v —2)vo (Up1 cosh(bpt,y) sinh(bp,3)

— U3 sinh(bp, ) cosh(bp,3))

+ 04 (a1 cosh(bitn ) sinh(bpts) (vt — (v —2) )

+ U3 sinh (bt ) cosh(bpt) (v —2) 47 — vie))

+ Uy 13 (K3 sinh(bptar ) cosh(bit,3)

— Hn1 cosh(bp,y ) sinh(bz)) = 0. (18)

Case of the SCSF plate:

(2= v)voyy (a1 + t3) sinh (bt ) sinh (bit,3)

— 21 3 cosh (b, ) cosh (b,3)

+ 201 n3) + O (21 a3 (o + 173

x cosh (b1 ) cosh (by3) — 21 a3

X (tm + ty3) — sinh (bt ) sinh (bft3)

X (=2(v = 2) i s + Vi + Vi)

+ 1 103 (M1 13 (f471 + y3) sinh (bt ) sinh (bg3)

— 24131 k73 cosh (bt ) cosh (bita3) + iy + Ky3) = 0. (19)

Case of the SFSF plate:

ot (—v? sinh (b, ) sinh (b3 ) 1,
—2(=2+4v)v(—1+cosh (b, ) cosh (b,3)) i, 3
+ (=2 +v) (24 3v) sinh (b, ) sinh (b,3) ph u
+8(—1+cosh (btar) cosh (bi3)) iy s

+ (=2+) (2+3v) sinh (bp1 ) sinh (b3 ) thy s
—2(=2+v)v(—1+cosh (b1 ) cosh (biL,3)) tu s
—v2sinh (b, ) sinh (b3 ) 1)

+ Iv‘f[l “:3 (=241 3 + 2 cosh (bl ) cosh (biLy3) Unt 3
— sinh (b)) sinh (b3) (1 + )

— (=24 )"V (2 3

—2cosh (b, ) cosh (bpty3) Ui M3

+ sinh (bgty1) sinh (b3 ) (K + i3 )

= 2(=2+v)vory (2t 3 (K + i)

—2cosh (bitn1) cosh (bity3) thn s (147 + 173 )
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+ sinh (bp,1) sinh (b,3)

X (Vi = 2(=24v) ) 13 + Vi)

+ 200 1 13 (281 s (Rt + g3

—2cosh (b1 ) cosh (bis) tha s (a1 + M)
+ sinh (b,1) sinh (bpt,3)

X (Vi = 2(=24v) 1 s + Vi) = 0. (20)

Only the non-dimensional frequency parameter in the case of
the SSSS plate can be determined explicitly as

ki + 2 (m*+n*B?) (7% (m* +nB?) +/}2)
1+ 712 (m?>+n2p%)y

Q= , (2D

where m and n are the number of half-waves on the x axis and
yaxis, B =a/b, w =1/a*ph, ki = a*ki /D, ky = a*k»/D, and

Q = wa*+\/ph/D.

Table 1. Boundary conditions.

Types of boundary conditions y=0ory=>b
. 1w
Simply supported edge (S) W =0, 57 = 0
y
oW
Clamped edge (C) W =0, y =0
W W
Free edge (F) T}z FPs =0,
I*w L) 1w
ay3 d0x20

The roots of other cases can be found through computer
programming using Newton’s method. Table 2 presents the
first six non-dimensional frequency parameters of the SSSC,
SCSC, SSSF, SCSF and SFSF plates with different aspect ra-
tios. To ensure the correctness of the roots we obtained, we
include a comparison with those from Ref. [31]. The present
solutions show excellent agreement with the corresponding re-
sults.

Table 2. Non-dimensional frequency parameter 2 = wa®+/ph/D with different aspect ratios when v = 0.3.

