
supplyof cheap, well-& labor. 
U.S. embmmml activistshave also be-

gun building ties. A Berkeley, California-
based nonprofit calied theNautilus Institute 
believesthatonemajorcauseofthefamineis 
anenergysbortagetriggeredwhenchinaand 
Russia began cuttingback on fuel subsidies. 
Nautilus,which tracksAsian security issues, 
first made contactwithNorthKaean leaders 
in1991 ,andlas t~af ter4~ofupand-
down negotiations with its Korean counter-
part, a team installed seven advancedwind 
generatars in a small village. In addition to 
their goal of supplymgpma for a clinic, irri-
gation pump, and other vital timtiions, p m  
ject leaders hope their NoahK o m  counter-
parts,who are maintaining the generators, 
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will adapt and disseminatethe new technolo-
gy throughout the country. "The engineers 
and technicianswe met were wellhted, 
nimble-minded, and eager learners," wrote 
Jim Williams in the Maylbe issue of The 
Bulletin of theAtomic Scientists. 

The most activeareaof scienceand tech-
nology in North Korea-miIitary research 
-is also the most secretive. The country 
has developed and tested long-range mis-
siles that could reach Japan, and it may be 
working on one that could *ten parts of 
the United States. It is alsobelieved to have 
shared weapons technology with other 
countries. In June, Indian cu.toms officials 
intercepted a North Korean ship carrying 
crates of blueprints, parts, and tools for 

making Scud missiles that was presumably 
headed to Pakistan. That country's Ghauri 
missile is thought to be an exact copy of 
North Korea's Rodong missile, which is 
based ontheRussian Scud 

Ironically, the best hope for the country's 
negle&d~sectormaybeoufsidepres-
SUE to curb its military activities, combined 
with its desperate food situation. In April 
No& Korea allowed U.S. hspectorsto visit 
an mdergnnmd site suspected of being used 
to make nuclear bombs in exchange for tech-
mcal help in growing potatoes. Such assis-
tancecould pave the way for stronger scientif-
ictieswiththeoutsideworldfmthisclosed 
andsecretivecountry. -M-HIu.IALLBAKUt 
MichaelBaker writes from Seoul 
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The First Step to Heaven 

I Every effort to survey comic distances relies on a common yardstick, 
found in our own neighbomood.But astronomers can't agree on its Length 

In the old Led Zeppeiin song, there's a lady pansion rate,or Hubble constant. Madore and 
who is buying a stairway to heaven. As- hiswlleaguescannow find relative distances 
tronomers who meamuedistancesacrossthe far beyond our galaxy with such precision 
glittering heavens must wish it were that that their latest HubMe constant d t s  claim 
easy to get what they're loolung for. They a fhdmcemizqofonly *lo?? for a 20% 
have a staircaseof sorts: Distawe indicators spread (Sirnee, 28 May,p. 1438). But the 
that work within our galaxy and its immedi- doubts aboutthat fust step in the ladder mean 
ate environs measure the fit step, which that the thevalue could change by more 
sets the size of every subsequent step out than that. ksAlistair Walker, anaslmnornerat 
into the cosmos. But while astronomers dte C;'em> Tololo Inter-Amxicam Observatory 
have gotten better at counting the distant in La Serena, W e ,  writes in a forthcormng 
steps, and thus getting relative distances in &, "If we cannot agreeupon thedistance 
the distant universe, they h e  Lmn unable to twngalaxies that am only a fewtensof kpc 
to beg, borrow, or steal a final answer for fromus, how canwe be sum of the.distanees 
the size of the very f i t  step. to moreremote gakaes?" 

