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ABSTRACT

A desçripticn of laboratory work cii Fwrier ectroscaw In visible speet1 re-
gicri is giv .StxIts aquire an experience cri proceeding with interfercneter, pres—
91re scanning device, ccirpiter data aquisiticn system and correspcnding soft.re.
Tty calailath and determinate spectral qualities of instnurnt in practice.

1 . INT1DUCTION

t4iltiplicity of piblicaticns acknc*d.edge rapid deve1czrit of t Fwrier tran-
sfonn spectrosccç5T for tk last 10 years. tny universities introduced t Fc*irier
transform spectroscoçy into t airriailum of ndem pIysics. 1 labOratoxy airri-
c.uluni crt t1 Fcurier transform spectrosccçy is distingui&d 1' a high level of au-
taiatizaticn to net t dennd of the Fcurier transform spectroscoçy ntd using
tI spectium nunrica1 reccnstnicticn fran interfercgrazn. As a rule prcgrams in
t Fcurier transfomn spectrcmter operaticri system ccnçositicri are nstered by a
user easily, t1refore ty are ccnvenient in student teaching.

We are giving an abridged descripticn of t ]aboratozy program at t bread-
board of tI individual ccnstiiicticn Fcurier transform spectrcnter for visible
spectnim. Filfiling t laboratory prcgram stud&its acquaint tnselves with t
fundanntal principles of t Fairier transform spectrosccçy, nester the tecIrtique
of t spectrum producticri at t Fcurier transfomn spectraiter breadboard, clai-
late and determine spectrosocpicl characteristics of t device in practice.

2 . BRIEF THEORY

rit1ds of a Miclscn interfercirter applicticri for tt unnnochrczrtic
radiaticn spectral ccnpositicri research is celled as a Fcrier spectrosocw and
differ fran a classical ntxd b' an absice of radiaticn spectral decctrositicn1 ?
te can briefLy describe t Firier spectrcirter rrc,del this y : tI interferciv—
ter is lit up Iy t radiatiai under investigaticn, and t1 receiving cutlet rve
is ibject1 to Fcurier analysis and as a csuce is transfornd into t dist-
ribitixi of intensity alczg a fruicy . In certain cases .ith ccnwlicated methods
is proved nore effective tn a direct spectrum ana]ysis, since t Fcrier ect-
rcineter is one of t best optical devices for ith pirpose. 1 Fcurier spectrcme--
ter advantages is a high resolving pcr , a relative aperture increase , and a nest
caisiderable increase of infornaticxi cacity'.

'1 Fcurier ectrc*iter optical unit has be&k ocnstaucted for t f 1CM of ra-
diaticrt under investigaticri to be forked by a beam splitter Into tw ves, which
after t} .ssage of differit ctioal distence interfere and hit a ph,todetector.
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A plxlxxletector indicate t signal depending ai t1 c1nge of t optical th
difference, which is called an interfercgram.

Interfercgrazn can be represent as

F(L) = q(c) p(cr) XE(2iw) ckr (1)
crmix

w1re L 15 t cjptical Th differice, a Is t1 venuther, q(cr) is the srce
radiaticxk spectral distribiticxi, p(a) is t1 photodetector spectral respcnse, crx
and axvth are the nxiiaun and mininum vuther of the speetnim of radiaticn under
investigaticxi , which can be recorded by a photodetector , respectlve)y.

Ccnductil)g t inverse Fxirler transform cperaticn of t interfercgram and
kncMing t photodetector respcne airve cne can calculate a spectrum

q(o) = '{Fc} (2)

where 4—' is the caiventici of t inverse Fcurier transfonn cperaticn.

3 . TASK FOIMILATTON

The laborathry prcgram task is t producticr of t filter trann1ssicn coef-
ficit spectral distribiticr cirve represented in t form of a graph printed cut
1j' a printer.

Solving of this task ccusists of a few stages.
1 . Fcurier spectrcnter a1ignnt:

a) producticu of t fringe pattern frcin a laser;
b) producticu of t} ccntrasting fringe pattem fran an incandescent lan;
c) plotting of the lang radiaticu synrtric interfercgram br a recoder;
d) plotting of laser radiaticri interfercgram tr a recoder;

2 . Interfercgrams recording and data processing:
a) interfercgram recording and writing it dc*n en the diskette are perfomd un-

der t ccntrol of "Interfercgram recording" prcgram;
b) interfercgram processing and spectrum reccustructiai are perfonid under the

ccntrol of the "Fcurier BpeCtrCineter" prcgram;
c) writing on one's a prgram for the filter tranniszion spectral coeffici-

ent determinaticn;
d) placing the tran3nissicn curve graph into a printer r nns of "Spectrum con-

stnicticn prcgram.

