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Osnova:

* zakladni princip
* néco historie

* jak zpresnovat méreni Casu,
definice sekundy

* k Cemu se to hodi

* néco souvisejiciho vyzkumu z
olomouckého pracovisté



Princip hodin:
*zdroj periodickych kmitu
*pocitadlo kmitu

Oscilatory:

*kyvadlo

*pruzina a zavazi
*kondenzator a civka
*piezoelektricky krystal
*atom €1 molekula




Kyvadlové hodiny

Christiaan Huygens: patent 1657
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Princip atomovych hodin
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M.A. Lombardi & al. (NIST), Measure 2, 74 (2007).



MASER: Kmity molekuly amoniaku




Amoniakovy maser, schéma




Amoniakovy maser, 1954




Historie atomovych hodin

* 1937 presné méfeni molekularnich frekvenci, 1. Rabi

* 1949 molekuldrni hodiny na bazi plynn¢ho amoniaku H. Lyons
* 1951 prvni cesiove hodiny, NBS (NBS 1)

* 1953-1955 zdokonaleny cesiovy standard, N. Ramsey

* 1967 definice sekundy podle cesiovych hodin

* 1985 prvni hodiny na bazi jontu v pasti NIST

* 1995 prvni atomovée hodiny na bazi atomové fontany, Pafiz







Cesium: definice sekundy

Frekvence hyperjemného prechodu Cs:
9192 631 770 Hz

Definice metru: rychlost svétla

1H S c =299 792 458 m/s




Cesium: definice sekundy, hyperjemna struktura
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Vacuum Cavity

State Selection Magnets State Detection Magnets

> I Getter
e Microwave
Interrogation Detector
Oven Cavity
Frequency 5 Quartz Servo
Synthesizer Oscillator Feedback Y
9192 631770 Hz |_‘_ _‘l -

M.A. Lombardi & al. (NIST), Measure 2, 74 (2007).




Kifemenny oscilator

(a) Flexural vibration mode (b) twist vibration mode

32 768 kHz

(c) Lengthwise longitudinal vibration (d) Widthwise longitudinal vibration
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(€) Lengthwise and widthwise coupling vibration mode
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(f) Contour shear vibration mode (g) Thickness shear vibration mode

—

www.qiaj.jp/



Cesiové atomové hodiny, NIST (Boulder, Colorado)

M.A. Lombardi & al. (NIST), Measure 2, 74 (2007).




Cesiové fontanové atomové hodiny, NIST
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M.A. Lombardi & al. (NIST), Measure 2, 74 (2007), wikipedia



L aserové chlazeni

Nobelova cena 1997: S. Chu, C. Cohen-Tannoudji, W. D.
Phillips

Absorption of M photons Emission of M photons

U (o) YLV RV



L aserove chlazeni
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Fontanové atomové hodiny (NIST)
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Fractional Frequency Uncertainty

Presnost atomovych hodin
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Atomové hodiny a frekvencni standardy v JPL




Atomové hodiny a frekvencni standardy v JPL




Atomové hodiny a frekvencni standardy v JPL
DSAC (Deep Space Atomic Clock, plan pro 2015)




Optické metody zpresnovani atomovych hodin:
frekvenc¢ni hreben (frequency comb)
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Physikalisch-Technische Bundesanstalt, Braunschweig

»Radiové hodiny*
Z:akon o urCeni Casu (SRN 1978)
- informaci §ifi vysila¢ v Mainflingen |
u Frankfurtu
dlouhé viny DCF77 (77,5 kHz)
dosah cca 2000 km
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GPS: Global positioning system

20,200 km vyska,
26,600 km polomér drahy
31 vysilajicich satelitu

L1...1575.42 MHz
L2 ...1227.60 MHz

http://en.wikipedia.org/wiki/GPS



http://en.wikipedia.org/wiki/GPS




Aplikace presné casomiry

* Pfesn¢ urCovani polohy — navigace,
doprava, zeméedéElstvi

* Astronomicka méreni —
interferometricke ziskavani informace o
vzdalenych objektech

* Testovani teorie relativity

* Testovani dalSich teorii — jsou
fyzikalni konstanty opravdu konstantni?




obelova cena za fyziku 2012

Serge Haroche a David Wineland
»Za prulomové experimenty umoznujici méreni a
manipulaci s jednotlivymi kvantovymi systémy*

Photons bounce back and forth inside

a small cavity between two mirrors for
more than a tenth of a second. Before it
disappears the photon will have travelled
Rydberg atoms - roughly 1,000 times a distance of one trip around the Earth.
larger than typical atoms -

are sent through the cavity one by one.
At the exit the atom can reveal

the presence or absence of a photon

inside the cavity.
superconductmg/

niobium mirrors

.7¢cm
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microwave photons



obelova cena za fyziku 2012

Serge Haroche a David Wineland
»Za prulomové experimenty umoznujici méreni a
manipulaci s jednotlivymi kvantovymi systémy*

A laseris used to suppress the ion’s
thermal motion in the trap, and to
control and measure the trapped ion.

electrode

Electrodes keep the beryllium
ions inside a trap.

electrode

electrode




Kvantova informatika: kvantova pamét’ pro svétlo
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Enhancing the Capacity and Performance of Collective Atomic Quantum Memory

Tomd§ Opatrny' and Jaromir Fiurdgek?

JDe'pm;rme'm of Theoretical Physics, Palacky University, 17. listopadu 50, 77200 Olomouc, Czech Republic
“Department of Optics, Palacky University, 17. listopadu 50, 77200 Olomouc, Czech Republic
(Received 22 February 2005; published 28 July 2005)

Present schemes involving the quantum nondemolition interaction between atomic samples and off-
resonant light pulses allow us to store quantum information corresponding to §
(mode) in one multiatomic system. We discuss the possibility of involving




Kvantova informatika: stlaCeni atomovych stavi

PHYSICAL REVIEW A 86, 023845 (2012)

Spin squeezing and Schrodinger-cat-state generation in atomic samples with Rydberg blockade

Tomas Opatrny' and Klaus Mglmer?

'Department of Optics, Faculty of Science, Palacky University, 17. listopadu 12, 77146 Olomouc, Czech Republic
*Lundbeck Foundation Theoretical Center for Quantum System Research, Department of Physics and Astronomy,
University of Aarhus, DK-8000 Aarhus C, Denmark
(Received 31 May 2012; published 27 August 2012)

A scheme is proposed to prepare squeezed states and Schrodinger-cat-like states of the collective spin degrees
of freedom associated with a pair of ground states in an atomic ensemble. The scheme uses an effective
Jaynes-Cummings interaction which can be provided by excitation of the atoms to Rydberg states and an effective
J, interaction implemented by aresonant Raman coupling between the atomic ground states. Dynamical evolution
both with a constant Hamiltonian and with adiabatic variation of the two interaction terms is studied. We show that
hu the annlicatinn af finther recnnant lacaer fields, we can suppress nonadiabatic transfer under the time-varying

: evolution towards a maximally squeezed, J. = 0, collective spin state.

PACS number(s): 42.50.Dv, 37.10.Gh, 03.75.Nt, 37.25.+k




Kvantova informatika v Olomouci
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Dekuji za pozornost




