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CHavaJja, noxanyiicra, npo4uTaiite ciaeaympuiee:

1. DkcnepuMEHTAIbHBIN TYyp COCTOUT M3 OJIHOM 3amaun. [IpogomKUTeIbHOCTD Typa 4 Jaca.
2. Jlnst pacueToB BbI MOXKETE UCIIOJIB30BATh CBOM KAIBKYJIISTOP.

3. Bam npemocTaBiieHbl YHCThIE JUCTHI OyMard, KOTOpbIe MpeAHa3HaYeHbl I Y€PHOBBIX 3amucei, ux Bol
MOYKETe HCIOJIb30BaTh MO BareMmy ycmotpenuto, oHu He npoBepsitorcs. Ha Writing sheets ciemyer
3aIMCHIBATL PENIEHHE 3a]a4yM, KOTOpoe OyIeT OLEHEHO MpH MpoBepKe paboTel. MoKeTe 3aruchiBaTh
OYCHb KOPOTKHUE MOSICHEHUS, HCIIOJIB3Ysl YpaBHEHHUSI, YCia, OyKBEHHbIE 0003HAYCHHUS.

4. Vcnone3yiite Tonbko JuueByr cropony Writing sheets. Ilpu 3ammcu He BBIXOZUTE 3a IIPEEIIbI
OTMEYECHHOU PaMKH.

5. T'padpuku HeobOxomumo crpouth Ha Writing sheets B oGmactu ¢ MuutMMeTpoBoil Oymaroii. Bce
MIOCTPOCHHSI MPOU3BOJNTE PYyYKOW, a He Kapanmamom! Eciu Bam HykHBI gomonHutenbHbie Writing
sheets ¢ MHUTEMETPOBOI OyMaroii, To Bbl MOJKETE HAWTH WX B KOHIIC BAIIEr0 KOMILUICKTA 3a1aHUi.

6. Ha xaxmom mcnosab3zoBanaom Writing sheets, B oTBeieHHBIX Ui 3TOro rpadax, HEOOXOIUMO yKa3aTh
Barmry crpany (Country), Bamr xon (Student Code), mopsiakoBeiii Homep 3amaun (Question Number),
TeKymuii Homep Kaxxaoro yucra (Page Number) u monHoe KOJIMYEeCTBO JMCTOB, UCIOIb30BAHHBIX MPH
pemenun Bcex 3amau (Total Number of Pages). Eciu Bbl He XoTuTe, 4YTOOBI HEKOTOpHIE
ucrons3oanubie Writing sheets Gpuii BKITFOYEHBI B OTBET, TOT/IA MEPEYEPKHUTE UX OOJBIIMM KPECTOM
Ha BECh JIMCT U HE BKJIOYaiTe B BaIil o cyeT mojgHOro KOJMYeCTBa JINCTOB.
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dypbe-cnekrpomerp?

BBenenue

OcHoBHo#1 aemeHT Dypbe cnekrpomeTpa — uHTEephepomMerp MalikenbcoHa.

JonycTuM, y HAC MMEETCA KOTE€PEHTHBIM MCTOYHUK H3IYyYEHHUS C OINPEIACICHHOW JIMHOM BOJIHBIL.
Korga pasnocts Xoaa AByX Jy4el, NpUILIEIIINX B IPUEMHUK, KPAaTHA MOJOBUHE JJIMHE BOJIHBI, TO €CTh Jy4d
MIPUIILITA B MPOTHBO(A3e, HHTEHCUBHOCTh PETHCTPUPYEMOT0 H3IIyIeHUs Onr3Ka K Hymo. [Ipu nepemeniennu
OJTHOTO M3 3epKal uHTepdepomMeTpa pa3HOCTh XOAa Jy4yeil H3MEHSETCs, IMO3TOMY HW3MEHseTcs U
WHTEHCUBHOCTh CBETa, pErHCTpUpyeMas TNpPUEeMHUKOM. I3BeCTHO, 4YTO HWHTEHCHUBHOCTH OyJeT
MaKCUMaJbHas, KOI/1a pa3HOCTh X0/1a KpAaTHA JUIMHE BOJIHBI.

Ecnu omHO W3 3epkan mHTEpdepoMeTpa IBUIKETCS C MOCTOSHHOM CKOPOCTBIO, TOTZA Ha BBIXOE
nprUeMHHUKa OyAeT HaOII0laThCs CHHYCOMAANbHBIM CHUTHAJI. AMIUIMTYAA CHUHYCOU[BI MPOMOPIHMOHAIIbHA
MHTEHCUBHOCTHU CBETA, a €€ EPUOJ] 3aBUCUT OT JIMHBI BOJIHBL.

Ha pucynke moka3zana cxema uHTephepomeTpa 4
Maiikenbcona. CBETOBOI MOTOK OT MCTOYHHMKA | C MOMOIIbIO B N U x(t)
nuH3  QopmupyeTcss B HapajUIeTIbHBIM My4YOK Jyded U
HaIpaBJIIETCS HAa CBETOAEIUTENbHYIO IUIACTUHKY 2. YacTh x
cBeTa (MOJOBMHA [0 WHTEHCUBHOCTH) TPOXOAHUT uepe3
IUTACTUHKY, [OMa/1aeT Ha HEMOABM)KHOE 3€pKajio 3, MOJIHOCTHIO
OTpa)kaeTcsi OT HEro W CHOBA IIONAJaeT Ha IUIACTUHKY 2,
OTpakaeTcsi OT HEe W IMOIMAaJgaeT Ha 3KpaH C (POTOMPHUEMHUKOM
5. Bropas mnonoBuHa CBETOBOTO TMOTOKa OT HMCTOYHHKA 2
OTpa)kaeTcsl OT CBETOAEIIUTEIbHON MIJIACTUHKY 2 U MONaIaeT Ha
MOABUKHOE 3epKaylo 4, OTpakaeTcsa OT HEro, MPOXOJIUT yepe3
MJTACTUHKY 2 W TaK)Ke MOMaaaeT Ha 3KpaH ¢ POTONPUEMHUKOM
5. Takum o0pazoM, Ha SKpaH TOMATAIOT JBE KOTEPEHTHHIE - 5
BOJIHBL, OTP@KEHHbIE OT 3epkal 3 u 4. DTu  BOJHBI Uy o
UHTEPPEepUPYIOT MEXAy CcOOOH, a MPUEMHHUK PETrHUCTPUPYET
PE3YIABTUPYIONIYI0O HHTEHCUBHOCTh CBETA Ha DKpaHe, KaK QyHKIUIO BpeMeHHU. JTa (QYHKIIHS 3alUChIBAETCS B
naMsTh KOMIBIOTEPA VI MOCIEAYoel 00paboTKy.

