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Science & Environment

Optical lattice atomic clock could Top Stories
'redefine the second' Back to school after the long

| don't understand the purpose of all this e
complicated stuff. Why can't everybody just use >
what nature has given us, and wake up when the 3
sun rises and sleep when the sun sets. That is '

what | do and life is so much simpler that way.
« Posted by

VO

40. “E&’/ Mac Man
Posted by g8 7 i
Worldweary1 8 Don't understand this obsession with time? It’s
t. not as if our perception of time is even real time,
A i.e. Cats and Dogs have seven years to our one

Puplis return after coronavirus
shut schools

This is just a 'jolly' for the scientists involved. If
they want to spend their time pursuin Posted by
of childish nonsense they should fund| U14820520
themselves.

MR aR] Please BBC, give us something a bit more engaging ecision
on which to comment.

Y:X¥o 2l lolu oz 1o tulelal T his is a story of interest to a very narrow band of il age of universe
scientists and nerds.
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f(tq, ty, t3, ..., t,) — position + time



Global Positioning System
(GPS)

2

Universityof "<&

Strathclyde
Science

I’'m here, and the time
is 10:30:23.458767

I’'m here, and the time
is 10:30:23.458767

For the system to work, clocks must be accurate to tiny fractions of a second!
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 Multiple satellites
* Each with synchronised atomic clocks
* Find location by triangulation
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GPS

Directly impacts

Transportation
e Aviation, Marine, Road
Logistics / Shipping
Safety services
Financial services

Military

Agriculture

Communication networks =
Surveying e
Recreational RS e

Social (geo-tagging of photos)
Atmospheric weather
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Problems with GPS

i i Orbital Altitudes of many significant satellites of earth
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N.J. man fined $32K for illegal GPS device that
disrupted Newark airport system

Published: Aug. 08, 2013, 828 pm

= pOlitiCS Audio Live TV

Russia jammed GPS during major NATO military
exercise with US troops

By Ryan Browne, CNN

< 4 N3 < Q Updated 1648 GMT (0048 HKT) November 14, 2018
[ran controls US Droi

spoofing
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FINANCIAL TIMES

UK COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HTSI

Bloomberg UK

Opinion Satellites ® Live Now Markets Economics Industries Technology Politics Wealth Pursuits

We are dangerously reliant on GPS |
Technology |Hyperdrive

to tell the time d .
Dallas Air Traffic Rerouted as FAA
Recent outages in satellite systems have confirmed the importance of Probes Faulty GPS Signals

data from atomic clocks as an invisible utility
= Pilots, controllers using older technology to navigate
= ‘Very unusual’ air navigation glitch, says flight-track expert

ANJANA AHUJA + Add to myFT

. . . By Alan Levin and Mary Schlangenstein
Financial Tim es, 25 October 2022 18 October 2022 at 17:54 BST Updated on 18 October 2022 at 20:40 BST




Precision measurement — clock
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Big & small — slow and fast
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Periodic Table of the Elements 25

13
IIIA

5 6 7 8 9 10 1" 12 . S' L |
2 o w2 -A A =
23 24 25 26 27 28 29 30
'V “Gr “Mn “Fs “Go “Ni “Cu “zn 'Ga “Ge “As se TBr 'k
‘150302 ‘251M “sa.m “ssm “m “ss.m 47635“ - T4022

Nb Mo 'Te “Ru ‘Rh "Pd "Ag ..35;,Te
91224 92.906 - 78“.”7 76101.07 7;02.900 niM 79107... ‘llZAl‘l 21 1276
H Ta "W "Re "0s i "Pt "Au “Hg fMI-

Rf msDb '°°s ‘°7Bh ‘°|0_| 100M - 11oD “h 11(2: .. i
oo | S s =
T E CE W R R .. |

‘TEEETLTIT [

© 2073 Tedd Helmesstne
chermntry adsetcom




TREATISE

ox

NATURAL PHILOSOPHY

LORD KELVIN, LLD., DCL, FRS.
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perty. The time of vibration of a sodium particle corresponding
to any one of its modes of vibration, 1s known to be absolutely
independent of its position in the universe, and it will probably
remain the same so long as the particle itself exists. The wave-
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Clock = Oscillator + Counter Simathelyde



Making an atom oscillate
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Use light to control electronic state




Atomic transitions
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Precision measurement — clock
Local Oscillator
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What is 1 second?

Strathclyde

1/60th of a minute

The duration of 9,192,631,770
periods of the radiation
corresponding to the transition
between the two hyperfine
levels of the ground state of
the caesium 133 atom.




Atoms move too fast to see
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Room temperature atoms Cold atoms




Kelvin & temperature
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What about temperature?
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Fahrenheit  Celcius / Centigrade Kelvin Science
—212 100+ 373.15
— 32 0 L 273.15

Absolute
ero -459 -273.15 0



Temperature
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Temperature in Kelvin
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| Kepler (17t" century):
comet’s tails are caused by
V pressure of light

¥ Maxwell (19t century):
" e Pressure is due to
B —a electromagnetic fields













Cooling by momentum exchange
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780 nm




Electronics

Lasers
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Uses of atoms?

Universityof <&

Strathclyde

Science

ON




Superposition
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Schrodinger’s Cat
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EINSTEIN ATTACKS
QUANTUM THEORY

Scientist and Two Colleagues
Find It Is Not ‘Complete’
Even Though ‘Correct.’

SEE FULLER ONE POSSIBLE

Believe a Whole Description of
‘the Physical Reality’ Can Be
Provided Eventually.



Entanglement
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Alain John F. Anton
Aspect Clauser Zeilinger

“for experiments with entangled photons,
establishing the violation of Bell inequalities
and pioneering quantum information science”



Uses of Quantum physics?

Lasers




Atom Interferometry




Quantum technologies
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Quantum technologies
exploit quantum physics

* No. 10 « October + 2020

:;.m.....w«m” DVAN c E D quantum technologies
QUANTUM
TECHNOLOGI

1990 2000 2010 2020




Applications

2
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* Better clocks

* Better magnetic sensors

* Better navigation

e Secure communications

* Quantum enhanced imaging

* Quantum computers




Quantum computing

g

. QUANTUM
R COMPUTING

guantum computers are as different from today’s digital

computers as today’s computers are from an abacus

William Phillips, Nobel

Dwvi=»>~r 100 7
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THE A?’;ZI&’]‘]A'ES Today’s sections v = Pastsixdays Explore v  Times Radio

WORKING LIFE

Quantum computing is on cusp
of commercial breakthrough

SQUARE

James Hurley, Enterprise Editor

Monday September 07 2020,
12.01am, The Times

jonathan Prltchard



Quantum computing
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APPLICATION
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Quantum sensing
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Navigation
Positioning with cm-resolutionf™\ &
Driver-less cars

Medical
New brain scanners

Imaging
Seeing through objects and around corners
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POWERBALL

N\\Ua DOhe - QUANTUM

(&
—

ULTIMATE
,/

[N

| 2
: G‘UA.NJQM \
ik w

uantum)Dairy..

“Striving to Preserve Tomorrow”

e
=
=
- =
c a
ap
@
o




2

@i Universityof "<&
I(ELVI N . About Us ~ Photonics Quantum News v Contact Us Sntra:yhclyde
NANOTECHNOLOGY Science

gMOT

A compact grating Magneto-Optical Trap chip for the generation of ultra-cold atoms.

Features

Performance

« Trapping over 10 million 87Rb atoms . https://www.kntnano.com/quantum/gmotgrating/

¢ Cooling below 40 uK


https://www.kntnano.com/quantum/gmotgrating/
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questions?




