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¡\1l';ISIlrCII1Cl\ttlf n.:fr;ll'livc index aJl(llhic~ncss of a planc parallcl dicll'ctric platc is proPOSl't1as a lahoralOl'Ycxercise on Physical Optics Clll-
pll'yin~ Ihc tcclllliquc {Ifnlunting inlcrfcrence fringes. The plate under illspectilln is ti1tL'din llllC(Jf the ;nlllS nf an appropiate interferornctcr.
tllerchy cmlsing lhe inlerfcrcnce fringes to shifl. When lhe fringes are adju,••led lo he COIKclllrie fings. thL'shift produces an arparen! shrinkage
ur expalllling of 111L'rings. COllllling fringes \\I'hich contract or expand gíves an ¡de;l 01'the phasl' Ch;lllgL'Sas a fUllction of tiltíng angle. Such
readinp cm he compared wilh Ihe theoretical shifl. which can he fouml hy geolllctric cnnsider;ltiOlls. Besides. duc to lhe mathcmatical form
of tlle derived pllase hL'h<lviour,the re,l/Jings nccollle an exam["lleof data lo he SUhjl'L't01";1gClleralí/.ed regressioll !luing. Becausc SOlllem¡¡th
software pacl..ages ínclude fllnctions designe¡J to ¡Jo sud a litting, they can he dirL'clly used 10 ('om["llele Ihe experimenlal data processing.
Ihm 1llAing a qu;mtilativc clllllp;nisoll wilh the theory. Thc reporl (lf experimcntal results ;md disCllssioll {Jn sevcral a!lcrnalivcs rOl' litting
arc presented, Arnol1g Ihese. the silllllltancous estimation 01'noth rcfractivc indn allllthid.lI('s ....are emphasized

I\r\"ll"(}nl.\: lInerfcrolllctcrs: lahoratory expcrimenls amI.apparatus: interfcrcnce: p;lr;lllclislll

Se propone b mcdición del índice de rcfrncción y del espesor de ["l1;ICasdieléctric;' ....plano-p;lralelas como Ull ejercicio dc lahoral(lrio de
l.'plica empleando la técnica uel nmteo tic franjas de interferencia. La phICa hajo inspcc{:iún sc inclina en uno de los hrazos de un inter.
fcrúrnetro. c;H1santlo que las franjas ¡Je interferencia sufran un conirnielltll. Ajustando la", fr;lI1jas p,¡ra ontener anillos concéntricos. ótos
-"llfren un l'IKogilllit,'lltO o expansión aparentes depcntlienJo del valor del corrimicnto inJllL'ido. El conleo de anillos colaps<lllLlosc o expan-
diéndose prop{lrL'iona una idca de los camhios re-"peclivos dc fase Ullno función del ;íllgulo dc inclinación, <.lemodo que las lecturas pueden
compararsc COl1d corrimiento teórico. el cual pucde hallarse najo considnacioncs geolllétriL';¡"" I\dcm;ís. dehido;J la forma matcm,ílinl del
comportamicllto de la fasc. las lecturas lomadas representan un ejcmplo dc d,ltoS apropi;l(los p;lra un "juste dc regresión generalit:ada. Dado
quc algullos p;lquetes de C(1Il1["lutoincluyen funciones diseñadas p¡¡ra rcaIÉ/.artales ajusles. pucden cmplearse directamente para cornplemcn-
1,11"el procesamiento dc dalos y realit:ar una comp;lración cuantitativa nlll la teoría. Se prcsl'nta el reporte de rcsultauos experimentales y se
dis(,lltCll v¡¡rias alternativas de ajuste. De entre éllas. se destaca la posihilid;H.1de la SiIllUII;lrlL'amedición dcl índicc de rcfracciún y del espesor
de la pldGI

1)1'.\("1"1/1/(//"(',\: InIClfcr(¡metros; expL'fimclltos y arreglos cxperilTlL'ntalcs: illterfcrClll"i;l: par;llclislllll

