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Abstract

Quantum mechanics differential equations are based on the de Broglie
wavelength assigned to a particle.

This paper presents the effect on quantum mechanics differential equa-
tions when replacing the de Broglie wavelength by a relation between the
radius and the total energy of a particle. This relation results from a theo-
retical work of the author about the interaction of charged particles, where
particles are modelled as emitting and absorbing continuously fundamental
particles with longitudinal and transversal angular momentum. The laws
of interaction are mathematically formulated and then proven in that the
basic laws of physics (Coulomb, Ampere, Lorentz, Maxwell, Gravitation,
bending and interference of light and particles), are deduced from them.

The main effect on quantum mechanics is the change of the pair of
canonical conjugated variables that are linked by the uncertainty principle
of Heisenberg, namely, to the pairs energy-space and momentum-time.
This has the consequence on relativistic and non relativistic operators in
that they are reversed respect to time and space derivation compared with
the standard theory.

The accordance of the proposed theory with the correspondence prin-
ciple of quantum mechanics is proven, in that the time independent dif-
ferential equation from Schroedinger, deduced from the wave package con-
structed with the de Broglie wavelength, can be derived from the wave
package constructed with the radius-energy relation.

Solutions of the new differential equations for the potential pot, the
harmonic oscillator and the hydrogen atom are presented and compared

with the solutions of the Schroedinger differential equations.
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1 Introduction.

Quantum mechanics differential equations are based on the de Broglie wavelength.
In the original work about the interaction of charged particles [4], this particles are
represented by a non-local model emitting and absorbing continuously fundamental
particles. The energy of a particle is distributed in space from r, to infinity, where r, is
the radius of the particle. The following relation between the radius r, and the energy

of a charged particle is derived .

h /
= fc with E,oq = /E2 + Eg the relativistic energy. (1)

This relation is used instead of the de Broglie wavelength in order to build wave
packages with a Gauss distribution and to derive the corresponding probability differ-
ential equations of quantum mechanics. The effects on the uncertainty relations and
the main quantum mechanics operators are presented.

Note: When deriving the wave-packge with the radius-energy relation, the mass of
a particle is considered as concentrated in a sphere with a diameter equal approximately
to two times the radius r, given by the radius energy-relation. This is not according
to the approach [4] that let to the radius-energy relation where the mass (energy) of a

particle is distributed from r, to infinity, outside the sphere with radius r, .

2 General considerations.

To make use of the of Fourier-Transformation, the movement of a particle is first
described as a sequence of particles represented by a sinus wave, having a wavelength
A equal to 27r,. Then the Fourier-Transformation of a wave package of sinus waves
with a Gauss shaped amplitude is build.

We have that

h
A =27r, = 27TE ¢ with E,q = /B2 + E2 (2)
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The sinus wave on the x-axis is

£, = Agilkammwst) with ky = — and Wy = 2T — (5)

If we now introduce in the expression that \, = 27nr,, = 2nhc/E,., we get

.C Erelz Vg
&, = Aexp {Zﬁ ( 2 i 2 Era, t)] (6)
or
c (B,
& = Aexp [lﬁ ( Czl r— py t)} (7)
with
, Ug -1/2 v,
Erelz = Eo + Ekznz =MmyC 1— g and Pz = g Erelz (8)

with Ej;,, the relativistic kinetic energy of the particle on the x-axis.

3 The wave package.
We define the Fourier-Transformation of a wave package [1,2]; on the x-axis as

1

bo(2,1) = Dy /_:o Ke(De) €xp {@% (M, (Pz) T — P t]} dpy (9)

with a Gauss distribution x,(p,) on the p,-axis

5alps) = B exp {—(Z(;—;))} (10)

and the dispersion my.;, = My, (p,) with

E.. 1
Myel, = CQII Myet, = Mael, (D) = g\/Eg + p2c? and E,=my,* (11)

Because of symmetry reasons we also have a wave package

1

+oo c
Yy (w,t) = %/ Xa:(mrelz) exp {27_1 [mrelz T — px<mrelz) t]} dmye, (12)
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with the Gauss distribution on the m,.;, -axis

(mrel — Mgl )2
T re =A - - - 13
i) = A cap { o =Tt (13)
and the dispersion
E,
Pa(Myer,) = ¢ /m2,  — m2 and me = —3 (14)

4 Probability differential equations.

In this section the probability differential equations are derived. The differential equa-
tions are classified into unrestricted and non-relativistic. Then they are subclassified

in groups of general, time or space independent.

