1997

Cilbm N 3

WIGNER FUNCTION OF RELATIVISTIC LINEAR OSCILLATOR

Sh.M.NAGIYEV, EIJAFAROV

Institute of Physics of Azerbaijan Republic Academy of Sciences
370143, Baku, H Javid avenuc 33

The obvicus form of Wigner function was found for relatristic ncar osallator. It was shown that & has correat
mum&:—'yd‘p&ﬂym-ﬁm*dwmww“i

Wigner function.

1. In the most anncxes of quanium mechanics
the Wigner function W(p.qt) has found large
applying [1-5]. It is 2 quantum analogy of the classic
function of a statistical distribution on the phasc
space p(p.q). The relationship im W(pg 0 =p(p.9)

has a placc and of course onc can find quantum
corrections to the classical results by means of
Wigner representation of quantum mechanics. The
Wigner [function can be obtained from the wave
function of system in a coordinate g- or momentum
p-representation by means of

r =
Wipgt = z_:_i J.v'{q +E/20)plq-2/20e * & (1.12)

= -
Wipgt)= ﬁ Iv'tpﬂntflw- n/21)e * dn(l.1b)

The function (1.1) is real, but not satifying the
condition of positivity and therefore it canl be
considered as a density of probability in the phase
spacc of the coordinates and momentums.
However, it has a property, that

iﬂnuﬁ:ﬂst} : i“""""“ =Wipn(l.2)

where W[q,l}:h{q,tf and W{p,tj-h{p.tf -
densitics of distribution of probabilitics along
coordinates and momentums. Onc can calculate the

average value of any physical quantity fip.9) by
means of Wigner function by formula

= [fp.9Wipa.tdpdq

mechanical systems
function was found in the works [2.7,8.10,11].

The purpose of the work is 1o find the
obvious form of the Wigner function for relativistic
model of the fincar oscillator cxaminated detailly in
the works [12.i3}.

2 In the relativistic configurated x-presentation
the relativistic model of the lincar oscillator is
described by finite-difference operator

Hi(x) = mc’ - chikd, + E;—m ™ @D

where i=h/mc- Kompion wave length. The
cigenfunctions of hamiltonian H(x) satisfying the
ortogonality condition

[viva =5 @
has a form
wo (1) =C, -a™ Tiv+ix/W)P; (x/iix/2) (2.3)

The normalization cocfficients p=s
C=2a 2l @+ )2, where 2v=l+yivda’,
a=mctho, and PJ(ce) - Meixner-Pollachzek
polynomials. The cigenvalues of the hamiltonian
H(x) with a according wave functions ws(x) are
Ee=he(n+v),n=0.1,2, .

The transition to the momentum representation
considcring as a onc-dimensional Lobachevsky
space realized on the hyperbola pe? - p=mic?, p»>0
in the surface (ps.p)

va(p)= ﬁ _[:'mnv.tm- (X))
is reafized by means of the decomposition along
relativistic surface waves 5nx)=((py +p)/mef™ =™
., where y=In{(p, +p)/mc) - rapidity. The wave
functions are expressed by Laguerre polynomials

v.P=C t"127@x", 1=QF,+P/m=cc"25)

Cs =i" J2xi /meC,

and satisfying the ortogonality condition
lv:l?h.ﬂ'm, =-I#:IM.M-5_- 26)

40, = medP/ P, = medy
3. Let's determine the Wigner function of the
stationary statcs in the considering case in analogy
with (1.1) in following
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momentum representation in  the I'ur: are for the equilibrium Wigner function of relativistic
connected with that the quantities X and y are hnﬂﬂﬂ; :
anﬂmﬂ.'ﬁ[:].& o ﬁ[;,x}:;z Tl (a)K,,,, (2b1), asi
obtain: =0 as -=|m% umh%-
Wop= > admyrig Lefs cakulate now the density of the

o TR T W)= momentum distribution (1.2) and average value of

o+ -0 medy G
: 'e—n"x -
]{u- _—
Here for the Wigner function We(y.X) of the

ground state of the relativistic lincar osdillator (2.1)
we have expression

v

Wal, X) = 2 Ko O 63)
and K«{z) - Macdonald function. We(z.X) has a

correct nonrclativistic mit:
gW.tx.:r="T=p{-;[:+_" ]} 69
Equilibrium Wigner Function is determined by

equality [2.7)
Wi n=2"'®) =W, 0 . B=1/KT (.5
=0

is a statistical sum of the relativistic lincar osdillator.

