Quantum Mechanics Lecture Notes 6 March 2007 Meg Noah

Today we are studying the annihilation and creation operators.

These are normalized wavefunctions; page 196 has the annihilation and
creation operator relations:

L=(pilva) =(aw,[aw,) = (v, [aa'y,) = (v, |(1-a'a)y,) = (v, |w,) =1

Wolv)=((2 Y w2 ) wo) = (we

aaa‘a’ = a(1+ a*a)a+

(a)' (@) v)

aa‘ +aa‘aa’ =aa' +aa‘aa‘ =aa’ +aa’ (aa+ +1) use this

So, we can show that...

v, =(a) v,

(w,|lw,)=n! and (v, |w,.)=(n+1)!
y,=a'y, and (y|y,)=1

Vo= (a+)2 v, and (v, |p,)=2

Using these relations:

<://1 (a)"(a") y/n> =n!

(vol(@) () v = (v (@) 2" (a") v, )= (s

(a) (1+aa)(a' ) =(a) (a') +(a) aa'a (')
= +(a)'(a) " a
=nl(n+1)
=(n+1)!

(a)'(Lraa)(a') v,
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The creation/annihilation operators in Dirac notation:

aly,)=(n)"w,.)
a'ly,)=(1+ n)]/2 Voa)
Another way to write the Dirac notation:
) =(n)*[n-1)

n)=(1+ n)m\n+1>

<« Memorize this!

a

a+

Here is how to write the Hamiltonian with creation/annihilation operators:

H=ho,(a'a+})

a‘aln)=a’(aln))=a"(n**|n-1))=n"a’

H|n)=ha,(a'a+1)[n)=(n+1)hao,|n)

(x) =4 (a+a’)=(n[xn)=(n|(a+a")n)=(nfan)+(n
= (n]n%[n-1)+ (n](n+1)"n +1)

”2< In-2)+(n+1)"(njn+1)=0

~-1)=n"n"*|n-1+1)=n|n)

)

[a,a" |=1 fora fermion

Y¥Homework: 7.8, 7.9, 7.10



