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This conference is dedicated to the 100th anniversary of the birth of Belarusian and soviet physicist
Fedor Ivanovitch Fedorov. Fedorov’s scientific heritage is immensely diverse. It includes various branches
of theoretical physics: from investigations on acoustics and optics of different media to high energy
physics. This conference is connected with Fedorov’s discovery of transversal shift of reflected light.
The 1955’s paper, in which Fedorov formulated this effect for the first time, was published in Russian.
Its English translation is missing. To fill up this gap, leading to certain difficulties for most of the
scientists, working in this field,we start this book of abstracts of SPBI’2011 by publication of the
original F. I. Fedorov’s paper and its translation into English by D. Pustokhod.

Chair of SPBI'2011
Sergei Kilin
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

Hoknanel Axkanemun nayk CCCP
1955. Tom 105, Ne 3

PUSUKA

®. 1. PEAOPOB
K TEOPHUN IIOJIHOI'O OTPA2KEHN I
(ITpedcmasaeno axademurom A. A. Jlebedesvim 27 V 1955)

fBeHne MOTHOTO OTPaXKEeHU MIPEICTABIIeT OOJIBIION IPUHITUINAIBHBIN HHTEPEC U MY HOCBSIIIEHO
3HAYMTEIBHOE YHUC/I0 TEOPEeTHYeCKUX U SKCIEePUMEHTaILHBIX pabor (cMm., nampumep, (1)), omnako Bee
UCCJIEJIOBAHUS OIPAHUYUBAIOTCS CJIyIaeM, KOTJIa M IaloNuil ¢BeT JIMHEHHO TOJIIpU30BaH HEPIeHINKY-
JIIPHO WJIM TIAPAJLIEIBHO TIOCKOCTH Najienust. Jlumb B pabore (°) Burpede pacemorpern ciydait, Korma
a3uMyT KoJIeOaHUN X M IAIOIIeli JINHEHO TTOJISTPU30BAHHOl BOJIHEL oTyindeH oT 0 wiu 7/2. YKe B 3TOM
caydae OOHAPYKUBAIOTCsI HEKOTOPbIE MPUHIUAIIAAIbHBIE OCOOCHHOCTHU sIBJICHUsI, He UMEIOIIe MecTa B
gacTHBIX ciaydadax Y = 0 mwmm x = m/2. Ognako B pabore (°) comepskarcs OMUOKH, U €8 Pe3y/abTaThl
oCTaJMCh TTOYTH HezaMedeHHLIMHE . OOImil cydail OHOTO OTPasKeHns IPH MPON3BOILHO SJIIHIITH-
YeCKOW TOJIAPU3AINN TIAIAI0NIEH BOHBI JI0 CUX ITOP He paccMaTpuBajicda. Mexy Tem, Kak MOKa3aHo
HIUZKE, €T0 PACCMOTPEHHE MTO3BOJISIET BBIICHUTH HEKOTOPbIE IPUHITUIINAIBHBIE, PaHee HEU3BECTHBIE CTO-
POHBI ABJIEHUS TTOJTHOTO OTPAYKEHUSI.

Benencreue nuneiinoctn ypaBHenuit MackBeslia 1 rpaHUYHBIX YCIOBUM IIOJIsI ITaIAI0IIeil, OTparKeH-
HOI W IIPeJIOMJICHHOM BOJIH BCEr/ia MOXKHO PA3JIOXKUTh HA CyMMY COOTBETCTBYIOIIMX COCTABJISIOIIUX,
napaJiie/IbHBIX ¥ MEPIEeHINKY/IIPHBIX IIJIOCKOCTU TaJieHusd. B cilydae HEImoJIHOro oTpaykKeHus Ha r'pa-
HUIIE NTPO3PAYHBIX U30TPOIHBIX CPEJi aHAJOTUYHOE PA3JIOXKEHUE CIPABEJIMBO TaK:Ke JJIsd IJIOTHOCTU
sHeprun w u BekTopa YMmoBa — lloftnrunra P. Oxnako B obmiem ciaydae s w u P, KBaapaTuaHO
zsapucamux or E u H, Takoe pazioxkenne HeBO3MOXKHO. VIMEHHO ¢ 3TUM OOCTOATEILCTBOM CBA3aHBI
IPUHITUIIHAIBHBIE OTJIMIHSI IIOJTHONO OTParKeHUs B OOIIEM CJIydae MOJISIPU3AINN [aJaf0IIeil BOJHBI OT
ciydas eé JIMHeHHoi mosgpusarmu mpu y = 0 win x = 7/2.

Nurepecytornue HAC COOTHOIICHHUS IOTyYAOTCd B HanOoOJIee TPOCTON U KOMITAKTHOM (hopme, ecn
BECTU BCE PaCY€Thl B BEKTOPHOM BHJIE, HE IEpPexXoisd K KOMIIOHeHTaM. Y paBHeHus Makcpesuta s
IJIOCKUX BOJIH

. 4 1
E=Ej”, H=He", ¢=w|t——m (1)
&

B HEMAaIr'HUTHBIX CpeJaX MMEIOT BUJI

D=¢E=-[mH], H=[mE] (m’=¢). (2)
Bmech m = nn — BekTop pedpakiuu (3,1); n — nokazareab NpeTOMICHNS; N — €IUHUIHBIA BEKTOD
BOJIHOBO# HOpMaJu. [[JI0THOCTD 9JIEKTPUYECKON U MATHUTHON HEpruu 1 BeKTop YMoBa — [loifiHTHHIa
BBIPAKAIOTCsT (hOPMyJIaMu

—i *) 2 _L %) 2
we= o (BE+EV, wn= o (H+H? (3)
P—__[E+E", H+H. (4)

167

'Pa6ora (°), mampumep, He mmTupyercs B o6zope (1), eé pesyIbTaThl He yUTEHbI TakyKe B U3BECTHOI MOHOTpacuu
Bopna (2), conepskarneit B CBsI31 ¢ 9THM OMUO0YHOE yTBEPKIEHHE (CM. CHOCKY Ha cTp. 6).
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

Ornocst ungekcel 0, 1, 2 K majatoreii, oTpaKeHHO! 1 IPEJIOMJIEHHONR BOJIHAM COOTBETCTBEHHO, MOYKHO
HaIlMCaTh NeOMETPUYIECKe 3aKOHBI OTPAXKEeHUsI U IIPEJIOMJIEHUS B BU/IE

