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ASSTRACT: Tt is shown that the problem of a two-lavel
lacser leads to processes 3in which bosons transform intc fer-

mions and vice versa., Such processes lie beyond the f{raitte
L]

work of present field taecries.

1. The main features of the passage of a light beam trouzn
a transgarent medium are well described by Lorentz!

n

classical model of a system of continuously d4i

(4]

inde>endent harmonic atomic oscillators, (oscillator
plasma), which are coupled t¢ the radiatioan fie
(electromagnetic osciliator ). Lorentz' dispersion
theory can De easily transcrided into quantum tieory
and leads to quantised collecfive vibrations of potna
atomic antelectromagnetic oscillators, which, in second

e in which

(&)
w

gcuantization, appear as the result 0s proces

cosonic ghotons become transformed into Dosenic
excitations of the atomi: oscillator system and vice

versa (X)

The phenomena, aowever, wWhich are actually of !
interest in dispersicn theory require generalisations
of Leorentz' classical model in several respects. Tae
proclem of optical pumping reguires the atoms or
oscillators to b2 courled among eacaother, either Dy

forces acting between them directly, or indirectly

(

x . . . e
)See: L.Hasperi, Bupl. Nuovo Timento 4, 1, (1$39).-
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by coupling with a new field able to carry the excitatation

energy which feeds a laser, (x)
[

Another moéification of Lorentz' model is necessary
in order to account for the fact, that disgersion is
not caused¢ by harmonic oscillators, but Dy more
realis®ic avomic moc€els, whicll make the dispersion
phenomenon nodel <¢-~ndc -~ in the resonance region,

Iin the prese:r® paper we snall deal with a model in
wihich the oscillators are replaced by two-level atoms
for which the ground state and the excited state of
energy h.-u% of the i-tk atom are respectively

given by ¥g(xl) and (ﬁi(xi).

2. Ve shall assume tag N <two-level atoms are

denseiy distributed over a volume V, and we s3all, at

first, omit the interaction of these atoms with the
. . . I
radiation field. The syctem posesses, then, 2 states

Wwith a niglh degree of dezeneracy. The complete set of

eigenfuctions, their energy wvalues anf their multi-

Bnergy 2igenfunctiocnas Multiplicity
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(x) One aspect of the new features which are introduced
by thz feeding process chall be deal®t with in a fForth-
coming paper Dy I,T. <€a Cunia Lima.-
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The eigenfunctions @ of table I are products
r,s,l..

of N i{adivicduzil eigenfunctions and tend, in the limiting

m

casge, *to functionals of field theory. The groundé state

eigenfunctions is given by.
N

?: T 7 (x3)

aces Dy

}-2

'4& means, that in (1) 1{’(x ) has been rep
ror
¥9 (x ) etc. The complets set of eigenfunctions in tabdle
T T
has been ordered so tuat in

7,8, 00008 <
.
30

?
The first two lines from below of tadle I

any c¢ifficulties. The relevant properties of the eigenfunc-—
tions from the other lines follow Dy straighforward geasra-
lisation from the behaviour 2Ff the ones of the thiré line,
indicated »y an arrow,. We skall write the 2igenfunctioas

;7 in tadla IX
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Taey £ill a unalf square of diag:

Q
=1

a Zerd.

Formally, however, it iz more convenient to work wWitl
a gquadratic scheme of eigenfunctions, We may complete,

A

therefore, our 2alf square to a complete s
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g it symmetric or antisymmetric. We have to be

i

aki

=]

.

aware, however, that such an extension is purely formal,

witiont any physical meaning, and makes the system of
eigenfunctions we use overcomglete, This implies that
seriec developments in this overcomzliete sets Of eigen-—
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functions are no longer unique. Further, the extension

Wwe want to make is arbitrary and requires a new coavention.

We shall, now, introduce creation operators Dby

L+ + R
ﬁﬁ = b }5 , ¢ = b, ¢ = b .D .75, etce, (
r r r,s s r S

and the corresponding destruction operators B

n
p—

- o+ .
The © > have
r by
to satisfy anticommutation relations
- + . E] ~
9 5+ 5,0 = 1 (3)
r r r r

in order to assure, that the r-th two level system cannot
b2 excited twice,. The commutation relations between

L+ . . ) . , n .

) and D remain, however, incdetermined for r # s and

b 3

can be determined by coavention.

We shall examine two particularly simple conventions:

+ L+ + _+
a) 2 WD -~ b .3 = 0 (4)
r s 3 T
. + Lo .
D) S .H 4+ 5,3 = O (<)
rol s

Lat]

3oth possible conveniions ext

[0]

naé the half sguare o

table II to a complete s . Zonventioa (4) makses

g

aZare

{9

)

tae eigenfuctions, according to (2), symmetrically over—

H = , b =0 (
r,s 5,7 Ir,r

wihile convention (§) makes them antisymmetrically over-

.
é&ys -7 g)s,r (7)

As long as we cdeal witl the bDasic set of eigenfunctiions

(€3]
—

complete

given in Tables I and II their properiies can De easily
d

overlooked an¢ we may, without difficulties use either
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‘convention (4) or coaveantion (5). Applications of

formalism require, however, that we shall be able to

Under the transformation (2) the extended overcompl

T
L

[Sa
}..A
[0

eigenfunctions of Ta I transform like tenscors.

Aczording to conventi

".S

-1
O
P ]

(5) these tensors are antis

and tkeir linear deczend

W

acy remains easily overiook

According to convention (4), however, the tencors becom

.\

Jmmetric and contain N  additional linear depende

due to the fact, that tie ¢iagonal elements in the
ginal basis system lave to vanrisia. Convention (5)

A

therefore, easier to e nhand

3. Zonvention (4) 1as Tesn adopted in a japer D

STEWATL and THIRRING (x) and they have showsn, that

o]

convention is convenient in the case of low onergy
tationg of the two-level atoms. The excitations,

acecording to relations (3) ané (4) are certainly no

et
4

v
[#

t
ot

ey Dehave, in the ccasidlered limiting case in

-

iied than convention (4).

exci-

L]
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() F. OCEWAZL u. W. TRIRZING: 3rgsd. exalz., Haturw.
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{f we adopt, however, convention (§), relations (3)

and (&) show, that excitations of a cyctem of two-level

tley are excited by dipole transitions the have nscessa-
rily spin one. Ae ar2, tierefore, lead to conclude that
fermions of integer spin exict and zlay an imvortant

role in phenomena implying two-level astoms.

On the other hand, We Xnow that the axioms of Ffiglid

(cpin - statistics thaeoremn), We can, therzfore, hardly
assume, taat the srodblem of dispersion by two-level atomz,
required for a taeory of the laser, can de colved witihin
the framework of present f£ield ¢theory and we have to
conjecture, that t

which take

of integer spin reguire a broader axicmatic dDasis then

tlde cne we know at nressnt.-



