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Postulate 1: The state of the system is 
represented by a state vector in a 
Hilbert space
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Postulate 2: Physical observables are 
represented by Hermitean operators
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Postulate 3: Measurement of a physical observable
will result in an eigenvalue of the operator
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Postulate 4: The time evolution of the state vector 
is given by the time-dependent Schrodinger equation.
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TDSE
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the vectors in the Hilbert space are "abstract vectors"
they exist/make sense without requiring any basis
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< x |, < p |, and < E | each represent a complete set of basis vectors 
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< bra | ket > is a number defined for each value of x, p, or E
just like the dot product where v dot x-hat = v_x

Larry Sorensen




Larry Sorensen
Postulate 3: Measurement of a physical observable
will result in an eigenvalue of the operator and
the state of the system will correspond to one
of the eigenvectors of the measured operator
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quantum
jump
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or to this
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to this
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quantum
jump
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Q: When does an operator just change the phase of a vector?
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smooth
continuous
evolution
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discontinuous
quantum jump
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nondegenerate case
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degenerate case
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commutator [ A, B ] = AB - BA
share a common eigenbasis
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Simultaneously Diagonalizable:
in the common shared basis
they are both diagonal
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CM: find all conserved quantities

Larry Sorensen
QM: find a complete set of commuting observables
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Diagonalizing the Hamiltonian:
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Hamiltonian is not a function of time => energy is conserved
The Hamiltonian generates the time evolution via TDSE
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Solve this set of coupled 
algebraic equations
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no unique solution because eigenvalues are degenerate
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Eigenvalue and Eigenvector Calculators

http://www.bluebit.gr/matrix-calculator/calculate.aspx

http://www.arndt-bruenner.de/mathe/scripts/engl_eigenwert.htm

http://wims.unice.fr/wims/wims.cgi?session=6S051ABAFA.2&+lang=en&+module=tool%2Flinear%2Fmatrix.en

Geometry of Eigenvalues and Eigenvectors

http://web.mit.edu/18.06/www/Demos/eigen-applet-all/eigen_sound_all.html

Fundamental Theorem of Algebra

http://en.wikipedia.org/wiki/Fundamental_theorem_of_algebra
Every polynomial with complex coefficients has exactly as many complex 
roots as its degree, if each root is counted up to its multiplicity

The Abel-Ruffini Theorem (1824)
aka, Abel's Impossibility Theorem

http://en.wikipedia.org/wiki/Abel-Ruffini_theorem

There is no general algebraic solution—that is, solution in radicals—to 
polynomial equations of degree five or higher

http://www.bluebit.gr/matrix-calculator/calculate.aspx
http://www.arndt-bruenner.de/mathe/scripts/engl_eigenwert.htm
http://wims.unice.fr/wims/wims.cgi?session=6S051ABAFA.2&+lang=en&+module=tool%2Flinear%2Fmatrix.en
http://web.mit.edu/18.06/www/Demos/eigen-applet-all/eigen_sound_all.html
http://en.wikipedia.org/wiki/Fundamental_theorem_of_algebra
http://en.wikipedia.org/wiki/Abel-Ruffini_theorem
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If they commute, then they will both be diagonal in some basis
If they are both diagonal in some basis, then they commute
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Operators that commute with the Hamiltonian are the quantum 
analogs to conserved quantities in classical mechanics
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| n, l, m >
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abstract
vectors
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representation in 
a specific basis
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ket space
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bra space
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adjoint
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adjoint
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right action
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left action
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Hermitean operators => left action = right action 
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complete basis if sum of the projection operators is the identity
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complete
basis
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identity
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