[moh] = [m; h] = [myh] = a, (5)
riae h — e,ZLHHPI‘IHbeI BEKTOP HOPpMaJIX K IIOBEPXHOCTHU pa3aeJia. OTCIO,ZLa ciaenayer
= [ha] +nh, i =mh;, m=-—no, n=4/nf—a’ (6)

(ng = ny, Ny — TOKa3aTEN MPEJIOMJIEHUsT 00eUX Cpel). DIEKTPUIECKOe MoJie KazKoi u3 TPEX BOJH
MOKeT ObITh HAITMCAHO B BU/IE

Ei = Aia + BZ'[II, a]. (7)
Qopmyner Operkestst Ajst aMnTys A;, B; umeror Bu
AQ _ Al _ —A2 (8)
a[mlmg] a[mgmo] a[moml] ’

Bo/Ay _ Bi/Ar _ Ba/As (9)

npns nin, nons

[TosHOE OTpazkeHue MMeeT MeCTO Ipu yeiosun nj — a? < 0, oTKyja caejyer

my; = m’ +im” = [ha] —inh, n=+/a?—ni. (10)

[Ipu 5TOM KOMILIEKCHBI BeKTOp My Oyjer HeqamHeiHbIM ([momy] # 0), a npesoMmyeHHasl BOJHA —
neogHOpoAHOl ().

Ha ocrnoBanuu (2), (4) mosrygaem ob1iie BbIPasKeHUsT BEIPDAXKEHU JIJIs IVIOTHOCTU SHEPIUU U BEKTOPA
YmoBa — IloitHTHHra HEOJHOPOAHBIX BOJH B M30TPOIHOM HEMATHUTHOM IM3JICKTPUKE:

W= w, +wy, =w +w’, W= (E2 +E*), (11)
167
! 1 2 *|2
W = 160 ——((e + |m[*)[E|* — [mE*[?), (12)
P=P +P', P'= —12 (E*-m +E? .- m"), (13)
T

P’ = ——(|Ef(m +m") — [m — m", [EE]). (14)

Ouesutno, Besmunnbl w’, P’ He comgepzxkar cba3OBoro MHOZKHUTENIS €54, a w”, P” comepxar e, Tlosromy,
JUIST CPEHUX 3HavYeHnit W u P uveer: W = w', P = P’/. MoxKHO HOKA3aTh, ITO JIMHEHHAS TOISPI3AIIIST
onpesienserca yeiosrem [EE*] = 0, a kpyrosas — ycinopuem E? = 0 (1). B obmmem ke ciydae mosyocu
SJLIAIICA KOJIEOAHWH TI0 BeJIMYMHE U HAIPABJIEHUIO COBIAJAIOT C BEIIECTBEHHOW W MHUMO dYacTaMu
BEKTOPA

E2

1, ”
Cornacuo (13) Bekrop P” ommceiBaer s/IHIIC B MJIOCKOCTH, MApaJUIebHOM MIOCKOCTH KOMILIEKCHOTO
BeKTOpa My = m’ + im”, 1. e. miockoctn najenus. Vcmon3ys (15), MOXKHO yOeaUThCsl, YTO MOTYOCH
SJIIAIICA TIPOIOPIMOHAIBHBI U napasuteabasl m’ u m”. Takum 06pa3oM, HOJIHBI BEKTOP MOTOKA SHEP-
I'MU BO BTOPOIi cpejie ABaxk/bl 3a IEepUOJl OINUCHLIBACT KOHYC, KOTOPBIA HAIIPABICH B TY YK€ CTOPOHY OT
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

IJIOCKOCTHU niaJieHust, 9To u BekTop P’. 13 (14) ciemyer, aro B 06Iiem cirydae Mpu MOJTHOM OTParXKeHUH
CPeJHUII MMOTOK HEPIrUU B IPEJOMJIEHHON BOJIHE He MapaJiiesieH IJIOCKOCTH IaJeHns, HO MMeeT Iep-
IIeHIUKY/IAPHYIO K Heil KOMIIOHEHTY, CBA3aHHYIO ¢ 4ieHoM [my — mj, [EE*]] 2. 9ra koMnonenTa pasna
HYJTIO JIJIsE OOBIIHOTO oTpazkenns (my = mj) u B caydae Ay = 0 wm By = 0. Kpome Toro ona ncue-
zaer pu [EE*] = 0, 7. e. korga Bekrop Ey sBaserca muneiinoiv (1), Cormacuo (7), (9) stor 6okoBoit
[IOTOK PaBeH HYJIIO TaKXKe MPU yCJIOBUU g?:;jg = 22—22 — OTCIOJIa OIIPEJIEJIETCS JIUITh PA3HOCTh (a3
cocrapstonux Ag, By, OTHOIIEHHE »Ke UX MOJIyJIell MoyKeT GbITh Npou3BosibHbIM. Burpede (°) Brepsbie
o0paTu/ BHIMaHUe Ha HaJIm4Ine O0OKOBOTO TIOTOKA SHEPTHH IIPU MOJTHOM OTPAXKEHUHU, HO TOJIHKO JIJIs JIU-
HEHO MOJIPU30BAHHOTO TIaIalomiero ceera °. Mesk iy TeM, IpH 3a/1aHHOl SHEPIUuy MaJaiomell BOJHLL I
bUKCHPOBAHHOM yTJIe NaJIeHs OOKOBOI MIOTOK JIOCTUTAET MAKCHUMYMa, KOTJa g?: ;ﬁg = —2;22, T. €. 1Ipu
HEKOTOPOM SJIMIITUIECKON TOIAPU3AIME TaIal0NIero cBeTa. B ciydae JIMHEHHON MOJIsIpU3aIiun 1a/1a-
IoMell BOJIHBI Ipu XY = 45° OOKOBOH MOTOK SHEPIUU Yepe3 I0JI0CYy MUPUHON B 1 ¢M, HEOrpaHUYIEHHO

IIPOCTUPAIOIILYIOCS OT IJIOCKOCTHU Pazjiesia BO BTOPYIO Cpely IapallIesbHO ILJIOCKOCTU MaJeHNs], PABEH

Ao sin 2¢p4/sin? ) — n2
526OK = SO_ 2 ) 2N (16)
27 (1 — n?)(tg* ¢ — n?)

