




TUESDAY, NOVEMBER 16, 1999 

'M' Theory Stands for Magic, Matrix, 
■ Some say it's like a computer dropped
into the 19th century. No one can figure

out how it works becausethe science
behind it hasn't yet been invented.

ByK.C.COLE 
TIMES Sc'lENCE WRITER 

One :mswer is: String theory strikes many 
physicists as too beautiful not to be true1 

"I think it's the most fantastic set of 
interconnected rules which has ever been known," 
said Harvard physicist Andrew Strominger. "Nobody 
in this field is clever enough to have invented 
something_like that."' 
· Since.only nature is ingenious enough to devise

, such a theory, these physicists argue, it must be 
rooted in reality. 

T
he appeal of siring theory among physicists:·, ,•. ·The more compelling answer is: It works. Over the is particularly astonishing in light of the fac

.
t .... last few years, string theory has produced a that no one knows; as yet, exactly what 'It' is, ,· seemingly unending string of what physicists call It doesn't even have a proper name: The . · .: ·. :,:string theory miracles!'latest, most powerful, incarnation is cryptically called "It's as if some guys had set out to design a better "M" theory-where M can stand for Magic, Mother; · can opener and wound up with an interstellar spaceMystery, Matrix or Membrane. .. ·,. · . ship," said Harvard �hysicist.Sidney Coleman,.oneSo why do physicists take it seriously? What , '. recent convert. · . . makes it science rather than superstition or idle · Since 1995, string theory has pulled off a series of philosophizing akin to figuring out ho_w many angels · spectacular successes that made even its staunchestcan dance,on the.head of a pin?. ,critics take a second look. 

· 

LOS ANGELES TIMES'' 

. i ,' :f i\Jt:t: ·_,: .. ·-·. ' : 

Membrane,,:Mother or Mystery 
For example, one complex paradox reV'olved 

·--

around those empty pits of warped ,space-time known 
as black holes. Strominger and his colleagues showed 
that black holes could be constructed out'of strings. 
Indeed, they showed that under the right conditions, 
black holes could transform into elementary 
particles, like water freezing into ice. 

The result helped propel string theory to the 
forefront. "If you have a theory that can come to 
grips with a problem that's been around for 20 years, 
it builds confidence," said physicist David Gross, 
director or the Institute for Theoretical Physics at.UC 
Santa Barl;>ara. 

In a sec0nrl major coup, string theory vastly· 
simplified inathematical tools for dealing with m0re 
traditional problems in four-dimensional spac

1
e, · . _· including standard particle physics. Suddenly, the· . 

ethereal world of strings hart real applications to 
problems Involving known elementary particles. 

"These were results other [non-string] physicists 
could relate to," said physicist Nathan Seiberg of the 

Institute for Advanced Studies, "It solved_ problems 
they'd been bothered by." 

In other words, physicists put faith in string theory , , 
Jor the same reason the rest of us put faith in other •"� "' things we don't understand, like jet planes and . r computers: They get us places we want to go. :i'. .. 

The difference is that at least somebody 
understands the underlying science of planes and 
compilters, and no one as yet understands what 
underlies string theory, 

Columbia University physicist Brian Greene 
· compares stringtheory to a computer dropped into

the 19th century. It does seemingly miraculous 
things, but no one can figure out how, for the simple
reason that the essential science behind it hasn't yet 
bE:en invented . 

. . ( j :Greene said: "Today's physicists are in possession 
· of.what may well be the Holy Grail or modern
·science, but they can't unleash its full predictive
power until they succeed in writing the full 

· instruction manual.''
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COLUMN ONE, 

time;Space 
Obsolete in 

NewView 

of Universe 
■ Many physicists are
embracing a revolutionary,
still mysterious idea called
string theory. The concept

rejects several familiar

notions and includes the

existence of 11 dimensions.

ByK.C.COLE 
TIMES SCIENCE WRITER 

Ever since early astronomers 
yanked Earth from center stage in 
the solar system some 500 years 
ago, scientists have been pulling 
the rug out from under people"s 
basic beliefs. 

