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1. Vector space
- Defined over a field K ( IR or G)
- Vectors c- V

- scalars c- K

- Operations
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. Dirac Notation
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3. Bases and linear independence
- Sparring set
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- Linear dependent set
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- Basis : a non-linear -dependent set that spans V

# elements of basis = Dimension of Y



4. Linear operators and matrices
- Linear operator y

,
W vector spaces / Aki> =A(Hi>)A :v→w A(§aiHi⇒= Fai Alvi)

Identity operator 2,1×7=1×7
- Composition A :X→W B : W→ ✗

(BA) ( H >) := 134-(1-17) ) = BAN>
- Matrix representation

A : ✗→ w
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S
. Pauli Matrices
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6. Inner product
- Inner product G ,

-) : xxx -71C 4=10
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argument (N>,§Xi1w .is) = Fdi ( 1×7 Iwi>) = Eye.*Wj
2. ( 1×7 1W>) = ( Iw> it >>
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3. (1×7,1-17)>-0 (1×3147)=0 ⇐> 1×7=0

- Dual vector

14 > ⇒ < v1 :X→ ¢

1W>→ ( ixziw>)
" " 31W>)=< 4111W>)=<ylw>

- Inner product space I Hilbert space if the dimension is finite
- orthogonality , norm Iv> and 1W> are normal if QIN>=0

,¥?g , , is normal 1×7 is normal if 111-1>11--6-114> =L

- Orthonormal Basis Hilmi> 11=1
⇒ Gifts>=§ja basis { ly ,> . . . lyn>] is orthonormal if

Hiyj <xiliij > =o



- Gram - Schmidt
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- Outer product
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7. Eigenvectors and Eigenvalues ( sect . 2.1.5 )
- Eigenvector > Eigenvalue

Atv> =
Ñ Eigenvector

- characteristic function

CCX) = det / A- ✗ 21 CCA)=o
'

- Diagonal representation

A=§ Xiii >< it=É - 117<11Z=[
L 0
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8. Adjoint and Hermitian operators
- Adjoint ~>

Adjoint of A

( 1×7, Alw>) = (Atlus, Iws)
(AB)t=BtAt > Conjugate

TA
is matrix At -_(A*)

- Hermitian or self-adjoint
A-- At

- Projector
W is a subspace of 4

1*7
,
- . . Id> orthonormal basis for ✗

,
It> - . . It> O.b. for W.

p=É Ii > < it µ>c- 4 PM> c- W
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- Normal AAt= ATA

0+0=2 uu+=z /
( " ' "" " 1W>)=<vlutuiw>

= <v1 11W >
- Unitary = <✗ 1W >



9 . Tensor Product v m - dimensional
.

with bases {His} i.=L . - M
w n - dimensional

.
with basis { Iwi} i. is

- Tensor product of spaces ☒ W M n - dimensional
.

with basis { Ivi> ☒ lwj>}i=s . .m
- Tensor product properties j=l . - n

IV > ☒ 1W>
= 14W > = 14W>

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

B an operator on W

(A- ☒ B) ( 14> ☒ 1W>) -= Atx> ☒ Btw>



- Kronecker Product
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10
. Qubits and the Bloch sphere ( sect 1. 2)
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