31ech Sy — MOTOK SHEPIUH I alolieil BOIHBI Yepe3 HOPMAaJbHYIO K HeMy IIOMaJKy B 1 cm?; \g —
JUIMHA BOJIHBI CBETA B [EPBOI Cpejie B CAHTHUMETpPax; ¢ — YroJI MaJeHus; . = Ny /N; — OTHOCHTE]b-
HBII TTOKa3aTe/b MPEeOMIeHN. Y Ka3aHHbBIN OOKOBOI MOTOK SHEPIHH JIOJ?KEH BBI3BIBATH CIIEIU(UIIe-
cKoe DOKOBOE CBETOBOE JaBJICHHE, ITOCKOJIbKY B IaJIaloIneil BOJHE OH OTCYTCTBYET M, CJIeJI0OBATEILHO,
COOTBETCTBYIOIIAsl KOMIIOHEHTa 3JIeKTPOMArHUTHOIO MMILY/IbCa I0JIs He coxpansiercs. OIHaKo, Coriac-
1o (16), masa BuauMoro cseta Syeex/So ~ 1075, BBUIY Yero NpakTUUECKH OGHApPYZKUTh 3TOT 3DdeKT
3aTPYIHUTETHHO.

OTrMeTuM KpoMe TOro, 9TO, BCJIEJACTBHE HAJIMYNs 3TOH OOKOBOI KOMIIOHEHTBI, IIPU IIOJTHOM OTPazKe-
HUU B OOIIEM CIydae OTParKEHHBIN Iy JO/KEH CMEIaThCsd He TOJIBKO BJIOJIh IJIOCKOCTHU TTAaJIeHUsT, ITO
OBLIO TOITBEPzKIeHo onbiTamu Tooca n Xenxen (?), Ho U B NEePHEHMKYIAPHOM K Hell HAIDABICHUN.

Us (14), (10) cremyer, aro Poh = Poh = 0. Takum 06pasom, HOTOK SHEPTUE BHYTPb BTOPOIl CPeJIbI
B CpeJIHEM OTCYTCTBYET, 9TO U MTO3BOJISIET TOBOPUTH O TIOJTHOM OTpazkeHWH. [[pu 3Tux yCcroBusx HaIUYINe
II0JI BO BTOPOIi cpejie B cIydae HeorPaHNIEHHONR BO BPEMEHH M IIPOCTPAHCTBE BOJIHBI MOYKHO OObACHUTE
mumib 3a caér wiena PY (13), KoTopblii 1aéT mepeMeHHBIN ITOTOK SHEPIUH Yepe3 I'DAHUILy pas/iela,
paBHbIil B cpepneM Hymo. OJHako, B ciydae Kpyropoil Iojisipusaliui mpejoMiénuoil sosmnl (B3 =
E3? = 0) P} = 0 u, cieposarensio, Poh = 0, T. e. MOJHOCTBIO OTCYTCTBYeT He TOJILKO CPeIHHil, HO U
MTHOBEHHBIH MOTOK SHEPIUHU depe3 I'PaHuIly pasjena. B 5Tom ciaydae 0ObIdHOE OObSICHEHNE HATUYIUSI
I0JI BO BTOPOI Cpejie CTAHOBUTCH ITOJTHOCTBIO HECOCTOATE/HLHBIM, YTO HOKA3bIBAET IPUHIIAIAAILHYIO
HEJOCTATOYHOCTh TEOPUHU IIOJIHOIO OTParKeHUsl, He YIUTHIBAIOIIEH OrpaHUYEeHHOCTH I1aIaf0IIell BOJIHbI
B npoctpancTBe mian Bo Bpemenu. Ha ocuoBamum (7)—(9), (15) Jsierko mokasaTh, 9TO 9TOT OCOOBIIt
caydail mMeeT MeCTO IIPU TaKON SJUIMITUYCCKOU IIOJIAPU3AIUN [aJIaI0Meill BOJIHDBI, KOIJa OTHOIICHUE
MOJTyOCel 3JumnIica KosiebaHnii paBHO OTHOCUTETBHOMY TOKA3aTeNII0 MPEJTOMJIEHHUS U, CJIeI0BaTeIbHO,
HE 3aBHCHAT OT yIVia HaJeHUsi. YTIOoJ Y, 00pasyeMblii OOJIbIION OChIO 3JLIMIICA KOJeOaHMii I1aJafoei

2B kuure Bopna (2) ommb604n0 yTBEpIKIaeTCs, 9TO TIPU TIOJTHOM OTPayKeHHH TI0TOK SHEPTUH BO BTOPOii cpejie Halpas-
JIeH NapAJIENIbHO TUIOCKOCTH Taenust (crp. 62).

3B pabote (°) ommb09HO yTBEpIKAAETCSA, 4TO GOKOBOH MTOTOK SHEPIUH BCOT A HATIPABJIEH BJIBO OT IJIOCKOCTH TIa/IeHHUs,
HE3aBHUCHUMO OT IOJIOKEHNUST TIOCKOCTH TOJISIPU3AIIAHN TI&IAIOIIET0 JNHEHHO nossipu3osadHoro ceera (crp. 470). Ha camom
nese u3 (14), (7), (9) cuemyer, uro manpasienue GOKOBON KOMIIOHEHTBI IIOTOKA MEHSIETCsl HA IIPOTUBOIOJIOXKHOE IIPU
M3MEHEHNN 3HAKA asUMyTa KOJeOAHWIA [T afoeil BOTHEI.
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

BOJIHBI C HOPMAJIBIO K IIJIOCKOCTH TiaJieHust (&), onpeiesisiercss (popmyJioi

2nomnang
lg2x =+—> 555 (17)
Nona — 1°Ng
[Ipu magenum 1oz Hpee/bHBIM YIJIOM IOJHONO OTpazkeHums Y = 0, a IPHU CKOJIBL3LINEeM IaJeHUun
X = m/2. Pasznocrs daz § xommonent Ag u By (By/Ay = |By/Aple®®) onpemensercs cooTHomenuem

tgd = +a?/nyn. Ilpu sTOM 3y1MHIIC KOMeOaHuil OTpazKeHHON BOJIHBI UMEET Te 3Ke pasMepbl, GopMy
HAIIpaBJIEHNEe OOPAIeHNs, ITO U B M A0l BOJIHEe, OT/INYIAsCh JINIIb TPOTUBOIOIOKHBIM 3HAKOM Y.

