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Как лауреаты Нобелевской премии применяют оборудование ZEISS

1905 Роберт Кох / Robert Koch
Лауреат Нобелевской премии по медицине
Роберт Кох в 1880-х гг. обнаружил палочки, которые вызывают туберкулез и холеру.

В письме Карлу Цейсу (Carl Zeiss) он написал: «По большей части своим успехом

я обязан вашим превосходным микроскопам». В 1904 году в качестве подарка

он получил десятитысячный объектив ZEISS с гомогенной иммерсией.

https://zeiss-solutions.ru/press/news/nobel/





Pliny the 
Elder

• AD 23–79

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

The ancient Romans and Greeks

filled glass spheres with water to

make lenses.

The Nimrud lens 700 BC 

Pliny the Elder reported 

on incendiary action of 

glass spheres. 

Был ли телескоп у Птолемея?                                                                           

Был ли микроскоп в 

древнем Вавилоне? 

XXII—XXI век до н. э.

Птолемей Клавдий

(около 100 - около 170)

Seneca, Nero's teacher, reported on 

the magnifying properties of glass 

spheres. By the way, Nero himself 

watched gladiator fights through a 

specially ground emerald.

Возраст линз, найденных при  
раскопках Трои, датируют 
примерно 2500 годом до 
нашей эры.
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Он сунул руку в рясу и извлек на свет свои глазные стекла, при виде которых

наш собеседник остолбенел. Почти мгновенно глазной снаряд оказался в руках

Николая. «Oculi de vitro cum capsula (стёкла в металлической оправе)! –

воскликнул он. – Я слышал о подобных в Пизе».

«Изготовление их трудоемко, – сказал Вильгельм, – и требуются очень

опытные стекольщики. Долгое, кропотливое дело. Десять лет назад одна пара

таких вот vitrei ab oculis ad legendum (стёкол для чтения) шла с торга в

Болонье за шесть сольдов. А мне подарил такую же пару знаменитый мастер

Сальвин из Армати, уже больше десяти лет назад, и все эти годы я берег их как

зеницу ока… Впрочем, теперь они и впрямь у меня вместо зеницы».

«Может быть, ты как-нибудь на днях сможешь ненадолго их мне одолжить?

Очень хочется понять устройство… Попробовать сделать похожее…» –

сказал Николай.

«Конечно, дам, – отвечал Вильгельм. – Но имей в виду, что толщина стекол для

каждых глаз требуется особая. Обычно берут много пар обточенных стекол, и

пробуют все по очереди, пока не найдут подходящие».

«Чудеса! – не утихал Николай. – Кое-кто, конечно, заподозрил бы тут сделку с

дьяволом…».

Умберто Эко «Имя розы»
Джакомо Баттиато

Sean Connery



«Вот уже минуло 20 лет, как открыто одно из самых необходимых искусств в 

мире, призванных улучшить зрение. Как мало времени прошло с тех пор, как 

было изобретено новое, никогда не существовавшее искусство. Я видел 

человека, первым создавшего очки, и я беседовал с ним».

Из дневника Джордано да Риальто  хранителя библиотеки монастыря  Св  Екатерины в Венеции  1    год  

Santa Caterina, Venice

Tintoretto Мученичество св. Екатерины

In the 1970s the church was devastated by a fire during

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



In 1621 Snell found the law of the light refraction

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

2211 sinsin  nn =

Archimedes of 

Syracuse

287– 212 BC

Claudius 

Ptolemy

AD 100 – 170 

, 

However, to establish the correct law of light refraction was not easy. This law, in its correct form,
was firstly discovered by the scientist Ibn 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.
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2211 sinsin  nn =
Pliny the Elder

AD 23–79

Ray tracing for the drop of water, n = 1.33

, 

N. Arnold, Appl. Surf. Sci. 208, 15 (2003)

In 1604 Kepler introduced the meaning of focus and explained the principles of pinhole cameras. In
his book published in 1611 he described light refraction and the concept of the optical image. He
yielded also the general theory of lenses. Kepler was familiar with the law of sines and knew the
trigonometric tables of Rheticus, published in 1551, as well as N   er’ tables of logarithms. It was not
difficult for Kepler and Snell to plot the ray tracing with transparent sphere and cylinder to see the
effect of light focusing and explain how the fire glass of Pliny the Elder works.

Photonic nanojet - a discovery that did not happen 400 years ago

At the approximation of geometrical
optics effect does not depend on the
particle size.
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The physical reason for diffraction limit is related to loss of evanescent waves in 

far-field.

