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http://photonterrace.net/en/photon/history/
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Jlemoxkpir (460-370 BC): Mraton (427-347 BC): MPU Apicrorems (384-322 BC),

mina 6URPOMIHIOIOMb nomoku: ¢i0 mina, ake  “Konvopu — cymiw
npOMeHi oauumo, 6i0 c6imMHO20 ceimaia ma memaeu.”

mina, 6io oueil
EBkmig (330-275
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(Aabxanen) 965-1040 AD

Kuuea onmuxu: “Yomy Micsiib 0171 TOPU3OHTY
BUTJISAA€ OLIBIIMM?” - €KCIIEPUMEHTH Ta
CIIOCTEPEKCHHS 3aJJOMJICHHS Ta BlJOMBaHHS
CBITJIa 3 BUKOPUCTAHHSIM JIIH3 Ta A3€pKall,

http://www.harvardmagazine.com/on-line/090351.html
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e Snell’s construction

-Encyclopaedia Britannica, Inc.

www.britannica.com/biography/Willebrord-Snell
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Discours PREMIER, il
en y entrant: come par exemple, fi eftant en I'air au poine |
A on la poufle
vers B, elle va bien
enligne droite de-
puis A iufques 4 B,
fi cen'eft que fa pe-
fantenr ou quelqu’
autre caufe parti-
culiere 'en empef-
che, mais cltant an
}:4.}![1* B ou ie fup-
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Difcours Premier

DE LA LVMIERE,

yw OuTE laconduite de noftre vie depend
de nos fens, entre lefquels celuy de la
¢ veiie eftant le plus vniuerfel & le plus
noble, il n'y a point de doute , que les
§ inuentions qui feruent a angmenter fa
puifflance, nefoyent des plus ytiles qui
puiffenteftre. Et il eft malaifé d’en trouneraucune qui
I'augmente davantage que celle de ces meraeilleufes
lunettes , quin’eftant en vfage que depuis peu,nous ont
defia déconuert de nouveaus aftres dans le ciel , & d’au-
tres nouueaus obiets deffus la terre en plus grand
nombre que ne font ceus, que nous y aujons veus au-
parauant: en forte que portant noftre veiie beaucoup
plus loin que n’auoit couftume d'aller I'imagination de
nos peres , elles femblent nous avoir ouuert le chemin,
pour parvenir a vne connoiffance de la Nature beau-
coup plus grande & plus parfaite, qu'ils ne I'ont cue.
Mais ala honte de nos {ciences,cette inuention fi vtile
& fi admirable , n'a premierement efté trounde que
par I'experience & la fortune, Il y a environ trente
ans, qu'vnnommé Jaques Mertius de [a ville d’Alcmar
en Hollande, homme qui naucit jamais eftudié, bien
qu'il euft vn pere & vn frere qui ont fait profeffion des
mathe-
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www.britannica.com/biography/Isaac-Newton
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Par C. H. D, 7.
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http://photonterrace.net/en/photon/history/
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Carl Zeiss AG [DE] https://www.zeiss.com/corporate/int/history/company-history/at-a-g
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7
Np — Mg
H : ( ) -
g + Mg
J.S. Rayleigh Proc. London Math. Soc.,
11 (1879) pp. 51-56

KpPOH nO=1 52

MgF2 5138

droproaimepu “(CH2CHF)r-
, polyvinylfluoride
- (C2HzF2)p- -
: polyvinylidene fluoride
CnF2n+2
silsesquioxane resin polytetrafluoroethylene

(PhSIO sub (3-0/2(0HdmHSIO.5Ub (20 2(0Hdn(MeSiO- sub {30/ 2(0H ),



ZEISS C Sonnar T* S0mm {/1.5 ZM Lens

Leica M-Mount Lens

Aperture Range: {/1.5 to {/16
ZEISS T* Anti-Reflective Coating
Manual Focus Design

You Pay: $1,261.00

www.bhphotovideo.com/c/product/446177-EG/
7e1ss 1407 067 SOmm £ 1 5 ZM Lens html
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“for groundbreakmg lnventlons in the field of
- 3 ; - laser physics”

ApTyp ELWKIH
(Bell Laboratories,
Holmdel, NJ, USA)
“for the optical tweezers and their Xepap Mypy
application to biological systems” (Ecole Polytechnique,
"3a onmuYHUU niHUem ma uo20 Palaiseau, France)

3acmocyeaHHsi do b6ionoziyHux cucmem”  NoHHa CTpikneHA

(University of Waterloo,

“for their method of generating high- Waterloo,Canada)

intensity, ultra-short optical pulses”

"3a Memoo0 2eHepauil sUCOKOEeHep2emuU4YHUX
Y/IbMpPakopomMKux onmu4HuUx iMmnynbcie



