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Albert Einstein. 
the father of general 
re lat ivity theory 

GRAVITATIONAL WAVES: 

RIPPLES IN THE FABRIC OF SPACE TIME 

AlIlI'rt E ins te in pr('<ii(' h'd th e 

('xistell('(' of grav ita tiona l waVf~S 

in 1<)16 a s pa l" of til e theory of 

gelH'l'<li n:-Iat.i v il ),. E imlf'in 

dt'sf'l"ihetl sl' a('(' a ud time a s 

d i ff('rl'nt a!'i pt'(' ls of n 'ali! y. in 

whi(' h lIIattt'!' a nd (' u t' I 'g)' a l'(' 

ultimately tht· s a lllt." thi ng. 

S p <II ·(·- tillJ(· ('an 1)(' thought of H S 

a " fah l'j(,'> dr fill('d hy till ' 1111'11 -

surin g: o f cu s t ,UWf'S hy 1'1I1 P I'S 

and tlu' nW<lsul'ing (If tinH" h y 

d ()(·h. Thr I)I ' ('S(' II (,( ' of lal'gt' 

amo unts o f mass ur ('IH'r~y 

( ii.'i t u r t S lla( ' I'- l itlll'-i l l ('SSC'Il(' {, 

ca using t ill' fa l)l·j(· to lw('oJTI e 
(,ttI'y('('l . OJ' " wa qH·t!" - IHHI w(' 

ohserve this a s gr av ity. Fn·pJy 
falling uhjel'ls-wiwtllf'r a soc

('(>1' hall. u ~u 'l'llit (' , O J" a heam 
of ~ tarli ghl.-.sjlllpl y foll ow til(' 

mo.s l din'c t p<l th in thi ~ ( · III·V(·<1 

spa t'e- tinH' . 

WlwlI !u rge nws~ ('~ 1ll0 V(' 

suddf'lIl y. son\(' u f t his SIH U' \'

tilll(' c urva Lul'(' I' ippll's oUlward. 

s pl't 'ad i lt~ m udl Ill(' way ripples 
(I n UII ti l(' sudaC't' o f a pond 

aft e r a s tOOt' h HS h('(' l1 thl'(lwll 

inlo thl' ,,' a tl' I' , Imngill f' hV(J 

neu t ron s tUI'S .whil ing ('ae il 

otht,I', ;\ Jl (' n t n H l s tar is til{' 
Imrnetl -out ('01'(' thnt ('a ll Iw left 
Iwhiml a ftn a sta r explodes, It 
iii an inl' l'{,dihly densl' Olljt·( 't 

that ('an carl'y a hollt as mu('h 

mass as a s ta l' like ()til ' S UII. in a 

ball only a ft'w miles wide. 
When two sudl d l' m t' O!Jj l'I' tS 

ol'itit ('a('11 o tl!n. SPilt't'- lillt(' is 

~--
-----. 

Two neutron stars in orbit around 
each o ther 

stirr!'tl hy tlH'il' motion , a nd 

gravitational (,IH' l'gy ripl'l, 's 

outward into tll(~ tlni \' ( ~ rs (· . 

In 1974 .J osl'p h Tay lo r 
and Hu~st' ll HlilsI' fou nd sHeh n 

paiL' of ne ull't JII ~ t a rs in o llr u\VIl 

gahlxy. Oil(' of til<' IlI' IIII 'on s i a l'S 

is a pu..l sal'. IIh'ulling that it 

Iwu m.s I'{~glll a l' PlIJsf'S of I'CHlio 

WHves towunl Ea rth , Taylor 
and his ('oll('aglll ~ 1'I Wt'J'{~ abl !' to 

usc tht,S(, radio pul s~ ~s. like the 

ti"ks of a v '~ry pr<' I' is f' clock . to 

stud y the orbiting Ilt'utl'OIl 

stars. OV('I' two dt,t:ud <' !>i. lh t"}' 

watdlt'd for and fuund Ill<' !(-'U

tal(' shift in liming of tllt'St' p"]S

f'S, whi('h indil'ut('tl tlH' loss of 
energy f r om tlH' s l a l's-~'n t" I'gy 

thut had h t' ('l1 (' rl r l'il' d a way as 

~rHvilalionnl WU \'('S. TIl(' l'I~s lllt 

WHS j us t wha t E inslt'in 's lh t'() I'Y 

pn'di (' h-'tl it wm!ltl Iw! 

