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I . Vector space

I Refined over a field K ( IR or Cl)lectors E V

- scalars E K

- Operations
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. Dirac Notation
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3 . Bases and linear independence
- Sparring set

{His, - - n

,
kn>} Hiv> EV Iv> = ? ai Ivi>

Y
-

- Ed
to> off ] 117=19]

n.si#.a..oi+a....- Ii:÷÷¥a÷i÷÷?.
- Linear dependent set

{147 - -
-stun>} Fay . . . an agley> t - - Han 147=0

at least one ai to

- Basis : a non-linear dependent set that spans X
# elements of a basis = Dimension of the space



4 .
Linear operators and matrices

- Linear operator V
,
w vector spaces

A :X→ w Afg aiming)= qq.AM,>) / Alvis:=A(mis)
Identity operator I, Iv > = ly >
- Composition A : y → W B : w →X

BLACK's) ) =:( BA) ( Iv>) = BAN>

- Matrix representation

A : y → w

L NL>
,

- . -

,
lvn > 3 a basis for y

{ Iwa, - . ., Iwm> 3 a basis for w

ALIVE)=&=
,

Aijlwjs H > = ashy> t - - tannin>

A- ( Iv>) = { Alai his) = i. aiAijl.ws. >
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Pauli Matrices

to > = [I] It> = [E)
x to> =P. :][13--19]=117×11> = [ 8 b) (9) = [ ;] = 107
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.

Inner product
- Inner product C

, ) : Vxv→ Cl al w> :=(h,> two)
I 'D
,
Iw>↳ (1431W>) n

I. Linear in the second 4=0

argument ( ly> qq.tw;>) = qq.lu> twos) (Ch - r.vn/,(wy.-;WnD
*

= { y#wiZ . ( 1×3
,
Iws) = ( Iw> Ivs)

-
3jvaenfdii.pro C' "31×7=0 ⇒ Iv>⇒ /
Iv> ⇒ all : V → Cl al (Iw) -- al w>Iw> → (H2, Iw>)

- Inner product space = Hilbert space if the
dimension is finite

- orthogonality , norm Iv> and Iw> are orthogonal if svlw > = O
AV > Iv> is normal if 111×311 = Sulu> = I
,

is normal

- Orthonormal Basis

{1413 . . . .

,
Nns) is a Basis,

it is orthonormal if
Yi 1/1%3/1=1 ⇒ svilvj > = Sig.
Hit's svilvj > =O



- Gram - Schmidt

{147 . . . , I was} a basis

IV > = Iwis 1%+1> = Iwate> - ?€svilwk+e> Hi>&

I -

fluke> - isvilukte> Wish
{His, - -

y Hd 's} is an orthonormal basis
.

- outer product
-
-

Iv> EV
,
Iw> EW Iw>al : V→ w ly> <w/ y >Sulk>

hi >↳ Ix'> Iw> - -

Iw>all ( IV. 7) = Iw >cxlv'> = Sylva> Iw> Is.su/ysswlx> Iv>
#

AY>=V, 11> t . . . - Vd Id>{ 112,127 . . . . Ids} orthonormal basis / sin> assist . . . . + visit ist . . .tvdd
d O :

- vi

D= Eli> sit =3 "→ OY
.> =

.
#ai.si/vs=gd..Tiilisi:L 1421-3

= IV>



7 . Eigenvectors and Eigenvalues ( sect . 2. 1.5 )
- Eigenvector> Eigenvalue

A Iv> = a 1×54
Eigenvector

- characteristic function

Ccd) = det IA - XII CH) -- o
'

- Diagonal representation
A-- § Xi Ii >sit y

v -

Z-- [ tf I] = to>so I - IDI
-

A=L} I E) = 210> so It 2117<11



8. Adgants and Hermitian operators
↳

Adjoint of A- Adjoint

( Ivs
,
Alw>) = (Atlus, levy.

CAB)t=BtAt ⑦conjugate

A is matrix At -_ (Axt)
- Hermitian or Self adjoint

A- a- At

- Projector
w is a subspace of Y

is> . . . he> O.b. for W 'la >
,
- . . Id> orthonormal basis for X

,

D= Ii > < it x>C- V PH> EW

- Normal AAt= Ata /
( Ulu> Ulws) -- svlutuiw>

= Cvl 21W >
- Unitary Utu = I UUt_ I = <v Iw >



9 . Tensor Product v m - dimensional
.

with bases { His}
a. m

w n - dimensional
.
with basis { Iwis}i=i . ..n

- Tensor product of spaces V W Mn - dimensional
.

with basis { Ivi> Qlwj>Ties . .m
- Tensor product properties j=l . - n

IV > ④ Iw>
= IV

,
w > I 14W>

- Linear operators on Tensor product spaces
A an operator in V ,

B an operator on W

(A B) ( Iv> ④ Iw>) Z Atx> ④ Btw>
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.
Qubits and the Bloch sphere ( sect i. 2)



{ Vg . . . Vm? → { Ivy>, Na> . .
.
Nm>}

A :X → W Luk - r - Wn ]

Alvis = { Aijlwi?

A
. .

-

- a.µa⇒, FEEL.TT?ai.iwis,
= Level Atvs>

=

{ Aizswzlwi
>

-

= Azz <wel we>A - IVs. >del
A
-

= A23
.Aem -- <xelvjssxkl Ym>

Aem -_ {I ' f D= 's and m - K

O O - C
.