The almost absurd tininess of that step, The lack of a mlutim "isisnatr l ~ ~ kof 
cosmically speaktng, is g a h g  dl by itself trying," says Wendy Freedman, an as-
The distance is the short hop befmxnus tronomer at the Cmegie Observatories in 
and the Large Magellanic Cloud (LMG). Paakna, California, and a leader of the Key 
One of two dwarfgalaxies hcarering on the Project. At least 10 Werent indicators have 
outskirts of the Milky Way, it'sp b l y  visi- beea applied to the problem. They include 
ble as a twinkling wisp in the:sky af the "standard candle" stars thought to have a 
Southern Hemisphere. In the favored units knownht rh ic  brightness, so that +ir faint-
of astronomy, the LMC is smmwbere be- ness asseenh m Earthgives a distancemea-
tween 40 kiloparsecs (or 40 kpc, about sure,as well as clever geometric techniques 
130,-000 light-years) and 60 kpc away. But thatderive distancefrmntheapparent size of 
becausetheLMC is where astronomerspre- objects with known'dimensionsin effect, 
pare fix their next step out into the cosmos cosmic yardst~cks.The d t s  are allwa the 
by calibrating a set of cosmic surveyors' map, a situation that only worsened 2 years 
beacons kuown as Cepheid variable stars, ago, when results came in Grom a European 
that W !unmmhty propagates outwardas spacam& calledHippams. Designed to set-
faras the cosmic distance ladder can mqb tle the issue d galactic distances, fItpparcos 
Because cosmic distances are critical to instead ''produced a lot of conhion," says 

caldating the age and expausion rate of the PrimemUniversity'sBohdan Fkxyhki. 
entin miverse, "the amsequencesof that un-
certainty are enormous:' says Barry Madm A dsudyview 
of the California Institute of Techno1agy in For most of this century, the two dwarf 
Pasadena, a member of the Hubble Key Pro- galax~esnamed for the Porhgsw navigator 
ject, which aims to measure the cosmic a- FeEdinand Magellan, one of tbe fkst Euro-
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peans to see them, have played a crucial role 
in astronomy. Around 1910, while studying 
photographicplates of the Small Magellanic 
Cloud, Harvard's Henrietta Leavitt discov-
ered the period-luminosity relation for 
Cepheids: Those that flicker more slowly 
are brighter. Since then, Cepheids have be-
come thelinchpinof cosmologists'effortsto 
survey the universe. By using the period of 
a Cepheid as a proxy for its actual bright-
ness, then measuring its apparent bright-
ness, astronomers can inferhow far away it 
is. They can thus arrive at a distance to the 
galaxy containing the Cepheid, which al-
lows them to calibrate standard candles that 
can be seen at even grater distances, h c h  
as the exploding stars called supemovae. 

But Cepheids themselveshave to be cali-
brated Astronomers have to determine the 
absolute brightness of Cepheids with diffet-
ent periods--the so-called zero point of the 
Cepheiddistance scale. SThey've tmdilionally done so by measur- 2 

ingthedistancetoahandfulofCepheidsinf 
our own galaxy. Few Cepheids are close 3 
enoughforo~er~tory>plytheonlytruly~ 
direCtequefor-astr0-g 
distances, called parallaxineasuring how 
muchthestarsseemtomovebackandforth 8 
in the sky as Earth orbits the sun. So ob- 3 
servers made parallax memmmm@of near- -
by "main-sequence" stars, garden-variety g
stars like our slm, which have a charaotenstl

. .
C E  

relationship between color and brightness. 8 
Usingstarsatvariouspointsofthemainse- 2 
q u e n c e a s & ~ ~ e s , m c y c a i - 8  
mated the distanceto star clusterswithin 
ourgalaxythatalsoeontahcephei- -
ds. This mugh galactic calibm- a 

tion could then be applied to 
the numerous, easily ob-
served Cepheids in the 
LMCtofd*disMnce 
anddeterminethem 
point for the entire 
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rangeofcepheids. nounced d t s  from theHipI#trcos satellite, from 2 billion to 10billion years in age, fired 
But astronommnever placed great con- designed for hi&wirrian d c survey- by a core of slightly less than half a solar 

