... rychlost’ou vetra

[The Great Days of Sail by Andrew Shewan; autor neznamy ~1886]

Daniel Nagaj




... rychlost’ou svetla

[(Chang'e 5 T1 Xinhua/CNSA, 2014]
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cudesné okamzité posobenie na dialku
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instantneé spravy

telepatia 4



run like the wind

drahocenné informacie

traveling light

chytdame elektromagnetické viny

warp speed

cudesnd kvantova mechanika
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Posielanie varovani a sprav

m strdZne ohne
rychlost?

jedina sprava: idu!
farba ohna? dym?

m beZec (Maratén)
naro¢né na [udi
m presedlavanie koni

rychlost?

m hovoriace bubny
zmeny frekvencii




Mechanické prepojenie

/v ) ’
m piStalovy organ
drevo, koza, kov
ldme sa to, starne

m dlha ty¢?
mlatit po kolajniciach?
potahovat za droty?
trenie, mraz

m pneumaticky telegraf
tazké tlakovat, Udrzba




Vizuélne signaly

m semaforové systémy
C. Chappe (1792, 556 vezi, 4800 km)

m heliograf (GB az do 1960)

[US Nat'l Oceanic
and Atmospheric
Administration, 1910]

[John Farey, Jr, Rees's
Cyclopeedia Vol. IV, 10
"TELEGRAPH" Fig. 4]
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Svetlo je rychle!

m Jara Cimrman: svetlo > zvuk (sviecka a zvoncek)




Svetlo je rychle!

m Jara Cimrman: svetlo > zvuk (sviecka a zvoncek)

m Galileo: zakryvanie a odkryvanie lampy




Konecna rychlost svetla

m Ole Ramer (1676)
meskajuci lo (mesiac Jupitera)
doba obehu ~42 hodin
odhadnite meskanie

[JPTrap, Beramte danske meend og kvinder]



Konecna rychlost svetla

m Ole Ramer (1676)
meskajuci lo (mesiac Jupitera)
doba obehu ~42 hodin
odhadnite meskanie

m Ch. Huygens
16 ¢/< priemerov Zeme/sekunda

m |. Newton
“For it is now certain from the
phenomena of Jupiter’s satellites ...
that light ... requires about 7 or 8 minutes
to travel from the sun to the earth.” |Principia |, sec. X[V
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Meriame rychlost svetla na Zemi

m Hippolyte Fizeau (1849) roztocené ozubené koleso,
stihne to svetlo tam a spat?

s
J
L=8,6nm
m Foucault: rozto¢ime zrkadlo 4.

® Michelson/Morley: interferencia




Elektricky signal

m von Sommerring (1809)
droty, prud, bublinky

m Wheatstone, Cooke (1839)
vychylené rucgicky

|Smithsonian National Museum



Elektricky signal

m von Sommerring (1809)
droty, prud, bublinky

m Wheatstone, Cooke (1839)
vychylené rucgicky

m Morse (1837): telegraf
len 2 droty
automaticky zapis

m transatlanticky kabel
(1858, 1866)

[Bern Dibner, The Atlantic Cable]
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The stern of the Agamemnon with the cable issuing from the sheaves. The crew watches anxiously
as a whale crosses the line. The “crinoline™ about the rudder post was to keep the cable from being
injured by the ship's propeller. [Bern Dibner, The Atlantic Cable]
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There was no short-
age of scoffers and those who had known all the
time that the whole business was nothing but a ¢
hoax and a humbug. One English paper not only
derided the entire enterprise but proved that the
Atlantic cable was never laid and that such a
thing was not even possible.

