
 

 
 

 
 

ǭǳعلوم الما 
 فيزياء

 متج˰ǭǳ وطاقاǮ طاقوية فيزياء
˲ǵǭقم:  أ ǳخل ǵقم تسلسل الم˱ك  

 
 :Βة·عداد الطال

Γحيدϭ ϡرϬل 

:ϡ31/60/0602 يو 
 

  

 البعد الدراسة الكمية لكمون ثنΎئي القطΏ في فضΎء دي سيتر ثنΎئي

 

 سنϘوقة نور الدين س تاǴ  أ   محϤد خيπر بسكرΓ جامعة رئيس
 

 هدار مΒارϙ أ   اضرأ . مح يπر بسكرΓجامعة محϤد خ ρΆرم
 

 عϠياϥ ايدير  Ǭ محاضرأ .  جامعة محϤد خيπر بسكرΓ مناقش

 
 0601/0602السنة الجامعية:



م سم الله الرحمن الرحي  ب 

ذ  ﴿
َّ
عِ الله ال

رف  ن ي  ي  ذ 
َّ
ǁم وال وا من  من   

ن ا ي 

وا
وب 

 
   ا

ات  ﴾العǂِمَ درح 
ه  ) ب 

 
ادله  ا مج 

ل
 .(ا









 





 

 



 

 



 

 



 

 



 

 



 

 

 



 

 

 

EUP

Extended Uncertainty  PrincipleGUP)Uncertainty Principle 

GeneralizedEUP

GUP

݅ 𝑃݅ 𝑃݆ ݅ℏ 𝜏𝜆𝜖݆݅݇𝐿݇𝑋݅ 𝑃݆ ݅ℏ 𝛿݆݅ − 𝜏𝜆𝑋݅𝑋݆ 𝜏

  

(3. I) 

(0. I) 



 

 

 

𝜆
Γ 𝜏 λ 𝜏 ܽ
𝐿 ϵ 𝑃
𝐿݅ 𝑃݆ ݅ℏ ϵ 𝑃 𝐿݅ 𝑋݆ ݅ℏ ϵ 𝐿݅ 𝐿݆ ݅ℏ ϵ 𝐿݇

∆𝑋݅∆𝑃݅≥ ℏ 𝜆ݎ− Δ𝑋݅

 

(1. I) 

(2. I) 

(5. I) 

(0. I) 



 

 

 

:ݎ 𝜏 −

∆𝑃݅ ℏ √τ𝜆 𝜏

θφ

θφ

(8. I) 

(7. I) 

(9. I) 

(36. I) 



 

 

 

ݎ 𝜃 −ܽ ݎ ܾ ݎ ݊݅ݏ 𝜃 ܿ 𝜃 ݎ ݊݅ݏ 𝜃

θ 𝘝 ݎ ݎ − ݎ ݎ ݊݅ݏ 𝜃
 𝘝
 ݎ

(30. I) 

(33. I) 



 

 

 

θ 𝛫 ݎ 𝐴 ݎ ܾ ݎ ݊݅ݏ 𝜃 ݏܿܿ 𝜃 ݎ ݊݅ݏ 𝜃

θ ݂ 𝜃 ݎ ݂ 𝜃𝜃

θ

(31. I) 

(32. I) 



 

 

 

𝜃ܽݎܿݏ𝜃݊݅݁ݎ݁ݎݎ݁ݎܾݎݏ𝐷−θ

 𝐷݁
 ݁ݎ
 

(35. I) 

(30. I) 



 

 

 



 

 

 



 

 

 

 

(II.1) 

(II.0) 

(II.1) 



 

 

 

                                                                                          
(II.2) 

(II.5) 

(II.7) 

(II.0) 



 

 

 

 

   

(II.8) 

(II.9) 



 

 

 

(II.33) 

(II.36) 

(II.30) 

(II.35) 

(II.32) 

(II.31) 



 

 

 

(II.30) 

(II.37) 

(II.38) 

(II.39) 



 

 

 

(II.00) 

(II.06) 

(II.03) 

(II.02) 

(II.01) 

(II.05) 

(II.39) (II.06) 
 



 

 

 

(II.09) 

(II.07) 

(II.00) 

(II.08) 

(II.16) 

(II.13) 



 

 

 

    ,           

π

π

(II.10) 

(II.12) 

(II.11) 

(II.17) 

(II.10) 

(II.15) 



 

 

 

→

→

(II.19) 

(II.18) 



 

 

 

→→

(II.23) 

(II.20) 

(II.22) 

(II.25) 

(II.21) 

(II.26) 



 

 

 

(II.20) 

(II.28) 

(II.27) 

(II.29) 

(II.56) 



 

 

 

                                                     

                                              

                                               

β

                                                                           

(II.51) 

(II.50) 

(II.53) 