PACS: 07,(lO.L.y:OI.50.Pa: -t2.25.1It:

1. lntroduction

FringL' cOllllting is <1da ..•sical opli('al intcrfcromclric tcchni-
que 111eSlimate optiral palh dillercnccs (ror example. in lllul-
tiples 01 some \'-'avekngth) hctween two inlerfcring wa\'cs h)
I.:ecping tracl.: of Ihe nlllllber of inlerl"ercnce fringcs passing
Ihrough a gi\'ell retCrcnce ¡minI while changing lhe optical
path kngth of one 01"those waves 111. The Icchnique is wi-
del)' used in the te;¡ching physics Iahoratory v•.hile worl.:ing
",ith illterferomelers 01"thc f\lichelsoll or Fanry-Pcrollype in
ordcr lo llleasurc Icngth dilTercnccs (in wavclenglh units. for
examplc) or lI11l.:nowll wavelcngths [2J. On lhe olhe!" hand.
illspectioll or paral1clislll of Iransparent piafes can he carriel!
out ill',erting the pla!C in onc arrn uf a suitahle two-ncam in-
IcrfcrolllctL'L sucll as ¡l f\1ach-Zchnder intcrfcrolllcter. With
Il1is lllL'tl1od. il is also possihlc 10 lllcasurc Ihe platc's rcl"rac-

liH' imk\ il" Ihc plale tliiL'I.:ness is I.:no\\'n (or IIlcasurcd scpa-
r;llcly) l:q. COllvl'rscly. l-.no\\'ledgc of rcfractivc int.lcx Icads
llllktcrlllina(ioll of tl1íCl..llC."S1:3}. Constanl angle illlcrferell-
l'C "pL'l'lroscopy has heen proposcd 10 !lleasurc rcfraclive in-
dex amI tl1iL.l-.IICSSollransparentlayers 1.1]. The ..•c tcchlliqucs
use s('\.cral \\'a\'elt:ngths and holds lhe tilt angle IixcJ. Va-
riahle angle Illonochrolllalic fringc ohscrvalion. anuther typc
01"I11Casurclllcllts, rcquircs two or !llore wavclcngths to dc~
tcrmine hoth paramc(crs, as reported earlier [.1]. Along this
COllllllllllica(illll. thL' fringL' counting Illcthod is tkscriheJ as
cxpcrimentally "pplicd lO a stcp-wise tilting dielectric plate
to inspcl'1 the parallclislll 01' ils two wider planar faces. In
particular, jI is clllphasi/ed that Ihe technique is also ahle to
kd to the sillluit;lI1l'OUS dCICl'l1linalion 01"110th rcfraclive indcx
and lhickness 01"Ihe platc 011 the hasis 01"lhe salllC dala set.
llsillgjUSt {lIlC \'.:avL'lL'llgth, and an appropiate fitting. Bccausc
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render an irratliancc p.lltcrn I(f, 9) 01' the fmm

IVó) =". {I + "' .ms[o(r. 9) + '''(9)]). (3)

2.1. Interft.'fl'II('c pattern shifts

2. OPD uf tiltcd (llatcs

(4)2ITdll,.[( I)-t ]'1' , = --- 1 - - - 1"~ Ilf .

and dircL'lly relatcd ""¡Ih experimcntal dala arising fmm frill-
gc shin counling. Note Ihal lhe vallle el)",,, •. cOlTesponds 10
Ihe case of gral.ing incidl'nce (i.e .. 0= 7í/2), and suhseqllclll
rcfractiol1 wilhin the plale al critical angle 6' = 1J: (see inscrl
in Fig. 1). This silualion. howc\'cr, is nOI easily 10 atlain in an
cxpcrimelll mainly due to dillraction clTccts.

