
Looking for the 
edge of the universe 
Earlier this year a team of Australian and British 
astronomers concluded that the universe is a little bit 
larger and a little bit older than previously thought. They 
reached this conclusion when they detected an object 
that may be 18 billion light years — that is, 17 x 102 3km 
— from earth. It's the most distant object found as yet, 
and it's moving even further away from us at close to the 
speed of light. 

T h e d i scovery c a m e just 50 years after 

a c h a n c e f ind ing that l ed to a revo lu t ion 

in as t ronomy. D u r i n g 1932, a Be l l L a b o ­

ratories scient is t was trying to track d o w n 

sources o f interference in trans-Atlantic 

t e l ephone c o n n e c t i o n s . W h e n he poin ted 

his antennae at the sky, it b e c a m e o b v i o u s 

that the M i l k y Way itself was o n e source 

o f interference. It s eemed that ou r earth is 

constant ly bathed in radio n o i s e , and a 

n e w t o o l for p rob ing the myster ies o f our 

universe — the radio-telescope — had been 

d i scovered . 

W o r l d War I I b roke the p a c e o f devel­

opmen t , but research into radar and e lec­

t ronics had direct appl icat ion to radio-

as t ronomy, and in the post-war years sci­

entists incorpora ted the n e w t e c h n o l o g y 

into radio- te lescopes cons t ruc ted in A u s ­

tralia, the U n i t e d States, Br i ta in , and 

Eu rope . 

O n e o f the many sources o f radio noise 

d i scove red in the early fifties, by astrono­

mers at C a m b r i d g e in Eng land , t ook the 

c o d e n a m e 3 C 4 8 (because it was N o . 48 in 

the third C a m b r i d g e ca ta logue) . T h i s o b ­

jec t l angu i shed unremarked unt i l 1960, 

w h e n a Cal i fornia Institute o f T e c h n o l ­

o g y g roup led by D r John B o l t o n , formerly 

wi th the CSlRO D i v i s i o n o f Rad iophys i c s , 

ob ta ined an accurate ' f ix ' o n its pos i t ion 

in the sky. 

W h e n the giant Pa lomar 2 0 0 - i n c h o p ­

tical t e l e s c o p e l o o k e d at the part o f the sky 

con ta in ing 3 C 4 8 , the ob jec t appeared to 

be a star. T h i s was the first t ime s u c h a 

c o i n c i d e n c e had been f o u n d ; previous ly 

all sou rces o f radio no i se had b e e n associ­

ated wi th large objec ts such as galaxies or 

supernova remnants . 

A n o t h e r surprise was that 3 C 4 8 , w h e n 

the t e l e scope recorded its spec t rum, was 

found to b e un l ike any other star that had 

been investigated. It had an e x c e s s o f l ight 

at the b lue end o f the spec t rum, w h i c h 

c o u l d n o t b e exp la ined w i t h the then-

current k n o w l e d g e . Ha l f a d o z e n similar 

ob jec t s were uncove red i n the nex t f ew 

years and still n o sense c o u l d b e made o f 

their unusua l spectra. 

It was o n l y in 1963 that D r Maarten 

S c h m i d t , at Palomar , made the great in­

tui t ive leap . After a very c lear n ight ' s 

v i e w i n g he was puzzl ing over an exce l l en t 

spectral analysis o f the l ight f rom 3 C 2 7 3 

w h e n he wonde red what w o u l d b e the 

case i f these objec ts were s h o w i n g an un­

usual ly large redshift (see the b o x o n page 

12) . S u p p o s e that 3 C 2 7 3 was very far f rom 

us and its spect rum had been shifted a 

l o n g way towards the red end o f the spec­

t rum: c o u l d the various spectral l ines o f 

3 C 2 7 3 fit into s u c h a s c h e m e ? 

T h e y d id! F o r example , he f o u n d that 

the very s t rong ' M a g n e s i u m I F peak , 

a s s o c i a t e d w i t h i o n i z e d m a g n e s i u m 

atoms and normal ly found in the ultra-

T h e lines mark the distant quasar in a 
pho to taken by the United K i n g d o m 
Schmidt T e l e s c o p e . M o s t o f the other 
objec ts are stars in ou r galaxy. 

v iole t , had been shifted 1 6 % into the b lue 

part o f the spect rum. T h e clear c o n c l u ­

s ion was that these objec ts were m u c h 

further away than even the m o s t distant 

galaxies k n o w n at that t ime. 