a/b Ql .Qz Q} .Q4 .Q5 96
3 Present 15.578278 31.072360 44.564354 55.392604 59.462652 83.605970
S Ref. [31] 15.5783 31.0724 44.5644 55.3926 59.4627 83.6060
S 10 Present 23.646320 51.674275 58.646363 86.134464 100.269797 113.228097
S Ref. [31] 23.6463 51.6743 58.6464 86.1345 100.2698 113.2281
C 5 Present 42.527803 69.003124 116.267118 120.995553 147.635318 184.100612
Ref. [31] 42.5278 69.0031 116.2671 120.9956 147.6353 184.1006
e Present 17.372998 35.344498 45.429418 62.054376 62.313113 88.804681
S Ref. [31] 17.3730 35.3445 45.4294 62.0544 62.3131 88.8047
C 1.0 Present 28.950850 54.743071 69.327014 94.585278 102.216191 129.095537
S Ref. [32] 28.9509 54.7431 69.3270 94.5853 102.2162 129.0955
C 1.5 Present 56.348065 78.983583 123.171909 146.267697 170.111212 189.121942
Ref. [31] 56.3481 78.9836 123.1719 146.2677 170.1112 189.1219
3 Present 10.671167 18.299546 33.697353 40.130704 48.408211 57.592936
S Ref. [31] 10.6712 18.2995 33.6974 40.1307 48.4082 57.5929
S 10 Present 11.684537 27.756345 41.196651 59.065511 61.860613 90.294085
S Ref. [31] 11.6845 27.7563 41.1967 59.0655 61.8606 90.2941
F s Present 13.711087 43.572256 47.857146 81.478911 92.692466 124.563530
Ref. [31] 13.7111 43.5723 47.8571 81.4789 92.6925 124.5635
3 Present 10.975240 20.335536 37.955208 40.271721 49.731728 64.188935
S Ref. [31] 10.9752 20.3355 37.9552 40.2717 49.7317 64.1889
C 1.0 Present 12.687360 33.065090 41.701929 63.014831 72.397563 90.611372
S Ref. [31] 12.6874 33.0651 41.7019 63.0148 72.3976 90.6114
F 1.5 Present 16.822470 45.302426 61.017760 92.307320 93.829341 141.783370
Ref. [31] 16.8225 45.3024 61.0178 92.3073 93.8293 141.7834
3 Present 9.698322 12.981340 22.953493 39.105198 40.356046 42.684699
S Ref. [31] 9.6983 12.9813 22.9535 39.1052 40.3560 42.6847
F 1.0 Present 9.631385 16.134777 36.725642 38.944959 46.738147 70.740108
S Ref. [31] 9.6314 16.1348 36.7256 38.9450 46.7381 70.7401
F 1.5 Present 9.558176 21.619198 38.721406 54.844349 65.792214 87.626157
Ref. [31] 9.5582 21.6192 38.7214 54.8443 65.7922 87.6262

3. Frequency spectra for Lévy plates

Here, we have improved the frequency spectra of
the Lévy plates by introducing the aspect ratio and non-
dimensional frequency parameter. The x axis of the spectra
represents the aspect ratio, while the y axis represents the non-

dimensional frequency parameter. This enhancement makes

the frequency spectra more universally applicable. In fre-
quency spectra,  can be divided into four symmetry classes
according to the geometric symmetry of the rectangular plate.
In Eq. (21), when both m and n are odd, this represents the
symmetric-symmetric (SS) symmetry class. When m is odd
and n is even, it represents the symmetric-antisymmetric (SA)

symmetry class. When m is even and 7 is odd, it represents the

104204-4
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antisymmetric-symmetric (AS) symmetry class. When both m
and n are even, it represents the antisymmetric-antisymmetric
(AA) symmetry class. In order to analyze the influence that
is imposed on the frequency spectra by changing the founda-
tion parameters and rotary inertia, we calculated the spectra of
Lévy plates under six different boundary conditions for a total
of 108 combinations, with rotary inertia parameter Y taking
values of 0 or 10~2, and foundation parameters IAq and IAQ tak-
ing values of 0, 102, 103. For the SSSS plate, we obtained the
frequency spectra in the interval (1,2) from Eq. (21). For other
boundary conditions of plates, we calculated the first 70 mode
frequencies at each aspect ratio, with the aspect ratio values
taken as 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, and 1.9.

3.1. Frequency spectra without rotary inertia

Figure 2 depicts the frequency spectra of the SSSS plate
on a two-parameter elastic foundation without rotary inertia.
It shows that regardless of how the foundation parameters
change, the frequency levels of the same symmetry class and
different symmetry classes also cross each other, with avoided
crossing absence in the spectra of SSSS plates. As predicted

500

—— SSclass
SA class
—— ASclass

475 1
—— AAclass
450 1
4251
400 1
3751
3504

3251

Nno-diemnsionless frequency parameter 2

7 /@
1.0 1.1 12 13 1.4 15 16 1.7 18 1.9
Aspect ratio b/a

300

500

—— SSclass

SA class
—— ASclass
—— AAclass

4754

4504

4254

400 5

375

350

3254

7/ ©

10 11 12 13 14 15 16 17 18 1.9
Aspect ratio b/a

Nno-diemnsionless frequency parameter 2

300

by the BT conjecture, level clustering has occurred. Compar-
ing Figs. 2(a) and 2(c) and comparing Figs. 2(b) and 2(d), we
can observe that when lAq increases from 0 to 10, the spectra
hardly change, only experiencing slight translation. It is due
to foundation parameter IAq =a*k, /D, where k; represents the
Winkler parameter, which signifies the foundation’s resistance
to transverse translations and produces a minimal impact on
the frequency. Comparing Figs. 2(a) and 2(b) and compar-
ing Figs. 2(c) and 2(d) reveals that the parameter k> causes an
apparent change in the shape of the frequency spectra, where
IAcz = a%ky /D and k; is the shear parameter, representative of
This
precisely illustrates the advantage of the two-parameter model,

the foundation’s resistance to rotational deformations.

