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Kak naypeartbl Hobenesckon npemuu npumeHstotT obopyaosaHue ZEISS

1906

CaHTtbaro Pamon-n-Kaxans / Santiago Ramén
y Cajal u Kamunno Monegxu / Camillo Golgi
Naypeatbl HoGenesckoid npeMun

no ¢usnonormn U MeanuuHe

1911

Anbsap l'ynbcTpaHg / Allvar Gullstrand

NaypeaTt Ho6enesckoil npemwn no Ggusnonorumn
W MeavuuuHe

| 1925
Puyapa XurmoHgu / Richard Zsigmondy
Naypeat Ho6eneBckoli NpeMUn No XMMnUK

1953
®puu LlepHuke / Frits Zernike
Naypeat Ho6eneeckoi npemuu no ¢pusnke

1967
MaHdpepn dirred / Manfred Eigen
Naypeat Hob6eneBcKoit npeMuun No XxMuMmuu

1991

3peuH Heep / Erwin Neher n bept CakmaH / Bert
Sakmann

Naypeatbl Ho6eneBcKoi npemMun No MmeguLMHe

https://zeiss-solutions.ru/press/news/nobel/
1905 Pob6epT Kox / Robert Koch

Jlaypeat HobeneBckoit npemuu no meguuuHe
Pobept Kox B 1880-x rr. OOHapyXusl MHajdoykh, KOTOPBIE BBI3BIBAIOT TYOEpPKYJIe€3 U XOJIEpy.
B muceme Kapny Ileiicy (Carl Zeiss) on nammcan: «Ilo 0oJbIleil Y4acTH CBOHM YCIEXOM

s 00si3aH BalIMM TMPEBOCXOAHBLIM MHUKpockonam». B 1904 romy B kauecTBe momapka
OH TOJIYYHJI ACCATUTHICIYHBIN 00heKkTHB ZEISS ¢ roMorenHoi nmmepcueil.

1995

Kpuctnana HiocnaiH-®onexapp / Christiane
Niisslein-Volhard

Naypear Ho6eneeckoit npemun no ¢pU3nonorun
n MeguunHe

1999

MNoHTep Bnoben / Gunter Blobel

NaypeaTt Ho6enescKoi npemMni no drsmonorum
n MeguuunHe

1999
Axmep 3esanin / Ahmed H. Zewail
Naypeart Ho6eneBCKOW NpemMuUu No XMMun

2001
3pukK KopHenn / Eric A. Cornell

Naypeat Hobenesckoi npemun no pusnke

2001

Cap Mon Hepc / Paul M. Nurse, llenaHg
Xapreenn / Leland H. Hartwell u TumoTtu Xant /
Timothy Hunt

Naypeatbl HobeneBcKoi npemun

no duznonornn N MeanunHe

2002

CwvaHeil BpeHHep / Sydney Brenner, Po6epT
Xopewnu / H. Robert Horvitz n JoxoH CanctoH /
John E. Sulston

NaypeaTbl HoGeneBcKoW NpemMuK No XMmMmun

2006

Kpenr Menno / Craig Mello n 2Hgpio ®aiep /
Andrew Fire

JNlaypeatsi Ho6eneBckoil npeMmun

no ¢puznonoruuv n MeguLuHe

2008

Xapanbpg uyp Xay3seH / Harald zur Hausen
Naypear Hobenesckoit npemuin no ¢usnonorun
n MeguLMHe

2008

Ocamy Cumomypa / Osamu Shimomura, MapTuH
Ysndgun / Martin Chalfie n Pomxep TcueH / Roger
Tsien

Naypeatel Ho6eneeckoit npeMmun no xumMmuu

2010
AHgpei leiim n KoHcTanTul HoBocenos
Naypeatbl HoBeneeckoii npemuu no pusnke

2011
Oau WexTmaun / Dan Shechtman
Naypeat HoGeneBckoil npeMun No XMMUKN

2012

Cap I>xoH M'épaoH / John B. Gurdon n LUnHbA
fimaHaka / Shinya Yamanaka

Naypeatbl Ho6enesckon npemunmn

no ¢u3NoNorum n MmeguLuHe



2014

JpuK betuur / Eric Betzig, LLtedaH Xennb /
Stefan W. Hell n Yunbam MepHep / William E.
Moerner