4.1 Unrestricted differential equations.

The unrestricted differential equations are valid for the whole range of speed 0 < v < c.

We start with the wave package

1 [t c
¢w(xv t) = %/ Xz (mrelz) exp {lﬁ [mrelz T — Pz (mrelz) t]} dmyer,, (15)
with
_ Era, d = 2 2 16
Myel, = 2 an pa(Mrer,) = ¢ Mg, — M5 (16)
with

Era, = Eo + BEpin, = | E2 + E2, E,=m,* E, =p,c (17)

For the unrestricted range of velocities 0 < v < ¢ we have that

Uy
Pz = c_gErelx (18)

and FEy;,, represents the kinetic energy for the whole range of speed.

4.1.1 The wave equation.

The wave differential equation we obtain by derivation of 1, two times versus t and

two times versus x. The results are then connected through

(%7
Pz = C_2Erelz (19)
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We get

0? 1 0?
For v, — ¢ we have
0? 1 02

the well known wave equation

4.1.2 The time independent differential equation.

Time independent differential equations are deduced derivating one time and two times
the wave function .
a) We derivate the wave function 1, one time versus x and get the following time

independent differential equation on the x coordinate

0 7
2 " he

Eyin, represents the kinetic energy for the whole range of speed, relativistic and

)
Erelm wx = h_C (Eo + Ekzznz) wa} (22)

non-relativistic.

b) We derivate the wave function v, two times versus = and get the following time

independent differential equation on the x coordinate

Lo == S, 23
With
Ly 2
Meypel, = = B2+ E2 E,=m.c and E, =p.c (24)
we get
o= B, (25)

4.1.3 The space independent differential equation.

We derivate the wave function v, two times versus ¢

02 2
Pk P2, (26)



and with

E,, =p.c and E.=E, +E. +E (27)
we get
, 0 2
and for the space
— 1 A = E2) (29)

with the operator A¢ defined in sec. 6.

4.2 Non relativistic differential equations

For non relativistic speeds we have that v < ¢ and that Ej;,, =~ p*/(2m,).

4.2.1 General non relativistic differential equation.

The general non relativistic differential equation we obtain by deriving 1, two times
versus ¢ and one time versus x. The results are then connected through Fy;,, ~
p?/(2m,). We get

92

C 2my, 2 O

—ih C%¢x(x’t) — B, Y (x,t) =~ VYo(z,t) with E,=m,c* (30)
The differential equation with the constant energy FE, describes the movement of a
non-accelerated particle in a cero potential energy field.
With E, the total energy, Ej;, the kinetic energy, E,, the potential energy and
E,.; the relativistic energy, the above equation is equivalent to E,,; — E, = Epp,. If
we add at both sides the potential energy E,, = U,(x,t) we get the equations for an

accelerated movement. The result is

—ih C%¢$(I7t) - Eo ¢z(x7t> + Uz('rat>¢:v(x7t) - Etot¢x(x7t) (31)

92

C 2m, O

Vu(z,t) + Uz, t)u(z,t) = Erthe(z, t) (32)

Comparing equation (30) with the General Schrodinger differential equation,
the main difference is that equation (30) derives one time versus space and two times

versus time, in other words, time and space are interchanged.



4.2.2 The time independent non relativistic differential equation.

Differential equations are deduced in derivating one time or two times the wave function

Vo

a) We derivate the wave function v, one time versus x

0 1 1
%wx - h_C Erelz 2/)33 - h_C (Eo + Ekznz) 1/190 (33)

For a conservative field U, = ¢. V, with a total energy FEj,, we have

Eiot, = Ekin, + U, and with Eyin, =~ %mo pi (34)
we get
{—iﬁc{%—l—U(I)}w(x)%Ez Y() (35)
with
E,=E., + E, (36)

the Eigenvalue.

b) For the time independent differential equation deduced derivating the wave
function ¢, two times versus x see sec. 7.
4.2.3 Space independent non relativistic differential equation.

