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Chapter 2: Quantum theory and
electronic structure

1. Background
2. Fundamental equations
3. Examples
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Experiments against Newton

Young's Double Slit Experiment

Light Coherent

gation - Sunlight
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Intensity Distribution of Fringes

* Young’s experiment

 Foucault found that the speed of light in water was lower
than the speed of light in air.
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Maxwell’s electromagnetic wave

Propagation of an Electromagnetic Wave » Maxwell predicted that
all three, heat, light and

electricity, are
Electromagnetic propagated in free space
Wave ]
\‘l at the speed of light as
electromagnetic
disturbances.

Discharging " ?'d | » Hertz showed that light
Sg;:g s E'emmc Z  transmissions and

fechuitg Field electrically generated
Dipole Vectors Figure 1 waves are of the same

nature.
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Photoelectric effect
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Discovered by Heinrich Hertz (1887)
Explained by Einstein (1905)

Led to a belief in the physical reality of
the light quanta
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Wave-particle duality of light

« The act of observing
light waves makes
them collapse into
particles.

« Would light always
be a wave If nobody
was there to observe
I1t?

Single-photon two-slit experiment
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Atomic model (1911)

How electron moves around nucleus?

hv

Atomic spectrum of Hydrogen

Wavelength
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Bright Line Spectrum
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Quantum theory

Fundamental equations: @5
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Nuclear Electronic
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Examples

1 D box
Harmonic oscillator
H atom

Double well

S N

. Coherent state
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1D box
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Examples

1 D box

Harmonic oscillator
H atom

Double well

A S

Coherent state
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Harmonic oscillator
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Eigen state

Solve for ground state
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Action

Lower and upper operators

Adjoint Eq.
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Wave functions

1 ma)lM_z no2 00 Mo
B0 =l | e (e) H(e)= (e’ e, o= Mo
1/2
Tl Enonnteron
2"nl\ mw 7th h dx q2
_2 n —
E,= hw(n+£],n =123...... ds ,
2 . ey 0(§)=LH(E)=28 Hy ()= 45 -
B T Hy(6)=8¢° 126, H, (¢)=16¢" - 4857 +12
% - E " : .q{(x)
X - . - “h . ‘. ™ mr:
. ﬁ ALY
Y il A
~ ~ ¥, ™
\ »’f‘ ’- "’(")
N P T U‘
w i f-}\ ey P
P S In
T— <
..’"‘A _,‘p."(x) | |
frea2 X
ﬁro —
2016/03/01 by Guohua Tao Materials Computation and Simulation 17

http://web.pkusz.edu.cn/taoguohua



MRHE 5

Examples

1. 1 D box

2. Harmonic oscillator
3. Hatom

4. Double well

5. Coherent state
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H atom
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