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Some dates in January and February
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Exam: February 20, 2023, 2 am - 12 pm, 1 (one) DIN A4 page lettered
Re-exam: March 27,2023,2 am-12 pm




Recap - the potential well



Recap - infinite potential well




Energy E in eV, squared wavefunction |W(x)|?

Recap - infinite potential well
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Recap - finite potential well




Energy E in eV, squared wavefunction |W(x)|?
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Recap - the harmonic oscillator



Recap - harmonic oscillator




energy E in eV, squared wavefunction |W(x)|?

Recap - infinite potential well

v (0]

0.200
0.175¢
0150 - -«'r‘ N NN N N N N S —\'"f-_
0.125F
0.100¢r
_--'»,;""" A aYavawd ""“;,L_
0.075¢ /\/\/\/\
0.050} SN AN TN
0.025"-----------_---------;‘:’T--/\/-r-\“j'; ---------------------
0.000 ~0.02 ~0.01 0.00 0.01 0.02

position x [Z\]

N | — S

hw

n—+ —

E [eV]

0.175¢

0.150¢

0.125¢

0.100f

0.075¢}

0.050+

0.025¢

4 6

Quantum number n

8

10




The correspondence principle



The correspondence principle

1st Bohr postulate (phase-integral condition):

3rd Bohr postulate (correspondence principle):
Electrons propagate at particular orbits,

The 1st and 2nd postulate have to correspond

there they do not emit energy to the laws of classical physics for great n and

?gpdq = nh «<— pvr, = nh «— 2ar, = nh/(uv) big r,

2nd Bohr postulate (frequency condition):

An atom can only change its energy through
transition from one stationary state into another
stationary state by absorption or emission of a photon

hv, = |El-—Ek|




The correspondence principle - Bohr's 3rd postulate

Classical
n= probability 1/v n=2
Quantum ,
probability ¥
— x | | i ah | | | | .
n=1 n=3

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/hoscé.html#c2

Example: harmonic oscillator

Forn = 1 gm. probability density

contradicts classical proba

oility

For great n both approaches merge

n=10



The correspondence principle - Heisenberg's refined version

Mean square deviation of eigenvalue
Every observable A (a macroscopic measurable value)

2
A A%Y —(AY = |y*A%ydr — | |y*A%wd
is assigned to linear Hermitian operator A < > A) JW e (Jl/f v T)
(real eigenvalues), 2
A — A . A _ A2 3k
I (O - [ork-dar— 2 [orve)
2
. _ A2 2
It the operator A applied to the function = A JW*WdT -4 (JW*WdT>
replicates the function up to a constant factor — 0
Al// = Ay,

the constant A is an eigenvalue and

If y is eigenfunction of the operator A,
then (A4) = (4 - (4))") =0 and

the system is a state in that A is constant
over time

the function y is an eigenfunction
of the operator A



The correspondence principle - Heisenberg's refined version

Examples: Examples:
- Position operatorr = r . Hy = Ey
- Momentum operatorp = —ihV L (p) = — th'l//* Vidr
. p h’
. Kinetic energy op. — = A
2m 2m X X
. Potential energy op. E,, = V . The definitionsfor¥ =randp = —iaV are
. h? only valid in position representation y = y (r)
. Energy operator H = -V .
2m - In momentum representation ¢ = ¢ (p)
+ Angular momentum op. the operators became

Vo

L:?Xﬁ=—l‘hl¢xv fp:ihvpangﬁp:p




A particle In a specially symmetric potential



A particle in a specially symmetric potential - spherical harmonics
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A particle in a specially symmetric potential - spherical harmonics

Y7 = 1_1, Y{)and Yl1
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A particle in a specially symmetric potential - spherical harmonics
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A particle In a specially symmetric potential - radial function
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A particle in a specially symmetric potential - radial function
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A particle in a specially symmetric potential - radial function

Rn,l — R3,of R3,1 and R3,2
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A particle In a specially symmetric potential - radial function
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(a) Electron probability (b) Contour probability
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Electron probability (¥2r?)

Distance from nucleus (r)

(c) Radial probability https://dpotoyan.github.io/Chem324/H-atom-wavef.html



