
The information 11M(A) =  T r(WA) =  m, m fi­
nite" determines a unique quantum state with maxi­
mum information entropy if and only if one of the 
following conditions is fulfilled

(a) A is thermodynamically regular and m satisfies 
the equation o{A) <  m ^  mA or o(A) >  m ^  rhA
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depending on whether A is bounded from below or 
above.

(b) m equals o{A) or o(A) and is coincidently an 
eigenvalue of A with finite multiplicity.
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In the present paper a method of calculation of the density matrix in the Schrödinger picture 
is given, in terms of the known creation and annihiliation operators a+ and a. New magnetic 
operators are given with the help of the coherent states, which depend on two free parameters 
and v. For the case /u=v= (e H )/ (2 h c), these operators lead to the well-known magnetic opera­
tors, as they are given in the current litterature.

§ 1. Introduction

The physical significance of the coherent states 
is very important. They are, not only the states of 
oscillations that we encounter in nature, but also the 
states which are produced when an oscillator is cou­
pled linearly with a prescribed classical force. They 
are also emitted by a classical current source. There­
fore, they have many significant applications.

Reprint requests to Prof. Dr. A. D. Jannussis, Department 
of Theoretical Physics, University of Patras, Patras jGrie- 
chenland.

The coherent states were first introduced by Glau­
ber 1, as eigenkets of the lowering operator a, defin­
ed by the equation:

a \ a) = a [ a) . (1)

Applications of the coherent states to the density 
operator of boson amplitude operators, have been 
given by Cahill and Glauber2. Also by Grosiqueni 
and Solimento 3, to the master equation for the p- 
representation in the Schrödinger picture.

The equation of motion of the density matrix in 
the Schrödinger picture, is of the form:
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The Hamiltonian Tl can be developed in a form 
of convergent series of the creation a+ and annihili- 
sation a operators, namely:

I  Hm„(a+)ma". (3)
m, n

Also the operator o can be expanded in a form 
of convergent series of the operators a+ and a, as:

<?= l F lr( t)a +la \  (4)
l, r

As an example, we mention the case of the har­
monic oscillator with:

Tl = k a>(a+ a + (5)

For this case, the coefficients Fjr verify the dif­
ferential equation:

i dFir/dt = co (Z — r) Flr. (6)

The solution of the above equation has the form: 
Flr = c e - io>t« -r) (7)

§ 2. The new Operators a+, a and b+, b

The new operators a+, a and b+, b are defined as: 
1a =

cC =

V2(ju + v) 
1

V2(u + r)

b = 1V2(ju + v)

b+ = 1

3 
3a: 
3
3x 

3
dx 3 y
3 . 3  . 1+ 1 ^ — ft x — i vy),

3
3 y
3
3 y

3

~ + ux + iv y
dx dy ' v

— ft x + 1 v y j , 

-f ju x — i v y | ,

(12)

(13)

(14)

and the operator o for this case is of the form:

Q= 2  el, r
- iwtl „icotT flTa (8)

Malkin and Man'ko4 and Feldman and Kahn5 
have studied the application of the coherent states 
for the free electron in a uniform magnetic field, 
by making use of the operators a+ and a.

In what follows, it will be shown that the up to 
now used magnetic operators are partial cases of our 
new operators, for which, instead of having free 
parameters (such as the magnetic field), we intro­
duce two new parameters, namely fx and v.

h 2The physical significance in this case corresponds j j  _  _  n" 
to the movement of the electron in a magnetic field 
with a vector potential of the form:
A:(AX= -  [h c/e) vy , Ay= (h c/e) ft x , Az = 0).

(9)

]/2 (tx + >') I 3 r  3y

(b+) * = a + and (b )* = a .

From the above definition, the following commula- 
tion relations result easily

{a+,a} = l ,{ a +,b} = (ju-v)/(iu + v) , 
{a+,b +} = 0 ,{ a ,b } = 0 , (15)

{a,b+} = - ( ju - v ) / ( ju  + v), {b+,b} = 1.

In the case that
jtt = v = eH /2 h c  = B/2 (16)

the operators (12) and (13) become the known 
magnetic operators of the free electron in a uniform 
magnetic field. These operators have been studied 
by several authors4-7.

