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It has been known for a very long time 1 that the 
M A X W E L L equations for the free electromagnetic field 
are invariant not only under the inhomogeneous L O R E N T Z 

transformations, but in addition also under the dilata-
tions and special conformal transformations (conformal 
group). This is a general property of every field equa-
tion for particles with arbitrary spin and mass zero 2. 
Another property which in the conventional theory also 
depends on the mass being zero is the gauge invariance 
of the equations for the electromagnetic potentials 3. So 
the question arises whether gauge invariance can be ex-
plained by conformal invariance. 

The L I E algebra of the conformal group of M I N K O W -

SKI space, and the algebra of SO (4,2) are isomorphic. 
The group SO (4,2) is the group of motions of a 5-di-
mensional pseudo-hyperbolic geometry. The suggestion 
that this 5-dimensional space of constant curvature can 
be considered as the generalized space-time continuum 
at subatomic level has been worked out in detail 4> 5. 
The unitary representations 6- 7 of SO (4,2), which are 
carried by the solutions of the invariant field equations 
for tensors, in general give rise to a continuous mass 
spectrum 0 <C m <C 0 0 . 

T h e RiEMANNian metric g ^ of the 5-dimensional 
space is given by 4 

gu = 822 = £33 =~ #44 = g-05 =£2/ (y5) 2> 
~gMy = 0 for /J, H= v. 

(The fundamental length constant L is connected with 
the curvature — l/L2 . The range of the coordinates is 
given by 

_ o o < y i < + oo, 0 < ? / 5 < + o o , 

j, k etc. = 1,2, 3.4.) 
The scalar wave equation 

( 1 r V M V„ — C/L2) qp = 0 , 

where abbreviates the covariant derivative, has al-
ready been discussed4. The equations for the vector 
potential A0 can be written in the form 

(gav V^ V v —C/L2) A0 = 0 , (1) 

-g«eVuAo = 0, (2) 
which is equivalent to 

( • + 35 35- -)AJ 

= (2/yS) dj A5 , 

( • + 3 . 3 . - ^ 3 . - ^ ) * (3) 

= ( -2 /2 ,5) gik djA/c, 

gik dj Ak + (a5- 5 = 0, 

3* » 3 / 3 r , D = 
gn=g22 = ga3 = — g44 = 1 , 
g'k = 0 for j=¥k. 

The plane wave solutions 8 of (3) are given by 

A5 = e*(Py) (y5)2 a5 Jr(myS) , 

where 

(py)=pkyk, 
gjk Pj Pk = - m2, 

(P A±) =gik Pi ak 1 = 0 , 
v= + yc+5, 

and Jv(x) is the B E S S E L function of order v; from the 
one-valuedness of the unitary representation follows 
r = 0, 1, 2 , . . . . The field equation (1) and the gener-
alized L O R E N T Z condition (2) therefore describe a L O -

RENTZ covariant vectormeson (amplitude ajJ_) which is 
coupled to an L O R E N T Z invariant scalar field (amplitude 

Now for a real field Aß the question arises whether 
(1) and (2) are invariant under the generalized gauge 
transformation 9 

A0-+AQ + V 0 f . (4) 
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> " V* Fro- [(C+4)/L2] A0 = 0 , (1') 

where Fro = \7v — 0 Av . Eq. (1') differs from (1) by 

V e (>'• V^ Av). 

For C ^r — 4 condition (2) follows from (1'), and both 
systems are equivalent. For C = — 4 Eq. (1') is more gener-
al than (1) and (2) : Eq. (1') is invariant under an arbi-
trary gauge transformation, and we are also free to choose 
a non-covariant gauge condition. 
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The real function / has to obey the two equations 
= 0 , (5) 

("g.«v V „ — C/L2) V f f / = 0 . (6) 

Both equations are compatible only if C = — 4. Eq. (5) 
may be written in the form 

( • + 3 5 3 5 - ) / = 0 . 

So / is a superposition of solutions of the form 
/(l) = (2/5)2 e'Cw) / 2 (ro y5) + h. c., (p p) = - ro2, (7) 
/(2) = c i ( w ) + h. c., (p p) = 0 . (8) 

With the help of the transformation generated by (7) 
we can always choose a gauge in which the component 
A5 is zero, and we are left with a L O R E N T Z covariant 
vector meson. The generalized gauge transformation 
(4) does not necessarily depend on the condition mass 
m = 0. The transformations generated by (8) will be 
of physical importance for the electromagnetic field in 
the conformal space. It is quite a surprising result 
however that they exist also for vector mesons. 

