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Abstract

The doping exercise has been known to affect the electronic properties of semiconductor materials. However, little
is known about the mystery behind what is exactly responsible for this doping effect. In this paper, we report our
theoretical findings about a form of gravitation within the lattice and how it can be said to be induced or even
responsible for the doping effect. We have observed that the lattice is being grouped into bands of energies by this
form of gravitation. We have identified two major types: a-core and a-core-less. It is this form of gravitation that is
actually responsible for the selection (or rejection) of atoms into (or from) a band. Hence, we have found out that
there seems to be a competition between the electronic effect and this form of gravitation whenever doping occurs.
The dopant atom being an impurity atom will contribute to depopulating or populating the band it is located.
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1. Introduction

Theories and researches about doping and dopant atoms are many and varied, but according to WideGap 2001
Conference, there is still a great interest in the wide band doping field. The WideGap2001 workshop, a large
gathering of theoretical physicist, reveals that the difficulty in finding suitable shallow donors still remains. In the
works of Bryan and Gamelin (2005), it is reported that a display of dopant population per nanocrystal is shown by
an ensemble of doped nanocrystals. Futhermore, Walsh et al. (2013) provide a good table showing the
concentration of electrons and holes with dopant atom. In this paper, we shall focus on our findings about the form
of gravitation which we based on the attraction of less energetic particles to another that are more energetic. We do
not discuss the popular quantum gravity theory. However, we shall not only discuss the action of the form of
gravitation while the molecules are forming but also after they have formed.

Doping is everywhere and acts everywhere in all materials either by premeditated intentions or by natural effects.
The subsequent effect results in the new material transforming, each time it is doped, into another, completely or
slightly different, new material. This is the origin of the great complexity that our universe is into now.

It is now, therefore, a matter of necessity to investigate the behavior of the new material as a result of the presence
of its latest addition. In an attempt to do this we provide an assumption for some two types of behaviors the lattice,
hosting the latest addition might take: a-core and a-core-less. Our scope of application of this idea extends from the
smallest molecules up to the very big galaxies.

2. Methodology
2.1 Energetic Atoms

At any instance of time and at any point in space, an energetic particle is always a center of attraction for less
energetic particles. This is the basic idea behind this paper. Since it has enough energyi, it pulls other less energetic
particles to itself (Giacomini & Neukirch, N.D.; Kolomietz, 2011). At the first instance of attraction, it shares
(actually spends) its energy with (on) them to attract them.
p— n
E, =E - >E,=20 1)
i=1
Where £, is the energy of the center-most atom (we shall not consider a case where we have a group of atoms as
the center-most particle) at the very first instance, and £, are the energies of each of the atoms being attracted.
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Equation (1) ensures that almost all the energy of the center-most atom is spent in attracting the surrounding atoms
(during interaction) and that only £, is left.

It is worth noting that by equation (2) below, the least energetic atoms of the surrounding, attracted, atoms will

receive the largest share of the £, .
(£, -E,)- (@_1)50)

,n#0 (2a)

A . =
1c 2 2
Where t i (2b)
a’ + sir{27{b4D +lat + COS{Zi{bZB

Where a' and 5" arethe operators for checking the charge and spin of two particles respectively. For application,
we shall make use of something like e e

With the above (2b), we can have this chart:

Table 1. Spin-charge parameters for interacting particles

Symbol Value at bt
Thor AL 1 o

AT or AT] ! .

AL ; o
T : S
?1 1 ool
17 or A7 : 1o

2.2 Gravitation

Subsequently, in return, the backward flow of energy from the attracted to the center-most is now the sum of the
energies of the attracted and that of the center-most. The idea is best illustrated with the Table 2 below:

Table 2. Overall gradual reduction in gravitation as molecules build up

Time,t . . X .
Jarb. unit Center-most Immediate ring of atoms Next ring Next ring
0 Ec 0 0 0
n
I E, =0 .+ 2L, 0 0
i=1
n n m
2 E, + YE,, E.+ YE, =0 > Eye 0
=1 =1 J=1
n 1 mn mn D
3 Eot Y B =0 E 4 YE, + XE,. YE, =0 SE,
i=1 =1 J=1 J=1 k=1

The Table 2 above illustrates how a band (of atoms) of energy is formed around an energetic center-most particle
£, . When the time t=0, in the table above, only the center-most atom is present. Its presence calls for a (or some)
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much less energetic particle(s). The movement of those less energetic atoms towards E ¢ makes EC throw off its
energy onto them. As those, previously, less energetic particles become energetic, they also attract more of less
energetic particles. Then the cycle goes on until the energy transferred to the center-most atom becomes too much
to bear. We shall give details shortly.