For lhe CISC 01"incidenl plane \vaves, Ct(1":',1J) carries Ihe in-
forlllalion or SOllle alllOllnl 01' spherical aberration tlue lo Ihe
crossing or one heallllhrough lhe pi ate. \Vhen one ol' lhe he-
arns are sliglllly il{ijustcd (Hll uf l"ocus. the interfcrence I"ringes
lelld lo atiopl cOllccntric ring shapcs in addilion to lhe sha-
ping due lo spherical ahcrralioll ami the laleral displacelllent.
BUI thcse I\vn cOlllrihuliollS can be ncglecled hy Illaking Ihe
observaliolls al lhe ccntre 01' lhe circular pattern. The phase
shift 'I'(ó). 011 lhe olhe!" hand. will cause lhe ring radius
lO ""l1rink" or lo "grow". Thcll. Ihe rings in Ihe interl'ercn-
ce paltcrn appear lo contracl or 10 expando In this case. frin-
ge cOllllling COllsislS in kecring Irack of lhe numhcr of rings
\vhich contracl illlO (01"emerge fmm) lhe centre of lhe circu-
lar paltern.

t\ccording wilh Ihe pre\"iuus ohscrvalions, it is possihil.'
to )lay atlclllion 011 (11((/») as Ihe only effecl responsihle [O
lhe main changes 01' interferencc patlerns wllen a pIate is lil-
led as dcscrihcd. Inspeclioll 01' Eq. (2), to hegin with, shO\vs
lhal ,{,(o) is a periodic 1"1I1H.:lion01"period 1f. and wilh ma-
Xillllllll and lIlinillllllll vallles given hy '1'""." = (1)(rr/2) and
(I""i" = 'I'(ll). rcspcclivcly. ThllS, lhe width range 01"values 01'
(i'(1J) is a fealurc Ihal can he dcllned as (1)1\' = 'JI"",,, - 'I'mi,,,
reslllling in

wllere il is secn Ihal Ihe fringc patlern has to he shifted hy an
alllounl ')'(9) as lhe enlrancc angle (j> changes. In the ahoye
equalioll, n(i:', ó) denotes a given wavefronl distrihution on
posilionl":' al Ihe ohservalion plane [O(/":',~) includes lhe la-
leral displacclllellt 01"lhe healll]. (/ is the corresponding irra-
dial1ce hackground. and I/l Ihe fringe 1ll0Julaliol1.

2.2. Cirl'ular intcrl"crt.'nt..cpattcrns

( I )

j
$=1t/2

(
SiIl9),]-t _dI!.

""
OPIl = dll,. [1

FIGURE l. Detcnnin<ltioll (JI"the OPD as a function of ¡he entrancc
all~!lc 6. (,'/ is Ihe rcfracting angle. IIJ, Ihe platc's rcfractive indexo
:IIlU ti lb thickncss. Inscrtc¡J ligurc: grazing incidcncc case. rj>~ is
lhe critica! angl!:.

f-irst. \\c considcr Ihe fringc shifts nI' lhe interrcrence paltern
bCI\\'CCn I\vo WilVCS, olle 01' which pass lhrough a tilted Irans-
parelll plale.

Figure I depicls a ray illlpinging un a plane-parallct pblc
al an ,lIlgle ó. Such a ray is t1cviaIL'd hum its original path
ilnd CI"O..•.s throll~'h a nc\\: palh AB. The oplical palh dillercncc
(OPD) \\'ilh respecI lo a ray \\'hich do 1101pass Ihrough lhe
plale can he .•.ho\\'11 lo he

lh~ fringe shifts ralher admil gcncralized rcgrcssion flttings.
Ihe inlcrl"cromclric inspcClion 01' rlatcs as dcscrihcd olTcrs
a good orrortunily (() cmploy corrcsponding funclions in-
dudcd in SOITlCcOllllllcrcial solhvarc packagcs rol' ad\'anccd
mathcmatical cah:"u]¡¡tions. Data proccssing using a widcly
.sprcad malh package is ¡¡Iso prcsc-Jltcd [;)1.

