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Abstract: Schrodinger equation suffer from being not sensitive to the mechanical properties as well as the electric and
magnetic properties of matter. This set back can be cured by starting the derivation using the function sensitive to these
parameters. Treating particle as vibrating strings a useful expression for the velocity was found using the equation of motion.
Then the relation of current density with a velocity and electric field intensity was utilized to obtain the electric field intensity
in a frictional medium. Using the analogy of the electric field and quantum wave function, the wave function was obtained and
found to give the conventional expression for the collision probability with relaxation time twice the classical one. Another
approach was tackled by obtaining a useful expression of the total energy of strings for resistive collisional medium. This
expression utilizes the wave function of quantum particle in a frictional medium to obtain collision probability formula.
Fortunately this latter approach gives a relaxation time equal to the classical one. The same wave function is used to find
Hamiltonian operator for the both steady state and perturbed state by friction. Fortunately both Hamiltonians satisfy hermiticty
condition. The hermiticty condition for the perturbed states however needs splitting the Hamiltonian into unpertured and
perturbed part.. The perturbed term satisfies uncertainty principle. The energy expression for the resistive medium resembles
that of Einstein and RLC circuits. Schrodinger equation for the frictional medium was also found, where it reduces to the
ordinary one when friction disappear.
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1. Introduction

Matters are formed from aggregate of atoms to be in a
solid, liquid or gaseous form. To understand the behavior of
matter it is thus important to know the nature of atoms.
According to the laws of quantum mechanics, the atom
consists of a central nucleus surrounded by electrons moving
in specific energy levels [1, 2].

The behaver of atom is described by Schrodinger equation
for relativity slowly moving particles compared to the speed
of light. Very fast particles can be described by Klien-
Gorden and Dirac equations.

Schrodinger equation succeeded in explaining a wide
variety of atomic phenomena, like atoms spectra, Zeeman
Effect and hyperfine interaction [3, 4].

Despite these successes, quantum laws are far from
describing some superconductor behavior like pressure and
isotope effect [5, 6].

Describing and unifing gravity with other forces under the
umbrella of quantum laws needs intensive research and a lot
of work [7. 8].

These drawbacks of Schrodinger equation may be related
to fact that it is based on the expression of the electric field
intensity and the wave function in free space. Such functions
are not sensitive to the properties of the medium like friction,
electric permittivity and magnetic permeability.

To cure these setbacks many attempts were made to
construct models that account for the effect of bulk matter
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properties like conductivity, friction and relaxation time [9-
11]. Different attempts were also made to the bulk matter or
elementary particles behavior [12, 13]. Attempts were also
made to solve Schrodinger equation so as to describe some
bulk matter or atomic behavior [14-16]. This model uses
classical neutron second law and classical string theory to
find a useful expression for the wave function which was
used to obtain the conventional statistical collision
probability relation. This is done in section (2). Sections (3)
and section (4) are devoted for discussion and conclusion.

2. String Model for Collision

The equation of motion of a particle of mass (m)
moving with velocity (v) in medium of coefficient y takes
the form.

m%z -yv = —%v €))
Therefore.
vdv tdt
[ L
lnl= —=

Thus the solution describes time decaying velocity.

t
vV=vye = (2)

But the current density is giving by.

t
J] = nev = nevye © = oFE 3)

This requires

E=Eye~ 4

Bearing in mind the analogy between E and v, one.

t

Y=Y,ex (5)

Thus the probability of collision due the friction is given by.

t t
Bo=|¥]° = %2 e 75 = Py e (©)

But the ordinary collision probability function satisfies.

t

P=Pye b @)
Thus this model resembles Lutfi model where.
_t
Y = lluo e 2t
And
Ty = 2t (8)

The form of E in the presence of electric field can be found
by using the relation between current density J and electric

field intensity E which is given by.
] =nev =oFE
=2F=cC
v=—FE=C(E )

Thus one can suggest the solutions.

v=v,e ' f() = vif (1) (10)
E = Eye ™'f(t) = Eif(t) (1D
Where C; = ;—0
0
This gives.
—Vip_"
v=tp=2g (12)
T Eo
F=fy=f, (13)

Consider now the equation of motion of the electron in the
resistive medium under electric field effect, i e.

dv

— vy = —(e 2o _
m—-= eE—yv= —(e E Y)v (14)
Rearranging yields.
vdv v ¢
S I £
vi V mE, m’J,
Vo Y
In— = - )t
" i (e mE, m)
(e
v=vie mE m (15)
Equation (10) assumes that.
v=vye () = vif ()
Thus equation (15) reads.
. _(e-20__Y
v=vye e (emE, m)t (16)
v = v, e @t (17)

Where v, stands for decaying amplitude.
But.