At time t=3, there are three rings of varying number of atoms (the fourth ring or column in Table 2 is populated
because the 3rd ring had attracted atoms into the fourth ring at t=2): the center-most, immediate less energetic and
next immediate less energetic atoms. However, out of these three rings, only the center-most is the (most) less
energetic at t=3. Please note the word “most” which is to compare the levels of energies of the center-most and the
next two rings. Note that at t=3, just two rings have energies close to zero and they are the center-most and the next
immediate less energetic atoms. Out of these two rings of atoms, the center-most is more (potentially) energetic
due to the fact that its previous potential of energy is higher than the next immediate less energetic atoms.

An outer-most atom is attracted much the same way it is said of creation of particles (Coleman, 2011; Mandl,
1992). An example is the creation of the fourth ring or column in Table 2 which is populated because the 3rd ring
had attracted atoms into the fourth ring at t=2:

Ec - ZEn.c = éEn-c = Ec - éEn-c = gT‘nj> 3)

Thus the Figure 1 below shows the energy flow and population of an energy band:

t=0 CJD

t=1

t=2

t=3

t=4

—

cl c2 c3 c4 c5

Figure 1. [llustration of energy flow and population of an energy band

The following sets of equations (4) and (5) (Riley, Hobson, & Bence, 2002; Landau, Paez, & Bordeianu, 2007)
will be used to describe the behavior or pattern of the population of the atoms as given in Table 2.

(o) - \E[T(TP)] @
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#e) = \F[Tp COS(@D); Sin(fP)J ®)
v T
In order to provide a dynamic flow of transfer of energy as in figure 1 above, we have:
2 o 4 { oven
f(f’ Lodd> teven) =1- f(T) Y1 (T) (6)

The act of populating the group (or band) of atoms this way in which energy keeps moving towards the center of
attraction is what we have called “a form of gravitation”.

In order to apply equations (4) and (5) to the gravitation of energy, we have:

f(r) = F(z-, Codid> Loven {&(Tp)j and f’(r) - f(r, Lo teyen(rp cos(rp) - sin(rp)j.
T

T2

The instantaneous energies of each of the participating rings of atoms in the dynamic flow of transfer of energy
towards the center can be written as:

Ey 00 0 0 0 «ovvevees % ,ESO ......
0 £ 0 0 0 0 4 B+,
Ey 0 E, 00 0 4 By + £ £
0 £, 0 £5 0 O 4 Efo +/321 +,Ef2 Efj
fg,mLE,t)z Lo O £y 0 £y O Ot |=| Eo+Ey+Ey By By O]
0 £ 0 £ 0 Z5 G| |Bo+Ey+En+Ey By By
We can rewrite (7) as:
~ "
fgraV (E’ t) = Erz'ng—number ®t = Er%];—number (73)

In equation (6), the single column time matrix is used together with the operator & to map both matrices on the

left and right hands of the equation in a “ring-to-one” mode. This means, for instance, that the total energy at ring

. . . time .
3, at t=5, is £, . Where £, carries the labeling Eime numver - Hence, the number of active (non-zero) columns
along the rows of £, ... is the same as the number of active columns ing/?e_ . This provides a very

easy way of checking the energies of each atom in the band and the characteristic energies of any band of atoms.
2.3 a-core

In this case, we shall label some groupings (bands) of atoms as being a-core(d). This simply means their
center-most particle is just a single atom. Again, we shall not discuss a situation where their center-most region is
a bundle of atoms, however, in short while, we shall discuss a situation where the center-most region is empty.

Of course, as the number of the surrounding particles (i.e atoms) grows, the center-most atom becomes unable to
accommodate them any further. This inability to further accommodate is obviously due to the growth of the
“recalled” or “gravitating” energy (flowing towards the center and) acting on the center-most atom as the number
of the attracted atoms grows. The effect of the recalled energy on the center-most is to keep exciting its electrons
against the nucleus and get the electrons always getting closer to the nucleus. At the point where the electrons
cannot go further to the nucleus, the number of attracted atoms stops and a band or molecule of atoms is formed.