whcre ,\ denoles lhe waveh:ngth associated lo the hcam. As
ti rl~""lI1t01"Ihe hCilm superposilion, Ihe condilions oUllined

whcrc d Llenoles Ihe pIate lhickness. /lp Ihe plale refracli\'e
indcx. and H the cllvironment s rcfractive indexo \Vhcn a oc-
am having crossing Ihe pla[e is placed in superposilion wilil
<l1lexternal rcferelll:e wave, Ihe ideal phase dillerence 'I'(~)
or Ihe clllcrging he.un is givell hy

{ [
.'] - t }I 2;rd, :-Jiu 9 -

'I'((i») = ~ 11" 1 - ( ~ ) - 11 , (2)

3. Expcrimcntal sct-lIP

The expcJ"il1lcnla/ inlerfcromcler can oc a ~1ach-Zchnder in-
Icrfel"OlIleler as skelchcd in lhe insen 01' Fig. 2, which is slIg-
gested :lS ti vcry simple way lo carry out the proposed ex pe-
rimenl [G]. Howcvcr, lhe experimental Jata lo be discusscd
herc wcre ohtaincd frolll lhe inlcrl"cl"Olllctcr 01' lhe Fig. 2 I"m
reasol1s nI' avaihlhilily. \Ve uscd an cxpandetl Argon Jase!" as
lhe cohcrclll tighl so urce emitling al ,\ = ,188 nm, hut Ihcre is
nOlhing lo prevcn! Ihe use of anolhcr cohcrcnl ¡ighl source,

Rc]'. Mex. F/I. 045(5) (1999) 490--.lt»)
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FIGURE 2. Experimental arrangerncnts uscd for fringc counting.
P: transparent parallel plate. ~11. M2. MI. M2': mirrors. L, L/: oc-
¡Ull cxpanJer/collimating syslcms, SS 1: cntrancc hcam splilter, BS:
Olllput hcam splittcr. Similar nO(;llion is cmploycd in (he ¡nser!.

L

FIGUI{E 3. Experimental data (squares) oblnined wilh the interfe-
romeler nI"Fig. 2. Prcliminnry dala fitting of ~T(1))for Ihe dala sel
IEq. (5)1: assuming ¡J = G X 10-5 m, (he fiuing gives Hp = 1.248.
'1'"", = ().I¡.G2 rads. and ~Ó = -..:1.223°.
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circular pallern along a r~lngc while counting fringes. A ty-
pical result 01' fringc shifts (in radians) as a function of the
cntrancc <Ingle ep (in degrees) is shown in Fig. 3 (squares).
A preliminary litting: lO be described in nexl seclions is also
shown.

M'

BS1

p
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. J BS
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sllch as a Hc-Nc laser sourcc. Light cntcrs Ihe inlcrfcromclcr
al BS 1, whcrc il is splittcd along (wo paths. Onl' palh (oh-
jecl hc¡¡m) is lonne<l hy IlS l-M l-IlS-M2-M2' -M2-IlS. Tile
plate P is placcd in this path on a rolatory slagc. Thc sccond
path (rcfcrcncc hcam) is BS l-M'-BS. Thc inlcrfcromctcr is
similar lo i\ Mach-ZchnJcr hccausc Ihe wavcs inlcrfcrc une
will1 cilch othcr afIer crossing onc-way paLhs (compare wilh
inscrl). CollimaLioll 01' bC<lms wcre achievcd with appropiale
oplical syslellls cOllsisting 01' heam expanders, spatiallillers,
ami collirnaling lcnses (systelll L and systelll l.'). By slighlly
ddoClISillg lhe collilllaling lcns of syslcm 1. ilhllllinaling lhe
plale P. an inlerrerence patlern consisling 01' cOllcentrií.: rings
alter BS was achieved (rings in fronl of BS in Fig. 2). COlln-
ting of cOlltracling or expanding rings (Ihus counting nf frin-
ge shifts) was canied oul taking Ihe cenler of lhe pattern as a
refcrellcc point whilc lilting a plate (a cOllllllcrcial coverslipl
placed on the rolalory slage. Rotalion 01' the plale was do-
ne hy manipulalion orthe corrcsponding knoh. Lahels on Ihe
rolalory slage wcre fOllnd al 2 degrees. Thus. eSlimalion of
olle degrl'c \vas ncedl'd for lhe angular reading lo he done. In
Ihat way, rcadings 01"anglcs r/J were pcrformed after passing
of len fringes ('2Uií rads) Ihroug.h Ihe rdcrcncc point. Increa-
sing or decreasing phase dilTcrcnccs were laken walching Ihe
COlllr;¡Clioll or c.\pansion of the rings (in rront 01"BS. Fig. 2).
Spccial altelltion was payed on Im:aling Ihe Iransilion ranges
where rings tcndency changcd from contracliolllo cxpansion
ami viceversa (wilhin :!¡r accuracy). Olher aditional dcpcn-
dance on () was the lateral displacclIlent 01' the patlern posi-
lion. This Illcans [hat il is Ilcclkd lo follO\v Ihe ccnler of Ihe

