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HaszBanue nucuyminuel. Onruka.

1. Ilean u 331241 OCBOEHHS JUCIHHILIHHDI:

Llenb: copMHUpPOBATH Y CTYACHTOB MOHUMAaHUE TEOPETUUYECKUX M (PU3MUECKUX OCHOB CO-
BPEMEHHOM OIITHUKH VIS ITOCJIEAYIOIIErO NCII0JIb30BaHUs ATUX 3HAHUH IIPU U3Y4YECHUU
JPYruX JUCHUIUIAH U IIPH pa3pabOTKe ONTHYECKUX CUCTEM U MPHOOPOB Pa3IUIHOTO
Ha3HAYCHMUS.

3aa4yn: OCBOCHHE CTYIEHTAMU OCHOBHBIX 3aKOHOB U SIBIICHUH T€OMETPUIECKON U (U3H-
YECKOU ONTUKH.

TpeGoBanusi K pe3yibTaTaM 0CBOEHHS COAEPKAHUS JUCHUIINHBI:
B pe3ynbpTaTe 0CBOCHHS TUCIUILUIMHBI 00 YYarOIIHICS JOKEH:

3HATh: OCHOBHBIC 3aKOHBI M 3aKOHOMEPHOCTH I'€OMETPHUECKON U (PU3NUECKOM ONTHKH,
CHoCcO0bl aHATUTUYECKOTO MPECTABICHUS ITUX 3aKOHOMEPHOCTEH.

YMertb: GopMyIHpOBaTh KOHKPETHBIC 33/laud HAa OCHOBE 3aKOHOB U 3aKOHOMEPHOCTEH,
OCBOCHHBIX B Kypc€ OINTHKH; IOJyd4aTh [JaHHBbIC, MPOBOAUTH HX MAaTEMAaTHYECKYIO
00paboTKy, 000011aTh IOTyYEHHBIC PE3YIbTATHI.

Baaners: pacyeTHBIMH METOJAaMHU pEIICHUS 3a/ad, HaBbIKAMU IIOMCKA JIaHHBIX B
OTKPBITBIX UCTOYHHUKA (B TOM 4MCI€, B MHOOPMALIMOHHBIX 0a3ax JaHHBIX) U PUMEHSThH
UX IPU PELICHNU MPAKTUUECKUX 3a/]1ady.

IIpuoGpecTu onbIT AeATEIBHOCTH: B aHaNIN3€, GOPMYJIMPOBKE U PEIIEHUH KOHKPETHBIX

3a4a4, UHTCPCCYHOIINX (I)YH,Z[aMeHTaJ'IBHyIO HAYKY U IIPAKTUKY.

3. CoaepixaHue ¥ CTPYKTYpa IHCHMILIMHBI

3.1. Conepxanue paszznenoB aucuumiuHbl (K — kommokBuyMm, T — mpoBepouHast caMoOCTOS-
TenbHas padota (tect), PK - pyOexHast koHTposibHas pabora, /I3 — nomainHee 3aganue, PI'3
— pacueTHO-Trpaduyeckoe 3a1aHue)

No HaumenoBanue Conepkanue pasaena ®dopma
pas- pazzaena TEKYIIEro
Jienna KOHTPOJIIS

OcHOBHBIE NO- . N

1 OCHOBHBIE TOHATHSI TeOMETpUYecKoil ontuku. CBETOBOU 3
HATHA TeoMeT- nmy4. PacpocTpaHeHre CBETOBBIX Jy4yeil. OnrTuyeckas Jiu-
pUYECKOH ONTH-

Ha myTH. [lpuaiun @epma. 3aKOHBI OTPAKEHUS W MPETIOM-
K- JIEHUs1 CBeTa. SIBJICHUE MOJHOIO BHYTPEHHET'O OTPaKECHHUS,
€ro MPUMEHEHUSI.

5 dopMyIa TOH- ®opmyna Tokor nuH3bL. [locTpoenne n3obpaxenuii. Kap- ik}
Kol nmuH3bL. [lo- | quHANbHBIE TOUYKU U IJIOCKOCTU LIECHTPUPOBAHHOM ONTHYE-

CTpOeHHE N300- | CKOH CHCTEMBI.
paxeHuH. Uctoununku abepparumii. Chepuueckas abeppaliusi, XpoMa-
THdeckas abepparus. CTpoeHue ria3a, akkoMOAaIus riasa.
Jlyna, Teneckon, MUKPOCKOIL.

3 Wnrtepdepenums | UaTepdepennmss MoHoOXpoMaTtuiecknx BodH. [loHATHe o 113, PK
MOHOXpOMaTu- | KorepeHTHOCTH. [lapamerp Bumumoctn. YacTuyHO KOTe- ’
YECKUX BOJIH. penTHbIM cBeT. Crosturie cBeToBbIe BOJHBL. OnbiThl Bunepa.

OcHoBHbIe UHTEpEPEeHIIMOHHBIE cXeMbl. llIuprHa monockL.
3HavueHWE pa3MepoOB HCTOYHWKA CBeTa. [lojockl paBHOU
TOJIIIMHBI ¥ PaBHOTO HakioHa. MHTepdepeHius cBeTa Ha
ToHKUX TuieHkaxX. Kombiia HeioTona

4 [Ipumenenune Hntepdepomerp Maiikenscona. Untepdepomerp Padpu- 3




HHTEpPEpOMET-
POB B HAYYHBIX

[Tepo. Ilpumenenne naTepPEepOMETPOB B HAYUHBIX HCCIIE-
JIOBaHUSIX M TEXHUKE: U3MEPEHUE MaJIbIX CMEIIEHUH, pe-

UCCIIEIOBAaHUAX | (pakTOMeTpus (M3MEHEHHE NTOKA3aTellsl PEIOMIICHNS).
U TEXHUKE Oranon AnuHbl — MeTp. MHTepdhepeHIMOHHbIE QUIBTPHI U
3epKaa.

5 Hudpaxmmst SAsnenune aqudpakun. puanumn [rotirenca-Openens. 3ousr | J13
CBeTa. ®penenst. 30HHBIE IACTUHKU. AHANOTHsS MEXIY 30HHOMN
Hudpaxnus 1acTuHKoM 1 muH30M. 3oHsbI LllycTepa, cninpans KopHhto.
®DpenHens.

6 Hudpaxmmst Hudpaxmus Opayarodepa Ha mend, KPyTriioM OTBEPCTHH. 3
Opaynrodepa AMIUIMTYHBIE U (a30Bble TUPPaKIUOHHBIE pemeTku. Paz-

permaromias CrrocoOHOCTh TUGPAKIHOHHOW pemreTku. Kpu-
tepuii Panes. {udpaxmus pentrenoBekux mydeit. Dopmyna
Bynwga-bparra. OcHoBsI rojgorpagum.

7 Ionsipusanus JIunelHo, UMPKYIAPHO U ATUNTUYECKH NOIsipu3oBaHHbil | J[3

cBeTa cset. [lonspuzanus ecrectBenHoro csera. CreneHp NOsi-
puzauuu. [onspusaropsl. 3akon Mantoca. J[BoitHOe yue-
npenomiieHre cBerta. [lonspruzalmoHHble TPUOOPHI: KpH-
cTajuindeckre (pa3oBble MIACTUHKY (4Y€TBEPTHBOIHOBBIC U
MIOJTyBOJIHOBBIE IUIACTUHKH), KOMIIEHCATOPBl. OnTHYecKast
AKTHBHOCTb.

8 OnTuueckue OnTHueckye SBIEHUS Ha TPaHMIE pazfelia H30TPOIHBIX 3
SIBJICHUS Ha I3IeKTpUKOB. COOTHOLICHHS aMIUIMTY[ MaJaroliei, ot-
TpaHUIlE pa3fe- | PAKCHHON W TPEIOMIICHHOW BONH - GopMynsl DPpeHers.
ja u3otponHbix | Ilomspusanus OTpa)KEHHOM M NPEIOMIICHHOM BOJIH. YTOII
JUIEKTpUKOB. | bproctepa. dusndeckuii cmblci 3akoHa bprocrepa.
®opmynbsl Ope-

HeJs

9 Hucnepcus cee- | HQucnepcus ceeta. @a3oBas U IPyNIOBasi CKOPOCTh CBETA. 13, PK

Ta. OOTOHBI OCHOBHBIE NPEJICTABICHNS O KBAHTOBOW TEOPUH U3ITYUCHUS
CBETa aTOMaMHu M MoJieKys1aMu. PoToHbl. 3akoHbI GoTo-
aneKTpu-yeckoro 3hdexra. DOTOINEKTPOHHBIN YMHOKH-
TeJb.