B onprrax Ksunke (%) u Tamna (7) 6buia obHapyskeHa 3aBECUMOCTD ITyOUHBI TPOHUKHOBEHUSA CBe-
Ta BO BTOPYIO CPey IPH IIOJTHOM OTPaKeHUU OT IMOJISIPUBAIUU MAJaI0Nell BOJTHBI. DTa 3aBUCUMOCTH
IIOJTHOCTBIO 0ObsACHAETCS Ha OCHOBaHUM Teopun DiixensBaibia (cM., nanpumep, (¥)), nockonbky Kpun-
ke 1 ['a/iib paccMaTpuBaIn CTAaHJAPTHBIA C/Tydail TUHEHHO MOJIAPU3AIMOHHOTO MaIA0Iero CBeTa Ipu
X =0uy =m/2% Ouesuno, aHATOIrHYHOE FKCIEPUMEHTAIBHOE UCCIIEI0BAHUE JI/Is YKA3aHHOTO BBbIIIE
0c000T0 CIydast SJTUIITHIECKON TOMSIPU3AIAN A IAIOIIENH BOJIHBI JIOJIZKHO TIPEICTAaBATh 3HATATETHbHBII
HHTEpEC.

PU3NKO-TEXHUIECKUH UHCTUTYT IlocTymnuio
Axkanemun nayk BCCP 8 XII 1954

[IUTUPOBAHHA{ JINTEPATYPA

L'A. A. Kopobko-Credanos. Yer. dus. nayk, 42, 433 (1950). 2 M. Bopn, Onruka, 1937. 3 ®. 1. ®émopos,
JAH, 84, 1171 (1952). * ®. U. ®énopos, 102, Nel, (1955). 5 A. Wiegrefe, Ann. PHys., 45, 465 (1914). ¢
G. Quincke, Pogg Ann., 127, 1, (1866). ” W. D. Harkins, Phys. Rev., 15, 73 (1920). ® A. Konig, Handb. d. Phys.,
20, 1929, S. 141. ? F. Goos, H. Lindberg-Héinchen, Ann. Phys., 1, 333 (1947); 5, 251 (1949).

4B o6zope (1) ommbouno yrBepikmaeTcs, GyITO STOT BOMPOC JIO CUX TIOP OCTaéTcst OTKPLITBIM (cTp. 459—460). Ha
caMoM jieJie OH JIaBHO pazpentéH (cm., manpumep, ().
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

Doklady Akademii Nauk SSSR
1955. Vol. 105, # 3

PHYSICS

F. 1. FEDOROV
TO THE THEORY OF TOTAL REFLECTION
(Presented by academician A. A. Lebedev on 27 V 1955)

(Translated by D. Pustakhod)

The effect of total reflection is of great fundamental interest and it has been the objective of many theoretical
and experimental papers (eg., [1]), however all research is limited to the case that the incident light is linearly
polarized perpendicularly or in parallel to the plane of incidence. Only Wiegrefe alone [5] has considered the
case that the oscillation azimuth x of linear polarized incident wave is different from 0 or 7/2. Even in this
case some fundamental features of this phenomena which are not observed in special cases x = 0 or x = 7/2
are revealed. There are however few mistakes in [5], and its results remained almost unnoticed °. A general
case of total reflection for arbitrary elliptical incident polarization has not been approached yet. Meanwhile, as
discussed below, its consideration allows one to discover some fundamental, previously unknown properties of
total reflection.

As a consequence of linearity of Maxwell equations and boundary conditions, one can always break
down incident, reflected and refracted fields into a sum of corresponding components that are parallel and
perpendicular to the plane of incidence. In case of partial reflection on the boundary between transparent
isotropic media an analogous representation holds for energy density w and Poynting vector P. However, in
general case such a decomposition for w and P is impossible, as soon as they are quadratically dependent on
E and H. It is this reason that is responsible for vital distinction of total reflection in general case of incident
light polarization and in linear polarization case at x = 0 or y = 7/2.

The relations of interest are expressed in the simplest and most compact form if all calculations are made
in vector form, not in component from. The Maxwell equations for plane waves

. ) 1
E =E¢®, H=Hy"”, o¢=w <t - m) (1)

in non-magnetic media take the form
D =c¢E=-mH|, H=[mE] (m’=¢). (2)

Here m = nn is the refraction vector [3,4]; n is the index of refraction; n is the unit wave normal vector. An
electric and magnetic energy density and Poynting vector are expressed by

5 1
e == (E+E")’ w, =—(H+H") 3
we = o (B+ BT wy = oo (H+HY), (3)
C
P=__[E+E*" H+HY. 4

SPaper [5], for example, is not cited in the review [1], its results are also overlooked in a well-known M. Born’s
monograph [2], which contains a misstatement in connection with this (see a footnote on p. 10).
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

Denoting the incident, reflected and refracted waves respectively by indices 0, 1, 2, one can write the geometrical
laws of reflection and refraction as

[moh] = [m;h] = [myh] = a, (5)

where h is the unit normal to the interface. Hence it follows that
m; = [ha] +7;h, 7 =m;h;, g =—no, M2 =4/n3—a’ (6)

(ng = mn1, ng is the indices of refraction of either media). One can write an electric field for each of three waves
as

E,=A,a+ B; [n, a]. (7)
Fresnel equations for amplitudes A;, B; have the form

A A A (8)

almymy] amemy] a[memy]’

Bo/Ao _ Bl/Al _ BQ/AQ
ngno niny nony

The total reflection occurs when n3 — a? < 0, whence it follows that

my = m’ +im” = [ha] —inh, n=+,/a?—n3. (10)

In this case the complex vector mg will be nonlinear (jmoms] # 0), whereas refracted wave will be non-uniform
[4].

