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Corpuscles vs. Wave

材料计算与模拟

2016/03/01 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

2Materials Computation and Simulation



Experiments against Newton

• 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

• Maxwell predicted that 

all three, heat, light and 

electricity, are 

propagated in free space 

at the speed of light as 

electromagnetic 

disturbances. 

• Hertz showed that light 

transmissions and 

electrically generated 

waves are of the same 

nature.
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Photoelectric effect

• 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 

it? 

Single-photon two-slit experiment

材料计算与模拟

2016/03/01 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

6Materials Computation and Simulation



材料计算与模拟

2016/03/01 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

7Materials Computation and Simulation

ch

me

hc

E
R

kn
R

32

0

4

1

22

8

111~


















Atomic model (1911)

Atomic spectrum of  Hydrogen

hv

How electron moves around nucleus?



材料计算与模拟

2016/03/01 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

8Materials Computation and Simulation

ch

me

hc

E
R

kn
R

32

0

4

1

22

8

111~
















 nmvrL 

hc

EE nk 



1~

Quantization of angular momentum

Transition between states

Semiclassical model for Hydrogen (1913)

2

22

2
2

2

1

r

e

r

mv

r

e
mvE





22

4

2

22

2

2 n

me
E

me

n
r

n

e
v















材料计算与模拟

2016/03/01 by Guohua Tao  
http://web.pkusz.edu.cn/taoguohua

9Materials Computation and Simulation


 








ji jiIi Ii

I

i

i

eJI JI

JI

I

I

I rr

e

Rr

eZ

mRR

eZZ

M
H

2

,

2
2

22
2

2

2

1

22

1

2
ˆ 

Nuclear Electronic

Hamiltonian for the atomic system:

Schrodinger

Heisenberg )()(
)(

,
1)( HH

H

HA
idt

tdA




ttHtt
t

i ;,;, 00  













t

tdtH
i

et

EH

0
)(

)( 

Quantum theory
Fundamental equations:



Examples

1. 1 D box

2. Harmonic oscillator

3. H atom

4. Double well

5. Coherent state
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Examples

1. 1 D box

2. Harmonic oscillator

3. H atom

4. Double well

5. Coherent state
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Harmonic oscillator
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Eigen state
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Wave functions
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Examples

1. 1 D box

2. Harmonic oscillator

3. H atom

4. Double well

5. Coherent state
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H atom
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H atom
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