(II.52) 

(II.50) 

(II.55) 

(II.57) 

(II.58) 

(II.50) 



 

 

 

                                                                                               

β

                                                                               

                                                                                                         

                                                          

                                                                                                     

                                        

                                          

(II.59) 

(II.06) 

(II.01) 

(II.05) 

(II.02) 

(II.00) 

(II.03) 



 

 

 

                                                        

                                                                             

  

→∞→

ψ→

                                                                          

(II.09) 

(II.08) 

(II.07) 

(II.00) 

(II.70) 

(II.73) 

(II.76) 



 

 

 

                                         .                                                                                         

                                                                     

(II.71) 

(II.72) 

(II.70) 

(II.77) 

(II.75) 

( 



 

 

 

≥

(II.79) 

(II.78) 



 

 

 

→



 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 



 

 

 



 

 

 

 (III.1) 

III.5)) 

III.4)) 

III.3)) 

III.2)) 



 

 

 

III.6)) 

III.7)) 

III.9)) 

III.8)) 



 

 

 

III.10)) 

III.14)) 

III.13)) 

III.12)) 

III.11)) 

III.15)) 



 

 

 

III.18)) 

III.17)) 

III.16)) 

III.19)) 

III.20)) 



 

 

 

III.22)) 

III.21)) 

III.24)) 

III.25)) 

III.23)) 



 

 

 

III.26)) 

III.28)) 

III.27)) 



 

 

 

III.31)) 

III.30)) 

III.29)) 

III.32)) 



 

 

 

III.38)) 

III.33)) 

III.37)) 

III.36)) 

III.35)) 

III.34)) 



 

 

 

III.39)) 

III.42)) 

III.45)) 

III.41)) 

III.40)) 

III.44)) 

III.43)) 



 

 

 

III.49)) 

III.46)) 

III.47)) 

III.48)) 

III.50)) 

III.51)) 



 

 

 

III.54)) 

III.53)) 

III.52)) 

III.57)) 

III.56)) 

III.55)) 



 

 

 

 

III.58)) 

III.59)) 

III.61)) 

III.60)) 

III.63)) 

III.62)) 



 

 

 

 

III.67)) 

III.66)) 

III.65)) 

III.64)) 

III.70)) 

III.69)) 

III.68)) 



 

 

 

III.73)) 

III.72)) 

III.71)) 

III.76)) 

III.75)) 

III.74)) 



 

 

 

III.77)) 

III.80)) 

III.79)) 

III.78)) 

III.83)) 

III.82)) 

III.81)) 



 

 

 

III.88)) 

III.85)) 

III.84)) 

III.89)) 

III.90)) 



 

 

 

III.93)) 

III.92)) 

III.91)) 

III.95)) 

III.94)) 

III.97)) 

III.96)) 



 

 

 

III.104)) 

III.103)) 

III.102)) 

III.98)) 

III.100)) 

III.99)) 

III.101)) 



 

 

 

III.106)) 

III.105)) 

III.109)) 

III.108)) 

III.107)) 



 

 

 

III.111))  

III.110)) 

III.112)) 



 

 

 

 

 

 

 

III.113)) 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 :المراجع
 

 

2) Max Planck, 1858-1947.Science107,534-537(1948) 

3) Klassen, S. The Photoelectric Effect: Reconstructing the Story for the Physics 

Classroom. Sci and Educ 20, 719–731 (2011). 

4) Blokhintsev, D.I. Foundations of Quantum Mechanics. In: Quantum Mechanics. 

Springer, Dordrecht. (1964( 

5) J David. Griffiths, Introduction à la mécanique quantique, et édition, Éducation 

PearsonSec 4.1. (2005). 

 

7) Makarov A.A. et al., A systematic search for nonrelativistic systems with 

dynamical symmetries, Nuovo Cimento A 52 1061 (1967) . 

8) Hertmann Hartmann Die BewegungeinesKˮorpers in 

einemringfˮormigenPotentialfeld, Theor. Chim. Acta 24, 201 (1972)  

9) AndrÈ Hautot Exact motion in noncentral electric Öelds, J. Math. Phys. 14, 

1320 (1973) . 

10) M. Kibler, and T. Negadi, Int. J. Quant. Chem. 26, 405 (1984) 

11) Z. M. Cang, and W. Z. Bang, Chin. Phys. 16, 1863 (2007) 

12) J. L. Katz, A. Misra, P. Spencer, Y. Wang, S. Bumrerraj, T. Nomurrad, S. 

Eppell and M.Tabib-Azar, Mater. Sci. Eng. C 27, 450 (2007). 

13) and M. P. Anderson, Modelling Simul. Mater. Sci. Eng. 2, 53 (1994). 