"The history of physics;• says 
Harvard physicist Andrew Strom

. inger, "is the history. of giving up 
cherished ideas." 

No idea has been hatder to give 
up, however-for physicists and 
laypeople alike-than everyday no
tions of space and time. the funda
mental "where" and ''when" of the 
universe and everything in it. 
' Einstein's · unsettling insights 
more than 80 years ago showed that 
static· space and fixed time were 
flimsy facades, thinly veiling a cos
mos where seconds and meters ooze 
like mud and the rubbery fabric of 
space-time warps into an unseen · 
fourth dimension. About the same 
time, the new "qua_ntum mechani� 
cal" understanding of the atom re
vealed that space and time are 
inherently jittery and uncertain. 

Now, some physicists are taking 
this revolutionary line of thinking 
one step further: If their theories 
are right, in the words of Edward 
Witten of the .Institute for Ad-

OF SPACE, TIME 
AND STRINGS .. 

Rocking the foundations of physics 

■ First in a series

vanced Study in Princeton, . space 
and time may be "doomed." 
·,·concurs physicist Nathan Sei

berg, also: oHhe institute: "I am
almost certain that space and time
are Illusions. These are primitive
notions that will be replaced by
something more sophisticated."

That conclusion may not affect 
anyone's morning commute. But it 
is rocking the foundations of phys
ics-as wen as causing metaphysi
Cal reverberations that inevitably 
follow major changes in our funda
mental understanding of how the 
universe works. 
. The impetus behind this tumult 

is an idea that has become increas
ingly dominant in modern physics: 
string theory. According to string 
theory, the most basic ingredients 
in the universe are no longer point
like particles, the familiar electrons 
and quarks. Instead, they are un
imaginably small vibrating strings 
of some Unknown fundamental 
stuff. 

String theory suggests that dif-
ferent configurations of strings pro

. duce different harmonic chords
juSt as a piano produces a sound 
different from that of a flute. The 

Please see THEORY, A22 

Continued from Al 
vibrating string gives rise to the 
particles, and the way the string 
vibrates determines each pal'ticle's 
properties. This all takes place in a 
convoluted landscape of II-dimen
sional space. 

It is a concPpl so strange that · 
even theoretical physicists struggle 
to understand it. String theory 
offers a universe bizarre· beyond 
imagining: Under powerful enough 
magnification, every known parti
cle in the universe would resemble 
a complex origami folded out of 
sheets or strings of.the three fa
miliar spatial dimensions, plus one 
dimension of time, plus seven extra 
dimensions of space. 

While string theory is far from 
proven, or even well formulated, its 
consequences would be enormous. 
Among other things, it would: 

• Reshape fundamental notions
of space and time, energy and 
matter, expanrling the number of 
dimensions to 11. 

• Give the first comprehensive
list of all the ingredients that make 
up the universe. 

• Reveal that every tick of a
clock, every barking dog, every 
dying star, can be described by one 
master mathematical equation. 

Being Involve� in a 
'Scientific Revolution' 

Which practical fruits will flow 
from the new view of the universe 
remain unknown. But in the past, 
fundamental revolutions in physics 
have-against everyone'$ wildest ex
pectations-flowered into everything 
from cell phones to brain scans. 

"I've been in physics for 35 years, 
anrl this is the first time I've felt I'm 
involved in a scientific revolution," 
said Stanford physicist Leonard 
Susskind. "In the last five or six 
years, I really have the feeling 
we're doing something· as crazy, as 
interesting, as new as the revolu
tion that Einstein wrought." 

:perhaps most· revolutionary of 
all, it appears that space and time 
aren't essential ingredients of a 
universe ruled by strings. 

To grasp the extent of the cur
rent upheaval in physics, consider 
what has happened to our basic 
understanding of space and time 
over the past hundred years. 

Until the early 20th century, 
scientists, like laypeople, assumed 
that space and tirhe were fixed
like huge, metaphysical clocks and 
rulers in the firffiament. Objects 
that moved in this unchanging 
background could be pinned <lawn 
to definite positions. 

