© OPTOSCI LTD  INTRODUCTION TO OPTICS

Table of Contents

INTRODUCTION TO OPTICS

LECTURE NOTES

1. INTRODUCTION TO OPTICS .....cutiuiiuiiniiiiiiiitieiieitete et ste sttt ettt s st et sae s e e e 1
oL IIPOAUCTION ...ttt e ettt ettt e ettt enees 1
2. HISTORICAL BACKGROUND ......cuuiiiiiiiiiititiieeeeeeieittreeeeeeeeeitusaeesaeesaesssssaeseeeeaassssesseesesasisssssesesesesasnses 3
2.1 The SEVERLEENIN CEMIUTY ........oc.veeeeeeiieiieee ettt ettt ettt ae et e sbeeseenseenseessenseens 3
2.2 THE NIRELEERMII COMIUTY .......c.eieeeeeieeee ettt et e e et et e aeebeenaesseesaeesseenseenseensenssenseens 4
2.3 TRE EWERLIEER CERMIUTY «....c.oeeeee ettt sttt ee e st e nseenseenseensesaaeeseens 4
3. ELECTROMAGNETIC THEORY ......oeiiiitiieeitieeeeitreeeesireeeeausesessasseessassseaassbasessssssessssssssssssesesssseessssseeans 6
3.1 Electromagnetic PREROMEIA ..................c.oeueieeieeiie ettt 6
3.2 The wave eqUALION i e SPACE ..........cc.eeueeeueeieaieiiieeieee et et ettt ettt anee e 6
4. ELECTROMAGNETIC WAVES ....uutiiiiiiiiiitiiiieee e e e ettt e e e e eeeaaaeesseeeseasaaaaeeeeeeesassaesseeseeenassseseeeeeaeasnees 8
4.1 Solutions for the electric fIeld ................ccocoviiiiiiiiiiiiiiee et 8
4.2 Transverse nature of the electric fleld................cccouviiviiiiiiveiiianieiiee et 9
4.3 Solutions for the magnetic fleld.................ccociiiiiiiiniiiiiistei e 10
4.4 Why no "Tuminiferous QEtREr'?...............ccovueiiiiiieiieiieeet ettt 10
4.5 Electromagnetic waves in MALEFIALS...............c..ccoooivveeiiiaiiiiieeeieet et 11
4.6 Plane waves and OtREr fOFIMS ................ccoviuuiiimeeiieie ettt 12
4.7 Power flow and the POYREING VECIOF .............cc.cciueiiieeeiieiieie et 12
4.8 SEANAING WAVES.........oc.eieeeiieeiieeie ettt ettt ettt ettt ettt b e enbeesseeaaesneesaeenseennes 13
4.9 GFOUD VEIOCIEY ..ottt eb ettt eat e bt ettt et et enseenbeebeenseennas 14
5. OPTICAL SOURCES AND THE PARTICLE PROPERTIES OF LIGHT .......ccccccivieiiieiiiiniiniineeeeieieieneen 16
5.1 The Particle Properties Of LIQRL.........ccccciiuaiiiiiiiiiiiiiiieet ettt 16
5.2 The Electromagnetic SPECIFUM ....ccc.ccc.eiueieiuiieiieee ettt ettt 16
5.3 Generation of Electromagnetic RAAIALION. ....................ccoooeeiciiiiieiiiiiaieeeeseeee e 17
5.4 Electromagnetic Properties Of ATOMS.............ccccoeviioiioiioieiieeieee et 18
5.5 Radiation From Atoms and MoIecules....................c.ccccoviiiviiioiiiiiiiiienieeeeee e 19
5.6 X-rays and GAMMA RAYS........ccoecevimireeiiieeieesie e et eeie et ete e siaeesave e baesiseesvaeseseesssaensneas 21
5.7 LEAM@WIAIN ... et et 21
5.8 CORCIOIICE ...ttt ettt ettt 22
6. POLARISATION ......uttiiiiiiieiieiittesieeeeeeittteeeeeeeeeeettteeeeeeeeeeessaaseeaeeeaaassssseeaseeeaassssseseeeeeaassssseseaeseaannsres 25
6.1 Linear States Of POIAFISALION. ................cc..ccoovueevieiieiieiiee ettt 25
6.2 Circular and Elliptical States of PolariSQtion..................cccccoovveveioiiveeaienieisecieeieeieeeenens 25
0.3 BIFEITINGONCE ..ottt ettt et et eat bt b e e et eetaennae s 27
0.4 POLAVISEES ..ottt ettt ettt et ia e s aa et e st e be b e enb et enae s 28
7 REFLECTION AND REFRACTION........ccuiiuiiiiiiiiiiiiititintt ettt ettt st sae st nesae e s 30
71 TRIPOAUCTION ...ttt ettt 30
7.2 Geometrical laws of reflection and refraction .............ccccccueeveesieeeieesiiiesieesieeeie e eieees 31
7.3 A wave-picture of reflection and refracCtion .............cc.cccuevveeeiueesieeeeiieesieiesieesie e svee e 32
7.4 Boundary conditions for the electric and magnetic field vectors ..............cccoouvevceeneeencennncnne. 32
7.5 Relationship between the continuity conditions and the laws of reflection and refraction....36
7.6 The FresSnel EQUATIONS .............ccocevueeiieeeeeeiiieesieeeeiteesiteeeteeeaeeestaeasaessssaensseetseensseessseenseeenens 38
7.7 The BreWSIer ARGIe. ............cccccciiuiiiiiiee ettt ettt 42
7.8 Total interNal FEflECtION. ...........cceeeeueiiiieeiie ettt ettt e seae e stbeeaae e 43
7.9 Energy associated With the eVaneSCent WAVE ...............ccoccuioeioeiienieniee e 45
7.10 FOrm Of the @VANESCENE WAVE .........cccuveeeueeeiiieeiieerieeieesseesseesteesseesseesseesiseessseessseessseenenes 46
7.11 Phase changes 0n FefleCtion.............cccccuoviiiiiiiiiiiieeieeee ettt 48
7.12 The GOOS-HACNCHEN SRIfT......coooeevieeiiieiee ettt ettt e aae et e e sae s 50
8. INTERFERENCE ......cetiiiiiiiitiiiiiee e e e eecttee e e e e e eetate e e e e e e eeetabaeeeeeeeeststaseaeeeeeaasstasaaeseeeannsssseaaaeeeannarereeeens 53
8ol YOUNG'S SIES ..ottt et 53