as kp has a more significant impact on frequency compared to
parameter k;.13?! The same phenomenon observed under the
SSSS case has been observed in the frequency spectra of plates
under other boundary conditions. This verifies the universality
of the BT conjecture in Lévy plates. Table 3 presents the mean
square error (MSE) between spectra for different values of ki
and k». It is evident that k» has a greater impact on the spectra
compared to k;, validating our observations above.

500
7

4754

—— SSclass

SAclass 4
—— ASclass
—— AAclass
4501

4254
400+
3754
350

3251
(b)

10 11 12 13 14 15 16 17 18 19
Aspect ratio b/a

300

Nno-diemnsionless frequency parameter 2

500
7

475 1

—— SSclass

SA class |
—— ASclass
—— AAclass

4501
425 1
400
3754
3501

3251
(d)

10 11 12 13 14 15 16 17 18 19
Aspect ratio b/a

Nno-diemnsionless frequency parameter {2

300

Fig. 2. Frequency spectra of the SSSS plate on a two-parameter elastic foundation without rotary inertia (y = 0). (a) 121 =0, 122 =0; (b) 121 =0,

k=103 )k =103,k =0; (d) ky =103, k, = 10°.

Table 3. The MSE of the frequency spectra for different values of ki and k.

< k> 0 10 102 103 104
ki
0 0.0000 23.7869 1776.8889 66242.1306 1164483.9884
10 0.0051 24.2668 1779.5803 66248.7025 1164492.8215
102 0.4904 28.8990 1803.8854 66307.8556 1164572.3916
103 37.3051 100.0187 2054.6538 66899.9600 1165367.3213
104 1713.1125 1961.3752 5096.3006 72874.7907 1173319.4342
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3.2. The impact of rotary inertia on the frequency spectra

Figure 3 shows the frequency spectra of the SSSS plate
on a two-parameter elastic foundation with y = 10’2, /Aq =0,
k» = 0, which show that the BT conjecture still holds. Rotary
inertia parameters ¥ depend on the thickness of the plate. In
Lévy plates, y have been set to a very small value of 102,
which has a noticeable impact on the spectra. Compared to
Fig. 2(a), Fig. 3(a) reveals that rotary inertia causes the dis-
tance between two consecutive frequency levels to decrease

and the frequency levels to become concentrated. The non-

to 260. When focusing on the interval [150,200], as shown
in Fig. 3(b), it is the same as Fig. 2(a). This situation occurs
not only in the SSSS plate but also in the other five boundary
conditions. According to Eq. (5), the rotary inertia parameter
scales the frequency parameter in the SSSS plate. The explicit
expressions for frequencies under other boundary conditions
cannot be obtained. This phenomenon in the spectra tells us
that how the rotary inertia parameter affects the frequencies
is the same for different boundary conditions, namely, scaling
the frequency parameters. So, whether the rotary inertia ex-
ists or not, level clustering also exists, as predicted by the BT

dimensional frequency parameter of Fig. 3(a) ranges from 100  conjecture.
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= 260
o
§ 240
=
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5 ~ /
S T
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Fig. 3. The frequency spectra of the SSSS plate on a two-parameter elastic foundation with y = 1072,

4. Distribution of the nearest neighbor level
spacing ratios

In the BT conjecture, the nearest neighbor frequency level
spacing statistic s, = f,,+1 — fn, is used to describe the distribu-
tion of the distance between two consecutive frequency levels,
where f, can be understood as the normal-mode frequency.
Afterward, s, has been widely used in the quantum field.3-37]
Oganesyan and Huse proposed a new statistic 7, to address the
computational challenges posed by the large calculation vol-

S.[38

ume in many-body problems.[*8] The nearest neighbor level

spacing ratios statistic 7, defined by

~ min (8, S,— . 1
Ogrn("’nl)mln(rn,) <1,
max (S, Sp—1)

where
Sn

In = .
Sn—1

This 7, statistic has the advantage of its low computational
cost, allows a more transparent comparison with experiments,
and is more precise than the s, statistic. We redefine the 7,
statistic in Lévy plates as

7= -QVH-I _Qn
" -Qn*-anl’

where {Q,} is the set of ordered non-dimensional frequency
parameters of the Lévy plates. We calculate P (7) (the distri-
bution of the 7, statistic) for Lévy plates under six different

boundary conditions, resulting in a total of 108 combinations
through the roots obtained from Eqs. (15)—(20). The rotary
inertia parameter y takes values of 0 or 102, while the foun-
dation parameters k; and k» take values of 0, 102, and 103, At
least the first five thousand non-dimensional frequency param-
eters were calculated for each case.