A n d another puzzle arose: those galax­

ies were ext remely faint — at the l imits o f 

the r e so lv ing p o w e r o f the b i g te lescopes 

— yet here were clearly vis ible ob jec t s bi l ­

l i ons o f l ight years further away. H u g e 

amoun t s o f energy mus t b e expended if 

their radio and l ight waves c o u l d reach us. 

A s they l o o k e d like stars but obv ious ly 

w e r e n ' t , t he t e r m ' q u a s i s t e l l a r r a d i o 

sou rce ' , o r quasar, was applied to them. 

A 3-D representation o f s o m e o f the 
radio emanations from part o f the Milky 
W a y . T h e band is approximately 10 
m o o n s long. 
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Redshift, distance, and quasars 

Measu r ing c o s m i c dis tance is o n e o f the 

recurr ing p r o b l e m s in as t ronomy. In ear­

lier days, as t ronomers used s imple t r igo­

nometry , u t i l iz ing the c h a n g e in pos i t i on 

o f the earth as it m o v e d a round the sun. 

Later , they l inked this w i th the relative 

br ightness o f certain stars to g ive esti­

mates o f galac t ic d is tance. T h e s e tech­

n iques were o n l y suitable for stars and 

galaxies in our immedia te n e i g h b o u r h o o d . 

After W o r l d War I, E d w i n H u b b l e — 

w o r k i n g at the M t W i l s o n Observatory, 

above L o s A n g e l e s — analysed spectro-

graphical ly the l ight c o m i n g f rom a w ide 

range o f galaxies , s o m e o f w h i c h had dis­

tance est imates derived f rom the earlier 

measur ing t echn iques . 

T h e cruc ia l feature o f H u b b l e ' s obser ­

v a t i o n s w a s that, as the d i s t a n c e in ­

creased, the l ight f rom these galaxies was 

shifted further towards the red end o f the 

spec t rum, in a c o s m i c e x a m p l e o f the 

familiar D o p p l e r effect. Apparent ly , the 

further away these galaxies are, the faster 

they are m o v i n g away f rom us and the 

greater the redshift they display. T h i s o b ­

servation fitted o n e aspect o f Eins te in ' s 

theory — the idea o f the ' b ig bang ' and an 

expand ing universe . 

They are 'seeing a portion of 
the universe as it was just 
after its creation. 

O n c e a s t r o n o m e r s k n e w that these 

strange objec ts d isplayed s trong redshifts 

they f o u n d t h e m easier to detect . O n e 

early trick was to c o m p a r e photographs o f 

the sky u s i n g p h o t o g r a p h i c e m u l s i o n s 

slanted towards the b lue and ultraviolet 

end o f the spec t rum. T h e quasars are 

s t rong in the ultraviolet r eg ion and, by 

this means , many m o r e quasars were de­

tected. It s o o n b e c a m e o b v i o u s that not all 

quasars emitted radio signals — only about 

o n e in e ight o f the b lue 'stars' had any 

radio emis s ions associated wi th it. 

U s i n g very l o n g base l ine interferome-

try — where radio- te lescopes separated by 

thousands o f mi l e s w o r k as o n e (see the 

b o x o n page 15) — radio-astronomers s o o n 

establ ished that quasars were , in c o s m o -

log i ca l terms, very small ob jec t s . A typical 

quasar o c c u p i e s a v o l u m e o n l y a few l ight 

years across — but f rom this relatively 

H u b b l e ' s constant — corre la t ing red-

shift and distance — provides the o n l y 

t echn ique available for measur ing large 

dis tances . T h e ' cons tan t ' has been revised 

several t imes s ince its formulat ion in 1931, 

and this makes many as t ronomers scepti­

ca l about its accuracy . T h e degree o f un­

certainty is such that the dis tances g iven 

in this article may be w r o n g by a factor as 

large as 2 — in other w o r d s , it is poss ib le 

that the quasar 2 0 0 0 - 3 3 0 is o n l y 9 b i l l i on 

l ights years away rather than 18 b i l l ion . 

S o far as quasars are c o n c e r n e d , this 

uncertainty p lus the h u g e size o f the red-

shift i nvo lved and their mass ive l u m i n o s ­

ity have led m a n y as t ronomers to search 

for alternative explanations o f the redshift. 