] =nev =oFE

] =nev=nev,e @t =g Ee @t  (18)

Thus conductivity is given by.

— Y%
o= (19)
Hence.
Eq _ne
o (20)
As a result equation (17) reads.
) ne?
v = v, et e (Wt (21)
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In the presence of magnetic and electric field the equation
of motion is given by.

m%z eE — B,ev—vyv (22)
Where By is a constant magnetic field, therefore.
d E
md—:= e (ﬁ).v—Boev—yv = —-Cv (23)
Where.
E 2
Ci=y—e (ﬁ)+ B,e =y—%+ B,e (24)
Rearranging (23) requires.
Vdvy t
L
vi V 0
1%
v=uvie Gt (25)
In view of (10), (11) and (13).
E = Eje @t g=Cat (26)
The complete travelling wave solution is given by.
E = EO ei(kx—wt) e—Clt (27)
Again the analogy between E and y requires.
Y = p, enPrED g-Cat (28)

An alternative way can also be used to find the wave
function for resistive medium.
For harmonic oscillator the displacement is given by.

X = X, e+iwt
dx | it it
v=_r = loxge Wb = py e™ = jox
_ iy
xp = 20 (29)
For no potential field.
iy ivh Eo
E = — —T = —_ — =
f mw mwh 2

Thus according to equations (32) and (33) the wave
function for free particle is given by.

i i —i —iyh)t
lz” — A GE(PX_EO:A eE(Px_Eot)eT m

-y e%(Px—EOt)
m

= -t Y _ -t
¥Y,= Ae Py A exp(zT) 34)
Thus the collision probability is given by.
_ t t
o= [¥2|=¥F =A% T=PeT (35

54
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T
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dx dv _ dv
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15

av _ dGgmv) _

dx dx =Y

de+J-dT=—yfvdx+C=—%fvdv+€
iy /1
T+V = —Y(—v2)+C
w\2

For harmonic oscillator the potential is given by.

xZ

2

2

mw? vz 1
V=—J-F.dx=kfxdx=ma)2 |_ == mv
2 liw 2

=T

T+V— %’sz)zC (30)

Thus the total energy is given by.
E=2T-Xr=¢( 31)
mw

Where for non-frictional system, the energy of the
oscillator is given by.

E=E,+Ef; E,=T+V=2T
Where.
T=V

For harmonic oscillator.
For frictional medium the energy is given by.

E =E,+Ef (32)
Where.
_WhE _—iyh _imh __ih
mEgy 2 2m 2mt 2T (33)

3. Schrodinger Equation for Frictional
Medium

Schrodinger equation is based on wave particle duality,

which require the wave function to be in the form.
i

Y = Aen®ED (36)

This expression describes the wave function in free space.

Thus one expects it not to feel the properties of the medium
like friction, electric permittivity and magnetic permeability.
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This makes Schrodinger equation in the conventional
traditional form unable to solve the problems with the bulk
matter. This cause so called many body problems, such
problem was solved by introducing new terms adding to the
potential describing different interactions like spin-spin
interaction, spin-lattice interaction. These approaches make
Schrodinger equation very complex and make its solution
very tedius.

To make treatment with bulk matter simple, it is better to
start with from wave function of particles in a frictional
medium which is given by equation (34) to be in the form.

ih
W =Aen®*ED (37

The energy operator can be found by differentiating w. r. t
to get.
oY ( 1 + i) w
ot~ \2t ' h

h o h
———y= (—i+E)w

i dt 2T
h 0¥ h .,

The energy operator can be defined by two different ways:
according to equation (38) if the energy operator is that gives
steady state energy, then the energy operator H is given by.