"Everything was where it was 
when it was supposed to be, and 
that was all there was to it," said 
Strominger. "Space-time was out 
there. You could count on it." 

Then, Einstein revealed that spare 
and time were woven into a single 
fabric that deforms like so much 
Silly Putty; indeed, it is the warping 
of the fabric of spnce-time by mas
sive objects that produces the force 
of gravity. We perceive grnvity as a 
"force" only because we can't di
rectly perceive the fourth dimension. 

Becavse gravity affects every
thing, everything gets warped by 
its pervasive influence-including 
the clocks and rlllers we use to 
measure time and space. 

Even more unsettling, Einstein's 
now well-proven ·theories showed 
that the fabric of space-time, with 
its three dimensions of space nnrl 
one of time, is not a pr1ssi\:e back
drop for the events and objects in 
the universe. Space-time also cre
ates objects and events. 

Imagine the universe as n per
formance on a stage. The stage of 
space-time does not act like a static 
floor. It also pulls and pushes the 
actors around. 

Quantum mechanics introduced 
even more uncertainty. In the sub
atomic realm. the entire concept of 
fixerl particles in time an<I spc1i::e 
fuzzes out into an eVer-shifting 
haze of probabilities. Trying to pin 
down a subatomic particle's loca-

·,
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tio n or motion is li_ke tryi n g t o pu t
y o u r  'fi hger · o n a snowflake ;  the 
very act of measu rem ent des t roys
the thing being m easu red. 

"T hat me a ns . . . space-tim e is an 
u ncertain con cept, so you've los t
your f irm fo oting," s aid Stro mi nge r . 

"And tha t is' a deep conc eptu al issu e 
w e·have n ot yet come to gr ips with. " 
· Now s t ring theory a ppe ars to b e
pro pe lling this evol utio n one dra s - ·
tic, perha ps inevitable , step f urth e r ,

C e_ rt
ain app roac hes t o  s t rin g theo ry dispens e with t he no tion o f

space-ti me comp l e te l y . Y e t , th e y 
s ee m to prortuce t he s ame set o f
results as s t ring t heori es wi

t
h no r� 

mal space and tim e. 
To some theorists, t his st rong l ysugge sts that space and ti me a r e

su perfluou s. S pace and time as 
fu ndam ent a

l 
c o n c e p t s m a y b e

abou t to disa ppe a r altogether - lit e 
rally pu llin g t he floor ou t fr o m
under physics. · 

"The noti on of sp ace-ti me i s 
som ethin g we 'v e ch e r i

s h

e
d 

fo r
tho usanrls of ye ars, and it's cl ea r l y
some thing we' r e going t o  have t o
give up, '' said Str ominger .

Ev en before st rin g the ory enjo
y
e d 

its r ecen t succe sses, physi
ci

sts k ne w 
th ey wo uld hav e to· grapp le a g a i n
w i th the i nadequ a cy of our u n cle r 

. s tanding of spa c e and . t ime. T h e
reas o n is a gla ri ng · mi s match be 
tween gravity, w h i c h . r u

l

e s  l a r g e
sc ale · events in t h e  cosmos, a nd 
qu antum mec hanic s, which ru l e s 

. small-sc ale happenings. · . 
· B oth gravity · a nd q u antu m t h

e o ry
are w ell understoo d and hav e s u r
v ive d decade s of exper i menta

l te sts . 
Quan tum · mecha ni cs g ave · ri s e t o 
• lasers . ·a nd co mputers ; E

i
ns t e i n ' s

t he ory of gravity p r ed i c
t

e
d e v

e ry 
. thing fro m blac k hol es to the b e n d

ing of light by s tars, i nsights : s i n � • 
pro ve d by ob ser vations. . T he p r oblem is, t he tw o· th e o ne s
a re mutu ally exclus ive . The s p a c e 
and tim e o f  qu antum th e ory d o n ' t 

mesh with · the space and ti m e o f 
Ein stein ' s theory of gra vity, o r G e n 

eral R elativity. In the la n gu a g e o f
gra vity, the qu antum · mec ha n i c a l 
asp ects of th e universe tu rn i n t o 
g obbled ygook. An d vice ve rs a. 

