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1. Introduction lem and the noncommutative parameters of momenta play
the role of the magnetic field orthogonal to the plane. The

In the last few years, there has been increasing interest in trguthors have shown that in the/ B — 0 limit, only the low-

study of noncommutative space (NCS) and noncommutativest Landau level is accessible and the coordinates on the plane

phase space (NCPS) due to their uses in several branchesappear as canonically conjugate dynamical variables [26-28].

physics including quantum field theories, string theories [1-A study on two-dimensional Hamiltonian in the noncommu-

5], relativistic and nonrelativistic quantum mechanics [6-17].tative phase space has been done in Ref. [29], and the authors

Hassanabadit al. have studied the nonrelativistic [18] have introduced a rotation operator, which leaves the Hamil-
and relativistic quantum mechanics in NCS [19]. They alsatonian invariant and have shown that the rotationally invariant
studied theg—deformed super statistics of the Satiinger  Hermitian quadratic form of the coordinates and momenta
equation in commutative and noncommutative spaces with generate a new abelian three-dimensional Lie algebra corre-
magnetic field [20] and the two-dimensional Dirac equationsponding to sl(2,R) or su(2) algebra according to the critical
for a fermion moving under Kratzer potential in the presencepoint of noncommutative parametei® < h2 or 66 > h2. A
of an external magnetic field [21]. The two-dimensional har-similar study on the noncommutative quantum mechanics of
monic oscillator in commutative and noncommutative spacea charged particle on plane and sphere which is subject to a
within the framework of minimal length quantum mechanicsmagnetic field with a harmonic oscillator has been done on
has been investigated by lket al. in Ref. [22]. The non- Ref. [30] and it is shown that there is an interesting interplay
commutative (2+1)-dimensional Duffin-Kemmer-Petiau os-of the magnetic field5 and the noncommutative parameter
cillator under a magnetic field in minimal length formalism ¢, with a critical point atB¢ = 1 where the density of states
is studied in Ref. [23]. becomes infinite.

In Ref. [24], a general noncommutative quantum me- Now in this paper, we study a nonrelativistic particle in
chanical system in a central potential in two dimensions haslCPS in the presence of an external magnetic field for a com-
been studied. The authors have shown that for large vabination of linear and quadratic terms plus scalar and vector
ues of the anticommutative parameter, the system is equiWratzer potentials. This potential is a generalization of Cor-
alent to a commutative system described by the potential thatell, Killingbeck, and Kratzer-type interactions and it is used
is related to a two-dimensional harmonic oscillator and theo describe the atomic, molecular structure and thus plays an
z—component of the angular momentum. In Ref. [25], theimportant role in quantum calculations [31-34]. It is also one
description of nonrelativistic electron of masson a plane of the rare potentials of quantum systems which is exactly
subject to a strong perpendicular magnetic fiBloh the low-  solvable. We then compare the effect of an external magnetic
est Landau level has been studied in noncommutative coordfield and noncommutative parameters on the spectrum of the
nates. system.

In other words, by imposing the modified commutator for ~ The paper is organized as follows: In Sec. 2, we briefly
momenta, it is seen that the Hamiltonian of the free particléntroduce the basic formulae of NC algebra in quantum me-
becomes equivalent to that of the conventional Landau probehanics. In Sec. 3, we study the Satiinger equation in the
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presence of a uniform magnetic field for the mixed poten-
tials in NCPS. Next, the corresponding energy spectra and . (i/2)0:; 0% 0% +(i/2)0:;87 OF
the wave functions are derived. In Sec. 4, we study the effects (f+g)(@) = f(z)e ’ 19(x)

of the NC parameter in the problems on the energy spectrum © 1 /i i "
and discuss graphically. Finally, we present the results in our = Z ] (29ij3$i3%‘ + 29ij8pi8pj>
conclusion. n=0

x f(z,p)g(z,p) = f(=,p)g(z,p)

