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IIctm-odyllc intmfcromctm-s  IIavc  l)ccli  c.oll)lom-cially  availal)lc  for II]ally  y e a r s . 111 adclitioll,  many vcrsiolw IIavc
I)cc]l I)uilt at J]’], for various ])rojrxts. ‘J’llis activity is ail[mcl at iln])rovillg tlIc accuracy of such intcrfcrolocters  fro]n
tlic 1 -30  IIallo]nctcr lCVC1  to the ])icolnctc.r  ICVCI for usc ill tl]c pro])oscd 0S1  and SONArI’A ~oissiolls  as ~octrology
gauges .  III tl)c IIull-gauge collfigurat,ion,  wc ol)taillcd a ])rccision of 0.6 I,icolildcrs at t,ilnc  scales of 2,500” SCC,OIICIS.

III tl)c  relative-gauge ccmfiguratioll,  we ol)taillcd all accuracy of 3.5 ],icolllcters rl[ls irl vacuul[l at ti~nc scales of fcw
lnirlutcs.  All ahsoluk  gauge with all accuracy of 10 IIlicrons over a distallcc of 10 ~nctcrs  is under collstrwction,

1  IN’J’ROI)LJCTION

‘1’llc Orbitillg Stellar II)tm-fmometcr (0S1) requires lnct,rology intcrfcro]nctcrs  wit]l  a relative accuracy of 1-2 root-
lncall-squard (rills) ])icolnctcrs to attain its dcsigli goals. III tllc currcvlt  design, tllcsc intcrfcro~oct,crs arc onc-long-
arltl, IIcterodync inkrfcromctcrs  wl}icll lllo]ii(or  tl]c d i s t a n c e  I)ctwcml  twc) c.orrlcr C. N1)CS.

‘1’llrcc diffcrcllt  illl])lclllc]ltatiolls of tllc basic. gauge arcllitccturc have Lccll cxal[lincd.  ‘J’ltc llul]-gauge cxpcrilocnt
dctcr]tlillcs tllc ultill]atc ]Jrcxisioll  of IIctcrodync illterfcroioctcrs  by using two of tllcxc  wi th  spat ia l ly  c.oinc.idc]lt,
I)caills. ‘1’l[c r d a t i v c - g a u g e  Cxl)crilllclit dderloil[cs tllc cxtmlt c,f systmllatic e r r o r s  wllic.li arc abscllt in the ]iull
configuration I)y IIlcasuring  small distances (few wavclcngtlls of light) frolo a g;ivcn sd point. ‘1’hc absolute lnctrology
gauge  IImasurcs tllc l[lacrcrsc.epic. disiancc l~ctwccn  two l)oil)ts to all al)so]utc  accuracy of 10 loicrolls,  ‘1’hc design
of  0S1  a l lows tllc alwolutc II]ctro]ogy g;augc  tc) I)c r[Iucll less accurak (hall tllc relative IIlctrology gaugcs[l].

‘1’I)c IIull-lllc(,ro]ogy  gauge consists of two hctcrodyllc  illtcrfcrolllctcrs witli s])atially c.oillc.idmlt light paths. As our
vacuut]l c.llaltlljcr  IIad  nc)t yd bcc]I dclivmcd  at tllc til[m  t)lis cxl)crilllcllt w a s  ])crfonlml, w c  CI1OSC  this schmnc
(0 clilllirlatc tllc cflcct of  tllc dmlsity  f l u c t u a t i o n s  ill a i r  wllicll  lilllit tl]c  acc.rlracy  of tllc illtcrfcrolllctcrs to =10
Ila]lollmkrs rl[w. ollc of tl]c illtcrfcroloetm-s  i s  u s e d  t o  s e r v o  tl]c  distallcc bcirlg  rl]o]litorcd to tllc II(III  c,f t h e
i])tcrfcrcnlldcr, wllilc tlllc otllcr intcrfcro]nckr is usd as a read-out dcvic.e.

‘J’llc scllclnatic layout of tllc cxl,criloc)lt is sI1ow]1  ill Fig. 1. ‘1’lIc light fro~[l a frc{l~lcllcy-slal)  ilizcd lIc-Nc laser
irtl])illgcs  c)]] a 45 dcgrcc linear po]arizcr. ‘1’IIc light frolll tllc outl)ut of tile ])olarizer is sc]]aratcd illtcl two orthogonal
]Jolarizatiolw  (S and 1’) l~y a suit, al)]y  ])laccd ],olarizing bcal[) s])litkr. ljacll of tllcsc j)olarizations is  then rout,cd
tllroug}l  all acousto. o])tic  lnoclulator.

