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Abstract

Since the interest in the quantum phenomena started, there have been two
main approaches to the quantum theory, the first approach investigates the
motion of a wave-particle object by assuming the wave has the characteristics
of a moving particle, momentum and energy, this approach was developed by
physicists Max Planck, Albert Einstein, and others. The second approach in-
vestigates the motion of a particle-wave object by assuming the particle has
the characteristics of a moving wave, wavelength, wave vector, and frequency,
this approach was developed by physicists De Broglie, Schrodinger and others
which led to the presence of quantum mechanics. This article focuses on the
second approach and merging it with classical mechanics. An early mathemat-
ical formulation for the quantum theory was proposed by De Broglie’s rela-
tions and later on, another formulation was given by Schrodinger’s equation. A
successful attempt to bridge the gap between classical mechanics with quantum
theory implemented via a mathematical derivation for De Broglie’s relations and
Schrodinger formulation, The derivation process overcame a main obstacle
was the convergence of the deterministic nature of classical mechanics with
the probabilistic nature of the quantum theory by adopting an innovative
method based upon replacing constant values in a deterministic relation with
probabilistic variables in the same relation, and this led to switch the relation
from deterministic representation to probabilistic representation. Both classi-
cal and quantum explanation are given for the deduced formulas. An energy
approach is instrumented. Since classical mechanics formulas are not suffi-
cient to explain the quantum phenomena, a new concept of complementary
energy introduced in order to connect the parameters of a moving particle
with the parameters of an associated wave, the value of the complementary
energy for each particle adjusted the total energy equation of N moving parti-
cles without changing the magnitude of the total energy of a system of N par-
ticles. In special cases, the value of the complementary energy for some parti-
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cles equals the value of the total energy for the particles. The derivation process
indicates that complementary energy corresponds to the potential energy on
the surface of the material which prevents the particles to escape from the
boundary of the matter to the outer space and maintains its coherence, com-
plementary energy concept also manifest the impact of the moving particles
on a single particle due to the energy conveyed during direct contact in case
of collision or by the remote influence through an existing field in the space,
so it represents an energy of dual nature for both matter and radiation wave
combined. The complementary energy is not introduced as mathematical as-
sumption in order to manipulate the total energy equation, it’s actually exists
in the total energy equation and its validity has not been applied before. A
general format for any potential energy is obtained regardless the nature of
field it represents (a universal format for potential energy) that is by using
mathematical manipulation for the equation of total energy of N moving par-
ticles. The derivation process led to a particle-wave formula. The substitution
into the particle-wave formula with the speed of light, De Broglie’s relations,
revealed. Some additional applications for the particle-wave formula are
suggested, also as a well known energy quantization formula obtained by
applying all of De Broglie’s relation, a general energy, and speed formulas
resulting during the derivation process. Matching time independent equation
called Schrodinger’s amplitude equation with classical mechanics formula-
tion demonstrated by deducing both the wave function and the magnitude
of the wave vector from the classical formulation after converting it to proba-
bilistic formulation. A dedicated section for wave function solutions for
Schrodinger’s time dependent equation was given in terms of the wave func-
tions and the magnitude of the wave vectors obtained from the matching pro-
cess of Schrodinger’s amplitude equation with classical mechanics.

Keywords

Quantum Mechanics, Classical Mechanics, De Broglie Relations,
Complementary Energy, Schrodinger Equation