Naypeatbl Ho6eneBcKon npemMun No XMuMumu

2014

I>koH O’'Kud / John O’Keefe, Man-Bputt Mo3ep /
May-Britt Moser u 3aBapg Mo3ep / Edvard L.
Moser

NNaypeaTbl Ho6eneBcKoOU NpemMun

no pnsnonornn u meguunHe

2018

ApTtyp SwKuH / Arthur Ashkin, XXepap Mypy /
Gérard Mourou, JloHHa CTpukneHpg / Donna
Strickland

NaypeaTtbl Hobenesckon npemun no pusnke




The Nimrud lens 700 BC
Bo3pacT AMH3, HAAEHHbIX NpU

packonkax Tpowu,
npumepHo 2500
Halleu 3pbl.

AATUPYIOT

Seneca
4 BC—- AD 65
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Glass technology was developed about 5000 years ago.

Pliny the Elder reported
on incendiary action of
glass spheres.

.
-
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Pliny the

The ancient Romans and Greeks
filled glass spheres with water to
make lenses.

Elder
e AD23-79




Oykn Obinv  M300peTeHsl, no-sugumomy, B Mtanum 8 Xl seke. Tpegnonaraemeld rog

W300peTeHnA — 1284, a co3nateneM NEPBbIX OYKOB CYMTAETCA CanbeuHO ' Apmarte (Mtan.),

OH CcyHy PYKY 6 PACY U U36J1€K HA CGEeM C6OU 21A3Hble CMEKJld, NPU 6UOe KOMOPHIX
Haw cobeceonuxk ocmonbenen. Iloumu M2HOBEHHO 21A3HOU CHAPAO OKA3AICA 6 PYKAX
Huxonas. «Oculi de vitro cum capsula (cmékna ¢ memannuueckoii onpase)! —
80CKAUKHYN oH. — A civiman 0 nodoonvix ¢ Iusze».

«H320moenenue ux mpyooemko, — ckazan Bunveenvm, — u mpeodoyromca ouenn
onvimuosle cmekonvuiuku. /lonzoe, kponomaueoe oeno. /lecamop 1em Hazao o0Ha napa
maxux eom Vitrei ab oculis ad legendum (cmékon ona umenusn) wna ¢ mopza 6
bononve 3a wwecmov convooe. A mue nooapun maxyrw xyce napy 3HaAMEHUMbLI Macmep
Canveun uz Apmamu, yxce 001buie oecamu jiem HA3A0, U 6ce IMU 200bl 51 Depez ux Kax
3eHuuy oxka... Bnpouem, menepv onu u 6npaAmMb y MeHA 6MECMO 3eHUUDL) .

«Modcem Obimob, mol KAK-HUOYOb HA OHAX CMOXMCEULb HEHAOOIA20 UX MHE 000AHCUMb?
Ouenv xouemcsa nouame ycmpoiicmeo... Ilonpoboseamsv coenamv noxosxncee...» —
ckazan Hukonai.

«Koneuno, oam, — omeeuan Bunveenom. — Ho umeit 6 6uody, umo moawiuna cmexos 0
Kaxcowvlx 2naz mpeoyemces ocovas. Ooviuno depym mMHO20 nap 00MOYEHHBIX CHEKOl, U
npooyom ece no ouepeou, nOKa He HAllOym nooxXo0auiue».

«yoeca! — ne ymuxan Huxonaii. — Koe-kmo, koneuno, 3ano0o3puu 0vt mym coekKy c
O0bAGONIOM. . .».
Ymoepmo Ixo «Hma pozvr)

-
4

dxkakomo barTuaro



«Bom yyce munyno 20 1em, kak omkpovimo 00HO U3 CAMbBIX HEOOX00UMBIX UCKYCCHIE 8
Mupe, npu3eanHsvlx yayuuiums 3penue. Kak mano epemenu npouiio ¢ mex nop, Kax
Obl10 U300pemenHo Ho60e, HUK020a He cyuiecmeosasuiee uckyccmeo. A euoen
Yen06eKa, nepevbiM Co30asuLe2o 04Ku, U s 0ece0oeal ¢ HUM.

