
Mapping the early Universe 

NASA's Cosmic Ray Background Explorer 
(COBE) satellite in orbit 900 kilometres 
above the Earth's surface is providing aston
ishing new insights into cosmology. 

From its unique vantage point 900 
kilometres above the earth's sur
face, NASA's Cosmic Background 
Explorer (COBE) satellite has a privi
leged view of cosmic background 
radiation - the remnants of the ear
ly (radiation-dominated) Universe 
which fol lowed the Big Bang some 
ten Gigayears ago, and possibly 
some subsequent history. In this 
way astroparticle physicists get a 
first peek at the quantum cosmolo
gy which moulded the infant Uni
verse. 

The cosmic microwave back
ground radiation (CMB) was dis
covered in 1964-65 by Arno Pen-
zias and Robert Wilson working at 
Bell Labs, New Jersey, while inves
tigating noise problems in satellite 
communications systems. This 
faint signal, equivalent to the radi
ation emitted by a black body at 
about 3 degrees absolute, was in
terpreted as the distant rumblings 
of the Big Bang, opening a new 
chapter in cosmology and earning 
the Nobel Prize for Penzias and 
Wilson in 1978. 

Wi th the CMB signal confirmed, 
and, to a first approximation, ap
pearing isotropic, the challenge 
was to look hard at this faint foot
print for clues about the Big Bang. 
In addition, other relic radiation 
could show up at shorter wave
lengths, providing information on 
galaxy formation in the young Uni
verse. 

Blanketed by the atmosphere, 
earthbound measurements are re
stricted to a narrow wavelength 
w indow. A directional (dipole) ef
fect was discovered in 1977 in a 
detector carried by a high-flying air
craft and subsequently confirmed 
by balloon and satellite measure
ments. This could be due to the 
Big Bang having pointed some
where (a directional Hubble 'con
stant'), to matter inhomogeneities. 

to gravity waves, to a rotation of 
the Universe as a whole, or simply 
to a motion of our part of the Uni
verse relative to the rest of it. Dur
ing the 1980s new information 
from high-flying detectors sug
gested other spectral distortions. 

Launched by a Delta rocket in 
November 1989 into a near-polar 
orbit, the COBE satellite's detec
tors are designed to make a preci
sion CMB frequency analysis and 
to map the radiation over the entire 
sky to look for directional effects. 

Frequency analysis is the job of 
the Far InfraRed Absolute Spectro
photometer (FIRAS), cooled by li
quid helium to 1.5K in the same 
way as the US/UK/Netherlands 
IRAS InfraRed Astronomical Satel
lite. Covering a wide frequency 
range (in fact t w o ranges), FIRAS 
carries its own temperature-con
trolled black-body calibration 
source, the first t ime this has been 
done in flight. 

The CMB signal is consistent 
wi th a black body at 2.735 ± 
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• The spectrum of cosmic background radi
ation measured by COBE. The boxes are the 
data points and the curve is a black body at 
2.735K. 

• Six all-sky maps from preliminary COBE 
data (two at each of three wavelengths), 
with the plane of the Milky Way horizontal 

across the centre, showing the smooth vari
ation of background radiation temperature 
on opposite sides of the sky. This asymme
try, only one thousandth of brightness of the 
sky, is due to the Solar System's local 
movement. Radiation from the Milky Way is 
also visible across the central band, espe
cially at the lowest detector frequency. 

0.06K, wi th deviations of less than 
a per cent. These errors, due to 
uncertainties in the thermometer 
calibration, are being worked on. 

FIRAS actually counts the majori
ty of CMB photons, providing a fix 
on the photon content of the Uni
verse to within 5 per cent, a useful 
new reference for cosmologists. 
Wi th little room left for deviations 
f rom a black-body spectrum, the 
door practically closes on other pri
mordial cosmology. For example a 
17 keV neutrino, a particle much in 
the news recently (April, page 9), 
should decay either inside a few 
days or last longer than 1 0 1 2 

years. 
COBE's radiation mapping is car

ried out by six Differential Micro
wave Radiometers (DMR), two 
operating at each of three frequen
cies where the CMB is at least a 
thousand times bigger than fore
ground galactic radiation. Monitor
ing at a number of frequencies 
moreover enables the galactic sig
nals to be subtracted, and wi th the 
spacecraft's motion giving good 
coverage of the sky, results in a 
unique precision CMB picture. 

The initial most striking effect in 
the data collected over six months 
is the extreme uniformity of the 
signal. However close analysis re
veals a slight (a thousandth of the 
total brightness) but nevertheless 
smooth variation f rom one side of 
the sky to the other. Radiation from 
the Milky Way is also clearly visi
ble. 

The anisotropy can be totally ac
counted for by the Solar System 
moving towards Virgo at about 
370 kilometres per second, and 
subtracting the dipole effect due to 
such motion shows that the Big 
Bang was smooth to at least one 
part in 25 ,000 . No other directional 
effect is called for. 

As well as underlining the validi-
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A v e c l u i , cja d e c l e n c h e ! 
Le S e r v o g o r 3 4 0 est plus qu'un enreg i s t reur n o r m a l 

E nregistrer, beaucoup d'appareils le peuvent, 

mais le nouveau Servogor 340 peut plus. Le 

travail de base d'un enregistreur, il le resout mieux que 

tous les autres. II est portatif, robuste et tres flexible de 

par sa construction modulaire - exactement I'appareil 

qu'il faut dans I'industrie. Le nouveau Servogor est con

figure par des boTtiers de mesure embrochables. II en 

possibilites de declenchement. Quand apparatt un 

declenchement, le contenu de la memoire est sorti 

avec une deuxieme vitesse. Ainsi la resolution du 

domaine qui interesse est nettement augmentee et 

vous voyez exactement ce qui se passe. Malgre cette 

fonction supplementaire tres agreable, la manipulation 

reste tres simple. Les condit ions de declenchement 

existe pour des tensions (jusqu'a 750 V), des courants, 

courant fort inclus, et des temperatures. Quatre signaux 

analogiques et huit signaux digitaux peuvent etre 

enregistres par le 340 avec une grande resolution. Pour 

cela, il n'a besoin ni de plumes, ni de pointes. Une 

imprimante thermique ne necessitant pas d'entretien 

ecrit en plus des signaux de mesure, des textes et des 

cadrages. Tout cela est bien, mais il y a encore mieux. 

Le Servogor 340 a une memoire incorporee et des 

sont reglees par des touches programmables. Et si, 

une fois, vous ne saviez vraiment pas que faire, il vous 

suffit d'appuyer sur la touche «Help». Vous devriez 

absolument regarder le Servogor 340 de plus pres, 

car c'est ainsi que se presentent des enregistreurs 

modernes. 
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