1. Introduction

In 1924, De Broglie put the hypothesis that particles should exhibit wave and par-
ticle properties simultaneously [1]. Classical mechanics applies specific mathemat-
ical equations to describe the motion of particles and wave in separate fashion, so
classical mechanics equations are inadequate to implement De Broglie hypothesis,
a new mathematical formulas are required to express the new proposed concept
De Broglie interpreted his hypothesis by postulating two relations the first one ex-
press the energy of the moving particle in terms of the frequency of the claimed
associated wave and the second relation express the momentum of a moving par-
ticle in terms of the wavelength of the claimed associated wave [1]. The postulated

relations given by De Broglie based on the mathematical formulas were given to

DOI: 10.4236/jamp.2025.138151

2659 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.138151

A.S. Bayoumi

explain the interaction of light with matter which is known as photoelectric effect,
the physicist Albert Einstein assumed that light wave behaves like particles called
photons, he proposed mathematical formulas calculate the required amount of
photon’s energy in order to release the constrained electrons from the surface of
the matter. De Broglie’s relations have been verified experimentally more than once.
These proposed mathematical formulas were not obtained from classical mechan-
ics considerations or any mathematical derivation method. Later on, Schrodinger
set up a wave equation to express the quantum dynamics of a moving particle in
the form of a partial differential equation which is satisfied only by complex wave
functions. In this article a mathematical derivation for De Broglie’s relations is
given in accordance with classical mechanics equations in addition to a new equa-
tion introduced to represents the magnitude of the complementary energy, as well
as Schrodinger’s amplitude equation is regarded for sake of simplification and pur-
pose of clearness to achieve a successful convergence process of the classical ap-
proach to the quantum approach, the results obtained from convergence process
of the classical approach to the quantum approach are implemented to deduce so-
lutions for the general format of Schrodinger’s time dependent equation, conse-

quently a link between classical mechanics and quantum theory established.

2. Applied Methodology
2.1. Particle Potential Energy-Complementary Energy

The total energy of a system of N moving particles & is defined as the summa-

i
tion of the particles kinetic energy zzm jv? and the total potential energy V'
j=1

So that
N 1 )
V:J—Z—mjvj (1)
2
Equation (1) is rewritten as
N a.E+p,
V= —| v, ——~L—L \mo, (2)
IZ:; (2 Tompo, ] s

in which

M=

N ~
a; =1, Z:‘ﬂjzo’ muv,#0, j=1--- N
=

~.
AN

where &, is an energy distribution coefficient and [} ; is a complementary
energy term. The physical significance for &, and p, isgiveninsection4. &,
and f; are related to the particle total energy & and the total energy of the
system of particles & by

E=a,E+f, j=1-N (3)

&j and Bj are real functions, ie. djeﬁ and ,Bjeﬂ where A is the

set of real numbers.

N ~
Since Zﬂ/ =0 then

J=1
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By=2 B j=loN @)

Equation (4) represents the complementary energy concept which interprets
the impact of a system of particles on each particle in the system. The left hand
side of Equation (4) gives the value of the complementary energy for particle ;
whereas the right hand side is the summation of the complementary energies for
the rest N— 1 particles.

Substituting in Equation (2) from Equation (3) and writing

1 & _
—v, - =0., mv,#0, j=1L---N )
(2 J m»/vjj J JJ ]

in which 7, isa velocity parameter, yields the expressions for the total potential

energy and the particle potential energy as

N
V=>V,, V;=-mp3,, j=1--.N 2.1

J=1

The above relation expresses a general format for any potential energy for any

moving particle independent completely of the kind of the field it represents.

2.2. Particle Velocities

Expressing Equation (5) as

_ 1, &
00 =50 T J=L-N

J

Gives the particle velocity quadratic equation as

26
v;-2v,0,-—=0, j=1--,N (6)

The roots of Equation (6) are v,,, given by

[ 2
Zvji 4Uj+4—"
m,

V.1, = =0t [v;+—, j=L--- N
Ji.2 ) J m

The roots of Equation (6) result in the existence of two available velocities. Two
classical interpretations are given, the first classical interpretation of the above
relation is a pair particle velocities prevail along the particle path trajectory. The
second classical interpretation of the above relation is one speed for transitional
motion and another speed for rotational motion. The quantum interpretation of

the above relation is given in detail in section 2.7.