' :--~' : ~; -""" -" •.. 
. :. '... 
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General re lativity demands that two neut ron 
stars, orbiting each o ther, produce gravita
tional waves. The waves carry away the stars' 
orbital energy. and in response the stars spi· 
ral toward each o ther a bit . This prediction 
(solid line) is brill iant ly confi rmed by obser
vations of the stars' motions over the years 
(data pOints) made by Joseph Taylo r of 
Pr inceton Univers ity ,md his colleagues. 



HOW L1GO WORKS 

LIGO will detp('t the rippJeioi in 

ioijJaee-tinw by uioiing a devic(' 

called a 1m-wI' illterferomet(~r. in 

which the tinw it tak('s light to 

travel hetw('en suspt'nded mil'

ron, is measttl'pd with high pre

eisinn using controlled laser 

light. 1\..,0 mirrors hang vpry 

far apart. forming all "arm" of 

the interferoInNer. flIlt} two 

more mirrors make a ~wcond 

arm peqH'ndiclllar to till' first 

arm, When view I'd [rom ahove. 

tlw two arms form an L , ... hape, 

Laser light enters the at'ms 

through a heam splitter IO('uted 

at the cornel' of the L. dividing 

the light betw(,en the arms, Thl' 

light is allowed tn hounct' 1)3(' k 

alHI forth hetw(~en the mirrors 

many times before it rdllrns to 

th(~ heam spliul'r. If the two 

arms hav(' identical Ipngths, 

then inh~rferen('e ht,tween the 

light IwaIns returning to the 

heam splitter will dirpeL all of 

the light lla('k toward till' laser. 

But if there is any difference 

lwtween the lengths of the two 

arms. somt' light willlravd to 

when' it ('an lw )'pcol'til'd hy a 

phot()(lett~(·tor, 

The spaee- time ripples 

(~ause tlw distatwe measured hy 

a light hi'Hln to change as the 

gravitational waVi~ passes by, 
causing the alllount of light 

falling on tlw pholodete('to}' to 

vary, The photodetectol' t1wn 

prOdlle(~.s a signal telling how 

Rendering of how lIGO will look when completed 

till' light falling on it changes 

over time. The la.ser interferom

del' i.s like a mieropholle that 

conv!'rts gravitatiunal waves 

into eledl'ical signals. Two 

interferoml'tns of this kind ,,,,ill 
he huilt for LIGO- one o!'ar 

Riehlalld . \Vashingtoll. and the 

other near Baton Hnuge. 

Louisiana, LIGO must havi' two 

widely sqlarated detectors, 

opi'ratt'd in unison, in nrd.·t, Lo 

rule out falsI' signals and con

firm that a gravitutional wav{' 

has pass!'d through Earth. 

beam 

photodetecror 

21/2 miles 



2 1/2 miles 

PUSHING THE LIMITS 

OF TECHNOLOGY 

LIGO must IIlf'liJ.i Ul'(' tlH~ move

m('Jlls of it.s min'ors (which are 

separa tt~ t1 hy tWII and a half 

mile's ) with I'llI'lIonwnal fJn~ I ' i 

sion, To addl'vt' it s goal, LleO 
mu st dc' tf'd mOVC'IlH'nts as small 

as ont' thou!>Oa lulth the dia mdl'!' 

uf a proton. wh i('11 is tIll' lIude

liS of a h y,[rogc'll atom. 

Adlic·ving this sens itivity 

n~tfllin 's u l't'm a l'kabll~ ('omhi 

nation Hf lc('hnologi('ul innova

tions in vacuum tf' l'hno[ogy, 

pl'f'(' is iorI laser s, and advanc(' d 

uptiC"l ti and mcdumical sys tt ~m s. 

J~IGO's interfl'l'olll,' tt' l's 

art' the world 's Inrgest pre,:ision 

npli('al instrumf'lIts, A:-; sut'h . 

tht' Y will he hOllsl'd in Oil(' Hf 

the , .... or!,l's Ial'p:est vaeu UII1 sys

If'II1S. with a volume of llt"tll'ly 

300,000 tuhic f,'d, TIlt' I,,'am 
tuJws Hild a ss'H'iatpd c' hamhf' I's 

must hp evac '1Htf('d If) a l'n':"

sure of only olH' -tr.illionth of a n 

atnlOs piwre:>. so tha t tht' Ja sl'r 

)wmns ('an tnlvl' ) in 11 ('I"HI' 

pMh. with a l1l in imlllll of sca t

tering tltH' tn !'ll'ay gas('s. Ttl dn 

tlus. LIGO ~H'if'n ti s ts alHl ('ngi

IWI'I'S h an> wO I'ked with ilHlus-

try lu pro<iu('t'! s lt'c,l wilh a V('I'Y 

low dissol v(~d hydl·O~P.1I Clintent. 