AY =ih (%— ;—T) W = Ey (39)
The steady energy operator satisfies.
A a (0 1
A, =in(3-2) (40)

i.e However if the energy operator is defined to be that
gives the energy afte perturbation, then energy operator
gives.

5 . 0 h .
lezu=lh5'1’=(E+;l)'1U A1)
i.e the perturbing Hamiltonian is given by.
P ;)
Hy, = lhE (42)

This additional term standing for friction in (41) conforms
with uncertainty principle where.
AEAt =h (43)
Following Zeeman Effect, if one level is splitted to two
sublevels by an amount AE up and down, due to collision
which causes friction.
The splitting between the two levels is thus given by.

AE = 2AE (44)
Thus when the particles take time 7 in the excited state.

At =t (45)

And equations (43), (44) and (45) gives.

(2AE)T=h
AE =~ (46)

This gives the same expression for perturbation energy in
equation (41).

The satisfaction of hermiticity condition for the steady and
perturbed Hamiltonian can be examined also using equations
(39-42).

For steady state Hamiltonian hermiticity requires.

[AYW¥dr=[YHYdr (47)
Using equation (39) requires.
[ Fvwar = [EAwar
Ef@pdr=Ef¢svdr
Thus.
E=E (48)
This conforms to the requirement of hermiticity.
The perturbation Hamiltonian hermiticity condition
requires.
fﬁpw'ydr = f@ﬁpw dr
h \ — — h
f(E+—l) YyYdr = f'P(E+—l)lzudT
2T 2T
— h \ = h \ [(—
(E——L)f‘z”‘z”dr = (E+—l)fl{”z”dr
27 2T
E-Li=FE+i (49)
2T 2T

But since E is real its follows that the frictional term
vanishes where.

h

E, =0 = —h_
lEf_r_OEf_r_O (50)
Thus satisfy hermiticity condition, one requires.
f w(A - i) Wdr = f T (A +ifl,)wdr
Which gives.
E+iE; = E + iEf (51

Thus the perturbed Hamilton satisfies the hermiticity
condition. Following the expression of energy of RCL circuit
for alternating current, the perturbed energy is given by.

2 2 h
Ep—E +§

(52)

This resembles Einstein momentum-Energy relation.
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E? = C?P%? + m2C* (53)
To find Schrodinger equation (37) is differentiated w. r. t
coordinate to get.

atp_iw
dx h

h how
SV ==

i i Ox

—h?y2y = p2y

Py
(54)
Using newton energy-momentum relation.
E=24v 55
= (55)

After multiplying (51) by ¥ and inserting equations (38)
and (54) in equation (55) where.

2
Ey =Zwyyy (56)
2m
One gets.
i 2
hW Dy yy L p2y (57)
at 2T 2m
This represents Schrodinger equation for frictional
medium.

4. Discussion

Equation (2) uses the equation of motion of particle in
frictional medium to obtain exponentially decaying velocity.
The relation of current density J with the velocity and electric
field in (3) to find exponentially decaying electric field in
equation (4). This is used to find The wave function which is
too exponentially decaying as shown in equation (5). This
equation is used to find a useful expression of the collision
probability (7) which is typical to the conventional one after
redefining the relaxation time.

The equation of motion in the presence friction and
magnetic field in equation was solved. To obtain travelling
exponentially decaying wave function in equation (28). The
decay depends on friction, conductivity as well as the
magnetic field. Treating the particles as strings the collision
probability obtained by our model in equation (35) is typical
to the ordinary one.

The energy for frictional medium in equation (52)
resembles that of Einstein and RLC circuit. This analogy is
clear when comparing with FEinstein energy momentum
equation (53). The wave function of frictional medium is
obtained in equation (37). It consists of additional time
decaying termas equation (38) indicates. This function is
used to find the energy operator for steady state which gives
frictionless energy as equation (39) and equation (40) shows.
However for perturbed state the energy operator gives both
steady and frictional energy [see equations (41) & (42).
Using uncertainty relation the same expression of frictional
energy isfound [equation (46)]. Both Hamiltonians satisfy

hermiticity [equation (47) & (49)].

