
trace
Another basis invariant characteristic of a matrix map

t aeAtAEA sum of diagonal

Props

linearity tr KA t k B k tr A k ta B followsfromdefn

cyclicproperty
t tr AB tr BA

why tsAB AigBye ByeAy CBAlgy tr DA

Cyclic because A implies that

tr ABC tr BCA tr CAB

The trace of a productofmatrices is invariant under cyclic
permutations of the matrices

Exe A I 3 tr AI 4
det A 3

Transfuse

Transpose AT of A is obtained by changing rows intocolumns

KEEFFEThefle
at across diagonal

Index notation CATy Aji swap indices

A is symmetric if AEA and antisymmetric if AT A



Transpose of products ILABYBTATT
Rectangular transpose Mxn Is nxm

Column vector v
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Unitvectors in matrix notation
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can use to extract rows columns matrix elements of matrix A
columns Aei
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Adjoint Hermitian conjugate
for matrices with complex matrix elements

complex conjugate matrix A't Ay
AdjourtlHermitian conjugate Atg A T

dagger

If At A say A is Hermitian or self adjoint
In quantum observables represented by Hermitianmatrices

Real symmetric matrices are Hermitian

Q GBYE Bta



ChaugurgBasis from Eu to Ei

Recall a vector T EV is some particular physicalobject
Choose basis of physical vectors

eF se J E v't Eav E Ev
S
C Then we can identify component columnvectors

physicalvector T v µz in Ei basis
has a

columnofcomponents has no

what if we want to work on a different basis he

J et v te's v 2 EY V V
z line basis

we expand the old Eo in the new basis Eti i
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vector _fy
RIG number
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componentsof I transform W

in
The transformation aeatsix Sig describes how components

of a vector I change when changing basis



funds

Ec ei
g athrow

an old basis

o

e'i Seo

f
ith column of T is expansionof
Eo ur new basis

Sn

so to construct S matrix just expand old basis vectors
new basis

1n u s from Ecs to E

Say components transform

S V

transform back need a matrix that multiplies v
to give u

s
t J's v v

so inverse transformation given by matrix inverse ofs
Orthonormal bases

If both bases are orthonormal then S is orthogonalmatrix



ChangeofMatuxRepresentation forhmeastrausforms

physical linear map
A V Vf physicalvectors

it I A ft

Hosei j base
Square matrix Square matrix

1 I
A Aig A Aaj
w Av w A'v

know how components transform

V 5 v w S w

Plug on and multiply by S i

w SAS v

Holds for arbitrary v so i

A SAs Change ofMatrixRepn
similarity transformofARead this way by S

s 1 transform to old basis

A i apply old matrix
Si transform back to new basis

Prep detA are independent of basis choice
tr A

Why