"We ca n de scribe the wo r ld t h a t
. we se e and experi en c e c om p l et e ly , " 

; s ai d U C' S a nt a  B
a

r b ar a p h ys i c i s t
. Sean Ca r r oll, " b u t t he e

x
p la n at i o n s 

_ ar e inter�a �ly inco ns i s _ t e n t . " _

Some Things D o n' t 
· Aff ect Everyday L i

fe
Until recen tly , phy s icis

t s 
fo u n d i t 

easy to sweep th
i
s un p le a s an t n e s s

un der the ' ru g - in 
pa rt b e c au s

e 

t h e y d i d n '
t 

k no w  
how t o d e a l  

w i
t h 

i t ,  i n p ar t b e c au s e  i t  d o e s n' t m a k e a
d i ff e r en ce i n o u r  e v e ry d a y li v e s . 

" -'f he· inhe ren tly un cer ta in be hav
i or  of su batomic· par ti cles aff ects 

only thi ng s as small as ato �s, not 
eve ryday obj ects,c like chai rs; the
warpin g of' spac e and tim e sh apes the or bits of planets, b u t i s t o o. 
d iluted t o  ·m ake itsel f f elt on the
scale of our ow n backy ar cts. 

W he r e the l a rge-scale fabric o f 
space -time gels tangl ed i n  t he inne r 
lives of atoms, how ever, chao s
eru pts; space a nd ti me fail t o  mak e
sense, And inc reasing ly , phys1c1s t s
fi nd t h e ms elves fac e to face wit h 
situation s where q u a n tu m m e c

h

a n -
- i cs and the extreme warpi ng o f 

sp ace -time collide . ·
For exam ple, phys i cist s won' t  b e 

able to unde rstan d eit her th e i n 
na rds o r  bla ck holes or the o ri gi n sof the uhiver se until they c ome t o

· grips with how gr avit y behaves a t
ext remel y s mall s cales . Indeed, t he 
ulti ma te l aborato r y for sturly i n g
the c ollision of t hese two o ppos i n g 
re al m S  is the i nfi nit el y c om pr e s se d 
doll op or space -time that ga ve r i s e 
to t he Big R:mg, , . Thtit cat n c1y � m i c speck , phys1 r . 1S t s
beli e v e, containvd everyt hing no w i n
our un ivers e, so it wo uld h a v e 
packed a h uge gra vitational wa ll o p .
At t he same tim e, it w o u l d  h av e be e n 
sma11 

e
nough to b e have a ccordin g t o

qua ntum mechanic;i l laws . 
B e c. m s e p h ys i

ci s ts c an
't s t u d y

the Big B ang directly'. t hey w i nd 

back t he,ciock wi th equat
i

ons a n d
thou ght exper i m e n ts - i ma gi n i ng 
what m ight happen, fo r exam p l e, if 
tim e rea lly rever sed. 

The r e sul ts are disturbing : A s t h e
un i vt2rs e gets sma l ler and s m all e r ,
th

e
· warping of space- t ime g e t s 

s tron ger anrt qua ntum unce r t a i n
ties get progr essively large r . F i -

. nally, t he uncertain t y be c om e s 
· lar ger than any time in te rv a l  t ha t 

c oul d po ssibly be meas ured . M e a 
sur ement bec o me s m e a n

i

n g le ss .  
Tim e at the first mome n t d i s 

s o l ve s into nons ense. 
"If you ask que stions abo u t w h at h

a pp e ne
d at VPfY early times," s ai d

. H arvard ph ysic is t Si dn e y C o l e m a n ,

" a n< \ y o u c o m p u t e t he a n

sw

e r , t h e
[re.ii] an SWe r is: Tim e rloesn 't m e a n
anyth in g." · 

Or cons ider what happ en s  i n si d e 

.i black hol e-a r egion whe r e  g r a v 
ity is s0 strong t h.it sp a c e - ti m e 

cu rls in on i t sl'lf, in e ffe ct, s h utt i n g
ou t the rl:'st of the u niv er s e  . . Bl a c k 
holes me swirling pi ts o f p ur e 

s pace-ti me . An< I  ac cor r ling t o E in 
stein ' s th eory, their enor m o u s g r a v 

i ty c auses them to colla p s e t o : m
infinite . p oint or zero si z e - w h at 
physi cists cal

l 
si ngu

l

a r
i t

y . I s t he r e 
s u c h  a n o n s e n si c a l t h in g a s  i n fi ni t e

d e n s i t y p c1 c k e d i nt o z e ro s i z e ?