Jlns nimroctpanuu npuBoauM (oTorpaduio 3aperucTpupOBaHHOIO CUTHANA U3 YKa3aHHOM CTAThU.

U Freq Sensor
— 5 o= Hann ™ FFT
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FFTlength: 0
MAX of specirum:
MAX lambda:

Ter[epL npeacrtaBum, 4TO 3€pKalo 4 ABUIKETCA HCPAaBHOMCPHO W/MIM UCTOYHHMK CBETA HE SIBIISICTCS
MOHOXPOMATHYECKUM, TO €CTh COJACPIKHUT B cebe HECKOJIBKO JJIMH BOJIH. Taxkum O6p330M. Ha BBIXOJC 6y21€M
HMETh 00JIee CIIOKHBIM YeM CHHyCOHHaHBHLIﬁ CHUI'HAJI. HpI/I COOTBCTCTBYIOIJ_IGI\/’I MaTeMaTH4eCKOM 06pa60T1<e

! Mannoe sananue pa3paboTaHo Ha ocHOBe MaTepuaiioB cTaTbi «Camo/enabHblil Dypbe-cniekTpomerpy (https://habr.com/ru/post/253947/).
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3TOr0 CUTHAJIa MOXHO MOJYYUTh 3aKOH JIBMKEHUS 3epKaia 4 WM CIEKTP U3Iy4YeHHs] UCTOUYHUKA CBETA, TO
€CTh UHTEHCHUBHOCTb M3JIyYCHHS Ha PA3JIMYHbIX JJTMHAX BOJIH.

[Tpu BBIMOTHEHUH 33JaHUN UCIIOJB3YHTE YIIPOILIAIOIINE MTOJIOKEHUS U 0003HAUCHUS:
1) peructpupyemoe ¢oronpuemuukom Hanpskenue U (t) mpomopumoHansHO HMHTEHCHBHOCTH CBETA,

9yBCTBUTEIHHOCTh (DOTONPHUEMHHKA HE 3aBUCUT OT JJIMHBI BOJHBI CBETA; C IMOMOIIBIO 3JIEKTPOHHOM
CXEMbI MOCTOSIHHASI COCTABJISIONIAs CHUTHAlla OTPE3aeTcsi, MOITOMY Ha rpauKax OTPa)kaeTcsl TOIBKO
IIEpEMEHHAsl COCTABIIAIONIAS;

2) NOABWKHOE 3epKajio Koyiebiercs no rapMonudeckomy 3akony X(t) ¢ wacroroit 20 I'i ¥ mocTOSHHON

aAMIUTATYI0H; MOKHO CYUTATh, 4TO IpU X = 0 pa3zHOCTh X0Ja HHTEP(HEPUPYIOIIUX BOJIH paBHA HYIIIO,

3) UWHTEHCHBHOCTH HHTEP()EPUPYIOIINX HA TPUEMHUKE BOJIH PABHbI;

4) HayaJlo PErHCTpAIMK CHI'HAJa COTJIACOBAHO C JIBU)KEHHEM IIOJIBUYKHOTO 3epKajia M BCEeraa HAYMHACTCS
IIPU OZHOM M TOM K€ MOJIOKEHUU 3epKaa;

5) perucTpanms cuUrHaia MPOBOJUTCS B PABHOOTCTOSIIME MOMEHTHI BPEMEHHU U 3aIUCBIBACTCS B SYCHKU
MaMsITH, KOTOpbIe B JajbHEiIIeM HyMepyloTcs LenbIMU 3HaueHusMu t. PDaktuyecku t ecTh Bpems
pErucTpalyy B OTHOCUTENIBHBIX SAMHHIIAX.

6) Ha Bcex PHCYHKax HPHMBOAATCS rpadMKU 3aBUCHMMOCTeH permcrpupyemoro Hampsokenus U () ot

HOMepa sueiiku mamsatd t. s ympomenust paboTel K KakaoMy rpaduKy Mpuiiaraercsi Tadiuua, B
KOTOpPOM yKa3aHbl IOJOXKEHHS SKCTPEMYMOB (MAKCMMYMOB M MHMHHMMYMOB) 3aperUCTPUPOBAHHOTO
curHaia t,, , 3T SKCTpeMyMbl HyMepyroTcs OyKBoi M .