‘J’llcsc mc,du]ators arc driven by Cl] r a d i o s  w i t h  a  frcqucvlcy  diffcrcllcc o f  10  kllz. ‘1’llc frcqucnc.y  shiftccl
Lcx+ltls arc  tllcll rccolnbillcd by anotllcr polarizill,g bcalll sp]ittcr. ‘1’llc rccc)l[lbirld Lcalll i s  sent  t,llrougll  a pill-]lolc
asscl[il)ly  to sJJatially filter the hcaln. ‘1’I)c sl)atial fil(crillg  also I[lakcs  tllc c)llt]]ut  Ijcaln illscllsitivc  to the directional
fluctrlatic)ns of tllc ill])ut bca]n.

A  slllall ])art of this I)calll  is tllml  divcrtd into a 45 dcgrcc I,o]arizcr allcl a lj]lot,c,diodc  Wlljc]l acts  a  rcfcrcllc,c
detector, ‘lllc r e s t  c,f tlllc bcaln mlt,crs  a I,calll-laullc.llcr  assclnl)ly wllic.11  cc,llsists  of a })olarizing  bca][]  s})litkr slid
two quarkr-wave  ])latcs. IIalf of tllc I)cal[l  d i r e c t l y  J)asses  tllrc,ugll tllc ])olarizillg l)calll sl,]ittcr and s t r i k e s  tllc
])llotc)dctcc.tor  a f t e r  ]Jassilg t]lrougll  a 45 dcgrm ])olarizcr. ‘1’llc other IIalf of tllc l)caT[l lllalies a round tril~ Iwtwccn
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tljc mnlcr CUI)CS a]ld  exits tllc intcrfcrollmtcr  c.oitlc.idcllt  wit])  the  first hal f  of Ltle I)caln  slid hi ts  tllc ])llotc~dctcxtor
a f t e r  ]mssi]lg  t]lrougl) tlic salnc polarim-. ‘J’lIc corl]cr cul)cs  arc scl)aratcd I)y a IIolllirlal  clistallcc c)f --J 7 5  cln.

‘lllIC r e l a t i v e  p]lasc of tllc sigl[al ccllniltg  out of tlic la t ter  ])llotodctcctor  ( the  ullkl)mvll  ])liotodctcctc]r) w i t h
rcsl)cct to tfhc l)}la.sc of tllc signal col[ling out of tllc rcfcrmlc.c  dctcctcjr is directly a lllcasure of the distallc.c I)etwccn
tllc two corner  culm. 111 effect, tile lictcroclyllc  il}tcrfcrolnctcr col]vcrts all actual l)atll-lellgtll cliallgc of otic  l igh t
wavclcllgtJl into a ])llasc  cllallgc of onc cycle  of a si]iusoida] wave  at a frcque]lcy equal to tile difl’crcrlcc  l)ctwccll  tllc
t w o  driving frcqucncics of the acousto-optic  lncldulators ~].

‘1’ltc set-up as clcscrilml above consists of a sillglc IIdcrodync illtcrfcrolndm. Ill o r d e r  to ~Jlacc allc)tllc.r illtcr-

fcrolnctm wllicll  IIas  very-nearly-tllf.-sanlc o])tical pat]), we addd allotllcr driving signal to ol)c of tllc Inocula tors .
‘1’llc frcquc]lc.y  of this driving signal is 20 kllz( lnorc tltal}  tl~c frcqum]cy of tile signal a])]dicd  to t}lc other modulator.

III this case,  tlic c)utI)uts  of the rcfercllc.c  and tllc ullkliowu llhotodctcctcms  colltail\ 3 signals at tlic frcqucnc.ics
of 10 kllz, 20 kllz and 30 kllz. ‘1’IIc 10 kllz and the 20 k]]z sig]lals arc scj)aratcd froln eac.11 otl)cr al]d  tllc 30 kl[z
signal by all asscll~l>ly of IIotcll  flltcrs wllic.h also ]Icrforvll  SOIIIC 120 Ilz, 1111111 rcjcctio~l  to ellal)lc us to \vork ullclcr

norlnal li.glltillg  without saturating tllc a]rl])lifim-s.

