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ABSTRACT
A new quantum model that accounts for the medium friction is derived. The first advantage is the addition of natural
oscillation of particle. The second advantage is the incorporation of frication effect in the Hamiltonian operator. This
means that both Schrédinger equation and energy Eigen equation are affected by friction. The Eigen energy is not
affected by friction, which is in direct conflict with experiment and common sense.

INTRODUCTION

Quantum Frictional Oscillating and Boltzmann Disruption Law

The description of particles and waves moving inside a resistive medium for quantum systems plays important role
in superconductivity and super fluids, as well as nano system [1,2,3]. The theoretical models that are developed to
describe quantum friction; the quantum treatment of this problem is based on scattering collision theories which are
very complex. Thus one needs new quantum approach that van simply tackles friction effects of the medium, Different
attempts wave made to construct such model the most promising are in that based on relaxation. In this model the
solutions of quantum equation lead to radioactive decay law and transport probability. Thus one need a well-defined
framework performs this task. This can be done, in this chapter by utilizing Maxwell's equation and plasma equations.

The time attenuation coefficient from Maxwell's equation
Maxwell's theory is one many theories that can describe electromagnetic field. The equation of the electric field
intensity E inside a polarized medium field, Takes the form [see equation (2-3-1-18)]:

2 2
2 oE 0°E 0“P
—VE+Uo —+thEg —5 = — U0 —5 2.1
oo 5t Hofo Ho —3 (21)
The solution of this equation can be expressed in terms of time attenuation coefficient &, wave number K , and
angular frequency @ |, to be in the form [4]

_ —ot A (kx—at)
E = Eoe e (2.2)
The displacements of charges can be described by:
(ke X
E=Ee et = £ Eey

0
The electric dipole moment can thus define in terms of charge density:

p=—engX =—engX e *le/(Kx—at)at _ DecXo g (2.4)

Eo
(1)Differentiating (2.2) with respect to X and t yields:
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(2) Differentiating (2.2) with respect to t gives:
o°r __ ~9% i enox
ox  elec Tt @
2
0“E 2 . 2
gzuﬁ%mp X= €Ngec@” X (2.6)
Inserting equations (2.5), (2.6) in equation (2.1) yield:
2
[K 2g +ue(-a —a))ZE +uo(—a-io)E }z ME
0
2 2 2 2 .. . —€n a)z,ux
Ke+uca —a)(a -w +2|aa))—E + oo — powi :E—O (2.7)
0]

Thus equation (2.7) reads:

2 2 ~:
(a - +2|aa)) —ena)z,uon__,uazP
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K+ — uoa — ool
c2 Eo t2
2 (0‘2 ) w? (2iaw) —-£n a)z,ux
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c c c Eo
But since the speed of light is given by:
1
HE= —
C2

Thus equation (2.7) reads

2 2 . ~:
(a - +2|aa)) _ena)ZﬂXOE __,uazP

2 .
K~ + — uoa — uowi (2.8)
c2 Eo t2
2 2 2i —en w?ux
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But:
2
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K=+ | = |= | =— =
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Thus:
a? liaw . —€Ng a)z,uxo 2
—5 t——%— —Hoa — 0w @ (2.9)
C C E0
Equation real parts on both sides on (2.9)
2
o —en X
%5 —poa = “Cle H%0 2 (2.10)
c Eo
Since the speed of light is given large C>a
Hence:
2
(94
5 -0 (2.12)
C2
Thus the absorption coefficient is given by:
—-en X 2
(o] 0]
o= elec (212)
Eo o
Expression (12) can be simplified by using the conductivity expression for direct current:
ne’r
O =
m (2.13)
And by using the electron equation under the action of electromagnetic field, where:
mx =— afxy e' P = —exye! !
Thus:
X e
=9 = (1.14)
E 2
o m w

Thus a direct substitution of (2.13) and (2.14) in (2.12) yields:

2
enw™m e 1
necr m @ 4

One can also engorge polarization term in the equation (a) to get:

2 .
a 2w .
- —— —powi—poa=0 (2.16)
02 02
Since for osculating electron the equation of motion is:

. I ot
.. mva,e
mX =— wfx, e' @ = eE el ! 0 (2.17)
T
Since v=dx/dt =iax (2.18)
Hence:
. 1
{I o+ —} mv=eE (2.19)
T

Using the relation:
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2 -1

B _ne o1 _ : 2
J=nev = [I a)+;} E _aE[al+|o-2} E (2.20)
Therefore:

21 2 -1
ne-(T -1 2 ne“e [ 1. 2

oy = ——éﬁL——BT) to }, o E= 25 [r to } (2.21)
Inserting the complex conductivity of (20) in equation (16) yields:

2 .
a 2w . i .

Equating imaginary parts one gets:

2w
=| 22+ =— 2.2
a { 7 MOy Hop@ (2.23)
Using C? is very large, one can neglect the first term in the bracket, 1.e:

2%& = (2.24)

To get:
a= —1 (2.25)
2
In view of in equation (2.24).The absorption coefficient (2.25) is given by:
1
a= = 2.26
- (2.26)

ABSORPTION COEFFICIENT AND RELAXATION TIME FOR POLARIZED AND NON
POLARIZED MATERIAL:

Consider an electron osculating naturally with frequency w, and affected by the osculating electric field[5,6]:

I ot
E=Eye (3.1)
The equation of motion for such electron is given by:
dv my
m-— =—-kx +eE - — (3.2)
dt T
Where
K = m a2 X =xge'®  V=ziox (33
= mas =Xg € =iox (3.3)
There for equation () becomes:
. 2 -myv . —
I Mav=-Ma@yX+eE —— =ImagyVv +ekE
T T
. 1
i(w—apy)+ =|mv =eE (3.4)
T
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By setting:
Oo—-ay = Ao (3.5)
Thus:
e E e[l—i A a)}E
V = =_Lr (3.6)

m[i Aa)+1} m[i Aa)+1}
T T

According to the relation between current density, velocity and conductivity one gets:

1 .
ne 2 [ ~—1 Aw }
J=nev= 4 (3.7)
2 1
m| Aw +—2
T
Hence the conductivity is given by:
1 .
ne 2 { “—1Aw }
o= £ ; (3.8)
m { Aa)2 + 2}
T
For non-polarized medium, equation (2.1) can be solved by assuming:
i (k X —a)t)
To get:
2
" .
K2 —C—2+Iy0a)0'=0
In view of this equation beside (3.8) one gets:
i
) ﬂoa)[AC{)-i- }
@ .
K? - — = powi =L Tlpg? (3.9)
C , 1
T
If the wave length in the medium is near to that of free space it follows that:
2 2
2r 27 o°
Ki=|=| =|=| == (3.10)
A Af C
As aresult:
2
Q)
K?— " 0 (3.11)
Hence using equation (3.11) in equation (3.9) yields:
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=i i
O—Wy=—Aw=— Wy —0=— (3.12)

T T
A similar result can be found for polarized material According to equation (2.3):
i ot ; . —i ot —iwt
X =Xge X =V =—lwXqg € = Ve
X =——iov P=enx (3.13)
Thus:
0°PE . . .
2 =uenX=—lounev =—toy J=—-1owouckE

Thus equation (2.8) for & neglected becomes:
2

Kz—%:,uowizo

This is typical equation (3.9) thus gives again:
I
O —0O =— (3.19)
T
According to plank hypothesis the original energy and the energy for frictional medium are given by:
h.
E: =Eg-E=no=|—| 315
f T
This expression for frictional energy agrees with eqn (2.26) and (2.2)

QUANTUM EQUATION FOR FRICTIONAL MEDIUM
In view of equation (2.2) in a resistive medium with the aid of eqgn (2.2) one can write the wave functiony similar to

E. This is justifiable as far as[7,8]
E %« Number of photon

14 o Number of particles
Thus, one can write I/ to be:

szeh(E —@Jt (4.1)
T
oy i 7
- __ |E-—=Z
ot h ( T ]W
.. Oy ih
in ——+—y=E
ot 7 v v
. o 1
in | —+=|y=E 4.2
{8t r} veEY (42)
H y=Ey (4.3)
Thus the energy operator takes the form:
H y=Ey (4.4)
Using:
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In 3 dimensions:
—n*Viy = piy

_£2
¥/} [£+l}wzlvzl//+Vt//

ot 2m

2

ihé—l/j = = Vzl// +V _n

ot 2m

STRING OSCILLATORY SOLUTION

(4.5)

(4.8)

(4.6)

@.7)
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To find solution for harmonic oscillator, it is important to separate variables. Thus one can write the wave function[9]

y(rt)=f (t)u(r)

Inserting of equation (5.1) in (4.8) yields:

ﬁ=iV2u RSN E, (5.2)
fot  2mu T
Therefore:
.. of
ih — = EAf
ot 0

The solution of this equation is:

—i Syt
f =Aye fo
Substituting (5.4) in (5.3) yields:
hfy = Eg (5.5)
For Harmonic Oscillator the potential is given by:
1
V= Zkx 2 (5.6)
This equation (5.2) reduces to:
w 1 I
VA 4T kxu= E,+ (5.7)
2m 2
But the energy of harmonic Oscillator is given by:
17 1
E:E0+—:(n+§jha) (5.8)
T
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n=123,...
The harmonic Oscillator satisfies periodicity condition, 1 .e:
f(t+T) =f (t) (5.9)

In view of equation (5.4) this requires:

e AT _cos AT —isin T =1

This means that:

cos ST =1 sin /T =0
Hence:
LT =273
S=123,...
2 =2T—”s s (5.10)
Inserting (5.10) in (5.5), the energy is given by:
Eg =% s (5.11)
This energy lost by friction is thus gives according to egn (5.8) and (5.11) given by:
1
E; =E-Eo =ha)(n s +§j (5.12)
DISCUSSION

Maxwell equation for electric field is used to find a useful expression for absorption coefficient was found. The
solution suggested includes damping term ¢ . The relation between polarization and displacement , together with the
expression of conductivity for direct current , in addition to the eqn of electron motion in the presence of electric field
and frictions , are all used to find « . It is found also that & is equal to the reciprocal of relaxation time 7 .

Using the electron equation of motion, together with conductivity relation of alternating current, beside Maxwell
equation solution for travelling an attenuated wave in section(3) a useful expression for absorption coefficient is found
also. According to eqn(3.6) velocity relation is found and is inserted in eqn(3.7)to find complex conductivity in
eqn(3.8). This eqn is substituted in Maxwell solution in egn (3.9). By assuming the wave number K to be equal to that
of free space a useful expression for friction energy eqn (3.15) is found by using Plank quantum hypothesis, for non-
polarized and polarized medium. It is very striking to note that this frictional energy expression is similar to that of
eqn (4.1).Quantum Equation for frictional medium, which is reduced to ordinary schodingereqgn is found in section 4
eqn (4.8).By treating particles as vibrating strings or moving in a circular crbit, a useful expression of friction energy
is found. The friction energy is shown to be quantized.

CONCLUSION

Maxwell Equations for damping or non-damping electromagnetic wave, in the presence of friction can be used to
derive new Schrodinger Equation; this equation reduces to ordinary Schrodinger Equation and shows quantized
friction energy.
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