Bunmanue! Ha oraensubix smctax Writing sheets mpuBeneHbl 3aperucTpupOBaHHBIC CHTHAIIBI
3aBHCUMOCTH HaNpsDKCHUS Ha (OTONPHEMHUKE OT BPEMEHH, KOTOPbIE BaM IPEACTOMT 00pabaThiBaTh.
OTMeTHM, YTO TPHUBEICHBI TOJBKO YaCTh BCEX CHTHAJIOB. [IpW BBINOJIHEHWU NAHHOTO 3ajaHus Bam Her
HEOOXOIMMOCTH HCIIONb30BaTh BCE NPHBEICHHBIC YHCICHHBIC MaHHbIC. MCIoIb3yiiTe TONBKO TE, KOTOPbIC
CUUTaeTe HEOOXOAMMBI JUIss pacuera TpeOyembix BenuuuH. [lpu moctpoeHur rpaduKoOB HCIHONB3YHTE
pazymHOe Komr4yecTBO AaHHbIX (10-15 Toyek), 0JJHAKO MOMHHTE, YTO TOYHOCTh PACYCTOB IOBBIILIACTCS MPH
YBEJIMUYCHUU YHCIIa HMCHOJIB3YeMbIX MaHHBIX. OO0s3aTelIbHO YKa3bIBAWTE B PEUICHWH, KaKUE JaHHbIC Bl
UCTIONIB3yeTe, TakXKe O00s3aTeNIbHO MPHUBOAUTE (OPMYNBI, MO KOTOPHIM MPOBOAATCS pacueThl. Jlms
NPOBEJICHUST PacueToB BbI JOJIKHBI KCIOJB30BaTh TOATOTOBICHHBIE Tabmumbl B Writing sheets. [[ns
HOCTpOCHUsI TIpaduKOB WCHONB3yiTe ONaHku, OpuBelcHHbIe B Tex ke Writing sheets. O6parture
BHUMaHUe, 4T0 Toabko Writing sheets Oynyr oumenmBatbesi. J[is 4epHOBBIX 3amuceld BBl MOXKETE
UCIIOJIB30BaTh Oelble IUCTHI OyMaru, HO OHHM OLIEHUBATHCS HE OYAyT!

3aganusa
1. Teoperuyeckas yacThb
HuTepdepomerp ocBemaeTcss MOHOXPOMATHYECKHM U3ITyYEHHEM C UTHHOW BOJIHBI A .

1.1 O603HaUNM UHTEHCUBHOCTH KaXI0H N3 HHTepdepupyromux BoiH |, caBur a3z mexay BomHaMu Ag .
3anummre GopMyITy ISl HHTEHCUBHOCTH | pe3ynbTupyromiel BOJHBI.

1.2 3anummmTe GopMyny sl HHTCHCHBHOCTH BOJHBI Ha npueMHuKe |(X) B 3aBHUCHMOCTH OT IMOJOXKEHHUS
MOJIBIDKHOTO 3epKajia X .

1.3 3anummre GopMybl, yKa3pIBAIOIINE, IPU KaKUX 3HAYCHUSAX KOOPAWHATHI 3epKajla X, MHTECHCUBHOCTH

CBETa Ha HKpaHe Oy/eT MaKCMMaibHa, a TPU KaKUX MUHUMAaJbHA.
1.4 3anummure oburyo GopMyity, ONpenesaoNy0 KOOPAUHATY 3epKaia X,,, IPU KOTOPOH MHTEHCUBHOCTb
CBETa Ha HKpaHe dKCTpEeMalbHa.

2. MoHoXxpoMaTHYecKoe U3JIy4eHre U3BEeCTHOM JUIMHbI BOJIHbI — TPAaAyHPOBKa nNpudopa

Ha pucynke 1 mnoka3aHa 3aBUCMMOCTh WHTEHCHUBHOCTH CBETa OT BPEMEHH IPU OCBEIIEHUU
UHTepdepoMeTpa MOHOXPOMATHYECKAM H3IydeHHeM ¢ juimHON BouHBI A, =0.640 Mxm. B Tabmume 1

MNPUBCACHLI 3HAYCHHA BPCMCH t IpHU KOTOPBIX MHTCHCHUBHOCTL CBCTA 3KCTPCMaAJIbHA (MaKCI/IMYMLI u

m s
MI/IHI/IMyMBI), a TAK)KC 3HAUYCHUA CUTHAJ1a U m B 3THU MOMCHTBI BpeMeHI/I.

2.1 Ompenenure 1eHy neieHus At=1 HCIONB30BAaHHOW BPEMEHHOW IIKAIBI JIAHHOTO YCTPOWCTBA B
MUJUTUCEKYHAX.
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B nanpHeiimem Bce pacdeTsl IPOBOIUTE B YCIOBHBIX €IUHHIIAX MIKAIBI IPHOOpa.
2.2 Ha ocHOBE MPUBEICHHBIX YKCIIEPUMEHTAIBHBIX JAHHBIX MMOKAXHUTE, YTO JBUKCHHE 3e€pKalia MOKET OBITh
onucaHo QpyHKIueH

x(t)= Asin(z_l_—ﬂ (t —to)). 1)

Omnpenenure 3HAYCHHS MAapaMeTpPOB OTOW (YHKIWHU: MEpuoa | B CIUHUIAX IEHBI JCICHUS IIKAJbI,
aMIUIMTYJy Konebanuii A B MHKpoMeTpax; MOMeHT BpemeHH f,, mpu kotopom X =0. Iloctpoiite

JUHEeapu30BaHHbIN Tpaduk 3aBucumoctd (1), JOKa3bIBAOIIMKA MPUMEHUMOCTH ATOH (OPMYIBI Ui
onucanus Koyuebanui 3epkana. ONEeHUTEe MOrPEITHOCTh OMPEISIICHUS aMIUTATY bl KosteOanuii AA.

@yuknuio (1) ¢ HaliICHHBIMM 3HAUYEHUSMHU [IAPAMETPOB CJIEAYET WUCIIOJIB30BAaTh IPH BBITOJHEHUU
CIIEYIOIINX YacTeil 3aaHusl.

3. MoHoxpoMaTH4ecKoe 3JIy4YeHHe ¢ HeM3BeCTHOM JAJTHHOM BOJIHBI

HuTepdepomerp ocBemiaercs MOHOXPOMATHUECKUM HU3IYyYEHHEM C HEM3BECTHOW JJIMHOM BOJIHBI,
KOTOPYIO BaM HEOOXOAUMO OIPEAETUTh.

Ha pucyHnke 2 nokasana 3aBUCUMOCTbh HHTEHCUBHOCTH CBETa OT BPEMEHH B 3TOM ciiydae. B Ttabnuie
2 npuBeIeHBl 3HAYEHUS! KOOPAMHAT SKCTPEMYMOB 3TON (YHKIIUH.