The stern of the Agamemnon with the cable issuing from the sheaves. The crew watches anxiously
as a whale crosses the line. The “crinoline™ about the rudder post was to keep the cable from being

injured by the ship's propeller. [Bern Dibner. The Atlantic Cable]
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Zralok Uto¢i na Google kabel,15.82014  [youtubecom/watch?v=xXMxkRh/sx84]




Grasshopper telegraphy (Edison’s “in-flight wifi”)

[Mistoryinsidepictures.com

~1885, elmag. indukcia, preskok telegraf. signalu medzi vlakom a drétmi pri trati




spravy na vinach (E&M)
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ZlozitejSie signaly?

® viac signalov naraz?

m reproduktor: dva tony?

vychylka
/\ 0.5 ‘




Elektromagnetické viny

m posobenie na dialku?




Elektromagnetické viny

m posobenie na dialku?




Elektromagnetické viny

m posobenie na dialku?

Sirenie el-mag. signalu?

= J. C. Maxwell: predpoved vin (1865)




Elektromagnetické viny

m posobenie na dialku?

Sirenie el-mag. signalu?

= J. C. Maxwell: predpoved vin (1865)
H. Hertz: overenie (1888)

o F0-Og

Transformer Transmitter Receiver




Elektromagnetické viny

m k anténe pripojeny detektor zo Zeleznych pilin (coherer)

lwikipedia: Coherer]

= J. C. Maxwell: predpoved vin (1865)
H. Hertz: overenie (1888)

- s NESSIH S
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1 Transformer Transmitter Receiver
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Bezdrétovy telegraf

m k anténe pripojeny detektor zo Zeleznych pilin (coherer)

lwikipedia: Coherer]

m G. Marconi (1903): ide to!
odraz od ionosféry (>85km)




rychlejSie ako svetlo?
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. Lokalita a kauzalita

= pri¢iny a dosledky, kedy a kde sa nieco stalo?

svetlo




ni¢ nie je rychlejSie ako svetlo
priestoro¢asové intervaly, nezavislé udalosti

5 A
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kvantova
mechanika
a jej Cudné
korelacie




svetlo (baterka)




koherentné svetlo (laser) interferencia
superpozicia
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jednotlivé fotony
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Svietime si po foténoch

rdzne polarizacie
superpozicie

m polariza¢né filtre

= viny ... jednotlivé fotony

\&‘\\\

NN
N

-1 7N\

)

N




bez filtra







Svietime si po foténoch

= viny ... jednotlivé fotony

rdzne polarizacie — I , \

superpozicie

m polariza¢né filtre
¢o robia so superpoziciami? 2

N




Svietime si po foténoch

= viny ... jednotlivé fotony

rdzne polarizacie — I , \

superpozicie

m polariza¢né filtre
¢o robia so superpoziciami? 2 %

® polariza¢ny beamsplitter
triedime polarizacie

B jednofoténové detektory
prenos informacie




Spravanie superpozicii

= nadhodné vysledky pri merani

kolaps vlnovej funkcie (toho, ¢o vieme o stave)

m princip neurcitosti a nekompatibilné merania
d4 sa vediet dve veci (v3etko) naraz?



Spravanie superpozicii

= nadhodné vysledky pri merani

kolaps vlnovej funkcie (toho, ¢o vieme o stave)

m princip neurcitosti a nekompatibilné merania
d4 sa vediet dve veci (v3etko) naraz?

m zaujimavé... je ale nie¢o za tym?
vie niekto, ako to dopadne?
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kto pozna ?




sa za tym ?




cudesné
posobenie ?




lokalna tedria




Klasické korelacie: ponozky prof. Bertlmanna

BERTLMANN'S S0CKS AND THE WATURE OF REALITY

J.S5. Bell
CEREN = Geneva

Ref.TH.2926-CERN




Klasické korelacie: ponozky prof. Bertlmanna

BERTLMANN'S SOCKS AND THE NATURE OF REALITY

J.S5. Bell
CEREN = Geneva

Ref.TH.2926-CERN




BBIFYA CHSH ano/nie pre 2 hracov

A?a? @

zhodné odpovede na
A B
aB
ab

opac¢né odpovede na
Ab

® s



¥4 CHSH ano/nie pre 2 hracov
A?a? @ @ -2

klasické premenné a korelacie:

