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1.  The basic properties of atom(mass, radius, charge)


2.  The atom models


3.  Geiger-Marsden experiment


4.  Rutherford Scattering formula (Impact parameter, cross   
section, differential cross section)


5.  Nuclear radius

Chapter 1
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1.  The classical atom model


2.  Bohr’s hydrogen model


3.  The spectrum of hydrogen


4.  The correspondence principle


5.  Alkali atom, penetrating effect and effective nuclear 
charge

Chapter 2
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1.  Blackbody Radiation


2.  Photoelectric Effect


3.  Wave properties of matter (Electron scattering)


4.  Uncertainty principle


5.  Wave Functions, Schrodinger equation with infinite 
square well


6.  Expectation value, operator, orbital angular momentum

Chapter 3
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1.  Electron Spin (Stern-Gerlach Experiment)


2.  Magnetic moment (g factor)


3.  Spin-orbit coupling (angular moment coupling of single 
electron)


4.  Zeeman effect (Normal and abnormal, polarization, 
Grotrian Diagram)


Chapter 4
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1.  The spectrum of helium 


2.  The coupling of electrons (electron configuration)


3.  The allowed transitions


4. Pauli exclusion principle


5. Periodic Tables (equivalent electrons, shell and subshell, 
Diagonal rule and Hund’s rule)


Chapter 5
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1.  The diffraction of X ray


2.  The spectrum of X ray (continuous and characteristic )


3.  The production of X ray 


4. Moseley formula


5. Compton effect


Chapter 6
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1. Orbital angular moment

Angular momentum

L̂ = r̂ ⇥ p̂
The components of orbit angular moment
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The square of orbit angular momentum operator
L̂2 = L̂2
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The eigenstate and eigenvalue of orbit angular moment
L̂2Ylm = L2Ylm = l(l + 1)~2Ylm

L̂zYlm = ml~Ylm

L =
p

l(l + 1)~
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Angular momentum
2. The total magnetic moment is, 

~µj = ~µl + ~µs,

= �gjµB
~J/~

µj,z = �gjmjµB

where, gj is the Lande factor oftotal angular momentum  
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3

2
+

S(S + 1)� L(L+ 1)

2J(J + 1)
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+
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Angular momentum
3. Spin-orbit coupling potential

  energy interval from spin-orbit term
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Angular momentum
4. Zeeman effect

EB = gjmjµBB

The energy in magnetic field is, 


The frequency of splitting spectra , 


⌫ = ⌫0 + (m2g2 �m1g1)
e

4⇡m
B

The selection rules, 

�ml = 0,±1

Polarizations, 


Optical transitions between these levels are only possible in
the form of electrical dipole radiation. The following selection
rules apply for the magnetic quantum numbers MJ of the states
involved:

= ±1 for ! components
= 0 for " components (VI)

Thus, we observe a total of three spectral lines (see Fig. 1); the
" component is not shifted and the two ! components are
shifted by

#f = ± #E
h (VII) 

with respect to the original frequency. In this equation, #E is
the equidistant energy split calculated in (V).

Angular distribution and polarization

Depending on the angular momentum component #MJ in the
direction of the magnetic field, the emitted photons exhibit
different angular distributions. Fig. 2 shows the angular dis-
tributions in the form of two-dimensional polar diagrams. They
can be observed experimentally, as the magnetic field is char-
acterized by a common axis for all cadmium atoms.
In classical terms, the case #MJ = 0 corresponds to an in-
finitesimal dipole oscillating parallel to the magnetic field. No
quanta are emitted in the direction of the magnetic field, i.e.
the "- component cannot be observed parallel to the magnetic
field. The light emitted perpendicular to the magnetic field is
linearly polarized, whereby the E-vector oscillates in the direc-
tion of the dipole and parallel to the magnetic field (see Fig. 3)
Conversely, in the case #MJ = ±1 most of the quanta travel in
the direction of the magnetic field. In classical terms, this case
corresponds to two parallel dipoles oscillating with a phase
difference of 90$. The superposition of the two dipoles pro-
duces a circulating current. Thus, in the direction of the mag-
netic field, circularly polarized light is emitted; in the positive
direction, it is clockwise-circular for #MJ = +1 and anticlock-
wise-circular for #MJ = −1 (see Fig. 3).