3.1 Tlocrtpoiite rpaduk 3aBUCUMOCTH KOOPIAMHATHI 3epKama X P KOTOPHIX MHTEHCUBHOCTD

m>
IKCTpeMalibHasi, OT HOMepa SKCTpeMyma M .
3.2 Ucnomb3yst MOCTPOSHHBIN rpaduK, ONMPeIeIuTe ¢ MAKCUMAIbHONW TOYHOCTHIO 3HAYCHHE JJTHHBI BOJIHBI A
cBeTa ucTouHnka. OIEHUTE MOTPEIHOCTh A4 HalICHHOTO 3HAUCHHSI.
4. JlBe MOHOXpOMATHYECKHE BOJHBI
Wurepdepomerp ocBeIaeTCs U3IYYSHUEM, COACPIKAIIUM JBE MOHOXPOMATHYCCKHUE BOJHBI. J[imnHa
BOJIHBI OZ1HOW M3 HUX paBHa A =0.640 MkM, a airHA BOHEI A4, BTOPOH HEW3BECTHA.

Ha pucynke 3 npuBezeHa 3aBUCHMOCTb HHTEHCUBHOCTH CBETA Ha SKpaHe OT BpeMeHu. B tabnuie 3
IIPUBEJICHBI 3HAUEHHSI SKCTPEMYMOB NPUBEIEHHON (QYHKLNU.
4.1 Vicionp3ysl IpUBECHHBIE TAaHHBIE, ONPEIEINTE ¢ MAKCUMAILHOM TOYHOCTBIO JUIMHY BOJIHBI A, BTOpOH

CHCKTpaHBHOﬁ KOMIIOHCHTBI. OLIGHI/ITC MOrpeIIHOCTDH HalJIEHHOTO 3HAYCHUS AJIMHBI BOJIHBI Aﬂ? .

4.2 OnpenenuTe OTHOIICHHE HHTEHCUBHOCTEH BTOPO# 1 mepBoit BomubI |, /1, .
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Please read this first:

The duration of the experimental competition is 4 hours. There is one problem.
You can use your own calculator for numerical calculations.

You are provided with white sheets of paper for drafts of your solutions, but these sheets will not be
graded. Your final solutions must only be written on the Writing sheets. You can write very short
explanations using equations, numbers, letters.

Use only the front side of Writing sheets. Write only inside the boxed areas.

Graphs must be drawn on Writing sheets within the graph paper area. All drawings must be done with a
pen, not a pencil! If you need additional Writing sheets with the graph paper, you can find them at the
end of your worksheet.

Fill in the boxes at the top of each Writing sheet with your country (Country), your student code
(Student Code), problem number (Question Number), the progressive number of each Writing sheet
(Page Number), and the total number of Writing sheets used (Total Number of Pages). If you use
some blank Writing sheets that you do not wish to be graded, put a large X across the entire sheet and do
not include it in your numbering.
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Fourier spectrometer ?

Introduction
The main element of the Fourier spectrometer is the Michelson interferometer.
Assume that we have a coherent light source with a certain wavelength. When the difference in the
path of the two beams that come to a receiver is a multiple of half the wavelength, that is, the beams come in
antiphase, the intensity of the detected intensity is close to zero. When one of the mirrors of the
interferometer is moved, the difference in the path of the light rays changes, so the light intensity recorded
by the receiver also varies. It is known that the intensity is to be maximum when the path difference is a
multiple of the wavelength.
If one of the mirrors of the interferometer moves at a constant speed, then a sinusoidal signal is to be
observed at the output of the receiver. The amplitude of the sinusoid is proportional to the light intensity,
and its period depends on the wavelength.
The figure shows a setup of the Michelson interferometer.
The light flux from source 1 is formed by lenses into a parallel S
beam of rays and directed to beam splitter 2. Part of the light
(half in intensity) passes through the plate to hit the fixed mirror X
3 and is completely reflected from it, and then hits the plate 2
again to be reflected from it and hit the screen with the
photodetector 5. The second half of the light flux from the
source is reflected from the beam-splitting plate 2 to hit the 7
movable mirror 4, it is then reflected to pass through the plate 2
and hit the screen with the photodetector 5. Thus, two coherent
waves reflected from the mirrors 3 and 4 fall on the screen.
These waves interfere with each other, and the receiver registers ..
the resulting light intensity on the screen as a function of time.
This function is written to the computer's memory for further
processing.

For illustration, we present a photograph of the registered signal from the specified article.
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Let us now imagine that the mirror 4 moves non-uniformly and/or the light source is not
monochromatic, i.e. it contains several wavelengths. Thus. at the output a more complex than a sinusoidal
signal is to be detected. With appropriate mathematical signal processing, it is possible to obtain the motion
law of the mirror 4 or the light spectrum of the source, that is, the light intensity at different wavelengths.

When solving problems, use the following simplifying assumptions and notation:

! This problem is developed on the basis of the article « Homemade Fourier spectrometer» (https://habr.com/ru/post/253947/).
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1) the voltage recorded by the photodetector is proportional to the light intensity, the sensitivity of the
photodetector does not depend on the light wavelength; using an electronic circuit, the constant component
of the signal is cut off, so only the variable component is reflected on the graphs;

2) the movable mirror oscillates according to a harmonic law x(t) with a frequency of 20 Hz and a
constant amplitude; it is assumed that at x = 0, the path difference of the interfering waves is equal to zero;

3) the intensities of the interfering waves at the receiver are equal;

4) the beginning of the signal registration is coordinated with the motion of the movable mirror and
always starts at the same position of the mirror;

5) signal registration is carried out at equidistant moments of time and recorded in memory cells,
which are further numbered with integer values t. In fact, the registration time t is recorded in relative
units.

6) all the figures in the problem show graphs of the dependences of the recorded voltage on the
number of the memory cell. To simplify the solution, each graph is accompanied by a table, which indicates
the positions of the extrema (maxima and minima) of the registered signal t_, the extrema themselves are

numbered with the letter m .

