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Why you should care
quantum physics

about

Quantum physics is
good for more than
inspiring movie
plots. A grasp of

quantum technology :

will be important for
the future of the
economy.

Valerio Scarani

For The Straits Times

Quantum physics seems tobe
everywhere in popular culture
these days. Have youseen the
movie Avengers: Endgame? If so,
you encountered the quantum
realm with the film’s heroes.

Did you watch Interstellar? Then _

you'll know about “quantum data”.
Have you read the sci-finovels of
author Liu Cixin? Thenyou’ll have
come across “quantum
entanglement”,

Asaprincipal investigator at the
Centre for Quantum Technologies
(CQT),Ifind that whenmy field’s
jargonisused to motivate the
powers of superheroes or providea
critical plot point, it’s likely T will
find the story a good laugh.
However, understanding what
quantum physics is,and what

increasingly importantnot only for
scientists, but also for the economy,
in critical domains like computing,
dataand cyber security.

Quantum physicsis thebranch of
science that deals with the
behaviour of matter at the atomic
scale. It describes the originof a
wide variety of phenomena: some
very physics-y for sure, like
everything about elementary
particles, but also much more
mundane ones.

Toanswer why elements are
arranged in the periodic table, why
some molecules form while others
do not, whyironis magneticand

where the energy of a star comes
from, youneed quantum physics.

That knowledgeisalready used in
technologieslike lasers,
semiconductors, the global
positioning system,and magnetic
resonance imaging scanners. But
these are quantum technologies
version 0.1

Asemiconductor, in a nutshell, is
aninsulator that can turnintoa
conductor by applying a very small
voltage. That's whya
semiconductor is useful, and you
canunderstand what it means
withoutany knowledge of quantum
physics. That knowledge isneeded
only if you want to describe how an
assembly ofatomsand electrons
may create suchamaterial.

Physicists, computer scientists
and engineers are currently
designing new technologies for
sensing, communication and
computing, which exploit the most
mind-boggling features of quantum
objects: their possibility of beingin
“superposition”and “entangled”.

: You'lllikely have come across the :
: enticingideaofa“quantum :
technologiesit enables,is becoming :
: youcan currently buy; actually,

: eveninthebestlaboratories,

: including those at big companies

. like Google and IBM, only small

: machines have been built so far.

. Butevidence that quantum

: computers could dramatically

: accelerate important calculations
: ineverything from finance to drug
: discoveryis driving this research

: forward.

computer” before. It’s not a device

Just this week, Google

: announcedithadachieveda

¢ quantum breakthrough called

: “quantumsupremacy”, which can
: revolutionise computing at speeds
! nowinconceivable.

copper is a conductor of electricity, :
¢ toexplain, but I can try to explain

: what quantum has to do with

¢ cryptography, theartof secret

: communication. For this, youneed
¢ toadd toyourknowledge a

: quantum fact: any measurement

: modifies the properties of anatom
: oraphoton.

Quantum computingis not easy

Now, think about the following

: situation: lam communicating

: withafriend by sending one

: photonatatime (quantum

¢ technology). If someone wants to
: spyonwhatlamsaying, he’ll have
¢ toreadtheinformation and thatis
: tomeasure the photons, Twill

: noticeit, because the properties of
: the photons have been modified.

: Hence, my message will be

: modified, and my friend will

¢ receive gibberish. Thanks to the

: quantum features of photons, my
! quantum communication cannot
: betapped.

There are other ways to argue for

the security of cryptography. I :
: workedalotinbasing the securityof :
: cryptographyonanother quantum

: The IBM Q System One quantum computer in Yorktown Heights, New York. Physicists, col
: sensing, communication and computing, which exploit the most mind-boggling features of quantum objects. PHOTO: NYTIMES

Withthe promise of

: powerful new computers,

: unbreakable encryption

: andsensorsthatcan

: measure even the tiniest

: shiftsintime and gravity,

: weareseeingincreasing

: international competition
: among companies wanting
: torecruit peoplewith

: quantum expertise.