O n e alternative suggests that it may be 

due to gravitational effects — the quasar 

having s u c h a h u g e mass that l ight trying 

to escape f rom it is ' d r a g g e d - o u f or red-

shifted, m e a n i n g that quasars are m u c h 

c l o s e r to u s t h a n H u b b l e ' s c o n s t a n t 

indicates . 

Gravitat ional redshift is a w e l l - k n o w n 

p h e n o m e n o n . Unfortunately, to p r o d u c e 

the large redshifts measured , the m a i n 

b o d y o f a quasar w o u l d need to be so mas­

sive that, i f it actually was that m u c h c loser 

to earth, it w o u l d create s u c h a range o f 

g rav i t a t i ona l p e r t u r b a t i o n s that m o r e 

p r o b l e m s w o u l d a r i se than w o u l d b e 

so lved . 

D r A l a n S t o c k t o n o f the Univers i ty of 

Hawa i i recent ly analysed the spectra o f 

s o m e o f the c l o s e r quasars a long wi th 

those o f c l o s e l y associated galaxies . T h e 

redshifts o f bo th quasar and galaxy were 

very similar , and this seems to indicate 

that the redshift o f the very distant quasars 

is a true p h e n o m e n o n . 

small v o l u m e the energy o f a b i l l i on suns 

radiates into space. Ne i the r nuclear fis­

s ion nor nuclear fusion c o u l d explain such 

a prodig ious output, adding one more facet 

to the quasar e n i g m a (see the b o x o n page 

14) . 

Searching the southern sky 

D r B o l t o n re jo ined CSIRO and f rom 1966 

worked with D r Bruce Peterson, f rom the 

Austral ian Nat iona l Universi ty 's M o u n t 

S t romlo Observatory, in the search for 

m o r e quasars. U s i n g the Parkes radio-

te lescope for s o m e ident i f icat ions and the 

b l u e p h o t o g r a p h i c e m u l s i o n s for the 

' radio-quief quasars, they discovered more 

than 100 quasars in the next 5 years. T h e s e 

The electromagnetic energy from cosmic 
sources stretches from the long 
(hundreds of metres) wavelength radio 
waves to the very short cosmic rays. 
Hydrogen, the dominant element in the 
universe, when excited emits waves in 
the far ultraviolet and is the main 
component in the spectra of stars, 
galaxies, and quasars. 

i nc luded the quasar wi th the then-record 

redshift o f 2 — a redshift imp ly ing that the 

l ight f rom it began its trip m o r e than 13 

b i l l ion years ago . 

Apart f rom the intr insic cur ios i ty sur­

r o u n d i n g these strange ob jec t s , a power ­

ful mot iva t ing in f luence in the search was 

the desire to find ever more-distant o b ­

jects . A n d s lowly the records c rumbled 
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D r David Jauncey alongside the 
spectrograph o n the Anglo-Australian 
T e l e s c o p e . It was here in the early 
hours o f M a r c h 26 that the light from 
the distant quasar was first analysed. 

From a relatively small 
volume the energy of a billion 
suns radiates into space. 

— the dis tances b e i n g pushed u p and u p 

unti l what appeared to be the l imi t , a red-

shift o f 3 , was reached . 

M o s t o f the k n o w n quasars — w e n o w 

k n o w s o m e 1500 o f t h e m — are found at 

redshifts o f a round o n e to three. T h i s c o r ­

responds to a dis tance o f be tween 5 and 15 

b i l l i o n l ight years and impl ies that w e are 

l o o k i n g back at what the universe was l ike 

s o o n after its format ion . Perhaps there 

was no th ing m o r e to see! 

T h e n in 1973 a g r o u p o f A m e r i c a n as­

t ronomers go t an accurate radio pos i t ion 

for a n e w quasar, analysed its spect rum, 

and announced a n e w record. T h i s quasar, 

w i th a redshift o f 3 • 5 3 , was m o r e than 15 

b i l l i on l ight years f rom earth and m o v i n g 

away f rom us at 9 1 % o f the speed o f l ight . 

Because the quasar is moving so rapidly 
away f rom us , the Lyman alpha line has 
been shifted from its normal posi t ion in 
the far ultraviolet part o f the spectrum 
into the red end o f the visible spectrum. 

