
I The formalism States measurements and evolution

the formal of quantry
a Hilbertspacesfbra
ketnotabstateofQMsystem.described by

vectors in a complex

Hilbetspacel.fr the purposeof this lecture

and almost all of QI

H is a finite dimensional Hillet space

i e H Ed

Ketutations For a vector in It we write

107 EH

We also call us a ket vector or het

Compatibles In order to fix isomorphin

to d vector notation we define

a canonical basis the computatinalfans

103,117 d 17 i e

107 as 1 la
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A general vector is thus of the form

v 00 0 vill way d 1

Evilis

The adjointvector a

transpose conjugate of
the matrix vector

is

lost 5,5 5

We write

Ias 201 bra vector bro

Iv Σ vilis cut Σ Tail

Il is a vector space we write becontatins as

Nus p lo ER

Scalarproduct

For two vectors v Eviti w Σ wj j the

scalar product is give by
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last us I win
g

Note Sesquilinear in 1st component d us
! Icu

Canonical basis is orthonormal basis ONR

Liljs dig

for Iv Evilis Iw Σ uj.ly's

calus I

wjnisjf
Zwini

1110311 Flu defines a core the

!f ff H is a linear map

with M as i M Ios

M lo d w M a AM w

Note M always acts on right i e

w Mlos so M 03

I/3



The map I Σ likil satisfies that

for to Σ ugly

Ilos Elixil Eugly

Ejlikif.fr
Engles

I is the identity map

This can also be seen on matrix form

I Eilisal
i

go.no t.it
To express

a general map
M m matrix form

we can write

M I M I

I liki Mlixil
MjieC
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My

lixil.fi

1 Mar Mad

iii in

And similarly for maps
M H 22

The map Mt is the recap with entries Mji

where My
Li M j It holds that

M w
t

w Mt and AB B At

Weeps
A map

U N H is unitary off

at a I

or equivalently
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rent I

ups Ulus wlutulos cut

Hulu t lull

fire U preserves angles and cores

In matrix notaha

cilulj Nij
situ Elul at j city dig

Dj I Niang MiaUja

We call U Uj a centayneate
or

just a unitary
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Reedus
For lute Ha 1oz 7

with comp Sases lisa 1533

10 villa 10 Wj 57

we can define the tensorproduct

v7a lwbEHAokp
NAB.by

defy Hades as the space with ONB

of tuples 1 3 53 with i 9 ya t

j 0 dB 1

denoted by

lisa j B or l lj B i j a lij AB

lis lis lis j i j lijs

s th ila cjl 1k7g les

silk jle diadje
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and defray logo o through linearity

logolug Evil Wjla

I viwjlis.tl Zwinglij

Now standard card
Y esttesta CE

VoWd 1

L

A general vector y E Hasek is of the form

187 2 jig Ii y and not necessary

of the form 1070 w

Similarly
two

maps Ma Ha Ha and Np Hp Hp

Falveylinear

induce a map

Ma No Ha Hrs Had byvirtueof
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Ra N Iv lw Malus Noles

and extended linearlyto the full space

In matrix notation

Mans F.esgiaggIMa
no Ilkiexuel

I i j Maen the lijXkiel

I cilmalk ej Noles hijXhiel

I Malik B je
IijX4el

Maine j he
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09100

MooNoi

Moo Nto

man Lon now
Mro Nol

titti
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b Theformalismofquantumtheory

Quan.cory
Framework for theories to

describe tests experiments games
consisting of

preparation and unsent

Another theory of this kind is probability theory

we will use it as an analogy but that's what it is

it sometimes works and sometimes misleads

system

Khotference
described

by state

Prepation Full setof
instructions how to prepare system

Meet Determine some propertyofphys system

Example malogy

preparation Put corn in box w Po Pe

Put dice m box w Pii PG
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Measurements open box to determine head tail

or value of dice

outcome i with prob Pi

E Ff a.fm
State Afterpreparation we can describe the

complete knowledge of the system by assigning

a state the state of the system allows to

predict outcomes of
measurements as good

as possible given
the preparation could be

probabilistic

Many gift preparation schemes can give

identical result for all measurements

system described by saceae

I The state carries all info aboutpreparation

relevantfor measurement
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