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Unitary Equivalance

|bi)=U|a;)
{lai>} {|b1>} given (U known)
A U B
Can determine U
A- A =UAU?

Unitary equivalent observables



* Alay)=a;|a;) ; (Ula;) = |b;))
* U(A|a;)=a;|a;))

* (VAU Y (Ula))=a;(Ula;))
o (UAU_l)lbi>=ai|bi> Have common eigenvectors

(Can be diagonalized together)

A&UAU
B& UAU1

Compare against
*  Bl|b;)=b;|b;)

(b;|B|b;)=b;8;;
(bi|UAU_1|bj)=ai8ij



Continious Spectra

¢ A|ai)=ai|ai) , I = 1,2, ,N
* Instead §7P[§)= ¢ [§)

X, Doyene continious

* Orthonormality: <C¥i|“j>=8if

=) laal

i

(£1E)=8(¢& — &)
[ asiexel=



@) = Yai|a)|ap) = Xilaai]|a) = 3 |a){a;| a)

@) = ] dE(E)(E| @)

Coordinate

(€]a)|? [ agicran =1

(Bla) = j dE(E1B) (€ ]a)
B (&) a(®)



Position Operator

* X|x) = x|x)
Orthonormal ; (x|x') = 6(x — x")
* Postulate: {|x)}

Complete ; I = [ dx|x){x|
@) = (| dxaDla) = | dxlxa)
a(x)

de|(x|cx)|2 =1 o {(x|la)=1



Momentum Operator

* Translation in space
dx

7(dx) y

X+ dx

Tdx

dfn
7(dx)|x) = |x + dx)

Note that: |x) is NOT eigenvector of T



* |a) : Arbitrary state

|a>tr =1|a) & tr<a| — <a|T+




Construction of 7(dx)

Hermitian

dfn
t(dx) =1 —idx. K

Check Unitarity: tttr=U+idx. K)(I —idx.K) =1

By definition, X/ t(dx)|x) = |x + dx)
Xt(dx)|x) = X|x + dx) = (x + dx)|x + dx)
7/ X|x) = xX|x)

X |x) = x7|x) = X|x + dX)

[X,7]=dx|x + dx)



o |x +dx) = |x)+ flx.V|x?

v

dx;V;
* [X]|x) = dx;(|x) + dx;V;|x)) |
~ dox;|x) + dx;dx; V| x) . [ X, K] = 00
~ dx;|x) + 0(dx?)

¢ [XT] = dx;
l > —ide [Xl-,[(}-]=dxi = Sde]

[ —idx. K







