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Abstract. The paper deals with eigenvalues excited-state energy eigenvalues and wave-function of
a particle under harmonics oscillator asymmetric potential using numerical shooting method. The
numerical shooting method is generally regarded as one of the most efficient methods that give very
accurate results because it integrates the Schrodinger equation directly, though in the numerical
sense. If the value of parameter £/ is small the energy eigenvalues of single particle will large and

the parameter 4 large the energy eigenvalues of single particle will small.

Introduction

Most problems encountered in quantum mechanics cannot be solved exactly. Exact solutions of
the Schrodinger equation exist only for a few idealized systems. To solve general problems, one
must resort to approximation methods. A variety of such methods have been developed, and each
has its own area of applicability. There exist several means to study them, e.g. Wentzel-Kramers-
Brillouin [1], perturbation theory[2], the quasilinearization method[3], the variational method,
function analysis[3], the eigenvalue moment method[4], the analytical transfer matrix method [5-7]
and numerical shooting method[8-9]. In this paper we consider approximation methods that deal
with stationary states corresponding to time-independent Hamiltonian. To study problem of
stationary states, we focus on one approximation method: numerical shooting method useful
evaluate wave-function and energy eigenvalue of a particle around of attraction by the harmonics

oscillator with ,u,m?’ potential.

Fig. 1 The harmonics oscillator potential is perturbed by ua:3
In Section 2, we representation of the evaluation of the energy eigenvalue and wave function of
particle bound in the V(z) = %memZ + pa’ by the numerical shooting method. In Section 3, we
make a presentation of numerical and results for energy eigenvalue of a single particle in the

potential. The conclusions are given in Section 4.
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Schrodinger Equation in Finite Difference formula for v (z) = lmwzmz + px’
2

We consider a particle of mass g moving on the x-axis in a time-independent potential V(x).
The time-independent Schrodinger equation corresponding to this one-dimensional motion is
R d*(z 1
——M—i— —mw’r’ + puz’ | (z) = E 4 (). !

Suppose a particle is bound state to around of attraction by the harmonics oscillator pz®(see Fig.1).

V(x) = %maﬂx? + pz®, where o are constants (g is real and positive). Substituting potential

into eq.(1), and we obtain The one approach we use is the numerical shooting method. To simplify
the arithmetic involved in the shooting solution, we define some new dimensionless variables. The
position variable x is replaced with the dimensionless variable y:

%"Sy)ﬂs—y? —2uy* ) ¥, (y) = 0 )
dy

We can find the numerical solution eq.(2) by dividing y into many small segments, each of Ay in
length. The second derivative for the first term of eq.(2) can be approximated in finite difference
form as follows

ng/)n/(:I:) ~ ¢z’+1 + ¢i+1 B 2¢z 3)
dy’ (Ay)*

We can obtain the form of the Schrodinger equation in term of finite difference by substituting
eq.(3) into eq.(2), we get

L 2 2 3
wﬂ_l - 2¢Z o wi_l o (Ay) (8 — Yy — QIuy )wz 4)
We construe the new variable for using in calculating the ground-state and excited-state energy

eigenvalue, wave-function of V(z) = %mwaQ + px’.

Numerical and Result

We construe the new variable for using in calculating the ground-state and excited-state energy
eigenvalue(En), wave-function of the harmonics oscillator asymmetric potential.

1. ymin is the start position in the analysis range.

2. ymax is the ultimate position in the analysis range.

3.y is any position in the analysis range.

4. nn is a number of very small bars in the analysis range.

5. Ay is the length of very small bars so that

For the beginning of the numerical shooting method, we need to input parameters ymin(ymax),
and Eq. (4) into mathematica program. Next, two initial wave functions are determinate by

following two initial conditions as (i) 'l,b(l) = 0 is the fixed position and (ii) dip / dy =1 is the

slope of position y1 and y2. So we present of wave-functions and energy eigenvalue.
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Case 1 ground-state energy . = 0
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Fig. 2 Schematic representation of the wave-function for ground-state energy (n=0).

Case 2 excited-state energy n = 1
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Fig.3 Schematic representation of the wave-function for excited-state energy (n=1)
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Case 3 excited-state energy n = 2
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Fig. 4 Schematic representation of the wave-function for excited-state energy (n=2)

Conclusion

Shrinkage and spreading of the wave function is controlled by parameter ££.
The wave-functions has u defects (density fluctuation). If the value of parameter ¢ is small the
energy eigenvalues of single particle will large and the parameter 4 large the energy eigenvalues of
single particle will small.

References

[1] G.A. Dobrovolsky and R.S.Tutik, J.Phys.A:Math.Gen., 33 6593, (2000)
[2] M.I. Jaghob, Eur. Phys. J. A. 27, 99.,(2006)

[3] E.Z. Liverts and V.B. Mandelzweig, Ann. Phys. 322, 2211., (2007)

[4] N. Saad, et al., J.Phys. A: Math.Gen. 39, 7745.,(2006)

[5] Z. Cao, Phys. Rev. A 63, 054103-054106 (2001)

[6] A. Hutem and C. Sricheewin, Eur. J. Phys. 29 577-588, (2008)

[7] He Ying, et al., Chin. Phys. B19, 040306., (2010)

[8] S. Boonchui and A. Hutem, J Math Chem. 50, 2103-2119, (2012)

[9] S. Boonchui and A. Hutem, J Math Chem. 50, 1582., (2012)


https://www.researchgate.net/publication/309450356