4. nala processing wilh generalized regression

To \'crify if Ihe general nchaviour of the phase changes oh~
lained hy fringe counting as functions of 4> does follow lhe
prcscriplions oll(linet1 in Sect. l. a gencralized rcgrcssion fit.
ting can he perfol"med on the data as prcsentcd in rig. 3. Thc
rclative phase changes D,fl'(1J) = (1'(4» - 4\"il1 are suitahle
as fitting fUllclions dlle (o their more direct relation with the
data (lhe value uf ,f.""" is lInknown). Angular errors D.1J of
the glass plale "mm the (Jo rolatahle tahle mark werc lakcn
illto accounl. Here,

(5)

..•.1. Estilllation nf Iwn parmneters and generalized rc-
~rl'ssion

As prcliminary littings of dala "rom Fig. 3. generalized re-
gressioll fittings \••..üh 1\\10 of Ihe three unknown paramctcrs
(ti. 1/", and ~O) were performcd fOl' cstimatioll. \Ve hriclly
show Ihe rcslllts corrcsponding lo lhese Iwo cases. dcnoled
hy ¡\ and B.

CISCA. Vll1(/jilti"X H'ithxe"erali;ed regressio" alld delermi-
'llItioII (~lrt:li"tl('fi\'e i1ldex

A gcncrali/.ed regrcssion fitting \vas achicvcd by using Eq. 5.
ilS lirsl-onlcr partial dcrivarives wilh respccl lo 111, and ucP

N/'I'. A/n. Fi.\. -15 (5) (19<.1<.1),-190--495
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Fl(jURE 4. Thidncss ti as a fUllction 01'the refractive index 111,for
Ihe case of a rilase width rallge 'hv value of G47 rads (solid line).
Thc p!OI realty hcgins al "1' = 1.01.
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thal can he used as Iitting funclion inslead of EL). (5). Estima-
tion uf <I'\\' fmm dala. ami litli ng of D..(JI (<p) as given in Eq. (7)
lIsing 111, and D..C¡~ as two independent parameters (as wcll as
the lirst ordcr parti~tl derivalives with respccl to IIp anJ orp),
can IcaLllo the dclerminalion of Ihe Ihickness d ovcr Eq. (6).
Assllll1ing <1\.•.= G;j() rads for lhe data 01' f'ig. 3, this tllelhod
gives "/1" = 1.0'29 ami D..rp = _:$.209°. The calculated valuc
of 11\... results in G.19.844 rads. The corresponding calculation
of the thickness lhrough Eq. (6) gives ti ::::::1.025 X 10-'1
lll. These values nf rdraClivc indcx ami thickness correspond
lo Ihe cOllllllercial coverslip rcfraclive index [71 amito direcl
coverslip's thickness llleaSllremcnl (0.15 :f:: O.OS mm) hetter
Ihan the lIrst lillings.

