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Table 1 Results of stiff matrix triangle decomposition

Iterate No.
Vector 1 2 3 7 5
Y = { Y1 } 1.000 000 1.000000 1.000000 1.000 000 1.000 000
Y2 1.000 000 4.666 667 9.250 000 10.777778 11.043 500
AY — A{ Y1 } 0.600 000 1.333333 2.250 000 2.555 556 2.608 700
Yo 2.800 000 12.333330 24.250 000 28.222 200 28.913 000
Collatz A~ 0.600 000 1.333333 2.250000 2.555 560 2.608 700
At 2.800 000 2.642 860 2.621 620 2.618 560 2.618110
Iterate No.
Vector 3 7 3 9 10
Yy = { Y1 } 1.000 000 1.000 000 1.000 000 1.000 000
Y2 11.083 300 11.089 200 11.090 000 11.090 100
AY = A{ Y1 } 2.616 670 2.617830 2.618 000 2.618 000
Y2 29.016 700 29.031 800 29.034 100 29.034 400
Collatz A~ 2.616 667 2.617 830 2.618 000 2.618 030
AT 2.618 050 2.618 040 2.618 030 2.618 030
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Table 2 Results of mass matrix triangle decomposition

Iterate No.
Vector 1 ) 3 1 5
y = { n } 1.000 000 1.000 000 1.000 000 1.000000 1.000 000
Y2 0.200000 —0.166 667 —0.225 8060 —0.234 568 —0.235 849
BY - B{ Yi } 2.400 000 2.583 330 2.612900 2.617 280 2.617920
y2 —0.400 000 —0.583 330 -0.612903 —0.617 280 —0.617925
Collatz p~ 2.400 000 2.583 330 2.612900 2.617280 2.617920
ut —2.000 000 3.500 000 2.714290 2.631 580 2.620 000
Iterate No.
Vector 6 7 8 9 10
INE 1.000 000 1.000 000 1.000 000 1.000 000
B= { Y2 } —0.236 036 —0.236 063 —0.236 067 —0.236 068
BY = Y{ 7 } 2.618020 2.618 030 .2.618030 2.618 030
Y2 -0.618018 —0.618032 —0.618034 ~0.618 034
Collatz p~ 2.618 020 2.618 030 2.618 030 2.618030
ut 2.618 320 . 2.618 080 2.618 040 2.618 030
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Table 3 Results of stiff matrix triangle decomposition

Iterate No.
Vector 1 2 3 4 5
n 1.000 000 - 1.000 000 1.000000 1.000000 1.000 000
Y = Y2 2.000 000 0.181 882 0.178 762 0.178 815 0.178817
Y3 3.000 000 6.673 920 6.725870 6.727 470 6.727 520
Y4 4.000000 8.489 550 8.573290 8.575 690 8.575750
1 0.608118 1.281 480 1.292660 1.292990 1.293 000
AY = A Y2 0.110606 0.229 081 0.231 147 0.231 208 0.231210
Y3 4.058 530 8.619090 8.696 350 8.691 862 8.698 680
Y4 5.162650 10.98650 11.085 50 11.088 40 11.08840
Collatz A~ 0.055 303 1.259 500 1.292 660 1.292 990 1.293 000
At 1.352 840 1.352840 1.293 040 1.293 000 1.293 000
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THE COLLATZ INCLUSION THEOREM EXTENDED FOR
GENERALIZED EIGENVALUE PROBLEMS Y
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Abstract There are a lot of developed approaches to attract fundamental eigenvalue of matrix in
engineering, Duncley method gives lower bound and the Rayleigh-Ritz method gives upper bound.
As for he matrix iteration method is difficult to say which gives lower or upper bound, due to the
eigenvalue is obtained by taking the ratio of before with after iteration of an arbitrary element.
The Collatz inclusion theorem studied by many authors, it can be used to find the lower and upper
bounds both, but the theorem can be only used to standard eigenvalue problem.

In this paper, the Collatz inclusion theorem is extended to generalized eigenvalue problems.
When the mass matrix or stiffness matrix is positive definite symmetric matrix, therefore the gen-
eralized eigenvalue problem can be reduced to standard eigenvalue problem by using Cholesky
decomposition. The fundamental natural frequency or the highest natural frequency can be ob-
tained from decomposition of mass matrix or stiffness matrix respectively. To verify the theory,

some examples are presented.
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