"I 
r

em embe r P uZZBn
g abo u t that

when I w as a k id," sa i d  G a r y 
Horowitz of th e In stit ute for Theo 
retic

a l Physics at UC S anta · Bar-
" bara. " I  thou ght whe n I went to co l le ge I w ould find o u t t h e a n s w e r 

. . . I'm 
s till waiting." 

In the pinched-off centers o fblack holes ,  s pac e-time appe ars t o simp
l
y stop . "Th e singular i ty act s

lik e an e dge, " sa id Horo witz. " Yo u 
run  in to it, and it 's the e nd. There ' s 
no time a f ter th at; t here's no spac e
after that. But we do n 't thin k ph ysi cs should en d [th ere}. That ' s
why we' re tryi ng t o" find n ew Ja w s
of physics, wh ich will de s cr ib e w

h

a t happe
n s beyon d tha t edge. 

Bla ck h oles, sa id · Princet o n
physi cist J ohn A rchiba l d W h eel er , 
"[teac h] u s  that s pace can b e 
crumpled Uk e a p iece of pa per i n to 
an infinitesim al do t, that time c a n be ext

i
ngui shed like a blown- o u t  na me , and th at the l a ws of phy s ic s

th at we regard as 'sac r e d , ' a s im m u 

t a b l e, a r e a ny t h
i
n g b u t. "

Space ,Time M a y Be Doomed as Concep ts
Strin g theory h as e merged as t he 

only viable candidate to reco n c il e
the diff erences be tw een gra v i ty and quant um mechani cs. It do e s s o
b y  eliminating t he n otion of i n fi 
nit ely small pa r ticles. T he lo o p o f

st ring is the small est all owable s iz e .
"You never ge

t to t he point w h e r ethe disas ters happen, " said Se i b e r g
o f  the Institute fo r Ad v a nc e

d 

S t ud
y .

"String t heory prevents it." 
But rather t han rescuing s p a c e

and t i me, stri ng t h eory only se e m st o 
m ake t heir · doom a s  f u n d am e n t a l
c o ncep ts m ore imminenl 

Whe n they are I ncorp orate d i n t o 
str i ng th eory, " sp ace a nd tim e g e tconfu sed, " said Seib erg. "It ' s t e ll 
in g u s  that the t raditi onal u n d e r 
sta ndin g of spa ce a nd tim e w ill
eva pora te and there w ill  b e a m o r e 

i nteresti ng and sub tle result . "
So me s

tr ing theorists b e li e v e
t ha t sp ace and time so m e h o w 
emerged in t he early unive r s e o u t 
o f  t he disor gan ized, !1-d ime n si o n al 
st rings . The strings a re "sh a r d s " o rs pace and t ime, said ph y s ic i s t  B r i a n
Gr eene of Co l umbi a Un i ver s i ty . 

I magine gr ain s of sanrl o n t h e 
s urf ace of a dru m. If you t a p t h e

s urfac e ov er an r1 over at t he s am e 

place, the sand falls int o p a t t e rn s 
lik e iro n filings arou nd a m a g ne t. 

Di e\ space a nd ti me e mer g e i n t h e 
same wa y , a s  r e so

n
a n t p a t t ern s o r vi brating strin gs? 

Tryi ng to ma ke sens e o f  s u c h ; m
i ctea is a stru ggle e ven for t h eo ri s t s. 

"Stri n g th eory !ms be e n g i vi n g 
u s a t o t o f  cl u e s , " s a

ir1 St r o m
i ng e r , 
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