We take two times the derivate of the wave function ¢, versus t

0? c?

@% - - ﬁ pi ¢x (37)

and with eq. (29)

— 1’ Avb = Epy (38)
and v < ¢ and a conservative potential U

1L ,_ 5

om, Y T 2R,

we obtain the space independent non relativistic differential equation

By =~ and Eiot = Eyin +U (39)

h2
{_2E At—l—U}w%Etotw (40)

which is equivalent to the time inependent equation from Schroedinger.



5 Uncertainty principle.

In the proposed model the pairs of canonical conjugated variables lead to the following

uncertainty relations

1
(AE) - (Azx) > 5 hc (41)
and
1A
(Ap)- (A1) > 5 * (12)
c
Noticeable at this point is the relation
Er,=hc (43)

for a particle, that connects the radius r, and the relativistic energy E through A c.

6 Operators.

6.1 Relativistic operators.

6.1.1 Relativistic operator for the linear momentum.

The relativistic operator for the linear momentum of a particle is

| St

0
p= 1 — — 44
p=i- 5 (44)
The linear momentum we get with
_ h
pPx=i-Vix (45)
where y is the total mass-probability function
and Vt
0 0 0
Vi = a]x e, + glyey + E‘Z e, (47)



6.1.2 Relativistic operators for the energy.

For the relativistic energy of a non-accelerated particle we obtain the operator

. 0
E. ., =—3 — 4
rel, zhcagj (48)

Application example.

If we apply the relativistic operators to the relativistic energy of a particle

Bz =myct + p; (49)
we get

0? 0?

2 2 2 4 2
— h*c @wz =m,c wz — R @wx (50)
the Klein-Gordon equation.
With m, = 0 we have
0? 1 02

6.2 Non-relativistic operators.
6.2.1 Non-relativistic operator for the kinetic energy.

The non-relativistic operator for the kinetic energy on the x coordinate is

A h? 0?

hina 2 m, c2 3t2| (52)

and the total kinetic energy FE};, in the three dimensional space

h2
Ekin = Ekin, + Eyin, + Egin, = — 5 Aex (53)
2m,c
with
0? 0? 0?

Ay = —|. — —, 54
¢ 8t2| + 8t2|y+ at2| (54)

6.2.2 Non-relativistic Hamilton operator.
The operator for the non-relativistic total energy on the x coordinate has the form

. 1 (. ho N\
Ex— Qmo (ZE&LU) + Um (55)




or

2
2 m,

+ U,

T

which is equal to the Hamilton operator H,.

The general non-relativistic differential equation thus takes the form

0 A
i he a—x%(%t) = H, ¢x(x7t)

with

~2
2m,

the non-relativistic Hamilton operator.

6.2.3 Non-relativistic operator for the orbital-angular-momentum.

The wave function for the three dimentional space is

C

1 [t
¢m(r7t) = % /oo X(mrel) exp {Zﬁ [mrel r— p(mrel) ﬂ} dmrel

with

r=xe,+ye,+ze; and P=Dps€ +pye,+pe;
We define the linear momentum operator for the different coordinates as:

. h 0
pk:Z__|k

c Ot

The orbital-angular-momentum-operator can be expressed as
h h
M(r, i—Vt) = (r X i—Vt)
c c

9
ot

The operators for the vectorcomponents are:

with

0 0
|z € + §|yey + . e.

Vi= ot

~ ~ ~

My=9p.—2p, My=2p,—2p. M,=2p,—Yyp:

10

(58)

(60)

(61)

(62)



The conmutations are as known

~ ~

[My, M) 20 [M;,,Q] =0  with Q= M2+ M2+ M? (65)

7 The proposed theory and the Correspondence

Principle.