‘1’ILCSC s inusoida l  siglials arc al[i]]lificd  and collvcrtcxl  ilito s q u a r e - w a v e  sigtlals I)y a }Jost-arnJ)lificr  circuit con-
sistil~g, of flltcrs and coloparators, ‘1’l)c square-wave signals arc tIIclI  fcd into a l)llasc digitizer wllicll  digitizes the
relative ])IIMC of tllc 10 kllz u)lknowll, 2 0  kllz rcfcrcncc arid  tllc 20 kllz ulIklIowII  sig[ials wit]]  rmI,cc.t  to tile ])llasc
of tllc 10 kllz rcfcrmlc.c  sigt)a].

‘1’IIc r e l a t i v e  p]lasc signal frolrl  t}lc 10 kllz intcrfcrolllctcr  i s  d i g i t a l l y  ]]roc.csscd  and collvcrtcd back  into at]
analog fccdl)ack si.glal which is a]l])lid to a ]Iiczo-electric trallsducm. ‘Jliis transducer translates ot[c of the corner

CU1)CS to l)c)ld tlic 10  kllz intcrfcrolnctcr at IIUII.

‘1’IIc rdativc ])llasc s i g n a l s  fro~ll l~otll illterfcrc)r[~ctcrs  a r c  d i g i t a l l y  rcxorclcd  011 a ~llagnc(,ic. d i s k  d u r i n g  tllc
cxlm-illmllt.  ‘J’l)c data arc analyzed after tlic recording is colnl)lctcxl.

‘1’IIc rcxults of various runs bctwccnl  hfarcll 18, 1992 and April 23, 1992 arc shown in l’ig. 2. ‘J’IIC Allali deviation
(square root of Allan.  variauc.c) of tllc diffcrcllcc bctwccvl  tllc 10 lillz and tllc 20 kllz i]ltcrfcro~octcr  sig[lals is plottd
as a func.hell of tllc llltcgration tilnc. ‘J’lIc c.urvc wllic.h has tllc largest ovc.rail Allall dcviatioli is }~lottcd using ou r

first data. ‘J’IIc curve which IIa-s tllc lowest overall Allan deviation was ])lottd usi])g  data takcm on A])ril  23, 1992.
‘1’1)0 rcasml for tl~c dralnatic iln]~rovcnnmlt  was tl)c dil]lillation of scattm-cd lig)lt rdlcctd l)acli  t o w a r d s  tllc laser.



l’igure 2: Null lnc(rc)logy  results
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‘1’IIc s e r v o  svstcm hacl a l s o  I)OCII ilni)rovccl  cluritig  tlIat tirm w}lich lmwmcl  L}IC lol}’-illtcgratior)  -tilllc l)arts of  t))c. .
c u r v e .  ‘1’ltc I)cst result using this collfiguraticnl was a clifl’crellcc devia t ion  of 1.3 l)icolnctcrs at all illtcgratiol] tirnc
c)f 100 scconcls.  ‘1’hc c.urvc thcli slowly rose to 2 ])icc)llmtcvs  at illtcgratioll tilms close Lc) 4,000 scc.ollcls.

W C clctcrll)inccl  tl]c cause of tllc upward  drift a{ long intcgrat<io~l tilnes to he tl]c tcln]~crature sensitivity of tllc
elcctrol)ic. c i rcui ts  wllic}l atl]]llify  aIICl sl)a])c t}Ic analog  signals.  As tllc data w e r e  l)cirig  talcc~l, the dr i f t ing rc,olll
tc]ll])cratr]rc  caused tllc v a r i o u s  col[l])ollcllts ill tllc clcc.trollics  c i r c u i t s  to clrift.  Sirlc.c tlic 10 kIIz and tllc 20 1<117

intcrfcrolllctms uscxl cliffcrcllt  SC(S o f  clcctrollics, a tilnc varying IJllasc  clifl’crcmc.c w a s  iutrocluc.ecl  I)cc.ausc  o f  the
SInal] cliflcrcllc.cs  bctwccw  tllc circuits clue to col[)])ollclit  tolcrallccw.