Thp LIGO iuSI'l' light will 

t'ome fruln high-Jlow(~I' . solid
state laS(' l'S tha i IlIl1s t lit' Sll 

well '"(>g;IIl;:It l'tI that. OV( ' I' om>

IllIndrr·dth of a st'( ' ()11(L lh(' fl'(' 

tllwney will vary hy less than a 
fj !w millionths of a I'yl'i l'. This 

st'n~ l'f" 1"l'tlllirf~nwnt will make 

the LIGO detectors among the 
mos t pre('i se t('s t heds a .... aiIahlt· 

for lase t' s tah ilizatioll ancl will 

attl'act signifi('Hllt la:-il'l" devP.! 

OpnH'Ilt activity worldwid('. 

The s lI s lH' nded minors 

mus t he sO wdl .... hif" ltirtl fl'oll! 

vihration thai the random 

motion of the a toms within the 

milTors and suspensiun fibers 

('an Ill:' dett'(·h'(!. The high -pt'e:>

("isioll, .... ihralioJl-isola tinn sys

WIll:-i lH'eti e ti to a('hit'v(' thi:" ;ll'p 

\"( ' I'Y ('lost"ly l't' laletl to "'fltip
nwnt USt· t{ fur ' ti l(' mas king and 

t' lching of cir(,uitry Oil s ili con' in 

s,' mif'olH)uclm' manufat' t uring. 

MOl'" tha n 30 ,liff(' l'f' llt 

c'u lItl'ol systt'ms an' n'tluil' t'"d tn 

hold a ll tiT t' last' !":-i a nd minot·s 

in propt"l' a lignuH'llt and posi

tio n . to within a liny fnlt'l ion 

of a wan'length over til(' fotll"~ 

kilonH'tel' I .. ngth :-i of bUlh arms 

of the inlt'rff"rolllt'"lel's . Thest' 

t:on trol sys tt'llls mus t Iw muni
Itll"ed ('ontinuuusly anti a hl{, to 

function '\I'ithout huma n inter

ven tion . Sophis ticated simula

lion S ()ftw;U' (' anti s tah>- (,f- Ih(,

a rt 1'1t'"£' tl'on it,s de:-;igns a n' IH~in g 

ti .. yel0l'('d to lH'rfol'm tht'se 

ta sks , 



ueO.A NEW WAY TO 

b ........... a eo ........ on televi 
the YGlume tlU"lled doWD. 

.,.,. .. nlybe 
,ia laet, n 

__ if had """er 

W ore? TIorou"'out 
weluow viewed the 

1IiDIIIar .. . Fint with 
tbeu willi tel 

~~i6i$~tbeE1'iIIbIe IiPt 

\0 Ie.ra their 
~\o 

ofl"lldUotion. 
... ,puuna 

~~i;iCti;;~:::::wbk::'b:::~ ~ ..... But 

Ui.'!""iij.di.-~"''''ef radlatioD. 
!li..l!II!,!".'.ode up purely of 

the mujorit, of mattt'r in tht> uDi-
y ~? We now ha ,,~ Ih~ I(,f'hnolo~ ttl 

a a ver y differrnt forrt' . t h~ fnr('e 
of Vavil) .. to e Illor ... thr h,-o\ "Oro, 
U GO (for La.er Inlen eromeler 
Gravitalional-" Hve O hM"nutury) i :o;, 

aD in trument for sen ing lilt' pr('!1-
ellce or mattpr. whetht'r hining ur 
dark, in the .Ii tanl reu('h~e of tht' 
COIDI • LIGO .1M'S .hi .. ~ drl"f'lill~ 
the gravitational " '8V" riltpl,." in 
the force of tva\ it,. -t"rt"alet' by 
violent r.veu l such 88 the ('nlli !l ioll~ 

of tan and the vibration uf hiurk 
bol . 