184 —— sssS
SSSC
164 scse
—— SSSF
141 —— SCSF
—— SFSF
= Poisson
& 2]
5 —
10 |=;§|
. = =
0.6 'Eg
0 02 04 0.6 0.8 10

T
Fig. 4. Distribution of the 7, statistic (profile histograms) for Lévy

plates under six different boundary conditions, compared with Poisson
distributions.

Figure 4 shows P (7) under six different boundary con-
ditions, compared with the distribution of the ratios of con-
secutive level spacing for Poisson statistics, which is P, (7) =
2/ (1+472).13%41 For the SSSS plate, y =0, k; =0, k> = 0.
For the SCSC plate, y = 0, k; = 10>, ky = 0. For the
SSSC plate, y = 0, k; = 10°, k, = 10°. For the SSSF plate,
v =102k =0, ko = 0. For the SCSF plate, y = 102,
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ki =0, ky = 10%. For the SFSF plate, y = 1072, k; = 103,
IAQ = 103. The 7, statistic overlaps with the Poisson distri-
bution in six different situations. After extensive numerical
calculations, regardless of variations in boundary conditions,
rotary inertia, or foundation parameters, the 7, statistic always
follows a Poisson distribution. The Poisson distribution is uni-
versal in Lévy plates.

Figure 5 shows the influence of the values of N on P (7),
in which N represents the maximum number of terms consid-
ered for non-dimensional frequency parameters for each as-
pect ratio. When N is set to 200, the shape of P (7) starts to
resemble a Poisson distribution, and when N is set to 400, it
closely resembles a Poisson distribution.

— N=100
164 | — N=200
- — N=300
1.41 N=400
- Poisson
1.2 —_
© =
Y 101 == B
==
0.8 B
—
0.6 —
0.4 T T T -
0 0.2 04 0.6 0.8 1.0

r

Fig. 5. Distribution of the 7, statistic of the SSSS plate at different
values of N, in which y = 1072, k; = 103, k» = 103, compared with
Poisson distributions.

5. Summary and discussion

Frequency spectra of the Lévy plates on a two-parameter
foundation have been obtained using the Hamiltonian ap-
proach. As predicted by the BT conjecture, level clustering
occurs in the spectra. The impact of boundary conditions, ro-
tary inertia, and foundation parameters on the frequency spec-
tra has been considered. The parameter k; only results in a
slight shift in the spectra. Parameter &, leads to a fundamental
change in the shape of the spectra. Rotary inertia compacts the
frequency and scales the frequency spectra in Lévy plates. The
level clustering corresponds to Poisson behavior of P (7). The
distribution of nearest neighbor frequency level spacing ratios
P (7) for Lévy plates was calculated in 108 different cases, and
without exception, all of them followed a Poisson distribution,
and the Poisson distribution shape can be demonstrated with a
minimal sample size. The universality of the Poisson distribu-
tion holds in Lévy plates, and then the BT conjecture has been
extended to Lévy plates.

In the BT conjecture, the prerequisite for manifesting a
Poisson distribution is that there is no correlation between the
energy levels. In Eq. (13), the free vibration of the Lévy plates
is decoupled into a variety of single-degree-of-freedom sys-
tems in modal space. Equation (14) consists of mode func-
tions containing modal frequencies. Due to the orthogonal-

ity of the sine function systems, there is no energy exchange
between different modes; in other words, the frequencies are
mutually independent of each other. So, the Poisson distribu-
tion appears in the frequency of the Lévy plates. The pres-
ence of avoided crossing in the FFFF plate may be due to
the correlation between frequencies. The difference between
free and simply supported boundary conditions is that when
a bending ray reaches a free boundary, in addition to the re-

flected ray, a new ray that follows the boundary path exclu-

S.[41

sively emerges.[*!) The new ray accounts for the correlation

between frequencies in the FFFF plate. This phenomenon in-
spires the solving of vibration problems of plates with com-
plex boundary conditions using the symplectic superposition
method.
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