DIFFRACTION LIMIT

Ernst Abbe

1840 –1905

The resolution limit of the microscope 𝑑 =


2 𝑁𝐴
(1873)
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Helmholtz states this formula was first derived by Lagrange

𝑑 = 𝐾

𝑁𝐴

,   K = 0.5 (Abbe), K = 0.473 (Sparrow), K = 0.515 (Houston), K = 0.61 (Rayleigh) 

( )zyxAAAkA ,,,02 ==+

( )   dydxyikxikyxAA yxk −− =


−



−

exp0,,

( )   yxzyxk dkdkzikyikxikAzyxA ++ 







=



−



−

exp
2

1
,,

2



Joseph-Louis Lagrange
1736-1813

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

Heisenberg uncertainty principle

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


There were many ideas suggested how to overcome diffraction limit



Metallic particle with surface plasmon resonance

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)

Luk`yanchuk B.S., Tribelsky M. I., Ternovsky V.

Light scattering at nanoparticles close to  plasmon resonance frequencies 

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)

Tribelsky M.I., Luk'yanchuk B. S.

Anomalous light scattering by small particles

Physical Review Letters, vol. 97, Issue 26, 263902 (2006)

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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theory

200 nm holes in Si: H.-J. Münzer et al., 
J. of Microscopy 202, 129 (2001)B. Luk`yanchuk et al.

Appl. Phys. A 79, 747 (2004)

30 nm nanoholes in Al: Huang S. M., et al., 
J. Appl. Phys. 92, 2495 (2002)
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Distribution of the field enhancement factor Sz along x and

y axes and the averaged distribution for polystyrene particle 

with size 2a = 1 μm on Si substrate



Interference pattern generated by superposition of three laser beams, spaced by distance d = 3 m. The wavelength 
employed is  = 248 nm and the Rayleigh length  zR = 3 . a) Intensity distribution within the focal plane;  b) Intensity 
image in the plane situated on the distance z = 3.47 m from the focal plane; c) the same with z = 5.08 m and  d) z = 
5.96 m. 

D. Bäuerle at al,  Lambda Highlights, No. 60, July 2002 
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Scattering effects at big size parameters

Distribution of the intensity within the caustic of the particle with the refractive index n =1.41

and the radius of a = 30λ. a Diffraction pattern for cylindrical symmetry; b diffraction pattern

for spherical particle, calculated by the Mie theory

Pearcey function

J. Kofler, N. Arnold, Phys. Rev. B 73, 235401 (2006)

The caustic structure

B. Luk`yanchuk, N. Arnold… 

Appl. Phys. A 79, 747 (2004)

Optical resonances



Seneca 4 BC – AD 65 Virtual image with transparent particle

(a) solid immersion lens and (b) with spherical particle. The thickness of the SIL is ( )11 −+= naH

Magnification of the virtual image 2nM SIL  ( ).2 nnM sphere −

Antonie van Leeuwenhoek

1632 – 1723        

Микроскоп Левенгука 

с увеличением до 300x.

https://ru.wikipedia.org/wiki/1632
https://ru.wikipedia.org/wiki/1723


( )0max IIM sphere 



Breaking News - New nanoscope sees 
objects smaller than ever
5 Mar 2011 ... New York Times .... New 
nanoscope sees objects smaller than ever ... 
researchers designed a nanoscope that allows 
scientists to image ...

“M c    h    nanoscope”   k   

infinitesimal living viruses visible

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


Construction of virtual image
according to reciprocity principle

Δ =   / 2 n

Diffraction limit

 = 600 nm, n = 1.5, Δ = 200 nm





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)





Longitudinally polarized light in vacuum

     H.  ., L. Sh  L. ., L  ‘   ch   B. S., She   r  C. J. R., Cho   T.C.

Creation of a needle of longitudinal polarized light in vacuum using binary optics

Nature Photonics, 2, pp. 501-505 (2008)
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Photonic lenses with whispering gallery waves at Janus particles
Igor V. Minin, Oleg V. Minin, Yinghui Cao, Bing Yan, Zengbo Wang, Boris Luk’yanchuk

Opto-Electronic Science 1, no. 2, 210008 (2022)

Opto-Electronic Science



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

Why we have so big magnetic fields?

For a current I = 1 A and the loop with radius 10 nm 

one can create magnetic induction B = 63.8 Tesla. 

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

How small can be optical vortices?

100
4

R nm
n


  For dipole resonance

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.

Uncertainty principle

1, localE t N k       = 



Optical Phenomena in Mesoscale Dielectric Spheres and Immersion
Lenses Based on Janus Particles: A Review
B. S. L  ’   ch  , A. R. Be  ro , Z. B.     , I. V. M    , O. V. M    ,     A. A.  e      

Physics of Wave Phenomena, 2022, Vol. 30, No. 5, pp. 283–297.

Optical Phenomena in Dielectric Spheres Several Light Wavelengths in Size: 
A Review
B. S. L  ’   ch  , A. R. Be  ro , Z. B.     , I. V. M    , O. V. M    ,     A. A.  e      

Physics of Wave Phenomena, 2022, Vol. 30, No. 4, pp. 217–241.

Conclusions