5. Conclusion

Bearing in the mind the electric field intensity and
quantum wave function analogy, a useful wave function
sensitive to the medium properties is obtained. Using the
relation between the current density with both velocity and
electric field intensity a useful expression of the wave
function was found by using Newton second law for a
particle affected by electric and magnetic field as well as
friction. Assuming that the particles acting as strings an
expression for the collision probability density typical to the
conventional one is obtained. A useful expression for
Hamiltonian for steady and perturbed term satisfying
hemiticity is also found. The energy of resistive medium
resembles that of Einstein and RLC circuit one. A useful
Schrodinger equation for resistive medium is also found and
reduces to the ordinary Schrodinger equation in the absence
of friction.

References

[1] Daived. J. Griffith, Introduction to Quantum Mechanics
(Prentice Hall, New Jersy, 2005).

[2] L. L Schiff, Quantum Mechanics (McGraw Hill, Tokyo, 2009).

[3] Schwable, F, Quantum Mechanics, 3™ edition (Springer,
Berlin, 2005).

[4] Dyson, F, J, Advanced Quantum Mechanics, 2" edition
(World Scientific Singapore, 2006).

[5] Mubarak Dirar, Asma. A, A. Zakaria, Asma. M. E, Rawia. A.
A, Amel. A, Effect of Magnetic Field on Superconducting
Complex Resistance, Glob J. of Eng. Sci. and Researches,
Abdallah, 3 (4); April 2016.

[6] Rawia. A. E, Mubarak. D, Gada. M. E, sawsan. A. E,
Conductivity and Effect of Magnetic Field on Its
Destruction on the Basis of Generalized statistical Physics,
International. J of Current Trends in Eng. & Res., V2, I8,
August 2016.

[7] Susskind, L., and Lindesay, An introduction Black Holes,
Information and String Theory Revolution: The Holographic
Universe (World Scientific Singapore, 2005).

[8] Becker, K., Becker, and Schwarz, String Theory and M.
Theory, Modern Introduction (Cambridge University Press,
New York, 2007).

[9] Isam. A, Mubarak. D., Rasha. A. M, Describe a Bell and
Breathe Soliton by Using Harmonic Oscillator Soliton, Int. J
of Theo. and Math. Phy.2019, 9 (1): 1-13.

[10] Isam. A, Mubarak. D, Rasha. A. M, Quantization of Harmonic
Oscillator Soliton by Friction Term Method, Int. J of Theo.
and Math. Phy.2018, 8 (4): 89-93.

[11] Sawsan A. Elhouri, M. Dirar, Asma Elbashir, Quantum
Transverse Relaxation Time, International J. of Res. Sci. &
Manegement ahmed, eta 3 (4): April (2016).



57

[12]

[13]

[14]

Asma Mohamed Elhussin: Quantum Wave Function Based on String Theory for Frictional Medium to Obtain
Collision Probability, Energy Operator and Schrodinger Equation

Ghada E. S, Amna E. M, Hassabala M. A., Elharam A. E,
Mubarak Dirar & Sawsan A. E, Classical Newtonian Model For
Destruction Of Superconductors By Magnetic Field, Global J.
of Eng. Scen and researches (Elammeen 6 (3): march 2019).

Hassaballa M. A, Lutfi M. A, Muhaned A. M, M. Dirar,
quantum and Generalized Special Relativity Model for
Electron Charge Quantization, IOSR J. of Applied Physics,
V.11, 12 Ser I) mar-Apr, 2019).

Guang-an Zou, Bo Wang, Solitary Wave Solutions for
nonlinear Frictional Schrodinger Equation in Gaussian
nonlocal Media. Applied Math. Letters, 88 (2019) 0-57.

[15]

[16]

Asma. M. E. S, M. Dirar & Sawsan A. E, Time Dependent
Schrodinger Equation for Two Level System to Find Transvers
Relaxation Time, Global. J of Eng. Sci. and Researches (saad,
6 (3): March 2019).

Lutfi M. A, Mubarak D., Amel A., Rawia A. A, Sawsan A. E,
Schrodinger Quantum Equation from Classical and Quantum
Harmonic Oscillator, International J. of Eng. & Research
Algadir, 5 (2): February, 2016.



