Old Quantum Theory (1900-1925)
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Wave Mechanics

Physical observables Q correspond to linear Hermitian operators Q , which are defined by these properties :

1. <Q>* = (Q) 2. <‘P‘ Q‘P> = <Q lI’| ‘P> 3. the eigenstates of Q are complete over Hilbert space
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Commutator : [A, é] =AB—BA Theorem : Operators that commute share a common set of eigenfunctions.
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Axioms of Wave Mechanics

1. The state of a particle is represented by a vector |W(¢)) in a Hilbert space.

2. The independent variables x and p of classical mechanics are represented by linear Hermitian operators x

and p with the following matrix elements in x-space (i.e., in the eigenbasis of X): X(x)=x & p(x)= Ei
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The operators corresponding to dependent variables Q(x,p) are the linear Hermitian operators Q(x, D).

3. If the particle is in a state |1// > , measurement of the variable Q will yield one of its eigenvalues g with
probability P(q)= ‘<q|l//> ‘2 where |¢) (often denoted ’eq>) is the normalized eigenstate with eigenvalue g.
The state of the system will change from |l// >t0 |g) as aresult of the measurement.

4. The state |\W'(r)) obeys the Schrodinger Equ. ih%|‘l’(t)) =H |\W(7)) where H =H(X,p) is the Hamiltonian.
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H-like atom : radial wavefunctions R (r)
Z e = nuclear charge (Z=1 is hydrogen)
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