values, arc plotled. al a l1xed vallle of <l)w. for the same six
diflerent pail" of values 111' ami d. AS a rcference D..1'R(r/J). lhe
pair '/111 = 1.;j2 and rI =: 1.008 X 10-1 In was laken. Thus.
the highesl diflercllces correspond to Ihc smallest vallle of
lhe rerraclive indexo Thesc dilTerences tend to be the highest
within a range compriscd between ;jO ami 60 dcgrees. ami
another olle hetween 120 ami 130 dcgrees.

These properties open IIp the possihilily 01' the simllita-
lleOllS dClerrninatiull 01"rI alld 'IIf1 as an altcrnative dala pw-
ccssing approach, in which olle can rather consider L~AI(<p)
01' Eq. (5) as expresscd in terms 01' 1\ ..•.•thus climinaling d hy
using Eq. (6). This gives

(6)

4.2. Siumltaneous dctermination of three parameters
(ll'PI t1</J. d) ami gcneralized regressioll

Case B. [)(/tafittiIlM wifh gencmliz.ed regressiofl {1m! deremli.

//(flion (~lf/¡icklle.\'.\'

On lhe other hand. lo check lhe prcviotls fitting, assullllng
111, = 1.248, ¡he corrcsponding fitting by using Eq. (5), its
I1rsl-order partíal t1crivatives with rcspCCI lo d, and t::..4> [01
dcJivcrs ti = 5.98 x 10<' 111, <I)w = 645.15 rads, and
~(b = -LL203°. These resulLs agrees with Ihe fitting rOl"ca-
se A. i\nolher good visual fitting was also found assuming
1111 = 1.'21'2. giving the following values d = 5.284 X 10-;) 1Il.

lI\v = G:lL8 rads. and D..9 = -2.873°.
\Ve fOlllld Ihal Ihe lIsed titling function [Eg. (5)] does nt

Ihe dala appmpiately. In particular, the values 01' <JIW and i::J.Ó
arc cSlillla!cd in a vcry llscflll way. Both cases render a range
widlh equivalenl 10 aMotll 102 fringcs. The valllcs 01' rcfracti-
ve index ami thickncss, however. deparl very much fmm the
cxpcl'led ulles [7J. This resull calls rOl' a furlher inspcetioll,
which, in turno leads lo <lIlother litting approaeh lo he explai-
Ilcd in ncxt seetions.

which plot rOl' lI\ .•. = G47 rads can hc found in f'ig. 4 as
'In example. Thcre, Ihe coordinate pair (1.248, G x 1O-G)
foulld as descrihed in the previous section is approximalcly
just a poin! on Ihe curve. We nole also Ihal the vallles 01'
11" = 1.52 IOgether will1 d = 1.008 X 10-.1 1'01'eX<llllple.
fOflll allolher possihlc pair of values of the same <1\.... BlIt
dillerellt pairs nI' valllcs wilh Ihe samc \vioth rallge <l'w <.lo-
es not display exactly the same D..'l)(tj»-curve. This can he
:-icen in Fig. 501 rOl"six difIerent pairs of values listcJ in Ihe
lahle Ilexl to the Fig. 5h. To calculalc each curve in rig. 5a,
denoled in general by 6'1',,(1)), Eq. (5) wilb 61> = O was
employed. Thc smaller lhe refraclive index, the narrower Ihe
~(II(1J)-curve. In Fig. 5h. lhe fringe shirt diffcrenccs [deter-
Illined hy il'IIIl(4)) - il!J'v(t/», with ~<I)R(</J) as agivcn n:fe-
rence Ibetwecll ¡¡ set 01' vallles 01' 'ó"I)( rp) wilh flxed nI" d pair
(Ihe rcfercllce 6'IIU (0)) i.llld a second set wilh variahle nI" d