H o w e v e r , it d i f fe red f r o m m o s t o the r 

quasars; its large redshift had caused a 

c h a n g e in its c o l o u r s , so it n o longe r had 

any b lue or ultraviolet excess to distin­

gu i sh it f rom the b i l l i ons o f other faint 

stars in the sky. Clear ly , s u c h quasars c a n 

o n l y be found wi th opt ica l t e lescopes i f 

their radio" pos i t ions c a n be loca ted very 

prec ise ly , to wi th in a few a rcseconds . 

An Australian attempt 

D e s p i t e major advances in the t e c h n o l o g y 

b e h i n d radio- and opt ica l as t ronomy, that 

record s tood unti l M a r c h 2 6 this year. It 

was o n l y b roken because in 1975 an A u s ­

tralian g r o u p — i n c l u d i n g D r Peterson, 

D r A n n Savage f rom the R o y a l Observa­

tory in E d i n b u r g h but based at the Un i t ed 

K i n g d o m S c h m i d t T e l e s c o p e Un i t near 

Coonabarabran , N . S . W . , and D r D a v i d 

Jauncey and D r A l a n Wr igh t , f rom the 

CSIRO D i v i s i o n o f R a d i o p h y s i c s — 

realized that they w o u l d have to refine 

their approach in searching for these far-

distant ob jec t s and get ex t remely accurate 

pos i t ions . 

T h i s was where the T i d b i n b i l l a inter­

ferometer c a m e into the pic ture . T h e sci­

entists — a long wi th D r M i k e Batty, also 

f rom CSIRO, and D r S a m G u l k i s f rom 

N A S A ' s Jet P r o p u l s i o n Labora to ry — 

used the two N A S A D e e p Space An ten ­

nae at T i d b i n b i l l a , near Canberra , to o b ­

tain pos i t ions accurate to wi th in a few 

a rc seconds for a n u m b e r o f quasars. W h e n 

they c o m b i n e d these wi th a se lec t ion o f 

quasars f rom the Parkes ca ta logue that 

c o i n c i d e d with very faint objects , the g roup 

had a total o f 4 0 quasars that c o u l d pro­

vide a n e w record. 

It takes about an hour ' s observing t ime 

o n the Anglo-Aust ra l ian T e l e s c o p e near 

Coonabarabran to pos i t ion , l o c k on to , and 

then analyse the l ight f rom a faint quasar, 

star, or galaxy. T h e first n ight o f observ­

ing , in N o v e m b e r 1981 , p roduced no th ing 

o f consequence . T h e s e c o n d night, March 

2 5 , 1 9 8 2 , l ooked as i f it w o u l d g o the same 

way , especial ly w h e n around midn igh t 

c l o u d s and misty rain settled over the area 

and comple te ly obscu red the v iew. T h e n , 

just before dawn o n the 26th, the c louds 

b e g a n to disperse and s o m e patches o f 

c lear sky appeared. 

T h e te lescope was pos i t ioned and the 

spectrograph began its analysis o f the light 

f rom a quasar located in the constel la t ion 

o f Sagittarius. 

A s s o o n as the l ight f rom the quasar, 

c o d e - n a m e d 2 0 0 0 - 3 3 0 , began to appear o n 

the v ideo display, the astronomers watched 

the spectral analysis intently. A c o n v e n i ­

ent marker for their p u r p o s e s w a s the 

s t rong e m i s s i o n l ine f rom the n ight sky. 

I f the dominan t peak in a quasar 's spec­

trum, the L y m a n alpha l ine , co inc ides wi th 

this l ine , the quasar 's redshift is 3 • 5 8 . 

W h e n the L y m a n alpha l ine f rom 2 0 0 0 -

3 3 0 appeared o n the r ight-hand side o f 

this, they k n e w they were l o o k i n g at a n e w 

record . T h e final result was the identifi­

c a t i o n o f a quasar w i t h a redshif t o f 

Hydrogen makes up 7 0 % o f the 
universe 's mass , and its e lectrons are in 
a constant state o f flux. 
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'Black holes' and quasars 

T o he lp expla i n the p r o d i g i o u s energy 

output f rom quasars, as t ronomers are fall­

ing back o n o n e o f the m o r e popula r top ics 

in m o d e r n c o s m o l o g y , the b l a c k h o l e . 

A l t h o u g h b lack ho l e s have never been 

posi t ive ly identif ied, there has l o n g been 

specula t ion about their ex i s t ence and in 

1971 the Bri t ish mathemat ic ian Steven 

H a w k i n g p rov ided the theoret ical basis to 

understand them. 

