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FULL-FIELD FABRY-PEROT INTERFEROMETER

A.R MATHEWS, RM. BOAT, W.F. HEMSING, R.H. WARNES AND G, R. WHITTEMORE*

Los Alsmos Nuiord hbcmory, Los Alamo% kw Mexico 87S44

This #per &mcAbs tbe use oft Ft~-Penx interfawteter for siroulmnewsly measuring vekiry m mny points on

dtesurf-ofmshak-loded solid- W~Wistiu~ti m~&S. Gtiti~. Behwk 1986, but he

dmm MNysls MS - -al by the spplicmion of imm~praessing rechniqra. Qht from a puked singk-

-~ ~~ f~~~m a *E WI ~d the I’cti DopPbdtifted imsge is pared through a Fdxy+erot
intdemmer. ~qm of d’w intedcrosmtcr iss m of hinges tlmt am fomwtl fa qdfic combinations of wavelength

snd l@ m. These tiinga are ~ m film for subsequent smlysis. I%nge position demmdnes tie velocity for

esch pintcmthetargettitforms mfIinge. A rrwhod for determining the velaity u a Puncdcm of bth pwition and

Iium will Sk be dkmsed

1. INTRODUCTION

hti~ hweb Coaws4sndudd cvilx811sdbv

kkwwe physlcisss m lmutm Wkdty hlstosy. MMy

vmdsdmsm psslbb, hrt VISARI ad Fsby-Psma(PP~m

h mat widely used optical Interferosmturs. In both

tddque%mbululmMMls aspaosttha rIDvlngsurk&

Snd Utefrqumxy of themshuted retwnlighlgkasa

mWIeof*t slgetveHty.

In 1986, Oidonti Belt@ &slbcdeq)a&rIu in which

they d n Fnhy+erot Inmfommer m mum Velcxky

over m atdre surks. Ilris ‘Tull-field’ Fa~-Rmt (FIT)

inmrkmmta rlmslwtho wlmAtymm8ny@nufcw a

slngIedmlnstwdof atms@b@ntms afuadonofdrm.

lntJdspqtmwalvulprwudmxpt9imuomlmmhn91yticsl

methalswesredeveloplnglormkemspmdaldlqnmdc

wI. We will ala discuss expdrsmra tit demmstm m

emunskmIothetahn@orhstp’ wvkbs~dmhls wryofthe

velaity owr mrmvin~ surfwe. lltem mchniqrm my pw

to b useful fm Invew@ng h@todynti d sbckwme

phenonms dmt exJtlMt Ilak a no ~.

2, DISCUSSION OF THE METHOD

M ~ typicsl FP ex@mn~ t sphorlcal lens faurns light

-stigb-~~yl-mm~s~m~mlng~t.

[f rhe S* Is lamed neu the focal poinl of the lens, I@t

reflected fromthe targetwill b Colktd by the lens and

nearly collinutal u it ~ into h intcrfaorneur. When

themMWOrlsfmansUWtl ‘ve lmerfaencasrerncL light will

pusthmugh thom.mmdti. d~ Upcmdte

w~wkngth of dm light and the FP minor spMing. A second

lens fmtws the collimual light exidn~ the FP to form a

psttetn of frlrrgcs in the final pkne of the Iers. As [he uirge[

sccelcsz~ the Wwekngth of the reflated light chsnges and,

therefrom the comlldons for conmucdve interference SISO

change. Ass rcsuk rha pctskh of mh fclnga changes wilh

changing w velaity, ti the @don of the fringes gives

mmeuureoftho tqa’tveloCky.

~~timtiti~lsd~MddmtiphtFP.

[n thiscaw,am- slngb-hqumcy kscrillumlnmcs

the entire target snds @on of tha sumunding roglom As

whh rho point FP, light csn pus ducugh the FFP fm only n

dlmete set ofmgles, If the tmget Is stadmwry, light axiting

the FFQ will tams psttern ofcbcukr fringm wlnmo spscing

Is dcmrrldnd by tha relsdmt

r:, _ q . ~1~~ (1)

wherornsndrwl sfe the rdll of two adJacent fringes.

