
219/2025 Day 15. Matric Representation of
-

-
- states and operators
-

↑

·am-Schmidt Orthogonalphin :

Suppor we are given a set of N
L .I . vectors [14 :>Si-1,nwhich
are not necessarily orthogonal

but,

say, normalized.
i . <Milit =1 i

Chiluj7 0 Vitj

Then we can come up with a set of
olw vectors from these One procedure
to do so is outlined below.

Let (v) = 14) - 0

define /Wa = (a) - (vi)<Val42]
-

Note that

<V, Iwa) = < Vilna) - (vi) ·

( :· <vilvi=1) =0
-③

[v, /427



:: 1 wz) is Orthogonal to (V1)
We can normalize it to define
the next vector in the list as

(V2] E Iwa
Eww-

Now
, let (wg = (3)-E v,Xvilus

↳
It's easily seen that

< v, IWs) = <Ve/Ws]=0
-6

·

Iwz] we get Mi undNormalyny
vector in our O list

IVs] = IWs]Krylon
-⑦

In general, given O , we can
-

ummange te procedure as
follows :



0
. (V1) = (11) E

1
-

S
(Wit = (Witi-iXi

2e (vit = (with/witwith
i= 1

,
N-1 -

⑧
This procedure generates the /N set
& IVi\]i

,
N
which spars thi Hh.

Turposewe are given a complete set
-

I (2·1.) states parameterised by ↑

K real numbers X,Xz ...X
-> [(x , +2 ... xp]3

: any state in
the It can be written

in termsIf Nies.
(e) = 2(x ... XXX . . .XIE)

X
,xz ..Xk -



The [x , . . . xx)EL3
areofficientad sorepresent" (E)

The set &(X ...xx13 is
said to for a "representation

es H .

We can generate another representation
from these as

( , xz . . . xk) -> X , (x , xz .. -xk)
-

because llies are also 1.I.

⑩ is a linear map and can be

captived- the actio of awrough
linear operator :

M

(x ,
. . .Xx/X , = X

, (x , . - Xx)

-
genabe equalemThis is just an ei

-

=

for the operatio *,, which is Hermitan
owing to the reality of X,



The same can be shown with all

the real parameters, realizin
- weeky

-

the mutually compatible Hermitian
operators & Yr ...23 -

These are all observables since, by
assumption , they lead to a complete
set of states. -

Hence
,
a representation paramelised

by real numbers is actually a-

set & simultaneous eigenbras g
- -

a set of mutually compatibledeservables .

Now
, ine we have only used the

eogenaties to parametric in state,
T

there are 2 possibilites

1
. Each set (X1 . -xk) corresponds to
a unique eigenbra in the complete

let. Then
,
<X , X2...xkl] are otrogonal⑪



In this case
,
[x1

,
2
,

.
. .
↑
*]

are said to form a complete set
-

↳compatibleobservables M

2. Some combination of X,,x2 . - .XR

do not lead to a unique state
-

in the representation · For instance
,
let

-

us say that including que more
real parameter ,M,, allows us to
-

destinguish these (degenerate) states
Ic EX , x2 .../ M , 12 are unique

Then
,
as before ,

we can define
another representation where these
states are replaced by

Em,< ,32..]
Since it is a linear map we have

1

that I an observable M , e . t.



[ = M ,<X , xz ...+Mil
-

-> we found another compatible-
Observable ,M, to complete the
set

The Set &X ,X2... X1M ,13 that the
-results is an othogonal and complete

Set . Hence
,
it forms an Othogonal

representation.

We note here
, any 1

:1· set of
N vectors (N- dimernas of RS can

---

form a representatio But can
-

-

Tathogonal representatio is quite
useful to have.



In summary :

1
. The basic genebras (bets) of an ortho

- &

representation are simultaneous eigenstates
of a complete set of compatible
observables.

2 . Any set of commuting observables
can be made complete by adding
certain observables to it.

3
. O/N representations are conveniently

-

labeled by the eigenvalues of-

the compatible observables .

4 . Given such a set [(x , xz . . . xk))
,

-

any state IF] is completely represented
by the numbers &x,x . x/E]] ·



Representationof operators :

As a shorthand ,let us take the

base bras to be [<X13
,
x=Exx**x*

I

Consider an operator :

(v) = lu) -
Using the base's set we get

N

[xiv) =[(X(x;XX, iv)
N

i= 1
-⑪

(mB.
N

i . Vi= Xig U
, -

*

where the notation is self-explanatory
⑤ resembler a matrex equation.



Let us define a colum

malrix

=
~

I
where③ [2 Be aNis
oth

CNXN)
↑

and a square , matrix * s . I.

(2)ij = ( i /X,)
-

wher i
,j runs over all possible

value the combination of X's can
take &



Then
,⑤ can be conveiviculty

written ·

-
Thus

, operators are represented-

by maluesusing an (0/N) representi
States are represented as column
Car now if "ba") vectors with#
entries Vi -> Thi component of V

&

Vi = (xiX ... x(V) -G

Hence
, we recover the

matrice representation
8 QM .

Hermitian Matrices: If is Hermitian
- -

operator
then it is straightforward to

show that is a Hermitian

matrix Extsatisfijig x =-



where = (*T)
*

is called
-

-

Wi (Hermit)adjointof the matrix or the
- -

conjugate - transpose

(5) : (T) ij = Gji-
(2)+· (Hij = -⑫
We can also show that Y

M

<5 then t*t

culcity/unitOperati