N3 pHeBHMKa [xopaaHo Aa Pnanbto, xpaHutensa 6ubamnotekm moHactbipa Cs. EKaTepuHbl B BeHeunn. 1305 roa.
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In the 1970s the church was devastated by a fire during Z 23‘;::;0:;‘: gﬁiﬁ ﬁ”ﬁéﬂ'iii;’ijif;”

restoration works, destroying the rest of its works of art. Venice




Archimedes, Ptolemy and apparently all antique physics knew the effect of light refraction.

However, to establish the correct law of light refraction was not easy. This law, in its correct form,
was firstly discovered by the scientist lbn Sahl at the court of Baghdad in 984 and later
rediscovered several times by Thomas Harriot in 1602, Johannes Kepler in 1604, Willebrord
Snellius (Snell) in 1621 and Rene Descartes in 1637. In 1662 Pierre de Fermat showed that this
law follows from Fermat's principle, which states that light follows the path that minimizes the
time. In 1678 Christiaan Huygens showed how Snell's law of sines could be explained using the
wave nature of light and Huygens—Fresnel principle.

Christian Huygens
Archimedes of Claudius Pierre de Fermat

Syracuse Ptolemy In 1621 Snell found the law of the light refraction
287—-212 BC AD 100-170 Willebrord Snellus

nysin@; =n, siné, T

1550 1575 1600 1625 1650 1675

Ayla ibn Sahl Thomas Harriot Johannes Kepler Willebrord Snellius Rene Descartes Pierre de Fermat Christian Huygens
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1695
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DIFFRACTION LIMIT

b - The resolution limit of the microscope  d = SNA (1873)
32 Helmholtz states this formula was first derived by Lagrange
: : D D

= NA = nsin @ = nsin[arc tan (E)] ~ ”E

Ernst Abbe : : :

1840 —1905 In 1866, Abbe became a research director at the Zeiss Optical Works

A Joseph-Louis Lagrange

d=K v k=05 (Abbe), K=0.473 (Sparrow), K = 0.515 (Houston), K = 0.61 (Rayleigh) 1736-1813

Heisenberg uncertainty principle AP' Ap, ~ h.Jlp = nhk Rk = w/e Ap ~ p, ANT ~ )\/ (2” )

The physical reason for diffraction limit is related to loss of evanescent waves in
far-field.

AA+Kk*A=0, A=A(x Y, 2)

A = ojo TA(X, y,0)exp [—ikxx—ikyy]dxdy

2
A(x, y,z):(ij [ 1A explik x+ik, y+ik,z]dk, dk,

—00 —00


https://en.wikipedia.org/wiki/Carl_Zeiss_AG

1 [Sub-diffractive optics, radially polarized light,
Bessel-Gaussian beams, efc.
Wang H. F. et al, Nature Photonics 2, 501 (2008)

Field-enhancement by laser illuminated tip
Wang Z. B. et al, Appl. Phys. A 89, 363 (2007)

3 SNOM with femtosecond lasers

Wang W. J. et a, Proc. SPIE 5069, 330 (2003) M \\\s
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4 |Optical resonances and near-field effects with

ransparent particles
Luk’'yanchuk B. S. et al, Proc. SPIE 4065, 576 (2000)

lasmonic nanostructures
Eversole D). et al, Applied Physics A 89, 283-291 (2007)




Metallic particle with surface plasmon resonance

Fig. 3. Poynting vector lines for
non-dissipative case around the
spherical particle (incident plane
wave comes from z=-—co). Left
insert shows 2D field in xz plane.
Points 1 and 2 are saddles. Thick
red lines indicate the separatrixes
in xz-plane. Field lines in 2D
picture  demonstrate  circular
energy flows around centers
(points 3 and 4). In 3D plot one
can see the energy flow outward
the particle (helicoidally shaped
fields lines). It illustrates the
radiative losses of energy, general
directions of which are shown by
arrows on the bottom xy
projection plane.