For the simplest of cases, we can impose a principle (to implement a restriction): that no net energy on a
center-most atom should exceed its binding energy, ©,, (Kolomietz, 2011). This way we present our principle by
employing the imaginary part of an oscillation equation. This is because there is very high probability that there
exists an oscillation of the number of particles before a final number is fixed. So we have:
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1
= - 8

e tan'{gco 600 eXp(_ éI‘HV(ECO’ EC[O’ t)) -V eXp(_ ;graV(EcO’ EL{O’ t))} ( a)
- - ! 8b
ﬂag tanh[eco (800 - U) eXp(_ anw (ECO’ ELI'O’ t))] ( )

t ~ t
Where  ~ |=? oo — itnoff + 4), | a=2? 5 % (9a-d)

2 (o) o= m x; =1

(Xj - 1)26”
[— lej(coth /?1.)25”_1

Where ¢+¢ is the incoming or outgoing photon at any instance, 1 is the mass of the particle,

(XJ- - 1)26”' (coth A_’)2

The 7, is the quantity which determines the probability that the current (total) energy of the center most atom is
close to or less than its binding energy. Hence, 77,. can only be 1 or 0.

E=e, p= _[ 4 5 1], and ( is the net external influences.

ac

Rewriting equation (3) with the principle imposed, the number atoms that will be attracted are given as:

1, = ®(g;“c’c)A/-/
c=1

Where A;; =0,if n,, =1 and A;; =1,if 77,, < 1.

G ac, ¢ is the (a-core type) operator for creating more particles into states | 0> along rings C.
c

o>c (10)

2.4 a-core-less

As for the a-core-less group or band of atoms, the region is empty as said before. This means that there is limitless
number of atoms to be attracted since, our principle is inapplicable due to lack of binding energy for the center.
Therefore, equation (9) cannot be applied to an a-core-less band of atoms. The equation (10) would also be
modified as given below for a-core-less:

ne = O] o), (an
¢ zc 7,c 1s the (a-core-less type) operator for creating more particles into states | 0>C along rings C.
Basically, Sac,c and ¢ ;LL. 7, ¢ are the same except for how they are applied.
2.5 Gravitation at Close Energies

“Gravitation at close energies” is a term to describe how afore mentioned form of gravitation continues to operate
at slightly different energies. This type of energies is a feature of already formed molecule. We shall employ the
shape of electric charge field around same and opposite charges to model the spin interactions of these charged
particles. We are focusing on the spin interaction because it is now the most likely means of transporting energy at
such low energies.

Before we go on, we shall define some algebrae which are to be frequently used in our subsequent discussions:

Starting with the Pauli spin matrices (Coleman, 2011; Mandl, 1992), we have:
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O_X:(O 1}%:(0 —1']’022(1 o) )
10 i 0 0 —1

We can transform each of the above into another using the following tricks:

0 —7)0 1
o, =10,0, = I 13
g (1’ 0 j[l oj =
. 1 0
o, =i0,0, = 14
: [0 ) J (14)
Similarly,
o, = -ioc,0, and 0, = ilo,o.f (15)

We should also note that, for instance, o,0, # 0,0,

. {0 1}0 -1
io,0, = 1(1 Oj{f . J (16)

. (=10
i0,0, = ( 0 J 17)

This leads to non-commutative algebra which we shall soon mention along the line. Now, we obtain the
commutativity of the following:

1'[0}, O'X] = 1’(0'an - O'XO'_V) = 20, (18),

Similarly,
- j[O'y, O'Z] = —1'(0'y0'2 - O'ZO'y) = 20, (19),
and 1’[0;, O'X] = 1'(0'Z0'X - O'XO'Z) = 2(0'y)7 (20)

We shall now, discuss a method of analyzing the interactions of these 2x2 Pauli matrices when they are built up
into a 3x3 matrix. This method is actually a form of operation performed on these groups of Pauli matrices. The
operation is as follows:

Given a 3x3 matrix 4, taken from a universal matrix (representing the lattice) i such that its elements are mapped
1-1 into a Pauli matrix each as:

app dpp ag o, 0; O;
A=ay ay ay|—>|0; 0; O 2D
ds)  dgy  Aagg o, 0; O;

We focus on rectangular lattice and define an array of boxes where u (the four sides) and @ (each box) are as
shown below. The u line will pass through the space between the matrix elements.
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n=1

v

\ 4

v

A

A

u=3
Figure 2. Rectangular (lattice) box for illustrating the movement of gravitating particles

