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Origin of Quantum Mechanics
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Origin of Quantum Mechanics

Photoelectric Effect
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Origin of Quantum Mechanics

Emission Spectra of Atoms ||

« angular momentum of & quantized

wavelength




Origin of Quantum Mechanics

A few surprising experiments and two phenomenal ideas

« de Broglie's hypothesis

« Heisenberg's uncertainty principle
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Postulates of Quantum Mechanics

1 The state of a guantum mechanical system is completely specified by
the wave function 1(x, t).

2 For every classical observable, there exists an operator O in quantum
mechanics.
3 In any measurement of the observable associated with the

operator, the only values that will ever be observed are the
eigenvalues of the operator.
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Postulates of Quantum Mechanics

1 The state of a guantum mechanical system is completely specified by
the wave function 1(x, t).

2 For every classical observable, there exists an operator O in quantum
mechanics.
3 In any measurement of the observable associated with the

operator, the only values that will ever be observed are the
eigenvalues of the operator.
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Conseguence of Postulate 3

) = (v |[A] )
[ vndvadr = [ (dvn) v ar

Hermitian Operators have:

Hermitian Operator <¢m A A

1. Real eigenvalues

2. Complete set of orthonormal eigenfunctions

<¢mwn> = Omn
b= i ci= (Vile)
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Postulates of Quantum Mechanics

1 The state of a guantum mechanical system is completely specified by
the wave function 1(x, t).

2 For every classical observable, there exists an operator O in quantum
mechanics.
3 In any measurement of the observable associated with the

operator, the only values that will ever be observed are the
eigenvalues of the operator.
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Conseguence of Postulate 3

) = (v |[A] )
[ vndvadr = [ (dvn) v ar

Hermitian Operators have:

Hermitian Operator <¢m A A

1. Real eigenvalues

2. Complete set of orthonormal eigenfunctions

<¢mwn> = Omn
b= i ci= (Vile)




Postulates of Quantum Mechanics
4 If a system is in a state described by a normalized wave function, then
the average value of the observable corresponding to A, is
(4)= (o |dlu) = [ wrivas

If the state of the system is an eigenfunction of the operator

If the state of the system is NOT an eigenfunction of the operator
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Commutation of Operators and Uncertainty Principle

If two operators A and B have a common complete set of eigenfunctions,

then A and B commute and vice versa.
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Some Exactly Solvable Models
Particle in a box
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Some Exactly Solvable Models
Particle in a box




Some Exactly Solvable Models

Partficle in a box
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Some Exactly Solvable Models
Harmonic Oscillator

. edto1 o,
H = 2m dx? Ty

Ho=E¢




Some Exactly Solvable Models
Harmonic Oscillator

n=3

A ﬁ2 d2 1 n=2
H — deIQ } §mw2x2 n=1

Ho=E¢

n=0




Some Exactly Solvable Models
Harmonic Oscillator On,
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Hermite Polynomials
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Angular Momentum Operator

Commutation Relations
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Angular Momentum Operator

Commutation Relations
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Angular Momentum Operator

« Eigenvalues

L2|Y ) = U1+ DR Y] )

LZ|Yl,m> = mh|yl,m>

[=0,1,2,--
m = —l,—{+1,



Angular Momentum Operator

« Eigenfunctions

r = cost
CO3 , Spherical Polar Coordinate
Legendre Polynomials /ff:’/:f x(r 0 ?)
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.~
The Hydrogen Atom
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.~
The Hydrogen Atom

Eigenvalues and degeneracy

mee4 1

Enlm —

2(4men)2h?n?
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The Hydrogen Atom
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.~
The Hydrogen Atom

Eigenvalues and degeneracy

mee4 1

Enlm —

2(4men)2h?n?




The Hydrogen Atom Eigenfunctions

wnlm(n 0, ¢> — Rnl(T>Ylm(9> ¢)
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Radial Distribution Functions
P(r) = 4zr?|R(r)|* dr




	
	



