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Abittakes avalueeither 0 or 1 or anypoint in between

Probabilistic bit value is 0 with probability po
Value is 1 withprobabilityp
potp 1

Sothestateof a probabilistic bit is just a numberb w OandI
Blocksphere

Thestateof a qubit is a pointonthesphere orany pointinsidethe
sphere Wewillunderstandthereasonsforthislater

Wehave to describe this using vectors of Lexnumbers
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In quantummechanics
probabilitiesare

Ipl βp probability of1 generated byEa complexconjugate
Complex numbers



Crumb Setofcomplexnumbers

A complex number is a number ZEG with a report and
Est

t.gg ffimiginarypart
Initially conceived in the 150dg for solving polynomial equations

Can be represented in a 2D plane the complexplane
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Relz realaxis
Wecan representthisas a

1 vector
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Complexcenjugate flip the signof the imaginary part
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This is justtheLythof
thevector in thecomplexplane

alsocallednerd Il v71 Fy

Polarform
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I spelt realaxis hilink into isinco

realos rsin o Inlet

Example 2 3 2 r fi Tt4 F3 O tan 33.69
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Locales
Recall 2D and3D vectors from linearalgebra

at

b I a btherealnumbers
d We writeTERESall IDvectorsofrealnumbers

Note this is basicallythesame asthe complexplane

In3D vectors havethree
components
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a wewrite It

Forany dimension de 2,3 we have T aneit

andwewrite Ted The norms magnitude ofT is IV11 aitait.it

Weadd andsubtract vectors componentwise

I it out



Wecantake thedetproduct of two vectors

T V2 T V2 Ab 92624 adbd anba

Evre vi i atait ad 11811

Geometric interpretation in2D
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sothe dotproducttellsus how
muchthe twovectors overlap

Complexectors aresimilar
9kKatYei
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12h

but noweach off Eachanis a complex
number

Newriteed

Addition as before T i iv

9 bd
Butdot productchanges Andwecall it merproduct instead
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Conjugate transpose of a vector
TT a as_ ad

t it a a a

observe Ttt aFF.at aibitagbat taaba vntd

Wewillusethisfactall thetime in quantumcomputing

Normof a complexvector is Hill f1 E.tl VET

Bafactorspace
Wecan write a vector as

Y iltit.tl
af at at
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anen
the standard basis

in in eat are basisrectors Every vectorcanbe writtenas a

linearcombinationof these basis vectors
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These basis vectors areorthonormal

a3 9 1Two
parts to this term

é
1Orthogonal ties if II

dig Kronecker delta

2 Need Hallftp.e 1 for all k E 100 8

Wecan extract the components of a vector inthis basis using
the inner product é aé aé

it ailefita.ee
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Braenetation very important usedthroughout quantuminformation
andquantumcomputing

t.fi iiiii iiitrelabel as call it bra

relabel as Vi call it a ket

Then the innerproduct is Ti D K Eg
braket
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Wewrite the basis vectors as lens faced
anlens

indent

Iv anlens v1 auteal Le amFIl
Withthis abstract notation wedonothave to explicitly write
column vectors IH

tfgrgevectorfornqubitsthesizeofthev.ec