Dust trail 3

astronomy.swin.edu.au/cosmos/c/cometary-+tails

. Nichols, E. F., and Hull, G. F., A preliminary communication on the pressure of heat and
"~ light radiation, Phys. Rev. 13, 307 (1901); The Pressure Due to Radiation. (Second
Paper.), Phys. Rev. 17, 26 (1903)

Lebedev, P., Untersuchungen uber die Druckkrafte des Lichtes, Ann. Phys. (Leipzig) 6,
433 (1901)

www.dartmouth.edu/~pressureoflight/history/history1.html
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VOLUME 24, NUMBER 4 PHYSICAL REVIEW LETTERS 26 JANUARY 1970

e Wo
e
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DOWMN FIG. 2, A dielectric sphere situated off the axis A
of a TEMy;~mode beam and a pair of symmetric rays
a and . The forces due to a are shown for ng>n;.
The sphere moves toward +z and —vr.

Na-D, P=2p,
LASER
LIGHT ‘"
- 2po
-
P | ]
%=  XeXgr x=0 (a)

(b)

FIG. 1. (a) Geometry of glass cell, { =120 pm, for
observing micron particle motions in a focused laser
beam with a microscope M, (b) The trapping of a high-
index particle in a stable optical well. Note position

= FIG. 3. {a) Schematic optical gas pump and graph of
of the TEMj;-mode beam waists, Na pressure p(x). (b) Geometry of gas confinement

about point P of a plane surface.




0SA Publishing > Optics Letters > Volume 11 > Issue 5 = Page 288

.
Optics Letters

Observation of a single-beam gradient force
optical trap for dielectric particles

: o . OSA 1CO -
A. Ashkin, J. M. Dziedzic, |. E. Bjorkholm, and Steven Chu T :
We report the first experimental observation to our LA AShk:m’ Phys. Rev. Lett. 40, 729 (1978).
Knowl ! - . ey 2. A. Ashkin, Science 210, 1081 (1980): V. S. Letokhov and
owledge of a single-beam gradient force radiation V. G. Minogin, Phys. Rep. 73, 1 (1981). - LASER BEAM

pressure particle trap.! With such traps dielectric 3 A AshkinandJ. P. G

w - - . - * + Q0 d ] O t. L . Ay
particles in the size range from 10 yum down to~25nm 4. A, Ashkin and J. M, Dzrie{;}izig, E‘-‘hy;tliei ?:té_l
were stabliy tral:fpe?i in water solution. These results (1985). e L 7

Optics Letters vol. 11, Issue 5, pp.288-290 (1986) - https://doi.org/10.1364/0L.11.000288
514.5 nm LIGHT

a)
fal
M
U s
«—CELL b)
0O O

OSA = “ﬁ

The Optical Society
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LASER BEAM
MICROSCOPE LENS

b a

Figure 1: Qualitative ray optics description of the restoring backward force in an optical
tweezers trap, for a dielectric sphere that is located below the focus f and assumed to be large
compared with the wavelength of the light. Rays of light carry momentum and are bent by
refraction when passing the dielectric sphere. By conservation of momentum and Newton's
second [mw, the momentum change of the refracted rays results in an oppositely directed force



44 oOptics & Photonics News / May 1999

B
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n: g -’—E Fﬂ:ﬁ(l -Fg_,r:;ﬂ 3
‘-E (E_' %E ” ’ atom
LEN RZT
LEVITATION TWEEZERS TRAP
TRAP

Figurea 2. (A) Geometry of levitation trap. {B) Tweezer trap for atoms. Fgrad > Foa BIVINE a
net backward restoring force toward E.

www.osapublishing.org/DirectPDFAccess/F8794990-F6B4-EAA2-5FOD72D6F40DD94D _192401/opn-10-5-41.pdf
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Non-contact fiber-optical trapping of motile bacteria: dynamics observation and energy es
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Figure 1: Model of the modified tapered fiber and numerical

results.
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https://www.youtube.com/watch?v=xmUHwHoVBIY




Gérard Mourou, in a 1987 photograph from the Laboratory for Laser Energetics. Mourou’s work at Rochester has
helped shape the direction of research in high-powered lasers. (University of Rochester photo)

www.rochester.edu/newscenter/rochesters-breakthrough-in-laser-science-earns-nobel-prize-340302/




OSA FRONTIERS IN OPTICS
LASER SCIENCE APS/DLS

Chirped Pulse Amplification to ELI and

EX trem e Ligh t Road Map Beyond talk by Gerard Mourou at FiO+LS

2018

Uitra high Intensity Short Cut
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Ultra Relativistic Optics
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Extreme nght Umversal Source of Radiations

oy : 1 i . Chirped Pulse Amplification to ELI and
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LASER SCIENCE APS/DLS iy ¥ | =t g;:r:ndtalk by Gerard Mourou at FiO+LS
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Dark Ensrgy
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Pattern  Dark Ages Drvelopment af R
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The Sound of the Big Bang
John G. Cramer