The Hamiltonian Tl of the free electron in an ex­
ternal magnetic field, is
Tl= (1/2 m){(px-(e /c )  AXY

+ (Py-  (e/c) AyY + (pz-  (e/c) Azf )  . (17) 
For the case (9), (17) takes the form:

2 m
+ iv y dy — i fix + 32 1 3z2r

(18)
And since the motion along the z-axis is free, we 

consider the operator:

Where, from the known equation H = rot A, we 
have the relation:

H = (fi + v )hc/e  or u + v = e H/h c = B. (10)

The corresponding Hamiltonian operator for this 
case, has the following form:
T l= (  1/2 m) {{px — (e/c) Axy-

+ (py- (e /c )A yy- + pz2} . (11)

In the next chapter, we define the new operators 
a+, a and b+, b of creation and annihilation.

TJ± =
V  j ( 3 

\3x
+ iv y  +

3 y — i fix] (19)

This operator can be expressed in terms of the 
operators a and a+ (12) as:

T h = - ~ - 2 ( f i  + v) (aa++ b ) 2 m

2 m 2(u + v) (a+a - \ ) .  (20)

However, because of (10), it is:
T li = -  h oj(a a+ + |)  = — h co(a+ a — i )



with <o = e H /m c. (22)

It is easy to prove that the eigenvalues of a+ a 
are — n and of a a+ are — (n + 1). The eigenvalues 
of the Hamiltonian operator J~l± are given by:

E = hco(n + i ) .  (23)

§ 3. Eigenfunctions of the Operator !H

The eigenvalue equation of the operator J~l± is 
given by:
j 32 32+13a;2 dy 3 y

2m
— ju2 x2 — v2 y2 | lF  + h i - E ¥  = 0 . 

By substitution
lF{x,y) = exp{ — } (ju x2 + v y2) } &(x,y)

we obtain 
d2$  , d2$  
dx2 dy2

/3 0  .3 $

(24)

(25)

< „ + x-  „ —2 (jux — ivy )

\d x  1 3y
2 m 
h2

E - iu -v )< P  = 0 . (26)

The solution of the above equation is obtained by 
the transformation:

®(x,y) = exp{z kx x + i ky y}
2 ti i

es(ux + ivy) f(s)

(27)

where the function f(s) verifies the following dif­
ferential equation

2{ (ju + v) s + i kx — ky} df/ds
+ {2 m E/h2 + /u + v+  ({ju + v) s + ik x-ky) 

• ((ju — v) s + ik x + ky)} / = 0 (28)

from which we have:
/(5) = const[5 + (i kx -ky)/(ju  +  v ) ] ~ "

exp{ — i  (<u-v) s2 — i  (;ikx + ky) s} . (29)

Therefore the solution (25) is written:
xF{x,y) ~exp{ -  i  (/ix 2 + vy2)

+ i kxx + ik yy} (l/2crz) (30)
/  exp{ -  i  (ji -  v) s2 + \{ji x -  ky/2) -  i(v y + ky/2)] s}

c
.{S + (ikX~ky)/(ju + v)}- 1/8 - ds

The function under the integral has a pole and 
the following condition must hold:

\  + m E/h2(ju + v) = n + 1, (n = 0, 1 ,. . .)  (31)

from which we obtain the eigenvalues
£ =  [h2(ju + v)/m] (n+ \)  = h a )(n +  b) . (32)

The above relation is the relation (23). 
If we make the transformation

u=  [s+  {ikx-ky)/ju + v] hV ju-v (33)

then the eigenfunctions (30) take the form:
W [x,y) ~exp{ -  i[^ ix2 + vy2]

+ [x + iy) (,a ky + iv  kx) /(ju + v) 
- [ l /4 ( /z  + v)2] [(3 ju + v)ky2 
+ (3 v + ju) k 2 - 2  i(ju -v ) kxky]} (34)
V M -y \n

2 ox i exp{ -  u2 + [2 u/Yju — v]

• [ ( ju x -  ky/2 ) - i ( v y  + kx\2) ]} • (1 + -1) du .

After integration we take finally the eigenfunc­
tions, which depend upon the parameter k  = (kx, ky) 
and the integer n :

Vk,n{x,y) ~ e x p { -  \r(/*x2 + vy2) 
+ (■x - i y ) ky + iv  kx) Kfi + v) 
-[1 /4 (ju  + v)2][(S ju  + v) ky2 (35)
+ (3 v + ju) k 2 -  2 i (ju -  v) kx k„]}

( V- Y - ) "  Hn{V V 7^v [ ( u x -  ky/2)

- i ( v y  + kx/2)]}

where Hn(x) are the Hermite polinomials.
We observe that, for ju = v = e H /2h c = B/2, the 

eigenfunctions (35) tend to the well-known Schrau- 
ben-functions 8.

