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The wave equations for the metric of the cosmological 
standard model and their solutions in form of Green's 
functions are given. 

The behaviour of e lectromagnet ic radia t ion unde r 
cosmological conditions has been s tudied f r o m dif-
ferent viewpoints for some t ime (cf. e.g. [ 1 - 6 ] ) . 
Such investigations are of increasing interest for an 
approach to the problem of a possible link be tween 
the electrodynamical and cosmological ar rows of 
time. It is therefore useful to have at hand the 
Green's functions for the wave equa t ion in the 
metric of the cosmological s tandard model ( the 
Robertson-Walker-metric). 

In a curved space-time, the inhomogeneous wave 
equation for a Green 's function G takes on the fol-
lowing form [7]: 

(n+±rR)G = 
R(no) r ' 

( i ) 

where // is a t ime variable def ined below. Here 
is the conformal version of the Beltrami 

operator composed of the general covariant d 'A lem-
bertian 

1 0 / a 
r — 1 - 0 g»v 

Y- g cxM e.vv 

and the curvature invariant R = gm gxa R^.Qa of the 
given space-time. RßVQ(J are the componen t s of the 
Riemannian curvature tensor and g = de t^ v g^ v . T h e 
denominator at the right hand side of (1) is ano the r 
Jacobian besides ] / - g . 

The Robertson-Walker line e lement is c o m m o n l y 
written in the form 

ds2 = dt2 - R2 (t) 
do2 

T + Q2dQ2 (2) 
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with the Standard angular part d ß 2 = d3 2 + sin2 5 dcp2. 
Here, R (t) is a scale length which represents the 
change of all linear dimensions with t ime (e.g. the 
distance between two clusters of galaxies in arbi -
trary units). Furthermore, K = x/R2 is the G a u s s i a n 
curvature with x = sgn K. In the case of posi t ive 
curvature, K > 0, the factor R is the usual world 
radius. The line element (2) is given in comoving 
coordinates where the cosmic m e d i u m is c o m m o n l y 
approximated as dust, fluid, or radiat ion. 

The Robertson-Walker-metric may be trans-
formed into a form which is analytical in x too. 
Thus we define [8. 9] 

(sin (// x = + 1 , 

i// for x = 0 , 
sinh i// x = — 1 . 

By introducing the new t ime variable 

' dt' 
n = ) J m 

one can rewrite (2) as 

ds2 = K~] (>/) [dfj2 - ( d r + sin2 <// d ß 2 ) ] . 

The increment dt] = dt/R represents the d is tance in 
radians of a photon traveling on a th ree -d imens iona l 
spacelike hypersurface of radius R du r ing the 
time dt. 

In the given line element we have to d is t inguish 
between three different cases: 

a) For A ' < 0 we have a (hyperbolic) open universe 

(* = -1); 
b) for K= 0 the space-part of space- t ime is euclid-

ean (Einstein-de Sit ter-universe; for 
R (>]) = const we recover the o rd ina ry 
Minkowski space-time); 

c) for ^ > 0 we get a (spherical or elliptic) closed 
universe (x = + 1). 

The combined wave equation for all th ree cases 
reads: 

2 R' ö 
+ 

R3 0/7 R2 dir R2colxyy d<js R2 0i//2 

+ • 
R" + y.R 

R 
Gx{ti, y/) --

R(rjo) R3(>1) sin2 <// 
(3) 
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with the definitions R' := dR/dq, cos* t// := sin* y/ 
and cotxi\t\= 1/tan* yj = cos., y//s\nx y/. T h e last term 
of the operator in (3) contains the explicit form of 
the curvature invariant R = 6 ( R " + xR)/R3. 

As may easily be checked, the re tarded (—) 
and advanced (+) solutions for the three cases 

xe { 1 , 0 . - 1 ! are 

6(rj- tio±y) 

2 R ( n o ) R ( n ) sin 
(4) 

In the Minkowski case ( x = 0 and R'= 0) this 
becomes /~1 S(t — to + r) with r=Ry/, as expected. 
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