Professor of Physics
University of Washington




Stellar evolution

low- and medium-mass stars
(including the Sun)

white

i L ” dwarf
/ main red giant planetary
sequence nebula

high-mass star
high-mass stars / > .

nebula

\ neutron
star
. I I
main sequence AN R é
red supergiant supernova very high-mass star
not to scale black
hole

© 2012 Encyclopaedia Britannica, Inc.

https://www.britannica.com/media/full/



https://www.forbes.com/sites/startswithabang/2018/01/19/what-would-
you-see-as-you-fell-into-a-black-hole/#28¢c1326¢8583




Simulation Of Falling Into A Black Hole

-

https://youtu.be/JcHneuh6DKo



What Does The Inside Of A Black Hole Look
What Does The Inside Of A Black Hole Look Like?

Press to exit Full screen U c 1 111 U

.uUiiL

A

https://www.youtube.com/watch?v=FqKZfz oRKY



What Does The Inside Of A Black Hole Look Like?
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https://www.youtube.com/watch?v=FqKZfz oRKY
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Laser Interferometer Gravitational-wave Observatory — LIGO (CIIIA)
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Mepwe ¢oTo yopHoi gipu M87

https://scienceukraine.com/cosmos/first-image-of-a-black-hole/?
fbclid=IwAR225DjxPwKeNOP77XiGDRbpbk4G4 lcePWuiY VzbSvPFWzqBIxAlcfOoVO0

https://www.ted.com/talks/katie bouman what does a black hole look like
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Katie Boiman, who léd the development of the
algorithm for the project, and the moment when the

first black hole image was processed



www.facebook.com/PhysicistPage




How Small Can We See?

‘ Wavelength
Smallest Size =~ - I

Telescope Size

https://www.ted.com/talks/katie bouman what does a black hole look like



Original Black Hole Picture if We Had an
Simulation Earth-Sized Telescope

e » 835 «# B O

3,889,442 = v O

Views Add Recommend Like

https://'www.ted.com/talks/katie bouman what does a black hole look like




Figure 1. Eight stations of the EHT 2017 campaign over six geographic
locations as viewed from the equatonal plane. Sohd baselines represent mutual
visibility on ME7" (412" declination). The dashed baselines were used for the
cihbrabion source 3C279 (sec Papers 1 and IV).

https://iopscience-event-horizon.s3.amazonaws.com/article/10.3847/2041-8213/ab0c96/
The Event Horizon Telescope Collaboration 2019 ApJL 875 L2.pdf



The Event Horizon Telescope

Measurements

e S S 5 5 PO 50 - - 5 - ieiil i i i i i i i i i i

The Event Horizon Telescope

Measurements

https://www.ted.com/talks/katie bouman what does a black hole look like



Black Hole in the Center of the Milky Way Galaxy

Measurements Reconstruction

https://www.ted.com/talks/katie bouman what does a black hole look like



THE ASTROPHYSICAL JOURNAL LETTERS, B75:LI (17pp) 20019 Apal 10 The EHT Collaboration et al.

GRMHD models

SANE, a, = -0.94, H.h-iﬁh = B SANE., a. = 0, -H-I-Eu,i- — 1D MAD, a, = 0.94, H!uig,h = 11

x £

Brightness Temperature | TR K}

a3l jas

Simulated EHT observations

olvlel

Figure 4. Top: three example models of some of the besi-fiting snapshots from the image library of GRMHD simulations for Apnl |1 corresponding e different spin
parameters and accretion Bows. Botom: the same theoretical models, processed through a VLBI simulation pipeline with the same schedule, elescope characteristics,
and weather parameters as in the April 11 runand imaged in the saome way as Figure 3. Note that although the fit w the observations is equally good in the three cases,
thev refer o radicall v different physical scenarios; this highlights that a single good fit does not mmply that 2 model s preferned over others (see Paper V).

Erightness Temperature (107 15

https://iopscience-event-horizon.s3.amazonaws.com/article/10.3847/2041-8213/ab0ec7/
The Event Horizon Telescope Collaboration 2019 ApJL 875 L1.pdf



The EHT Collaboration et al. Total Image Midplane

MS87*  April 11, 2017

MAD: Ry 10

NIAT: Rhil_;l. 160

SANE: Ry 10

50 pas O

April 5 April 6 April 10

SANME: ﬂ|.'.:_.|. 160

Brightness Temperature {_]{'_"J” K)

Figure A Top: EHT image of MET" from observations on 2007 April 11 as a
representative example of the images collected in the 2007 campaign. The

https://iopscience-event-horizon.s3.amazonaws.com/article/10.3847/2041-8213/ab0ec7/
The Event Horizon Telescope Collaboration 2019 ApJL 875 L1.pdf
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