\Ve lirsl llote lhat different pairs of d ano Hf, valucs C<lnde-
¡¡ver the sallle ll)w value. In raet. fwm its dellnition, it can
hc ShOWll that a given 4'w V<lluc will render the fol1owing d
"asilo\" 111, relationship

and assuming known d. This dcrivativcs pCffnits lhe use
01' fUIlCliolls for gcncralizcd rcgrcssion, as lhe fUllctioll
gentil ('\IX, "J', vg, 1") particularly userul for our case [5]. Af-
ter several atlcmpls looking fOI"a good visual fit, hy assuming
d = G x l()-~ m, \Ve arrivc lO a litting giving uJ! = 1.248,
fI\" = Gcli'.G2 rads, and!),.4> = -4.223°.1'101 ofthis íltting is
lhe olle lo he fnuntl in fig. 3.
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F[nUI~E 6. foitting using Eq. 7 ~mdtina :lSSllming 'h\' = 650 r.-.Js.
Tbis givcs ,J,\\" = (i.10.g.1.1ralls. 11" = l.j29 and ¡).1> = -3.290°.
Thc caJculatioll 01"Ihe thidncss g:ivcs d = 1.025 X 10-1 m. whilc
'1'",u = 2.GG, x 101 raJ~ anJ '1'",,,, = 2.017 X 10-1r:lds.

Bul the curve al which lhesc resulling 1/1" rI v~lues he long
(according lo Iheir 'I'w value, sec Fig. 4) conrains poin(s
(//1" d) wilh coordinale valucs illdecd doser lo Ihe previotls
tlnes. It is pos"ible Ih;¡( hy including S(ll1le minimizJtion cons-
Iric(ions regarding Ihe dilfercnec ~'l'll(()) - ~(I ••.(<p) al Ihe
appropialc angular n:gions. the lIrsl ami Ihird Iypcs 01"filtings
could give mOfe appropiate results.

In additioll to Ihe //1' amI d paramelers, (!le angular depar-
lure !:::.~,~frolll lile normal incidence is <lIso calculalcd in ¡¡ll
litlings. V¡¡lues ol'II,,,n~ and (1)""" hccollle also avail~hle.

••• ••• "ll 1)1
Enrrance angle [ciegue)

" d

xlo-Sm

" 112 3.674

~

12 5 173

~

1.28 6518

~
1.36 7.768

I I 144 8,9411
, 1.52 1008

(a> Fringe shifts. Several (np.d) values

I

M ~ w ro 100 1M I~ IW IW
ÚIIt..-.: •••.•••• 100"' •• 1

11'"

FIt:tIRE S. a) .:.\'J'(q,) rOl" Ihe several vallles of d ami "" li~lcd in
IIl\.'l;lhle nelo\\' (,J,\\" = (¡.tG.jI). The smal1cr Ihe rcfractive indexo
I[¡\.'narnl\\W Itll' plol of .,j,01.(lj,t).h) For Ihe ~allle pair of vallles lis-
Il'd in lhe tahlc. lh...:fringc shift differem"l~s i:l'J)n(cP) - ~(I),,(¡))
dIe plol!ed as I"utlclion 01"(/J. i:l'Jln(4') corrcsponds lo (he highcsl
vallle 01"Ihe refraclivt' indexo The sm:llkr lile •.cfraclive indexo Ih\.'
hi!!lll'r Ihe Jifferellces. Each pair 01"lhe lislcd values helongs lo ;1

.,j,'¡'(I."!)-Clll"VC\'l")' similar lo lhe one shO\\'lI in Fig.-.l.