2.3. Particle Mean Velocity

The particle mean velocity, 0, , is expressed as
0,10,
T2

b jzlﬂ...’N
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Expressing the roots of Equation (6) as

0,,=0,%d,, j=1-N (7)

in which

d =75, 5= 25, jo1N 7.1
j= vj+vl_j’ ’Ulj_ — J=L ()
m;
gives U, =0, and d; to be the deviation from the mean velocity; given the
term deviation velocity of particle /.
U, issubstituted by 0, inall further equations.
A proof that the value of the mean velocity is constant and is given as follows

Rewriting Equation (7) as

SV 5425 g
(vj—vj) —vj.+mj’, j=L- N
‘fj(v./):%m./(vj_5/)2_%’"/5?’ J=LN (7.2)

Equation (7.2) is deduced by expanding & (v j) , into Taylor series around an
extremal point, 7 i and substituting Ej'(ﬁ j) =0 (the condition for extremum)
in the second term. The terms above the second order are null. The condition for
extremum é}'(f} j) =0 indicates that if the velocity of the moving particle ;
reaches thevalue 7; then it does not contribute to its energy &, i.e. the moving
particle is in a collision free motion or in a perfect collision motion (no change in

energy due collision) or both.

2.4. Complementary Energy Value (Bj )-(Particle-Wave Object)

The explanation of Equation (4) whereas the summation in the right side of the
equation calculates the net collective effect of N— 1 particles upon a single particle,
based on the particle’s location and particle’s status whether the effect is due to
direct contact as in case of collision or via remote influence through an existing
field in the space. The left hand side of Equation (4) gives the value of the com-
plementary energy for particle j. For a particle near the surface of the material the
right hand side summation represents the required amount of work done by the
rest N— 1 particles to pull back the particle away from the surface of the material.
The complementary energy can be understood as the potential energy at the
boundary of the material which prevents each particle from escaping from the
boundary of the system (evaporates).

From Equation (3) in section 2.1 the total energy of particle jis written
G=a,E+p
In special case ;=0 Equation (3) becomes
& =5

Substituting in Equation (3) with the kinetic energy and the potential energy of
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particle j gets
~ ~ - 1 ~
&=a,E+pB —>aj£:5mjv§+Vj—,Bj

According to the argument given above the value of the complementary energy
-B . is independent form the potential energy value V,, so in case the potential
energy V, of particle jvanishes at certain positions. Ze. ¥, values halt contrib-
uting to the total energy of particle j, the complementary energy —/, still con-

tributing to the total energy of particle jthen the above equation is written

- |
ajé'zamjvj -5

where —f . can be considered as potential energy,
So the general format for any potential energy of a particle j given by Equation
(2.1) is adequate to represent the value of the complementary energy of particle /.

For a particle jits complementary energy is expressed by the equation

B, =mu, b, (2.2)

The probabilistic formulation of the quantum theory indicates an assumption
of the impossibility to measure an exact value for the velocity but you can measure
a probable value some time called expected value or average value, 0, represents
the measured value of the velocity for a moving particle j. Another aspect of the
quantum formulation is an assumption of the presence of an associated wave to
any moving particle [1] in other word the associated wave adheres the moving
particle composing a particle-wave object. The adherence of the wave to the mov-
ing particle enables the wave to borrow one of the available speeds of the particle
to be the speed of the associated wave, consequently v,,, can represent the speed
of the associated wave. S, is a representation of complementary energy for the
particle-wave object which is a bi-natural for both a moving particle and moving
wave and Equation (2.2) is a particle-wave equation. The determination of the com-
plementary energy /3 . requires two velocities values, one for a particle and another
forawave,so f3; isapotential energy of a combined particle-wave object. Another
application for f; is to express the motion of a moving object in a continuous
medium (fluid, gas, electric field, magnetic field, gravitational field.) by consider-
ing the average velocity is the speed of the wave caused in the medium due to the
motion of the object in the medium with one of its available speeds. The potential

energy replaces the complementary energy in case of single object.