A.a, B,b =l
(B—0,B+10) (0,£2),(%£2,0)

A(B —b) + a(B + b) T2
AB+aB +ab— Ab] <2

CHSH
nerovnost




. Kvantové korelacie: previazané fotény

[qubit-ulm.com



. Kvantové korelacie: previazané fotény

lqubit-ulm.com



BBF¥d CHSH ano/nie pre 2 hracov
reviaza N

A B a

Y

polariza¢né filtre







QM d4 viac!

® Bellova (CHSH) nerovnost

(AB) + (aB) + (ab) - (A1) <@)

m kvantovd mechanika dava

| okélne skryté premenné
také korelacie nevysvetlial

m krasne experimenty
Clauser, Aspect, Zeilinger

(AB) + (aB) + (ab) — (Ab)| —=O@y/2
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SHUT UP
CALCULATE






Fundamental fysiks group

m filozofické otazky
a Spekulacie o QM

m inSpir4cia: Bell

[Sarfati, Sirag, Herbert, Wolf, CityMagazine, 19/5]




Fundamental fysiks group

m Faster-than-light coommunication system (Sarfati '78)

1D Kaiser, How the hippies saved physics|

shit dctector

efﬁcnency
setting




Fundamental fysiks group

m Faster-than-light coommunication system (Sarfati '78)

1D Kaiser, How the hippies saved physics|

shit stector

eﬂ"xcnency
setting




Hippies believed that
with enough LSD,
everybody could be
perfectly in tune
with each other...

Charlie Bennett



Entanglement allows two particles
fo be in a perfectly definite joint
state, even though each one

by itself is completely random.

Like two hirpies who feel
perfectly in tune with each
other, even though neither
has an opinioh onh anything.

Charlie Bennett



Fundamental fysiks group: napady

m First Laser Amplified Superluminal Hookup (Herbert, 79)

* fIR ﬁI

laserovy

zosilfiovac N V \
B 7

F LAS l I 1D Kaiser, How the hippies saved physics|



Zabijak: nemoznost klonovania

m klonovat (kopirovat, zosiliovat) hocaké fotony sa neda

letters to nature
Nature 299,802 - 803 (28 October 1982); do1:10.1038/299802a0

Communication by EPR devices
D. Dieks A single quantum cannot be cloned

+ Show more

W. K. WOOTTERS ' & W. H. ZUREK?

doiz10.1016/0375-9601(82)90084-6

Abstract

A recent proposal to achieve fasterthan-light communication by means of an EPR-type experimental set-up
is examined. We demonstrate that such superluminal communication is not possible. The crucial role of the
linearity of the quantum mechanical evolution laws in preventing causal anomalies is stressed.
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Zabijak: nemoznost klonovania
X

m klonovat (kopirovat, zosiliovat) hocaké fotony sa neda

letters to nature
Nature 299,802 - 803 (28 October 1982); do1:10.1038/299802a0

Communication by EPR devices
D. Dieks A single quantum cannot be cloned

+ Show more

W. K. WOOTTERS ' & W. H. ZUREK?

doiz10.1016/0375-9601(82)90084-6

Abstract

A recent proposal to achieve fasterthan-light communication by means of an EPR-type experimental set-up
is examined. We demonstrate that such superluminal communication is not possible. The crucial role of the
linearity of the quantum mechanical evolution laws in preventing causal anomalies is stressed.
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OH ALICE.. YOURE Y /| BUT BOB- IN A
THE ONE FOR ME i | @UANTUM WORLD
% /HOW CAN WE BE SURE




Unconditional security: one-time pad

p wmy ('=PDx

tajomstvo Sifra klue







Unconditional security: one-time pad

p wmy (' =PDy

tajomstvo Sifra kU
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Verejné zdielanie hesla
BB84 (bez previazania)

