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Quantum computers and atomic clocks 

Atomtronic concepts and devices



Image: E. Edwards, JQI

Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?



Image: E. Edwards, JQI

Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links



Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links



Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links

A printed directory 
of the 4,000 users 



Image: E. Edwards, JQI

Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links

A printed directory 
of the 4,000 users 



Image: E. Edwards, JQI

Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links

The Electronic Age



Image: E. Edwards, JQI

Internet
Is it just a flash in the pan . . . 

. . .or could it be REALLY BIG, someday?

ARPANET 1980
Computers 
connected by 
telephone lines 
and satellite 
links

The Electronic Age

Im
ag

e:
 C

o
m

p
u

te
r 

H
is

to
ry

 M
u

se
u

m

Enabling technology of electronics: 
The Transistor

Bell Laboratories 1947
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worldwide; each contains ~ 
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Atomic 
clock
timing

The Electronic Age

Vast global flow of data 
requires high-speed 

optical communication:
Photonics

Global reach requires 
precise network 
synchronization:

Atomic clocks

2 billion smartphones 
worldwide; each contains ~ 
1 billion transistors = 1018



The Electronic Age

Vast global flow of data 
requires high-speed 

optical communication:
Photonics

Global reach requires 
precise network 
synchronization:

Atomic clocks

Atomic Clocks

Image: E. Edwards, JQI



Image: Geo Swan

The Electronic Age

Vast global flow of data 
requires high-speed 

optical communication:
Photonics

Global reach requires 
precise network 
synchronization:

Atomic clocks

Atomic Clocks
Constellations of Atomic 
Clocks Aboard Earth Satellites

Global Navigation Satellite 
Systems (GNSS):
• Global Positioning System 

GPS (USA)

• GLONASS (Russia)

• Galileo (Europe)

Regional coverage:

• BeiDou (China)

• NAVIC (India)
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Atomic Clocks
Global reach requires 

precise network 
synchronization:

Atomic clocks

The clock in the control 
room of the Laser 

Interferometer 
Gravitational-Wave 

Observatory at Hanford, 
WA, displays PST and 

GPS Time (in seconds).

Shown on a GPS-enabled 
smartphone.

The original atomtronic devices
Atom – most precise oscillator 

– sets the standard of time



Atomic Clocks
Global reach requires 

precise network 
synchronization:

Atomic clocks

Get your own atomic 
clock on eBay for about a 

hundred bucks 
(plus shipping)

Image:  eBay

The original atomtronic devices



Quantum Computers and Atomic Clocks

Only have time to read 
just one atomic physics 
paper in your life? 

←   Try this.

David J. Wineland
2012 Nobel Prize in Physics

"for ground-breaking 
experimental methods that 
enable measuring and 
manipulation of individual 
quantum systems"http://bit.ly/AtomQC
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Atoms

• Identical
• Stable
• Quantum
• Diverse

Images: DC Comics



Alfred Landé
1888-1976

Image: N.A.Sharp, NOAO/NSO/Kitt Peak FTS/AURA/NSF

The “virtual 
orchestra” of atomic 
oscillators in the 
Sun’s atmosphere.

Atoms

• Identical
• Stable
• Quantum
• Diverse
• Electronic 

“vibrations”
• Light excitations
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Atomtronics timeline
1970 1980 1990 2000 2010 2020

Ion cooling and trapping

Optical lattices

Experimental quantum logic

Shor’s algorithm

Bose-Einstein condensation

Atom laser

Commercial products
















Nobel Prizes in Physics

Cooling /trapping of neutral atoms



Atomtronics applications

Precision measurement – quantum-enhanced clocks, matter-wave interferometry

Novel scanning probe microscopy

Experimental quantum logic

Novel superconductivity and superfluidity

Novel magnetism and synthetic magnetic fields

Simulating complex quantum systems

New Journal of Physics Focus on Atomtronics-enabled Quantum Technologies
http://j.mp/At0mtr0nics 

Sensing: magnetometry, gravity/gradiometry, rotation, acceleration 



Recent atomtronic devices

Atom 
SQUID
(2014)NIST

Diode (2015)
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Portable 
BEC 
chamber
(2014)

Andrew Daley

Tank
Circuit 
(2016)

Mark Edwards

Battery (2017)

Seth Caliga
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First Bose-Einstein condensate in space
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MAIUS 1 Sounding Rocket Mission

• MAIUS: Matter-Wave Interferometry in Microgravity

• Launched 23 January 2017 in northern Sweden

• Produced Bose-Einstein condensate on board

• Performed 100 experiments in matter-wave interferometry