fidence in this multistage process. "The ing. l@pamx a d d  measure padaxes to mass of helium, "are very consistent in 
galactic calibration is very unce- says far more Cqkids in our galaxy than ever brightness," malung themgood standard an-
Andnej Udalski of the Warsaw University before-more than 200 of them.The mea- dles, says Krzysztof Stanek of the J3arvad-
Obsxvatory, in part partobscuhg dust said Feast and Catchpole,pushed Smithmnk Center for Astrophysics(a) 
in the p h e  of thegalaxy confusesmatters. the most likely LMC distance to about 55 in Cambridge, Massachusetts. Hipparcos 
And applying that calibration to Cepheids in kpc (Science, 21 Pebruary 1997,p. 1064). ~ ~ t o b e t t e r t h a n 1 0 0 h a c c u -
theMagehnic Clouds is still more uncer- The result has failed to gain much tmc- racy for over 1000 red clump stars within a 
tala Stars in .the Milky Way tend to have a tim among astrowmers, however. "The so- few hundred light-years of Essth. Because 
greater complement of 'kmetds," or ele- lution is completely domhkdvby the three Udalski and his co l l eag~~bad observedtens 
mentsheavierfhanbelium,thanthoseinthe tofiveCepheidsthatareclosesttothemn, ofthousandsofredcI~iatheLMC,the 
Magellanic Clouds, snd some theorists says Floor van Leeuwen of CambridgeUni- I-Iipmwcalibration lad directly to a dis-
think metals can chaqe the bpightness of a versity's Institute of Astmnotny. '"The ques- tame. The result: 43.3 kpc. 'That method is 
-dthatbasa@&icperiod. tion then remains: How representative can Canintriguing$"saysAgQRCr Gould of Ohio State 

Wrt with fhe bmp& of theHubble Spotoe this sample be for the entire population?" University in Columbus, although he adds, 
Telisqe in lSIgO aad gains in instru- Feast &fbnds his findings, saying there is "It's a yaung method, and you have to worry 
mentation and thaynmeamw of relative no reasonto think those Cepheids are atypi- that thebugs aren't workedoutyet." 
~ i n a , t h e ~ ~ o f t h e c a s m o scal . "TheHipparcos~place  
--based on the rd&m brightness of super- the Cepheid scale on a GeonWric c.rtrInty?Ir~ a c e d ~ ~ ~ e c o r m n i c t i n g  
got better and better.The importance of hitherto," he says. results, some astronomers 
Cepheids for catibriithg tlme indicators But other dis-

" have looked for certainty 
grew. So in 1992, Msldbre and Freedman tance indicatara ~~c~ 
w m t e a p a p a t J & ~ ~ ~ a l l e x i s t -aren'tfallingints a k i n t o ~ t h e a p p i t r e n t  
ing evidence iuid qgad tfiat the zien, point line. Another set 

. 
bQftheSearsTowrto 

s h o u l d b e f d b y ~ I s e t t i n g L M C ~  measure your distance 
at 50.1 kpc. 'Vejust rhkkd, we l l  mow the ,I fromdowmm Chicago. 
Mefii ld away firnnthewhole gdactic situ-

IAlthough most agree that 

2. RR Lyraes (Reid; & t o n  et al.) 
.Redclump sbrs (UdaWti; Stanek et aL) 
.Red dump stars (Ciirardi et al.) 
.Cepheids (Madore and reedm man; walk 

Greenwich Observatory in .Cepheids (Hubble Key project) 
.Cepheids (Feast and Catchpole) 
.Cepheids (Luri et aL) 

Different indicators 
give a wide range of 

distancesto the Large 

of pulsating stars, called RR Lyraes, sug- geometry is "the wave of the future," says 
gests either that the LMC distance should Paczyhski, its apparent simplicity can be 

be revised down to about 44 kpc or up to hazardous. Astronomy has very few Sears 
53.7 kpc, depending on how the RR Lyraes Tc~rers,whose actual sizecanbe looked up 
are cali'brated. 'We should probably call this or measured directly. Instead, the size of 
the cosmic rather than the cosmic something seen in a t e l m p e  often has to 
distance scale," says University of Pemsyl- be deduced fiomsecondarychsmatiions. 
vania'sNd Reid, who studies these stars. 'Igketheringofgasammdthesupemm 