The present theory is based on the radius-energy relation derived in [4], relation that
substitutes the de Broglie wavelength.

The accordance of the proposed theory with the correspondence principle of the
older quantum mechanics is ensured, in that the time independent differential equation
from Schroedinger, deduced from the wave package constructed with the de Broglie
wavelength, can be derived from the wave package constructed with the radius-energy
relation presented in [4].

We start derivating the wave function 1, two times versus space, to get the time
independent differential equation

2 2
= = Sl v (66)
With

1
Merel, = 54/ EZ+ E2 E, = m,c’ and E, =p;c (67)

02 1
2T T e

For non-relativistic velocities v < ¢ we have that

(B2 4+ E2) ¢, (68)

2

Ein, = ZP—;% and ESZ =p2  =2m, & Epin, (69)
and we get
0? 2m, |1
@,@Z)x = - 72 |:§Eo + Ekzn“n:| waz (70)

With a conservative potential Fy, = U, + Ejipn, we get finally

h2 62 . 1
5 mow + Ux 1/):1: = Ea: % with Ea: = 5 [EO +2 Etota;] (71)
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For the three dimensional space we have

h2
2m,

Ay +U| x=Ex (72)
with A, the Laplace operator and

1

E — 5 [Eo + 2 Etot] (73)
If we make E, = 0 we get
h2
- Ar + U | x=Eit X (74)
2m,

Eq. (74) is exactly the time independent differential equation constructed by
Schroedinger with F,, the Eigenvalue.

8 The mass conservation equation.

The mass conservation differential equation we obtain by derivating ¢, one time versus

t and one time versus x. The results are then connected through

Uy
Pz = c_gErell- (75)

We get

0 0
wa(x,t) = — 0, a—xwz(x,t) (76)

We define the mass probability density as

px($7 t) = w;(l‘a t) ¢x($7 t) or p(I‘, t) = ¢*(I', t) 77/)(1', t) (77)

We derive the mass probability density versus time

o palest) = o 2,0 )] = i 0) Gl ) + (e t) gl t) (78)

With eq. (76) we get

0

9 ) ) 9
S0 0) = =0 | 0L, 0) G, t) + Uil t) S-n(an) (79)
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or

Epelt) = —ve 2100 Ul )] = = o 0] = —55jw ) (80
Tpet) = = Veilrt) with  je0)=veen e (8)

where j(r,t) is the mass-current probability density.

9 The wave equation for relativistic speeds.
We start with the wave eq. (12) from sec. 3

1

400 c
/ X:L‘(mrelz) eExp [l_ (mrelm €T — px(mrelz> t):| dmrelz (82)
2 h

—00

¢x(xvt> =

and analyze the equation for relativistic speeds where Av =c— v < ¢. We get

muv V2 h
ETel:Ep:pC:7C 6: 1—6—2 /\:5 (83)

The resulting wave equation is

1 too )
%(ZU, t) = _/ Xz(mrelz) ExTP | (p xr — Epv t) dmrelz (84)
21 J_ o h
where
Epvzpvzyv (85)
B
With E,. = pc?/v and E < E? we get
2 2 2 2
Bp=pv=b"c_P2°5 ~pe=p, (86)

Erel \/ Eg + Eg
We now derive the wave equation one time versus space and one time versus time

and connect the results with E,, = pc. We get

0 0

13



10 Applications of the non-relativistic differential
equation

The solutions of the time independent non-relativistic differential equation (31) for a

potential pot, the harmonic oscillator and the hydrogen atom are derived.

10.1 Potential pot

The non-relativistic time independent differential equation is

iy ﬁc%%@) b Up(2) 0u(®) = [Buor + Bo) va(z) = Epu(z)  (89)

With y = ¢,(x) we can write

d
—ihcgy:[E—U]dx (89)
After integration we get
—ihc[ln|y|+lnCy]:/[E—U] dz (90)

resulting

vl ZCiyercp{ % /[E—U] dx} (91)

Equation (91) is valid for all potential energies U and gives real values for y if

{hl/[E—U]dx}:m and k=0, +1, +2, +3,--- (92)
C

defining the quantization condition, which together with the normalization condi-
tion allows the calculation of the eigenfunctions.

