
319/2025 Day 16 . Malix representation of
Operates
CofT= -

Consider the eigenvalue equation for
a Hermitian operator :

& 19: ) = Likib-
Representing this in the &173 basis
we seijki] = Ci(jki]

-
or (*)ji = di Eji-e

C:jkiy= dij
for aHermilian

questeigenkets

.: Any Hermitian Jorator is represented
by a diagonal matria in its
eigenbasis (basis of eigenkets

This is called a "diagonal representation".

sum of operator:+ ***-

↳



datoperatia
↑i (v)= <xi /xjXxiv)

j=

= :XXm(f(x)
j =1k= 1 <X; /u]

⑮
o Vi = &LikPrj Up
- -
matix multiplication

)ijLiPj
Thus
,> definedby



Theorem 8 : If an observable is
diagonal in a basis, and if
another observable commutes with
it
,
live I is also diagonal in

that bus is

Proof :
Let <Xi((Xj] = G: Wijz

⑳
Givin [B ) =0 -

[xil[](Xj] = 0 ⑫

a ((xi(/xmXx(1j]
- [xi/Xx((j))

= 0

·Ei Sir Prj-Pindjorj] = o
K

or KiBij-(jPij) = o



d Bij (di-xj) =0⑮
=> if itj , Bij =0-
-S is also diagonal in
sie &X: 13 basis -

Representation in continuous basis
-

If ,atleast) one real parameter,
say 3 labeling Nie bai States-

is continuous then we get
-

Functions of representing Mu
States ,

(v) > <3 1r7= U(3).
-

These are called wavefunction

For operation, we get a funcion of 2
variables .



lv7= 10)
=> [Blv7 = Jaz [3113'X310)

⑯
d

v(3) = SdzG(33)U(3
↓ ⑰

Malix representationof
in [E1S basis -

The most commonech basis isHe

position basis :

·

[15) = (x,%,z) :Fr=]
Y < &(, ) FIRS
-

space local Operators. Operator that
-

have a diagonal representation in

position basis are called space-local
destors &



i<=(ii)

= ((r)b(-)
-

Note that
Ov-F = 0 (x-x) Oly-y)

5(z-z)

-
For such an operator ,⑰ would become

v(r) = Jard(iv) ur)
=Sax(r) EE) Urs
= x(r)u(r) - S

So , it seems
that the operator

acts on Vilito yield N(r) one position at
a time . This is why its called local



I contrast
, if(ii) cannot

be written inlirms of a Dirac
delta function lien it is said
to benon-local"

Eg. Potential energyoperator.
-

v(r) = 1k22 Sta

It's a function of Fence [18)Save
-alsoets eigenstates - 2

.
It is

-

diagonal in position basis, and
hence space-localS

For 1-d systems is the position

gerator forie position. Correspondingly
& It's form the basis and I(x)
the state representation,; X(x,x)) She

operator representation.



momentumpresentati -
[13 :

5' = (Pas Dy , P2) -⑬

Functions of are diagonal in
this representation.

2.)e Kinetic energy .F
of a particle

(1515) =-
This representation is therwise uncommon

It is useful to ask, then,how would

be represented in position basis.

To show the let us consider a

quanting particle moving along I, so&
that the position kets [173 form
a complete set.


