CHAPTER V

RESULTS AND DISCUSSION

In this chapter, we propose the results of the methodology from Chapter III.
All of these could be computed by manipulation program (see Appendix C).

Adomian Polynomials for the nonlinear term of Thomas-Fermi equation via
OBOET

According to (3.1.6), Adomian polynomials,A,,are generated via Order-By-

Order Extraction Technique (OBOET).
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Thomas-Fermi equation solved by MADM via OBOET
After obtaining Ato 4, from the previous section, we show the detailed
derivation of equations (3.1.8-10). The modified recursive relations for components
Yo (x) toyy, (x) in equation (3.1.8) have the form
- Yo (x) =1,
»(x)=Bx+L" (x"/zA0 ),
Yz (%) = L (x-l/zAlm )»k 20.

Thus, we immediately have y, (x ) to Y, (x) .
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v 143B°x"?  6272B°x""  4524629159B7x™* 14756758 B°x"
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After that, we sum the previous components to obtain equation (3.1.9)

»(x)= 2, (%),

n=0

Then, we have the solution of Thomas-Fermi equation solved by MADM via OBOET
in term of y(x);
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29

__823x" | 27134428B°x" 14756758B°x” | 2048B°x"  17319117797B’x""
23108085 23880381525 12455257815 17782765  30580884180000
_2383837819580B°x™" | 144926432597B°x™"  494880923Bx"
1455090436800000 319825938432000 2936459901375
_96201013897B°x"  3474669398B’x"  172159489x""  3086636091018°x™"
61665657928875 3197478559275 ~ 7487019540000  301554110088000
, 504687465882778°x™" _ 303011686294B"x™" 88247370287488°x"
28696914005760000  678322237217625 ~ 4396533019003125
_14871184941298x™"  605561615787857B°x™"  50500903x"
12613018163803200  369981866138227200 3509540409375
3016967993986 8°x"  318231852575846538° "  15076074226306Bx"°
3201870700153125  86728773867896160000  172443607708246875
| _3220476338281x>"
331899576208200000

The initial slope for each Padé approximants order [n/n]

After considering the solution y(x) from the previous section, we find it
diverges rapidly when X is not small. Thus, we will use Padé approximants to solve
thiS problem. However, the previous solution y(x) is in an inappropriate form.

Hence, we will setx”> =¢ and transform the solutions of (3.1.9) into the appropriate
form (3.1.10) of

11
y(t) y Zyn (t)’
n=0
Thus, we have the solution of Thomas-Fermi equation solved by MADM via OBOET

in term of y(t);
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These solutions y(t) can be taken into Padé approximants for converging the solution

to generate the initial slope B = y'(O) . Several values of the initial slope for each Padé

approximants order are shown in Table 1.
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Table 1 Several values of initial slope B = y’(0) calculated by Padé approximants

Pad¢ approximants g - y'(O) Error(%) of »'(0). (compare Kobayashi)

[2/2] -1.211413729 23.7179
[4/4] -1.550525919 2.36419
[7/7] -1.586021035 0.129085
[8/8] -1.588076820 0.00036651
[10/10] -1.588069657 0.0000845376

From Table 1, we can see that the initial slope of high order [10/10] is the
nearest result compared with Kobayashi’s initial slope [7]. Then, the initial slope is
used to converge the solution of Thomas-Fermi equation. The solutions for each order

[n/n] will be shown in the next section.

The solutions of Thomas-Fermi equation for each order [n/n]

The solutions of Thomas-Fermi equation due to MADM via OBOET,
MADM via OBOET incorporated Padé approximants orders [4/4], [7/7], and [10/10]
are compared with the solution of Thomas-Fermi equation obtained by the Differential

Analyzer [1] as shown in Figure 5.
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Figure S Comparison of solutions of Thomas-Fermi equation obtained by the
Differential Analyzer [1], MADM via OBOET, MADM via OBOET
incorporated Padé approximants orders [4/4], |7/7], and [10/10]
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From Figure 5, the solution of MADM via OBOET is consistent with the
solution of Differential Analyzer when x is small (x <2.7) because for a small value
of x, the high order term in equation 3.1.9 can be neglected. On the other hand, for a
high value of x, the high order term in equation 3.1.9 are dominant. For this reason,
the graph of MADM via OBOET diverges rapidly when x is large. So the solution of
MADM via OBOET can be improved by increasing number of terms in the
summation of equation 3.1.9.

The solution of Padé approximants orders [4/4] is consistent with the solution
of Differential Analyzer when x is small (x<1) and then diverges from the solution of
Differential Analyzer when x is sufficiently large. However, the solution of MADM
via OBOET diverges more rapidly than solution of Padé approximants orders [4/4].

The solution of Padé approximants orders [7/7] is better than the solution of
Padé approximants orders [4/4] because the former solution contains number of terms
more than the latter solution. Moreover, initial slope of the former solution is more
accurate than the latter solution, compared with the result of Kobayashi [7]. However,
the former solution does not converge to zero when X—>90, while the standard
solution [1] converge to zero when X —>00,

The solution of Padé approximants orders [10/10] is the best; it is consistent
with for the standard solution [1] for all values of x and converges to zero when
X—>0. The disadvantage of Padé approximants orders [10/10] is that we cannot
calculate the solution with package programs because it contains too many numbers of
terms to be calculated. (Our computer specification is Intel(R) (64 bit) Core i5-3570
CPU @ 3.40 GHz and 16.0 GB of RAM). Hence, we write the program specifically
for computing the solution of Padé approximants [10/10] (see Appendix C).
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The results of electron distribution for Mercury atom

In this section, we plot electron distribution for Mercury atom. Figure 6
shows electron distributions for MADM via OBOET, MADM via OBOET
incorporated Padé approximants orders [4/4], [7/7], and [10/10].They are compared

with the solution of electron distribution obtained by the Differential Analyzer [1, 3]

-=  TF-MADM /OBOET

— TF~-MADM /OBOET —Pade [4/4]
—  TF-MADM /OBOET —Pade [7/7]
— 1F=MADM /OBOET —Pade [10/10]

Hection dis. Soln.obtained [1]

n =r/a

Figure 6 Electron distributions obtained by the Differential Analyzer
[1, 3], MADM via OBOET, MADM via OBOET incorporated
Padé approximants orders [4/4], [7/7], and [10/10]

Similar to Figure 5, electron distributions due to MADM via OBOET,
MADM via OBOET incorporated Padé approximants orders  [4/4], and [7/7] in
Figure 6 are consistent with the distribution due to Differential Analyzer [1,3] when x
is sufficiently small. While, the distribution due to Padé approximants orders [10/ 10]
is likely to agree with the standard solution [1, 3] everywhere.

After considering electron distribution of Padé approximants orders [10/10]
which is the electron distribution in the ground state, we find that electrons distribute

densely at the lengthr ~0.08a,(a, is the Bohr radius), which is very close to the

nucleus. This is because electrons are influenced by the nucleus of the heavy atom.
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Figure 7 Comparison of the electron distributions of an atom of mercury; using
MADM via OBOET incorporated Padé approximants orders [10/10],
the Differential Analyzer [1], and Hatree [3]

Figure 7 shows electron distributions for an atom of mercury, using MADM
via OBOET incorporated Padé approximants orders [10/10], the Differential Analyzer
[1], and Hatree [3]. We can see that the result of MADM via OBOET incorporated
Padé approximants orders [10/10] and that due to the Differential Analyzer [1] have
the same tendency as the result due to Hatree [3]. Hence, those two results are likely to

be the average electron distribution of Hatree [3].