Forwhen 4 =1, =1

p=1
n—4 + n-4 3
2@1 A,ulw = 2@1 > Apé:(a/i,e,o)g (aA )13
= =1 p=1

n—4 + n-4 ¥ T
8,4 = 8, (fon) | 27l
1 11 0 0O 0 0O
Where Ap =100 0kA, =1 1 1,A;=1000
0 0 O 0 0O 1 11
10 L0
Also I, =0 1 0f,and I, =
0 0 0 1
Also, I, = & and I, = &
Forwhen u =2, @ =1
3
AT'// = zlApgT(al,c,Gp(aK)IB
p:
n—4 n-4 3
“ /1(?1 Afdl// = /1({31 ZApr(aM,G)Q(ag)b
= = p:l

o= € ay0) | g2
T4 ,u/ll// - et Ae,o A
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Forwhen 4 =3, @ =1

Forwhen 4 =4, =1

.. ® ATﬂl// —

p=1
n-4 3

= 1@1 ZApr(aﬁ,,e,a)Q(aA)IS
n—4
(£, | 9l

The matrix 4 may also be broken into 4 parts as:

Forwhen 4 =1, =1

Forwhen 4 =2, w =1

Aﬂz Aafaﬂ (8/1 e,o paﬁ (aA )IO{Iﬂ

n—-4 4

E ® B&;f ,u/ll// - ® ® 5 2 <§aﬁ(aisa)| Qaﬁ(aA)> 3

n—4
@ BiA
a1

n—4

By

_ (312
gy

a o, O;
g o, O;

=

2
BZ], =® ZApgp(aﬂ,eob (aA)

Y =

7=l p=1

n-4 4 9 3
A®:1 7631 ﬂz:lAﬂ% Aaggﬁ (a/l, 6,0 baﬂ (85 )Ialﬁ

n—4 4

- ® Bly ,MW - ® ® 5 2 <§a/3(a/160')| Qaﬁ(aA)> 5'
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Forwhen 4 =3, @ =1
o, O;
B, = [321 322} _>( i JJ
dg) A3 o; O;

4 9

BS}, = (? ZApfp(a}t,e,o‘bE(aﬂ)IZ
r=1 p=1

n—4 - n-4 4 4 3 .
© @ Bpduy = ® © LAY Aalp( 00 205 a5 41 4
- - 7_1 ﬂ:l o
n=4 n-d 4 ) . R
. AQSI B/{}/A/TM,V/ = 1@31 y(?l 5 E <§aﬁ(a/1,6‘,0') | Qaﬁ(ag)>€5 (31)
Forwhen 4 =4, =1
B4 _ [822 323] N (O_I. O‘J,]
832 833 0-1' O-j
4 .
By, = y(?l ZlApgp(aA,e,asz@A)Ig
=1 p=
n—4 n—4 4 4 3
. Pt T
. /1(?1 B/‘L}/A,U/‘Ll// - 2121 ;/631 ﬂz:lAﬁg Aafaﬁ(a/i,E,O'paﬂ(aA)IaIﬂ
n=4 n-d 4 +/ ot .
. A(?I B/;v}/A;M,W = 1@31 y(?l o'e <§a/3(3/1,e,0') | Qaﬁ(aA)>£5 (32)

Now, we further introduce yet another operator S t (which we shall call its products, Akande Matrices for the
purpose of distinguishing them from others) which performs our new operation on the elements of 5 which are
elements undergoing a Pauli matrix spin. This operator produces spin interacting matrices.

We introduce an example of the application of operator S " as:

o; O + 05 o
Tt gt _
S'B'AYy =03+ 0y Oy +04y+0;3+0, 0, +0), (33)
O3 Oyy + O3 Oy

Where o, 0,5, 03,0, are 4th, 2nd, 3rd and 1st elements of the Pauli matrices 7, 7, & and /respectively.

We shall not consider a negative orientation of the Pauli matrices.
The basic ideas for listing the operator above are:

(1) The atoms are interacting in negative directions against each other’s fields. An example is illustrated by

the Figure 3 below. Note that the way it occurs for charge is slightly different for spin interactions.
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+© 1 _Q

O

Figure 3. Atoms are interacting in negative directions against each other’s fields

(2) This results in a buildup of “common” field at the center of the interaction,

(3) From the 3x3 matrix representation of spin, we have suggested this idea,

(4) The spin of a particle is a truly intrinsic physical property and cannot be altered in any known way.
(5) The spin represents the lowest possible energy state of any particle and it is the means by which

particles interact as their energy differences approaches zero.

