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1 Last time: complicatedVla)
* loc.

o f m i n

Vlx1=V§¥? + lzmwllx-
xoli.is#flxd

Convenience: - choose origin s o * 0=0.
- shift energy Vlxo)= D .

energy/Hamiltonian:
H=P¥mttzmw2×? oscillator.

k¥7' potenza,

harmonic

Goal: e - valueso f H .



2
Pre-processing: "remove" a s many m/w (const.)

a s I c a n .

Idea: worki n
"naturalunits"

(M) = kg = (M) (unitso f
mmass)iii.÷÷÷÷÷÷÷"(w)= 5 ' i CT]"

(
" " " " " " "

" " " "

solve f o r [M],(L),CT):
F - IT,=f¥x[M)= m

[T]= Hw. momentum:

F-KEEFE[LT:Ew



3 I t= Palm + {mutx'
=lFhwzFmI

+ knw'VE9)
2

=:#[pretty↳[energy]
Define IT= ¥wI { (p r i x ) .

N o"const." l e f t .

w ¥ Y ¥
Heuristic: "work i n units where

k=m=w=1",

o r . . . "measuring time i n % , not
s ".

For today: drop n : #→H . Goal: Hip>=
EFF!



4 * time.IE#i=infEim'... E -F " .
[p=-idldx]

(x-ipkxtip)= x x
-ipxeixpttimp2-xr-p2-iII.PT

Claim:Ex,p]=ihG
Himfix)=xfi¥)-Eighty-if, s o

[¥¥i.

Therefore: H-th-iplfxtip)+42 {lx-ipkxtipt.at-I}

[Hem. conj,

["97=1%1,¥ 4
a s ¥ 1 (lowering operator)

={bit i lpix)+ . - ')
a t=×f¥ (raising operator) = I



5 H-atat 42 and [a,at]- l .
aakata

Suppose HIE>= Elea).
H@TIEDE(atatklatlE7-

lataatttzatllfy.at/aattYz)lE7-
=at(atatqa,atJt'b)I E>
catch+ 1 )LEE).
= ate-1111E ) = (Eti)@HEY

Also: a )E ) i s eigenstateo f H wleigenvalueE - l :

H@E)ICE-1)(ales).



6 Claim: i f H IE)-E l f ) , then E z o .

(E)HIE)= E [ i f IE>normalized).

= ( E l
42+12-
1 E )2 0 .

sE1x4E7=§jxx ' 1412.20.

'aiarge"
i f > i s i n e-state wt E.IE?

yarge".
" " '"" " " "÷÷÷÷÷

"

" " ⇐ a n e w .

1%141%7=41%407+4%1,17 = 42-

q
"naturalunits"

so g .s . energy o f H-O. Eos42= thw

Act upat : lat)4%, i s e .state o fAw l energyEnshu(htt).