2.5. De Broglie’s Relations-Plank’s Constant (h)

Tiny particles such as electrons, protons, atoms, etc., their velocity value can reach
the speed of light or even close to the speed of light, so ¢ the speed of light could
be considered an available speed for the tiny particles.

The substitution with the value of the speed of light ¢ in the particle-wave equa-

tion for a tiny particle jie. v, =c gives

B;=m;oc
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Since the speed of light represents a moving wave of frequency v and wave-

length A satisfying the relation ¢=Av the above relation is rewritten as

B,=mo,Av=hy (8)
Where
h=m3,2 (8.1)
- h
pp=mip P;=~ (8.2)

In section 2.3 a proof is given indicating that 0, is a constant extremal value
for the energy function &, since p; and A are both constant values this result
that the value of A given by relation (8.1) is a constant value which is Plank’s con-
stant [1] [2].

Relation (8.2) is a reformulation of relation (8.1) indicating that the momentum
of the wave-particle object is equal to the momentum on a perfect path ie. the
particle-wave object moves as same way like a free motion particle (review section
2.3) [1] [2].

Relation (8) is an expression representing the complementary energy of a mov-
ing particle jas a multiplication of a wave frequency v by a constant value A. Re-
lations (8) and (8.2) are obtained by De Broglies using intuitive empirical method

(1] [2].

2.6. Wave Packet-Energy Quantization

In this section the value of the second velocity v;, is considered to be the rotat-
ing velocity for particle . Using the particle mean velocity equation given in sec-

tion 2.3 the second velocity with a magnitude v;, =0, is expressed as

v;=20;-c 9

Since the angular velocity o, = ¢j and R, is the distance from the rotating

center then, Equation (9) can be rewritten as

~ . 2TC 6]' ﬂ-Vl
Rja)j :20]. —c:¢j :F;_ Ij?
J

J

where v, is the first wave frequency obtained in the previous section

The above equation in terms of the wave variables is written as

$.=kv,-v, (9.1
The following are the conversion relations from particle variables to the wave
variables:
2
e [, is the magnitude of the wave vector given by & = R—n
j
. N 0,
* v, is the phase velocity given by v, = -

* A,,is the wave length of the associated wave

In case 2Rj > /lj. s 2Rj = njlj , where n, isa natural number.
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2n
Incase n,=2, R, =4, the magnitude of the wave vector k becomes =
j
which is well known result obtained by quantum method [1].
In case the rotating center inside the particle or on its boundary the rotation is
considered spinning, if the rotating center outside the particle the rotation is con-
sidered revolving. Reflecting and refracting (bending) of particle-wave object are

considered a kind of rotation.

2
e v,,is the second wave frequency of the associate wave given by v, = i1
j
Integrating Equation (9.1) gives
P, = ks, —v,t (9.2)

Equation (9.2) is valid in the interval, 0<s [ SU,T 0<t<rt i and describing

the phase of a plane wave propagating along the particle displacement direction s;.

Substituting from (8.1) into the phase velocity relation gives, v, = h S0

Jp ’
m; /1].

a dispersion takes place, each velocity generates a corresponding wave with the
. . 2v,

same wave length 1 and two frequencies v,,v, related by the relation v, ==L

n.

J
the addition of the two waves creates a wave packet [1].
Substituting in Equation (8.2) with the wave length in terms of the distance

from the rotating center gives

From Equation (7.2), Equation (8.2), and the above relation the energy of a par-

ticle jmoving with speed 7; is

. | D; , I
END )=——m D =——L=-n;
J ( /) 2 JJ 2mj J Smj R/Z
The above formula is known as the energy quantization formula obtained by

the methods of quantum mechanics [1] [2].

