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ABSTRACT

A pressure dependent Schrodinger equation is used to find the conditions that lead to su-

perconductivity. When no pressure is exerted, the superconductor resistance vanishes beyond
a critical temperature related to the repulsive force potential of the electron gass, where one
assuming the electron total energy to be thermal, where applying mechanical pressure de-
stroys Sc when it exceeds a certain critical value. However when the electron total energy is
an assumed to be that of the free electron model and that the pressure is thermal and me-
chanical, the situation is different. The quantum expression for resistance shows that the
increase of mechanical pressure increases the critical temperature. Such phenomenon is
observed in high temperature cupper group.

1. INTRODUCTION

Superconductivity (Sc) phenomenon is one of the most interesting properties of bulk matter. In this
phenomenon, the resistance to electric current vanishes beyond a certain critical temperature [1].

This leads to generation of powerful magnetic field that used in a wide variety of applications.

For instance, the magnetic property is used in magnetic resonance imaginary (MRI), super magnetic

https://doi.org/10.4236/ns.2020.121004 28 Natural Science


https://www.scirp.org/journal/ns
https://doi.org/10.4236/ns.2020.121004
http://creativecommons.org/licenses/by/4.0/

trains and in generating powerful electric energy [2].

The wide spread of Sc applications face a disaster problem. This problem is related to the fact that the
operating temperature of Sc materials are far beyond 100 k, which is much lower than the ambient tem-
perature 300 k [3, 4]. Fortunately, recently new Sc materials, he so called high temperature Sc (HTSc),
were discovered.

They can operate at temperatures above 130 k as [5, 6]. To reach the ambient temperature operation,
one needs a well-defined model that gives a clear path way that shows how to select compounds to in-
crease the critical temperature to be above the ambient temperature.

Unfortunately there are many problems associated with (HTSc). They suffer from some long standing
problem like pressure problem and isotope problem. In the former one, the application of pressure on
some compound can increase or decrease the critical temperature.

In the latter one, the replacement of some compound constituent by their isotope changes the critical
temperature [7, 8].

Fortunately, some models were proposed to solve some of these problem. Some models solve pressure
problem, while other models try to explain magnetic destruction of Sc [9, 10].

This needs new alternatives that leads to a well define model that can solve all Sc problems. This pa-
per is concerned with construction and development of a new that can be promoted to solve the problems
associated with the Sc. Section 2 is concerned with constructing a new model based on string theory to ex-
plain the pressure effect. The discussion and conclusion are exhibited in Sections 3 and 4.

2. PREVIOUS WORK

In a work done by many authors [11], an energy dependent expression on the potential ¥ and pres-
sure Pwas obtained from the plasma equation:

vmﬁzmﬁz—vp—wz—d(”q 1)
dx dr
i(lmv2 +V+Pj=0 (2)
dx\ 2
Thus:
KE +V + P =Constant (3)
This constant of motion, which is shown to be standing for the energy of the system, is given by:
E=KE+V+P (3)
3. THE PRESSURE DEPENDENT SCHRODINGER MODEL
The ordinary Schrodinger equation is given, according to (3), by:
2
Y gy py (4)
dr 2m
The time independent equation can be found by suggesting the wave function (wf) to be:
Y =ue™™ =u(r)e”™ (5)
A direct substitution of (5) in (4) yields:
2
Eyu = hoyu = i vus P (6)

2m

Consider an electron acting a harmonic oscillator subjected to a constant potential V. For electron
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Schrodinger Equation (6) is written as:

2

1

Eu= LR VWS Ay
2m 2

Try solution of the form:
u=Ae™
Vu =-2axu
V? =2au—-2axVu

Viu=2au+4a’*x*u

)

(8)

In view of Equation (3) c consider the potential V to result from repulsive crystal potential of the

electron gass ¥, beside the mechanical pressure F,.
In this case:

V:lkx2+V0
2
P=-P,

)

Here the pressure is exerted on the system by surrounding media, inserting (8) in (7) gives:

i’ 2.2 1, 5
Eouz—%(—2a+4a X )u+(5kx +Vo =V, |u

Equating the coefficients of zand X u yields:

n? i
Ey=—24Vy =V, ==24V,-P,
2m m
And:
2h2 2
< =lk=—ma)2
m 2

From (12), one gets:

2 2 2 4
, Mm@ m°c

C4n antct

where one assumes that the energy satisfies Einstein and Max plank relations, Ze.:

E=mc* =hw

, (ho)' 1((0)4 1((:1{]4 1,
a = | — = —| — :—k
4antct 4\ ¢ 4\ ¢ 4

Thus:

1
a=—k’
2
There for Equation (11) gives:
'k’ nK?
Ey= m W =Vp = > +Vh - R

Thus the momentum is given by:

mv=hk=\/2m(E0 —V0+Vp)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)
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This relation can be used to define a quantum resistance by using the relation:
u Vv vV mv* my
T :e_l - enevA - 2ne’vA - 2ne’ 4
With U, [, Vand nstanding for the electric potential, current potential energy and concentration re-
spectively:

R (18)

R=R +iR =R, +iR, (19)

Here R.,R ,R. stands for real, superconductor and imaginary resistance respectively.

27N

When no pressure was applied:

P =V,=0 (20)
In view of Equations (17) and (18), one gets
hk
- 2ne* A =
Using Equations (17), (20) in (21) yields:
_ ,/2m(E2—V0) (22)
2ne” A
Assume a gain that the energy E; is in the form of thermal energy:
E,=KT (23)
Using (23) in (22) gives:
=" — 9 2m(K{_V°) (24)
2ne” A
The resistence R become pure imaginary when:
KT <V, (25)
Define the critical temperature to be satisfying the relation:
V,=KT, (26)
Thus Equation (25) requires:
KT < KT,
Hence:
T<T, (27)
Thus according to Equations (19) and (24) one gets:
R=R,R =0 (28)
However when the pressure was applied. Such that:
B>V,
P, >KT, (29)
Using also Equations (17), (16), (21), (23), (26) one gets:
J2m(KT -KT, + )
R= (30)

2ne* A

In this case in view of Equations (29) and (30), one gets:
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R =0 (31)

For all values of 7, ie. for:
>0 (32)
Therefore according to Equations (19) & (31) the superconducting resistance is no longer equal to
zero, Le.
R=R #0 (33)
For all values of 7'greater than zero.

Thu applying pressure such that it exceeds a certain critical value gives by (29) and (26) destroys Sc.
The new critical decreases upon increasing pressure, when:

T.=T.-P, (34)

Another approach can be suggested by assuming that the pressure result from a thermal one K7 ex-
erted by the surrounding. In this case Equation (3) takes the form:

E=KE+V +KT-F, (35)
Assuming also the existence of very large attractive force on electrons due to the ionic cores:
V=7, (36)
Thus one can write:
KE+V =KE-V,=-V, (37)

where the potential energy is assumed to be much large than the kinetic energy. Using nearly electron
model for solids:

nk?
E="1 38
. (38)
Thus Equations (35), (36), (37) and (38) gives:
ik =\J2m" (KT ~V; - P (39)

Define now the critical temperature to satisfy:
KT . =V, +Ph, (40)

hk=\2m"k(T ~T,) (41)

According to Equations (17), (18), (19) and (41):

Thus:

2m'k(T-T,)
R=R +iR =——F5—— (42)
; 2ne A
Thus for all:
T<T,
R=R,
R =0 (43)

It is very interesting to note that Equation (40), shows that the critical temperature can be increased
by increasing the applied mechanical pressure as observed for Cu.
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4. DISCUSSION

Pressure dependent Schrodinger equation [see Equation (14)] is used to find a useful expression for
energy, wave number and momentum.

These expressions were obtained by treating electrons as vibrating strings subjected to repulsive elec-
tron force and mechanical pressure.

Using the ordinary expression for resistance a useful expression of quantum resistance is obtained
[see Equations (18), (21)] through the momentum and wave number. Assuming first electron energy to be
purely thermal [Equations (23)], the Sc resistance [Equations (24)-(28)] vanishes beyond a critical temper-
ature in the absence of the external pressure. This a grees with experiment. Applying external pressure de-
stroys Sc when the pressure exceeds a certain critical value [see Equations (29)-(34)]. The pressure here
decreases the critical temperature.

When one assume the pressure to be resulting from electron gas thermal pressure beside external
mechanical pressure [see Equation (35)], the critical temperature in (40) increases upon increasing pres-
sure. This can thus explains the behavior of high temperature Sc copper group.

5. CONCLUSION

The pressure dependent Schrodinger equation can be used to obtain a useful expression of quan-
tum resistance. This expression can be used to explain the effect of external mechanical pressure on
high temperature Sc. It can explain why pressure decreases or increases sometimes the critical temper-
ature.
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