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. series of “rack-

oons"—balloon-
bome mcketswand
found the first evi--.
- dence of- radiation.
belts surfoundmg

“astronomer 4t the ‘>

California Institute of
Technology, identified
the first of what he
dubbed quasi-stellar
objects, or quasars,

. which can emit thou- -

‘sands of ﬂmes more
engrgy than the entire
Mﬂk_y Way. Quasars

‘ are now thought-to

be the cores of dis-
tant galaxies harbor-

* ing enormous black
‘holes, and their stu-

pendous energy out:
put s probably caused
by radiation released
by matter falling into
the black hole.
1967: Jocelyn Bell
degected the first

pulsar, a discovery
that won a Nobel .
Prize for her thesis
adviser, Antony
Hewish. Bell initially
wondered if the reg-
ula} 1-per-second
radio pulses she had
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picked up might e a:
signal from an extra-

terrestrial civiliza-
tion. The pulses are'

. how khown to be

génerated by the
rapidly spinning,
extremely dense cores
of burned-out stars.

1968: Project Vela, a
secret U.S: mission

that used satellites to
monitor nuclear test-

-ing.done by the Soviet .

Union, discovered the

~ first gamma ray *
* bursts. Astronomers
now believe the bursts

mark the explosions
of massive stars. -

1971 The first black
hole..Cygnus X-1, an
‘X-ray emitting object
discovered in 1964,
was determined to be

a black hole.
1972-1973: The

Pioneer 10 and
Pioneer 11 space-
craft were
launched in March
1972 and April

1973.The Spacecraft

made the first

images of Jupiter’s .~
poles and-returned . .

close-ups of the *

Great Red Spot.

1974: ](;séph Taylor

and Russell Hulse -

~ discovered a binary

pulsar system, with -

“one pulsar orbiting

the cher at a rate

approaching 10% of -

the speed of: light.
The orbit is so hght
and the pulsars )
compact that the
entire binary system
would fit within the
sun. Gravitational
waves emitted by the
pulsars have enabled
astronomers to rig-
orously test Ein-

- 1990‘ The Magelian spacecr
; used fadar to make detatied ‘

showed that wthe* pianet S surface wa
muc yoanger than researchers expected

www.sciencemag.org

stein’s genéral-the-
ory of re{atwny
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1977: The two Voy-
ager space probes’
were launched and,

over the next decade,
* produced spectacular

images of the outer
planets; including

_Saturn and its moons.

' 1988: Canadian

astronomers
announced the possi-
ble discovery of the
first extrasolar planet
around a star called
Gleise 581; confirma-
tion of the discovery
came in 2003.
Astronomers now
believe that at least
three planets orbit
the star.

NASA/JPL; NASA/GRC

BRUNO GILLI/ESO; NASA;
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5 i990~ﬂpire’s?entz The'

-** Hubble SpaceTele- -

scope ‘has found .

- .dozens of grawta-
“tional lenses, parts
‘the sky where laige

concentrahons of ma

" terwarp light, produc- -

mg dtsterted images. -

. ,1992‘Alel'<s§ndér o
WOlszczan a Polish -

e of dtstant galagies

astronomer, made the »

Vﬁrst generai{y
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accepted dlscovery of
extrasolar planets. The
planets orbita pul- .
sar—the rapidly spin-
ning remnantofa’ -
supernova—980
light-years from Earth.

1994 Between 16.
and 22 July, comet
Shoemaker-Levy 9,

‘Uw‘hich‘had beén'dié-'

covered just the’ year
*- before, broke apart.
- and: co(hded w1th

"!NTERNAT}IONA[YEARQF ASTRONOMY- | NEWSFOCUS'

atmosphere in 2003,
Gahleo found evi-'

. dence thata 100- kllo-
meter deep ocean of

: water may.he beneath” ~

the fractured, lcy sur-
face of Jupiter’s moon

J Eurupa

1995: For 10 consec-
“utive days between . *
18 and 28 December,

: astrunomers used the
‘Hubble Space Teles -
scopeto] make hun-.

" dreds of exposures of
" ‘asingle, small region "

. of the sky. The Hubble

Deep Field image

shuwed*thousands %
" of the youngest and -

%o most dlstant known

i ang, dnven bya mys

“1995: On 7.Decem- .

ber; the Galileo.

. spacecraft, launched -
“in 1989, arrived at

++ Jupiter and transmit-

ted some 14,000

_ images of the planet -
‘and its moans back to
‘Earth. Before plung-

ing into Jupiter's- .

www.sciencemag.org

terious’ dark e.ne

‘ 2ﬂ€}1. The lekmson
Mlcrowave Anisotropy: .

* Probe spacecraft

: launched on 30]{me,,

surveyed the cosmic’
microwave back-

ground with unprece- -

dent d reso{utm L
: :;enabl‘mg cosmolo-

ot the univers
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' znoam Ociél_)er;

astronamers . -

 announced the dis-

 covery of the largest

. sirudure in the uni-
; ‘verse* the Sloan'
Great Wai_l. Itisan . “

enormaus collection

of gata ies 1 37 b1l- .