2.7. Schrodinger’s Formulation

Schrodinger’s formulation describes the motion of moving particles using a wave
equation which is a partial differential equation its solution is a wave function [1].
The square value of the wave function results the corresponding probability value
for the parameters of the moving particle such as speed, energy, and displacement
[1]. In order to switch the deterministic relations to be expressed in probabilistic
format the following procedure adopted to achieve successful convergence pro-
cess.

From section 2.3 the particle mean velocity, 7, is expressed as

L vuto, 1]
=L Iy 4+,

/ 2 5 il Ty i J=L N
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The particle mean velocity relation can be interpreted as follows the probability
of the first speed v, is % and the probability of the second speed v, is %

then 0, is the value of expected speed and that is the quantum interpretation of

the particle mean velocity relation. Instead of using the equal fixed probabilities

1 e . . .
value 5 for each speed which is a special case, a variable functions can replace

the equal fixed probabilities value % There are two available sets of functions

can fully fill the replacing purpose explained previously. The first set is trigono-
metric functions sind,cos@ where sin*@+cos’ @ =1. The second set is hyper-
bolic functions

—sinh® §,cosh’ @ where —sinh®@+cosh®@=1 in this article the trigono-
metric functions used to represent the required probabilities.

From section 2.3

U, =0,%d;, j=1---,N (7)

Jl
in which

2¢,
d,=\"+%,, 9, =+ |—, j=1-N (7.1)

m;

Figure 1 is the geometrical representation of Equation (7.1) is a right triangle
its sides ©,, 0,;,and d,.Itwill be shown the fundamental contribution of the
three sides of the triangle as well as the angel 6, in determining and finding the
appropriate structure of the wave function and the wave vector as a solution for

Schrodinger’s equation.

que“’f‘far_;t _

Figure 1. Geometrical representation of Equation (7.1).

From Figure 1 the geometrical representation of Equation (7.1) sin@, is writ-

ten as follows:
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Substituting 6, =k,;x; where x; isthe displacement of particle /. Specifying
the value of &, requires three steps, first step is expanding sink x; in power
series and second step is equating the expansion with the above relation and third
step is adjusting the sink,x; ratio to match the valueof k. The previous steps

will be implemented as follows:

(koij)3 (kofxf)s (kojxj)7 (ko/'x./)9

B T I TR TR
2E
g 6 (5) k() k(s) k()
m; 1 no UGS 0\ %) KoY, 0\ %)
d, n 2m;, md, =k %, 3 s TR

Comparing the left side with right side of the above equation results.

1
ky; = 2V 2m;¢;

Substituting with k,; value into sink,;x, gives.
A wave function y; for a particle jis written as:

w, =sink;x;

The same wave function y; for a particle jcan be obtained also by solving the
Schrodinger’s amplitude equation given as [1] [3]:

dzl//j

d’y. 2m,
Vi 2 —L+ky ;=0 where koj:% 2m;€&,

2 2
& n

&y, =0 or

’ JJ
J

The wave function y/; is the solution of the above Schrodinger’s equation af-
ter applying the boundary conditions, to describe the motion of a particle j en-
closed in a potential well where the potential energy vanishes inside the well, Also
the wave function y, is the solution of the problem of passage of particles
through the potential barrier. Tunnel effect [1] [3].

Substitutingin cos@, with 6, =k x, and From Figurel the geometrical rep-

resentation of Equation (7.1) cosé . is written as follows

0,
cosd, =cosk x, =—L
J J d

j
From section (2.3) the relation between the total energy of particle / &, and its

potential energy V, isgivenas

&(0)=3m (0,-5,) ~Sm & ==Tm @+, Vy=om(o,-5,) s j=LeN (72

The above formula is valid for values of v; and 775 satisfying the relation

Sy (03 +83)=0.
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2
v, +0, (v, +9;,)
1 ,2 ~ B 2
R T R T L Sh ML MLV
J 2 Js J Js

ratic equation 51)3’1 +20,,0,,+ vf,z =0 the same for v, we get the quadratic

=0 which leads to the quad-

: 2 2 _
equation 5v;,+2v,,v,,+0v;,=0.
From the expansion of cosk,,x; in power series and the above formula and

adjusting the cosk, x;

tion of Equation (7.1) to match 4,; value we get

h
2mj.(Vj—é')[md J
. kfj (x )4 _kfj (xj)6 . k17j (xj)g ~

4! 6! 8!

