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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 γ takes 

the form. 

� ��
�� =	−γ	 = 	−


� 		                        (1) 

Therefore. 
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	 = 	−� �

�
�
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�
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�� 	
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Thus the solution describes time decaying velocity. 

	 = 		�	���
�                                       (2) 

But the current density is giving by. 

� = ��	 = ��	����
� = ��                         (3) 

This requires 

� = 	��	���
�                                        (4) 

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

� =	��	���
�                                       (5) 

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

�� = |�|� = |��|�	�� �
�� = � � 	�� �

��               (6) 

But the ordinary collision probability function satisfies. 

� = 	��	�� �
�!                                     (7) 

Thus this model resembles Lutfi model where. 

� =	��	�� ��� 

And 

�� = 2�                                        (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. 

� = ��	 = ��	 
	 = #

$% � = &'�                               (9) 

Thus one can suggest the solutions. 

	 = 		�	��'(�)*�+ = 	')*�+                  (10) 
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This gives. 
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Consider now the equation of motion of the electron in the 

resistive medium under electric field effect, i e. 

� ��
�� = 	�	� − γ	 = 	−*�	 �!,!	 − γ+	         (14) 

Rearranging yields. 

� 	
	 = 	−*�	 	����	 −

γ
�+� ��

�
�

�'
 

�� 	
	. = *�	 	����	 −

γ
�+� 

	 = 	.	��*%	 /!01!	�
2
0+�

                          (15) 

Equation (10) assumes that. 

	 = 		�	��'(�)*�+ = 	')*�+ 
Thus equation (15) reads. 

	 = 		�	��'(�	��*%	 /!01!	�
2
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                   (16) 
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Where 	
 stands for decaying amplitude. 

But. 

� = ��	 = ��	 
� = ��	 = 	�	�		�	��'(� = �	����'(� 	      (18) 

Thus conductivity is given by. 

� = $%�!
,!	                                     (19) 

Hence. 

,!
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As a result equation (17) reads. 

	 = 		�	��'(�	��*	34�5	 �	6+�                   (21) 
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In the presence of magnetic and electric field the equation 

of motion is given by. 

� ��
�� = 	�	� −	78�	 − γ	               (22) 

Where B0 is a constant magnetic field, therefore. 

� ��
�� = 	�	 9,!�!	: . 	 − 78�	 − γ	 = 	−&<	       (23) 

Where. 

&< = γ − �	 9,!�!	: +	78� = γ − $%�
#	 +	78�      (24) 

Rearranging (23) requires. 

� 	
	 = 	−&<� ��

�
�

�'
 

�� 	
	. = −&<� 

	 = 	.	��>?�                                 (25) 

In view of (10), (11) and (13). 

� = 	��	��'(�	��>?�                         (26) 

The complete travelling wave solution is given by. 

� = 	��	�'*@A�(�+	��>?�                    (27) 

Again the analogy between E and ψ requires. 

� =	��	� -
һ*CA�,�+	��>?�                    (28) 

An alternative way can also be used to find the wave 

function for resistive medium. 

For harmonic oscillator the displacement is given by. 

D = 	D�	�E'(� 

	 = D
� = 	.FD�	��'(� = 	�	��'(� = .FD 

D� = '�!
(                                        (29) 

For no potential field. 
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For harmonic oscillator the potential is given by. 
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Thus the total energy is given by. 

� = 2K −	 '6

S K = &                           (31) 

Where for non-frictional system, the energy of the 

oscillator is given by. 

� = �8 + �T ; 	�8 = K + I = 2K 

Where. 

K = I 

For harmonic oscillator. 

For frictional medium the energy is given by. 

� = �� + �T                                (32) 

Where. 
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Thus according to equations (32) and (33) the wave 

function for free particle is given by. 

� = 	U	� -
һ*CA�,�+=	U	� -

һ*CA�,!�+�V-
һ *V-2һ+�

0 = �
 	� -
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�
 = 	U	��� 6
�
 = 	U	�DW	*����+                 (34) 

Thus the collision probability is given by. 

�� =	 |��| = ��X = U����
� = �����

�       (35) 

3. Schrodinger Equation for Frictional 

Medium 

Schrodinger equation is based on wave particle duality, 

which require the wave function to be in the form. 

� = U� -
Y*ZA�,�+                               (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. 

� = U	�-ħ
Y *ZA�,�+                              (37) 

The energy operator can be found by differentiating w. r. t 

to get. 

H�
H� = −M 12� +

.
ħN� 

−ħ	
.
H
H� � = M ħ2� . + �N� 

ħ	
'
\]
\� = 9� + ħ

�� .:�                            (38) 

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 _̂ is given by. 

_̂`� = .ħ 9 \
\� − <

��:� = ��                   (39) 

The steady energy operator satisfies. 

_̂` = .ħ 9 \
\� − <

��:                              (40) 

i.e However if the energy operator is defined to be that 

gives the energy afte perturbation, then energy operator 

gives. 

 _̂Z� = .ħ \
\�� = 9� + ħ

�� .:�              (41) 

i.e the perturbing Hamiltonian is given by. 

_̂Z = .ħ \
\�                                         (42) 

This additional term standing for friction in (41) conforms 

with uncertainty principle where. 

∆�b∆�b = ħ                                         (43) 

Following Zeeman Effect, if one level is splitted to two 

sublevels by an amount	∆�  up and down, due to collision 

which causes friction. 

The splitting between the two levels is thus given by. 

∆�b = 2∆�                                         (44) 

Thus when the particles take time	� in the excited state. 

∆� = 	�	                                      (45) 

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

*2∆�+	� = ħ 

∆� = ħ
�	�                                       (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. 

c _̂`��	d = c� _̂`�	d                     (47) 

Using equation (39) requires. 

� 	� ��	d = �� _̂`�	d 

� ���	d = � ���	d 

Thus. 

� = �                                        (48) 

This conforms to the requirement of hermiticity. 

The perturbation Hamiltonian hermiticity condition 

requires. 

� _̂C��	d = �� _̂C�	d	 

�M� + ħ
2� .N	��	d = �� M� + ħ

2� .N�	d	 

M� − ħ
2� .N���	d = M� + ħ

2� .N���	d 

� − ħ
�� . = � + ħ

�� .                           (49) 

But since �  is real its follows that the frictional term 

vanishes where. 

.�T = 'ħ
� = 0	�T = ħ

� = 0                   (50) 

Thus satisfy hermiticity condition, one requires. 

��f _̂ − . _̂Tg�d = �� f _̂ + . _̂Tg�d 

Which gives. 

� + .�T = � + .�T                        (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. 

�Z� − �� + ħ
���                               (52) 

This resembles Einstein momentum-Energy relation. 
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�� = &��� +�8�&h                       (53) 

To find Schrodinger equation (37) is differentiated w. r. t 

coordinate to get. 

H�
HD = .

ħ �� 

ħ
. G� = ħ

.
H�
HD = ��	 

−ħ�G�� = ���                                (54) 

Using newton energy-momentum relation. 

� = C�
�
 + I                                     (55) 

After multiplying (51) by � and inserting equations (38) 

and (54) in equation (55) where. 

�� = C�
�
� + I�                                (56) 

One gets. 

.ħ \]
\� − 'ħ	

��� = I� − ħ�
�
G��                   (57) 

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 Einstein 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. 
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