8.2 The Mach-Zehnder interferomerer ................cccovviiiiiciioieiiieie sttt 54



© OPTOSCI LTD  INTRODUCTION TO OPTICS

8.3 ViSibility Of TNIEFSEFEICE .........c..coeiieiiieeee ettt e 57
8.4 Effect of polarisation 0mn VISTDIlit) ...........ccccoiviioiiiiiiiiiiiiieeeeet e 58
8.5 Effect of coherence on VISIDIlIty .............ccccociioiioiiiiiii et 60
D ) 1) ) X i (0 )\ SRR 61
APPENDIX A ...ttt ettt s 63
Tutorial - Wave And Particle Properties Of LIGRE ..........c..ccooceiieiiiiiiiiiieeeeeeee e 63
F N 3 231D 0. > SRS 64



© OPTOSCI LTD  OPTICAL POLARISATION

Table of Contents

OPTICAL POLARISATION
INSTRUCTOR MANUAL

1. INTRODUCGTION. ..ottt sttt ettt ettt sttt st eatesteseesesseesesseeaeeseeneansensesessesseeseeneansenseneas 1
2. THEORY ettt ettt ettt e et e ettt e et e eneess e s e b e sae et e eseentens e s enseeseeseeneeneensensensenes 1
2.1 Introduction to ordered States of POlariSAtioN...................ccccouvveeiueiiieiieeieeieeieeieeieeieesieenes 1
2.2 Special and General cases of ordered polariSQtion ................cccccucceuoenoienciasiieeieeeeseeee 1
2.3 Creation of ordered SOPs - Linear SOP using dichroic polymer sheet....................ccccovvn... 4
2.4 Creation of ordered SOPS - BirefriNGeHCe..............c.cccueiieeuieeae ittt ettt 5
2.5 Measurement of SOP — StOKeS PAFAMELETS. ..............c..ccoevveiieeieeieeisiieeeeeeesieeeie e eve e seveeenes 7
2.6 The Stokes parameters and The Poincaré Sphere............ccc.cccouveiorioiioeioiiieiie et 8

3 APPARATUS ettt ettt ettt ettt e aeeee e st e ae s e e b e ete e st esteneensensesseaseeseeseansansenneas 10
4. LASER SAFETY oottt fh et ettt et e e sh e Sh e s ee et e st eneensesesesseeseeneeneansansenas 11
4.1 Operational Hazard - Semiconductor laser diodes............c......ccoouvvueviienieeiaiiaiieieeieenenne 11

5. THE EXPERIMENTAL SYSTEM....ooiitiiiiiite ittt ettt sttt sttt e st e st e sneenanes 12
6. EXPERIMENTAL EXERCISES .....oouiiiiiiiii sttt 13
0.1 MAIUS™ LAW....c..ooiiiee ettt et ettt e ettt e ettt ne e e enee 13
6.1.1 Alignment Of the ANalYSEr........ccueriiiiiiiiiieniiee ettt ettt st 13