From (2), (4) we have general relations for energy density and Poyting vector of non-uniform wave in an
isotropic non-magnetic dielectric:

W= We +wy, =w +w', W= L(E2+E*2), (11)
167
W = (e + m)[E]? - |mEP?) (12)
167 ’
P:P/—I—P”, P//: L(E2-m—|—E*2-m*), (13)
167
P = - (BL(m + m") — fm - m",[BE)). (14
Y

Apparently, quantities w’, P’ do not contain phase factor e;, while w”, P” contain e**®. Therefore, for mean
values w and P we have: w = w’, P = P’. It can be shown, that linear polarization is determined by [EE*] = 0,
whereas circular polarization is by E? = 0 [4]. But in general case the oscillation ellipse semiaxes are equal in
magnitude and direction with the real and imaginary components of vector

[E?|

According to (13), vector P” traces an ellipse in the plane, parallel to the plane of complex vector mg = m’+im”,
i. e. plane of incidence. Using (15), one can make sure, that ellipse semiaxes are proportional and parallel to

SPBI'2011 PROGRAMME 9



F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

m’ and m”. Hence, the total energy flux vector in the second medium twice a period traces a cone, which is
pointed the same direction from the plane of incidence as vector P’. From (14) it follows that in general case
of total reflection the average energy flux in the refracted wave is not parallel to the plane of incidence: it has
a perpendicular component associated with the term [mg — m3, [EE*]] 6. This component equals to zero for
the common reflection (mgo = mj) and in case that Ay = 0 or By = 0. Moreover, it disappears at [EE*] = 0,

i. e. when vector Ej is linear [4]. According to (7), (9) this lateral flux also equals to zero with the constraint
Bg /A5 _ mjmg
Bo/Ao — mamyg
components is unrestricted. Wiegrefe [5] was the first to pay attention to the presence of lateral flux in total

reflection, but only for the case of linearly polarized incident light 7. Meanwhile, at given incident wave energy
and angle of incidence the lateral flux peaks at gi?ﬁé = —2222, i. e. at some elliptical polarization of incident
light. In case of linear polarization of incident wave at xy = 45° the lateral energy flux through a stripe of 1 cm
wide that stretches in the second medium from the interface to infinity and is parallel to the plane of incidence

equals to

is this defines only phase difference of the components Ay, By, while the modules ratio of these

Ao sin 21p4/sin? ¢ — n2
S2 side = So5— 2 D) 2N - (16)
27 (1 — n?)(tg? ¢ — n?)

Here Sy is the incident wave energy flux through a perpendicular area element of 1 cm?; \g is the optical
wavelength in the first medium expressed in centimeters; v is the angle of incidence; n = ny/n; is the relative
index of refraction. The lateral energy flux specified should lead to a specific lateral light pressure, as far as
the lateral flux in the incident wave is nil, and therefore a corresponding component of electromagnetic field
momentum is not conserved. However, in view of the fact that according to (16), Sy sige/So ~ 107 for visible
light, it is difficult to detect this effect in experiment.

It is notable that as a consequence of presence of this lateral component, the reflected beam in the general
case of total reflection must be displaced not only lengthwise of the plane of incidence, that was confirmed by
the experiments of Goos and Hénchen [9], but in a direction orthogonal to the mentioned plane as well.

It follows from eq. (14), (10) that P4h = Poh = 0. Therefore, the energy flux into the second medium
equals to zero in average, which allows one to speak about the total reflection. Under these conditions the field
presence in the second medium in case of unlimited in time and space wave is attributable to the term P}
(13), which gives an equal to zero in average alternating energy flux through the interface. However, in case of
circularly polarized refracted wave (E3 = E32 = 0) P4 = 0 and, therefore, P4h = 0, i. e. not only average flux,
but an instant energy flux through the interface equals to zero as well. Here the common explanation of the
field presence in the second medium becomes entirely inconsistent, showing the fundamental inadequacy of the
total reflection theory, which ignores the boundedness of an incident wave in space or time. From (7)—(9), (15)

5In Born’s monograph [2] it is mistakenly stated, that in total reflection the energy flux in the second medium is
directed in parallel to the plane of incidence (p. 62).

In article [5] it is mistakenly stated, that lateral energy flux is alway directed to the left from the plane of incidence,
regardless of the direction of polarization of linearly polarized incident light (p. 470). In fact it follows from (14), (7),
(9), that the direction of the lateral flux component reverses as the incident light oscillation azimuth changes its sign.
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F.I.Fedorov TO THE THEORY OF TOTAL REFLECTION

it can easily be shown, that this particular case occurs at an elliptical polarization of an incident light such
that oscillation ellipse semiaxes ratio equals to the relative index of refraction and, therefore, is independent
of the angle of incidence. An angle y between the major axis of oscillation ellipse of the incident wave and the
incidence plane normal (a), is determined by

2nonnang

2,2

lg 2y = £tz
Moo — 772”%

(17)

X = 0 in case of incidence at a critical angle of total reflection, and y = 7/2 at glancing incidence. The phase
difference & of the components Ay and By (Bo/Ao = |Bo/Ao|e?®) is given by tgd = +a?/non. In this case the
oscillation ellipse of the reflected wave has the same size, shape and direction of circulation as that of the
incident wave, differing only in sign of .

The dependence of the depth of light penetration into the second medium in total reflection from the
incident wave polarization was discovered in the experiments of Quincke [6] and Gall [7]. This dependency
is entirely explained on the basis of Eichenwald theory (eg., see [8]), as far as Quincke and Gall considered
the standard case of linearly polarized incident light at x = 0 u x = 7/2 8. It is evident, that an analogous
experimental study for the specified above special case of elliptical polarization of the incident wave is of much
interest.

Physical Technical Institute Received
Academy of Sciences of the BSSR 8 XII 1954
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SUNDAY, SEPTEMBER 25

Su25A(A)

SPINS & PHOTONIC BEAMS AT INTERFACE I — hall A, 09:50
Presider: Sergei Kilin

09:50 Su25A(A)1-267

Opening talk

Sergei Kilin

National Academy of Sciences of Belarus, 66
Nezavisimosti Ave., Minsk, Belarus

E-mail: kilin@presidium.bas-net.by

10:00 Su25A(A)2-253
Fedorov-Imbert Shift

Valerii Filippov
B.1.Stepanov Insitute of Physics, National

Academy of Sciences of Belarus, 68 Nezavisimosti
Ave., Minsk, Belarus

E-mail: filippov@dragon.bas-net.by

The history of discovery and investigation of
the transverse light beam shift at total internal
and partial reflection is presented. Comparison is
done for results followed from different theoretical
approaches for calculation of the transverse shift
(method of energy-flux conservation, stationary-
amplitude method and plane-wave representation).