Substuting the integral representation (3.1b) in
(3.5 and changing an order of the sum and

integration onc can write (3.5) in the following:
*{w{—:m" lhﬁ~ﬂn+hﬂfu-
- 6

P == A

Then taking into account the following bilincar
generating function for a Laguerre polynomials [15]

nlz* ixﬂv)
Mn+2+)
ad

l.tz)l.munq{

&7

the encrgy E of rclativistic lincar oscillator by
means of Wigner function (3.8):

1. According to (1.2) under the circumstances
the momentum distribution is

W= I“I")"" =k I Cat)e™ (39)

2. For caiculating the average value of energy
at first we"ll find Weyl ordering form H(y.X)

according to Hamilton operator H(x) (21) -
Hamilton function

H(y.x) = Il:"n‘ u-;fql‘lqu»grbq
where x> - cigenvector of the operator #=x. We
find from here that

o
and consiquently,
E = me [ H 9 Wi 0dndy

After calculating of integration, we find the
“relativistic” Plank formula

3. A

- G.19)

“1-11--:‘&14-—[

E=bovs : G

el -}

The same result can be casily obtained by
means of the statistical sum (3.6)

= @ 1) 1 phe

E= a’hmzh[ ’]+1h:ﬁ ;. 61D

Here the first term in right-hand side of (3.12) is
connected with rest enmergy of the relativistic
oscillator.

Let's note in the end that it is not difficult to
write difference equation, which is satisfied by
Wigner function.



FiziKA 1997 ciiDpm N 3

1. E.P.Wigner Phys Rev. 1932, v.40, p. 749

2. Kmawosrrossrs. JIAH CCCP 19566 1.108, ¢.1033

P Mciinuan. Cramicrisccxkas mexamxa. M., Mup, 1978

B.H lopmenxos6 Hys. BY3omwo Omnuxa 1981. N2, c.123

. H.A Jlessicosa. Has. BY3oe. ©muxa 1975, N8, c.114.

B_1.Kossxos, B.H. Nopmesxos, ET1.bormasos. Hys. BY3os. ®usixa 1967, NS, c71
E.IN.Bornasios, B.H lMNopmenxos, BJ1. Konsxos. His BY3o0s. ®womxa 1970, N7, c94
Davies, K.T.R Davics Ann.Phys. 1975, v.89, p.26]

. B.M_ Tarapcxmii. YOH 1983, 1. 1396 sam. 46 c. 587

103 A Axysaosa, BB lonosos, B . Mamxo. TM® 1984, T.60, c 413

11.E_A Akhundova, V.V. Dodonov, V.1.Manko. Physica 1982, v.115A, p.215

12 H. M Ataxmmmes. P.M Mup-Kacuwmos, [I1. M Harwes. TM® 1980, 7.4, c 47

13 H M Araximmes. TM® 19846 1.586 ¢ 254

1 . R.M_Mir-Kasimov, N_B Skachkov. Nuovo Cim. 1968, v.55A, p.233
15.1" Befiraen, A paciin. Bucmme Tpasmcspenisie Gymapm, 7.2, M., Hayxa , 1974

020 NP A

NAGIYEV $ M, COFOROV EL

RELYATIVISTIK XaTT! OSSILYATORUN
VIONER FUNKSIYASI

Mmmaﬁ-vmw##ﬁwwnom
Whﬁﬂﬁvmﬁwwmmmm@nﬂjﬁn

LM _HAIHEB, D H IKADAPOB
GYHKIIHA BHIHEPA PEJIATHBHCTCKOIO THHEAHOTO OCLIHJIJISTOPA

Jata noctymcsna: 16.04.97. Pesaxtop: H [Ixadapos.