It is important to note that we can have the operation of § "in 81 (basis matrices) unique ways.

So we have:
Forwhen 4 =1, w =1

+ n-4 b n-4 4 o~
S/l;/ ﬂ%l B/l;/A/ull// - Zjlsﬁ.y ® ® 5 2 <§aﬂ(aiea) ‘ Q ( A)>85

n—4
¥ ¥ ¥ T %
5/17 /l(él B;[;/A;ll// = ; »g§15/17<5T€ ‘ gaﬂ(al,e,a) ‘ Qaﬂ(aA) ‘ €6>

1 3 3 3 . o
Sir B, Bryiay = 7 Z} zlkzll ]5;y11k1<5’5T | faﬂ(az,e,a) | Qgﬂ(%) | €5> (34)
21/ -
Forwhen 4 =2, 0 =1
1 81 n—-4 4 o~
Sl}/ ®1 B;y WV = ; Z_: I /l§ GS <§aﬂ(aiea) ‘ Q (K)>€§
4 1 81 Y
Sl}/ ®1 B;y WV = ; Z_: ;/<5T'£Jr ‘ fgﬂ(al,e,a) ‘ Qaﬂ(aZ) ‘ €5>
1 3 3 3 3 P Y
5/17 ®1 B;y Y = - DADIDY 25271‘/k1<§y‘9’ | gz;rﬂ(al,e,a) | Qaﬂ(‘aK) | 8§> (35)
N i=1j=lk=11=1
Forwhen g4 =3, @ =1
1 81 n—-4 4 o~
Sl}/ ®1 B;y WV = ; Z_: I /l§ GS <§aﬂ(aiea) ‘ Q (K)>€§
4 1 81
Say ® B;y W= 7 ; <5T e | faﬂ(aaea) | Q, (%) | 55>
1 3 3 3 3 P Y
Sir 8 Bl Ay = 7 '21 Zlkzuzfzyzj/d@’g’ | gaﬂ(‘ai,e,a) | QZﬂ(aK) | 55> (36)
i=1j=1k=1/=
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Forwhen 4 =4, =1

s n—4 b 1 81 + n—4 4 it T o~
Sir B B Ay = 7 qzlsﬂy 2 y@l de <§aﬂ(a,1,s,a) | Qaﬂ(aA)>g§

n—4
i togt
Si}/ /1(?1 BlyA;z/ll// -
.‘. n_/l .}. .‘.
5/1}/ /1()31 B/l;/A/Ml// =

3. Results

. 1 . .
Now, we seek the meaning of — by first solving a few of the operation as follows:
n

01 1
O-X O-X
51T111=(0 J: 1 21

1 10

0 1 1
st,=|% |1 2 —i
1112 o, o, '
1 7 0
01 1
o, O
5@:(" XJ=13 1
T %) 11 -
We can see that the trace of the above will give 2,
0 1 1
st =19 %ot —ie1 1
1121 o, o, ‘
7 1 0
0 1 0
+ O.X O-X .
Slign = - =1l —-7+1 -1
ror 7 i 0
0 1 0
+ O.X O.X .
51123—( J: 1 - 7+1 -1
Y UZ s
bl bi 0
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We can see that the trace of the above will give — 7 + 1,

011
o, ©
St =(0X G"]: 2 1 1
2 0 00
0 1 1
o, ©O
Shae =| =12 1 -1
O-}/ O-}’ :
0 -1+7 0
0 1 1
Sl =177 Ol=]2 2 o0
1133 o, o,
) 0 -1 -1
We can see that the trace of the above will give 1,
0 1 -1
o, ©
5F211=(X yj= I 1+7 1
9 9% |1 1 o
0 1 — 1
o, ©
51T212=(X y]= 1 1+7 -1
o, O, .
1 1 0
0 1 -1
o, ©O
51+213=(X yj= 1L 2+7 0
O %) 11 0 -1
We can see that the trace of the above will give 1+ 7,
01 -1
o, ©
51T221 = ( y y] =1 0 1
o, O, .
1 0
01 -7
o, ©
5?222 = " =10 -
o, O, .
i 7 0
01 -1
o, ©
Shes = % Vl=|1 1 0
1223 (Uy O'ZJ '
i 0 -1

We can see that the trace of the above will give 0,

After performing the voluminous operations, we find out that there is a cycle in the appearance of the traces of the
81 spin interaction matrices and it is given below in the symmetric matrix:
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2 1-7 1
v=|1+1 0 bl
1 -7 0

Symmetricity of V is conjugal.

