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In the present ,;,ape1" , the eigenfWlc:tions and eigenvalues of a free-electron ,  

moving in _a unifol'm na.gnetic field ll parallel to :the z-axis , an d  a tmiform e lectri c

field E('E ,E ,E ) , are foWld an d  express ed in a closed form . 
X y � 

The time-indepen& d  Sr.hrodinger- equation , in th e presence of a uniform 

magnetic field it, paralle l to the z-axis and with the vector potential A in a

symmetrical for-m A(- k
2 

y, -2
1 Hx, O )  , and a unifol'ID electri c field !:( E ,'E: .E ),X Y Z 

has the foll0tling form 

�'f - 113(x- .J y:-) + - E- - (x +y ) - -2' (E x + 1? y + E z)  1' : O • (l). a, at t2m B2 2 2 2mE 

j ay ax Ii 2 4 "1i � y z , 

where it has been put
_ eH B -

'i'l°c:: 

If the electric field is equal to zero, E = O ,  the solution of the above 

equation is the following fmction ( Sr..braubenfunction l) ·

+ 
lf.k+ (r) = ,n 

- .! {K2 + K2 } + i�
D X y 

e (-K -iK )n ,
y X (2)
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where th e  ve ctor t = i
t 

- ! !et> ea> 
ut: 

and the eigenvalms of the energy are the Jma,rn eigenvalues of Lan�au2) 

In case where E 'I- O ,, the solt.9tion of equation ( 1) will b e  of tlte form 

!(;) = F(x,y ) U(z) (4) 

with 

( 5 )  

Th e  ftme'dons F(x,y ) and U(z) fulfil the follcwing equations 

a2r a2r . ar ar bQm a2
2 2 2me 

j -- + - - 1B( x - -y -) + - E..1. - - ( x  +y )- - (E X + R y )  F - 0
ax2 ay2 3y 3X h 2  4 _02 X y 

(6 ) 

iu nm 2m9. 
] 

. . 

dz2 + 
� 

Eu -
-:1i2 Ezz . U = O •. ( 7) 

The equation ( 7) is �o.,ri{) ; therefore we will not eonsider it here·. 

We will be mainly .interested in equation (6 ) ,  whi dl  has been re r.ently 
4)studied by Chmz and MI'O' .. rka , with the hell) of the Sch!'atbenfunr.:tions . Thes e 

authors have r.onsidered two systems of -referenr.e , one s tationaxy an" are moving , 

and they have used the Galileo transformations , so that the position ve ctors· and 

the r.enters- of  the Sr.bra1benfmctions depend on the time . 

We will seardl for a dire ct solution of e1uation {,; ) by putting 
. 1 2 2 1 E -iF. 2 2m ik x+ik __ y- �B K + K ) - -D E

x .. ] (l< -il< ) + 2
e

2 (B K -E K )
X y- X y 

X+"..i!,y y X h B X y :Y X 
F(x,y ) = e e 

f(K ,K ) • 
X y 

The new font:tion f(K ,K ) fulfils the following equation. X y 

( 8 )  
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n2 a 2f a 2f me at of 2n af • at  - (- + - ) + - (E "'K - E "'K ) - E _ .  r.- (E  K -E  K } (.,,K -i aK ) +4 aK2 aK2 1/2 X O y y 
O X X ,_,.y X y y X O 

y 
X 

X y 
me2 al- + i2 )  2m - X Y 

+ -2 (EJ. + ) f : 0 1 (9 ) 
·ti 2n2B2

•there it has 1 ,een put

li2B 2 E.1. = � - - - . ..!. CE k -F. k ) • 2m B x y y �
( ltl )  

The solution of equation (9 ) is obtaine d b y  the integral-transf�rmatior?) 

. 1 f(K ,l< ) = -2 . 
X y lU. 

s(E K -E K )  
I e x ·y Y x a(s )ds 1 ( 11) 

where the solution a(8) verifies the first-order differential equation 

da n2 2 2 ne 2 2m - 2112n me (Ex
+r.;> 

2De � = - [1_4 (E + i )s + -2 (E + 'il )s + -2 {:&J. + -
2m + 2 2 o 

2 2 --2 

] 
u., l X y "1i X y .. ,i . 2ti D 

( 12)  

from whirh we have 

The fm etion under the integral has a pole and �h e  folla.,ring mn<ti.tion must 

hold 

n = o , 1, 2 ,  • • • ( 14) 

from whim we obtain the eigenvalues 
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where 
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1 2 ?. ? 2 
r:l : 'nci>(n+::-) + �. (F k -E k )- � ( �  + E > '

2 B � y y x 2li2B2 x y 

eH w = ­
mc 

an� the eigenftm�tions ( 0 )  take ·tqe form 
,;: -ili' 

( 15 ) .  

.ik x+ik y - -8
1 (K2+K2 )- i" �x ./ ( !<  -iK )2+ � (E K -1!. K )

. X y X y ,3 L··,/1 '· y X "1i2D X Y Y X 
T(x,y )"-" e Y X 

C 

Using the transformation 

�n· (E2 + E2 .)s = tX y · .  
( 17) 

and a�teI' integration /6/ , we obtain the eigenftmctions 

· '1?  -iE 
F(x,y )� exo{ik x + ik y - .!.o<2 + 1<2 )- .! � (K -il< ) 2 + 2me (E K -R K

0
) }· x y D x y B EX +iE y y X -ri2B2 X y y X 

where He C u) are the HeI'mite polynomials .  n 
. Of interest is the case where E = 0 ,  i .e the case of a completely free z 

eJ.er.tI'on in the direction of the magnetic field. ThGn the eigenvalues E of the 

energy will be givan by the relation 

me2 Ci + E2) 1'i \ 2 

. E = --ttw(n + .!) + � (E k -E k ) - x y + __ z · � ( 19 ) 
2 B X y y X 21'i2B2 2m 

In the above eigenvalues of the ener� app<!ar the quantm nunbers of Landau 

n and kz ' ac; well as the linear conbinaticn



MOTION OF . . .  79 

E k - E k : Ek ::: '4o2 + E2 . k 
X Y  y X O X y 0 

• ( 20 )  

Consequmtly , the J?rd:, lem remains s till degenerate in a high degme , name!� 

infinite . If we denote by E the magnitude of the intensity of the ele ctric field 

the eigenvalues of the energy (20 ) am now wcitten 

m?E2 -tt\! E = 1iw(n + .!) + 20 Ek - -- + -- • 2 B o 2 ff 2m 
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