: phenomenon, called Bell

¢ nonlocality, which isan observable
: consequenceof “entanglement”.

: This phenomenon has fascinated

: mesince myundergraduate days.

: Ithasbeen25yearssince I first

¢ heard ofit, and the reference book
i Thavewritten on the subjecthas

i justarrived on my deskfrom

: Oxford University Press,but I'll

¢ leave out the details about the book
: forthis piece.

So, we may not be extracting

: quantumdata fromablack hole, as

¢ inInterstellar,butina quantum

: computer we can store and process
¢ dataencodedinatomsand

: superconducting circuits; and with
¢ quantum cryptography, we can

i share this data withunprecedented
: privacy.

With the promise of powerful new

: computers,unbreakable encryption
¢ andsensors that canmeasure even

: thetiniest shifts in time and gravity,
i weare seeing increasing

: international competition among

: companies wanting torecruit

people with quantum expertise.
There’s growing commercial

Source: The Straits Times © Singapore Press Holdings Ltd. Permission required for reproduction.

= | 4

i interestinaSingaporean quantum

i ecosystem too. For example, Singtel
: haspartnered the National

¢ University of Singapore (NUS) to

¢ testquantum cryptography onits

: fibre network,and SGInnovate, a

i company supportinglocal deep

: tech, has quantum technologies as

: one ofits focus areas.

Tobuilda“quantum-ready”

i workforce here in Singapore that
: understands these exciting new

i opportunities, we need to offer the
: right technical training. For this

: reason, when I was appointed

¢ deputy head of the NUS

i Department of Physics tobe in

: charge of education, I teamed up
: with some colleaguesto setupa

: newspecialisation in quantum

: technologies within the physics

: major. The Ministry of Education
: approved this option this year.

Physics students can now choose

. tolearnin greater detail the aspects
: of quantumphysics thatare

¢ essential to the future of computing
: and cyber security. To the best of

¢ ourknowledge, thisspecialisation is
¢ unique worldwide at the

¢ undergraduatelevel.

That’snottosay you can start

¢ learning quantum only at

¢ university, however. Thereare

¢ easierentrypoints, and I have

¢ devoted some effort to exporting
i quantumphysicsoutside academia. :
: : stopinion@sph.com.sg

In 2010, for example, I

i co-authored with two NUS High

: School of Math and Science

; students anintroductory textbook
: on quantum physics for students

¢ withonly high-school-level

: mathematics.

Quantum physicist and author

: ChrisFerrie aimedatan even
¢ youngeraudience. He wrote

: Quantum Physics For Babies, made :
: famous when Facebook’s chief

mputer scientists and engineers are designing new technologies for

i executive Mark Zuckerberg shared
: aphotoofhisbabyreadingit.

Similarly, to getawide audience

interested in quantum physics, a
: new exhibitionrecently openedat
: Science Centre Singapore.

Quantum: The Exhibitionaims to

: introduce the real science to

: visitors of all ages. Itis supported
: bysixlocal organisations witha
: stakein the future of quantum

: scienceand technology - CQT,
i NUS, Agency for Science,

¢ Technology and Research,

: NanyangTechnological

¢ University, National Research

: Foundation, and National

¢ Supercomputing Centre.

Overall, the exhibition combines

¢ travelling exhibits built by the

: Institute for Quantum Computing
: atthe University of Waterloo in

: Canada with new displays about

: workhappeningin Singapore.

Ultimately, I hope that

¢ Singaporeans, whatever age they
: arestarting from, will feel excited
¢ toexplore the extraordinary field
: of quantum mechanics. We may

¢ nothave found away touse

¢ quantum technologies to travel

¢ through time - despite what

: happened in Avengers - but

¢ there’s much more to quantum

: physics than what youlearn from
: movies.

i e ValerioScaraniis professorinthe

: Departmentof Physics at the

¢ National University of Singapore and
: principal Investigator at the Centre
i forQuantum Technologies.

® Quantum: The Exhibition is open at
: Science Centre Singapore until Jan2

nextyear. More information at

¢ https://bit.ly/quantum-exhibition



