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Reading$Quiz$

① Write$the$ground$state$HO$wave$func5on$$
$$$$$$$$$$$$$$(set$m$=$ω$=$hbar$=1)$

② Complete:$

$

③ Complete:$

a† n = ?

ϕ0 x( ) = ?

a n = ?



Recap$
① Hamiltonian$

② Raising$&$lowering$
operators$defined$
(“ladder$operators”)$

$

③ Eigenvalue$equa5on$

④ Lowering$op$on$ground$
state$gives$zero$
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Recap$
⑤ Ladder$of$eigenstates$with$

energies$separated$by$
hbar*ω"

⑥ Energy$spectrum$

⑦ Best$nota5on$

 En = n + 1
2( )ω; n = 0,1,2,....

 

Ha† E = E + ω( )a† E
Ha E = E − ω( )a E
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Ac5on$of$the$ladder$operators$

The$state$$$$$$$$$$$$$$is$an$eigenstate$of$the$HO$
Hamiltonian$with$an$energy$hbar*ω$less$than$the$
energy$of$the$eigenstate$$

 Ha En = En − ω( )a En

a n = c n −1
c$is$some$unknown$constant.$So$a|n>$and$|nd1>$are$
“the$$same”$or$“point$in$the$same$direc5on”$…$$

a n 2 = c n −1 2

Show$in$detail$that$

n
a n

c = n



Ac5on$of$the$ladder$operators$

Example:$

a n = n n −1

a† n = n +1 n +1

a† 1 = 2 2 ⇒ 2 = 1
2
a† 1

a† 0 = 1 1 ⇒ 1 = a† 0

2 = 1
2
a†a† 0



What$is$the$ground$state?$

•  Show$
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Class$exercise:$generate$the$n=1$state.$

•  Do$(without$text)$
a† 0 = 1
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