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Br1f decriptks of ztudet laboratory &rkz ii laser 1nterferaitry: '(*ject.
defornt1c ana1yis by nnz of 11cgra1üc interferc*itay* j
dispJaceimt vest.igati by ntns of doubIe-exire are
g1wn in the present tper . Defox,it1cn bds of nta1 plates with rough irfaces
are investigated in the first &rk. xutntz for rexrding and reccwistcnictict of
virtual and real lxlcgraplüc inges are pre5ted . CaIai1aticti fonrn1 and
experiiita1 results are given . *i11 dipice,t of plane thjects with rcugh
surfaces - inclinaticus and transverse disp1acts are iiwetjgati in t seocnd
Drk Ca1cu1atic fornula, argiitz for re*xUng dcub1e-etxiire edk1egrams
of a disp1aceiit and hen for bzervatiais of Young frirges are given.

Laser practical crks in Qfr of Optics of &ratov State University includes a
nunter of c&wks a nterfercitric nawing uthxs . Student.a of senior crsez
carry out; experinta1 investigaticii of x*rent properties of thniI and laser
rndiaticn surcs by nns of Newtai and Micthelscn nterferciiters detennine the
profile of the polish3d surfaos of plates with the 1lp of a pritic laser
Interfexter , get acquainted with laser holcrap& and 1xkrapJüc iifterfercinetry
tecluüquez for iaasires,nt of irfa ject defontias, nvst.ite t
laser spedde effect and its applictiai with th help of kle-tra*y for
nka51re$1t of scattering Objects ll disp].actnt, use t Midlsc
spedcle-interferc*ter for meau'ing tbernl displac*ints of the electrcigun
eltrcdes of a vacuum device, sthdy the capabilities t laser ?ttth-Zehder
interferamter for investigaticti of se cjts.

Cth' t;) &-rks c holcgraphic interferc*atty and speckle-otcgrapI frin this
list are described in this per . These works are practktl fnitiai of the
lect4a'e ccurses "Optical Holcgrapliy" and 'Speckle- lnthrfercsnetry" reed by the
&ithrs of this per.

______ I. Practice]. rk No. I
•cBJr iiuiMrx MALYBJZ BY PME Y HOILXAThIC 1N11OflW

aim of th &u is to acuaTht the student of cticl departit with
physical principles and practical ssibilities of holcgraphic interfercetry,

Methidical guide includes tloretkal and experintal *rts. In the first
pamgra*i of theoretical tart try to define holcgrap1 as a methx of cves
recording and reccistructicti Intensity diztrithticu recording of
thterference ttem, thith is formed by perpositicn of object and reference
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point shift g is made according the Eq . ( 1 . 2) . Meairesint rei1ts are tatxiathd
and cutve g f(x) Is ccnztruct (Fig,1.).

2. Pxtia.1 !k.2 _______D]I INYTTII BY PEN3 I IU&-Ii IE-HhIUHJY
The aim of the rk is to acquaTht the student with zpedcle-affect app€red with

illuininatic*:i of rc*gh irfac by laser light. Methx1ica1 guide hs both tJeoretical
and ecperimenta1 parts

The first tragraph of theoretical trt 1es in diffu]y icitterJ a1rent
light; fie1d' briefly ana1y,es t causes of spedcle pattern fomning, infIucte of
t€viporal and siat1a1 ctherce of 11ght The role of optil 'stn relutic
pedcle-tthrns are cbserved In ril inge plane is also discussed . It is noted
tt average lateral spedcle size is inversely proporticual to exit angular aperture
of optical 5y5ten?

In tJ paragraph &kle-patteni aicliaitiai In urit tiiques"
ecTisider speckle-pattern Shift in scattered light field ccditic*ed by Object
defonitic and u,veimnt. It is explained tt ccsequent recording of
spedcle-tterns ai ph,toplate at differ€t mc*mnts of tii nkes issible to record
Object displaceiints of micraiter range

Speckle-pattern nutual Shift nartiint is carried cut by Interferential nthod
If dcxible-expoire spedclegrnin is illuminated by nc-expended laser beam accord irig
to t 31k3 at Fig .2 . I in diffracticwal lo ce ctn Observe Young-fringes,
oriented perpendiouler to speckle-tteni shift.

