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Adensity matrix in dimension de2,3 is a dxdmatrixpelled
satisfyingthe following properties

I Hermitian pt p t conjugate transpose

121 UnitTrace Trip 1 Recall Tr trace sumofdiagonal elements

of amatrix

131 Positive semidefinite pso

This means that r plusso indeed

Equivalently all the eigenvaluesofp are nonnegative
Timius lu

Acumen the stateof any quantumsystem
is mathematically described by a densitymatrix arbitrary dimension
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Origin F 1,0e p f lakethat the namstyle 1014411

A completely randomstate 12

Points on the Xaxis T 10,0 p a x 11741 1 1107111

These are eigenvectors of X1 it 1 7

EigenvaluesofX are 1 1 4 17

Points on the Y axis F 011,0 p a y tiktil is lo tills

These are eigenvectorsofY Y Ii Ii Y til Iti
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These are eigenvectorsof2 10 1072111 117 EigenvaluesofZ are 1

For higher dimensions we don't havesuch a nice representation

Wecan still check if a state is pure using thepurity
For density matrixp in dimension d Icy
The statep is pure if and only if Trph 1

Every pure state is represented by a densitymatrixoftheformp 1541
where 17ed is a state vector 1114711 1

If a state is notpure then wecall it a mixedstate

Implantfact Every mixed statecanbe written as a cembination
ofpure states
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Quantumcircuitandges

Ver Igm
Recaplaincomputation manipulationof bitsvioletsor not or
Forinput re e13 calculate flat forsome f
How to realize f with a circuit Howmanygates depth is
necessaryandorsufficient

Werarely think about computation in thesetermsanymore

We program in some high levlaguge C python julia and
then the code gets compiled intothemachine level language

Quantumcomputing is still thoughtabout atthegate level

Although quantumprogramming languages are beingdeveloped

giskit is a simple example
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For every logicgate wehave a truthtable how0 are transformedby
thegate

A NOTA A B AANDB
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For agiven circut weusethese truthtables combiningthemtogetthe truth
tableof the whole circuit



IntumcircuitsandGates very similar Butthegatesacton the

complex vector space d of n qubits they are representedby

Unitarymatrices matrixUelled satisfying Utu Uat D
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Multiplythegatesto

14 Dry get a unitary matrixfor

D xp thefullcircuit
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Whyunitary matrix Comes fromquantumphysics Schrodinger equation

Tounderstand whatthecircuitdoes wejusthave to knowhowitactson
basis vectors

Ball anystate vectorofnqubits canbe represented as
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From calculating Uli forall at wegetsomething likethe truthtable

ofthequantumcircuit

Elementary quantum gates building blocksoflargercircuits

Parts 9 Xies it XD les
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target 10710 107107
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Bc of linearity this determines the
action on any state
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RotationGatese Ryle E rotationaround x axisbyangled

Ryle E rotationaroundYaxisbyangle 0

x ̅ Rzd Et rotationaroundZ axisbyangle0
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cosE 1 isinEX

Similar argument to show Rylo é cosE A isinEY

Rzlol é cosE 1 isinE Z

I tarirtmantesof

U iepevnorm.fr UELed unitary Ineedarbitrary
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Unlipreservstates letp be a density operator representing a
mixedquantumstate Then the transformedstate isgivenby

J Uput This isstill a densitymatrix
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