ratio obtained from Figure 1 the geometrical representa-

0,
— =%

Q!z

St | —

d

./'

Comparing the left side with right side of the above equation results

=Ry

+k,, :i% 2m,(V,-&)

A wave function y, for a particle jis written as

y, =cosk x;

The same wave function y/; for a particle jcan be obtained also by solving the
Schrodinger’s amplitude equation given as [1].

d’y,

de

+kly, =0 where *k =+ 2mj(Vj—é;.)

1
h

The wave function y, is the solution of the above Schrodinger’s equation af-
ter applying the boundary conditions, to describe the motion of a particle jin a

region where the potential energy has a value 7, [1].

2.8. Solutions for Time Dependent Schrodinger’s Equation

In this section proofs are given for some wave functions to be solutions for time
dependent Schrodinger’s equation based on the results obtained in the previous
section.

Some relations required to derive the proposed solutions for time dependent
Schrodinger’s equation. The purpose of these relations is to transform the particle
parameters to the wave parameters to be adequate to Schrodinger’s equation.

o Firstwe write d; intermsof k,, and &

We have the deviation d; is given as follows
- 26
d,=\J0+01,, 0,,=% , j=L- N (7.1)

2&,
j U J J7i 7
J

From the previous section we have
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ko, =% /ijé;. N hzkjj =2m¢,

th; =+ 2mj(Vj_‘f/) - 'k}, =2mj(Vj_‘5})

J

St —

Using the relation (7.2) and the above relation we get

| R 22 2,2
é;‘(vj):_ DA +V; —>m;v; =2m; (VJ _é;):h ky;
From the above relations mjzafj2 is rewritten as follows

2 52 272 272
mid? =k + 1k

Now we write the functions sinf, and cos¢,; intermsof &, and k; from

the previous section and the substitution with value of mfd/2 given above we get

k2 k2 W k2.
sin2¢91/_= 02/2= 220j 2,2 20j2’
Tomid; Wk A0k kgt

242 232 2

cos? 0, ki B ki h B K

T2 T 722 2,2 72 2
mid; Wy, +htk ko +k

Using the equality sin®@+cos”@=1 and multiplying by i we get

. . f 1 .. ’ 1
icost); =sing; [1—- e isin@,; =cosf,; [1- =
1j 2

2 2 2 .
T UTRT) LTI
kg.f ko, v

icost); =sing;

2 2 2 .
- k=(ko, +45) iy,
ising,, =cosb,,, | —————— =—-cos 0.
k
1j 1j
One dimension functions to be solutions for time dependent Schrodinger’s

equation

ky,
e y,=sing; where Hlj:kij+ih;cj kyt+6,;, ky =V, +&

1j

Is a solution for time dependent Schrodinger’s equation given as [1]

v () Sy ()
ot 2m, ox?

J

v, (5w, (x0)

Proof
The first term on the right hand side

n dy,(xt)  n . .
— — .kémnﬁlj:—cf/.mnﬁu

2
2m;  ox m, /

RHS=-&sing, -V, (x)sing, =—(&+V,)sin 6, =k, sin 6,

The left hand side
oy . (x,t k, . k, . ik, .
n V) B e sosg, =t BuGng, - k2 sing, - RS
ot ihk,; ik, ; o)
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0j

1

Let the frequency v= K ; in case the potential energy ¥, =0 the fre-

1
A 2m€

ky,
quency becomes v=—"-k; = h & =

<
ihk, . L1 h
1j zh£1/—2mjé;.