Fringe space A in far—field diffractiaal regiou is defined by relatic

A -' (2.1)

where L - t distance t*e speddegrain and observatiou plane , d -
speckle—pattern shift in illuminated regiou of specklegrain. Fquatiou ( 2 ,I) allows to
define speckle thift d acxordirig th uwured values arx1 L. This value is
un6ntIgucA15]y related with ngatd object rfaoe dip1acvxrttt g

In t pAr8graph 1I slope argies rit it is sfr.*n tt rough arfaoe
slope with angle causes spethle-ttem shift in the back focal plane of the less
(Fourier-plane) by tI value

d f(1 + cos) , (2.2W)

wheLre - the angle of illuminating 1ar bm incidence. Pecording cous€quently
spedde-jttterns cü p1xtlath in Fourier-plane before and after rface indlinatlou_ c obtain dcuble-ex&ire specklram. Illiuninating the specicl€gram acrding
th t1 scFcrw at Fig .2. 1 ce cn obtain Young-fringes. By rr*iring its sce A '
cn define the value d which helps by T1iflS of (2.2) to find the unkac*i value
of a slope angle .

In ti xgraph '11 ]ateral thifts nairits' disoussed the mtring

SPIE Vol. 1603 Education in Optics (1991)1543



tii1ques of rigid lxdy lateral d1sp1acnt and iip1ane rotatkn . &ggezt
tecthlquez differs fran tt derIId in t prevlcuz paragraph in t fact, tt
5ped1egram 15 recorded in the p1ne of thject real ijige. The disp1ac€t g Is
defined 't Ycung-fringes observed acxxrdixg to t thene in Fjg . 2 . I using Fq . (2 . I ).
Spedcle shift d Is re]at with t 1ue g by relaticE

d
13g

;àre - lateral inige uEgnifiatt.IcE.

ExperiiintaI part Includes t tas:
I . To define slope angle of diffusely scattering plate;
2 . To define ll lateral dIsplactnt of dIffusely sctteriiig plate.

According to ta No . I t optical scsi is arranged as It Is in Fig . 2 . 2.
Spedcle-pattem Is &uble-recorded In FcirIer-plane c photcplate with high
resolutIcii before and after ObJtt ll inclInaticn . The wtlue of a slope shild bebet

(1-icos1L < , w (') 4)- B S

IO(1+cosy)f
*re D &td f - oorre5ctiding perthre diI*Itter and foois of tbe recrdtng 1€xis
(Fig .2 2) , w - cross sectixi ditarrter of nrxt-exp&td€1 laser b&im illumlnatirig tI
speck1igriin (Fig 2 . I ) . In wr case slccJe &gle is iua1 to IO mdian.

In t task No 2 optical dwrw is armi acordirig t Fig .2. 3 Object rcgh
rface rtd p1ritc1ate are t in cijugated p1aies (object td iige p1ies)
oorre5KKLding1y at distiitces a &d b frun the 1€is Yririg-fringes ctin be obtaixL€d
accordingly Fig . 2 . 1 and the space A of fringes and distances a and b for
iiagnificaticu definItiQ first. d shculd be calailated tbei g with the help
of Ei(23)

ndn attenticE is paid to the meirixig capabilities of these methcds in tie
given laboratory c&rks c*i helographic interfercutry and spedde-phetcgraphy , The
fringe fornticE is ccnsldered Iran sijtlifI po5itlons wItit telcing inte account
speciile rnodulatiou of Interfering light fields. The interfereice of
spedc1e-ndulated ves take place In ireny imthds of helcgraphic and laser
thterferaitry . In this cnnectIc tie understanding of psIcl f€t&wes of
specide- field interfexmtry is of great itxxolcgical importance . At present t
carry out the practical work tSpec1le—FIeld Interference" It is pposed in this
&rk to study the interference of naildeitical ( uncorrelated ) and identicd
(correlati) speckle-fields on ti basis of the Michelson interferc*neter and
investjgate the effect of fringe localization and their visibility dependence on the
iattual displac€nent of interfering identical speckle-fields.

The authors gratefully acknowladge the head of the CIdr of Optics, professor
V. V . Tuchin for attention and pport of the c,rks on holography and
speckle- interferc*nety.
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Fig. 1.1. Optical sthe of hlcgrun recording and holcgraphic
observing.
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Fig . I .2 . Optical sthesne for interference fringes observaticris cci real blcgraphic
iiiige of an object..
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Fig .2 . I . The arrangesnet for Y*ing-fringes obserwticn
speckle—phDlxgraphy.

in dcx.bIe-exposure
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Fig . I .3 . Qrve of plate bending defox,itic*i appeared under directed force.

C 20 40 60 x,rnm

Daubi e—Expo sure
Specki egrain Diffra ct ional

Halo
Fringes

Unexpended
Laser Beam



lleNe Laser

Collimator

?hotoplate

Fig. 2.3. Optical scheme for dc*ible-expore spedclagram rerding of lateral object
displace*,nt.
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Fig.2.2. Qptical scheii of object slope dcuble-expoaue eck1€gram recording.
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