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ing undetectable when the black-body 
spectrum is reached. Suppose the initial 
background before the operation of the 
thermalizing agent is mottled by the 
piecewise structure of our model, so that 
an observer viewing the initial situation 
in the absence of thermalization would 
find the background to be variable, like 
a chessboard seen with the sides of its 
squares subtending an angle of a few 
degrees. Now place an isotropically scat
tering screen of optical depth i between 
the observer and the chessboard. Only 
three or four scatterings are sufficient to 
reduce the contrast in the main radiation 
field well below the observational limit 
on the smoothness of the microwave 
background. For i »1 the contrast of 
the chessboard squares is essentially 
completely lost in the scattered field. All 
that remains of the original mottling is 
then carried by the small fraction, exp -
i, of the radiation which penetrates the 
screen without being scattered. Even an 
initially high contrast is effectively lost 
when i = 10 or more. Such an opacity, 
when produced by absorption and re
emission rather than by simple scatter
ing, also maintains the black-body spec
trum emerging from each of the infla
tionary pieces. 

Writing ioHrJc for the present-day 
optical depth per unit path length, the 
optical depth i extending to the look
back redshift z when the overlap of 
pieces is considered to have taken place 
is given to sufficient accuracy by i = io 

(1 + Z)3/2. With iO = 1 (which is not 
contradicted by any data) we have T = 
10 for a lookback redshift z = 4. The 
overlap of pieces at this redshift can be 
considered as the transition between cos
mology and astrophysics. From an obser
vational point of view, it is interesting 
that the transition can be at a lookback 
redshift which is accessible to the tele
scopes of today and tomorrow. This 
contrasts favourably to the situation in 
the standard model where the conditions 
responsible for astrophysics are claimed 
to lie in an early universe far outside the 
observable range of tomorrow as well as 
today. 

There is nothing in our model that 
should be objectionable to the particle 
physicists, since the detailed physical 
conditions applying to each inflationary 
piece are no different from what is 
proposed in the standard model. The 
situation is indeed improved on in the 
same way that it is for astrophysics, by 
bringing the connection between theory 
and observation within a practical range. 
We do not believe that it is possible to 
advance science profitably when the gap 
between theoretical speculation and 
observation/experiment becomes too 
wide, as we feel it has done in cosmology 
over the past two decades, and as it is 
tending to do now in particle physics, for 
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what then happens is that scientists are 
impelled to chase after chimaeras instead 
of real beasts. Effects are expected but 
not found, which has indeed become the 
rule rather than the exception. Of the 
many failures are the failure to explain 
galaxy formation, the failure to find 
fingerprints of galaxy formation in the 
microwave background, the failure to 
identify 'missing mass', the age problem, 
the baryon-to-photon problem, the top 
quark mass problem, the Higgs boson 
mass problem, the inflationary switch-on 
problem, the inflationary switch-off 
problem and, ultimately, the origin 
problem. In view of this negative record, 
we find the enthusiastic claims made by 
Peebles et al. surprising. The time has 
surely come to open doors, not to seek 
to close them by attaching words like 
'standard' and 'mature' to theories that, 
judged from their continuing non
performance, are inadequate. 

Finally, a comment about the evidence 
for non-cosmological redshifts of quasi
stellar and related objects which we have 
taken into account in our model. Peebles 
et at. cast doubt on this argument by 
invoking as others have "subjective 
selection effects and lack of rigorous 
control in the surveys". We ask them 
and the reader only to look without 
prejudice, particularly at our extensive 
work3 addressing all these questions. 
H. C. Arp 
Max-Planck Institut filr Astrophysik, 
8046 Garching bei Milnchen, 
Germany 
G. Burbidge 
Center for Astrophysics and Space 

Sciences, 
University of California, San Diego, 
La Jolla, California 92093, USA 
F. Hoyle 
School of Mathematics, 
University of Wales, 
Cardiff CF2 4AG, UK 
J. V. Narllkar 
Inter-University Centre for Astronomy 

and Astrophysics, 
Ganeshkhind, Pune 411007, India 

PEEBLES ET AL. REPLY - A central point 
of our review article is that the measured 
properties of the thermal cosmic back
ground radiation seem to require that 
the Universe has expanded from a state 
denser and hotter than it is now l

. We 
are glad that Arp et al. have come to 
accept this conclusion. 

Another central point of our article is 
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that the observed abundances of the 
lightest elements seem to require that 
the expansion and cooling of the Uni
verse traces back to an expansion factor 
(redshift) greater than about lO lD

• The 
extensive unsuccessful efforts to find a 
way around this conclusion can be traced 
from the references in our article. Arp et 
al. do not comment on this evidence; if 
they can see a sensible way around it 
the cosmology community surely would 
respond with great interest. 

Arp et at. correctly note that in the 
standard relativistic hot expanding cos
mological model there are many open 
problems: we cannot explain how the 
galaxies formed or even the nature of 
their dominant component, the massive 
dark halos. The many ideas for how 
these problems might be resolved is the 
focus of much of contemporary research 
in cosmology. Perhaps this research will 
lead to an impasse showing there is 
something wrong with the framework 
provided by the standard cosmological 
model, but as we emphasized l

, that 
certainly has not happened yet. No well
established phenomenon or problem is 
known to contradict the standard model. 

The standard model traces back to a 
formal singularity from which one pre
sumes we are rescued by new physics. 
That may turn out to be inflation, but 
inflation is not part of the standard 
model because there are not yet reason
ably convincing tests of the idea. 
Perhaps the new physics will go some 
other way. We mentioned I the idea first 
put forward by Hoyle and Narlikar in 
1966, and noted by Arp et at., that 
material may be created in bursts be
tween which the Universe expands as in 
the standard model. If the bursts are hot 
and dense enough they can produce the 
conditions for thermalization of the cos
mic background radiation and for light 
element production. It thus appears to 
us that when the parameters in the 
model discussed by Arp et at. are ad
justed to fit the observations their pic
ture reduces to what is commonly known 
as the hot Big Bang model. 
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