10:30 Su25A(A)3-254
Transverse shifts of the reflected and
refracted light beams and the dynamical

processes associated
Vladimir Fedoseyev
Institute of Physics, Unwversity of Tartu, Estonia
E-mail: fedo@fi.tartu.ee

The dynamical aspects of the transverse shifts
(TSs) of the reflected and refracted light beams
are discussed. The prediction of the TS of a
totally reflected beam (Fedorov 1954) was based
just on the dynamical arguments. Namely, Fedorov
has pointed out that the transverse power flow
(TPF), once it takes place inside the evanescent
waves in a reflecting medium, should entail the
TS of the reflected beam. In my talk, the general
analysis of the relation between the TS and TPF
phenomena is presented. Again, the connection
between the TSs of the secondary beams and
the transformation of the angular momentum
at the reflection and refraction is analyzed.
The conservation laws for some components of
the linear and angular Minkowski momenta are
employed. It is pointed out that two mechanisms of
the TSs of the secondary beams can take place at
partial reflection. The comparison of the features
of the spin-dependent T'Ss and the T'Ss dependent
on an intrinsic orbital angular momentum of the
incident beam is given.

11:00-11:30 Coffee-break

12
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Su25B(A)

SPINS & PHOTONIC BEAMS AT INTERFACE Il — hall A, 11:30

Presider: Natalia Korolkova

11:30 Su25B(A)1-255
Geometric spin-Hall effect of light in highly
focused vector beams

Andrea Aiello, Peter Banzer, Thomas Bauer,
Gerd Leuchs,
Norbert Lindlein and Martin Neugebauer

Max Planck Institute for the Science of Light,
Erlangen, Germany, and Institute of Optics,
Information and Photonics, University
Erlangen-Nuremberg, Germany

E-mail: leuchs@physik.uni-erlangen.de

In a recent paper [1| it has been shown that a
polarization dependent intensity shift of the Bary
center of a beam is found when observing from a
tilted reference frame. This can be interpreted as a
purely geometric effect (gSHEL). We investigate
the geometric SHEL in highly focused vector
beams. The highly focused beam consists of left-
handed and right-handed circularly polarized light
generated by a split aperture. We use a sub-
wavelength nano-particle for probing the focal field
distribution experimentally. First results of these
measurements are shown and compared to an
alytical calculations.

[1] A. Aiello et al., PRL 103, 100401 (2009)

12:00 Su25B(A)2-250
Ultrafast optical imaging of the spin Hall
effect of light in semiconductors

Jean-Michel Menard
Institut fiir Experimentelle und Angewandte

Physik, Universitit Regensburyg,
Unwversitdtsstrafle 31, 93053 Regensburg,
Germany

E-mail:

jean-michel. menard@physik.uni-regensburg.de

The spin Hall effect of light at an air-
semiconductor interface is resolved by imaging
the subwavelength lateral shift of the circularly
polarized components of a non-normally incident
light beam. Three fundamentally different
interaction mechanisms are used to demonstrate
our imaging technique: (1) Pauli-blocking in GaAs;
(2) free-carrier absorption in silicon; and (3) two-
photon absorption in GaAs.

12:30 Su25B(A)3-256
Spin Hall effect of electron and light

Shuichi Murakami

Tokyo Institute of Technology, 2-12-1 Ookayama,
Meguro-ku, Tokyo 152-8551, Japan

E-mail: murakami@stat.phys.titech.ac.jp

We formulate the physics of spin Hall effect in
terms of the Berry phase and explain how it
emerges for light, as well as for other particles
like electrons and magnons. We also introduce
experimental reports related with these various
spin Hall effects.

13:00-14:00 Dinner
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SUNDAY, SEPTEMBER 25

Su25C(A)

SPINS €& PHOTONIC BEAMS AT INTERFACE III — hall A, 14:00
Presider: Gerd Leuchs

14:00 Su25C(A)1-257

Optical Manipulation of Spin States in
Semiconductor Quantum Dots

Jacek Furdyna

Unwversity of Notre Dame, 225 Nieuwland
Science Hall, Notre Dame, IN /6556, USA

E-mail: furdyna@nd.edu

states in semiconductors, which
naturally depend on electron spin, can be
directly manipulated by the angular momentum
of circularly polarized light (often also referred
to as the spin state of light). When applied to
electronic states in quantum dots (QDs), this
process of light-electron interaction provides a
useful handle for investigating optical processes
occurring in QDs. Additionally, in recent years this
spin-dependent interaction has also been proposed
as an important mechanism on which to base
future quantum information applications. In this
talk we will focus on spin properties of electronic
states in semiconductor QDs. Here we will give
special emphasis to QDs comprised of diluted
magnetic semiconductors, in which spin effects
are dramatically enhanced, making manipulation
of electronic states by the spin state of light
particularly effective. We will begin by discussing
the light-spin interactions in single QDs of several
different types. We will then present results
obtained on pairs of coupled QDs positioned at
neighboring interfaces, and we will show that
controlling the spins in one QD can be used to
manipulate the spin states in the neighboring QD.
Finally, we will conclude by speculating how the
Fedorov effect could be used for manipulating spin-
dependent electronic states in self-organized QDs
for the purpose of processing information on the
nanoscale.

Electronic

14

14:30 Su25C(A)2-251
Internal energy flows and optical beam
transformations at the interface

Alexander Bekshaev

I.I. Mechnikov National University, Dvorianska
2, 65082 Odessa, Ukraine

E-mail: bekshaev@onu.edu.ua

Any propagation or transformation of light fields is
accompanied by the internal energy redistribution.
The total energy flow (field momentum density,
Poynting vector) can be divided into spin part
associated with the polarization and orbital part
associated with the spatial inhomogeneity. The
energy flows express the essence of the internal
and external degrees of freedom of the light field
and provide natural means for description and
analysis of the processes in which separate degrees
of freedom interact and mutually transform.
In particular, the spin-orbit and orbit-orbit
interactions in the processes of beam focusing,
scattering and transmission through a plane
boundary are analyzed.