2. Noncommutative formalism + 503,07 f(x,p)07 g(, p)
The momentum and position operatfsandz* satisfy the + %éijaff(x7p)8§)g(x,p)
Heisenberg algebra in the commutative quantum mechanics ~
as +0(6%) + 0(6%), @)
i . i -y where f(z, p), g(x, p) are two arbitrary functions. In NCS,
[z 2] = [p",p’] =0, [2,p’] = id". 1) the product can be replaced by a Bopp’s shift. By considering
the following functions
The NCPS algebra is [35
gepra s [3°] flap) ==, gla.p) = b(a) (82)
(28,27 = i0Y, [p', 7] = i69, we obtain
NP A . ij ] 1
[, p] = ihed™, 2 (x*1) =z + ioxyaxxayw = (a: — 29wypy) . (8b)
whereher = (1+[06/4]) andf™, 69 are the anti-symmetric Also by choosing
constant tensors defined as f(z,p) =y, glz,p)=v(z), (9a)
91] — Eijk9k7 ek — (0707 0)’ we get .
(3
6 = &%, 6, = (0,0,0). €) (y*9) = yi + 50y:0yydu)
1
Introducing the following transformation, we can realize = (y + 29mypz) Y. (9b)

the deformed algebra . ) .
Itis evident from Egs. (8b) and (9b) that the Bopp’s shift

is an exact equivalent to the star product. Therefore, instead

A i 9” j . . .

4 — gt — LD , of solving problems in NC space by using the star product
2\ .
- procedure, we replace the star-product with the usual product

5 Apt — 921?‘ , (4) by making a Bopp's shift.
where) is a scaling constant factor. Also, the terfis, 67 - SChrﬁdipggr eql;'ation in the presence of a
and )\ satisfy [36, 37] magnetic field in noncommutative phase-
space
0179 = 9119 = 9OT = 4\'(\? — 1)1, (5)

Let us first recall that to analyze a charged particle in a mag-
where] is the unity matrix. By considering = 1, § = 0, netic j|eld, the momenFum IS trgnsformed ﬁ?‘_’. (-
the noncommutative space is recovered from the noncommj?/c]AQ' Here, we consider a uniform magnetic field of the
tative phase space. Then, the momentum and position op Rrm B = (0?,0’_3)' L )
ators in NCPS can be written in terms of the commutative The Schidinger equation in the presence of a magnetic

space as field in noncommutative phase space is given as

2
€ 2 e N
{pézvc*) _ EA;NC)} P {pl(INC) _ CA?(JNC)}J]

1
1 1 YV
2 (NO)_(C) _ 5919.5/0)7 yNO —y(©) 4 5epggch (6a) <2M

(NC)

s (©)

12 ¢ NC oy 1z
! +§9y< ), PN —p( >_§9x< ). (6b) + VIO (7) |y(F) = E(7), (10)

Inthe NCS, the Moyal-Weyl product can be replaced withwhere A, and A, are the vector potential components and
the usual product as [38,39] V() is the scalar potential.
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We introduce the symmetric gauge

JNe) (_; Boy ™), % BorNO), 0) 7

where By is the intensity of the field and the direction of the

magnetic field is considered along theaxis (B = Byk).
Now, Eqg. (10) appears as
e2B§

1( [pg”NC)]2 * [pémr e

[y poey] -2
X [x(Nc)pg(,Nc) - y(NC)pgch)} >¢(f’)

= (B -V @) o). (11)

In NCPS, by substitution of Eq. (6) into Eq. (11), we ob-

tain

e?B20?
16¢2

(I

02 2B

| 4 4c?

-§+ e?B26

6309 ()
* 2c } {{pl

][]
4c? % + eiocaq

<C>p550>}

x Y

OO —

+2M (VUVC) (r) — E) >¢(f) =0. 12)

We consider the scalar potentid(r) as
d
V:ar2+br+g+—2,
r r

(13)

which is a generalization of Cornell, Killingbeck, and
Kratzer-type interactions.
The potential in NCPS is written as [40]

VO () = V() + %(é’ < B)-VV(r) +0(6%). (14)

Substituting Eq. (13) into Eq. (14) and by doing some cal-
culations, we obtain the noncommutative potential up to the

first order inf as

VN (r) = a(r? —0L.) + b (7“ — 21TGLZ>

1 0L, 1 6L,
+cl| -+ +d 7+ 1
T T T

2r3

) . (5)
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which, upon substitution in Eq. (12), yields

1+€2B392+6309 d72+1i+id72
16¢2 2c dr?  rdr  r?2dp?
_ e’B2o

€B09é
0+ 102

Mbo

B
€0 +oMap+ 222
.

+

4c

6309
2c

9_2

4

Mc§ —2Mdf
_ -

2132
e“B;
4c?