10 TerutoBoe n3my- T 3

eIJI0BOE M3JIydeHHe. M3iyuarenabHas W HOTJIOLIATENbHAS

YCHUC.

CIOCOOHOCTH BEIIECTBA M MIX COOTHOIIEHHe. Mozens abco-
JIIOTHO 4epHoro Tena. 3akoH Kupxroda. dopmyna cmerie-
Hua Buna. DnemeHTsl KBaHTOBOro noxaxona. Popmyina
[Inanka. CrioHTaHHBIC W BBIHYKJEHHBIE mepexobl. Koad-
¢unmenTs! DiHIITeHHA. JIa3epbl — YCTPOWCTBO U MPHHITHUIL
paboTthl. PaccesiHue creTa.

3.2. CTpyKTypa JUCHMITIIMHbI

OO0mmas TpyI0eMKOCTh TUCIUTUTHHBI cocTaBiser 140 gacoB, u3 HUX 32 — JICKITUH 110 ONTHKE,
32 — cemuHapsl, 16 — naboparopHsie paboTsl, 60 — camocTosITeNbHAsA PabOTa CTYIEHTOB.

Bung paboTsl Cewmectp 4 Bcero
O01asi TPy10€eMKOCTh 140 140
AyauTopHasi padora: 64 64
Jlexrum (JI) 32 32
[Tpaxtrueckue 3ansatus (113) 32 32
JlaGopaTopusle padorsi (JIP) | 16 16
CamocrosiTeJibHas padora 60 60




\ Buja nTOroBOro KOHTpoOJIs \ 3a4éT, K3aMCH

Pa3z[em>1 JUCHUIITIMHEBI 110 CEMECTpaM

Ne pas- HaumenoBanue pasnena KosmuecTBo yacoB
Jena Bcero AymutopHas pabora | Bueaymuropnas
JI 113 JIP pabota

1 OCHOBHBIE TOHSTHUS TEOMET- 13 2 4 1 6
PUYECKOH ONTUKH.

2 ®dopmyiia TOHKOH JKH3EL [To- 15 4 4 1 6
CTPOCHHE N300PAKECHUH.

3 NuTepdepenims MOHOXpOMa- 22 2 6 2 12
THUYCECKHUX BOJIH.

4 [Ipumenenue uaTeEpHEPOMET- 22 2 6 2 12

POB B HaAYYHBIX UCCIICAOBA-
HUAX U TCXHUKE

5 Jludpaknus cBeTa. 11 4 6 1
Hudpaxmms Operens.
6 Iudpakuus Opayrrodpepa 11 4 6 1
7 [Tonsipu3anus cBeTa 18 4 2 12
8 OnTHyecKue SBJICHUS Ha IPa- 4 2 2
HUIIEC pa3aciia U30TPOITHBIX
IUANEKTPUKOB. DopMyIbl
Openens
9 Hucniepcus ceta. OTOHEL. 12 4 2 6
10 TemnoBoe u3y4eHue. 12 4 2 6
Uroro: 140 32 32 16 60
3.3. JTaboparopHbie pabOThI
Nepasz- | Ne HaumeHnoBaHue 1a00paTOpHBIX paboT Kon-Bo
Jerna JIP 4acoB
1-3 1 W3ydyeHne 3aKOHOB reOMeTpUYECKO ONTUKU 2
2 W3yuenne nnteppepeHm cBera 2
4-6 3 Omnpenenenne moKasaTelss MPEJIOMIICHHUS CTeKiIa HHTepde- 2
PEHIIMOHHBIM METOJIOM HENapauIeIbHOTO X0/1a
4 W3ydenue nqudpakium ceera 2
7-9 5 W3ydeHue nossspu3anuu CBETa 2
6 N3yuenune BHemHero Gororddexra 2
7 Omnpenenenue noctossHHOU [l1anka Mo ATMHHOBOJIHOBOM 2
rpanuie GoTOXUMHUYECKOTO Mpoliecca
10 8 V3ydeHne CeKTpoB MOTJIONICHHS U TIPOITYCKAHHUS 2
3.4. [IpakTryeckue 3aHATHS (CEMHHAPHI)
Ne pa3z- | Ne3za- Tema Kon-Bo
Jena HATHSI 4acoB
1-2 1 [Tpunnun @epma; popmyna TOHKOH JIMH3BI 2
2 3akoHbI peromiieHus cpeta. [loctpoenne n3o0paxeHui 4



http://www.naukaplus.com/catalog/the_labware/oborudovanie_kabineta_fiziki/rms___6__1__opredelenie_postoyannoy_planka_po_dlinnovolnovoy/
http://www.naukaplus.com/catalog/the_labware/oborudovanie_kabineta_fiziki/rms___6__1__opredelenie_postoyannoy_planka_po_dlinnovolnovoy/

3 Jlyma, Tenaeckor, MUKPOCKOI, aXpOMaTHICCKUN OObEKTUB 2
3 4 Wntepdepennus ceera. UHTephepeHIIMOHHBIE CXEMBI. 2
[[IuprHa MOIOCHI.
5 NuTtepdepenius cBeTa Ha TOHKUX MIeHKaX. Kombia 2
Herorona
6 Wutepdepomerpsl. MuTepdepeHnnonnsie GuiIbTpsl 1 2
3epKaa.
4 7 Hudpaxius ceera. 3oub1 PpeHens. 30HHbBIE IUTACTUHKY. 3
Judpakuus @paynrodepa. udpakiiioHHbIE PEIICTKH. 3
8 Paspermmaroniast ciocoOHOCTh AUPPAKITUOHHON PEIICTKH.
Kpurepuii Panes.
5 9 [Tonspusanus ceera. 3akoH Masroca. 2
10 Dopmynsl Openensi. Yron bprocrepa 2
11 JIBoifHOE JTydernpenoMIeHHe CBETa. 2
6 12 ®DoToHBI. 3aKOHBI (POTOITEKTPHIECKOTO dPPeKTa. 6

3.5. CamocTosgTeabpHOE N3YUCHUC pA3ACJIOB JUCHUIIIINH

ax.

Nepa3- | NeBo- | Bompocsl, BEIHOCHMBIE HAa CAMOCTOSTENIBbHOE n3ydeHnne | Komn-Bo wacos
Jena mpoca
1-2 1 [Tpenomienue cBera Ha chEepUIECKON TTOBEPXHOCTH. 12
3 2 3Be3aHbI nHTEphepomerp MaiikenbcoHa. 4
3 MmuoronyueBas uHTephepeHus: rmiacTuHka Jlromme- 4
pa-I'epke.
4 HNutepdepentinonnbie GrubTpbl u 3epkana. I[Ipocser- 4
JICHHE OTITHKH.
5 Hudpakuus OpayHrodepa Ha IpIMOYrOIbHOM OTBEP- 4
CTHH.
4 6 Merton JIunmana nosryuyeHust IBETHBIX (poTorpaduii 4
7 JudpaknuoHHble CrEeKTpaibHble MPUOOPHI U HX OC- 4
HOBHbIE XapaKTEPUCTHKH: JIMHEWHas AUCHepCcusi, pas-
pemaroniasi CHocOOHOCTh, 00JIACTh AUCIIEPCHH.
8 AHH30TpONUS ONTUYECKUX CBOWCTB, MHAYLUPOBAaHHAs 6
7 MeXaHH4YecKoil nedopmanmeit
9 D¢ dexr Keppa, a¢dext Korrona-Myrrona 6
9 10 @DOTO3JIEKTPOHHBIN YMHOKHUTEIND. 6
10 11 PaccesiHue cBeTa B MEIKOAMCIIEPCHBIX M MYTHBIX Cpe- 6

4. OOpa3oBaTe/bHbI€ TEXHOJIOTHH

4.1. VIntepakTuBHbBIE 00pa30BaTEIbHbIE TEXHOJIOTUH, UCTIONb3yEMbIE B AYAUTOPHBIX 3aHITH-

X
Cemectp | Bun3zans- | HHTepakTuBHBIE 00pa30BaTEeIbHBIC TEXHOIOTUH Kou-Bo wacos
TUS
4 Jlexuun, MYJIBbTUMEAUNHBIN IPOEKTOP, IPE3ECHTALINS, 64
CEMHMHApbl | UHTEPAKTUBHAs JOCKa
Htoro 64




5. OuneHo4HbIE CpPeaCTBa IS TEKYILIEero KOHTPOJISA YCIIeBAeMOCTH M IIPOMEKYTOYHOM
aTTecTaluu

BapuaHTbl KOHTPOJILHBIX PadoT

KontponsHas padora Nel

K1-1

1. Haiinure npenenpHbI yroy MOJHOIO BHYTPEHHETO OTPaKEHUS I alMasa nd:2.42

Ha TpaHulIe ¢ BONOU n=4/3.