In e s sence , the p rocesses in any star 

provide a ba lance be tween the c o m p e t i n g 

in f luences o f energy and gravity. I n the 

b o w e l s o f the star, nuclear fusion (whereby 

hydrogen c o m b i n e s to fo rm h e l i u m and 

h e l i u m c o m b i n e s to f o r m heavier e l e ­

men t s ) releases radiat ion that fo rces the 

various part icles apart and keeps t h e m in 

a re la t ively t h i ck state o f s u s p e n s i o n . 

H o w e v e r , o n c e the h y d r o g e n and h e l i u m 

are used u p and fus ion stops, n o energy-

in f luence remains to stop gravity get t ing 

its gr ip o n the dy ing star's matter. 

If the star is a large o n e , the matter c o l ­

lapses under the inf luence o f its o w n grav­

ity in to what can on ly be desc r ibed as a 

v o i d . T h e gravitational effect is so strong 

that no th ing , i nc lud ing l ight and radio 

waves , can escape f rom its gr ip . T o an 

outs ide observer , no th ing apparently re­

ma ins where a star o n c e was — the on ly 

poss ib le s ign is an unexp la ined gravita­

t ional perturbation o f nearby stars due to 

the h igh ly concent ra ted mass o f the black 

h o l e . 

Even t h o u g h ast ronomers have no t pos ­

itively identif ied a b lack h o l e , the story 

has parallels wi th other deve lopmen t s in 

m o d e r n phys ics . F o r example , that very 

c o m m o n c o m p o n e n t in a toms — the neu­

tron — was o n l y a theory for the 12 years 

be fo re its eventua l d i s c o v e r y i n 1932 . 

Gravitat ional waves , ana logous to l ight 

waves , have never been demonst ra ted ex­

perimental ly , yet their p resence is essen­

t ia l t o E i n s t e i n ' s t h e o r y o f g e n e r a l 

relativity and few doub t their ex is tence 

and eventual d iscovery . 

T h e hypothes is l ink ing b lack ho les and 

quasars is that a b lack h o l e , near a quasar, 

w o u l d drag matter into its vo id . A s e lec­

trons accelerated towards the b lack ho le , 

they w o u l d e m i t radio w a v e s at r ight 

angles to their d i rect ion — this helps ex­

plain w h y o n l y s o m e quasars are radio o b ­

jec ts : w e are outs ide the recep t ion area o f 

the others . 

O the r a t o m i c par t ic les , a cce l e ra t i ng 

a long the b lack ho le ' s gravitational field, 

w o u l d approach the speed o f l ight before 

mee t ing an ' accre t ion disk' su r rounding 

the b lack ho le . T h i s disk w o u l d be a s lowly 

revolv ing c i rc le o f matter that bui lds up 

temporarily before entering the b lack hole , 

and w o u l d b e similar to, for example , the 

r ings o f Saturn, or the s c u m that c i rc les 

the edge o f a wh i r lpoo l . T h e accret ion 

disk w o u l d represent a barrier to the in­

c o m i n g part icles, w h i c h , u p o n co l l i d ing 

wi th it, w o u l d conver t the gravitational 

energy obta ined dur ing their fall in to the 

b lack h o l e in to radiant energy. 

T h e p rocess postulated is m u c h more 

efficient than nuclear f ission or fusion, 

w h i c h conver t o n l y a small fraction o f the 

a tomic part icle 's mass into energy, and 

may expla in the mass ive release o f energy 

f rom quasars. 

Observa t ions o f a n u m b e r o f quasars 

have revealed jets o f matter associated 

wi th the main body . It is poss ib le that 

these are generated by matter accelerat ing 

into the 'no th ingness ' o f b lack ho le s . 
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The Anglo-Australian Telescope. The 
combination of its 4-metre mirror and 
the good viewing conditions around 
Coonabarabran makes it a powerful tool. 

One of the first of the quasars 
discovered — 3C273. A long jet can be 
seen at the bottom right. 



Finding the source 

A c c u r a t e pos i t ion-f inding is c ruc ia l to the 
success o f radio-astronomy. M o d e r n radio-
t e l e scopes are fairly c rude d e v i c e s , having 
a reso lv ing p o w e r less than that o f the 
naked eye . 