2

+2Mal|r

L, —

r3 r

2Mc 2Md

— 2Mbr — 5+ 2ME> () = 0. (16)

r
Now we choose the wave function as
Y(7) = ur)r= /e, (17)

wherel is an integer parameter. Hence, Eq. (16) appears as

2
ddqi(zr) + ( — A1T2 + AQT — A3
Ay A5 As Ay
where
1(6% €2B? eByd
A=~ — 0 2M
' n<4 12 e “)’
A2 = _Lmv
n
1 —= 62329 €Bo 63009
Az =—— oy —
3 77( o+ 4c? c 4c
+2Mab |l + 2ME>,
A= _2Mc n Mb@l’
n n
2M 1
A= 2MEL L
4
Ag = Mclf
n
2M
4, = 240 19)
n
with
e?B20*  eByl
=(1 . 2
g (+1662+20> (20)
The solution of Eq. (18) is considered as
u(r) = fn(r)ue(r), (21)
wheref, (r) is defined as
1 n=>0
O ={ m o) o @2
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We use the ansatz technique as [41]

ug(r) = exp (ar2 + Br+yLnr + 7):) . (23)
Equation (18) takes the form

4027 + 4afBr + (2a + day + 3?)
28y — 4daA R 2
4 @By—dad) (" —y—26))

r 72
2\ — 29 A2
+(737)+74+<—A17’2+A27’
r r
Ay As A Ar

We can obtain the following condition from Eg. (24)

A 44’ =0=>a=— A

As
Ay +4af=0=p= ,
2 +daf b=oum

—As +2a+ % +4ay =0,
Ay + 20y — 4ar =0,
As +(v* =7 —2B)) =0,
—A7+ X2 =0= X = —\/Ar,

Ag
A+ (2N —29\) =0 =y = 1, 25

which gives the relation of energy as

A2 Ag
—As — A+ =2 —2 /A [ —2=+1)=0. (26
3 1+4A1 1(2\/A77+ ) (26)

Using Eq. (19), we can obtain the energy in the compact

form

E =

1z e?B20 @_’_eBO@é
2M 4c2 c 4c

+2Ma9)l

JiI My (M
+ 02T m( ° +1>, @7)

2M 2y M 8nd
where
62  e2B?  eByf
= — 2Ma | . 28
7(4+4¢2+2c+ a) (28)

The wave function of the system is also derived as

u(r) = exp (— \/;Tlr? + 2%7"
Ag VA7
+[2m+1]Lnr— " >, (29)

which, using Eq. (19) appears as

1 Mb Mc2l6
u(r)zexp<— T2 22 +[ ° +11

'
2V vy 8nd
2Mdlf 1
x Lnr — ) . (30)
n T

4. Results and discussion

We solved the Sclkdinger equation in NCPS under an exter-
nal magnetic field. After some rather cumbersome algebra,
we found the energy eigenvalues and eigen functions of the
system. According to Eqg. (27), the ground-state energy is re-
lated to the noncommutative parameter and the strange of the
magnetic field. In Fig. 1, we have plotted the energy of the
system in terms of the magnetic field for three different values
of the parameted. It is shown that the total energy monoton-
ically decreases at a low magnetic field and then monotoni-
cally increases at higher magnetic field values for each value
of . By increasingBy, the effect of noncommutativity in-
creases.

In Figs. 3-5, we have investigated the energy variation
versus different potential parameters. In Fig. 3, it can be seen

E

r 3 1 1 1 33
3 4 1

FIGURE 1. Total energy vs. By for different values oft =
0.05, (0 = 0.05,0.1,0.2).
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FIGURE 2. Total energy vsé for differentd values.
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FIGURE 3. Total energy vsa for differentd values.
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FIGURE 4. Total energy vsb for differentd values.
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FIGURE 5. Total energy vsc for differentd values.
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FIGURE 6.
0.001,0.5,1).

Wavefunction vs. = for different values(d =

that by increasing the parameterenergy increases, whereas
the energy decreases for increasing values of the paraieter
as shown in Fig. 4. Also, it is observed that in Fig. 5 by in-
creasing the parameterthe total energy first decreases and
then rises.

In Fig. 6, we have plotted the ground state wave function
and it is seen that the particle has been localized at the region
0 < r < 3. Itis also seen that the amplitude of wave func-
tion remains the same when decreagimmnd the width of the
wave function becomes wider.

5. Conclusion

In this article, after introducing noncommutative phase space
guantum mechanics, we derived the Schinger equation in
this space for a particle under a potential containing linear,
quadratic terms plus scalar and vector Kratzer potentials,

a generalization of Cornell, Killingbeck, and Kratzer-type in-
teractions, in the presence of an external magnetic field. We
used the phase space coordinates based on Bopp's shift def-
inition and solved the problem in the usual product. We ob-
tained the spectrum and wave function of the system and plot-
ted the energy of the system for different values of noncom-
mutative parameter® andd. The procedure can be applied
for other types of potentials or in relativistic wave equations
such as Klein-Gordon or Dirac equations.
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