result with De Broglie’s relations obtained in section (2.5) /3 . =hv using the re-

—> & =hv comparing this

lation & = djé’+ﬁ~j we get

djé’zhv—hv=v(h—h)=hv(i—lj

k.
* y,=cos6,, where 0, =k x+ hllcj k32/.t+90,. k=& =2V,
. 7 iy, )
is a solution for time dependent Schrodinger’s equation.
Proof
The first term on the right hand side
n O, (xt)  n

2
== klzjcosezj :—(V/.—é_‘,.)cosﬁzj

2
2m ’ Ox 2mj

R.H.S:—(Vj —Ej)cosezj =V, cosb,; :(é; —2Vj)cos92j :k;j cos b,

The left hand side
oy . (x,t k. k. ik,
nV ) g Ry e a e B i cose, RS
ot ihk,, ik, ; 1 ' : :
nok
sy, =e” where 0, :kojx+—#t+90j

J
is a solution for time dependent Schrodinger’s equation.
Proof
The first term on the right hand side

2 oMy (x,t 2 , ,
h v, ( ) _ 2h kgjegs, — 6}6'93/
m

2m; ox? ;
E 0 s 05 ; hz 2 .65
RHS=&e™ —Vie :—(Vj—é;.)e :—z—klje
m;
The left hand side
oy . (x,t kL o 2 .
V) b K e R kie™ =RH.S
ot 2m; i 2m, /
0. hokg,
e y,=e¢" where 494j:k1j.x+g#t+90j

j
is a solution for time dependent Schrodinger’s equation.
Proof
The first term on the right hand side
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i’ 62l'[/j (x’t) _ n 2 604/‘ —(V —(‘,’)ea‘”
2mj ox? _ij 4 SN
0, 0, 0, K2
RHS=(V,-&)e™ —Ve™ =-&e™ =3

kZ 94]‘

j
The left hand side
2
_ihal//j—(x,t) = _lh ikﬂ e€4f = _h_sz.eg“/ = R.H.S
o 2m, i 2m;

J

Three dimensions functions to be solutions for time dependent Schrodinger’s

equation
ky,
o y,=sin6; where 0=k, x+k,y+hk,z+—"k;1+6,,,
1j
by =V +¢
2 2 2
kyj =cky koo, =k sk.g =cky; where ¢ +¢;+c¢; =1
1 1
Suggested values for c¢,c,,c, cl— ,Cy :— c3 —= or
c ! ¢ 1c or
= — = — :— c
1 \/” 2 >¥3 1=
2 2
2 2 2 2 2 _ 72 2 2
ko ko, +k; = koj c1 +c2+c3 =ky; kg, =k ko, +k;

is a solution for time dependent Schrodinger’s equation given as [1] [4].

Oy, R (dw, 0w, v,
_ih i ( I iy J TV,

o’ ot oz
Proof
The first term on the right hand side
2 82 ) 62 ) 82 ) 2
h { v, Qv Qv,|__n (2, + £

2 2 2 X0 0
Ox oy oz 2m;

2
+kzo,

)sinHlj

0;8InG; =—-& sing

J
Continue the proof the same steps as the proof in one dimension function.

The argument 6, can be rewritten

0, =g xthygyy k2 U 42 110, =k, o,
1= KX TR0,V + szZ+ihk 21+ 00) = fy7; COS P+ ik H

1) 1j
where r, s the radius vector with components r/.(x, y,z) and ky; 1is the

k

wave vector with components k (k k 20/

x0/2%y0j°

) their dot product is given by
kyr;cosp,, ¢, isthe angel between the two vectors r; and k;;. cosgp, isa
wave function could be used to interpret the spinning motion of the particle.