Attention! On separate Writing sheets, the registered signals are given in the form of the dependence
of the photodetector voltage on the time, which you are assumed to process. Note that only a part of all
signals are given. When solving this problem, you do not need to use all the given numerical data. Use only
those that you consider necessary to calculate the required values. When plotting, use a reasonable amount
of data (10-15 points), but remember that the accuracy of the calculations increases when the number of data
used grows. Be sure to indicate in the solution, which data you use, and be sure to include the formulas used
for calculations. For calculations, you must use the prepared tables in the Writing sheets. To draw graphs,
use the forms given in the same Writing sheets. Please note that only Writing sheets are to be graded. For
draft notes, you can use white sheets of paper, but they will not be graded!

Problems
1. Theoretical part

The interferometer is illuminated by the monochromatic radiation with the wavelength 4 .
1. Let us denote |, as the intensity of each of the interfering waves, and the phase shift between the waves
as Ag . Write down the formula for the intensity | of the resulting wave.
1.2 Write down the formula for the intensity 1(x) of the wave at the receiver as a function of the position of
the movable mirror x .
1.3 Write down formulas indicating at what values x_, of the mirror position the light intensity on the screen
is to be maximum or, correspondingly, minimum.
1.4 Write down the general formula that determines the mirror coordinate X, at which the light intensity on
the screen is extreme.

2. Monochromatic radiation of a known wavelength as an instrument calibration

Figure 1 shows the dependence of the light intensity on the time when the interferometer is

illuminated with monochromatic radiation with the wavelength 4, =0.640 zm. Table 1 shows the times t,

at which the light intensity is extreme (maxima and minima), as well as the signal values U, at

corresponding time moments.
2.1 Determine the division value At =1 of the device in milliseconds.
In the following, all calculations must only be carried out in the units of the instrument scale.
2.2 On the basis of the given experimental data, show that the motion of the mirror can be described by the
function

X(t) = Asin[ZT_” (t-t, )j. )

Find the values of the parameters of this function: period T in units of the instrument scale; oscillation
amplitude A in micrometers; point in time t, at which x=0. Plot a linearized graph of dependence (1),



XIX International Zhautykov Olimpiad/Experimental Competition 4/4

proving the applicability of the above formula to describe the oscillations of the mirror. Estimate the error
AA in determining the amplitude of oscillations.

Function (1) with the found values of the parameters should be used when performing the following
parts of the problem.

3. Monochromatic radiation with unknown wavelength

The interferometer is illuminated by a monochromatic radiation with an unknown wavelength that
you have to determine.

Figure 2 shows the dependence of the light intensity on the time for this case. Table 2 shows the
values of the extrema coordinates for this particular case.
3.1 Plot the dependence of the mirror coordinates x, at which the intensity is extreme, as a function of the
number of the extremum .
3.2 Using the plotted graph, determine with maximum accuracy the value of the wavelength 4 of the light
source. Estimate the error A4 of the obtained value.

4. Two monochromatic waves

The interferometer is illuminated by radiation containing two monochromatic waves. The
wavelength of one of them is 4, =0.640 zm, and the wavelength A, of the second is unknown.

Figure 3 shows the dependence of the light intensity on the screen as a function of the time. Table 3
shows the values of the extrema for this particular case.
4.1 Using the given data, determine with maximum accuracy the wavelength A, of the second spectral

component. Estimate the error A4, of the found value of the wavelength.
4.2 Determine the ratio of the intensities of the second and first waves 1, /1, .
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AJIbIMEH MbIHAHBI OKbII IIbIFbIHBI3:

1. DxkcnepuMeHTTIK Typ Oip TarncbipmanaH Typazsl. Typ y3aKThIFbI 4 carart.

2. Ecentey yiiiH KanbKyIsITOp/bI Maigananyra 00mabl.

3. XKazba xobamappiHa apHaiFaH 0OC Kara3 MapakTapbl YCBIHBUIAIGI, OJApIbl 63 KaJlaybIHBI3 OOWBIHINA
naigananyra Oonajsl, onap Tekcepinmeiini. AKazy napakmapesinoa TanchpMaHbIH HICIIIMIH ka3y Kepek, Ol
KYMBICTBI TeKcepy Ke3iHne OaranmaHansl. TeHueynmepai, caHapAbl, OpiNTepHAi MaigaiaHbll ©Te KbICKa
TYCIHIKTEMEJep kKa3zyFa 00Jajbl.

4. JKa3zy napaxkmapeineiy TEK aNIbIHFBI JKAaFbIH TaiiianaHbiHb3. JKa3dy KesiHae O€NriIeHreH Kaup
MIEHOEPIHEH MIBIKITaHbI3.

5. Tpadukrep rpadukanblk Karazbl Oap aymakra JKa3zy napakmapoinoa CcalblHYbI KepeK. bapibik
KOHCTPYKIIMsUIap KapbIHJIAIINEeH eMec, KalaMMeH skacanaabl! Erep cizre rpadukanbik Karaszbl 0ap KOChIMIIIA
Ka3y napakmapul xaxet 60ica, oap/sl )KYMBIC TTapaFrbIHBIH COHBIH/IA Ta0yFa Ooapl.

6. OpOip nannanansurad AKazy napakmapwinoa, Oyn yuiin OepinreHn Oaranmapaa ciz eniHizai (Country),
KoabIHBI3IB  (Student Code), TanceipmanblH peTTik HeMipiH (Question Number), op0ip mnapakThIH
arpIMzIarel HOMIpiH (Page Number) kepceTyiHi3 KepeK )oHe OapiibIK €CenTepl MIemyae KOITaHblIaThIH
napakTapaeiH kannbel canbl (Total Number of Pages). KayaObiHbI3ra KelOip Konmanbsuiran JKazy
napaxkTapblH KOCYIbl KajJaMmacaHbI3, oJapAbl OYKUI MapakTbhlH YCTIHEH YJIKEH KPECTIEH ChI3bII TacTaHbI3

JKOHC OJIapAbl MMapaKTapAbIH KaJIlbl CaAHbIHA KOCIIAHBI3.
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®Dypne ciekTpomerpi’
Kipicne

