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ABSTRACT., The system of ‘single-electron extitations, consisting
in diskrete changes of the spin es well as of the orbital mome-
ntum direction is analysed.The spin-orbitel interaction is assu-
med as the main mechanism determining the dynamics of the system.
It .was that for fixed t1 and € the three kinds of excitations appe-
ar in the system.These excitations ohey the quasi-Paull kinematios
and statistics.The energies of the excitations are of the excita-
tions are of the order of 30-50 Kp.Thermodynamical analysis of the
system points at the possibility of the existence of two phase-tr-.
ansitation points.At the lower temperature the ordering parameter
of the .system has a singularity and at the hizher temperature ;io-
int, the mean value of the Z-component of the total momentum va-
nishes, The external periodical magnetic field leads to the appe
arance of the induced momenta Jr-ﬂlandﬂi-’z). It was shcvn that the e-
xternal stimulation is most effective at T=0, when induced momen-
ta are of the maximal value.At high temperatures the magnitude of

the induced momenta desreases linarly with increase of temperatu-

re.
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Spin-Orbital Interaction and Single-Electron Excitations

The object of this paper is the formulations of a the-
ory of single-electron excitations in hydrogen-like atoms.We a-
ssume that L-S interactions are the hain mechanism acting in the
system.Such considerations are the necessary basis for develop-
ment of the more general theory of phenomena taking place in ma-
gnetinc 1ie]ectrics.1)

If the atom is placed into external magnetic field jé ’
then the possible electron excitations consist in changes of spin,
orbital and total momentum iirection.It is assumed that the ener-

gy as well as the orbital quantum number remain constant.The Ha-

miltonian of the considered electron system can be written as fo-

1lows

H = He+ Hs + Hes (1)
where 2 z ¢Z 2z, L5 4Ls”
He =- 2 A= ZE -l -ugHS™) Hey=RIS= RS+ 552 )

In the last formula 44 is the mass of the electron,Ze is the nu- 2
e ze?
cleus charge j«l‘- we is the doubled Bohur’s magneton and E-- afcz?’
where 4= ? is the Bohr’s radius.The actual set of electron sta-
tes is the following
Aa = {la> = [wod>; 14> 2 |5 12) = Mo ) ) |3y = hub?)
so that Hamiltonian(l) can be expressed in terms of Fermi-opera-
tors a. and @ in the following way
- . (4)
Hs= ; H,,,aﬁ Gy, Huy=<pIHIey | f4 V) € (0 4,2,3)
The electron operators satisfy the conditiongal.,% 4. The matrix
elements "'I,w‘..an bi easily calculated with help of (2) ni (3).
In order to unalyse the electron excitations we are
nt a4 + 2)
going over to the cunsi-Payli operators %mg(d, and@}.:aaaj.‘
creating and annihiliatins the exzcitations of the type }( .'The
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Hamiltonian(4) can be expressed now in terms of the operators C?;
and @J“,The further analysis requires the stabilization of the
Hamiltonian,It is don by the standard procedure of Lagrange’s
multiplicators. We nottice that this procedure is different for
two possible. cases ¥ 4ot and (llfw,-{,but in bouth cases the Hami-

ltonian reduces to the diagonal form:
3
(R8) oyt (A1B)  (AB8)
& Ll B=1 (5)

t d
The operators J(“)and 'Pare new quasi-Pauli operators, obtaiend by
+
the canonical transformaton of the operators Qand & .In the ca-
se #=U,+1,denoted by the index A, we have
(

R) TN (R —_—
A, =_§“ {\‘fa’»‘ B - Ta+R :\I; Az)=_zié'i'7%z+22‘f;f+ TatR }
R)
A;m_gﬂ #(Oo + Hg;)-e‘ﬂ; $a . .ﬁ} fa - ﬂo" + R VJ (A %)(?odllou)

1+ §}

In the case my= 4%~ ,denoted by the index B, the notations are

( —_—
iW’ Ry —‘fg-fﬂ} %, !-HYBH R + Te 4R}f
A/B) _ .?B “-u +”u -R +ﬂ_f3 . gB = :ff’ 'v’fﬁl‘*_g:";
0 =+

A+ £§ ‘ / R Yg
¥ = Vo 10) (Cor Uoi1) (1)
The set of quasi-paulion states is the following:
Ap = 2’010-2037,' | 1:C, %y, 10,4037, 10, & 13> 3 F-H(B)

A
Using the statisical operator canonical ensemble fVL = eT
where F is free enersy of the system and T=#sT is the tempera-

ture in energy units it is easy to find the mean occupation nu-
mber A 3 Aw

-t ) -
<RR>=e F (4 +2. e T ) @€ tz3) O

and the ordiering parameter of the system:
3 + 3 -l 1 (10)
G=1-2 < Ry=(1+Ze 7 )
(A O=¢
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It turns, in the high temperature approximntion, .that the orier-
ing parameter has a singularity at Q’ﬁ,&)=lj;‘32 Aéas ',. The statisti-
cal mean value of the Z-component of totule:omentum<3?wan calzu-
lated else, and it was shown that it vanishes at the *emperature:

1a,8) (A,8)
(A8) 8 ay - AT

So we conclude that two phase trahsitions points exist in the sy-
stem: Gand T .
Finally, the behaviour of the system uniler the external

stimulation, was analysed.The interaction Hamiltonian was taken

in form:

> - - -

Hiy (£) = -_}f'o Ll - Je ey S -
whez_'g ‘4o - it - - 12
'((t) =_JdJZZ(.rZ)e ; Vi [4iz) = Zsz) (1)

is the external, periodical magnetic field.
Using the linear response approximation 3) by the Green’s functi-
ons method we calculated the induced components of the total mo-
mentum.They are estimated as follows: y

+4 32, { . - .fo
T2 gy & 7oz, LT ~ = 77, a9

As we see the external stimulation is more effective at

low temperatures.The resonance effects'éppear for external frequ-
ences equal to the frequency.ﬂhof §pin excitations as well as to
the frequency'quof orbital excitations,

Summarizing the results obtaiend, we can draw the follow-
ing- conclusions:

a) There are three types of single-electron excitations,
consisting in the changes of the spin, orbital and total momen-
tum directions.

bj The energy of these excitationsis of the order of L-S
coupling constant, 1.e. of the order of 30-So0 KB.

¢) The excitations obey the quasi-Pauli kinematics and
statistics.

d) There is the possibility of the existence of two phese.
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transitions in the system.At lower temperatures the order para-
meter of the system has a singularity.At higher temperatures the
mean value of Z-component of the total momentum vanishes.

e) The components of total momentum, induced by an exter-
nal periodicdl magnetic field, increase sharoly for external fre-
quences close to the spin frequences as well as to the orbital

frequencies,
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