15:00 Su25C(A)3-258

On the angular momentum of photons:
introduction of barycenter position
characterized by a new kind of degree of
freedom

Chun-Fang Li

Shanghai University, 99 Shangda Road, 20044/
Shanghai, China

E-mail: cfli@shu.edu.cn

The transversality condition imposed on free
electromagnetic radiations means that the
extrinsic degree of freedom, the momentum, in
the three-component wavefunction is correlated
with the intrinsic degree of freedom, usually
believed to be the spin. With such a representation,
called Maxwell representation, it is difficult to
understand the physical meaning of photon’s spin

SPBI'2011 PROGRAMME



SUNDAY, SEPTEMBER 25

and orbital angular momentum. In this talk, a
distinct representation formalism called Jones
representation is advanced by introducing a quasi
unitary transformation. In this representation,
the two-component wavefunction has independent
extrinsic and intrinsic degrees of freedom. The
extrinsic degree of freedom is the momentum as
usual. But the intrinsic degree of freedom turns
out to be the helicity, which, traditionally defined
as the projection of the spin in the momentum
direction, shows up as the projection of the Stokes
vector in the momentum direction.

It is shown with the Jones representation that
the spin and orbital angular momentum are both
related with the momentum and helicity, but are
different nevertheless. The spin depends only on
the momentum and helicity. It is aligned with
the momentum direction and has the helicity as
its magnitude. The orbital angular momentum,
however, depends not only on the momentum and
helicity, but also on a new kind of degree of
freedom, expressed by a constant unit vector L.
In fact, the entire orbital angular momentum with
respect to the origin splits into two parts. One is
the orbital angular momentum of the barycenter
with respect to the origin. The other is the orbital
angular momentum with respect to the barycenter.

It is the former that depends on the I, which
results from the dependence of barycenter position
on the I.

15:30 Su25C(A)4-259
Poincarée Sphere and Decoherence
Problems

Young Kim

University of Maryland, College Park, Maryland
20742, USA

E-mail: yskim@umd.edu

It is noted that the four Stokes parameters obey
the symmetry of Einstein’s energy-momentum
four-vector. While the radius of the original
Poincaré sphere corresponds to the magnitude
of the momentum, the energy-like component
defines an outer sphere with a larger radius. It
is shown that the difference between the larger
and conventional radii is determined by the
decoherence parameter between two orthogonal
components of the optical wave.

For the case of four-momentum, the difference
is determined by the particle mass. Thus, the
decoherence parameter plays a fundamental role
in the extended Poincaé sphere, as fundamental as
the particle mass in Einstein’s relativity.

16:00-16:30 Coffee-break
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Su25D(A)

SPINS & PHOTONIC BEAMS AT INTERFACE IV — hall A, 16:30

Presider: Igor Bondarev

16:30 Su25D(A)1-260
Standard quantum mechanics with
probability instead of wave function

Vladimir Man’ko

Lebedev Physical Institute, Russian Academy of
Sciences, Russia

E-mail: manko@sci.lebedev.ru

New formulation of usual quantum mechanics is
presented where the measurable experimentally
probability is used instead of wave function and
density operator for describing quantum state.

Connection with quantum tomography is
discussed.

Basic equations (von Neumann evolution

equation and energy level equation) are
given in the form of the eqwuations for the
probability. The analogous new representation

of classical statistical mechanics is introduced
by using integral Radon transform of standard
probability density on phase space and Liouville
equation is rewriten for the tomographic
probability distribution describing classical state
Jt is shown that states both in quantum and
classical mechanics can be described by the
same tomographic probability distributions in
the introduced tomographic approach. As inverse
application of the Radon transform it is shown that
the states in both classical and quantum mechanics
can be described by wave function and density
operator.

The difference of classical and quantum states
is elucidated in both tomographic and Hilber space
pictures.

The new recent experiments to check
foundations of quantum mechanics are analised
and the routin homodyne detection of quantum
photon states is proposed as test of accuracy
with  which all the uncertainty relations
(Heisenberg,Robertson-Schroedinger, entropic,
etc.) are established being expressed in the
discovered tomographic form.

16

17:00 Su25D(A)2-252

Quantum correlations beyond
entanglement in quantum and classical
information theory

Natalia Korolkova
University of St. Andrews, UK

E-mail: nvk@st-andrews.ac.uk

17:30 Su25D(A)3-261
Fractal dynamics of kinks in 1+1
dimensions

Yakov Shnir
Trinity College, Dublin, Ireland
E-mail: Shnir@maths.tcd.ie

We present a numerical study of the process of
production of kink-antikink pairs in the collision
of particle-like states in the one-dimensional ¢*
model. It is shown that there are 3 steps in the
process, the first step is to excite the oscillon
intermediate state in the particle collision, the
second step is a resonance excitation of the
oscillon by the incoming perturbations, and finally,
the soliton-antisoliton pair can be created from
the resonantly excited oscillon. It is shown that
the process depends fractally on the amplitude
of the perturbations and the wave number of
the perturbation. We also present the effective
collective coordinate model for this process.
Considering kink-antikink collisions in the one-
dimensional non-integrable scalar ¢°® model we
reveal a resonant scattering structure, thereby
providing a counterexample to the standard belief
that existence of such a mode is a necessary
condition for multi-bounce resonances in general
kink-antikink collisions. We investigate the two-
bounce windows in detail, and present evidence
that this structure is caused by existence of bound
states in the spectrum of small oscillations about
a combined kink-antikink configuration.
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18:00 Su25D(A)4-262
Fedorov Vector-parameter of the Systems
of Polarizers

Yu. Kurochkin, V. Dlugunovich,
and A. Holenkov

B.1.Stepanov Insitute of Physics, National
Academy of Sciences of Belarus, 68 Nezavisimosti
Awve., Minsk, Belarus

E-mail: yukuroch@dragon.bas-net.by

It was demonstrated that presentation of the
coherent matrix (polarization density matrix)
of the electromagnetic beams as biquaternion
corresponding to the four-vector of the pseudo
Euclidean space with intensity and Stokes
parameters as components gives the possibility
for introducing of the group transformations of