‘1’0 rcclucc tl]c dTcct  of this t,cxn]]crature rclatccl slow clrift,  we constructed a switc.liil)g  llctwork  wliic.11  swappccl
tllc cnliirc  sets of aln])lificr and slla])illg c i r c u i t s  I)ctwccll  tllc illtcrfcrolllctcrs a t  regular  iiltcrvals (30 see) .  ‘1’hc
circuits were also U])gradccl  using low tcl[l])crature c.ocflicicllt,  ]Jrccisioll  col(i}jo)lcllts.

‘1’IIC rcsulls clf tllcsc ~noclificatlions  i s  s h o w n  ill I>ig. 3 .  A s  a  rcfcrcnc.c,  tl~c AllaTI dcviaticln  frc))ll tllc A])ril  1 1 ,
1992 data is also sliowll. ‘J’hc IICW  da ta  give  all Alla]]  dcviatic)ll  for tllc clifhmvicc  signal I)ctwccll  t]lc illtcrfcrolllctcrs

wllic.11  rcacllcs clowli to  0 .6  picolnctjcrs at illtcgraticl)i ti]llcs o f  2 , 5 0 0  scc.o]lds  aIId i t  s tays  urldcr 2 ])icc)lnctcrs at
iTltcgratioll ti]ncs of 10,000 scco]lds.

3  lLKl,A’I’l  VJt ME’I’llOl~OC;  Y GA LJC1lI:

‘J’llc relative ]Ilctrc)lc)gy  gauge co])sistjs of twc)  lictfcrody]]e  i]ltcrfcro]]lctcrs  wiLll s],aiial]y sc])aratcd  })atl)s  as showII
i]) 1+’ig. 4 allcl l“ig.  5. Sillcc tlie ]~llysical  laser  hcams clo ]Iot cwcrla]],  cac.11 acousto-o])tic. lllc)clulatc~r is d r i v e n  w i t h  a
s i n g l e  frcque~lc.y.  “1’lIc f r e q u e n c y  cliflcrcmc.c I)ctwccn  t}ic clrivcs  to tllc acc)llslcj-o]](ic” lllocl~llators is 10 fillz. Ollc o f
tllc illtcrfcrcnnctcrs is used to servo tllc clistallcc I)ctwccll  tllc corlicr cul)cs  lc) a slowly varying scI)aratioll, \vllilc  tllc
otllcr intcrfcrolllctm is uscxl as a read-out clcvicc.

‘J’l)c relative II]ctrolc)gy  cx])cril[]cllt is clcsigaecl  to classify a]ld  e]il]lillatc var ious  sources  c)f systcllmtic  errors
wllicl]  arc almellt in a llull-~nctrolo,gy  gtiugc. ‘1’IIc ])olarizatioli Icakagc c a u s e d  l~y scvcrd i]l]l)crfect ol)tical C4clllc.llts

(Fig. G) causes a systc]natic error  a t  the output of tl,c il,tcrfcrol,lctcr wl,icl,  is a ],crioclic  fu,,c.tic~ll of tlic clistmcc
I)ctwccn t]lc corllcr cubes wit]l  a ]Jcriod  of  cxac.tly  CJIIC wavdcllgt,ll, ‘J’]Ic aln])]it,udc of  t]lis systmnatic.  e r r o r  could
l~c as large as 10 llallo~llctcrs.
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Figure 4: Relative Inctro]ogy intmferolllcter (a)
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Figure 5: IMativc ]nctrology  illtcrfcro~nctcr (1))
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Figure 6: l’olarizatio]l lcaliagc (self-illtcrfcrcllcc)
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l“igurc  7: Cyclic.  averaging
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‘1’lIcsc  systcIoatic  errors Call k c.l~ssificd ilito two categor ies :

A3 -I . . . -1 A~)/N

‘1’IIc ]]crioclic  syskll)atic errors due to the polar-
ization leakage wit])  a period of exactly onc wavclcnlgt]l  and the systcnnatic errors caused })y tc~n]leraturc gradients
wllic.11 a])])car as a slllall l inear  clrift  over  snort,  tiTllc scales  I)ctlwcc]l tllc r e a d i n g s  o f  the illtcrfcrc)~l]ct,crs.  ]n t]lis
}Ia])c.r, wc will collsidcr only  tllc periodic, systclllatic crrc)rs.  ‘1’IIc tcrll])craturc gradient rclatccl errors arc Inillilnizcd
I)y actively stal,ilizill.g  t,lle tcnnperaturc of various o],tical colll],ollcllts  and l,y l)crfor~rliilg  tllc relative lncasurmncllts
q u i c k l y  I)cforc  a sigrlific.allt  drift accurl]ulatcs.

