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ABSTRACT

Plank quantum and classical string energy relations seem to be uncorrelated. This work

correlated them. The relativistic energy-momentum relation has been used together with
plank and de Brogglie hypothesis to prove that the wave group velocity is equal to the par-
ticle velocity in both ordinary and curved space. The Plank energy relation is shown also to
be related to the classical energy relation of an oscillating string. Starting from plank energy
relation for n photons and performing integration, the expression of classical string energy
was obtained. This means that one can treat electromagnetic waves as a collection of conti-
nuous photons having frequencies ranging from zero to w. Conversely, starting from clas-
sical string energy relation by differentiating it with respect to angular frequency, the plank
quantum energy for n photons has been found. This means that the quanta results from se-
paration of the electromagnetic waves to single isolated waves. Each wave consists of n
photons or quanta.
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1. INTRODUCTION

Atoms were first considered a small spherical bodies consisting of electrons, protons and neutrons.
The electrons, protons and neutrons were also treated as very tiny small spheres. This version was ac-
cepted for a long time [1, 2]. Unfortunately, the development of elementary particle and unification theo-
ries encourages and forces scientists to try to change this version so as to surpass some difficulties asso-
ciated with this view. This includes the infinite self mass and the problem of neutrino mass [3, 4]. The
neutrino mass problem stems from the fact that the solar neutrino mass for neutrinos that comes from the
sun is different from some species reaching the earth [4].

Another approach concerning the nature of elementary particles was proposed by De Brogglie. He
suggested that these particles behave as matter wave packets. This hypothesis was verified experimentally
by observing electron diffraction when reflected by a crystal [5].

Mathematically, it was also proved that wave packet group velocity is equal to the particle velocity
using special relativistic mass energy relation [6].

The failure of spherical models of elementary particles, in addition to the success of De Brogglie mat-
ter wave hypothesis encourages some scientists to propose the so-called string theory [7, 8]. There are
many models based on string theory, but they all suggest that elementary particles behave as vibrating
strings [9]. Though the beauty of this theory has no wide results and evidences that can explain most of
elementary particle phenomena.

However, recently some string models proposed by M. Dirar and others succeeded in constructing
simple mathematics and few hypotheses to solve some of these problems [10-12]. In this work, string
model is used again to reconcile quantum and classical relations for energy and speed. This is done in sec-
tion (2). Section (3) is devoted for conclusion.

String energy and velocity according to classical and quantum laws

According to Plank and De Broggile hypothesis, the energy £ and momentum P of each quantum
having frequency and wavelength A are given by:

E=hf =hwp=h/A=hk (1)
The De Brogglie hypothesis states that atomic particles can be treated as a wave group (wave packet)

formed from the interference of waves having different wave lengths, A, and different frequencies £ The
velocity of it is given by:

y _de_dhwg_%

g ()
dKg dhkg dP
h = h/2mh = plank constant
w = 2nf = angular frequency
k =27/ A = wave number
There are two relativistic expressions for £
1
E=(CP*+mC*) 3)
and
m,c’ =
E=mc*=—"—=m,c’pB 2 (4)
ﬂi
where
2.2.2 2.2
2/ 2 mvc Pc
B=1-V]c*=1- e =1- 7 (5)
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Consider now the expression of group velocity (wave packet) using energy momentum relation (3).
According to this relation, the group velocity is given by:

_ dE _ 1 2 N2 2 ~4 ’l 2 _ C2P

vg—E—E(cP +m;C*) 2 (27 P) = - (6)

For zero rest mass, Equation (3) gives
E=CP (7)

Thus Equation (6) gives
C*P

v = =C 8
«=cp (8)

which means that any particle which has zero rest mass moves with the speed of light. However, using Eq-
uation (4) in Equation (6) gives
_CP_p _mv_

V. v %)
£ me* m om

which means that any particle that have no zero rest mass the group velocity is equal to the particle veloci-

ty.
Another proof can be made by using Equations (4) and (5) to get

dE 2 1 ,3/2 j dﬂ
— — r adl 10

ap " (2 NPT (10)
With the aid of Equation (5), one gets

3
%z—lmoczﬁZ%
P 2 dp
1E _2Pc2 s 2P dE
28| E? E* dP

1 {Pc2 P dE}

(11)