4. APPARATUS

A block diagram of a experinntal apperatus is s1*i in Fig.I. The optical unit
of a breadbcard bas been assent)led on the base of the holcgraphic apraths by a
Michelson interferonter circuit. Going thrcugh a snitranspe.rent beam splitter the
beam of the radiation under investigation breaks into t beams, *iich are ref lee—
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Fig . 1 . Block diagram of the Fourier transfonn spectrcnthr bre&Iboard.
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ted fran mirrors and interfere; a fringe pattern cares c*it in the form of rings.
Scanning is donìe by an cçtioal irth,d , with a ctnge procedure of an index of ref-
racticxi of t ndium the bexn passes tbrc&gh. For twit pirpose the glass dish cai-
nected with a vaaium pimp is placed in the be&m path. Since refractive index of
air depeids cn presire, t1 path difference between interfering beans ctnges
during evacuatic. The dish windcs are p1aeI for ec*rgensatic*i of the path diffe-
rence additicia1 ctnge appearing when tt beam sses tbrc&gh the dish windows.

For recording of tI fringe pattern rings intensity t optical signal is bwnd
for a pthdetecthr eczinecti over the e1ectrc*uic unit and ünalcg niry rri1tien-
nel device with tt AD ec*iverter of t crate CAMAC. AD cxxiverter ocnverts the
electric signal in the nunric code and array we call the data filled in this y
as t� scurce interfercgrarn. At the present apparaths the scanning a1crg the besrn
path differeic'e is realized by the nthod of the unbroken slow b1e1ing-in the air
inth the dish tbrc*.gh a cappilaiy . A recording 'stn allows to u*ke the indica-
ticns across plan&t step, bit it is iuossib1e to tie them with a path differeice
definite value . Therefore for the path difference detenninaticii at the received
interferograrn of a sc*.irce the He-Ne laser radiation interferc€min is recorded si-
nultanec*isLy ( the reference Interfercgraxn ).

5 . METHOD IDEA

The rrthod idea of the filter trannissicri spectral coefficient T(\ ) detenni-
nation lies in the cciiseaitive recording of t interferograms - at first the ra-
diation of an incandescent 1an without a filter ( see , for example , Fig .2a) , then
inth the radiaticn thndle introduces the filter under investigation ( see ,for exan-
le, Fig.2b).

As a reilt of the ccnpiter processing of these interfercgrams tr receive for
the first experinnt - the lan radiaticn spectral distribution q(\) ( see, for
example , Fig . 3a) , for the second experirrnt -the spectral distributicxi q(\)T(\) of
the lan radiaticn thrcugh a filter ( see , for example , Fjg . 3b).

Dividing the second result into the first reilt we receive the dennded dis-
tribitici ( see, for example , Fig. 3c).

6 . ONTIL QUESTIONS

Control questiais are offered th students after fulfilnnt of experimental
part of the laboratory prcgram. Cc*isidering the answers students learn th enloy
their theoretical knowledge for practical problems of the experiiint.

1 . WIt is the pirpose of laser radiaticn interfercgram recording ?
2. How is the optical path difference defined by laser radiation interfercgram?
3. W1t is the aim of placing windows withcut dish and cc*Bpensathr in the

second ann of the interferometer? Why can t the increase of the beam optical path
in the dish windows of the first ann be ccnensated with simple nvement of the se—
cond arm mirror ?

4. W1at does the contrast depend on?
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5 , How does spectn;m width influence the interfercgrarn appearance ?
6 . Hc is a step a1cxg interferogram for pectnrn reconstnictiori connected with

1adiaticI1 spectral range ?
7 5 What paranters of the device and recordisg system influence the resolution

and spectrum ntxiiarn width, which n be recorded ?
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1g. 2 . EcperImental re.ilts of interfercgrams nasurement:
(a) the interferogram of a incandescent lamp;
(b) the interfercgram of the sarr lamp as in a bit thrc*.igh the glass

SPIEVol. 1603 Education in Optics (1991)1539



5
- — i—--- —--i4 c1 (0 4 c4 l 4 , ) o (0 O N— - —- --.-'---- - - -- ______

(c)

--
00 .o CO C'] (C)

L) (C) (C) (C) N- N-

FIg. 3. E,cperinnta1 re&ilts of trannittance spectra nairennt
(a) the backgrcund spectrum of a incandescent lan;
(b) the spectrum of the sane lanp as in a bit thrcugh the glass filter;
(c) ti reconstructed trannittance spectrum of glass filter fran a and b.
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