
=> Physical significance of at&:

* Da+ 1) ) = ([N ,
a+3 + a+N)(x)

=a+ 1x) + x
+ (x)

= (x+1)a+1x))G(x+1T

likewise

& Dalx>D = ([N.I+ ) IX)

= -a(x) +x(x)

=> (x-1) D(X)D C. 1x-1)
T T

=>a+1x) = C+ (x+ 1) = "Creation/Rising"

(x) = C(x-1) => "Annihilation/Lowering

=> <X/+(x) = <X/NIX) = X(X(X) = x
7

↓ I↓

<X-11(
*
C- 1x-1)

↓

IC-12 => 1.) X20

2 (=1 (C- EIR)

likewise => (+ =(x+1



*
=>alx)= /x-1) ,

&+ x) = /x(x-D(x-2)

·.. am(x) = (x(X-1) . . . (x-m+) X-M)

a+ (x) =(x+1(x+1) , (a+)(x)=J(x+1)(x+2)(x+2)

· (at)mix) =J (x+D(x+2) ... (x+m) (x+M)

* NOTE : 1) X = < X /NIX) 20
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=> some condition has to be met to reach X=0

alx) = (x) ) = 0
, if X=0 = XEN

=> eigenvalue of in must be quantized /Numbered.

X= n = 0 . 1 . 2. . . . . In)= nin)

=> Energy (eigenvalue) is also quantized.

-> En = tw(n + 1/2)



-> (En) min = Eo = tw/2 => Kero-point energy)
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In> is also so-called Fock State.

=> 11) = a+ 10) once you quantized afield.
each mode behaves like an12)= = (10)
independent QHO , so you
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=> Matrix element
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=> <nin) = /(Snin- 1 + (o+1Snn+1)

->n/PIn) = i)maw (Ju+ Sun - InSnin

Energy eigenfunction is position space :<XIn)

Ground state of QHO

<x110) = O = <Xl[/(*+(1107

<XIP(x) = - it),(X(x)

=> Im <XI + -it) mir) 10) = 0

=> <xl(* + Xod)O
Xo =Juw

(X (10) = X(XI0) > to (XD

> [(X11X")<X"I0)

= IX"<XIX")<X"10) = [X"Sxx: (X"I0)

= XXXII0)
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=> 40(X)=0
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