2. @OKyCHOE PACCTOSHHUE ABOSKOBBINYKIOW JIMH3BI F = 5 cMm. ToueuyHblii UCTOYHHK CBETA
HAaXOJUTCS HAa OCH JIMH3bI Ha paccTtosHMM d = 6 cM oT ymH3bL. JIMH3a pa3pes3aercs MIOCKO-
CTBIO BJIOJIb OIITH YECKOW OCH Ha [IB€ PABHBIC YAaCTH, KOTOPBIEC PA3BUTAIOTCS HA PACCTOSTHUE S
= 1 cM CHMMETPUYHO OTHOCHUTEIBHO ONTHYECKOW ocu. HalTu paccTosHuMe MEXIy IBYMs
n300paKeHUS MU TOUYKH.

3. JlaHBI MOJIOKEHUSI ONTUYECKON OCH 001 ONITUYECKOTO LIEHTPA JIMH3Bl U XOJ| POU3BOJILHOTO JTy4a
(cm.puc.). HaifTu mocTpoeHHeM MOI0KEeHHS TJIAaBHBIX (POKYCOB JIMH3BI. Cpesbl o 00€ CTOPOHBI JIMH3EI
OAHUHAKOBBI. (MO)KHO BOCIIOJIL30BAThHCs BCIIOMOT'ATC/IbHBIM IMAapaUICIIbHBIM JIYYOM, NPOXOAAIINM YeC-
pe3 LEHTp JINH3bI)

1. JIyd cBeTa majgaeT Ha OJHOPOJHBIM NMPO3pAauyHBIM IIAap U NpPOHMKAaeT B Hero. [Ipoxons
BHYTpH 1Iapa, OH JIOCTUTaeT MOBEPXHOCTU pa3jeia map — BO3AyX. MOXKeT JIu B 3TOM Touke
IIPOU30MTH MOJTHOE BHYTPEHHEE OTpaKeHHUE?

2. Haiinute QoxycHoe paccTOsiHHME IMIOCKOBBITYKIION JIMH3BI, AJII KOTOPOM paauyc Kpu-
BU3HBI chepuyeckoit moBepxHocTH paBeH 80 cM. [Tokaszarens nmpenoMieHus cTeksia paseH 1,6.
3. Omnpenenuts MOCTPOEHHEM IOJOXKEHHE TOHKOH JIMH3BI U €€ (POKYCOB, €CIIM U3BECTHO

nonokeHue ontudeckoir ocu 00' U ToNMOKEeHUE Tapbl CONPSHKEHHBIX Touek P u P' - Touku u ee
nzo0paxxkerus. Cpeapl Mo 00€ CTOPOHBI TUH3BI OJTMHAKOBHI.

P
JZR

1. Haiinure cMmemienue snyya mpu MNPOXOXKACHUH €T0 4Yepe3 IJIOCKOMapalIesbHYO ILIa-
CTUHKY M3 CTEKJIa C MOKa3aTesieM MpeJoMIIEHUs, paBHbIM 1,55, ecniu yron najgeHust paBeH 45° a
TOJIIIMHA MJIACTUHKU paBHA 1 cm.



2. Haiinute MakcuManbHBIM TUaMeTp MIOCKO-BBIMTYKIION JMH3BI CO c(epuyecKoil oBEpX-

HOCTBIO U3 CTEKJIA C MoKa3areseM npeiomiieHus 1=1.63, KoTopas npu MPUMEHEHHH €€ KaK JIyIIbI
naBana Obl yBenmuenue B 200 pas. (PaccmarpuBaemas nmnH3a He OyneT ToHKOH. OmHAKO s
YIPOLIEHUS PAcUYeTa 3TO 0OCTOATENHCTBO HE YUUTHIBANTE. )
3. OnpenenuTs NOCTPOSHUEM I10JIOKEHUE TOHKOMH JIMH3BI U €€ (POKYCOB, €CIIM U3BECTHO I1O-
noxxenue ontudeckoi ocu 00' m monoxeHue napbl CONpsDKEHHbIX ToueKk P u P' - Touku u ee
n3o0paxxenust. Cpenpl 110 00€ CTOPOHBI JINH3bI OIMHAKOBBI.

o 0/

o o’

1. s HekoTopoii crekissHHOW mpu3Mbl (N = 1.5) yron HaMMEHBIIET0 OTKIOHEHUS Jiyda

paBeH mpenoMIIsionieMy yriry pusmsl. Haiitu nocnennuii.
2. Ha skpane, oTcTosiem oT 00beKkTHBA (TOHKAs JTUH3a ONTHYECKOM CUIION 5 NITp) Ha pac-

CTOSHUU 4 M, MOJIy4EHO YETKOE M300pa)K€HHE AMANO3UTHUBA. DKpaH oToABUraroT Ha 20 cM.
Ha ckoipKko Hao0 mepeMecTHTh JUAO3UTHB, YTOOBI BOCCTAHOBUTD YETKOCTh H300pasKeHUs?

3. Haiitu moctpoenuem XoI Jyda IOCIE€ OTPAXKEHHsI B BOTHYTOM C(HEpPUUECKOM 3epKaje
(F - dokyc, 00' - onrTuveckas och).

) /0,

F
KoHTposbHast pabora Ne2
K2-1
1.  Ily4ok ecTeCTBEHHOTO CBETa MajaeT Ha cucTeMy u3 N = 6 moJIpru3aTOpOB, IMIOCKOCTh

IIPOITYCKaHMs KaKI0T0 U3 KOTOPBIX MOBEPHYTA HA Yo ¢ = 30° OTHOCUTENBHO TNIOCKOCTH
MPOIMYCKAHUS MPeIbIAYyIIero noyusipuzaropa. Kakas yactb CBETOBOr0 MOTOKA MPOXOJUT Ue-
pe3 3Ty cuctemy?

2. B ompite FOHra Ha myT 0qHOTO U3 HHTEPHEPUPYIOIMIUX JTydei oMelanach TOHKas CTeK-
JISTHHAs TUTACTHHKA, BCIIEJCTBUE YEro LEHTPAJIbHAs CBETIIAs MTOJIOCA CMEIAIach B MOJIOXKE-
HUeE, IEPBOHAYAIIBHO 3aHATOE MATON CBETIION MOJIOCOM (He cuMTas HeHTpayibHo). JIyu na-
JIaeT MEePNEeHAUKYISIPHO K TOBEPXHOCTH MIacTUHKU. [TokazaTens mpenoMiieHus INIaCTUHKH
N=1,5. Jlnuaa BomHbl A=600 aM. Kakopa Tommumaa N mmactuakn?

3. MoHoxpomaTruieckas II0CKas CBETOBasl BOJIHA C UHTEHCUBHOCTHIO |0 najgaeT HOpMaJIbHO Ha He-
MPO3PAYHBIN AVCK, 3aKPHIBAIOIINNA JIs1 TOUKH HaOmoaeHws P mepByto 300y @penens. Kakopa cTa-

na MHTeHCHBHOCTH cBeta | B Touke P mocme Toro, kak y aumcka ymamamd (O AHAMETPY): a)
TIOJIOBHHY; 0) MTOJIOBUHY BHEIITHEH ITOJIOBHHBI TIEPBOM 30HBI?



K2-2
1.

TpeeNbHbII Yo MOMHOTO BHYTPEHHEro OTpaXkeHHs uis HekoToporo Bernectsa @ = 45°. Haiitn

AJId 3TOr'0 BEIIECTBaA YroJl 03 IMOJTHOM MoJiApu3anu.

