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ABSTRACT

Background: Lasers have numerous applications and can be considered as one of the main technological outputs of quantum
physics. Due to string theory electrons in any atom behaves as a harmonic oscillator. Thus, it is natural to solve the Schrodinger
equation for harmonic oscillator in the presence of friction Schrodinger equation. Objectives: The absence of a relation between
frictional effects in quantum mechanics relativity and Laser amplification led to conduct a theoretical study so as to verify the Laser
amplification due to friction. String theory treats particles as harmonic oscillators. Methods In this work Schrodinger equation for
frictional medium is derived, and the Harmonic oscillator solved for resistive medium. Results: The results showed no change of
energy per particle. This means that energy loss due to friction changes the number of particles and does not change the energy of a
single particle. This resembles inelastic scattering, which leads to atomic excitation that changes their energy by an amount (hw). Here
the increase or decrease due to friction and collision is caused by the change of the number of excited atoms. Conclusions: The
Schrodinger equation for frictional medium is derived; Harmonic oscillator solution for resistive medium shows the possibility of lasing
within the framework of string theory.
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1. INTRODUCTION

In physics the discovery of the laser (light amplification by stimulated emission of radiation) was based on Einstein’s
theory of stimulated emission of radiation. However, it was only in the 1950’s that this theoretical study led to the
creation of lasers. Nowadays lasers found numerous applications and can be considered as one of the main technological
outputs of quantum physics [1].

The most important features of quantum mechanics leading to laser theory were obtained already in the old quantum
mechanics: i.e. the discrete structure of energy levels for atoms and the quantum structure of electromagnetic radiation;
spontaneous and stimulated emission and absorption. Here the discrete structure of energy levels of atoms was simply
postulated by Bohr to derive the stability of atoms. Then Einstein (motivated by Plank’s study on black body radiation)
postulated the quantum structure of radiation [2, 3].

By using the quantum structures for atoms and radiation and thermo dynamical considerations, he derived spontaneous
and stimulated emissions and absorption which are fundamental in laser theory.

However, the “old fashioned considerations” in the spirit of Bohr and Einstein clarify the basic assumptions leading to the
functioning of the laser in a more intuitive and less formal way [4, 5, 6].

Although quantum equations explain many subatomic phenomena; but it fails to account the effect of resistive medium.
Some attempts were made by M. Dirar et al. (2015) and Lutfi et al. (2016), but they concentrate on the effects of friction
on the time evolution of the physical system [7, 8]. Rare attempts to account for spatial effects. The principle objective
of this study is to verify the Laser amplification due to friction.

2. LASER AMPLIFICATION

For any system moving with velocity v, the momentum is given by:

P =mv (D
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Thus the total momentum for frictional medium is given by:

For the situation in which there is both a kinetic energy and a potential present, the total energy of the system in
Newtonian mechanics ( SR for law speed) is given by:

P—P)?
_PRT
2m

Thus:

E=F PPy Py (3)

2m m 2m

Multiplying both sides of Eq. (3) by y , yields:

By =2y Py Iy vy (4)

Relation (4) can be used to find Schrodinger equation for particles moving in a resistive medium.

Consider:
r=-(2): ®
Py =2V (6)
From Eq.s (4), (6):
2 gy + Py 4 Py vy = By )

The wave function is given by:

¥ = e u(x) (8
VY = ike™u + e**Vu 9)
V2 = —k2e**y + 2ike™*Vu + ek*V2y (10)

Substituting Eq.s (5), (9) and (10) in Eq. (7), yields:

h2k? ikh? s
u——-7"u 2 g2y 4+ 22 +—Vu+ 22u+Vu—Eu (11)
2m 2m mct 2mC

This equation can be made reduced to Schrodinger equation by assuming:

ikh? _ h?

m mct

Thus:
k=—— (12)

Which can be written:

2m

h? v n’k? n%k? R2k?
2m m 2m

>u+Vu=Eu

2 2
—:—mV2u+Vu—( +hk) (13)
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From Eg.s (8) and (12):
Y = eﬁxu(x) (14)
Thus the numbers of electrons are given by:
n=yl>=yyp
n= (e%xu) (eéxu) = exu? (15)
We assume that n is the number of excited electrons, then the number of emitted photons n,, is proportional to it. Hence:

2x
I =nyc = cuecr (16)

Comparing with laser amplification condition:

I =I,eh* (17)

This lasting can take place.

