
 

Vector spaces and linear algebra
John von Neumann unification Of Q.LY maths

Mathematical rules of QM
Vector space
Algebraic structure
we are used to geometrical vector
ñ E Jeri

oo o

EEEsí
5Tail to head Parallelogram method

netted
In quantum physics me use the Dirac notation

f vector a Ket

what labels our vector
A vector space consists of a set of vectors

1L 1ps 183
and some scalars number's a b c EC

a b c C a b C belong to the get of
complex numbers

Algebra 3 vector addition
1 3 143 Its is also in the vector

space
scalar multiplication

a 1 7 1k is also in the vector space



Linear combination
alxd lblp.lt el 8

11 is linearly independent from the set
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If we cannot write
1M a lxs 1 lolpost CIN

A set of vectors is linearly independent if
no vector in the set is a linear combination

of the others

A set of vectors spans the vector space if
Ivy vector in the space can be written
as a linear superposition of the vectors un

the set
A set of linearly independent vectors that
spans the space is a basis
The number of vectors in a basis is the
dimension of the space
Examplé
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I j K is the basis

q.TT y g the 3D Cartesian4 F i space which has
dimension 3



Finite dimensional space
All vectors can be written as a finite sum

of other vectors Con the basis

Basis leal leal lend

dimension is n

Every vector IN can be written as

IN 1er t q least tan lend
The scalars as an are the components or

coordinates of IN In the basis of lei
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These are a particular case of the algebra of
Tables
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rectangular Lm n or squared mar matrix



Matrices also follow their algebra of addition
adding components one by one and scalar

multiplication rescalling all elements
Operation on Matrices
Transposition
The transpose AT A transposed interchanges

rows and columns
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yields AT whichAt a a A ans is Mm
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If A is squared linen the determinant
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Note that INT

IN µ INT as aa anj



When working with complex valued vector

fields it's better to also Lake the Complex

conjugate when transposing
Apply the transpose conjugate operation
Hermitian conjugate Hermite

Adjoint
We user the symbol At A dagger
At CATH
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Scalar product
Ñ J Uv cosa Shadow that 5 casts

upon vi
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For abstract vectors the scalar product is
called inner product

play scalar
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bita bit q t brian scalar



If we take

KIM atar tartera t tartan
Ia l t Lark thank Real number

The norm llenght of the vector

Hall
Two vectors that have zero scalar product
are orthogonal

Vectors in a basis should
be normalized Hei11 1
be mutually orthogonal lei lejos dijo µ
Jaj Kronecker symbol

Applications or transformations
Functions that act on vectors

Let's assume a linear function T

T a 1 2 1 bip a TIM tb Tips

we have full Knowledge of T if me know the

effect that T has on every element of the basis
T lle Tu lle ta lla 1 Tus lend
T lla Tsa le t Taa lla 1 1 Trial ens

Then Ten lle 1 Tan leal 1 Tuu lla



For any vector IN me compete TIM by
decomposing IN in the dem of the bass
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The transformation las reduced to a matrix

111 Tia Tin

Tz Taz Tan

Tu Tina Tnn
Hermitian transformation

T Tt T is Hermitian

Unitary T 1 Tt T is unitary



Eigenvector
Don't get rotated in space only rescated

T 1 7 X Ix with A a scalar
LA is an eigenvector Of T with

eigenvalue 1

T IX 111 3
T l X 111

Xd les nonzero

T 11 1 1 0 T 11 has to be singular
not Invertible

111 Taz Ten
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polynomial equation for X of Order n

For Hermitian matrices

Eigenvalues of a Hermitian transformation are

real number

Eigenvectors of a Hermitian transformation
belonging to distinct eigenvalues are orthogonal
The eigenvector of a Hermitial transformation
span the space



Infinite dimensional spaces
countable like integers
Continuous like the get of real numbers

vectors can be functions function spaces
upgrade

f
We could write the scalar product in tie

following way l between two vector functors

1ft g fingen DX
Transformations will be done through linear
operator For instances

Fa or semply