6.1.2 MAlUS™ LaAW......oiiiiiiiiiiiic ettt sttt 14

6.2 Investigation of a Ralf wave plate..........cccccoecceuiiiiiicieiiieiiiiiesieie e 15
6.2.1 Alignment of wave plates — identification of their aXes.........c.ccocererierieieiininiinininereceeeeciee 15

6.2.2 Half wave plate CharacCteriStiCS ..eeueruierierrierieriieierieeiesieete st eiesteeee e estestessaeseeessesseensesseeneansessnensens 15

6.3 Investigation of quarter wave plates
6.3.1 Identification of axes

6.3.2 Alignment of wave plates with their axes at 45° to an incident linear state ............ccevevrvevereeiinnnes 16

6.3.3 Investigation of 2 quarter Wave plates N SETIES .........cevueruierierierrienienienieeie ettt st et 17

6.3.4 Measurement of SOP, Stokes parameters and the polarisation ellipse — quarter wave plates.......... 17
6.4 Measurement of SOP, Stokes parameters and the polarisation ellipse — arbitrary wave plate
....................................................................................................................................................... 19
6.5 Investigation of strain birefringence - Strain MeASUreMENtS ................ccoeveeaveeseeneeneaeeaeanens 20



© OPTOSCI LTD  REFLECTION & REFRACTION

Table of Contents

REFLECTION & REFRACTION
INSTRUCTOR MANUAL

L. INTRODUCGTION. ...ttt ettt ettt ettt e sttt ettt e eae et e e et enseenbeeseesseenbeenseenseenseeneeenes 1
B N 5 1210 ) USSP 1
2.1 STEIIS LAW ...ttt 1
2.2 The Fresnel EQUATIONS .............c.cccuooiiiiieiie et ettt ettt eeeeeneen 3
3 APPARATUS ettt ettt ettt e e e et e et e et S sae e s te e et ene s She e es et e e bt enbe e bt eeeeneeenes 4
B 0 2 AN A L USSP 5
4.1 Operational Hazard - Semiconductor laser diodes...............cccooccooviieeieiiniiiiieiiieiieiieeieiens 5
5. THE EXPERIMENTAL SYSTEM......ooiiiiiiitiiiiiiietenc ettt 6
5.1 ASSEMDBIY Of the SYSTOMN ...ttt ettt ettt 6
5.2 Establishment of the required polariSAtiON SHALE..................cccoivvevieieeieieieiieeeeeeeee e, 6
5.3 Alignment of the laser and rotating table assembly ...........c...c.ccooeiiiiiiiiiiiiiiiiiceee e 7
5.4 Alignment of the cylindrical optical element.....................cc.ccoevuevieiiieciieieiieeeeee e, 7
5.5 Operation Of the SYSTEM............cccueei ettt ettt ettt ettt 9

6. EXPERIMENTAL EXERCISES ...ttt ettt sttt 11
0.1 SHEII'S LAW ..ottt 11
6.1.1 Snell’s Law - 10W t0 high iNA@X.....cciureuiriiiieriiiiieie ettt s saeenaeneean 11

6.1.2 Snell’s Law - high t0 IoW INAEX........iociiiiiiieiieieie ettt ettt be e sae e sbeenaeneeas 11

6.1.3 Analysis of the Snell’s Law MEASUTEMENLS. ...........cceeruieierieriieiieieieeienieeeesseeeesieenesseeneessessnensens 11
6.2 Fresnel Equations - Reflectance and TranSmittanCe................cccoccoeceevceeeeaoescienienieeeeen 13

6.2.1 Determination of the Correction Factors for the Calculation of Reflectance and Transmission from
POWET MEASUTEIIIENES. .....e.eeeiieiieiieitei ettt ettt sb ettt b et st e e s bt et esbe et e sbe et e sbeesbeennenne 13
6.2.2 Vertical Polarisation - low t0 high indeX........cccooiiiiiiniiiiiiiiieeeee e 14
6.2.3 Horizontal Polarisation - 10w to high IndeX..........ccoceeviiiiiiiniiiiniiiieeeeeeeee e 14

6.2.4 Vertical Polarisation - high to low indeX..........c.ccccecenennene.

6.2.5 Horizontal Polarisation - high to low index
6.2.6 Analysis Of TESULLS ..ceevuiiiieiiniiiiniicteeeeeeeeee

F N 3 23D . G S SR 18



© OPTOSCI LTD  OPTICAL INTERFERENCE & COHERENCE

Table of Contents

OPTICAL INTERFERENCE & COHERENCE

INSTRUCTOR MANUAL

1. INTRODUCGTION. ..ottt ettt ettt sttt ete st est et e aesse et e sseeseeseeneassensesessesseeseeneansensenees 1
2. THEORY ettt ettt ettt et ettt e e st eneess e s et e eseeseeseeneens e s e beeseeseeneeneansensensenes 1
2.1 CORCFENCE ...ttt ettt ettt ettt ee ettt ettt nae 1