Iyuok cBeTa (A=582 HM) HajaeT MEPHEHANKY/IAPHO K MOBEPXHOCTH CTEKISAHHOTO KJIMHA. YTOM
wiHa 0=20". Kakoe uncno Ko temmsix MHTEePPEPEHIMOHHBIX MOJOC MPUXOJUTCS Ha EAMHUILY

nmnHB! kirHa? [Tokazarens mpemomneHus crexma N=1,5.

JlndpakMOHHas KapTHHA HAGTIOMAETCS HA PACCTOSHHH |=4 M OT TOYEYHOro MCTOYHHKA MOHO-
xpomarmueckoro cera (A=500 am). TTocepeHe MeX Ly SKpaHOM M HCTOYHHKOM CBETa IIOMEIIEHa

muadparma ¢ KpyrisiM oTBepcTheM. [Ipu kakom paamyce R OTBEpCTUS UEHTP AU(PPaKIHOHHBIX
KoJtetl, HaOJIroJaeMbIX Ha dKpaHe, OyZieT Hauboyee TEMHBIM?

K2-3
1.

Anmasnas mpmma (N=2,419) HaxomuTcs B HEKOTOPOH cpezie ¢ ToKaszaTeneM mpeiaomieHus .
ITy4ok ecTecTBEHHOro CBeTa MaJaeT Ha MPU3MY Tak, Kak 3TO MOKa3aHO Ha pucyHke. Omnpenenutsb

MOKa3aTenb npenoMiieHus 1 cpensl, ecau OTpaKeHHBIN IMy40K MaKCHUMAJIbHO HOISPU30BaH.

Mp1ibHas TUIEHKA, PACHIOI0KEHHAs! BEPTUKAIBHO, 00pa3yeT KIMH BCIEACTBUE CTEKAHUS >KUAKOCTH.
Tpu HaGMI0IeHNN MHTEP(DEPEHIMOHHBIX MOJIOC B OTPAKEHHOM CBETE PTYTHOI ayru (4 =546,1 HM)
0KAa3aJI0Ch, UTO PACCTOSHHE MEXY NAThI0 monocamu =2 cm. Haitru yron @ xmna. Cer najaer

MNEPINCHAUKYIISIPHO K ITIOBCPXHOCTHU IIJICHKH. Iloka3zarenn MMpCIOMJICHUSA MBUIBHOM BOJIbI n= 1,33

Cser ¢ A = 0,60 MKM IajjaeT HOPMAJIEHO Ha TIOBEPXHOCTh CTEKIISHHOTO JIMCKA, KOTOPHII IepeKphI-
BAeT MOJTOPHI 30HB PpeHens ans Touku HaOmonenus P. Ilpu kakoi ToNIIMHE 3TOrO AWCKA MH-
TEHCHUBHOCTH CBETa B Touke P Oyner MakcumMaibHOM?

K2-4

Ha IMyTU YaCTUYHO-TIOJSAPU30BAHHOI'O CBCTA, CTCIICHL NOJIAAPpU3ALIUN P KOTOpPOIro paBHa P=O,6, I10-
CTaBUJIM aHAJIN3aTOP TaK, YTO MHTCHCUBHOCTL CBETA, IMPOUICAIIETO Y€PE3 HETO, CTajla MaKCUMaJlb-
HOM. Bo ckoJibKO pa3 YMCHBIINUTCA HHTCHCUBHOCTE CBETA, €CJIU IJIOCKOCTH ITPOITYCKaHWA aHalIn3a-

TOpa MOBEPHYTH Ha yros a=30°?



2. MbpuibHas MIEHKA, PacIoioKEHHAs BEPTUKAIbHO, 00pa3yeT KIMH BCIEACTBUE CTEKAHUS
xuakoctu. MHTEepdepenHnns HabmogaeTcss B OTPaKEHHOM CBETE uyepe3 KpacHOe CTEKIIO

(A1=631 HM). PaccTostHEE MEXTy COCETHUMH KPACHBIMH Io10caMu TIpH 3toM |1=3 mm. 3a-

TeM 9Ta e IUIeHKa Habmoaercs yepes cunee crekno (Ap=400 um). Haiitu paccrosuue |,
MEX/1y COCETHUMHU CHHUMH rojiocamu. CHUTaTh, 4TO 3a BpeMs U3MEpeHH Gopma TIeHKH
HC U3MCHSCTCA U CBCT MMaAaCT NCPICHAUKYIIAPHO K IMIOBEPXHOCTHU IIJICHKU.

3. Jludpaxumonnas kapTuHa HabTIOAaeTCS Ha pacctosaud | oT Toweunoro mcroumHmKa MOHOXpOMa-
Tiaeckoro ceera (A=600 um). Ha paccrosmum @=0,5| ot ucrounnka momerena kpyrmas mempo-

3paunas nperpana guamerpoM O = | em. Haitti paccrosme |, ecnn nperpana saxpsisaer Tombko
LEHTpaJIbHYIO 300y Dpenens.

Bonpocel J1isi NOATOTOBKH K 3K3aMeHYV (ceMecTp 4)

1. PasButue mnpencraBiacHH O MpUpOAE cBeTa. l'eomeTpuyeckas ONTHUKA; IEKTPOMAarHUTHas
IpHUpO/ia CBETA, LIKaja 3JEKTPOMAarHUTHBIX BOJIH; (DOTOHBI.

I'eomeTpuyeckasi onTHKA.

2. OcHoBHbIE MOHATUSI TeoMeTpudeckoi onTuku. CBeToBol Jyd. PacnpocTpaHeHne CBETOBBIX
ay4eil. Onrnyeckas anuHa nyTtd. [Ipuanun depma. 3aKoHbI OTpa)KEHUS U IPEJIOMIIEHUS CBETA.
SIBieHME MTOJIHOTO BHYTPEHHETO OTPAXKEHUS, €T0 IPUMEHEHMSL.

3. Ilpenomnenue Ha cheprueckoil moBepxHoctu. Popmyra TOHKOH JIMH3BL.

JluneitHoe (monepeyHoe) yBenuueHue. OnTuyueckas cuia JUH3.

[Toctpoenue nzobpaxenuii. JlefictBurenbHoe 1 MHUMOE U300paxeHus. KapuHanbHble TOUKH U
IJIOCKOCTH LIEHTPUPOBAHHOW ONTUYECKON CUCTEMBI.

Otpaxenue oT cpepuyeckux noBepxHocTeil. DOKYCHOE pacCTOSHHE BBIMYKIOTO U BOTHYTOT'O
3epkail. Cxema MOCTPOECHUS U300paKeHUH 1S 3epKaJl.

4. Uctounuku abeppanuii. Chepuueckas abeppauus. Xpomaruueckas adbepparius.

5. I'ma3: upucoBas nuadparma, XpycTaiuk, akkomoianus ria3za. CBEeT U IBET.

KpuBasi OTHOCUTENIBHOM CIIEKTPAIbHON 4YBCTBUTEIBHOCTH IJ1a3a.

Jlyna. YBenuuenue nynsl. Teneckor, yriioBoe yBeJIn4eHue Teaeckona. Mukpockor.

HNurepdepenuus csera.

6. Marepdepenuns MoHoxpomaTuyeckux BoiH. MHTepdepenmus cBeta. [lapamerp BUAMMOCTH.
YacTUYHO KOTE€PEHTHBIN CBET.

Crostune cBetoBbie BOJIHBL. OnbIThl BuHepa.

7. OcHoBHBIE UHTEepGepeHIIMoHHbIe cXxeMbl. [llupruHa nojocel. 3HaYeHHEe pa3MepoOB UCTOYHHMKA
cBeTa. 3Be3/IHbIN uHTEepPepomerp MaiikenbcoHa.

8. ITostockl paBHOM TONIIMHBI U PAaBHOTO HakJoHAa. VHTepdepeHns cBeTa Ha TOHKHUX IJICHKaX.
Konpna HeroToHa..

9. UnarepdepomeTp MaiikenbcoHa.

10. MHoroy4eBast UHTEppEepeHIIHsL.

Unrtepdepomerp dabpu-Ilepo. Dopmyna Ditpu. [Tnactunka Jlrommepa-I'epke.

11. IIpumenerne MHTEPPEPOMETPOB B HAYUHBIX MUCCIECIAOBAHUAX M TEXHUKE: U3MEPEHHUE MAJIbIX
cMeleHuH, pepakTomMeTpus (M3MEHEHHE TTOKa3aTelsl MPEJIOMIICHHS ). DTaJIOH JJIUHBI — METP.
12. UnTepdepeniimonnslie GUIbTPhI U 3epkaina. [IpocBeTiieHre ONTHKH.