B

E E? dP
Hence
| Fel |dE_ P
BE* |dP  BE
1
E’p

dE _Pc*

dP  BE

[E2 _ P2 4+ P2 ]d—E - EPC?
dpP

[ﬂEz +P2c2]

dE EPc* P P P mv
_— > = = > = ==YV (12)
dP E E mc m m
Thus according to Equations (2) and (12) the group velocity is given by:
Carr

Thus the group velocity is equal to the particle velocity. Also Classical and quantum expressions for

V (13)
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string can be reconciled to each other. To do this consider of photons (or quanta) having continuous fre-
quency ranging from 0 to  f =w/2n . Thus their energy is given by:

E:njhwdw:ghwz (14)

where w is the angular frequency. However for classical oscillator the energy of an oscillator takes the
form:

EzémAzw2 (15)

But the amplitude A is related to the number of photon, since it is proportional to it. The intensity is
proportional to both 4” and n. thus, one can write

n=cod* (16)
Co is a constant parameter Inserting Equation (16) in (14), and equating (14) and (15) gives
1 1
—cod*hw* ==—mA*w* (17)
2 2
Thus the mass of any particle can be related to the plank constant and co according to the relation.

m = coh (18)

Thus according to Equations (14) and (15) the matter or electromagnetic wave can be considered as re-
sulting from the summation or interaction of photons having continuous frequencies ranging from 0 to w

One can link the classical and quantum expressions for a string by differentiating the classical energy
relation in Equation (15) to get the energy of a quanta to be

dE 2
E =—=mA"w 19
i (19)
which means that it is the energy per frequency, i.e, the energy of one complete wave. This resemble the

Plank quantum energy for n photons, which is given by

E .= nhw (20)
Comparing Equations (19) and (20) gives
mA® = nh 1)
Using relation (16), one gets.
mA* = coA*h (22)
Again
m = coh (23)

which means that the energy of one complete discrete isolated wave is equal to the energy of n quanta.
This means that one can visualize the matter or electromagnetic waves. Within the frame work of quan-
tum hypothesis as an isolated discrete waves. Each wave consists of n quanta.

Let us find now the parameter co for electron matter waves and electron quanta. According to Equa-
tion (23), since the electron mass is

m=9.1x10""kg
Thus
9.1x107" 91
co=(m/h)=—=—x10 24
(/) 6.6x107* 66 24)
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One can also test what happens to matter or electromagnetic waves in a curved space. This can be
done using the expression of E'in a curved space which is given according to the generalized special rela-
tivity to be

gooE2 =p’c’ +mozc4
Thus the energy is given by

1 1
E=gy (p202 + mozc4)2

According to Equation (6) the group velocity takes the form

V, = ggg (p202 + mjc4 ); (PCZ)

LPC* | PC* . mv
=800 E =goong00?=goov
But for curved space and ordinary space

ds® =cd? +dx} =c’gydt” + g, dx?

Thus the time ¢, and displacement x, in a curved space are given by

1
dz, =\/g00dtdxc = gxxdxz(goo)2 dx

When tand x stands for the Eucleadian space, and the schwarzhild solution requires

8 = 800
Thus the velocity v, ina curved space is given by
vo= e g &gy
dz, de
In view of Equations (27) and (31)
Vv, =V,

(25)

(26)

(27)

(28)

(29)

(30)

(31)

This indicates that even in a curved space the group velocity is equal to the particle velocity.

2. CONCLUSION

The equality of wave group and particle speeds has been derived using the energy — momentum rela-
tion instead of using relativistic mass and momentum relation. The classical sting oscillator and plank
quantum string energy relations have been found to be linked with each other by vowelizing the electro-
magnetic waves as collection of photons having continuous frequency ranging from zero to w. The quan-
tum has been also shown to be an isolated particles existing inside each separated wave. Extending the De
Broggle hypothesis to the curved space shows also that the wave group speed is equal to the particle speed.
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