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Quantum gates describe howthe statesofqubitsevolve similarto
classical logicgates like AND OR NOT

Composing gates leads to circuits which are usedto describe

quantum computations
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Mathematically quantum gates are described by Unitarymaticeloperators
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target 10710 10710
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Not foffff 171074115 107 117117
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RotationGatese

Rxd é sosE1 isinEX rotationaroundx axisbyangled

Ry9 carE 1 isinEly rotationaroundYaxisbyangle 0

Rzd Et cosE 1 isinE2 rotationaroundZ axisbyangle0
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Trackingthestatefgubitsthroughacircuit it tallestis
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Moments
To extractclassical information from a qubit wemustmare it

Recall in 210 β117 Probabilityof 0 1212

Probability of 1 112

Axiomof
1014
p
2114 quantummechanics

aka BornRule
Note 1212 4014711 1112 114712
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This is oftencalled a computational basismeasurement

or a 107117 basis measurement

Recall that 107,117 is alsothe eigenvectorsof Pauli Z

210 101 2117 117 So wealso sometimessay Pault
rement
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Cerve If 147 107 then Pilot 1 Pr1 0
If 147 117 then Prlet 0 Pr 1 1

Wecan measurewith respect to other Pauli operatorstoo

µ Panitmeaurment measure along a axis
equivalent to measuring in basis 17 1 1

y
Recall 17 4107 4117 H Hadamardgate

Hunitary it is is 1
a basis

For a state vector 147
Xlt X15 1 3 Pr t 14712 14km t Tr Itk Xxxi

Prf1 414712 4145241 7 Tr 1414141
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ApplyH gateto 17 thenmeasurein 101,117 basis



Eltymnbel 147 1717 is 10111113

µ Payment measure along y axis

equivalent to measuring in basis Hi l is

y
Recall His 8H10 1 is Still HEHadamardgate

SHunitary his_is is 1
a basis S phasegate

For a state vector 1 7
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ApplyStthenH gateto 17 thenmeasurein 101,117 basis
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Meringmultiplequbits

Consider state vector 147 of n qubits 147 04

Computational basis measurement is a 101,117 measurementon

eachqubit

Outcome probabilities p.lao i ÉiÉ threequbits

Pr x x2 74,112,34712 741712,213 en

What isthe probability thatthe firstqubit is 0

Pr 1ˢ qtubit o Pr00,0 Pr0,01 Pr0,1e Pr10.1.11

Pr2ⁿ qdubit 1 Pr0.1.0 Polo i i

Pilltie Pr lil i

Wecan simultaneously measure eachqubit in a different basis

Example measure 1ˢᵗ 3ʳᵈqubit in Z basis 2ⁿᵈ in X basis

PrO t 1 120 114312
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Observables

In quantum mechanics measurement outcomes arenotdeterministic they
occurwith some probability

What is the expected outcomeof a measurement

Real For a probability massfunction
141

plateoil atX

Ex
the expected value is Randrable Pr x a

pxlil.IEX pxla k

We can measure wrtany orthonormal basis consider basis leash

Outcomes are labeled by k
Outcome k is associated withvalue in randomvariable X

Fora state vector 14Eed the probability distributionis

Pr k enly Pr X In
Vimins Tr minstrelThe expected value of X is
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