‘J’lIc ],criodic systmnatic.  errors  arc clilllinated I)y using a ~IIctlIc)d kllowll  as cyclic a v e r a g i n g  (l~ig. 7). ‘1’llis is
illl])lcll]el)tcd by citl!cr lnoclulatillg  tllc dis~allcc  to t)c ~lmasurcxl wit]l  a ])iczoclcctric. tram+ duccr o r  b y  s w e e p i n g
tllc laser  frcqumlcy at a fast rate c.o]lll)arccl tc) tlic clla!lgcs ill the distallcc I)cing  ]ncasurcd. ‘1’lIc aln])]itudc of tllc
lnodulai,ioll  is CIIOSC]I  to bc several wavclcligt]ls of light. ‘J’llc out]]ut of cacll  intcrfcro~nctm is rccordecl at a rate to
F,(laralltcc II IaIIy rcadi]lgs duri~lg  OIIC  wavc]cIIgl]I  ofll)c)tioll  duc to IIlodulatioll. ‘1’lIc true out])ut of t]ic ilitcrferolllctcr
at tllc c.clltcr  c)f ~lloclulatlioll  is coln]]utcd to hc tllc average  over  O]IC cxacl wavclcllgt]l of tllc m o d u l a t e d  readings
aroul}d  tllc ccntcr of IIlodulatioll.

111  tllc actual rxljcrilllcnit,  a wavclcligl]l is divided ill 64 equal I)arts. ‘1’llc servo is used to advallcc tllc distance
I)y OIIC sixty-fourth of a wave at a ti~llc while c.ovcri~lg several wavcle)lgtlls.  At cacll stc], a fcw seconds of data
is  co]lcc. tcd fro]]) tllc illtcrfcrol llctcrs. ‘J’}ic average value of each illtcrfcrol]lctcr readi]lg over this tililc ilit,crval  is
sul)trac,tcd frol]l cacll  otllcr, III tllc al)scllcc of ally systclllatic errors, this diflcrcllcc is of the order of fcw ]JicoI~lctcrs
as dctcxlllillccl  l~y tllc null  gauge .  Since  the laser bcalns travel tllrc)ugll  diffcrcllt ])arts of the o]]tic.a]  colnponcllts,
t)llc systclilatic errors wllicll  arc IJrcscrlt  0)1 tllc illtcrfcrolnctcr  signals arc diffcrc~lt  and do not cancel  out wl)cn  the
rcadillgs of tllc two illtcrfcrolnctcrs arc sul)tractcd.

Fig .  8 sl}ows tllc result of cyclic  averaging  a])~)liccl to tllc diffcrmlcc  signal l)ctwccll tllc two illtcrfcro~llctcrs. ‘J’]Ic
d a t a  arc takml ill a c l o s e d  vacuu]])  c.llallll)cr  ulldcr at,)Imsl~]lcric  ])rcssurc. A f t e r  tllc lillcar drift is takcll ou t ,  the
residual error is 31 ])ic.c)lnctcrs  rllw,

l’ig. 9 SIIOWS tllc sa]nc cxpcrilncllt ],crforlllcd ulldcr vacuulll  aflcr cyclic. averaging. After the lillcar drift is taken
out, tllc residual error is 10 ])ic.olnctcrs  rills.

If tllc aln])liiudc c)f tllc self-illtcrfermlcc is cllallgillg duc (0 varic,us  aliglllllcllt drifts, cyclicly averaging tllc data
c)llcc will IIot  rmnovc all tllc systm[latic errors , III this c.asc, tllc cyclic. averaging call bc USCCI rej)catcdly until all
systclllatic errors disa])])car. ‘1’IIC a c t u a l  g a u g e  sifylal  call  l,c rccovcrcd af(,cr t]lcsc illt,cgratiolls ])rovidcd t]lat t,]lc
t rue  si?;]lal  is varying  slowly co]nl)arccl  to tllc total intcgratio]l tillic.
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‘Jb illush-alc t h i s ,  co))sidcr tllc fcrllowillg  cxl~rcssioll  rcpresclitillg tllc diflkrmcc bctwccll tllc t w o  illtcrfcrorlletcr
sigll~ls wi(ll  IIoll-lil)caritics and drift:

N

()
A! 1/

IIltcn-fl –  IIltcrfp z- ~0;2!i + ~ >: lI~ak sil,(2j7ry)
i. O j,O k=O

(1)

w]l(’r~ (Ii ~lld I!Ik arc! C.o]lsta]l(s.  X k t])(! distal)c~ tradd h~ t]l~ ~or])(!r C.U])(2 }vi~]l tl]f? ])i~~odcctric tl’alldUCC!r.