Ju¢paxkuus csera.

13. SABnenne nudpaxmuu. [Ipuamun [oirenca-Openens.

BrvoxHss ¥ nanbHsIS 30HBI TU(paKInm.

14. 3oub1 Openens. 30HHBIC MNIACTUHKU. AHAIOTHS MEXTY 30HHOW TJIACTHHKOMN M JIMH30M.

3onsl lycrepa, cnupans KopHro.

15. udpakuusa @paynrodepa Ha 1€, IPSIMOYTOJIbHOM OTBEPCTUH, KPYTJIOM OTBEPCTHUH.

16. Ammutynasie u (a3oBbie nudpaknMOHHBIE peHIeTKH. Paspemaromiasi crioCOOHOCThH M-
dbpakuronHoi pemerku. Kpurepuii Panest.

Judpakuus peHTreHoBCKUX nydeir. @opmyna Bynega-bparra. OcHoBbI rosorpaduu.

17. IudpakunoHHble cieKTpaibHble IPUOOPHI U UX OCHOBHBIE XapaKTEPUCTUKU: JTUHEHHAS 1 C-

nepcusi, pa3penaronias CrtocoOHOCTh, 00JaCTh TUCTICPCHH.

®dusnueckue ocHOBHI Tojiorpadun. Cxema ['abopa. Meron JIunmmana nosrydeHus HBETHBIX (HOTO-

rpa¢uii. Cxema JleHucroka.

18. Ponp audpakuuu B npudopax, GopMUPYIOIIUX U300paKEHUE: B TEJIECKONE U MHUKPOCKOIIE.
Kpurepwii Panest (mpumeHnTensHO K HOPMUPOBAHHIO H300pasKEHUH ).

Hoasipusauus ceera.

19. JIuneiiHo, UPKYISPHO U SJUIMNTUYECKH MOJSpU30BaHHBINA cBeT. [lonspusanus ecTecTBEH-
Horo cBera. Crenens nonsipusanud. [lomaspuzaropsl. 3akon Martoca.

20. OnTuueckue sIBJEHUS Ha IPAHMIIE pa3jesia U30TPOMHBIX AUAIEKTPUKOB. COOTHOLIECHUS aM-
TUTUTY]] TAJAroNIe, OTpaKEHHOW U MPEIOMIICHHON BOJIH - (hopmynbl Openernsi.

[Tonstpu3zanus oTpa)k€eHHOUW U IpesIoMIEHHOM BOIH. YToa bproctepa. @u3nueckuil CMbIC 3aK0-
Ha bprocrepa.

21. IBoifHOe nydenpernoMieHue cBeTa. [lomsipu3anronHbie MPUOOPHL: KpHcTaumdeckue (haso-
BbI€ IJIACTUHKHU (4E€TBEPTHBOJIHOBBIE U MOJIYBOJIHOBBIE IUTACTUHKM), KOMIeHcaTophl. [Tomyuenue
Y aHaJI3 JUTUIITHYECKH MTOJIIPU30BaHHOTO CBETA.

Bpamenne miockoct nossipu3anuy (OnTHYecKasi akTUBHOCTD). CaxapuMeTpust

AHN30TpONUS ONTUYECKUX CBOMCTB, MHAYLMPOBAHHAs MEXaHUUYECKOH Aeopmaliueil, 3j1eKTpu-
yeckuM (3¢ ekt Keppa), maruutabM (3¢ dext KorTona-MyTToHa) monsMu.

Monesn u31y4yeHus cBera.

22. Knaccuueckass MOJIeNIb 3aTyXarollero JUIOJIbHOTO ocuuiuistopa. OLeHKka BpeMeHHu 3aTyxa-
Hus. JlopeHueBckas popma U IUpPHUHA JTUHUM U3Ty4YEHUs.

OcHoBHBIE IIPEJCTABIEHNS O KBAHTOBOW TEOPUH U3JIY4YE€HHUS CBETa aTOMaMU U MOJIEKYJIaMHU.

23. ®otonbl. 3akoHbI hoTodIeKTpUYECKOro dPdekTa. DOTOTEKTPOHHBIH YMHOKHUTENb.

24. Jlucnepcus cBeTa, HOpMajbHas U aHOMallbHas aucrepcuu. Pa3oBast U TPYINIOBasi CKOPOCTb
CBETa.

25. TemuoBoe n3nyuyenue. M3nyuarenapHas U MOTJIoNiaTeIbHAas CIIOCOOHOCTH BEIIECTBA U MX CO-
oTHomeHne. Mozenb abCoMoTHO YepHoro Tena. 3akoH Kupxroda.

26. 3akon Credana-bonbimana, popmyna cmemenus Buna. ®opmyna Panes-xunca. Orpanu-
YEHHOCTh KJIACCUYECKOW TEOPUH U3ITydeHUs. DJIEMEHTBI KBAaHTOBOro noaxona. ®opmyina Ilnan-
Ka.

27. Mojaens 1ByXypOBHEBOM cucTeMbl. B3anmoelicTBre ABYXYpPOBHEBOUM CUCTEMBI C U3yYEHHU-
€M: CIIOHTaHHbIE U BBIHYXKJEHHbIEe nepexoabl. Koadduiments DiiHmrelina. MHOTOypoBHEBbIE
CUCTEMBI.

28. Ycunenue cBeTa MpU MHBEPCHOM 3aCEJIEHHOCTH HEPreTUYECKUX ypOBHEW. Meroasl co3na-
HUS1 UHBEPCHOM 3aCEJIEHHOCTH B Pa3JINYHbIX Cpelax.

Jlazepbl — yCcTpOMCTBO U MPUHIIUT PaObOTHI. POk onmTHYeCcKOT0 pe3oHaTopa.

Paccesinne cBera.
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29. PaccesiHue cBeTa B MEIKOAUCIEPCHBIX U MYTHBIX cpenax. MoeKyaspHOe paccesiHue CBETa.
3aBUCUMOCTh UHTEHCUBHOCTH PACCESIHHOTO CBETA OT 4acToThl (popmyna Panes) u yriosas nua-
rpamma paccesaus. [lonspuzanus paccestuaoro ceera. Komounanuonnoe (Pamanosckoe) pacce-
SHUE CBETA.

6. YueOHO-MeTOAMUYECKOE 00ecIeYeHNe JUCIUIIINHBI

6.1. OcHOBHas JUTEpaTypa
(x cemectpy 4)

1. Jlanocoepe I'.C. Ontuka. — M.: DUSMATIIUT, 2003.

2. Cusyxun. J[.B. O6mmii kypc ¢puszuku. Ontuka. T. IV — M.: Hayka, 1985.

3. bopn M., Boawsgh 3. OcHoBbl onTuky. - M.: Hayka, 1970.

4. Mameees A.H. OnTuka. - M.: Beicias mkoia, 1985.

5. @eiinman P., Jletimon P., Conoc M. @eitHMaHOBCKHE JeKIUU 110 ¢usuke. Beim.3. - M.:

Mup, 1967.
6.2. JlonmonHUTEHHAS JINTEPATYPA

(x cemectpy 4)

1. Jumubepn P., Dusnueckas ontuka. - M.: Hayka, 1965

2. I'openux I'.C., Konebanus u BonHbL. — M.: ®usmarrus, 1959.

3. Axmanog C.A., Huxumun C.FO. ®u3ndeckas ontuka: YueOHuk. - M.: U3n-Bo Mock. yH-Ta,
1998.

4. Casenves U.B., Kypc obmieit ¢pusuku 13 - M.: Hayka, 1970

5. Cubpyxk B.,. PoGept Byn. - M.: Hayka, 1985

7. MarepuajibHO-TeXHHYECKOe ofecreyeHue JUCHUILINHBI

JlexuimoHHbIE 3aHATHUS TPOBOJAATCS B CHEIMATIEHO 000PYI0OBaHHON ayTUTOPUH C
MYJIbTUMEAUHHBIM 000pyJ0BaHUEM. PacueTHbIN MPaKTUKYM BBIMOIHAETCS B CIIELMATIbHOM
MOMEILEHUH, KX IbIM yJaluiicss UMeeT UHANBHIyalIbHOE pabodyee MECTO U OT/AEIbHBIC 3aJaHUSI.
BcnomoraTensHbIi MaTepuai B BUJIE IPE3EHTALMI U 2JIEKTPOHHBIX YUEOHBIX MaTepHajIoB
JIOCTYTIEH CTYyJIEHTaM Ha caiiTe (aKyJbTeTa.
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Title discipline: Optics.