Wang Z. B., Luk'yanchuk B. S., Hong M. H., Lin Y., Chong T. C.
Energy flows around a small particle investigated by classical Mie theory
Phys. Rev. B. 70, issue 3, 032427 (2004)

Tribelsky M.I., Luk'yanchuk B. S. Luk'yanchuk B.S., Tribelsky M. I., Ternovsky V.
Anomalous light scattering by small particles Light scattering at nanopatrticles close to plasmon resonance frequencies
Physical Review Letters, vol. 97, Issue 26, 263902 (2006)  Journal of Optical Technology, vol. 73, 371 (2006)

Luk'yanchuk B. S., Wang Z. B., Hong M. H., Chong T. C., Ternovsky V., Tribelsky M.
Light scattering by nanoparticles and nanowires near plasmon resonance frequency
Journal of Physics: Conference series, Vol. 59, No. 1, pp. 234-239 (2007)

Eversole D., Luk’yanchuk B., Ben-Yakar A.
Plasmonic Laser Nanoablation of Silicon by the Scattering of Ultrafast Pulses near Gold Nanospheres
Applied Physics A, vol. 89, issue 2, pp. 283-291 (2007)
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Interference pattern generated by superposition of three laser beams, spaced by distance d =3 um. The wavelength
employed is A =248 nm and the Rayleigh length zR =3 A. a) Intensity distribution within the focal plane; b) Intensity

image in the plane situated on the distance z = 3.47 um from the focal plane; c) the same with z=5.08 um and d) z =
5.96 ym.
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Optical resonances
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Distribution of the intensity within the caustic of the particle with the refractive index n =1.41
and the radius of a = 304. a Diffraction pattern for cylindrical symmetry; b diffraction pattern
for spherical particle, calculated by the Mie theory
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Optical virtual imaging at 50 nm lateral resolution
with a white-light nanoscope
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Breaking News - New nanoscope sees
1 March 2011 Last updated at 18:38 GMT LFJE] ObiECtS smaller than ever

Microscope with 50-nanometre resolution 5 Mar2011 ... Nevtl: York Timﬁs ---hNew
nanoscope sees objects smaller than ever ...
demonstrated researchers designed a nanoscope that allows

By Jason Palmer scientists to image ...

Science and technology reporter, BBC Mews
[
Breaking News
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Inventlon Zooms ln On ultra tlny ObJ eCtS World's Most Powerful Optical Microscope: Microscope Could 'Solve
: — o 8 the Cause of Viruses'
ScienceDaily (Mar. 2, 2011) — Scientists have
produced the world's most powerful optical
microscope, which could help us to understand the
causes of many diseases. Writing in the journal
Nature Communications, the team have created a
microscope which shatters the record for the
smallest object the eye can see, beating the
diffraction limit of light.

S'pore entists i tear
that mo hl) xd microscope
o view minus u|l< items

¥ By Lesmn Kox



http://www.breaking-news-network.com/78935-new-nanoscope-sees-objects-smaller-than-ever.html
http://www.breaking-news-network.com/78935-new-nanoscope-sees-objects-smaller-than-ever.html
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oren Locomotion of microspheres for
e, SUper-resolution imaging

NANOPHOTONICS AND Leonid A. Krivitsky', Jia Jun Wang', Zengbo Wang? & Boris Luk’yanchuk'
PLASMONICS

APPLIED PHYSICS

'Data Storage Institute, Agency for Science Technology and Research, 5 Engineering Drive |, 117608 Singapore, ?School of

Racsivad Electronic Engineering, Bangor University, Dean Street, Bangor LL57 1UT, Gwynedd, UK

26 September 2013

Accepted Super-resolution virtual imaging by micron sized transparent beads (microspheres) was reuenll\
26 November 2013 demonstrated by Wang et al. Practical applicati 1 MiCroscopy require controlover the p i
Published microspheres. Here we pres B S ng and controllable movement of a mi

using a fine glass micropipette. .lllous sub-diffraction imaging at arbitrary points in three dimensions,
'he results are relevant to a broad scope of applications,
including sample mspeulmn microfabrication, and bio-imaging.