81 2005: !nNovember
the. Spitzér. Space Tele~
~scope captured the: 7.

. faint infrared glow leﬁ
 from the first stars i ln
the unwerse
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*2008: In September;
a Keck telescope on
- Mauna Kea, Hawau e
_ “.and the Hubble Space” * "~
Telesmpe captured
o _.the first ophca1

images of planets -

vorhiﬁn‘g pther,star‘s._ .

"Tim Falgef i3 contnbut- .

ing editor at Discaver” . ©
- and On Faith magazifes’

. andivesin Gallup, New

Mexma
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FOR EON$, STARGAZERS RELIED ON THE NAKED EYE,
AN INSTRUMENT WHOSE STORY HAS YET TO BE TOLD.

MINE HAS
PRIORITY!

Py

EYES, MATH, AND MEASUREMENT SUF-
FICED TO FIND HEAVENLY REGULARI-
TIES 50 PRECISE THAT ASTRONOMERS
GAINED A CRITICAL ROLE IN THE
ANCIENT STATE.

" YOU ARE
TRULY
INDISPEN-

THE RISING SUN
BLUSHES THE BUTTOCKS
OF BAAL! QUARTERLY
TAXES ARE DUE!

IN FACT, ASTRONOMERS WERE FINE
WITH THEIR EYES FOR A FULL 4IX
CENTURIES AFTER AL-HAYTHAM
DESCRIBED LENSES IN WIS “OPTICS.”

AHEM AHEM!
LOOK POWN!

IN SEPTEMBER 1608, A DUTCH OP-
TICIAN NAMED HANS LIPPERSHEY
PRESENTED HI$ PRINCE WITH A
GADGET: TWO LENSES MOUNTED AT
EITHER END OF A TUBE.

I SEE NATIONAL
SECURITY IMPLICATIONS!

LIPPERSHEY PROSPERED, 50 NATU-
RALLY HI5 LENS-GRINDING NEIGH-
BOR ZACHARIAS JANSSEN CLAIMED
PRIORITY.

> >
I'LL TAKE 50 OF MINE!

AT THE TIME, HELIOCENTRISM WAS
ROILING SCIENCE, 50 GALILEO
QUICKLY KNOCKED OFF A COPY
AND POINTED IT UPWARD, WITH
FAMOUS RESULTS.

p HoLY
SEEING!

YOU BEG
MY PAR-
DON?

KEPLER SUGGESTED MOUNTING A
CONVEX EYEPIECE BEHIND THE PRI-
MARY'S FOCUS, FOR POTENTIALLY
GREATER MAGNIFICATION (BUT AN
UPSIDE-DOWN IMAGE).

NO PROBLEM!

BIGGER, BUT BLURRY: SPHERICALLY
CURVED LENSES—THE SHAPE GENER-
ALLY GROUND AT THE TIME—LACK A
PRECISE FOCUS.

BESIDES, ANY SIMPLE LENS ACTS
A% A PRISM, PRODUCING RAIN-
BOW FRINGES OR “CHROMATIC
ABERRATION.”

HOW %AD.. T THOUGHT
PLANETS HAD HALOS..

ASTRONOMERS MINIMIZED THESE
ABERRATIONS BY USING LOW-

WHERE DO YOU

- WHOSE IMMENSE FOCAL LENGTHS
RESULTED IN VERY UNWIELDY IN-
STRUMENTS. HUYGENS BUILT ONE
37 METERS LONG...

CURVATURE LENSES...
OVER
THERE 15

FINE...

WANT THE NEW
"SCOPE?

| ( OR MAYEE HERE 15

BETTER... WAIT.. HOW
ABOUT HERE? NO..

IN 1663, A REFLECTIVE $COT, JAMES
GREGORY, PROPOSED TO ELIMINATE
BOTH PROBLEMS BY FOCUSING
LIGHT WITH A PARABOLIC MIRROR.

N
L N
e N

/
B, N

(THE PARABOLA, BY THE WAY,
INTRODUCES ITS OWN DISTORTION.)

GREGORY FUMBLED WIS COMPLEX
DESIGN, BUT IN 1668 1SAAC NEWTON
BUILT A SIMPLER WORKING REFLEC-
TOR (WITH A SPHERICAL MIRROR,
THE BEST HE COULD DO): 40
POWER AND ONLY 15 (M LONG!

NEWTON’S SECOND, LARGER RE-
FLECTOR, LIKE THE FIRST, HAD A
POLISHED METAL MIRROR THAT
ABSORBED SOME 80% OF THE
INCIDENT LIGHT.

ivEs W

EXECUTION:
BRIGHT! :

pim!
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STILL, HE HAD HOPES FOR REFLEC-
TORS. CHROMATIC ABERRATION, HE
BELIEVED, WOULD FOREVER AFFLICT
EVERY LENS.

HAVEN'T YOU
EYEBALLED MYy
“OPTICKS™?

CREDIT: WRITER/ILLUSTRATOR LARRY GONICK 15 AUTHOR OR CO-AUTHOR OF MANY CARTOON HISTORIES AND SCIENCE BOOKS