The fact that:
1
B~ p

Is related to the fact that smaller relaxation time T means very small distances between adjacent atoms. Which means
existence of more intensive excited states.

For harmonic oscillator:

2
— V2 +V = Egp (18)
Where:
V = kox? (19)
Eo = (n+)hw (20)

Thus comparing Eq.(13) and(14) yields:

h2k?

E0=(n+§)hw=E+2m (21)
For

N

zhg =—5 V2 + Vi (22)

Ep=— vy - Brgy 1y vy (23) [9-

But comparing Eq.s (4), (6), (13), (21) and (23) yields:

oY
Let:

Y =g)u(x) (25)

To get:
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0P
ih—-=Ef (26)

The solution for #gives:

iEt

F=foe h =gt (27)

The periodicity condition for harmonic oscillator yields:

At +T) = At (28)
e"wt =1 (29)
coswT +isinwT =1
Thus:
coswT =1
sinwT =0
Hence:
wT = 2nym (30)
Thus:
W= 2”% = 2TfyNy = Nywy (31)
ny =1,2,3, ...
From Eq.(27) and Eq. (31):
E = hw = nghw, (32)
Thus from (21) and (32):
S =P—2=E0—E= <n+1)hw—hw = (n—l)hw
2m 2m 2 2
= (n — i) howg (33)

3. DISCUSSION

Due to string theory electrons in any atom behaves as a harmonic oscillator. Thus, it is natural to solve the Schrodinger
equation for harmonic oscillator in the presence of friction Schrodinger equation becomes in the form Eq.(11). The effect
of friction on Schrodinger equation leads to describing the inelastic scattering process. The wave number K is imaginary
as shown by Eqg.(12). Thus the wave function and the number of particles increases with x as Eq.s(14) and (15)
indicates. This means that amplification can take place according to Eq. (16). This is since the number of emitted photons
n, is proportional to the number of excited electrons n given by Eq. (15). This means that resistive medium can induce
laser. This is due to the fact that collision process takes place in a resistive medium. This collision leads to electrons
excitation. The smaller collision time T the larger the number of excited electrons, which causes a larger number of
photons to be emitted. Thus amplification factor B should increase as T decreases. This is strictly what is Eq. (17) stated.
It is very interesting to note that the wave number as well as the momentum is quantized as shown by Eq. (33).

This a study agrees with some attempts, one of them is proposed by Lutfi Mohammed AbdAlgadir and others [8]. It is a
Schroedinger quantum equation from classical and quantum harmonic oscillator, from this model shows Schrédinger
equation and energy Eigen equations are affected by friction. Another attempt was also made by Mobarak Ibrahim and
others to construct a quantum relativistic equation and string mass quantization, this expression includes mass energy
beside potential energy, with energy conserved. The special relativistic energy in the presence of friction is found.
Treating particles as vibrating string the mass is quantized [7]. But no one of them uses this equation to construct a
guantum equation that accounts for lasing
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4. CONCLUSION

The spatial quantum effect on particles and quantum systems manifests themselves via the momentum. The
Schrodinger equation for frictional medium is derived; Harmonic oscillator solution for resistive medium shows possibility
reference of lasing.

This study concludes that atomic excitation that changes their energy by an amount (hAw). Here the increase or
decrease due to friction and collision is caused by the change of the number of excited atoms.

Acknowledgment
We would like to thank all those who assisted and encourage during the research period.

5. REFERENCES

1. O.Svelto. principles of lasers.5th ed. Springer. New York. USA; 2014. p. 1 Fundamental Equations of Elementary Particles —4 (Chap.1). Available:
https://abmpk.files.wordpress.com/2014/02/svelto-o-principles-of-lasers-5ed-springer-2009isbn-14419130170625s_peo__2.pdf

2. Nouredine Zettili. Quantum Mechanics Concepts and Applications, 2nd ed. Jacksonville State University. Jacksonville. USA; 2009.P.393-400(Chap.6). Available:
http://www.jsu.edu/dept/pes/physics/nzettili/

3. Andrei Khrennikov. Social Laser: Action Amplification by Stimulated Emission of Social Energy. Linnaeus University,.Vaxjo-Kalmar. Sweden ; 2015.
arxiv:1512.05386v1 [physics.hist-ph]. Available: https://arxiv.org/pdf/1512.05386.pdf