We shall label 7as 7J,which is the multiplication of the trace of the spin interaction matrix being worked upon
and the type of charged interaction involved. We have:

1 4 (3 3 3 n—4
e =€t ZZZZ 4;4%1@5474#/1‘// (38)

1=1j=1k=1

1
Where the — is because of the three cycles of similar traces. There are 27 in each cycle.

We shall now find the determinants of each of these spin interaction matrices. These results will be added to the
subsequent atoms in the values of x and @ . We have:

n—4
— |of i
D,uﬂ}/ = Sﬂy /1(?1 BﬂyA 14 (39)
- A
Where the subscript A is to emphasize that the actual value needed is the coefficient of 2.

In order to determine the next atom to be selected so as to add 2 to, we have:

T
= X (40)
b4

Tt
A/M'//

Where ¥ = — U{ 1%]

We shall now, implement the importance of the dopant atom into the system. The dopant atom is of different
properties such as the atomic mass and number and density and so on. Therefore, we shall find the fraction of its
density to that of the rest of the lattice, m,,,,, . The rest of the lattice refers to the most populated group of atoms in
the lattice. So we have:

pure

Vi _ M Gopant

uly (41)
mn pure

Eventually, the energy drifting to the center at any instance of time will be given as:

N n{ }'//
H— = wCi)l#@lDMy M,+g M’S (42)

4. Conclusions

We have shown how the gravitation affects the doping effect. The a-core types are typical of almost all known
molecules as there is almost all probability that there will be an atom at the center of a molecule. However, a
possible example of the a-core-less type should be a collapsed neutron star or black hole. This is because of its
seemingly limitless tendency to keep attracting particles including light.

We, therefore, propose that the development of gravitation in matter like our planet earth, is based on (1) the type
of core: a-core or a-core-less and (2) what atom (or groups of atoms are or) is at the center of the core. For instance,
we make bold to say that, the most likely reason for the abundance of carbon and silicates on the outer-most parts
of our planet earth may be because the core of the earth is much higher in concentration of much relatively heavier
atoms such as iron and nickel. Therefore, it is likely true that if the abundance of a type of atom is located on the
surface of a planet, then the core of such planet may be made up of much heavier atoms. The presence of iron and
nickel at the core of the earth makes rare earth minerals very rare on our planet earth. These results and many more
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that could be derived from the formulae above are, basically, as a result of the idea that there is a form of
gravitation only induced during doping processes. The form of gravitation tends to remain at rest, not active, until
the dynamic nature of our universe activates it by doping a material with another.

References

WideGap 2001 Conference. (2001). Compound Semiconductor. Conference Procedings, Journal of Physics:
Condensed Matter, CSJunWideGap (pp. 55-57).

Bryan, J. D., & Gamelin, D. R. (2005). Doped semiconductor nanocrystals: synthesis, characterization, physical
properties, and applications. Prog. Inorg. Chem, 54, 47-126. http://dx.doi.org/10.1002/0471725560.ch2

Walsh, A., Buckeridge, J., Catlow, C. R. A., Jackson, A. J., Keal, T. W., Miskufova, M., ... & Sokol, A. A. (2013).
Limits to Doping of Wide Band Gap Semiconductors. Chemistry of Materials, 25(15), 2924-2926.
http://dx.doi.org/10.1021/cm402237s

Halliday, D., Resnick, R., & Walker, J. (2001). Fundamentals of physics. John Wiley & Sons.

Neukirch, S., & Giacomini, H. (2000). Shape of attractors for three-dimensional dissipative dynamical systems.
Physical Review E, 61(5), 5098.. C.N.R.S Laboratoire de Mathematiques et de Physique Theorique. France.
http://dx.doi.org/10.1103/PhysRevE.61.5098.

Kolomietz, V. M. (2011). Non-Markovian nuclear dynamics.
Coleman, P. (2011). Introduction to Many-Body Physics.

Riley, K. F., Hobson, M. P., & Bence, S. J. (2002). Mathematical Methods for Physics and Engineering.
Cambridge University Press.

Landau, R. H., Paez, M. J., & Bordeianu, C. C. (2007). Computational physics. Computer Languages, 7, 2-3.
Mandl, F. (1992). Quantum Mechanics. John Wiley & Sons.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

96




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


