The Harmonic Oscillator
Ket & Wave Function notation
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Reading Quiz

(1) Write in ket notation: J ¢ (x)o, (x)dx=05,,

@Write in wave function notation: ¢, = <n‘l//>

@Write the “closure” relation in ket notation
(another way of writing the identity operator in
terms of eigenkets)



Recap
(1) Ladder operators: aln) = \/m n—1)

aT‘n>=\/n+1‘n+1>

@Ground state wave function ¢o(x)

m_a) (x_l_ h d )(@)1/4 e—mwx2/2h — O
2h mo dx J\ 2h

(3)Generate other states
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\n>=ﬁ(af)n
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Hermite Polynomials
 Dimensionless length: zjs(@) X

o= ) (e |




Classical limit
* Probability density:

P(x)=vy" (x)y(x)

e Go to PhET and look at functions



Kets & wave functions

» Wave function: ¢,(x)=|n) ¢, (x)=(x|n)
 General function:

) =2[|0)+i]1)+€”

Normalize
ofe 5
Probability to measure energy 2hw ?
Whatis c,? c,?
What is expectation value of position, momentum, energy?

3)-4)]

All of the above in wave function notation



Kets & wav ns
.« Ket: |v)= DO +i|1)+ e 3 Cj

0)+i1)+¢%|3)-[4)

c,={(nlyY)=(n
< ‘ > < ‘_\/12+(—ll +(e e )+(—1)2_
<n‘-‘0>+i‘l>+ei5‘3>—‘4>-

2
Ecnz =1 P =‘cn2‘ (m|n)=9,,

(WlH|w) = (WL E|0)+iL E 1)+ e L Ey[3) - L E,[4)]
=1|E,+E +E,+E,]




Kets & wave functions

e Wave function:

Y(x) = (x| w) = £(x][|0)+7[ 1)+ ¢”|3) [ 4)]

Expectation values position, momentum, energy?
All of the above in wave function notation