Im88inf' now turnin(C up tht" 
volume on that telet i r.tl (.·on,· .. rt 
performalW(" ami h" aring I h .. ~tirring 
..... nd of a ympbony. Wh81 • dirr.r· 
eaee it mak to expr.rienl"t" mu"it" 
with thi n.-w 84"0 ! What flew t"xp .. ri · 
eneee awail II when we Iwsin 
exploriOf: llie h~ •• en. willi L1GO'! 
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LIGO, AN OBSERVATORY 

FOR THE 21ST CENTURY 

LlGO ~ huilid st 'II"t the new millenni

um hy -lirlwtly (h>; tt·(·ting brravitational 

wnH'~ for tht· fi.'.;! time. perhaps 
rt'('ording: Ih,> final ("Iealll spiral of two 

orbiting lIf'utrOIl s lavs just bl;!for~ 

tht'Y l'olli,I., and Illrrgt" into Ollt". 

Phy:,ids ts hu\'c prt:.didetl that such 
un c\'('nl will protilu'" u hurst of grav
itational wa\'('~ with a ('hanH'teris ti,' 

J_Hlth!rn . it ... n\\-" fingerprint. that 

LIGO should he ahlt' to detm:t and 
measure , initiully out to distamws of 

70 million light-yeur:.. As hu!' hap
pI'I\f'rl eH oftt·n. whf"11 we t':nter a n ew 

dnmuin uf' m,'aSUrt'mrnt. t"tally 
u nCX VN'If'itl ,li -WHvcl'ies Guuld surprise 

11 .... Impru\'t·d ,Iet(!ctor!l will luok 

dt" 'pt'!r intu tilt' uni\'er~t· and tit',tN.' 
mort" ('''Mi,' t~vtmts . 

SciclU'(, like thi !\: is the t:pitome 
of hu~i~ ' rt'~'llr{'h , As nlwOlys with 
bu"k wurk, nu ont' knnw:. " 'hel'l" it 

will lt'lUl or what its conscCIUt!llC-C!\' and 

r.amifil'a'inns will he, Fur I·xmnple. 

19th-I't~ nlury sl'ientis l~ t~ las~ifj c.rl fllf' 

fi (Jf'('trallillt·~ fOllnd in sunlighl 
hCI:au.8(· it 'HI~ illt~rt"8ting~ having no 

itlt·u that :1 ('('ntury later thcir work 

would It'ml It) the Ul)(It'rstanding IIf 
atomif' ~ Irll ("tllrc ami the dt'v~Jol)Jnent 

of quantum mel·hanit·s . In turn, the 

im cUl.ur~ of tlw huwr huilt upun tht! 
fOlllUlul ion of quantum mt:("hani,:~. 

Iwver imngining that thdr inventiull 

wnuld he nSNI fur delicatt· eye-s.av.illg: 

sllrg~ rl ' in !)upt·rnun;ket chel'kout 
f'lmllt tJl'a. fOl' ,lrioting daily ntlw!Spa

P CI'!.", or al" il light ~nltrl'f' fOl' LIGO, 
W ill tilt' disGo\ t;'il'ic:- made by 

[,J1GU lul\'C surh an iml'al't! We hope 
so , hut WI' nCI·d tn lin the expt"rinlt'nhi 

fir .. t! 

PARTICIPATION IN LlGO 

LIGO is a seientific collahllration of 
the California Institntf> of, 'Pechnology 
(Caltech) and the Massachusetts 
Institutf> of 'Fechnology (MIT), 
Fundell J"y the National Science 

Foundation , LiGO wilJ function as 
a national,'esHul'ce for both physics 

ami astrophysics. There will he 

significant involvement with other 

lIluversities ano institutions hesides 

Calteeh and MIT, both within the 
United States and ahFoad. 

Rt!cently til(' 1.,1(;0 Rt!searl'h 

CnmDlllnity (LRe) has h een orga

nized to foster such pavticipation. It 
nfft:r:-. a mt:( ~hanism fOl' two-way c:om

munication ah';)Ut design d ecisions 

today and about sGiencf'" program 
111"!dsion~ in thl> future . 

LIGO will strongly support 
sCieIU;f' education and other educa
tional al~tiviti es in the states and 

communities whel'f> the ohsevvatovies 
are located. The resident staff at the 
Washington State and Louisiana 

ohscrvatories, as well as the steady 

stream of top scielltiSh\ vi siting from 

all over the globe, will contrihute to 

tlw intl!llet:tual and cultul'allife of tht~ 

IHI~al {:ommunitit"s. 

tlGO Home Page on the Web: 
hUl):/Iwww.ligo.crulech.edul 

tlGO Prnje,,' OffICe (Caltech): 
(818) 395-2129 