2. 11 INEFOQUCTION ...ttt 1

2.1.2 Time Coherence in PraCtiCe..........cooviuiiiiiiiiiiiiiiiicceicec et 2

2. 1.3 LINEWIALN.c...cviiiiiiiicic e ettt 4

2.1.4 Linewidth Broadening ..........ccocoviririiriiiiieiiiiisit sttt sttt sttt ettt st 4

2.2 Interference between 2 COREFENt WAVES...............cccccueiieiieeieeie ettt 6
2.3 Interference between partially coherent fields ..ot 8

3. APPARATUS ettt ettt e S bbbt et et et et s b st et e et entenaea 11
4. LASER SAFETY oottt bttt sh e Sh ettt et a et bt bbbt et e e nes 12
4.1 Operational Hazard - Semiconductor laser diodes............c.....ccocceioenvieniiiiiiaiiiiiieie 12

5. THE EXPERIMENTAL SYSTEM.....ooiiiiiiiitiet ettt ettt ese s eneenae e 13
5.1 Construction of the iNterferomerer ...............ccooiivuicuiiieieiieeiesieeeie ettt saee e 13
5.2 Measurement of fringe visibility and SPACIAG.............ccc.ccoiveiiiiieiieiiee e 13
5.3 Measurement of COREFrence IENGHN...........ccc.ccoviiviioiiiiiiieieeee sttt 14

6. EXPERIMENTAL EXERCISES ..ottt ettt 16
6.1 Construction of a Michelson interferometer ..................ccccoooeuoinoieniiioeiieeeseeseee e 16
6.2 Quality assessment Of OPLICAl @LEMENLS ..................ccccveveeiieiiiiiieieeii ettt 16
6.3 Investigation of the coherence function of a Fabry Perot cavity laser................ccc.cccccceueuenn... 17
6.4 Coherence of conventional sources (OPtional).................ccccccoevevveeiieesieenieiieeiieeieee e 18

REFERENCES ...ttt e s s e s e 19



© OPTOSCI LTD  OPTICAL DIFFRACTION

Table of Contents

OPTICAL DIFFRACTION
INSTRUCTOR MANUAL

1. INTRODUCGTION. ..ottt sttt ettt ettt sttt st eatesteseesesseesesseeaeeseeneansensesessesseeseeneansenseneas 1
2. THEORY ettt ettt ettt e et e ettt e et e eneess e s e b e sae et e eseentens e s enseeseeseeneeneensensensenes 1
2.1 TAIPOAUCIION ...ttt ettt ettt ettt ettt e 1
2.2 Fresnel and Fraunhofer Diffraction. ............c.ccoocuovoiioiiiiiieiieeee et 2
2.3 Fraunhofer Diffraction Gt @ STt ..............ccccooovueiiieiieiieieec it sae e eaae e 4
2.4 Fraunhofer Diffraction at a Circular APerture................ccouoeioeiiieie it et 6
2.5 Fresnel Diffraction at Slits Gnd APErtUres ..................c.cccueeieeiueiieesiiiiieeieeeeeeeessesie e ese s eieens 8
2.6 DiIffraction At GFALINGS ............cccueieeeeae ettt sh e ettt et e e et ettt eeneeneeenes 11
3 APPARATUS ettt ettt et ettt eaeeae e st e ae s e e b e et e eseeseeneensenseeseaseeseeseensanseaneas 12
4. LASER SAFETY oottt fh et ettt et e e sh e Sh e s ee et e st eneensesesesseeseeneeneansansenas 13
4.1 Operational Hazard - Semiconductor laser diodes............c......ccoouvvueviienieeiaiiaiieieeieenenne 13
5. THE EXPERIMENTAL SYSTEM....ooiitiiiiiite ittt ettt sttt sttt e st e st e sneenanes 14
5.1 Assembly of the EXperimental SYSIEM ...........cccciiouiuiiiiiiiiii ittt 14
5.2 Measurement of Diffraction Patterns from Slits and Apertures...................cccoccevvvevvvevvennenne. 15
5.3 Measurement of Angles — Grating Diffraction ................c.cccocoueveiieiiiesieeeese e 16
6. EXPERIMENTAL EXERCISES ...ttt ettt ettt sttt nse s e 17
6.1 Fraunhofer Diffraction Gt @ SIit.........ccccc.cccieeeioiiiiiieiieieeieee ettt 17
6.2 Fraunhofer Diffraction at a Circular Aperture....................ccccccouoeioiioienceeniei e 19
6.3 Fresnel Diffraction Gt QR APEFIUFe.................c..cc.ecveiueeieiieeieieieeee et sse e eaaens 20

0.4 DiffrACtION GFALIAGS ......oeei ettt ettt ettt ettt et e nte e e eneeaneen 24