1. Goals and objectives of development disciplines:

Goals: To form students understanding of the theoretical and physical foundations of the modern
optics for later use this knowledge in the study of other disciplines and the development of opti-
cal systems and devices for different purposes.

Obijectives: The students mastering the fundamental laws and phenomena of geometrical and
physical optics.

2. A discipline Place in structure OOP VPO

The discipline concerns block V-PD in a preparation direction «Applied mathematics and phys-
ics»

Structural element of OOP BIIO - BM (the bachelor of the Moscow State University) in a prepa-
ration direction «Applied mathematics and physics»

The discipline concerns to parts of variability of an educational cycle.

3. Requirements to results of development of the maintenance of discipline:

(1) universal (OK):

General scientific:

Possession knowledge of a subject and objects of studying, methods of research, modern con-
cepts, achievements and restrictions of natural sciences: physicists, chemistry, biology, sciences
about the earth and the person, ecology; possession of bases of methodology of scientific
knowledge of various levels of the organization of a matter, space and time; ability, using inter-
disciplinary system communications of sciences, independently to allocate and solve the basic
world outlook both methodological natural-science and social problems for the purpose of sus-
tainable development planning (OHK-1);

Possession of methodology of scientific researches in professional area, knowledge of bases of
business dialogue (OHK-4);

Readiness to use knowledge as tools for the complete decision of informative and professional
problems (OHK-5);

Possession of base sections of mathematics, physics, chemistry, computer science and the pro-
gramming, necessary for the decision of problems in professional area (OHK-6);

Ability to use in professional work base knowledge in area of mathematics, physics, chemistry,
computer science and programming (OHK-7);

Ability to create mathematical models of typical professional problems and to interpret the re-
ceived mathematical results, possession of knowledge of restrictions and borders of applicability
of models (OHK-8);

Possession of knowledge in area of technics, technology and innovation, necessary for practical
development of modern technical systems and technologies, for the decision of research and
practical problems in professional area (OHK-9);

The tool:

Possession of norms of Russian literary language and functional styles of speech; ability to show
in speech dialogue personal and professional culture, spiritually-moral belief; ability to put and
solve communicative problems in all spheres of dialogue to operate processes of an information
exchange in various communicative (MK-1 environments;

Possession of skills of use of software and work in computer networks, uses of resources the In-
ternet; possession of the basic methods, ways and means of reception, storage, information pro-
cessing (MK-3);

Ability to use modern computer facilities and the specialized software in research work (MK-4);
Possession of the basic methods of protection of the industrial personnel and the population from
possible consequences of failures, accidents, acts of nature (MK-7);
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Possession of means of independent, methodically correct use of methods of physical training
and health strengthening, readiness for achievement of due level of physical readiness for
maintenance high-grade social and professional work (MK-8);

Possession of methods of patent search and knowledge in the field of the patent researches, nec-
essary in professional work (MK-9);

Possession of skills of management of the information for a writing of reports, reports, reviews
and articles (MK-10);

Possession of methods of the tool researches necessary for carrying out of experimental works in
professional area (MK-11);

Ability to the analysis of knowledge and their synthesis in professional work sphere (MK-12);
Ability to the organization and planning of experimental and theoretical researches in profes-
sional work and to forming of strategy of research work (MK-13);

The system:

Ability to creativity, generation of innovative ideas, promotion of independent hypotheses (CK-
1);

Ability to search, the critical analysis, generalization and ordering of the scientific information,
to statement of research objectives and choice of optimum ways and methods of their achieve-
ment (CK-2);

Ability to independent training and working out of new methods of research, to change of a sci-
entific and research-and-production profile of activity; to innovative scientifically-educational
activity (CK-3);

Ability to put knowledge into practice (CK-4);

Ability to working out of projects and their management, ability to leadership (CK-5);

Ability to the initiative and business, ability to work independently (CK-6);

(2) professional (personal computers):

Possession of skills and methodological culture of application of the received fundamental
knowledge in area of mathematics, physics, chemistry and biology for performance of scientific
researches (PC 1);

Ability to work with the modern software, devices and installations to apply experimental and
theoretical methods of researches and to process the received experimental data for performance
of a concrete research and engineering problem (PC 2);

Ability to apply the theory and methods of mathematics, physics and computer science for con-
struction of qualitative and quantitative models (PC 3);

Ability to work with the scientific literature, readiness to compare known experimental and theo-
retical results with the received original

By experimental and theoretical results and to do substantiated conclusions (PC 4);

Readiness to discuss in the scientific environment the received experimental and theoretical re-
sults and to do conclusions; ability to state the received scientific results in the oral form (presen-
tations and reports at conferences) and the written form (articles, reviews, messages) (PC 5).
Possession of skills of planning and control of performance of the established plans in profes-
sional work sphere (PC 6);

Ability to active search of the new information, ability to work with various sources of the in-
formation; readiness to analyze and solve engineering problems with use of the interdisciplinary
approach (PC 7);

Readiness for creation of competitive production on the basis of the received fundamental
knowledge (PC 9);

Ability to participate in working out of breadboard models of products and their modules and to
apply instrumentation to definition of technical characteristics of breadboard models (PC 10);
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Ability to combine research and engineering-industrial activity for working out of the high tech-
nologies providing creation of substances, materials and complex artificial systems with the set
properties (PC 11);

Readiness for search of technical and technological innovations, susceptibility for innovations
(PC 12);

Readiness for carrying out of experimental works on check and development of technical and
technological innovations (PC 13);

Readiness for working out of programs of carrying out of research and engineering-industrial
works on all chain of an innovative cycle (PC 14);

Readiness for commercialization of scientific workings out (PC 15).

Readiness for communications and work as a part of collective of executors in scientifically -
research and engineering-industrial spheres (PC 16);

Possession of skills of management of research and engineering-industrial activity for creation of
a healthy, safe and productive working environment, maintenance of conformity of products of
professional work to the quality standards (PC 17);

Possession of the basic methods of a management: statements and distributions of problems, del-
egation and control, feedback and an estimation of execution, training on a workplace, individual
and group decision-making (PC 18);

Readiness to show in practice aspiration and ability to realize the potential (knowledge, abilities,
experience, personal qualities) the expert of new generation for the economy based on
knowledge, for successful productive activity in professional and social spheres (PC 19);

As a result of the development of the discipline the student must:

Know: the basic laws and rules of geometrical and physical optics, methods, analytical represen-
tation of these laws.

Be able to: formulate specific tasks based on the laws and laws developed in the course of optics
to obtain data to carry out their mathematical treatment, summarize the results obtained.

Own: computational methods solving, data retrieval skills in open source (including information
in databases) and apply them to solve practical problems.

Gain experience of: in the analysis, formulation and solution of concrete problems of interest to
the fundamental science and practice.

4. The Content and Discipline Structure
4.1.  The Content of discipline sections (C - Colloquium, T - verifying independent work (the
test), ICW - interim control work, HW - homework, SGT - settlement-graphic task)

Ne section ~ Ne employment The Theme  Ato'clock

4.2.  Discipline Structure

Section | Name of Section Contents Form
Number | Section monitoring
1 The basic concepts of geometrical optics. The light beam. The

propagation of light rays. The optical path length. Fermat's prin-
ciple. The laws of reflection and refraction of light. The phe-
nomenon of total internal reflection and its applications.

The thin lens equation. Ray tracing diagrams. Real and vir-
tual images. The cardinal points and principal planes of
centered optical system.

Optical aberrations. Spherical aberration. Chromatic aberration.
Structure of the Human Eye, eye accommodation. Magni-
fying glass; telescope, microscope
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The interference of monochromatic waves. The interfer-
ence of light. Visibility of the fringes. Partially coherent
light.

The standing light waves. Wiener’s experiments.

Main arrangements to produce two beams interference. Band-
width of the fringes. The importance of the size of the light
source for observing interference. The fringes of equal thickness
and equal slope. Interference of light in thin films. Newton's
Rings.

The Michelson interferometer. Fabry-Perot interferometer. The
use of interferometers in research and technology : measurement
of small displacements , refractometry (refractive index change).
The standard length — meter. Interference filters and mirrors.