Alica

vyber si bazu
priprav fotén
posli ho

Bob

vyber si bazu

zmeraj, ¢o prislo

1
0

random

random

[Bennett & Brassard]



Verejné zdielanie hesla
BB84 (bez previazania)

Alica

vyber si bazu
priprav fotén
posli ho

verejne si porovnajte vyber b4z
v rovnakej baze? korelované vysledky
korelované vysledky ... vas tajny kloé

Bob

vyber si bazu

zmeraj, ¢o prislo

random

random

[Bennett & Brassard]



Verejné zdielanie hesla pomocou EPR

Ekert 91 (s previazanim)

Bob

vyber si bazu

Alica

priprav EPR pér

jeden fotéon posli B zmeraj, ¢o prislo

vyber si bazu, zmeraj svoj fotdn

B - %

verejne si porovnajte vyber baz

v rovnakej baze? antikorelované vysledky
detekcia Spionaze: ¢ast vysledkov zverejnite na Bell-testy
zvy$né vysledky ... vas tajny kluc [Ekert]
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tajné
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bezpec¢nostny test
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Detection Module

R
OGS Receiver Telescope ‘ é

BS HWP, PBS D




SWISS

QUANTUM

PROJECT NETWORK PERFORMANCE PARTNERS STAY INFORMED CONTACT

In January 2011 Swissquantum successfully
completed the longest running project for testing

SwissQuantum Project
Completes Longest-Running

Testbed of Quantum Quantum Key Distribution (QKD) in a field
Crytography environment. The main goal of the SwissQuantum
Geneva, Switzerland - ID network, installed in the Geneva metropolitan SERN

Quantique SA announced the

sicoessul completion () area in March 2009, was to validate the reliability

and robustness of QKD in continuous operation in

© read more 3 network over a long time period in a field
environment. The quantum layer ran stably for

SwissQuantum network q. ¢ Y g s y
arsntied nearly 2 years, confirming the viability of QKD as
The SwissQuantum network has a commercial encryption technology in
been dismantled after almost two telecommunication networks.
years of (...)

© rcad more  The network consisted of three nodes located in

the Geneva metropolitan area.
Quantum encryption to secure
World Cup link

e Rt i st Ok SeCIRe This network served as a platform for:

quantum encryption at a world » Research & Development
public (...} » Demonstration and
© read more  * Education

in the field of quantum communications.
IDQ and UNIGE go one step
further with the European This website presents the project, the technology used as well as the results of the extensive test campaign.
research project QuRep
The SwissQuantum network
highlights the reliability of Quantum
Key (...)



NATURE PHOTONICS | LETTER

Hacking commercial quantum
cryptography systems by
tailored bright illumination

Lars Lydersen, Carlos Wiechers, Christoffer Wittmann,
Dominique Elser, Johannes Skaar & Vadim Makarov

Nature Photonics 4, 6386-689 (2010)




Zmeraj, preposli, oslep detektor a presved¢ ho, nech meria, ¢o ty chces.

[Gerhadt et al, NUS]






Kvantov4 teleportacia

m posielanie kvantovej informéacie
pomocou predzdielaného EPR paru

(a]0) +0[1))




Kvantov4 teleportacia

m posielanie kvantovej informéacie
pomocou predzdielaného EPR paru

(a]0) +0[1))
(a|1) — b]0))
(a]1) 4 0|0))
(al0) — b|1))
i 2 bity klasicka (al0) +5[1))
A sprava
EPR

| |
E (a]0) +0[1))




Kvantov4 teleportacia

m posielanie kvantovej informéacie
pomocou predzdielaného EPR paru

(a|0) +b[1))
) |
' 2 bity klasické
A sprava
EPR

i
A -n< (al0) 1 B/1)




1 run like the wind
2 traveling light

3 warp speed



cudesné okamzité posobenie na dialku
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