‘1’IIC lcr]l] >~~ o C7iX’
(

rcprmmts the drifl ])ctwml t]le two intcrfcrolnctcrs and t]lc tcrlll > ~~~ ~ ]~~, o bk? ‘) si1,(2j,r*)
rcIJrcscllts Lllc systmnaoic  errors with IIol[-lillcaritics allcl drifting a)ll}llitudcs.

A  tyl)ical tcrlil colltaillillg tllc systmllatic errors is of tllc for]]]  x k sin(2~7rx). c;yc.lically  averaging this gives:

/

9+ I ( kgk - ] -1 lower o r d e r

)

9+ 1
J:k si]l(2j7rx) dx = - -————.—. .———— - ..—

2~n
cos(2j7rg) + -:-

/2371 ~
O:k - 1 cos(2j7r$’)  clx (2)

9

N o t e  that cycl ical ly  avcn-a.p;illg o]ic.e rccluccs  tllc cxlJoIIc]it  Xk fro~tl k to k --1. IImlce, after k -I 1 illtcgratio~ls L]IC
tcrl)l ok sill(2jirx) will vanish. 111  gculcral,  if tltc hig]lcst  ])owcr  ill tllc self-i] ltcrfcrcllc.c tcrlll is 1,, tlIcn 1, + 1 cyclic
avcragillgs  arc needed to col II IJlctcly  rm]lovc  self-irltcrfcrcllcc.

‘1’tle tcrll] rc])rcscllting; tllc drifL call
tcr]tl. ‘1’l]ml,

After cyclically averaging 1, tirl]cs:

< drift >J, = (IO

‘J’llcrcfore,  oz call  IJC ohtaiuccl l)y a

l,c rccc)vcrcd  after tllcsc o],cratiolls. ‘Jo illustrate this, let N =- 2 ill tile drift

d r i f t  T ao -{ a]x -1 azxz (3)

+  (1//2)ff] + ( 1 , / 4  ) ( ) . - {  l/3)rQ-l (a] -{ l,az)x+ fl# (4)

f i t ;  al call  l~cc)btai~lcd  usillgrf~ and tllclitlcar cocflic.icnt,  oftllc fit; ao call
IJcol]laillcd usillgaz, al alldi,llc constant tcrlll oftllc fit.

l’ig.  IOsllows tllccliflcrcltcc b e t w e e n  tllctwro illtcrfcrolIlcter sigllals aftcrracliati\ct llcrlllalsl  licl(lsar  cillstallccl
over  (,]10 cx])crill)clit ill vacuuln. F i g .  11 slIows tllcdiffcrmlc.c aftcrtlircc cyclic. avcragillgsalld tllc rclllovaloflillcar

drift. ‘1’llc residual c.rror  is 3.5 ]~ic.olncters  rlns, ‘1’lIc l inear  dr i f t  is33 ]Jicol[ictcrs],cr wavclcIlgL1l.  111 tllis])articular
cxI)eril]w]ll, O])C wavclc~igtJl  was  scallncd ill 2 ~llillutcs  using 64 stcqm.

4  All S[ll/1J’1’lt  MF,’1’lW1,{)GY  CJALJCJI’3

‘1’llc OS1 alwolute ]Ilctrology gau.gc  is being ill)l]lcl[lcritcd using a stal)ilizccl, s o l i d - s t a t e  illfrarcd la.scr drivilig a
lleterodyllc illterfcrolnctcr  Inonitoring tllc clistanc.e  t o  bc IIma.surcxl. ‘I’l IC laser frcqumlcy is  c.llallgcd  l)y a k~lown
allloullt l“alld tllcrcsu]tillg N frillgcsarcco~]lltccl l)y (llcllctcrc]dy~lc  illtcrfcrcnllctcr (1’ig. 12), “1’llcahsolutc distaricc
1, l,ctwecIl  tlIc t w o  corllcr C. UIJCS oftllc IIctcrocly]lc il,tcrfcrc)lilctcr is  givcll  l)y 1, = cN/1’ wllcm c is  tllcsl)cxxl o f
liglll.

