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What is quantum superposition physically, i.e. Is it observable?


Focus on binary cases: quantum particles in a superposition of two 

states (a qubit)


Simple qubit models (e.g. coin flip) do not capture full picture since 

amplitudes in superposition not manipulable


We consider two concrete experiments to gain understanding: 

beam splitter and Mach-Zehdner interferometer

Overview
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What is light?
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What is light?
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Beam splitters
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Beam splitters↳meetinginapetener
->Whatis happening? Answer i

⑦Photon splitinYz x bathdetectorswould trigger

⑬Phatan either R arT 3⑬ && indestinguishable by experiment
:both descriptionare some -> Need more Y

② Phatan both R & T

> Whatdo we menu
inQ?

Let[10, 11 3 x 3T,R]
=initiallyplaterin183

state. Beam-splitter - unity operator
BS e.t.

BS(0) =(10) +11)
=E(i)

=>BS = (!!)
-> Check initirity: =(,.=(!!)

==(i)w
in cassie

-> Probabilityof T/R: 0"="a palade...E -



Mach-Zehdner Interferometer
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Mach-Zehdner Interferometer
-> Classical Ell ware:
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Mach-Zehdner Interferometer
->In detail:

***B-1: OpentonBS,
=(i)= i)?"i)

1)
acts on 10),

14) =BS110) =t(1x
+1x))

2) Mirras:Operator
el =(id) since itcases

the paths& 142) =M14) =14.) (creck!)

3) and Bus:Operator
BS=in(i ) =libin)

. "lower beam gets stifled,

Iain=BS2M.B5, 10)
=lii)("i)(i)

- -(8b)(i) =(i)

-> Quantumdose. Works for bothexpat=> 100%in Da W

E Classicalworks inone way for one & anotherway for otherX



Tuning Superposition
3 Bones. This apparatus has cool property.
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Beam splitters can put photons into quantum superpositions


Single beam splitter showed photon indistinguishable from 

classical corpuscle


Double beam splitter showed photon indistinguishable from 

classical E&M wave


Quantum superposition accurately describes both scenarios, 

therefore quantum/photon description wins!

Summary


