PHYS-C0252 - Quantum Mechanics Part 2
Section 5.3

Tapio.Ala-Nissila@aalto.fi




5.3 Annihilation and Creation Operators

* Consider first the case of fermions (antisymmetric
WFs). The creation operator C;E is defined by the
relations

C&”O) — |C'5> = |¢’ar> y
Co'|B) = Ca' C5'(0) = |aB) = —|Ba),
C.t187) = Cut ¢t C,110) = |aBy),

etc.
* The Pauli exclusion principle requires that

Colla--) =0



» The adjoint operator C\, = (C )T is defines the
annihilation operator

Cala) = {0)
C|0) = 0

* |t is easy to show (homework?) that these fermionic
operators obey an anticommutation relation

{Co, CL} = CoCl + CLC, = bapl

and the number operator N = Z C,' C,



* Similarly, for the case of bosons (symmetric WFs) the
creation operator GJL Is defined by the relations
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and the annihilation operator a, = (a,:;)Jr
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ag|n1,n9,...,ne=0,...) =0.



* The number operator is given by

N = Zaﬂ;aa
(87

and
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* These were proven for the QHO already. The bosonic
operators obey a commutation relation

{aa, CLH = aaa}; — a};aa = 0a8{
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