16 December 2013
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Fig. 6. (Color online) Schematics of the formation of a lens from a metamaterial, collected by cluster assembly. (a) Anatase
nanoparticles (15-nm TiO,) are centrifuged to form a dense precipitate; (b) the liquid above the precipitate is replaced with a mix-
ture of organic solvents (hexane and tetrachloroethylene), which form a “nanofluid fraction™ (NFF) of TiO5; (¢) to from a hemi-
spherical metamaterial, this NFF is deposited as a “drop” directly on the sample surface; (d) to from a hemispherical metama-
terial, this drop is coated by a thin layer of a mixture of organic solvents; (e, f) after the solvent evaporation the “drop” undergoes
a phase transition with the formation of a more closely packed metamaterial; (g—i) fabricated lenses with different height-to-
diameter ratios; (j) SEM image of a part of an integrated circuit with 60-nm elements; and (k) a view of the same integrated circuit
in an optical microscope with a 15-um metamaterial lens [32].



Optical nanoscopy with cluster assembled materials, e.g. 15 nm TiO2 nanoparticles

W. Fan, B. Yan, Z. Wang, L. Wu. Three-dimensional all-dielectric metamaterial solid immersion lens for
subwavelength imaging at visible frequencies. Science Advances 2, e1600901 (2016)

Evanescent X Evanescent
wave lossed - wave converted
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Fig. 7. (Color online) (a) The point light source is a radially polarized dipole p, located near the surface of a sphere. A ray from
this source propagates at an angle o, smaller than the total internal reflection angle. At the output of the sphere this ray is refracted

at an angle y = arcsin (#sin o) and propagates at an angle B with respect to the axis [9]. (b) Example of a solution to Eq. (4) at
n =1.435.

C. Simovsky and R. Heydarian, “A simple glass micro-
sphere may put the end to the metamaterial superlens

story,” AIP Conf. Proc. 2300, 020117 (2020).
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Radially polarized
Bessel-Gaussian beam

Wang H. F,, L. Shi L.P., Luk‘yanchuk B. S., Sheppard C. J. R., Chong T.C.
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Creation of a needle of longitudinal polarized light in vacuum using binary optics
Nature Photonics, 2, pp. 501-505 (2008)



Optical nanovortices generated

by spherical particle or cylinders
Z. B. Wang et al. Phys. Rev. B 70, 035418 (2004)
B. Luk'yanchuk et al, J. Opt. 15, 073001 (2013
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tor energy flow for a dielectric
the magnetic resonance for a size
paramefer q = 1 and € = 9.1. Red lines show
characteristic separatrices.

B. Luk’yanchuk et al, J. Opt. 15, 073001 (2013)




Opto-Electronic Orignal Article
Science + 2022, Vol. 1, No. 2
DOI: 10.29026/0es.2022.210008

Photonic lenses with whispering gallery waves
at Janus particles

Igor V. Minin?, Oleg V. Minin?, Yinghui Cao?, Bing Yan? Zengbo Wang?
and Boris Luk'yanchuk**
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Fig. 14. (Color online) (a) Resonant effect for field amplification in a truncated cylinder, depending on the truncated-element
thickness; refractive index n = 1.5, ¢ = 2nR/A = 100. The resonance is observed for only the TM mode and is not observed for
the TE mode. (b—d) Intensity distributions at the resonant truncation value 2 = d/R = 0.015 for different magnifications [61].
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Why we have so big magnetic fields?

From the Biot-Savart law follows the field at center of current loop

IdL
. p=tol %}a’,{, _ Ml 5 p— Ml Foracurrent 1 =1 Aand the loop with radius 10 nm
r 4nR° 4nR 2R one can create magnetic induction B = 63.8 Tesla.
R U, =4m x 107T-m/ A
dB

Displacement currents inside the dielectric particle are proportional to laser intensity.

How small can be optical vortices?

For dipole resonance R ~ 2 = ~100 nm

4n
For higher order resonances it can be much

smaller due to SUperoscillations effect

M. Berry, N. Zheludev, Y. Aharonov et al.
Roadmap on superoscillations, J. Opt. 21 (2019)
A band-limited function can vary arbitrarily
faster than its fastest Fourier component, over
=== ==—==_arbitrarily long intervals.

Figure 1. Superoscillatory fine detail in one square wavelength of the

Unce rtainty princip|e monochromatic wave v = J,,(r)exp(imo) + =Jo(r) for m = 1,

= 107" over one square wavelength, The phase arg? 1s colour-
AE-At>h = AN-AD®>1 k

— V@ coded, and the optical vortices are the ten points where all colours
local meet; superimposed are the lines of local wavevector grad(argy).
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