To addto thecadhion, a shortLMC dis- that explodedintheM C  over 10years ago, 
tmceissupportedbyyetanothergaktkdis- calledl987kInprinciple;thelmeringsize 
tame indicator caliited by Hipparcos: so- should have popped out when astronomers 
calledd clump stars.These old, giant stars, measured the time &lay between the bur-
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geoning flash of the supernova and the later 
reflection off the ring. The speed of light 
times the delay would give the size. Then, 
Hubble or ground-based measurements of the 
ring's angular size would yield the LMC dis- 
tance. "That's pretty comforting," says Gould. 

But it's not that easy. 'The first real snag 
comes from the fact that light is not reflected 
-it's fluorescing," says Gould, and fluores- 
cence takes time to develop, adding a lag 
that has to be calculated. Worse, the ring is 
not face-on but tilted, meaning that the sec- 
ondary bursts of light are M e r  spread out 
in time because of the varying distances 
they have to travel from the ring to Earth. 
Although initial estimates were all over the 
map, several recent calculations, including 
one by Gould, come up with similar dis- 
tances to the LMC, about 47 kpc. 

Perhaps the most promising geometric 
method relies on eclipsing binaries in the 
LMC-mutually orbiting stars that regularly 
pass in front of each other as seen from Earth. 
In essence, this method uses geometry to turn 
the stars into standard candles. The duration 
and frequency of the eclipses combined with 
the speed at which the stars are orbiting each 
other (which can be found from the Doppler 
shifts of their light) reveals the stellar sizes. By 

2 combining that information with the ternpera- 
5 tures of the stars-indicated by their colors- 
2 astrophysicists can calculate their absolute 

brightness, which can be compared with the 
8 observed brightness to get distance. 

The procedure has been refined over the 
last couple of years, says Edward Guinan of 
Villanova University in Pennsylvania, who 
led the first detailed observations of a bina- 
ry in the LMC, and he thinks it is now on 
solid footing. "Our determination from the 
first target does favor the 'short' distance," 
he says45.7 kpc. With a dozen new tar- 
gets scheduled for observation, Guinan 
thinks eclipsing binaries could eventually 
nail down the distance to within a Dercent- 

and f i g  the distances in one fell swoop. 
Until then, the Hubble constant will 

bounce up whenever the estimated LMC dis- 
tance shrinks, and vice versa. The upward 
Hubble bounce causes the most consterna- 
tion among astronomers. That's because a 
fast expansion rate indicates a universe that is 
young, conceivably younger than its oldest 
stars. Recent evidence of a bizarre energy in 
empty space, which may be speeding up the 
e x m i o n  of an older universe (Science, 18 

age point or so. , ' A , ~ e c e m k r  1998, p. 
Many astronomers agree 2156), could ease 

that eclipsing binaries are the so-called age 
the besfhope for pinning I crisis, - however. 
down the LMC distance "Quite often, the 
once and for all, simply be- reaction I have 
cause times and angles are heard to our low 
easier to measure than abm distance to the 
lute luminosities. But there LMC is, 'It can't be 
is also great promise in right, because the 
planned interferometers- age of the universe 
essentially arrays of tele- would be too low,' 
scopes operating in syn- or something in a 
chrony-that would fly in similar spirit," says 
space and be able to mea- CfA's Stanek. But 
sure parallaxes much more Ring of truth? The time it took light from he thinks that rea- 
precisely than Hipparcos supemova 1987A to reach the surrounding soning is flawed. 
did. For example, NASA's gas indicated the ring's size, turning it into "A S t r 0 n 0 n? e r S 

Space Interferometry Mis- a cosmic distance measure. should measure the 
sion, tentatively scheduled distances as best 
to fly by 2005, might be able to pin down par- they can," says Stanek, "and let the cosmolog- 
allax distances to the LMC or more distant ical consequences fall where they may." 
galaxies, bypassing all the indirect methods -JAMES GLANZ 
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