®dypbe CIeKTPOMETPiHIH HEeTi3ri 21eMeHTi MalikenbCcoH HHTeppepoMeTpi OOIBIT TaObLIA b

bizge Oenrim Oip TOJMKBIH Y3BIHABIFBI Oap KOTEPEHTTI coyieseHy ke31 Oap memik. KaOwuimarbiiika
KEJITeH €Ki COYJICHIH KOJIBIHaFbl Al bIPMaIIbUIBIK TOJIKbIH Y3bIH/IBIFBIHBIH JKapThIChIHA €celli OONFaH/1a, SFHU
coynenep aHTH(daszaga KelnreH KesZe, aHBIKTAIFaH COYNEJICHYIIH KApKbIHIBUIBIFBI HOJTE YKAKbIH OONabl.
WutepdepomeTpiiH aiHanapbIHBIH O1piH JKBUDKBITKAHIA COYyJeNep >KOIbIHIAFbI ailbIpMallIbUIBIK ©3repe,
COHJBIKTAH KaOBUIMAFbINI Ka3blll aJFaH >KapblK KApKBIHIBUIBIFBI Aa e3repeni. JKom ailbIpbIMBI TOJIKBIH
Y3BIH/IBIFBIHA €CeNTiK O0NIFaH/1a KapKbIHIBIIBIK MAaKCUMAaJIIbl 00IaThIHBI O iIi.

Erep wuntepdepomeTpniH aitHamapbIHBIH Oipi TYpPaKThI 4
KBUIIAM/IBIKIICH KO3Falca, OHJIa KaObUIIaF bIIITHIH . N U x(1)
IIBIFBICHIH/IA CHHYCOMIANBI CUTHAN Oaiikanansl. CHHYCOUITHIH
aMIUTUTYIAchl >KapbIKTBIH KApKbIHIBUIBIFBIHA MPOMOPIHOHA,
al  OHBIH TEPHONbI TOJKBIH Y3bIHIBIFbIHA OalIaHBICTHI.
Cyperre MaiikenbcoH HUHTEPHEPOMETPIHIH JHarpaMMachl 1 o
KOPCETUIreH. 1 JKapelK KO3IHEH JKApbIK aFbIHBI JIMH3AMap o —
apKbUIbl Mapajuleib Coylesep IIOFbIHA alfHalaabl )KOHE Coylle
Oenrimke 2 OarbiTTamanel.  JKapelkTeiH ~— Oip  Oediri 2
(MHTEeHCUBTLIIrT OOMBIHIIA KAPTHICHI) TUIACTUHKA aPKBUIBI OTIM,
KO3FaJIMAWTHIH aifHara 3 TYCIN, O/1aH TOJILIFBIMEH MIAFBLIBICHII,
KaliTajaH IUIaCTMHKAara 2 TYCeAl, OJaH INAFbUIBICHIINI,
(hoTOKaOBLIAAFRINT 5 apKbUIBI IKpaHFa Tycemi. Ke3neH mbikkan — 5
KApbIK  aFbIHBIHBIH ~€KIHIIl JKapThIChl COyJeHI OeseTiH U(I) o
TUTACTUHAAH 2 MIaFbUIBICAABI JKOHE JKBUDKBIMAJBI aifHara 4
TYCEIi, O/laH IIAaFbUIbICA/Ibl, IJIACTUHA 2 apKbLIbl ©TE/l, COHBIMEH KaTap (OTOKAOBUIIAFBIIICH 5 SKpaHFa
tyceni. Ocbutaiima, 3 »xoHe 4 aliHamapAaH IIAFbUIFAaH €K1 KOTEPEeHTTI TOJKbIH BSKpaHFa Tycenai.byn
TOJIKbIHAAp Oip-OipiHe Kenmepri >kacaiiibl, ajd KaObULAAFblll Maiia OoJiFaH >KapblK MHTEHCUBTUITIH yaKbIT
GYHKIMSCHL PETIHJE JKpaHfa Tipkeial. byn ¢QyHkuus omaH opi eHiey YIIIH KOMIBIOTEPIIH XaJblHa
Ka3bLIaIbl.

Kepnexunik yiiH 613 KepceTiareH Makaia/iaH TIPKeITreH CUTHAIIABIH (POTOCYPETIH YChIHAMBI3.

Freq
PLAY D — ) — Hann = FFT Sensor
AMPLITUDE @ wh ©nH [Reseal Dy, [iAdees [ @S ©Ge
| SOUND | RAW signals | SYNC signals | INTERP signal | FREQ spectum | A specinum |
ANALYSE
2000 . .
1000 [ M I " TTF‘ITT HEF MAX: 1873 PERICD: 31
omil| LK ' , i 1] TV REF MIN; -2311 PERIOD: 11
1000 Ll |i?.| fif}_{ T I _{ REF PERIODS: 68
| ]
_z000 Il LTI | | NON SYMMETRIC
3000 | REF 1S GOOD: OK
0 2000 4000 6000 8000
- Signal MAX: 237
FETlengih: 0
T - MAX of spectrum:
MAX lamibda:
2000 8000

Enpi aifna 4 Gipkenki eMec KO3FallaJbl KoHE/HEMece KapbhIK K631 MOHOXPOMATHKAIIBIK €MecC, SFHU
OHBIH OipHeIIe TOJKbIH Y3BIHIABIFEI 0Oap eKeHiH ejecreTin Kepeuik. Ochuiaiiia, HOTWKECiHIE 013
CUHYCOMJAllbl CHUTHAJFa KaparaHia KypIelipeK CHUrHajara wue Oonambl3. bynm curHammel coiikec

! Bepinren tanceipMa MbIHa MaKaJlaHbIH HETi31HAE KYPacThIpbUIFaH «O3imi3 :kacaran ®@ypbe-cnexkrpomerpy (https:/habr.com/ru/post/253947/).
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MaTeMaTUKaJbIK OHJIEY apKbUIbl aifHa 4 KO3FaJbIC 3aHBIH HEMece KapbIK KO31HIH COyleNeHy CIEeKTPiH, SFHU
OPTYPIi TOJNKBIH Y3BIHIBIFBIHIAFEI COYIICICHY/IIH KaPKBIHIBUIBIFBIH aTyFa 00JIa bl
Tanceipmanapabl OpeIHIAY Ke31H/E KEHUIIETETIH epexenep MeH Oenriiep/ii nai1anaHbIHbI3:

1) doTokaOBUIAAFBINI TIPKEN ajFaH KepHEy u) JKapblK HMHTCHCHUBTUIITIHE MPOMOPIIMOHA,
(OTOKAOBIIIAFBIIIBIH CE3IMTaNIIBIFBI )KaPBIKTBIH TOJIKBIH Y3bIH/IBIFbIHA TOYEI/Il €MEC; IEKTPOHBIK
cXeMaHbl KOJJaHy apKbUIbl CHUTHAJIJBIH TYpakThl Kypamjac Oejiiri Kecuiedl, COHJIBIKTaH
rpaduKTepae TeK alHbIMAaIbl KOMIIOHEHT KOPCETLIeI];

2)  SKBUDKBIMAIBI aifHa TAPMOHMKAJBIK 3aH () ooiipiama sxuimiri 20 ' skoHE TYpaKThl aMILUTHTYIAChI

Goitbiama TepOeneni; ¥ =0 Hykrecinae keaepri xKacaiThIH TONKBIHAAPBIH KON AiBIPHIMBEI HOJITE TCH
JieT1 caHayFa 0oJaibl;

3) KaOBUIIAFBIIIKA KEAEPTi )KaCaUTHIH TOJKBIHIAPABIH MHTEHCUBTLIIT TEH;

4) curHannmbl TIpKeymiH OacTalybl >KbUDKBIMAIbl aifHAHBIH KO3FAJIBICBIMEH KEJICLIeHl KoHE OpKalllaH
aifHaHBIH COJI KaJIIBIH/A OacTasaibl;

5) curHaniel TIpKEYy YaKbITTBIH TEH KAIUBIKTBIKTaFbl MOMEHTIHAE JKY3€re achblpbUIaibl MOHE JKaj

VAIIBIKTApbIHA Ka3blIajbl, onap opi Kapail 6yTin ! MonpmepiMeHn HemipineHeni. IllsiH Moninge, ! -
CaJbICThIpMaIbl OipITIKTEpIe TIPKEY YaKbITHI.

U(r)

6) OapnblK CypeTTepAe >Ka3bUIFaH kepHeyiHiH ! KaZpl YAIIBIFBIHBIH HOMIpiHE ToyelIiliK

. . . . . . t
rpadukrepi KepceTinreH. JKyYMBICTBI KEHUIACTY YIIiH opOip JUarpaMMara TipKelIreH " CHIHAJIbIHBIH
IKCTPEMYMIAPBIHBIH (MaKCUMYM >KOHE MHHHMYM) OPBIHAApBl KOPCETUIreH KecTe Koca Oepiieni, Oy

skcTpemymaap M opniMeH HeMipJIeHE].

Hazap aynapwinbi3! JKazy napakmapweinoiy Oenek TapakTapblHIA KepHEYIiH (oTomeTeKTopra
YaKkpIT OOMBIHIIA TOYENAUIITIHIH TIPKEITreH CHUTHAIAAphl OepuireH, onapiasl eHJAeY Kepek. bapibik
CUTHaJAapAbIH Oip Oediri FaHa 6epiireHiH eckepiHi3. by TanceipMaHbl opbIHIAY Ke3iHIe OapibIK OepiiareH
CaHIIBIK MOJIMETTepJi NalganaHylblH KakeTi >XOoK. KakerTi MoHIepai ecentey YVIIIH KakeT e
CaHAWTBIHIAP/BI FaHA TalJalaHbIHGI3. [paduKTi Kypy Ke3iHIe ICPEKTepAiH aKblUIFa KOHBIMIBI KOJEMiH
naigananeiHez  (10-15  ymait), Oipak ecemrTeynepAiH TONJIIri TaiTalaHbUIFaH JCPEKTEepP CaHBIHBIH
VIFAIOBIMEH OCETiHIH ecTe cakraHbi3. lllemimae kanmaid nepekTepii NaiaaJaHaThIHBIHBI3IBI KOPCETIHI3
KOHE ecenTeyiep YUIIH KOJNJAHBUIATBIH  (opMmynanapasl  KocbiHbI3. Ecenmreymep ymiH — JKazy
napakmapeinoazel NAaWbIHIAIFAH KecTelepal mnaimanany kepek. ['padukrepmi kypy ymiH con Kazy
napakmapsinoa OepiireH MilIiHACPAl NaiganaHelHbI3. Tek jka3zy mapakrapbl OaralaHATBIHBIH €CKEpiHi3.
JKaz0a »o0anapsl YIIIiH aK mapakTapabl naigananyra 6omaapl, 6ipak onap OaraimanOa b

TancsipmaJjiap

1. TeopusiibIK 06J1iM

I/IHTep(bepOMeTp TOJIKBIH Y3bIHABITBL A MOHOXPOMATUKAJIBIK COYJICTICHYMCH KapbIKTaHAbIPbLIA/IbI

Ag

1.1 HNHTephepeHIIUSIBIK  TOJKBIHAAPABIH OpPKAHCHICHIHBIH 1y MHTEHCUBTLIITIH, TOJIKBIHJIAP

apacbiHIarel (a3aiblK BIFBICYBIH Oenrineifik. [laiima OonFaH TONKBIHHBIH I yarencusrinirinig
(bopMyIachIH JKa3bIHBI3.

1.2 KpupkbiManel ¥ aifHaCBHIHBIH OpHBIHA OalIaHBICTHI 1(x) KaOBUIIAFBIIITAFEl  TOIKBIHHBIH
KApPKBIHIBUTBIFBIHBIH (DOPMYJIAChIH Ka3bIHBI3.