5. Final COllllllcnts
This sccond litling Illclhod havc sOllle fl:atures 1'01"para-

IllL'IL'rdelerminalion al 10w precision lo he remarked. First, il
dlll'S nol rcquicre uf <111indcpcndent JIleasurelllelll of Ulll' P¡¡-
r:lI11cter (whethcr d or 11/,). Secondly, il is hascd on (he eX]le-
rill11'nlal valuc ur 'J'I\" \vhich is a value lo hc es(imalCd frolll
1l1l' S:II11Cdala se!. Finally, we havc Iltlled more appropialc
ron\"L'r,gence hy employillg il. Jn contras!, \\'hile using lhe
lirSl fitting approach, Ihe rcaching nf ;¡ visually gooL! fitting
fúr ~<I)(o) \V~S sOlllelimcs accolllplished only hy the use of
Ihickncss or rcfraetivc index valucs far ílway (mm the cxpcc-
ledo Tllis can he seen in Ihe va!ucs reporled in Ihe Sect. 4.1.
;\11 e.stimation of hcttcr prccision wilh the sec(Jnd fitting tc-
dllliquc. howevcr. requires (JI' a morc precise mcasurelllenl nI"
<tI\\" (fraelional order llleasuremcnt). As a side remark, we no-
le Ihal dillcrcnl pairs or\'alucs with Ihe sallle widlh rangc 'JIW
\l,.'ill show. in general. dillcrent alllounls 01' spherical ahcrra-
liolllcolllpare Eq. (5) wilh Ihe cquivalcllcc crilerion hctwCCll
cílvcrslips as disL'usscd in Rcf. 7].

A Ihird litling Iype, hUI wilh lhe Ihrce parameters lI11k-
110\\'11and indepclldellt. givcs valucs of <JI\\" ag~in c10se to tlle
11I"l'viousones huI wilh dilTen:nt values of d and /JI! as a rule.

Fringe couJ1ling as ¡¡ JIleasurc uf lhe phasl' ch:lt1gcs arpea.
ring whilc lilling a planc paral1cl p];¡le wilhin :111angular rall-
ge bL'(\Veen () and :{(;(} dcgrccs hchavcs in good agrceJllcnl
wilh the simple lllodel hased on the geometrical OPD. Tbis
pmpcrty can be lIsed within Ihe I"rame of a teaching physics
Iahoratory ror illus(rative ~nd pedagogical purposes. On Ihe
other hand. lhe lechniljuc can derivc in a way lo inspecl pa.
rallclisl11 in lrallsparenl plane plates hased in fringe counting.
Somc rc];¡ted lechniqucs to inspect rlate p;¡rallclislll are re-
vic\,,'ed in Rcfs. X and lJ, :tnd othcrs are morc recenlly ciled
in Rcf. 10. Furthennore. rringc coullling while lilting plales
¡¡mi an appropiate generaliled regressioll litting can serve Lo
simultaneously llleasure hoth refraclive index anL! thickness
al low prccision wilh Ihe aid of an cslilllation 0'- Ihe expcri-
IIlL'nlal phasc shifl widlh r:tnge 'Ilw. \Ve relllark that conslant
angle interferellec speclroscopy has heen proposed to lIlea.
sme rcfraclivc indcx and Ihickness 01"Iransparenl laycrs 1,11.
The (cchniquc uses several wavelengths whilc holding Ihe tiit
angle tixcL!. In contrasl, variahle angle monnchromalic fringe
ohservalion rcqllires 1\\'0 or mOfe wavelcngths lo determine
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110lh paramelcrs as previously reported [,1]. Our proposcd Ic-
dllliquc also Illcasures simu!tancuusly 110lh paramclcrs, huI
is ;¡ Il.'ehniqllc of il variable angle Ihal nceds 01' ol1ly one JnO-
noehromalic SOllrec. The reqlliring lilting <:<lnhe found in so-
lile sol'twan..' paekages widel)' spread I;jl, Thc cxpcrimenl <:an
hc lIlore casily pcrforll1ed \Vi(h a t\.laeh-Zehndcr intcrferomc-
ler IGI amI (he eorresponding sct up rcquircs cquipmcnt rC<l-
dily availahlc and usually found on the shclfof Illosllcaehing
lah()J"alorics,
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