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The Legendre Collocation Spectral Method for the Ground
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Abstract . In recent years, a series of important achievements have been made in the experimental study of the
ground state solutions of the Bose Einstein condensates. First, the ground state solution problem of the Bose
Einstein condensate was converted into the extreme value problem of energy functional with the dimensionless
method. In the discretization of the energy functional, the Legendre collocation spectral method was used in the
1D and 2D cases. Second, the energy functional minimum problem was numerically simulated. The analyses of
the experimental data and graphs show that, the Legendre collocation spectral method is applicable to the
ground state solution of the non-rotating Bose Einstein condensate, and the errors of the numerical results are

very small.
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Table 1 In the 1D case, changes of error & with N

N 10 20 30 40 50
error & 6.46E-1 1.79E-1 4.67E-2 1.10E-2 1.10E-3
F2 TN, BUE N BRI, 3R s BT DL
Table 2 In the 2D case, changes of error & with N

N 10 20 30 40 50
error & 3.65E-1 2.23E-2 5.38E-4 9.31E-7 1.22E-9
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Fig. 1 Changes of error & with N in the 1D case (left) and the 2D case (right)
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Fig. 2 Ground state solution d)g(x) of the 1D Bose-Einstein condensates for = 5,10,100,1 000
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Table 3 Energy value Ez(¢,) of the Legendre collocation spectrum method and energy value Eg($E")

of the Fourier spectrum method in the 1D case, changing with 8

B 0 5 10 100 1 000
Eg(d,) 0.499 9 1.316 0 1.947 2 8.508 5 39.322 4
Eg(") 0.500 0 1316 1 1.947 1 8.508 5 39.322 4
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Table 4 Energy value Eg(,) of the Legendre collocation spectrum method and energy value Eg( L")

of the Fourier spectrum method in the 2D case, changing with 8

B 0 5 10 100 1,000
Eg(d,) 1 1.437 1 1.611 7 3.983 6 12.001
Eg(;") 0.968 7 1.501 1 1.697 1 4.004 0 12.001
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Fig. 3 The d)g(x,y) graphs forg = 5,10,100,1 000
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