'l'llcfrc(l{lctlc. yc)ftl]c irlfrarccl  lascrllas l)cc]lstal)ilizcd  toa~lcxtcrl,al l’al,ry-l’trot ca\itytoc  )llc},arlill 10 IO f o r
tilncscale ofscvcral hc)urs.  A sll]all vac.uu]ll  OVCVI isullder collstruc.tioll  tostal~iliq,c  tlIc lcI~gtlI c, ftllc c a v i t y  t o  [lIC
salllc accuracy for a tiine sc.alc of 24 IIours.

‘1’llc almo]utc IIlctro]ogy cxpcrilnmlt w i l l  l)c ])c.rforlncd  I)y Lu]liilp;  the laser l)y an alnoullt wllicll  i s  all e x a c t
IIlultil)lc of t]lc ]ollgitudilial ]nodc sl)ac.irlg  of tllc cavity. ‘lillis  II IOdC s]jacitlg is dctcrlnillcd l)y locking two lasers to
tllc salllc c a v i t y  l~y c)lic-lollgitllclillal  ltlodc a],art and I)y ccmlltillg tllc resulting beat  frcxlucllc.y.

‘1’l)c illfrtircd laser is cal,al)lc  of trilling over a range of w 15 (;117,.  our l)rcscllt f r inge  counter IIas a  f ract ional
counting accuracy 1 ])art ill 5120 . ‘1’llcsc figures i]ldicatc tlla( a 10 ll]icroll abso]utc accuracy is  acliicvablc  w i t h
I[lodcst illl])rc)l’cltlcllts.
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l’igurc 12: Almolutc Inctro]ogy cxl,m-ilnc]it

.
q+ 1 q+?

*I ‘k qtl q+4 q+s -

C“>ity r,,r)*e  .I,ld - 303 KII,  - ,G,,,  + F,cqwwy

I“hcrr, the absolute lcng[l, 1, is given by:

EEl
wtierc c is Llle speed of light

5 C: ONCI,US1ON

‘1’IIc ]Jrccisio]]  alld tile accuracy of  t]]c  hctcroclyne  i~[tcrfcroloctcr is i]n{)rovcd  to ],icoloctcr lCVC1.  A faster r e l a t i v e
gaug;c  wllicll  sweeps tl]c frcqumlcy of tlic laser to iln])lclllcnt  cyclic averaging is under corlstrac.tioll.  Feasil)ility of an
almollltc  lnct,rology gauge  using a hctcroclync  illtmfcrolllctcr wllicll  has all ac.curac.y  of 10 Illicrom ovc.r a  d is tance.
of 10 lncters is clellmllstratcd.

G  ACI{N{)W I, II;lICJF,MI’;N’J’S

1 would  l ike  to  tl]a]lk I’vI. Sllac), h!. h4. Colavita, J. Yu a)lcl 11. l;. lli)les for ~nally fruitfa] discussiolls.  ‘J’lIc rcscarcll
dcscril)cd was ]Jcrforlnccl  at tlic Jet l’ro})ulsic)~l l,al)oratory, California lnstitotc c)f ‘I’ccl II Iolc]gy, u n d e r  a  c o n t r a c t
wit])  tllc N a t i o n a l  Acrol)autics  al]d  S])acc  A(lllliilistratic]~l.
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‘lkaII1 l’rogrcss Rq)ort, J]’], I’al)lic.atio]]  J]’], 1)- 10374, l)cccnlll)cr  14, 1992.

[ 2 ]  11. IIi]lcs, h4. Colavita, K .  Wallac.c,  A .  I’oulscn,.  SLlll-NANohflI;’l’lI;lt I, ASII;IL MIIH’lLO1,OGY  SOh41;  ‘l’ll;CII-
NIQUIY3  A N ] )  hOOl)I’;l,S,  i?) IJrocrcdings  of ihc IIigh ltcsolution  lmrrging by lnicrfcro~nciry  11, (;arc.lling,  Gcr-
IIlally, 1991.


