Chapter 2. Review of Quantum Mechanics

Assume that there 1s a quantum mechanical state. Then, there 1s a
unique ket |---) or equivalently a bra (- |

There 1s an infinite number of ways to create a quantum mechanical state.

For two quantum mechanical states |«) and |f3)

|7) = Cila) + C2|B)  corresponds to another quantum mechanical state.

Inner product: (c|f3) - complex number, (c|8)" = (B|a)
Outer product: |«) (/- operator, (C|Oé><ﬂ|)T = c”|B){]
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(1) (B (8D = (BIm*16){al = (118)18)(al = 16)(7IB) (e



Any operator can be made Hermitian by adding its Hermitian conjugate

o) (Bl + () (BNT = la)(B] + |8) (e
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For any Hermitian operator A
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€ 1S an unitary operator.

Position and momentum operators are Hermitian and satisfy the following
fundamental relation: [j;, ﬁ] — 1h

From the above commutator identity, one can show that
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L 1= Mathematical operation
Quantum mechanical operation
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Commutator relations define properties of operators and it is :::0
important to understand simple algebra involving commutators :0

BCH identity:

A R . 1 ~  ~ A A A
eABe_A:B+[A,B]+§[A,[A,B]]—|—---—|—n—[A,---,[A,B]---]+...



Dimension can be extended by direct product - juxtaposition of all
the degrees of freedom

Direct product 1s well defined between any well-defined
independent degrees of freedom. Examples are all the
cartesian coordinates of different atoms.

Schrodinger’s equation in Dirac notation

H|E) = (;’—m + V(@)) |E) = E|E)
50 0ty — ety = (2 vz
zham, t) = H|a;t) = (Qm + V(x)) la; )

la; t) = e_im/h|oz; 0)