Spectroscopy of the Zeeman components

The Zeeman effect enables spectroscopic separation of the
differently polarized components. To demonstrate the shift,
however, we require a spectral apparatus with extremely
high resolution, as the two ! components of the red cadmium
line are shifted e.g. at a magnetic flux density B = 1 T by only
#f = 14 GHz , respectively #% = 0,02 nm.

Apparatus
1 cadmium lamp for Zeeman effect  .  .  .  . 451 12
1 U-core with yoke  .  .  .  .  .  .  .  .  .  .  .  .  . 562 11
2 coils, 10 A, 480 turns  .  .  .  .  .  .  .  .  .  .  . 562 131
1 pair of pole pieces with large bores  .  .  . 560 315
1 Fabry-Perot etalon  .  .  .  .  .  .  .  .  .  .  .  . 471 221
2 positive lenses with barrel, 150 mm  .  .  . 460 08
1 quarter-wave plate  .  .  .  .  .  .  .  .  .  .  .  . 472 601
1 polarization filter  .  .  .  .  .  .  .  .  .  .  .  .  . 472 401
1 holder with spring clips  .  .  .  .  .  .  .  .  .  . 460 22
1 filter set, primary  .  .  .  .  .  .  .  .  .  .  .  .  . 467 95
or
1 holder for interference filter  .  .  .  .  .  .  .  . 468 41
1 interference filter, 644 nm .  .  .  .  .  .  .  .  . 468 400
1 ocular with line graduation  .  .  .  .  .  .  .  . 460 135
1 precision optical bench, standardized
  cross section, 1 m  .  .  .  .  .  .  .  .  .  .  .  . 460 32
1 rider base with thread .  .  .  .  .  .  .  .  .  .  . 460 358
7 optics rider 60/50  .  .  .  .  .  .  .  .  .  .  .  .  . 460 351
1 universal choke for 451 12  .  .  .  .  .  .  .  . 451 30
1 high current power supply  .  .  .  .  .  .  .  . 521 55

Connecting leads with conductor cross-section 2.5 mm2

Fig. 2 Angular distributions of the electrical dipole radiation
(#MJ: angular-momentum components of the emitted pho-
tons in the direction of the magnetic field)

Fig. 3 Schematic representation of the polarization of the
Zeeman components
(#MJ: angular-momentum components of the emitted pho-
tons in the direction of the magnetic field)


∆MJ 


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Angular momentum
5. The coupling of two angular momenta

L1 =
p

l1(l1 + 1)~
L2 =

p
l2(l2 + 1)~

L =
p

l(l + 1)~

l = |l1 � l2|, |l1 � l2|+ 1, |l1 � l2|+ 2, . . . , |l1 + l2|

m = m1 +m2

where,

n2S+1LJ

The letters and numbers used in this notation are called 
spectroscopic or term symbols. 
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Angular momentum
For two electrons we have singlet states (S=0) and triplet 
states (S=1), which refer to the multiplicity 2S+1. 


Consider two electrons: One is in the 4p and one is in the 
4d subshell. For the atomic states shown 


   8.2 Total Angular Momentum 287

As an example of the optical spectra obtained from two-electron atoms, we 
consider the energy-level diagram of magnesium in Figure 8.10 (page 288). The 
most obvious characteristic of this figure is that we have separated the energy 
levels according to whether they are S ! 0 or S ! 1. This is because allowed transi-
tions must have "S ! 0, and no allowed transitions are possible between singlet 
and triplet states. This does not mean that it is impossible for such transitions to 
occur. Transitions that are not allowed, called forbidden transitions, occur, but 
with much lower probability than allowed transitions.

