
then 4(x1 = <X11) = <X+
10 >

= xo(x- x=x) <x10)

to (X)
N

↑ (x) = <X1
+
11)/5

= (axo)"(X- X:) x0x
·
*

↑n(Xx) = in (xo)" (x-X<X - 10

3-2 . t-dependent QHO (Heisenberg)
*

dE
=M , ]

dt

-
Imwx

=> a = [P , E) = -

Cr(* )
= - MW"X

S 2

=> d =i, )=

=d)=
=> da = int

=> act) = &(0) e- not a+
= &+10) eirt



=> i = a+ a = a+(0)a(0) = F = tw(N+ )

-> Both F & # are t-independent

=+i
*It) . P(t)
= -i

=> E(t) + iPt) = X(0) iNti)-
Y (t) iB = XcojeiwtiP0) get

mu

Equate the Hermitian & Non-Hermitian parts.

=> (t) = Y(0) Cost + [P Isinut
P(t) = -mw Y (0) Sinnt + Plo) cost

4. Schrodinger wave equation

4 I t-dependent wave equation

↑a (X: +) = < XI & , to = 0: +)

H

(1a) -> [IX))) Schrodinger picture

E= +V()

- Hermitian ("Local" : t-independent)



it 1x , toit) = F1x , to ; +>

=>> <X1 it 19 , toit> = < X1 FIX , to it>

its <x1x , to it) = [[XFIX:X:x , toit

↑ (Xt)
=> [SX( +V(X)(x)X"(x)

<x IV()(X") = <XIV(X")(X) = V(X:)(XIX")
↓ 1

Expansion

>X14x) = (- i) in <x1x)

P =
-it if 3D = 5 = (28xj2Xk)

if ph = 5 =

==
= - 2

=> it Na(X:)=<Xl- + V(X") X:>Xa)

x- x :

= [-VIX)]X

↑ (x. t)

*

it Na(X : +) = [ -+ V(X) ]4a(xi -+)

Schrodinger wave equation.



4-2 . t-independent wave equation

stationary state : la Fla) = Eala')(
(a) = a- (a -]

↓a
. (X) = <XId')

=> ↓a (X · +) = <XIX , to it) (1x . toit= to) = 19))

=> <X1 i (to ,t) 1 a')

= =

T2
< X- (a) + v (X) <X(a) = Ea <Xld)

2m

↑as (X)

* t-independent schrodinger eg .

4.3. Probability current (or flux)

* Na (X· +) = < X1X , to it) : Expansion coefficient·

of 19, to its in terms of position eigenket [IX))

* Def : Probability density

↑ (xit) = 14a(X: t)k = KXIX , toit) 12

=>a

**

=>> the probability of recording the presence of

a particle in a volume dox is : ((xt) dX