The phenomenon of diffraction. Huygens-Fresnel principle.
Fresnel zones. Zone plates. The analogy between the zone plate
and lens. Schuster zones, Cornu spiral.

Fraunhofer diffraction by slits, round hole.

The amplitude and phase gratings. The resolving power of a
grating. The Rayleigh criterion.

X-ray diffraction. Bragg’s Law. Basics of holography.

Linearly, circularly and elliptically polarized light. The polariza-
tion of natural light. The degree of polarization. Polarizers. The
Malus’s law. Birefringence of light. Polarization devices: crystal
phase plates (quarter- and half-wave plate), compensators.
Optical activity.

Optical phenomena at the interface of isotropic dielectrics. The
ratio of the amplitudes of the incident, reflected and refracted
waves - the Fresnel equations. The polarization of the reflected
and refracted waves. The Brewster’s angle. The physical mean-
ing of the Brewster’s law.

The dispersion of light. Phase and group velocity of light.
The basic concept of the quantum theory of emission of
light by atoms and molecules. Photons. The laws of the
photoelectric effect. A photomultiplier tube.

10

Thermal radiation. The emission and absorption of a substance
and their relationship. The model of a black body. Kirchhoff's
law. Wien's displacement law. Elements of the quantum ap-
proach. Planck’s radiation law. Spontaneous and stimulated tran-
sitions. Einstein’s coefficients. Lasers - mechanism and opera-
tion. Light scattering.

4.2. The structure of the discipline
Total labor discipline is 4 credits (144 hours), of which 0.89 - lectures on optics (32 hours), 1.33

- seminars (48 hours), 1.78 - independent work of students (64 hours) and 2 credit units (72

hours), laboratory work, 0.86 - self-preparation for laboratory work (31 hours).

Type Term 4 Total

Total labor 6,86 (247) 6,86 (247)
Class work: 2,22 (80) 2,22 (80)

Lectures (L) 0,89 (32) 0,89 (32)

Practical classes (PC) 1,33 (48) 1,33 (48)
Laboratory work (LW) 2 (72) 2 (72)
Independent work 2,64 (95) 2,64 (95)
View the final control test, exam
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Discipline Sections per Semester

Section Name of Section Number of hours
Number Total Class work Extracurricular
L PC LW work
1 The basic concepts of geo- 2
metrical optics.
2 The thin lens equation. Ray 4
tracing diagrams.
3 The interference of mono- 2
chromatic waves.
4 The use of interferometers in 2
research and technology
5 Diffraction of light. 4
Fresnel diffraction.
6 Fraunhofer diffraction. 4
7 Polarization of light. 4
8 Optical phenomena at the in- 2
terface of isotropic dielectrics.
Fresnel equations.
9 The dispersion of light. Pho- 4
tons.
10 Thermal radiation. 4
4.3.  Laboratory work
Section Lw Name of laboratory work Number of
Number | Number hours
1-3,9 1 Study of the laws of geometrical optics
2 Study of the dispersion of light
3 Studies of interference light
4-6 4 Determination of refractive index of glass interference
method nonparallel stroke
5 The study of light diffraction
6 Work on research and demonstration experiments on dif-
fraction
7-9 7 Study of polarization of light
8 Study of photoemission
9 Determining the Planck constant by long-wave limit of the
photochemical process
10 10 The study of the absorption and transmission
4.4. Seminars
Number | Number Theme Number of
section | classes hours
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1-2 1 Fermat's principle; the thin lens equation. 4
2 The refraction law of light. Ray tracing diagrams. 4
3 Magnifying glass, telescope, microscope, achromatic lens 4
2 4 The interference of light. Main arrangements to produce 4
two beams interference. Bandwidth of the fringes.
5 Interference of light in thin films. Newton's Rings. 4
6 Interferometers. Interference filters and mirrors. 3
3 7 The diffraction of light. Fresnel zones. Zone plates. 6
8 Fraunhofer diffraction. Diffraction gratings. The resolving 6
power of a diffraction grating. The Rayleigh criterion.
4 9 The polarization of the light. The Malus’s law. 3
10 The Fresnel equations. The Brewster’s angle. 3
11 Birefringence of light. 4
5 12 Photons. The laws of the photoelectric effect. 3
4.5.  Course work (possible topics)
4.6.  Independent study sections disciplines
4.7.
section | issue Issues for independent study Number of
number | number houers
1-2 1 Refraction at a spherical surface. 2
2 The Michelson stellar interferometer. 2
3 3 Multiple beam interference: Lummer - Gehrke plate. 1
4 Interference filters and mirrors. 3
4 5 Fraunhofer diffraction by a rectangular hole. 1
6 Lipman method for obtaining color images. 2
7 The diffraction spectrographs and their main character- 4
istics: linear dispersion, the resolving power, the free
spectral range.
8 The anisotropy of the optical properties induced by 2
7 mechanical deformation
9 Kerr effect, Cotton-mutton effect . 3
9 10 A photomultiplier tube. 1
10 11 Light scattering by small particles and muddy media. 1
8. Educational Technology
8.1. Interactive educational technology used in the classroom
Semester | Name of Interactive Educational Technologies Number of
classes houers
multimedia projector, presentation, interactive 80
whiteboard
laboratory benches "Optics" 72
Total 152

6. Evaluation tools for monitoring progress and interim certification
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Questions to the Colloquium (semester 1)
Variants of control works

Control work N1

1-1
1. Find the limiting angle of total internal reflection for diamond ny = 2.42 on the
border with water n = 4/3.
2 . Focal length of the lenticular lens F =5 cm. A point light source is on the axis
of the lens at a distance d = 6 cm from the lens. The lens is cut along a plane of
the optical axis into two equal parts which are moved apart by a distance
s = 1 cm symmetrical about the optical axis. Find the distance between the two
point images.
3 . Given positions of the optical axis 0-0; and the optical center of the lens and
path of an arbitrary beam (see Fig.). Find by ray tracing diagrams the position of
the main focal planes of the lens. Media on both sides of the lens are equal. (You
can use an auxiliary parallel beam passing through the center of the lens).

1-2

1. Light beam is incident on a uniform transparent ball and penetrates it. Going inside
the ball, it reaches the interface ball - air. Can occur at this point the total internal reflec-
tion?

2. Find the focal length of the plane-convex lens, for which the radius of curvature of the
spherical surface is 80 cm. Refractive index of glass is 1.6.

3. Determine by ray tracing diagrams the position of a thin lens and its focal points , if
you know the position of the optical axis 00 ' and the position of a pair of conjugate
points P and P' - the point and its image. Forming media on both sides of the lens are
equal.

op
Ao

1-3

1. Get offset of the beam as it passes through a plane-parallel plate made of glass with
refractive index of 1.55, if the angle of incidence is 45°, and the plate thickness is equal
to1lcm.

2. Find the maximum diameter of a plane-convex lens with a spherical surface made of
glass with a refractive index n = 1.63, which gives 200 times magnification. (Considering
the lens will not be thin. However, to simplify the calculation, this does not refer to it. )
3. By ray tracing diagrams determine the position of a thin lens and its focal points, if
you know the position of the optical axis 00 ' and the position of a pair of conjugate
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points P and P' - the point and its image. Forming media on both sides of the lens are
equal.

1-4

1. For a glass prism (n = 1.5) the smallest beam deflection angle is equal to the corner
of the refracting prism. Find the latest.

2. On the screen, spaced from the lens (thin lens optical power 5 diopters) at a distance
of 4 m, a clear image of the slide is obtained. The screen is shifted by 20 cm. On how
much the slide should be moved to restore clarity?

3. Find by ray tracing diagrams the path of the beam after reflection in a concave spher-
ical mirror (F — focus, 00 '- the optical axis).

£

|
%/

Control work N2

2-1

1. A beam of natural light is incident on a system of N = 6 polarizers, the plane of each
is rotated by the angle ¢ = 30° relative to the plane of the previous polarizer. What part
of the light passes through this system

2. In Young's experiment in the path of one of the interfering beams a thin glass plate is
set, so that the central bright band is shifted to the position originally occupied by the
fifth light strip (not counting the center one). The beam is incident perpendicularly to the
plate surface. Refractive index of the plate is n = 1,5. Wavelength A = 600 nm. What is
the thickness h of the plate?

3. Monochromatic plane light wave with intensity Iy is incident normally on an opaque
disk, closing to the observation in point P the first Fresnel zone. What became a light
intensity | at point P, after from the disk was removed (in diameter): a) half; b) half of the
outer half of the first zone?

