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The phasc-space representation of the finste-difference relatrvistxc quantum meochanics is conssdered. The Wigner and standard-ordered
mm&&-ﬂdmﬂddhhmﬂﬁmﬁnﬂﬁwi
v of the Wigner destnbution functions of the coordinate. momentum and cnergy (Plank’s formula) are found.

. The representation of quantum mechanics in (q.p)
phase-space (PS) in terms of distribution functions (d.1) [1,2]
widely used in all areas of physics including statistical phys-
ics [3], quantum optics [4], collision theory [S]. The PS rep-
resentation offers a frrmework m which classical languages
are allowed. It requires dealing only with c-number equations
and not with operators. The PS d.f allow onc to express
quantum mechanical averages in a form which 5 very similar
to that for classical averages. Thus, the average of an arbitrary
operalor ¢ (5, /) that corresponds 1o a certain quantum me-
chanical observable can be calculated using the df
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where w(g.t) i5 a wave function m a coordinate represen-
tation.
A difference choice of the function £ (£, ) corresponds
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If £ (£, n) =e " we obtain the standard-ordered d. f_ [8]
Fig., p.t) = . v'iq.t) - §ip.t) - ™' N14)
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where (. t) is the wave function in momentum space

< 1 3
VAR5l J2zh jd‘? - p(g,t) - et s

The explicit form of the PS d.f. for a number of nonrela-
tivistic quantum mechanical problems were found in [2.9.10]
Such expressions were obtained also for the Wigner d.f one
of the relativistic oscillator model [1]

The purpose of the present paper is to find the explicit ex-
pressions for the PS df for another relativistic oscillator,
comsidered m [12].
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The scalar function £ (g,p) can be derived from the op-
erator 7 (5, 7) by a well defined correspondence rule.

It is well known that there is no unique way of defining
the quantum PS df F(g.p,c) duc to the noncomutability
of quantum mechanical coordinate and momentum operators
Gand 5.

A general class of the quantum PS d.f for pure states can
be defined by the following equation [2,6]
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choices.

If £¢§, 5} =1 we obtain the Wigner d.£[7]
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2. In the configurational x-realization the relativistic
mode] of the lincar oscillator under discussion is described by
the equation [12].

(H,-EW(x)+ }er.x'yrx'} de'=0 @1

where the free Hamiltonian has the form

Hy=mc’chidd,, A.=d/dx 22)
and the oscillator quasipotential 1s nonlocal
er’f,=hm xx (x—x') 2

AXcshix(x-x')/A)
The wave functions can be presented as



id Here K, (x) is the Hermite polynomial , ¥, (z) is the
r,fxlﬂm {J_Mh—-t? }'th Makdonald function and A = J2nc’ / hes. In the momen-

> (24a) Wmpe-nc shy-realization we have
v.ix)= J;C,lce“‘”' K, (N /2)

O (y)=ce -H (K, /Jmho) ,

(2.4b)
Hp=2'lcsh§, c,-c,fJZ'-n!, ¢, =(1/ xmah)**
I
The energy spectrum is
r'rz,xJ-— ;(:H ] .( -= e dE =
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3. We define Wigner df for the stationary states of the Ga.1
refativistic linear oscillator (2.3) as [11] 4 Taking into account the formulas (2.4) we can obtain
-I iu‘. --E - -i - 'i -
E(z,x)= - n'H‘(ae' -be b ]-H_[ae o~ —be‘u ] E'(z.x) (32a)
[
where Wigner d f for the ground state is equal to limit we have a correct result:
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?; Ee We can also presented 7~ 7, x) as follows:
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Let us consider now the equilibrium Wigner d.f. lator (2.3) has the form
: - -~ -,lt‘
Fx)=2' (P e™E (z.x), f=1/kT  z(g)= Ze =S £=Phe/2 Ge
i

(3.5)
where the partition function Z (f) for the relativistic oscil-
|
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IhuthHhm The equilibrium Wigner df. (3.7) leads 1o the Gaussian
(3.2) and (3.7) satisfy normalization condition- distribution for the momentum

1
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After some calculations we find at the final expression

Iz axax=1, [ deae=2
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with the width o=she cthf. Similarly have x =0 and 5 =0.
From (3.6) we obtain following expression for the average The standard-ordered d.f. for the stationary states or the
of the energy (Plank's formula) relativistic oscillator (2.3) can be presented using (1.4) as
1
_ ... 4 E(X,x)= v.(x)D (z) ™"  (39)
E=——6-1112fﬂjtlc‘+—hm+ - i J2ah o
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We define now in analogy with (3_5) the equilibrium stan-
One can compute the averages of the coordinate and mo-  dard-order d.f.
mentum for the relativistic oscillator (2.3) with respect o the
Wignerd (- - =
F(.x)=Z(B)Ye™F(r.x) 019
H

x = Idxdk; -x-EX(Z,x)=0
P =ucL:b:dkp-shx-E;'r,r,x}-ﬂ
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In the nonrelativistic we obtain the expression for the standard-ordered d f. of the nonrelativistic linear oscillator

Afier some transformations we can show that

1 Ir i }z.?r
Fly,x) = — zthf -th2f-e® "”‘ . (3.12)
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S.M.Nagiyev, E.L Cafarov
Mlﬂ?ﬁm OSSILYATOR UCUN FAZA-FOZA PAYLANMA FUNKSIYALARI
Sonlu -farg rebvativatik kvant mexanikasnmn faza tesvirme baxdmudr. Qeyn-lokal relyativstik xatti ossadvatlor modeh Ggim
Viugner funksyalan vo standart noambtanmeyy paylanma funksiyan beablaomngdr Vigoer funkuyalinom komakiy do koordmatn,
impulsun ve cnerpnm orta giymatlen (Plank désturu) taprmgchr.
LLM. Harwes, 3.H. Ixadgapon

DAI0BO-MMPOCTPAHCTBEHHBIE ®YHKLIHH PACTIPEAETEHHA
HEJOKAJABHOTO PEASTHBHCTCKOINO OCIIHULIATOPA

PacouoTpone $aIosod DPCICTASICHNS KDHCINO-PEISOCTRON POINTHENCTCROR anTosol woummooe. Burmcwm 1w scosamaod
PCRNTHBRCTCRON WOICTH THECHMONT OCIULTATOPS drywaimn Barweps o cTaMIpTHO-y HOPEIOSCHMEN {7 HEINS POCTIPCICICHIN, @ TRICKT WY
SCpCITEMSCTCER MPelei Halldewi Cpeimme Brscwis SOOPIMMITLL MMITY Thea B wecpren (fopaym [Lawe) ¢ noswomee ¢y wmeh
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