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Pendulum Minutes/Seconds! Dawn of the 
mechanical age
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20th century

Quartz ≤1 msInformation
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20th & 21st century

Precision

Atomic transitions ≤1 s in age of universe

Mechanism

171.
Posted by
happyman

I don't understand the purpose of all this 
complicated stuff. Why can't everybody just use 
what nature has given us, and wake up when the 
sun rises and sleep when the sun sets. That is 
what I do and life is so much simpler that way.

40.
Posted by
Worldweary1

This is just a 'jolly' for the scientists involved. If 
they want to spend their time pursuing this sort 
of childish nonsense they should fund it 
themselves.

4.
Posted by
Mac Man

Don't understand this obsession with time? It’s 
not as if our perception of time is even real time, 
i.e. Cats and Dogs have seven years to our one

Why

Posted by
U14820520

Please BBC, give us something a bit more engaging 
on which to comment.
 This is a story of interest to a very narrow band of 
scientists and nerds
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Precision

Atomic transitions ≤1 s in age of universe

Mechanism Why
GPS

Telecoms
Financial markets

National grid

20th & 21st century
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GPS
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10:30:23.458767 10:30:23.454671
I’m here, and the time
is 10:30:23.458767

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

Global Positioning System
(GPS)

For the system to work, clocks must be accurate to tiny fractions of a second!



GNSS
• Multiple satellites
• Each with synchronised atomic clocks
• Find location by triangulation

Rb 6.8 GHz
Cs 9.2 GHz
H 1.4 GHz

GPS  Rb, Cs 
GLONASS Cs
GALILEO H, Rb 
BEIDOU Rb 
IRNSS Rb 
QZSS  Rb 

Worldwide
~24 satellites

Regional
~5 satellites



GPS
Directly impacts
• Transportation
• Aviation, Marine, Road

• Logistics / Shipping
• Safety services
• Financial services
• Military
• Agriculture
• Communication networks
• Surveying
• Recreational
• Social (geo-tagging of photos)
• Atmospheric weather



Problems with GPS

wikipedia

Space station
Hubble telescope

GPS



Problems with GPS

2011 2013

2018



Problems with GPS

Financial Times, 25 October 2022



Local Oscillator Counter /
Output

Feedback

Precision measurement – clock



Big & small – slow and fast



Atoms



1879



Clock = Oscillator + Counter



Use light to control electronic state

Making an atom oscillate 



Atomic transitions
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Precision measurement – clock

⟩|1

⟩|2
%! =

'" − '#
ℏ

Local Oscillator

Feedback

Atoms

oven

deflecting
magnet

cavity
resonator

detector

Essen and Parry 
Philos. Trans. R. Soc. 
London 250 45 (1957)





Room temperature atoms Cold atoms

Atoms move too fast to see



Kelvin & temperature



What about temperature?

Celcius / CentigradeFahrenheit
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Temperature

106 103 100 10-3 10-6 10-9

Temperature in Kelvin



Kepler (17th century):
 comet’s tails are caused by 
pressure of light

Maxwell (19th century):
 Pressure is due to 

electromagnetic fields









Cooling by momentum exchange

3 tons
50 km/h

150 g
10 m/s

87 mu
170 m/s

780 nm

balltrucktruck ppp 
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Lasers

Vacuum

Electronics

People





Any 
questions?



Uses of atoms?

1 0
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Superposition

Schrödinger’s Cat



Entanglement



Entanglement



Uses of Quantum physics?

Semiconductors

Lasers



Atom Interferometry



Quantum technologies

Quantum technologies 
exploit quantum physics
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• Better clocks

• Better magnetic sensors

• Better navigation

• Secure communications

• Quantum enhanced imaging

• Quantum computers

Applications



Quantum computing

quantum computers are as different from today’s digital 
computers as today’s computers are from an abacus 
    William Phillips, Nobel 
Prize 1997



Jonathan Pritchard



Quantum computing

University of Strathclyde
University of Edinburgh
University of Glasgow



Quantum sensing

Navigation
 Positioning with cm-resolution
 Driver-less cars

Medical
 New brain scanners
 

Imaging
 Seeing through objects and around corners
 





Quantum products



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

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


Jobs
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questions?


