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ABSTRACT, The system of · single- electron extitations , c onsistine; 

in diskrete· changes of the spin e.s WP.11 as of the orbital mome­

ntum direction is  analysed . The s�in-orbite.1 int eraction is  assu­

med as tne main mechanism· determining the dynamics  of the system. 

It .was that for fixed flt and l the three kinds of excitations a?pe­

ar in the system .  These excitations obey the que.r: i-Pauli kinematics 

and stat�stics.The energies of the e�citations are of the excita­

tions are of the order of Jo-5o KB , ThermodynRmical analysis of the

system points at the possibility of the exi st ence of two phase-tr- . 

ansitation points . At the lower t emperature the ordering parameter 

of the .syst em has a singularity and at the hieher t em1>erature 1,0-

int , the mean value of the Z-r.ompo11ent of the t otal momentum Ya­

nishes , The external periodical maenetic field leads to  the a?Pe
.,. . 

arance of the induced momenta -'r.a)and :J(.tz). It was shc:,v.n the.t the e-
xternal stimulati on i s  most effect ive at T=O , when induced momen­

ta are of the maximal value .At hieh t emperatures the magnitude of 

the induced momenta desreases linarly wi.th increase of temperatu-

re . 



Spin-Orbital Interaction and Single-Electron Excitations

The obj ect of this paper i s  the formulations of a the­

ory of singl e-electron excitations in hydrogen-like at oms . We a­

ssume that L-S int eractions are the main mechanism acting in the 

syst em . Such considerations are the necessary basi s for devel op­

ment of the more general theory of phenomena taking place in ma-
1 )gnet inc 1 i. e.J ei,trics.  

�f the at om i s  placed int o ext ernal magnetic fi eld � , 

then the possible electron excitati ons 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

milt onian of the considered electron syst em can be written as fo­

llows 

H = H, _+ I-ls 1- 1-1 c.s ( 1 )  

where 
.A.f. . ,. - - + ;c- r t!- · � .. .., t. i! l L S J J. .S )  

/.le. = - .[;:" "1 - Z- ; /.J.s :: -f e,3l. S i /.lcs = R.LS = R. \.L S  + .t ( 2)  

In  the last formula .c.c.t i s  the mnss of ·the · electron, Z e.  is the nu-
. h ��� cleus charg�,f,=2

..e.ut� i s  the
. 
doubled Bohr ' s magnet on and f =

.t."'r."-
"tl

where "fa =  '"$ is the Bohr ' s radius. The a_ctual s et of electron sta­

tes ia the following 

"1tt. = f Jo> = f ""-t>/ > i 1 4>  = 1"'4 1'> ; I:/> :::: Wto t) j I�> :- 11)(,1 J, > J ( J)

so that !lamiltonia.--i ( l )  c� be ·expressed in t erms of Fermi-opera-
*' 

tors a. !llld Q. in the following way 
3 

H =  >' J.1.,.11 a;._ a.J/ ·  Ufa 11 =<)1 1 Jl l v7 ; .fa, 1/ �  (q .f, <, -' J  
p;d,, I ., 

The el�ctron operat ors sa�isfy the condit ion .l'"f!"- = 1� The matrix
Jc,.�1 ' ' .r 

element s ll,,>:!an bi easi ly calculated with help of ( 2 )  ·1n i ( 3 ) .

In order t o  �malyse the eleotron excitations we are 
rt ,1. I'\ " 2)  going over t o  the <:u11si-Paql1 operat ors ,,. =�40 and

'Jo
= a.; a.J-t ,

creating and an.--iihiliating the excitations of the type f . ·rhe

4M 

( 4 ) 



f 
Hamilt onian ( 4 ) can be expressed now in -te:nns of the op�rators Ci.

fa 

and 62f"- , The further analysis re quires the stabilization of the 

Hamilt onian. It is  don by the standard procedure of Lagrange ' s  

mult iplicat ors. We nottice that this proc edure i s  different for 

two 1>ossible . cases  "<F' tflo-+4 and C14=Clt,,-( , but in bouth cases the Hami-

1 tonian reduces t o  the diagonal fonn : 

_ � � t4,81 d ( R,B) t;J (R,JJ) 
l-lRe, - o<.'* & + � Ll rs Ye I 9: f ( 5 )  

The o.f)erat ors 9'�nd rpare new qullsi-Pauli operat ors , obtaiend by 

the canonic al transfo:nnat on of the operat ors �1;md 12 . In the ca­

pe  4':r 411,+f , denoted by the· index A ,  we have

A�
111

" j t�'f:: d'I-: - 'fn + R } ; .t1;
J 
= j (1t,/+ ff/ + 'fii + R  } C 6 1

/J.
( A J  

_ j; J/!'+ J.l��
J 
-R � fR • 0 ::: 'fR - fY,,! + '-'+11

,. 