The potential pot is defined as

oo forx <0
U= 0 for0<z<a

oo forx>a

and we have for U =0

1 h
P Ex=kmn resulting with x = a E,.=mr gy (93)
c a

with k=0, =1, £2, £3,---.
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The total energy is with Ey = E;,; + E,

hc

Eiyw=FE,—E,=n—k — E, (94)
a
and for F;,; = 0 we get
h h
a, =k WEOC =kmr, with F: =7, (95)
the radius of of a rest electron or positron.
The eigenfunction is
1 1
S — — FE 96
Yk Cyeﬁp{hc kx} (96)

The integration constant C, we get with the normalization condition

/ Yo Y dr = O 1) (97)
For k' = k we get
1 “ 7
o ), exp § [Ey — Eglxy de =1 (98)
y
resulting
1
;= or C,=+Va (99)
Yy

The normalized eigenfunction is

1 7
Yk = Ja erp {ﬁ Ej, x} (100)

The main differences compared with the solution obtained with the Schroedinger
equation is that the quantization of the energy is proportional to k instead of k% and

for defined values of a the total energy E;,; becomes zero.

10.2 Harmonic oscillator

The potential energy for the harmonic oscillator is

x with — w®=K/m (101)

With eq. (91) we get

|yl = Ciy 65619{ % / [E — g ﬂ d:c} (102)

15



With the quantization condition we get

1 ¢ K 1 K
— E— — z? =— |Ea——=d| =kn 1
¢, [ 23:}(133 c[ a 6(1} k (103)

resulting for the quantized energy with F,,; = E, — F,

hec 1 m w?
By =7 — - 3| - F 104
tot 7Ta {k+6ﬂhca} o (104)

The minimum quantum change between two adjacent energy levels is

h
ABy =1 & (105)
a
For E,,; = 0 we get
1
a{EO—émwQQQ}—kﬂhc (106)
which for k£ = 0 gives
6 E,
a; =0 or ass ==+ 5 for k=0 (107)
m w

With the normalization condition given by equation (97) we have that

/ Yo Yk dor = 2 exp {ﬂ [Ey — Ek] x} dx (108)
0o y J—o0

or

he [ , hc
| eantilB - Bny dn—

. xT

With & = k we get the integration constant Cy = Vh c resulting the normalized

eigenfunctions

1 i K
yk:\/ﬁex’p{ﬁ {Ekx—gx?’}} (110)

The main differences compared with the solution obtained with the Schroedinger
equation is, that the minimum quantum energy change between two adjacent energy
levels is constant and independent of the oscillation frequency w and, that for defined

values of a the total energy FE;,; becomes zero.
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10.3 Hydrogen atom

We start with the deduction of the quantization conditions with eq. (31)

ihe Sa(w) + Ua) (o) = (B + B tula) = Bona) (1)

We define the operator

) 0 0
V¢($,y, Z) - %Qﬂ(l’,y, Z) + a_y¢(x7y7 Z) + &1/}<$,y72> (112)

which is the operator for the divergence normally applied on separate functions for
each coordinate. To differentiate the symbol now used from the same symbol used for
the Hamilton operator, we propose to use for the Hamilton operator the symbol V to
show its vector character.

For polar coordinates we write

_ZHCVX(raQ;‘P) + UX(T70790>:EX(T707§0) (113)
with the V operator expressed in polar coordinates

0 2 1 0 1 0 1
_E+;+T8m9%+;%+;cot9 (114)

The differential equation has now the form

\%

1 )
V + — U =—F 11
[ fic } X he X (115)

We now assume that the wave function x can be expressed as a product of a function

exclusively of the distance r and a function of the angular variables 6 and ¢.

x(r,0,¢0) = R(r) Y(0,¢) (116)
We get
d 4 1 ; ;
YR Y+-AY R+ LU.RY="E.R.Y (117)
roor T hc hc
with the operator A
1 0 0
A= — — 2 11
snd g + 2 + 2 cotd (118)
We now assume that
AY = -)\Y (119)
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and get two separate differential equations for R(r) and Y (0, ¢).