SPBI'2011 PROGRAMME

such values isomorphic to the S(3.1) group.
These transformations are the subset of the
set of polarization Mueller matrices creating
algebraic structure of semigroup. Reduction of
the semigroup of Mueller matrices to the group
of transformations make it possible to use
the vector parameterization of transformations
of the group SO(3.1) for interpretation of
polar decomposition of the Mueller matrices.
In this approach in particular the elements of
Mueller matrices corresponding to retarders and
polarizers are more simple and natural connected
with there eigenpolarizations. The experimental
verification of the expression for Stokes vector
eigenpolarizations of the system of two polarizers
via Stokes vector eigenpolarizations constituent
polarizers, which obtained authors is realized.
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MONDAY, SEPTEMBER 26

Mo26A(B)

PLENARY TALKS OF IIl CONGRESS OF PHYSICISTS OF
BELARUS — hall B, 9:50-13:00 (talks will be given in Russian)

Mo26B(B)

SPINS & PHOTONIC BEAMS AT INTERFACE V — hall B, 14:00

Presider: Sergei Gaponenko

14:00 Mo26B(B)1-263

Spin-to-orbital momentum conversion for
Bessel beams propagating in anisotropic
crystals

V. N. Belyi!, N. A. Khilo!,
Muhanna K. Al-Muhanna?

LB.1.Stepanov Insitute of Physics, National
Academy of Sciences of Belarus, 68 Nezavisimosti
Awve., Minsk, Belarus

2King Abdulaziz City for Science and Technology,
Saudi Arabia

E-mail: LOD@dragon.bas-net.by

The dynamics of spin-to-orbital angular
momentum conversion for high-order circularly
polarized Bessel beams propagating along the
optical axes of uniaxial and biaxial crystals
investigated both theoretically and experimentally.
It is shown that uniaxial and biaxial crystals
transform simultaneously the polarization state
(spin angular momentum) and spatial structure
(orbital angular momentum) of Bessel beams
changing the order of dislocation on the phase
front. Here in uniaxial crystal the transformation
takes place of circularly-polarized Bessel vortices of
the (m—1) into Bessel vortices of the (m+1) order.
Such intensity transformation of vector Bessel
beams implies that in a beam transmitted through
the plate of uniaxial crystal, the overwhelming part
of photons has the orbital angular momentum,
which increases by 2 (per photon) in comparison
with one of an incident Bessel beam. Due to
this in uniaxial crystal the exchange of spin
angular momentum with the matter is exactly

18

compensated by the exchange of orbital angular
momentum so that the plate made of uniaxial
crystal does not experience the optical torque.
Thus, in uniaxial homogeneous crystal one realized
the direct conversion of spin angular momentum
carried by circularly polarized Bessel beam into
orbital angular momentum; at that depending on
the sign of the input circularly polarization the
beam topological charge increases or decreases by
two units.

It has been established that the dynamics of
spin-orbit coupling in biaxial crystal is essentially
different. In this case the compensation is absent
of spin and orbital angular momentum exchanges
with biaxial crystal and optical torque appears,
which influences the plate.

14:30 Mo26B(B)2-264
Intra-cavity beam shaping

Igor Litvin
CSIR National Laser Center, CSIR, Pretoria,
South Africa

E-mail: ilitvinQcsir.co.za

The presentation covers the current activities in
the “mathematical optics” group at the National
Laser Centre of South Africa in the field of
laser resonators and intrallcavity beam shaping.
Currently, the key research of the group includes
theoretical and experimental research in the field
of intra cavity generation of laser beams with
arbitrary shapes of intensity and phase, intra
cavity generation of high brightness laser beams
with maximum pump extraction, dynamic control

SPBI'2011 PROGRAMME



MONDAY, SEPTEMBER 26

and selection of both output mode and output
mode parameters.

15:00 Mo26B(B)3-265
Nanotube Plasmonics

Igor Bondarev

North Carolina Central University, 1801
Fayetteville Str, Durham, NC 27707, USA

E-mail: ibondarev@nccu.edu

New universal plasmon related phenomena
originating from the transverse quantization
of electronic degrees of freedom in quasi-1D
systems, will be discussed for small-diameter
single wall carbon nanotubes exposed to external
electromagnetic radiation, both in linear and

in non-linear excitation regime. The effects
discussed can manifest themselves both in
individual semiconducting carbon nanotubes

and in densely packed aligned nanotube films,
both through plasmon enhanced inter-tube
Casimir interactions and through the exciton-
to-plasmon energy transfer tuned by applying
a perpendicular electrostatic field. In the
latter case, highly-intensive coherent localized
surface fields plasmon-induced can be used
in a variety of mnew tunable optoelectronic
applications with individual nanotubes and
composite nanotube structures, such as near-
field nonlinear-optical probing and sensing, optical
switching, enhanced electromagnetic absorption,
and materials nanoscale modification.

The work is supported by NSF (ECCS-1045661

& HRD-0833184), NASA (NNXO09AV(07A), and
ARO (W911NF-11-1-0189).
[1] I.V.Bondarev, L.M.Woods, and K.Tatur, Phys.

Rev. B 80, 085407 (2009).
[2] I.V.Bondarev, J. Comput. Theor. Nanosci. 7, 1673

(2010).
[3] I.V.Bondarev, Phys. Rev. B 83, 153409 (2011).

15:30 Mo26B(B)4-266

Wave propagation phenomena in
structured materials and problems of
metamaterials homogenization

Andrey Lavrinenko

Technical Unwversity of Denmark, Oersteds Plads,
Building 343, DK-2800 Kongens Lyngby,
Denmark

E-mail: alav@fotonik.dtu.dk

One of the most convenient ways to describe
metamaterials (MM) is to homogenize structured
composites and assign them with effective
parameters (EPs), provided that they can be
introduced. The most common way to determine
EPs in literature is to derive them from the
refection/transmission spectra at a fixed incident
angle (conventionally, under the normal incidence).
We propose to introduce EPs by analysing wave
propagation in a MM consisting of at least several
unit cells (quasi-periodic). We use numerical
simulations with a standard full-wave Maxwell
solver and Bloch mode post-processing to retrieve
EPs. We demonstrate our approach on several
characteristic examples and formulate constrains
on the MMs homogenization.

Mo26C(B)

FEDOROV MEMORIAL SYMPOSIUM — hall B, 16:530-18:20
(talks will be given in Russian)

SPBI'2011 PROGRAMME
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