14) G¨orlitzA;. et al.; Realization of Bose-Einstein Condensates in Lower 

Dimensions, Phys. Rev. Lett. 87, 130402 (2001)  

15) Martiyanov K., Makhalov V. and Turlapov A.; Observation of a Two-

Dimensional Fermi Gas of Atoms, Phys. Rev. Lett. 105, 030404 (2010) 

16) JDavid. Griffiths, Introduction à la mécanique quantique, et édition, Éducation 

PearsonSec 4.1. (2005). 

17) S.Mignemi, Phys. Rev. 84 (2011) 025021. 

18) S. rGhosh and S. Mignemi, Int. J. Theor. Phys. 50 (2011) 1803. 



 

 

 

 

20) Willem De Sitter : Einstein’s Friend and Opponent. Springer; 2018.page 1 

 

 

 

24) Lindley, D. The appearance of bubbles in de sitter space. Nuclear Physics B, 

236(2), 522–546. (1984).  

25) Bob. Klauber, Simplified Guide to de Sitter and Anti-de Sitter Spaces (Minor 

Revision), May (2), (2018) 

26) M. M. Stetsko, Dirac oscillator and non relativistic Snyder-de Sitter algebra, J. 

Math. Phys. 56, 012101 (2015)  

27) S. Mignemi, Classical and quantum mechanics of the non relativistic Snyder 

model in curved space, Class. Quant. Grav. 29, 215019 (2012) 

28) B. Bolen and M. Cavagli`a, (Anti-)de Sitter black hole thermodynamics and the 

generalized uncertainty principle, Gen. Relativ. Gravit. 37, 1255-1262 (2005) 

29) Martiyanov K., Makhalov V. and Turlapov A.; Observation of a Two-

Dimensional Fermi Gas of Atoms, Phys. Rev. Lett. 105, 030404 (2010) 

30) Mokhtar Falek, Noureddine Belghar, Mustafa Moumni, Exact solution of 

Schrödinger equation in (anti-)de Sitter spaces for hydrogen atom Eur.Phys. J. 

Plus 135:335  

31) Ashtekar, A., and Magnon, A. Asymptotically anti-de Sitter space-times. 

Classical and Quantum Gravity, 1(4), L39–L44. (1984) 

32) E. Witten, Quantum gravity in de Sitter space, hep-th/0106109.(2020( 



 

 

 

33) Polyakov, A. M. De Sitter space and eternity. Nuclear Physics B, 797(1-2), 199–

217.(2008).  

34) Makarov A.A. et al., A systematic search for nonrelativistic systems with 

dynamical symmetries, Nuovo Cimento A 52 1061 (1967) 

35) H. Hartmann, R. Schuck, and J. Radtke, Theor. Chim. Acta .42,1 (1976) 

36) A. Durmus, F. Yasuk, J. Chem. Phys. 126, 074108 (2007). 

37) AndrÈ Hautot Exact motion in noncentral electric Öelds, J. Math. Phys. 14, 

1320 (1973) 

38) Chang-Yuan Chen. Cheng-Lin Liu. Dong-Sheng Sun, The normalized wave 

functions of the Hartmann potential and explicit expressions for their radial 

average values, Physics Letters A 305 (2002) 341–348. 

39) M. Moumni, M. Falek; Schrödinger equation for non-pure dipole potential in 2D 

systems. J. Math. Phys. 1 July 2016; 57 (7): 072104. 

40) M. Moumni, M. Falek. arXiv:1506.07812v4 [quant-ph] 13 May 2016. 

 

 



 

 

 

 

 

 

 

 

 Résumé 

Dans ce travail, nous avons mené une étude quantitative du potentiel non 
central, qui est un potentiel dipolaire, dans le cadre non relativiste, c'est-à-dire avec 

l'équation de Schrödinger. Cette étude a été réalisée dans deux cas : le premier cas 
est dans l'espace ordinaire bidimensionnel où nous avons obtenu l'expression de 
l'énergie et la fonction d'onde du système, et nous avons trouvé une condition pour 
obtenir l'énergie, à savoir que le moment dipolaire ne doit pas dépasser une certaine 
valeur critique. Dans le deuxième cas, nous avons étudié la même équation avec le 
même potentiel, mais dans l'espace déformé bidimensionnel (espace de De Sitter), 
où nous avons constaté que cette déformation influence l'énergie en l'augmentant. 

Summary: 

In this work, we conducted a quantitative study of a non-central potential, 

specifically a dipole potential, in the non-relativistic case using the Schrödinger 
equation. This study was performed in two scenarios: the first scenario in a regular 

two-dimensional space where we derived the expressions for the system's energy 

and wave function, and found that obtaining the energy requires the dipole moment 

not to exceed a certain critical value. In the second scenario, we studied the same 

equation with the same potential but in a two-dimensional deformed space (de 

Sitter space), where we found that this deformation affects the energy by 

increasing. 