d 7 1
-R— —|EFE-U|/R+-4—AR=0 120
r hc[ ] +7“[ ] (120)
and
1 0 0
— — 2 cotfd|Y =-=)\Y 121
[sin@ 8g0+89+ “ (121)
Eq. (120) gives
i [ r
lnR:ﬁ/ro [E_U]dr—[zl—A]lnT—o + Cg (122)

with Cr = C, + i C; a complex integration constant.
From the solution of eq. (121) results that A =4 [ with [ = 0, +1, +2;--- as will

be shown later on. We get

T hc T

R= emp{—él lnL—i—C’r} e:vp{i [/ (E—U)dr%—lhclni—i—@hc}} (123)

The quantization condition requires that

1 T
P [/ (E—-U)dr+1hc lni—l—Cl-hc} =kn with k=0, £1, £2;--- (124)
C To To
Equation (124) is valid for all point symmetrical potentials U. We now introduce
the potential of an atomic nucleus
7 e? K, 7 e?

= — = — — ith K,=——
v dme, r r we Y dre,

(125)

where Z is the atomic number, and get for the quantization condition with £ = Fj,

1
Ek:{kﬂhc—(Ku—l—lhc) lnri—C,-hc} . (126)
or
r E,r K,
lnr—o—(kﬂ'— B e —OZ)/(E—FZ) (127)

The energy Ej of eq. (126) must be equal to one term of the series of the hydrogen

spectrum empirically introduced by Ballmer, namely

1 1 1
E, = — AE, = S — 12
n hCRH n2 and n CRH |:n2 (n+ 1)2:| ( 8)

18



with Ry the Rydberg constant and n =1, 2, ......
This is only possible if the product Ej r in eq. (127) is quantized. We define that
Epr= Ay (k,l) and get

Ek:f—:exp{—(m-%-@)/(%ﬂ)} (129)

The problem reduces now to find the function A,(k,!) that makes Ey = E;, + Ep
with E;,; = E, from the hydrogen spectrum.

Before we continue we will deduce the condition A = i [ introduced previously. We

assume that

Y (6,¢0) =0(0) () and — P =m (130)

and with ®(¢) = ®(p + 27) we get

® = exp{m ¢} with m=1imy and my = £0, +1, £2;--- (131)

With eq. (130) we have that eq. (121) transforms to

m d
" @+@@+200t0®——>\@ (132)
and
do m
E——[Sin0+200t9+)\]d9 (133)
which gives the solution
1 iml
= — — 2 134
) C@exp{ /{sine_l— CotH—i—)\}dQ} (134)

With ©(0) = ©(0 + 2r) we conclude that

1
0= o exp{—2lnsinf} exp{—i [ m;In(csch — cot @) + 160 ]} (135)
Q)

with A =77 and [ = +0, £1, £2;--- what we have anticipated for eq. (123).
Eq.( 133) we can now write as

1o+ i ™ 6 - _9cth0 —il0 (136)
de ! sin 6 N 0 !

In this equation the real and the imaginary terms must be equal, and we get from

19



the imaginary terms that

? = —sinf with my ==+0, +1, £2;--- and =40, £1, £2;--- (137)

We conclude, that the relation between the orbital quantum number [ and the

magnetic quantum number m; is

‘?‘31 or  |mi < |l (138)

Now we have to find A,(k,[) that makes Ey, = E,, + E,.

10.3.1 Calculations made for the Hydrogen atom

A numerical calculation is required to obtain Ej, r = A,(k,[) from eq. (129)

A A K,
Ek—_qewp{— (kﬂ_h_i_cl>/<ﬁ+l>} wlth Ek:Et0t+E0 (139)

and the help of

1
Biw=E, and  Ey=—(hcRy +E,) (140)

where the sign for Ej was changed because eq. (139) gives only acceptable results
with r > 0if Ey r = A,(k,1) < 0. That is because the external potential U was defined
negative with U — 0 for r — oo. After obtaining A, we can calculate the radius
r = A,/ Ey. The calculations were made with [ =1 and with C; = 500.

