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Quantum weirdness CANE. -- = oy s
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Quantum physics is weird! o nt even sure if I_'m d
o > wave of 4 f?a.rﬁcfc !

—  You cannot talk about “the position” or “the
momentum” of a particle

—  Complementarity: Particles behave like waves,
and waves behave like particles
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SCELF-IDENTITY PROBLEMS 3

—  Just looking at a particle affects its motion
. _]e e and THE FAR SIDR By GARY LARSON
—~  Schrodinger’s cat: both alive and dead . ,\ —
QUANTUM JuncTioNn
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—  Tunnelling: a particle trapped in a box can =1 IN BOTH LANES

=

suddenly ‘appear’ outside of the box

—  Entanglement: pairs of particles can be in weird
states, such that a measurement of one
instantaneously changes the other

—  But follow the rules and it all works!
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So what?
Quantum physics represents the most accurate scientific theory we have, but...

If guantum mechanics is so strange
and counter-intuitive, how can we
hope to develop new technologies
such as quantum computers which
are based on this ‘weirdness’?

Let’s take up the challenge!
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. why can’t we quantize gravity?

. why do measurements obey different laws to everything else?

. do we really understand it, or just ‘Shut up and calculate’?

... what was Einstein going on about?
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Operational quantum mechanics
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Preparations — quantum states

nt described by a [ L easle
@;;64 :: normc.l TSecl vcc);'dr' H l_lbcc'"' CVCC{'OI‘) ‘L
Cle"“ﬂ'"" ') spc..c.t, o+ dimension
/'] e
/ ls A& <he on\y >
-k Norma\l‘sa"'a‘ar\ Con&?‘hcn db-(;m‘hj fo_rq,me,~€er.
:ifae;e, leads 1o (almos+ Basicall, ves.
bqbﬂ-'*‘ OJ\ o¥ +he Ae,Q?n'D ¥ + \7,“_.0,,‘4-7

4 17 es OS ‘+rans 0"’“"“‘”‘5
WA;—,—}QS Prd?e / +

The University of Sydney Page 6

irsa: 16090015 Page 7/12



pe e 1 I
O+ern .
Kets — Dirac notation G;LCL - -'__
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— Kets are used to label everything we know about a quantum system
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Qubits and the Bloch sphere
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Quantum Measurement — the Born rule

N
L Measurements: described by a basis of vectors, e.g.,
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‘ We can only predict the probability of each outcome.
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Schrédinger’s Cat coherence

Schrodinger’s cat: a coherent superposition of alive and dead

The interesting point about this state is not that it's a combination
of the cat being alive and being dead.

It's that there exists a coherence measurement with 2 outcomes
such that this state, when measured, gives '+’ with certainty
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Indistinguishability of non-orthogonal quantum states
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