As fho tsrget $aeIerstes, he wsvebngth of the reflecmd

light chsnges in b padats of the Illurnhmtd region thn[

% wak wu suppmmd by rha Unitd Stms Deputrmnt of Energy LIMISTconrram numt%r VI’-74CM.ENG36.



are moving. Therefore, as he velcwity change% light from

diffmllt partaof the~wiu Wis.fylhe Condinons for

fsingefmmaskm lfthc~ “on is unifcmn over the

surface, the circular hinges in chcdynamic region will move

outward b their stadc psitim Foc non-unifam target

accekalioll. thcrnoving f’rinp m nol Cimular. Thedistorlcd

patmrnchangeswkh rime asdiffaentpoinuacquirc a velwi~

thaf aUows rcflcctczl light to w through the FFP. For I given

h-ingc lcmd~ W velocity of the ccmcsponding poim on tie

target is given @a4

whcm k = Fringe comtam in unirs of mrrdps

n = Fringe index

R . Fosition of !hc nth dynamk ftige

(masurd from pastern enter)

~=lWiuaofhingan4

Rl=Rdhuoffrin~n=l.

Vclocilymnthmb ~bf msswingtkdisp~t

of a fsingefromtha static poahionof afsingcof the Mmcordar.

The velcclty can lx mmsurd only at the fdnge lcxxtbw.

We have prfcwnwd two types of cxpcrinwnts in the course

of our ~dOVClOpIWIL In the fhl+ we used ● pukd (1=10

ns) Nd:YAC) Iaaer to ol%ains “snapshot” of he fringe pasmrn

pmdti by an CkCtSidy driven dapper. The dynamic

regiom mcuurd ~xlnmtcly 3 mm om a side. Targes of

this type typcally -rtaln veloehk ofapproxkwcly 3 tntnlps

in I Ms. Iltc cxperlnmnml wt-up io shown In Fig. 1 and the

resulting fringe mead is shxn in Fig. 2. Ink secod set of

exprlnwn~adyu+aer-purnpdoptkal arqlifkr,doveloped

by Candela k Capnsial frx Los Alanm National

Lahoramry, bclatdlho powwoftcwargonht ber(A -

514.5 nm)hun appoxhdy I to m w for mppxlnumly

10fls. ?lmusspliflumdeit~ touauafmmlngtim

toprd=athsm qwnceof FFPmCcKdJ. The frln@rUti

Is shown in Fig. 3.

3. ANALYSIS,

Becaum tha FPP mcuds wem in the form of photographic

images, h was paslbb fa us m @am the malyak using

sofrwarc originall,v developed for mdiogmphic analysis. llc

malified software can be used for either Iin& or full-field

Fabry-Perot expmirncms.
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FIGURE 1

Expcsimmal sa.up. The frlngc pauern formed by&second

lens IS dhr d dlratly on fUrn (far a singk frame) or

dhcmd infos framing cumra (for a drnc scqucncc).

FICIURB 2

Fringe record formrd by a single-pulse (t=10 ns) laser

illuminating a 34nrn skppr. Thm illumhtatcdmgion conmills

Imth ssadc and dynamic frln~et to aid cmrat asalgnrnent of

frlnga hdbs. W graphks overlay how the calculmd

posldonofmdc frlngm fara few vahwofm ?haM iucalions
W- fouml bv solvlnc k R in Eo, (2). whh veldtv seI 100



The armlysis prmeriufe cmssists of ~ning the center

of the stari; tinge pattern and the rdii of two adjacent static

fringes, For convenience, we c- two fringes outside the

dynamic regioa snd numti lhcmr O d 1. Combining k

measured ~and RI with the ~tioimofthedyrsxmic frirrges

a. (2) can&A to &@rsrtine the velccity at euh tinge.

The cslculased velocity_ UP W the posidon of she

dynamic fringe smf she value of she fringe inrk, n, assigned

to it- The fringe i~x is simply a counsing scheme used [o

deti a chqe in she fringe osder. Gur convention is to

choose n ss increasing ourward from h pancm center.