If By, r = Ay(k, 1) could be express analytically it would be possible to calculate the
differences AE,, = AFE}, directly with

Ey(r,k,1,Ci) = [kwhc—(Ku—l—lhc) lni—C’ihc}

To

S| =

(141)

end the help of

r(k,1,Ci) = o exp { (k T — % - ci) / (% + z) } (142)

which was derived from eq. (127).

Results of calculations:
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e The energy Ej. tends to the negative Energy of a rest electron instead to zero for
k — oo as it is for the Rydberg term (see Fig. 1). The energy-radius product A,

is shown in Fig. 2.

1

X
-8.1984 T T T T T T T T T

-8.1985 h

-8.1985 b

Total energy E (k1)
-8.1986} I—1 C,-=500 i

-8.1986 b

-8.1987 b

_8. 1 987 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Principal quantum number n =k

Figure 1: Energy Ej of Hydrogen atom

e The radius of the Hydrogen atom decreases with increasing energy FEj, for constant
orbital number [ (see Fig.3). This is because for a constant orbital number [
the energy can only increase by contracting the orbital radius r, increasing the
tangential speed of the electron. The orbital radius r is of the order of 1071%m
with [ = 1, which is also the order of magnitude of the inter-atomic distances

and the Bohr radius a, ~ 0.5 A

e The radius increases with constant energy Ej, or constant n and increasing orbital
quantum number [ (see Fig.4). The tangential speed of the electron decreases

with the increasing radius r.
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Figure 2: Energy-radius product Aq of Hydrogen atom
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Figure 3: Orbital radius r of Hydrogen atom for constant [ = 1.
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e The energy eigenvalues don’t depend exclusively from the principal quantum
number n = k. There is no degeneracy of the principal quantum state n, because
the eigenvalues depend also from the orbital quantum number [. It is important
to note, that the principal quantum state n in the Hydrogen solution of the
Schroedinger equation is also a function of the orbital quantum number [ because
it was defined as n =n, + 1+ 1.

e The proposed theoretical approach explains the two spin states with two types of
electrons and positrons, namely, the accelerating and decelerating electrons and
positrons. The fine-structure splitting of the Hydrogen spectrum is thus produced
by the orbital quantum state [, the finite mass of the nucleus and probably by
relativistic effects, and not by the supposed magnetic spin moment attributed to

the electron by standard theory.

x 10
2.05 : : : : : : : :
2t Orbital radius r = r(k,l) .
k=n=11 C =500
195} ]
19} ]
[=1,2,3 - - (k=1
185} .
18 : : : : : ' : :
1 2 3 4 5 6 7 8 9 10

Orbital quantum number [

Figure 4: Orbital radius r of Hydrogen atom for constant k = 11.
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Conclusions

The fact that it is possible to derive with the proposed theory the time independent

Schroedinger differential equation (74), ensures that the proposed approach is in

accordance with the correspondence principle of the quantum mechanics. Accordingly,

results of solving the time independent Schroedinger differential equation (eg. the

harmonic oscillator, the radial Coulomb potential or hydrogen atom, the movement of

a relativistic particle deduced by Dirac, etc.), are also valid for the proposed theory.

The following main characterisitics were identified,

12

The uncertainty principle of Heisenberg between canonical conjugated variables

links the pairs energy-space and momentum-time.

Because of the changed canonical conjugated variables, the relativistic and non-
relativistic operators are reversed respect to time and space derivations compared

with standard theory.

The Schrodinger equation is replaced by an equation where the wave function
is differentiated one time versus space and two times versus time in analogy to

Newton’s second law.

The time independent Schrodinger equation is obtained by deriving the new
wave funktion two times versus space, the same as for the established wave func-

tion.

In applying the relativistic operators to the relativistic energy of a particle the

Klein-Gordon differential equation results.

The Hamilton operator remains formally unchanged.
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