2-2

1. Limiting angle of total internal reflection for some substance is 85 = 45°. Find this
substance angle 8 of complete polarization.

2. The light beam (A = 582 nm) is incident perpendicularly to the surface of a glass
wedge. Wedge angle is 6 = 20". What is the number kg of dark fringes per unit length of
the wedge? Refractive index of glass is n = 1,5.
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3. The diffraction pattern observed at a distance L =4 m from the point source of mono-
chromatic light (A = 500 nm). Midway between the screen and the light source the dia-
phragm with a circular hole is set. At what hole radius R the center of the diffraction
rings observed on the screen will be the darkest?

2-3

1. Diamond prism (n, = 2,419) is located in a medium with refractive index n;. Beam of
natural light falls on a prism as shown in the figure. Determine the refractive index n; of
the medium, if the reflected beam is polarized as possible.

2. Vertically located soap film forms a wedge due to flow of the liquid. In the observation
of the interference fringes of the reflected light of a mercury arc (A = 546,1 nm), it was
found that the distance between five strips is L=2 cm. Find the wedge angle 6. The light
incident perpendicularly to the film surface. Refractive index of soapy water is n = 1,33.
3. Light with A = 0,60 m is normally incident on the surface of the glass disk, which co-
vers half of the Fresnel zone for the point of observation P. At what thickness of the disk
the light intensity at the point P is the maximum?

2-4

1. On the way of partially polarized light (the degree of polarization P is equal to P = 0.6)
set the analyzer so that the intensity of the light passing through it, becomes maximum.
How many times the light intensity decreases if the analyzer plane rotates through an
angle a = 30°?

2. Vertically located soap film forms a wedge due to flow of the liquid. Interference oc-
curs in the reflected light through the red glass (A; = 631 nm). The distance between ad-
jacent stripes in red is I; = 3 mm. Then this film is observed through the blue glass (A2 =
400 nm). Find the distance between adjacent I, blue stripes. Assume that during the
measurement time the shape of the film does not change and the light incident perpen-
dicular to the film surface.

3. The diffraction pattern observed at a distance L from a point source of monochro-
matic light (A = 600 nm). At a distance a = 0,5L from a source placed a round opaque
barrier with a diameter d = 1 cm. Find the distance L, if the barrier closes only the cen-
tral Fresnel zone.

Questions to prepare for the exam (semester 4):

1. The development of ideas about the nature of light. Geometrical optics; electromagnetic nature
of light, scale of electromagnetic waves; photons.

Geometrical optics.

2. The basic concepts of geometrical optics. The light beam. The optical path length. Fermat's
principle. The laws of reflection and refraction of light. The phenomenon of total internal reflec-
tion and its applications.
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3. Refraction at a spherical surface. The thin lens equation. Lateral magnification. Optical power
of a lens. Ray tracing diagrams. Real and virtual images. The cardinal points and principal planes
of centered optical system.

Focal length of the convex and concave mirrors. Ray tracing diagrams for convex and concave
mirrors.

4. Optical aberrations. Spherical aberration. Chromatic aberration.

5. Structure of the Human Eye: iris, crystalline lens, eye accommodation. Light and color. The
curve of the relative spectral sensitivity of the eye.

Magnifying glass; telescope, angular magnification of the telescope; microscope .

The interference of light.

6. The interference of monochromatic waves. The interference of light. Visibility of the fringes.
Partially coherent light.

The standing light waves. Wiener’s experiments.

7. The main arrangements to produce two beams interference. Bandwidth of the fringes. The im-
portance of the size of the light source for observing interference. The Michelson stellar interfer-
ometer.

8. The fringes of equal thickness and equal slope. Interference of light in thin films. Newton's
Rings.

9. The Michelson interferometer.

10. Multiple beam interference.

Fabry-Perot interferometer. Airy formula. Lummer - Gehrke plate.

11. The use of interferometers in research and technology : measurement of small displacements,
refractometry ( refractive index change ) . The standard length - meter

12. Interference filters and mirrors. lllumination optics.

The diffraction of light.

13. The phenomenon of diffraction. Huygens- Fresnel principle.

Near and far -field diffraction .

14. Fresnel zones. Zone plates. The analogy between the zone plate and lens.

Schuster zones, Cornu spiral.

15. Fraunhofer diffraction by slits, a rectangular hole, round hole.

16. The amplitude and phase gratings. The resolving power of a grating. The Rayleigh criterion.
X-ray diffraction. Bragg’s Law. Basics of holography.

17. The diffraction spectrographs and their main characteristics: linear dispersion, the resolving
power, the free spectral range.

Physical basis of holography. Gabor scheme. Lipman method for obtaining color images. Denisjuk
scheme.

18. The role of diffraction in the optical image forming apparatus: in the telescope and micro-
scope. The Rayleigh criterion (applied to imaging).

The polarization of the light.

19. Linearly, circularly and elliptically polarized light. The polarization of natural light. The de-
gree of polarization. Polarizers. The Malus’s law.

20. Optical phenomena at the interface of isotropic dielectrics. The ratio of the amplitudes of the
incident, reflected and refracted waves - the Fresnel equations. The polarization of the reflected
and refracted waves. The Brewster’s angle. The physical meaning of the Brewster’s law.

21. Birefringence of light. Polarization devices: crystal phase plates (quarter- and half-wave
plate), compensators. Preparation and Analysis of elliptically polarized light.

The rotation of the polarization plane (the optical activity). Saccharometer.

The anisotropy of the optical properties induced by mechanical deformation, electrical (Kerr ef-
fect) and magnetic (Cotton-mutton) fields.
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Models of light emission.

22. The classic model of a damped dipole oscillator. Estimation of the lifetime. Lorentz profile
and emission bandwidth.

The basic concept of the quantum theory of emission of light from atoms and molecules.

23. Photons. The laws of the photoelectric effect. A photomultiplier tube.

24. The dispersion of light, normal and anomalous dispersion. Phase and group velocity of light.
25. Thermal radiation. The emission and absorption of a substance and their relationship. The
model of a black body. Kirchhoff's law.

26. Stefan-Boltzmann law, Wien's displacement law. Rayleigh -Jeans formula. Limitations of the
classical theory of radiation. Elements of the quantum approach. Planck’s radiation law.

27. The model of a two-level system. The interaction of a two-levvel system with radiation:
spontaneous and stimulated transitions. Einstein’s coefficients. Multi-level system.

28. Light amplification by the inverse population of energy levels. Methods for producing popu-
lation inversion in different environments.

Lasers - mechanism and operation. The role of the optical resonator.

The scattering of light.

29. Light scattering by small particles and muddy media. Molecular scattering of light. The in-
tensity dependence of the scattered light on frequency (Rayleigh equation) and the angular scat-
tering pattern. The polarization of the scattered light. Raman light scattering.

7. Educational-methodical maintenance of discipline
7.1. Main Reading (to semester 4)

1. Landsberg G.S. Optics. — M.: Fizmatlit, 2003.

2. Sivukhin D.V., Physics course, vol.4, Optics. - M: Nauka, 1985.

3. Born M., Wolf E. Principles of Optics., - M: Nauka, 1970.

4. Matveev A.N., Optics. M.: High. Shk., 1985.

5. Feynman R., Leighton R., Sands M. Feynman Lectures on Physics. vol.3. - M.: Mir, 1967.

7.2. Further Reading

1. Ditchbern R.W., Light., - M: Nauka 1965

2. Gorelik G.S., Waves. — M.: Fizmatgiz, 1959.

3. Akhmanov S.A., Nikitin S.Ju. Physical Optics. - M.: MSU, 1998.

4. Savelyev L.V., Physics course, Vol. 2, Electricity and magnetism. Waves. Optics. - M: Nauka,
1970.

5. Seabrook W., Doctor Wood., - M: Nauka, 1985

7.3. Periodicals

7.4. Internet resources

7.5. Guidelines for laboratory work

7.6. Methodical instructions for practical exercises are located on site -

7.7. Methodological guidelines for coursework and independent work are located on site -
7.8. Software of modern information and communication technologies

Training programs for:

located on sites and
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8. Logistics discipline

Lectures are held in specially equipped classrooms with multimedia equipment . Settlement
workshop performed in a special room, each student has an individual workplace and individual
tasks . Supporting material in the form of presentations and training materials is available to stu-
dents in the faculty site.
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