The following functions are solutions for time dependent Schrodinger’s equa-

tion the proof steps as the same proofs given above
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k.
w,=cos6,, where 0, =k, x+k, yv+k, z+ 'hllcj k;/.t+¢90j, ky; = /é} -2V,

l 0/

h 2
=e™ where 0, =k, x+k, y+k, z+——Ls1Q

v, = 35 = Kxoj o, Y T Kz, ; 0/

ij i

2
_ b hoky;
y,=¢" where 94j=kxljx+kyljy+k_,1jz+2——.’t+490j

mjl

. Conclusions

The derivation for De Broglie’s relations, the energy quantization formula, and
the wave functions of a solution of Schrodinger’s equation implies the con-
sistent accommodation of the deterministic approach and the probabilistic ap-
proach, which led to a successful merge of the classical mechanics and quan-
tum theory and erased completely the boundaries between the two approaches

which is the basic purpose for this article.

The particle- wave equation indicates the possibility of the existence of an as-
sociated wave to any moving object, A necessary proportional constant is re-
quired to be substituted in the particle- wave equation in order to link the par-
ticle’s parameters to the wave parameters, Planck’s constant is the adequate
constant in case of tiny particles its substitution in the particle- wave equation
results De Broglie’s relations. Further investigation is required to apply the
particle-wave equation to all moving masses with different sizes, not only tiny
particles.

The De Broglie’s wave is a physical wave and the wave function solution of
Schrodinger’s equation is a mathematical wave to be used to calculate the
probabilities of particle’s parameters. The relation between the two waves can
be obtained from the deduced formulas in this article.

The solution for time dependent Schrodinger’s equation in three dimensions
shows a wave function could be used to interpret the spinning motion of the
particles.

The merging process between particle’s parameters (displacement, velocity,
momentum, energy) and wave parameters (frequency, wave length, wave vec-
tor, speed) required intermediate parameters (complementary energy, mean
velocity, deviation from mean velocity) to successfully achieve the convergence
process. The intermediate parameters could be used to make convenient cal-
culations for both particle’s parameters and wave parameters.

The wave nature of the complementary energy is a required necessity to enable
the interaction between particles to occur and transmission of energy to be
achieved. The communication of a single particle with the rest of the universe
is impossible without an associated wave to each particle.

This is the last conclusion and the most interesting which is the motion of the
particle-wave object can be represented by the smallest geometric unit a trian-
gle, whose sides represent the particle’s parameters and its angels represent the

wave parameters. The analogy between the motion of the particle-wave object
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and the triangle gives a new deeper understanding of the nature of the quan-
tum phenomena from a geometrical perspective, as well as the correlation be-
tween the particle parameters and the wave parameters. The geometrical for-
mulation of the quantum phenomena leads to a fact that solving Schrodinger’s
equation is like solving a triangle in trigonometry or plane geometry. Further
investigations are required in order to unveil the geometrical foundation of the

quantum theory.

4. Discussion

e The physical interpretation of the complementary energy in Section 2.1.

If there is an object that does not radiate thermal energy, magnetic field or elec-
tric field it does not mean on the macroscopic and microscopic scale there is no
activity for that reason the summation of ( ;) is zero at the same time each par-
ticle has value for( ;). It is a mathematical method to express equilibrium of the
object without neglecting its internal reactions. It is analogous to some extent to
the concept of internal energy in thermodynamics but varies.

* The physical interpretation of energy distribution coefficient” () in Section
2.1.

The energy distribution coefficient it is the magnitude of the share (quota, por-
tion) of the total energy of the particle in the total energy of the system. which
means that the total energy of the system is distributed among the particles.

o A definition for the complementary energy is the energy connecting the matter
with radiation. The radiation is a wave natured.

o The title of the article “A link merges classical mechanics to quantum theory
(Part I)”, the link is a mathematical derivation process, starts with expressing
the total energy of N moving particles and ends with derivation of De Broglie’s
relations and wave functions solution for Schrodinger’s equation which shows
the acquaintance with classical mechanics is incomplete, there still unknown
aspects, future parts will shed the light on those aspects with collaboration with

quantum theory.
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