
 

Purification 5
Partythe
Church thelargerthibertspace

Consider a generic maid state Paofdimensionda
I a state Hao such that Tre mama PA

To see why this always is true note that

We can always write it in
termsof its eagerdecomposition
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We canpurify this as
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Check thatthisgives

To marktool s Trot Fantin launch
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Thismakes intuitive sense can readoff Mao
that with probability Xu A is in lens s B is i th

But if we have no way ofmeasuring B



y way of
the we don t know what state B is in so

just have that A is i k wit pros Xu
But crucially it's a pre state No randomness
was required to prepare it Or equivalently there

is a measurement to check with certainty that
the system is in the state namely projectiononto
NAOKI AOI

Infactpurification are not argueThere are an infinite no of purification
of any given state
This is because we can apply an arbitrary
unitary on the Bpart of Yao s this does
not change the reduced state on A
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Check this works

TfHao Ino Tre Fou I Natal tout

Eun Fufu laical trusty
Jun

Eu Xu l cus Cul



How large does the purifying system need to
be

Say you have
p

s E pi taxi
You couldpurify this as

107 s E Pi ixisted

Buty k da then this isn't the mostefficient
method Because couldpurify using a da dimensional

environment via the eigerdecomposition
no of non
Zero eigenvalues

Let's end on somefunphilosophizing

This way of approaching things starting art med



this way of approaching things sky ash need
states s ther discussing purification suggests probabilities
are fundamental s purification are a useful tool

But one couldalternatively argue as is more common in most
introductions toquantum that the pure state is morefundamental

s the reduced mixed state is a wayof dealing with incomplete
knowledge

Is there a distinction between

a Tossing a coin andpreparing a qubit i lo g heads
s in 15 if tailspairofquantumcoinsin a

2 Preparing atBellstate You 1003 155 s than losing
a qubit 10T

In case I we have p th
2 Pa Trot 1017 7 01a s 512

Information theoretically the states are identical No measurement

could tell them apart

But conceptually they are different Tocapture this distinctionthe
terms proper and improper mixtures were introduced



Proper mixture mixture due to ignoranceof underlyingstate

Improper mature s mixture arising fromstudying a subsystem

of a compositesystem

Fun thought is there actually a distinction Are all
mites intact improper or allproper

Will come back to this again in later weeks when we

discuss the measurement problem