Forourexperirmn~ we rsmsumd the psitiorr of ~imsof

known fringe index for ● few of the stadc fringes. A leuf -

squares fittingpswcdure was dwrr d m dve fwrhc pauern

center and rdii of the fmt two tinges. The positions of the

remaining stadc fringes were dwn detesmit-d by soludom of

Ihe vel~ity equation for v -0. A grapfdc overlay of the static

fringes msde It relatively smighbard to follow a given

fringe u it pusui frosnthc static to the dynamic region, fn this

manner, w hxnd-ti -h fsinga in the dynamic portion of

she recd. After smsforndng these mexsuresmm to a

Coordilute system Whosa aiginlay al she inter of she Sladc

p~ttem.weusd @q. (2) m find dse velocity al every phtt on

the frlngem The vdocky disuihsdon for she single-frame

ax-t Is shown in FIG 4.

FIGURE 3

Changing Mnga ptmrrts demosumm rnodm In M he

qummc4FFP ulapllsols mXxdml bya fmlttillgcarrwa

Summive hatms almrnata frost bottoms to sop with he

increasing to the righL ‘fhe dnm hrtmd hem succadve

frutma is appsoxhnamly 50 na. ‘fh tergut in shls example is

athinfoU gllKdmal-mms@par,

To aid visualization of the continuous velociry disrnbu[ion

over the surface, we used a Iinesu inserplation schcrnc 10

csdrrsmc she velocity bctw=n fringes. Flgurc 5 shows [he

velwity surface obmi.rtcd by imerpolming the dam shown in

Fig. 4.

In the WOnd sa ofex@ments, we astempted to masurc

Lhc time evolution of vei~ity over the surface of a fast-

moving targeL A ting csmm recoded the lime sequence

as a series of individual FFP ~. After rcgisrcring each

fringe pattern to a common center, we measured velocities for

each fmmc using siw single-ftame pxah,wediscussed eariicr.

The gmphic overlay of smtic fringes was usal to chak the

accutwy of the regismtion and to aid in assigning fringe

index values to dre dynamic fringes, This is especially

impoftam for new fringes that fomd in fasbrrmving arem.

As wish the previous example, we hxnd-uaced shedynamic

pottionofeech frame and used Eq. (2) todeterminathevelociry

-.

FfGURE 4
Velocity rnsuured along cmh khrge,

.,

-.

FIOURE5
Fig. 5, Simplex Interpolated velcdty distribution fcw Ihe

single- fmrsm FPP expedrrmt. The velalty surface has been

rotmal 90 degres ccw wi~ respect to Fig, 4,



Slong the fsingcs.‘k intcrplalul Vclccity distribution we-l

caitifosewhfr8t.sE Twoframeafrosnthercsuiringtinse

wq~areshownin F@6.
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Fl~URE 6

Tirrm evolution of velaity for a moving wrhce. The rime

interval between sha two fr8mes is approximately 2(HI ns.

We arccordidem rha[ tie single-frune FFFprovidesa good

quantitative velocity measure, but we cannot prcsemly make

such a clsim for the time sequence. In the single-frame

exprimcnL the fringe pmem was ran’dcd di.rmiy on tiim,

w Iiule or no disttion mcd For the time sequence,

however, the framing carncm irrrroduccd diwonions lhal were

nw inciudcd in she snsiysis. We sre pmemly working on

rncrhals to cctmca W cxrrma dismrcion and increase Ihe

image mSOhlUrM,

In tie fuwrc, we will improve our methcd fmdetcrmining

dynamic fringe position. For exsmple, [k FFP analysis

software cart k malitkd to fit the line profIie for e~ch

fringe. We arc currently using [his technique in our pit-ii FP

ansiysis snd have denmnstrated subpixei MCWy (-25 p m)

in fringe mcaaurcrtwnts. In titiorl, we arc consmucling an

opOcxi-fikr army to convefi a square irnsge to a line. This

rncthud wauid albw us to continuously record art FFP image

on a smaking carnerm *h iirw frosn rhc stied image

could hen be converrcd -k to a mctangulsr uray md

analyzed in a rn.armcr similar to she fmming camcrm record.

As he quantitative ace-y of the technique improves, wc

intend 10 incorpomtc it inro our smndard wwtmsnt of hydro-

di4grb9stic&
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