We now make the step from the 5-dimensional space 
to the 4-dimensional conformal space by taking the 
limit4 y5 0. First we look for formal plane wave 
solutions of the field Eqs. (3) with mass ro = 0. For 
A5 4= 0 there exist only solutions if C = — 4, i. e. if our 
equations are gauge invariant. 

Aj = e^y) [aj j_ (y5)2 + bjL + 'fasfo6)4) +H.c.f 

A5 = a5(y5)3 e^+h.c., 

where 
( p a ± ) = 0, (p 6 j_) = 0 , ( p p ) = 0 . 

The gauge functions are superposition of the functions 
/(l) = (2 / 5 )4e1 (Pf)+h.c . , (9) 
/ ( 2 W ( p y ) + h . c . , (10) 

( p p ) = 0 . 

The gauge transformation (9) is a special case of (7), 
and (10) and (8) are identical. If now we make the 
step to the conformal space by taking the limit y5 —> 0 
we are left with the plane wave solution 

Aj = bj±ei(P^ +h. c., A5 = 0 

of the electromagnetic field. The transformation gener-
ated by (10) is the conventional gauge transformation 
for the electromagnetic field (satisfying the L O R E N T Z 

condition). 
We may summarize our results as follows. The uni-

tary representations of the group SO (4,2) which be-
long the tensors of rank 1, describe a vector meson 
and a scalar field with arbitrary mass ro 4r 0. A certain 
class of these representations admit gauge transfor-
mations, and therefore describe (in the free field case) 
only vector mesons. Moreover only this class contains 
also unitary representations which belong to mass 
m = 0, i. e. the electromagnetic field. The origin of the 
gauge transformations of the vector potentials has 
therefore to be explained by the special structure of 
this class of irreducible unitary representations. Pri-
marily gauge transformations do not depend on the 
condition of vanishing mass. 
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Kürzlich wurde über neue Beobachtungen der Phos-
phoreszenz von Trypaflavin in Polymethylmethakrylat 
mit 15% Methanol (PMAM) bei Zimmertemperatur be-
richtet Die Methylmethakrylat-Lösungen von Trypa-
flavin (MAM) wurden in einem verschlossenen Glas-
rohr polymerisiert. Nach dem Zerschlagen der Glas-
gefäße beobachtet man, daß die Phosphoreszenz schnell 
verschwindet. Es wurde festgestellt, daß das Maximum 
der a-Phosphoreszenzbande nicht mit dem Maximum 
der Flucreszenzbande zusammenfällt, sondern in Rich-
tung längerer Wellen um ca. 100 Ä verschoben ist, ähn-
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lieh wie das schon früher von P O H O S K I 2- 3 bei Fluores-
cein in Borsäure beobachtet wurde. 

In der vorliegenden Arbeit wird das Auftreten der 
Verschiebung der Fluoreszenz- und a-Phosphoreszenz-
banden von PMAM-Trypaflavinluminophoren im Va-
kuum und bei verschiedenem Luft- bzw. Stickstoff-Druck 
untersucht. 

Die Zubereitung der festen PMAM-Lösungen von 
Trypaflavin erfolgte in derselben Weise wie früher be-
schrieben 1. Die MAM-Lösungen wurden in planparal-
lele Glasgefäße eingegossen und im Hochvakuum ent-
gast. Die Entgasung erfolgte durch ein zyklisches fünf-
maliges: Gefrieren — Abpumpen — Anfeuchten. Dann 
wurden die Lösungen unter verschiedenem Luft- bzw. 
Stickstoffdruck abgeschmolzen. Das Begasen der Lösung 
mit Stickstoff hält sie frei von Sauerstoff. Die Poly-
merisation begann bei einer Temperatur von ca. 70 °C 
und lief dann von selbst bei 30 °C weiter. Um eventuel-
len photochemischen Reaktionen vorzubeugen, fand der 
Prozeß im Dunkeln statt. Die Messungen der Fluores-
zenz- und Phosphoreszenzspektren wurden mit Hilfe 

3 J. GRZYWACZ U. R. POHOSKI, Z. Naturforschg. 19 a, 440 [1964]. 