' '-r, = ,V{t'o-llto)(fo +lko+f)
3 - 4 .,- f: I J,. R.. f� I II 

In the case  AU.,: = '14,-,f , nenot ed by the index B ,  the notat ions are 

f'l�81 = 1 i Y fs' d'f f - 'fll + II J ; 11.: ',, n .J t s' d'fa' + 'fe + R. J

D� (&J ( 6  J \1.. � \l 'f;. 1- .n a. ..t. z..  �8) _ .J S  J.11, + llu. - R.  Tgjt, , � = Id - ,  8 + 111, re 
J - A+ f / . I .a i. 'f 8

'f � = � (to "  Uto) ( e,.,, U(o./ 1 )

The s et of quasi -pauli on states  i-s the following : 

( 7 )  

/.)
!' : t l � t>-l £?3 7; 1 44 -� 0.3 / 1' 1 01 .f� �i > j / 0, � 13 > _] 

F-l_/ 8 )
' � --

Using the st atisical operat or c anonical ensemble ¥L = e 'l:"' 

where F i s  free ener�y of the syst em and t": Ka.Y is the tempera­

ture in energy u�its  it is easy to find the mean occupation nu-

mber 
- � .3 - .Llw 

< � � � > = e r ( 1 + � €:. " ) ; e � ( 1,.z .. � J < 9 )
and the or.-lering paramet er of the syst em: 

3 .3 _ !le - 1

6 = 1 - L < �., 'Pe '; = ( 1 + Z e- r- )
9.: ( 8:t 

( lo) 



It turns, in the high t emperature �i>pr0xin;.-! tion , . th�t th e or·l er-
t/1-,8} J_ .3 (f\8 I ing parameter h:as a sineulari ty at 'Cc = . .L, lle · .  The :,ta.ti :1t i. -

" 9.:f 
cal mean value of the Z-compon1mt of tot :.�l m omentum (j}:1e.r-: co.l�u-

lated else , and it  was shown that it vanishes at the +. emper1 t,�rt? : 

� (l\8 )_ c-:-L f A,8)  J_ 
L� - C + ', 

A,, t 11,tJ J _ il �(R,8 J 

"'<o ± 4/.z. 
( ll )  

S o  we conclude that two phas e tra�si ticns point s exist i1  the sy-

st em :  'l;_and 7i . 
Finally , the behavi our of the syst em un ler the external 

stimulation,  was analysed. The int eraction Ha'Tli lt onian was t aken 

in form: � -:i> � � 

l-li"t l�) = -1 fe lc-n L -J 8 f<I;; ·) 5

where · -' aa  . .1.. 

..... J � - t, .l2. J;.,( et J = d.rz.1 <n.1 e ; -..r 

_..,. 
.{. (-1ZJ 

is the ext ernal , peri odical magnetic fi eld. 

( 12 )  

( 13 )  

Using the linear response approximat i on 3 )  b y  the Green ' s funct i­

ons method we calculated the induced c omponents of the t ot al m o­

mentum. They are estimat ed as foll ows: 

< .,. ....,. JZ..t { • < - '> J (JZ )  / ,W,9'l.:' r jz,-Sl.2, I J ( ..fZ. )  / -.., 
SL, 4
T fZ -SZ f ( 14 )  

As  we  see the externai st imulat ion i s  more effective at 

low temperatures. The resonance effect s appear for ext ernal fre qu­

ences equal t o  the fre quency JZ�of �pin excit at�ons as well as t o  

the frequency JZ4 of orbit al excitations . 

Summarizing the results obtaiend , we can dra·.v the follow­

ing·. conclusions: 

a) There are three types of singl e-el ect ron excitations ,

consisting in the  changes of the spin, orbital and t ot al momen­

tum directions. 

b) The energy of these excit ationsis of the order of L-S

coupling constant , i . e .  of the order of Jo-5o  KB.

o J  The excitations obey the quasi-Pauli kinemat ic� and

statistics. 
d) There is the possibility Qf the exist enc e .of two phase.

450 



t;ransiti ons in the syst em.At lower t emperatures the order para­

meter of the system has a singularity. At higher t emperatures the 

mean value of Z-compon�nt of the t otal momentum vanishes .

e) The c omponent s of t ot al momentum, induced by an ext er­

�l periodical magnetic  field , increase sharoly for external fre­

quences close t o  the spin frequences as well as t o  the orbit al

frequencies. 
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