F o r example , the CSIRO 64-metre radio-
t e l e scope at Parkes is cons ide red to be re­
markably accurate for its s ize, but pos i ­
t ions measured wi th it have a c i rc le o f 
uncertainty varying f rom about 12 arc-
s e c o n d s for strong radio sources to about 
30 a rcseconds for relatively weak sources . 
( F o r c o m p a r i s o n ' s sake, the m o o n is 1800 
a r c s e c o n d s and Jupiter 60 a r c s e c o n d s 
across . ) T h a t c i rc le o f uncertainty c o n ­
tains n u m e r o u s stars and galaxies — any 
o n e o f w h i c h c o u l d be the source o f the 
radio no i se detected. 

T o nar row d o w n the poss ib i l i t ies , a sec­
o n d radio- te lescope has to g ive a pos i t ion 
o r , b e t t e r s t i l l , t w o o r m o r e r a d i o -
te lescopes w o r k together in a t echn ique 
cal led interferometry. In this case , the tel­
e s c o p e s are l inked e lec t ron ica l ly . I f they 
are separated by, for example , 2 k m , the 
synthesis o f their observat ions creates a 
reso lv ing p o w e r equivalent to that o f a 
s ing le t e l e scope wi th a 2-km-diameter re­
ce iv ing dish. R e s o l v i n g p o w e r o f the order 
o f t h o u s a n d t h s o f a r c s e c o n d s c a n b e 
ach ieved th rough interferometry, espe­
cia l ly w h e n the te lescopes are o n different 
con t inen t s and their base l ine extends over 
thousands o f k i lometres . 

The Parkes radio-telescope. 

3 • 78 , a figure that impl i e s that the ob jec t 
is 18 b i l l i on l ight years away and m o v i n g 
further away at 9 2 % o f the speed o f l ight. 

In total, the m e m b e r s o f the Australian 
g roup have found six n e w quasars with 
redshifts greater than 3 and expect to find 
more . W h e n they ca tch traces o f energy 
c o m i n g from those distant quasars they 
are ' see ing ' a port ion o f the universe as it 
was just after its creat ion. Whether they 
wi l l find anything b e y o n d that 3 • 78 red-
shift remains an open quest ion. At even 
h igher redshifts quasar l ight may b e c o m e 
too d i m to be seen f rom earth-based o b -

Quasars are the most exciting 
discovery in modern 
cosmology. 

servatories, but poss ib ly sightings wil l be 
made using orbiting te lescopes . Soone r or 
later astronomers may confront the 'b ig 
bang' — that m o m e n t w h e n space and 
t ime had no mean ing and the universe 
was suffused with an energy that m a n can 
on ly theorize about. 

A continuing puzzle 

T h e quasars have undoubtedly evolved 
into someth ing else s ince the light and 
radio waves that we n o w observe left them. 
In many respects, our understanding o f 
quasars is as i ncomple t e as that o f the as-

N A S A ' s deep space facility at 
Tidbinbilla, A . C . T . Usually only 
involved in communicating with 
spacecraft, the two dishes can be tuned 
to receive cosmic radio waves. Linked 
together, these two telescopes 
functioned as an interferometer, playing 
a crucial role in identifying the quasar 
2000-330. 

t r o n o m e r s w h o first p u z z l e d over the 
strange spectrum o f 3 C 4 8 . 

M a n y theories have been put forward 
abou t their nature. P robab ly the m o s t 
popular involves the mechan i sms o f 'black 
ho l e s ' (see the b o x o n page 14), but others 
suggest that quasars are the evolut ionary 
forerunners o f galaxies or the p roduc t o f 
c o l l i s i o n s b e t w e e n m i l l i o n s o f stars. 
C l o s e r to the realms o f s c i e n c e f ic t ion is 
the theory that quasars are 'whi te ho l e s ' , 
or the other side o f b lack ho l e s , where all 
the matter and energy sucked up by b lack 
ho l e s re-enters the universe . 

D e s p i t e the uncer ta in ty about their 
nature, quasars are the mos t exci t ing dis­
cove ry in mode rn c o s m o l o g y . A n e w gen­
e r a t i o n o f e a r t h - b o u n d t e l e s c o p e s — 
inc lud ing the Very Large Array in N e w 
M e x i c o and the p lanned Australia T e l e ­
s c o p e , w h i c h wil l l ink radio te lescopes 
across Australia as o n e — wil l be targeted 
o n quasars. S o wi l l the space te lescopes, 
s o o n to be launched. T o g e t h e r they may 
he lp unravel the puzzles surrounding these 
objec ts at the very edge o f our universe. 

Wayne Ralph 
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