§ 4. Coherent States of the Operators a and b

The coherent states of the operators a and b are 
defined as follows:

a W =[a/V2jjuV v)] V , (36)

b y = [ß /V 2 (ju  + v)] V (37)

or, by the definitions (12) and (13), we have:
{d/dx + id ß y  + jux + ivy ) W = a W, (38)

{ d /d x -id /d y  + ju x - iv y )  W = ß W (39)

where:
= A exp{ -  I  (ju x2 + v y2) + /  x + q y} . (40)

By substitution of (40) into (38) and (39), we 
obtain:

A + i£  = a , X — iQ = ß (41)



from which we take

X = (a + ß ) /2 , Q = ( a - ß ) /2 i=  U ß -< * ) i  (42)
and the function we wish to find, is:

W = A ex p { - \  (fxx2 + vy2) + (a/2)
( x - iy )  + (ß/2)(x + iy )} . (43) 

The normalisation constant A, is

A = VVju vJji exp{ -  (ax + ßx) 2/8 ju -  (a, -  ß2) 2/8 v)
(44)

and eigenfunctions (43) take the final form:

1 R. J. Glauber, Phys. Rev. 130, 2529 [1963] ; 131, 2766 
[1963] ; — Quantum Electronics, Vol. 1, Columbia Univ. 
Press, New York 1964. p. 111.
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exp{ — |  (fi x- + v y2) + (a/2) 
( x - iy )  + (ß/2)(x + iy) (45)
- ( « t + A ) 2/8/^ - ( « 2 - W 7 8 " }

where a = ax -f i a2 and ß ^ ß i  + ißz- (46)

Instead of using the known operators a+ and a of 
the harmonic oscillator [Eqs. (5)], we can use the 
new operators (12) for the case of the magnetic 
field; we may also construct from them several op­
erators in the meaning of Cahill and Glauber2, 
namely in a form of power series.

5 A. Feldman and A. II. Kahn. Phys. Rev. B 1, 4584 [1969].
6 W. Tam, Physica 49. 557 [1971].
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Different ab-initio calculations for the ground-state and some excited states of the F̂ -molecule

For the ground-state and the lower lying excited states of the fluorine-molecule VB —CI cal­
culations with Slater-type orbitals and SCF —CI calculations with contracted Gauß-Lobe functions 
have been carried out. The SCF —CI method yields a fairly good description of the ground-state. 
But it is rather difficult to decide whether the SCF —CI calculations of the excited states are 
accurate or not. The discussion of the potential-curves of some higher excited states leads to the 
conjecture that the experimentally observed orange band-systems may belong to two transitions

'I g - ^ 'n u  and .
But this should be checked in further calculations which must include higher orbitals as basis- 
functions.

Über das F2-Molekül ist sowohl experimentell als 
auch theoretisch relativ wenig bekannt. Im sichtbaren 
Wellenlängenbereich wurden im wesentlichen zwei 
Bandensysteme in Emission beobachtet1-5, deren 
Zuordnung zu Elektronenübergängen noch nicht ein­
deutig gelungen ist. Auf Grund eingehender Analy­
sen der Rotationsstruktur schloß Porter 4, daß dabei 
Ubergänge vom Typ 177u oder > 1i7f?
vorliegen sollten. Sicher handelt es sich hierbei nicht 
um Ubergänge in den Grundzustand.

Sonderdruckanforderungen an E. Kasseckert, Institut für 
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Die Bestimmung der Dissoziationsenergie des F2- 
Moleküls ist mit erheblichen Schwierigkeiten ver­
bunden. Die mit Hilfe verschiedener Verfahren er­
haltenen Werte schwanken zwischen 1,39 eV und 
2,17 eV5-10. Man nimmt zur Zeit an, daß der wirk­
liche Wert bei etwa 1,6 eV liegen sollte 11' 12. Es gibt 
zwar eine Reihe von theoretischen Arbeiten über das 
F2-Molekül, diese befassen sich aber mit Ausnahme 
der Rechnungen von Hijikata 13 vorwiegend mit dem 
Grundzustand. Auch hier ergaben sich z. Tl. schlechte 
Werte für die Dissoziationsenergie.

* Diese Arbeit ist ein Auszug aus der Dissertation des Ver 
fassers. D 26, Gießen 1972.