4 . A.P.Kaazantsev. On The Quantum Theory Of Laser .Soviet Physics Jetp . 34 (5). 1972. P.954-958. Available: www.jetp.ac.ru/cgi-bin/dn/e_034_05_0953.pdf

5. M. Eichhorn. Quantum-Mechanical Fundamentals of Lasers. Springer International Springer. New York. USA; 2014. P.1-5.(Chapl) Auvailable:
http://www.springer.com/la/book/9783319051277

6. Proca. A. Fundamental Equations of Elementary Particles. C. R. Acad. Sci. Paris; 202, 1490, 1936. arxiv:physics/0508195v1 [physics.hist-ph] Available:
https://arxiv.org/pdf/physics/0508195v1.pdf

7. Mobarak Ibrahim etal. Quantum Relativistic Equation And String Mass Quantization. International Journal Of Engineering Sciences and Research Technology.
2015; 4(10): 2277-9655, . Available: http://www.ijesrt.com/issues%20pdf%20file/Archives-

2015/March2015/29 STUDY %200N%20DYNAMICS%200F%20CONTINUOUS%20STIRRED%20TANK%20REACTOR%20USING%20MULTI%20INPUT -
%20MULT1%200UTPUT%20SYSTEM.pdf

8. Lutfi etal. Schrodinger Quantum Equation From Classical And Quantum Harmonic Oscillator. International Journal Of Engineering Sciences and Research
Technology; 5(2): 2277-9655. 2016. Available: http://wwuw.ijesrt.com/issues%20pdf%20file/Archive-2016/February-
2016/15_SCHR%C3%96DINGER%20QUANTUM%20EQUATION%20FROM%20CLASSICAL%20AND%20QUANTUM%20HARMONIC%200SCILLATOR.p
df

9. Arafa Ahmed etal. Spatial Wave Function Diminishing Due to Friction Force . International Journal of Science and Research; 5(8). 2016. Available:
https://www.ijsr.net/archive/v5i8/ART2016884.pdf

Cite this article: Mubarak Dirar Abd Allah, Arafa Ahmed Mohamed, Khalid Mohammed Haroun and Ahmed Elhassan ELfaki.
STRING QUANTUM MECHANICAL LASING DUE TO FRICTION. Am. J. innov. res. appl. sci. 2016; 3(3): 490-494.

This is an Open Access article distributed in accordance with the Creative Commons Attribution Non
Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/



https://abmpk.files.wordpress.com/2014/02/svelto-o-principles-of-lasers-5ed-springer-2009isbn-1441913017o625s_peo__2.pdf
http://www.jsu.edu/dept/pes/physics/nzettili/
https://arxiv.org/pdf/1512.05386.pdf
http://www.jetp.ac.ru/cgi-bin/dn/e_034_05_0953.pdf
http://www.springer.com/la/book/9783319051277
https://arxiv.org/pdf/physics/0508195v1.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archives-2015/March2015/29_STUDY%20ON%20DYNAMICS%20OF%20CONTINUOUS%20STIRRED%20TANK%20REACTOR%20USING%20MULTI%20INPUT-%20MULTI%20OUTPUT%20SYSTEM.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archives-2015/March2015/29_STUDY%20ON%20DYNAMICS%20OF%20CONTINUOUS%20STIRRED%20TANK%20REACTOR%20USING%20MULTI%20INPUT-%20MULTI%20OUTPUT%20SYSTEM.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archives-2015/March2015/29_STUDY%20ON%20DYNAMICS%20OF%20CONTINUOUS%20STIRRED%20TANK%20REACTOR%20USING%20MULTI%20INPUT-%20MULTI%20OUTPUT%20SYSTEM.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archive-2016/February-2016/15_SCHR%C3%96DINGER%20QUANTUM%20EQUATION%20FROM%20CLASSICAL%20AND%20QUANTUM%20HARMONIC%20OSCILLATOR.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archive-2016/February-2016/15_SCHR%C3%96DINGER%20QUANTUM%20EQUATION%20FROM%20CLASSICAL%20AND%20QUANTUM%20HARMONIC%20OSCILLATOR.pdf
http://www.ijesrt.com/issues%20pdf%20file/Archive-2016/February-2016/15_SCHR%C3%96DINGER%20QUANTUM%20EQUATION%20FROM%20CLASSICAL%20AND%20QUANTUM%20HARMONIC%20OSCILLATOR.pdf
https://www.ijsr.net/archive/v5i8/ART2016884.pdf
http://creativecommons.org/licenses/by-nc/4.0/

