The Harmonic Oscillator
Wave Functions

Read Mclintyre 9.3
PH451/551



Reading Quiz

@Write the ground state HO wave function
(setm = = hbar =1)

P, (x)="
(2)Complete: a'lny="2

(3)Complete: aln)="1



Recap

(1)Hamiltonian H_p_+ma) X =hw(a*a+%)

2m 2

@Raising & lowering a= —()Ac o )
operators defined

(“ladder operators”) ; Mo (A D j
a =,|—| x—i
2N mao
@Eigenvalue equation H‘E> _ E‘E>

@Lowering op on ground H‘ gmund> ha) Egmund>
state gives zero 2



Recap
@Ladder of eigenstates with

energies separated by HGT‘E>:(E+71@) T‘E>
hbar o Ha| E)= (£~ ho)al )

@Energy spectrum E :(n+%)ha);n=0,1,2,....

@Best notapon H‘n> =
3) all L - Lo ha)(afa %)‘n> — (I’l %)ha)‘l’l>
I (n=0,1,2,3..)
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Action of the ladder operators
Ha|E,)=(E,—hw)a|E,)

The state g n? is an eigenstate of the HO
Hamiltonian with an energy hbar*m less than the
energy of the eigenstate j n>

a n>:c‘n—1>

c is some unknown constant. So a|n>and |n-1> are
“the same” or “point in the same direction” ...

‘a‘n>‘2 =‘c‘n—1>‘2
Show in detail that C=\/£



Action of the ladder operators

alm) =n|n-1)
a”n>=ﬁ‘n+l>

|1)=v2[2) =[2) =al}

AP o) =iy =|1)=alo)

: a'a'l0)

\2>=$



What is the ground state?

* Show a\ 0> =0
mo (. . p
E(x+l mpa))% (x)=0
mao h d
baad -0
2h (x+ mao dx)% (x)
o 1/4 i
@, (x)= (’Z—h) e " ?"  (Gaussian)



Class exercise: generate the n=1 state.

* Do (without text)
a'|0)=(1)

1/4
@, (x)=(—) e " (Gaussian)