1.3 AifHa KOOPIAMHATACHIHBIH ™ KaHIAil MOHACPIHAC SKPAHIAFbl KAPHIK HHTCHCHBTLNINI MAKCHMAIIBI
0O0JIaTBIHBIH JKOHE Kall Ke3/1e MUHUMAaJIbl OOIAaThIHBIH KOPCETETIH (popMynanap/ bl xKa3bIHbI3.

e . X o
1.4 Dxpangarbl KapblK HMHTCHCHBTUIII IIEKTEH KOFapbl OOJaTblH ~” aWHACBIHBIH KOOPIWHATACHIH
AQHBIKTAWTHIH KBl (DOPMYJIaHbI )Ka3bIHBI3.
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2. beJarini TOJKbIH Y3bIHABIFBIHBIH MOHOXPOMATHKAJIBIK COYJIEJICHYI — acClanThbl Kaaudpaey

A, = Ot
l-cyperte uHTepdEpOMETp TONKBIH Y3BIHABIFBI ~ * MOHOXPOMATHKAJIBIK CIYJIEIEHYMEH

KAPBIKTAHBIPBUIFAH/IA JKAPBIK KapKBIHABUIBIFBIHBIH yaKBITKA TOYEJAIITN KepceTureH. 1-kecTene sKapblK
t o
KAPKbIHABUIBIFBl IIEKTEH ThIC (MakCUMyM J>KOHE MHUHHUMYM) OONaThlH ” yaKbITTapbl, COHJAH-aK OCHI

U . .
YaKbITTarbl " CUT'HaJIBIHBIH MOHAECP1 KOPCETIIICH.

2.1 Ocbl KypbUIFBIHBIH HaliladaHpUIFaH yakpT mkanackl A =1 Gemiminin MomiH MuMCeKyHMIEH
aHBIKTaHBI3.

Bonamakra 6apislk ecenTteynep achanThIK HIKaJIaHbIH epiKTi O1pIiKTepiMeH KYpri3iiei.
2.2 bepuireH 3KCHEPUMEHTTIK MAIIMETTEp HETI31HIE ailHa KO3FaJbIChIH (DYHKIMSI apKbUIBI CHUIATTayFa
0O0JIaThIHBIH KOPCETIHI3

x()= Asin(%ﬂ =1y )j | (1)

Ochl QyHKIUSHBIH MapaMeTpiepiHiH MOHIEPiH aHBIKTAaHbI3: IIKAJaHBIH O6ITiHy 6arachHbIH Oipiirinaeri 1
. _ . .t . . .

nepuozer; Tepbenic ammmrynackl 4 mukpomerpae; ¥ =0 mykrecimperi " yakeIThl. Aifna TepGenmicTepiH

cUmarTay YUIiH ockl (hOpMyIaHbIH KOMIAHBUTYBIH JOIENAeH OTBIPHII, (1) TOyenAUTIKTIH ChI3BIKTHIK Tpadurin

KypbiHb13. A4 Tepberic aMITHTYIaChIH AHBIKTAY KATEIiTiH GaFaIaHbI3.
[Tapamerpnepain TabbuFaH MoHACpPl Oap ¢dyHKuuMsa (1) TancelpMaHbIH KeJieci OOIKTepiH OpBIHIAY
Ke31H/Ie KOJIJIaHBLTYbl KEPEK.

3. ToNKbIH Y3bIHABIFBI 0€JITiCi3 MOHOXPOMATHKAJIBIK CIYJIeJIeHY

Wuteppepomerp  Oenrici3  TONKBIH  Y3BIHABIFBI  0ap  MOHOXPOMATHKAJIBIK  COYJIEICHYMEH
’KapBIKTaH/IbIPBIIA b, OHBI AHBIKTAY KaXKeT.

by xarmaiia xKapblK KapKbIHIBUIBIFBIHBIH YaKbITKa TOYEIJIUIITT 2-CypeTTe KOpCETUIreH. 2-KecTee
OCBI (D)YHKITHSIHBIH KCTPEMYM/IapbIHBIH KOOPIMHATATAPBIHBIH MOH/IEP] KOPCETIITCH.

. LoX
3.1 VHTeHCHBTINIT MIEKTEH THIC OONATHIH aifHa ~” KOOpAWHATANAPBIHBIH 7 3KCTpEeMyMBIHBIH CaHbIHA
TOYeNIUIIriHIH rpadUrid TYpFHI3bIHBI3.

3.2 Kypburran rpaduKTi mMaliganaHel, OacTamnKbl KAPBIKTHIH A Tonkwpm Y3BIH/IBIFBIHBIH ~ MOHIH
MaKCHMAaJIIbI JQJIIIKIIEH aHBIKTaHbI3. TaOblIFaH MOHHIH AL KaTeciH OarajlaHbI3.
4. Exi MOHOXPOMATHKAJIBIK TOJKBIHIAP
HuTtepdepomerp eki MOHOXPOMATHKAIBIK TOJKBIHBI 0Oap COyJEICHYMEH JKapbIKTaHIbIPbLIAIbI.

2, = 640

Omnapapiy OipeyiHiH TOJIKBIH Y3bIHIBIFbI , aJl eKIHITICIHIH TOJIKBIH Y3BIHIBIFBl ~ 2 Oemrici3.
3-cypeTTe JKpaHIaFbl KapbIK KapKBIHIBUIBIFBIHBIH YaKbITKA TOYENIUTII KOPCETINTreH. 3-KecTene
KBICKAPTBUTFAaH (DYHKIMSHBIH 3KCTPEMYMIAPBIHBIH MOHJIEP1 KOPCETUITCH.

4.1 BCleFCH MAJIIMCTTEPA1 ITanajiaHa OTBIPLIII, CKIHII CIICKTPI1K KOMIIOHCHTTI1H 2 TOJIKBIH Y3bIH/IbIT'bIH
. A, . .
MaKCHUMaJIAbl AJJIOIKIICH aHBIKTaHbI3. TOJIKBIH Y3bIH/IbIF' BIHBIH TaOBLIFaH MOHIHIH KaTCJIII'H 6aranaHH3.

o .. . L/
4.2 Exinmmi >xoHe OipiHmm 2 ! TOMKBIHBIHBIH KaPKBIHIBUIBIKTAPBIHBIH KaThIHACHIH aHBIKTAHbI3.
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