Old Quantum Theory (1900-1925)
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GGS Theorems : j Vf-di = f(b)- f(a) LM(VxE).dA =§ E-dl IVOI(V-E)dV = E-dA
Wave Mechanics The inner product of two wavefunctions f & g : (f|g)= fm fF)* g(7)d’F

Physical observables Q correspond to Hermitian operators Q = linear operators with this defining property
(presented in three equivalent forms) : 1. (Q)*=(Q) 2. <‘P| Q‘P> = <Q ‘I’| ‘I’> i.e.Q is self-adjoint

3. eigenstates of Q are complete over their Hilbert space
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Eigenfunctions of p,X with Dirac normalization: y,(x)=¢"" /N2nh, v (x)=08(x-x")

Boundary a. Wavefunctions are always continuous.
Conditions on b. Wavefunctions have continuous derivatives, except at points where V = o
wavefunctions: where lim y’(x+&)—y’(x—¢) = (2m/1’) lirr01J.X+SV(x)1//(x)dx

c. Wavefunctions are zero in any region where V = .
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Representations of a state |y) & operator A : In the eigenbasis {‘eq> } of any Hermitian operator Q ,

» Wavefuncn repres : (f|g)= J. f*(q) g(q@)dg  * Matrix repres : inner product (f|g)= f*T g
wavefunction y(g)= <e |l//> <el‘w> matrix
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wavefunction conversion | _ i px/h 1 o _ipxih
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Commutator : [A, é] =AB-BA Theorem: Operators that commute share a common set of eigenstates.
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Axioms of QM

1. The STATE of a QM system is represented by a vector |'W(¢)) in a Hilbert space (= Inner Product Space).
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2. OBSERVABLES Q are represented by Hermitian operators Q. In x-space = the eigenbasis of the position

N A .~ _h An A
operator x , the phase space operators are x=x & p, = Y and those of dependent observables are Q(x,p).
i dx

3. MEASUREMENT of an observable Q will yield one of its eigenvalues g, and the state of the system will

change from |1//> to the corresponding eigenstate |eq> . Allowed eigenstates are constrained by physical
requirements such as boundary conditions and normalizability.
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4. The PROBABILITY of measuring a particular eigenvalue g from a state |l// > is P(q)= ‘<eq|w >‘ .

5. The TIME-EVOLUTION of a quantum state is given by the Schrodinger Equation, zh%| ¥ ()= H|¥ (1)) .

6. A multiparticle state containing two IDENTICAL PARTICLES is symmetric/anti-symmetric under their
exchange if the particles are bosons (integer spin) / fermions (half-integer spin).
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Constants : m,c*=0.511 MeV e
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Spin & Angular Momentum : L,/ can be replaced by S,s [L*,L
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Pauli Spin Matrices {S S S} Z{ox,cy,oz} where GX,O'y,GZ:[ 0 1}(0 —i J(l 0 ]

Spherical Harmonics Y;"(6.,¢), m=—1,...,] in steps of 1 H-like atom : radial e-functions R ,(r)
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