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multiplying to complex numbers in exponentialform

rotting around circle
angles add together
useful in representing quantumstites
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2 x1 matrix Column Vector

graphed like anyother vector

to representa stateof a quantum computation

multiplying a matrixwith a column vector
another column vector

column vector getting
transformed bythematrix

applying mericies to a quantumstate to apply operations
on quantumcompliers

Identity Matrix I
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Inverse Merrix A A I
column vectorsays in the samespot
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Hermitian Maericies 5 3 i
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TransposeofMatrix exchanging rows for columns
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Two typesof metricies toapply operations

1 unitarymerix U
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unitary merix acts on a vector
lengthof vector saysthesame rotted or flippel
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Eigenvalues same directionbut stretched or compressed
factor onec scalar getthe sum vector
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Qubit Classical computers
use bits binary O's I'sSuperposition
to store processdete

Quantum computers
use qubits O andI atthesametime



Qubits Quantumbies
canbe madefromany quantumparticlethathas 2 distinct
States

ex photon beingpolarizedeither vertically horizontally

defined with column vectors

103 b 117 9

Superposition

quantumparticleis in two statessimultaneously
ex photon is both horizontally verticallypolarized

qubitis in superposition if both 107 17

Representing qubits mathematically

column vector howmuch thequbi
147

isin the107 sace

I howmuch thequbitis in the 1 state

107 all in the 0 state nowin 1

117 9

else superposition of 0 1



when we measure a quantumsystem itcollapses into
the measuredstate

analogy photontheisin superpositionof both vertically
horizontally polarized

measure we can onlymeasureit as
horizontally or verticallypolarized
once it hasbeen measured itwillcollapse into
themeasured state

we measure it tobe horizontallypolarized
it becomes horizontallypolarized

When we measure a qubit we un only measure a 0 or 1

if we were to measurethe qubit 4
we wouldnot measure α orβ
we wouldstill measure 0 or 1

if measured 14 as 0 147 collapsesinto 0 state
147 107

it measured 147 as I 147 collapsesinto 1 state
147 117

147

probabilityof measuring a 0 or 1



probability f measuring 147 as 0 1212

probability of measuring 47 as 1 β

ex 14,7 EI
probabilityofmeasuring 0 E

probabilityofmeasuring 1 E

10 probability ofmeasuring 0 is 1

117 Q probability ofmeasuring 1 is 1

βf 1 valid qubit state

1212182 1 not validqubitstate

Measure something permanently changesthestate ofthe
system tothemeasurement



147 8 8 8Pifion
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α 07 β 17

1 7 Ket vectors represent quantum state

ex 147 Eg EE
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107 2,1117
conventional wayof writing a quantum computingsteer

107
Representing Qubit Block sphere
onthe BlockSphere tis I
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higher vertically higher probabilityof measuring 4 as 07

lower vertically higherprobabilityofmeasuring 147 as 17



147 E 102 1117
halfway between north south poles
even chanceof being misured 0 and I

qubiton spinaroundthe sphere

a 147 EE 102 117

Manipulating a gatesto changethe stateof qubits
qubit

you 147 107X Y Z Goes

142 17

X gate flips thequbit x radius aroundthe x axis
onthe Block sphere

sea
flip thequbit to radiusaroundthe y axis

on theBlocksphere

Z sew
around z axis



apply sum goestwice route around Za radius
endup inthe original sale

X Y Z yous are their own inverses

x 9 4 z 9

Applying X geneto arbitraryqubit 147 8
147 9 8 5 2
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Global rotate around Z axis phase

probabilityofmeasuring 0andI remainsthesame
Relerive Phase

representingphase

107 117 107 11

z 107 117

Elostril
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qubitrouted toradians around z axis

1 e angleofcomplexnumberis a red
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I lost 117 107 i 117
107 e 117

4107 107

his lipy tis lipy147is at
117 117

roan red cround Z axis

eill nice mathematical wayof rotating around a circle
by changingthevalueof 4

multiplying the 117stateofthequbitwiththe complexnumber e
rowerthe qubit around z axis by4red

Global P.lya15 gtirgy2ntit
is multipliedbycomplexnumber

eill2103 eil β 17aug
107 β 17

Relative phase justthe 11 storemultipliedbycomplexnumber

2102 eieβ 17



eio2107 e β 1

eio 2107 eno ereβ is

end 2107 ei 4 0 β 17
shTphase These
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probability of measuring 0 1 1

probabilityof measuring 1 1 e β ei β
β1

magnitudeof complexnumber in exporuseit form
re is

allhaveequalprobabilityof 0 1
Hadamard Gate I 107 211 differentrelativephase
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Hadamard Cate

H 1

103 It 1 7 107

117 1 1 7111
Hadamard is its own inverse
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2H10 e β H 17

α e'β 1

107 117 e β 10 117

to in

on lis 107 nl afhsy'reloanphese

10
2,1 117 initiallybothhadthesame

chanceofbeing measured a O 1



Phase G.ws S 7
S and T goes

10 107
117 I e 1 adding a relativephaseof e

210 β 17 I α 0 e β 1
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Representing Multiple Tensorproduct
Qubies Mathematically

10 10 1007

Two qubits in superposition

410 8117 810 8 17

α 0 V10 2107 8 17
β 1 8107 β 1 8117

V10 10 8100117
β4117010 β8117 117

211007 81017 BY 107 β8 117

probability ofmusuring 1007 128
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1 107 By

11 17 β8
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1007 1017 1107 1117
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Quantum Circuits 10
ᵗEhEsmt thequbit

107 HD
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initial stsofgusies.lk Ii Is
eachline representing a singular qubit

9 4 2 1 9
yo 1001 1070 070 17

107 9 9 17
14 0117

11741 7
147 8,8 103 1177011

10017 101
117

117 107
14,7 É 1007 111 teasure
1447 willbe 11007 ofthetime

1107 ofthetime



Multiqubitgous CNOT Controlled sure

CNOT Toffoli

and Controlled gates
target

control

applies Xgeneto targetqubit if control qubitis a 1

CNOT 1007 1017 107 41117
1stqubit isthe control 2ndqubitis thetarget

CNOT1007 CNot101 cnot 1102 Not 117

1007 1017 1117 107

CNOT 10017 1010s

ECNOT 001 CNOT 010
3rd qubit isthecontrol 2ndqubitis thetarget

1011 10107

Toffoligate sameas CNOTbuthas 2 control qubits
target

control

control



Toffoli 10011 1040

Toffoli10011 Toffoli 0110
2nd 3rd qubitsare thecontrol 4thqubitisthetarget

10011 101117

CNOTgous createcontrolled versionsof our single
qubitgets

Controlled Y CY

CY CZ CS CT CH

target

control

14 11007 101 1107 111Measuring

Singular Qubies
probabilityofmeasuring 2nd qubitas a 1

prob measuring 1017 probmeasuring1117

4 E



14 120 1217 1107 11

probmeasuring 1stqubitas a 0

prob measuring 1007 probmeasuring1013
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1407 100 101 110 117

measure the 1st qubit tobea 1
14 isthe stateafar themeasurement
get ridofallthestatestheydon'there I asthefirstgabit
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