   Spectroscopic
S L J Symbol

 1 1 41P1

0 (singlet) 2 2 41D2

 3 3 41F3

  2 43P2

1 (triplet) 1 1 43P1

  0 43P0

  3 43D3

1 (triplet) 2 2 43D2

  1 43D1

  4 43F4

1 (triplet) 3 3 43F3

  2 43F2

Tab le  8 .2    Spectroscopic Symbols for Two 
Electrons: One in 4p and One in 4d

4p

Unperturbed!
state

Spin-spin!
correlation!

energy
# Spin-orbit!

energy#Residual!
electrostatic!

energy
#

4d

S ! 1
(Triplets)

S ! 0

1P

1D

1F

1P1

3P0,1,2

3D1,2,3

3F2,3,4

1
0

2

1
2
3

2
3

4

1D2

1F3

3P

3D

3F

(Singlets)

Figure 8.9 Schematic diagram indicating the increasing fine-structure splitting due to different 
effects. This case is for an atom having two valence electrons, one in the 4p and the other in the 4d 
state. The energy is not to scale. From R. B. Leighton, Principles of Modern Physics, New York: McGraw-
Hill (1959), p. 261. Used with permission.
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Angular momentum
The allowed transitions for a single-electron atom are 


The choice rules of transitions for jj coupling are
�j = 0,±1 �J = 0,±1

(J = 0 ! J 0
= 0 forbidden)

�l = ±1 �mj = 0, ± 1

�j = 0, ± 1

The choice rules of transitions (for LS coupling scheme) are
�L = ±1 �S = 0

�J = 0,±1 (J = 0 ! J = 0 forbidden)

The parity requirement X
li �

X
lf = ±1
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Angular momentum
Spectroscopy terms for atoms with equivalent electron 
configurations 

A.2 Complete Sets of Electronic Levels 237

Table A.1 Electronic terms for atoms with equivalent-
electron configurations

Configuration Electronic terms Atoms

p p5 2P B, F
p2 p4 1S 3P 1D C, O, NC

p3 4S 2P 2D N, OC

p6 1S Ne

d d9 2D Sc
d2 d8 1S 3P 1D 3F 1G Ti, Ni
d3 d7 2P 4P 22D 2F 4F 2G 2H V, Co
d4 d6 21S 23P 21D 3D 5D 1F Fe

23F 21G 3G 3H 1I

d5 2S 6S 2P 4P 32D 4D 22F Mn
4F 22G 4G 2H 2I

d10 1S Zn

A.1.3.7 Four Equivalent p Electrons (np4)

This situation gives the same terms as the two equivalent p electrons. This is the case
of the oxygen atoms in ground and low-lying excited states, having four electrons
with principal quantum number n D 2, reported below

Term Energy (cm!1/ g
3P2 0 5
3P1 158:265 3
3P0 226:977 1
1D2 15867:862 5
1S0 33792:583 1

In Table A.1, the electronic terms for equivalent-electron configurations are
given. It should be noted that configurations having equal number of electrons or
electron-holes have to be considered as equivalent, giving rise to the same electronic
terms. Complete shell configurations, i.e. p6, always give the 1S term. We give here
the definition of the parity of atomic terms P D .!1/

P
i `i , being the exponent

the algebraic sum of orbital angular momenta of electrons, in a given electronic
configuration.

A.2 Complete Sets of Electronic Levels

The calculation of electronic partition function of atomic species needs of complete
sets of energy levels and of corresponding statistical weights. Here, we want to
present a very simple and rapid method based on the calculation of energy levels by
an hydrogenic approximation and by calculating the statistical weight through the

Pauli exclusion principle for two electrons
L+ S = even
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The Diagonal Rule for Configurations 

The Diagonal Rule for Configurations
Begin at the left and follow each arrow from 

tail to head and then from left to right. 
There is an order to the filling of sublevels within a 

principal energy level. The filling of the levels is 
irregular.

1s 2s 3s 4s 5s 6s 7s
2p 3p 4p 5p 6p 7p

3d 4d 5d 6d 7d
4f 5f 6f 7f

If n+l is same, fill the configuration with smaller n first

if n+l are different and n are same,   fill smaller l 

                       and n is different, fill larger  n
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The ground state of atom 

Hund’s rules which are empirical state (the first and 
second) that the term structure with the maximum 
possible S and the largest possible L for the given S 
compatible with the Pauli exclusion Principle has the 
lowest energy. 


Hund’s third rule (which applies for atoms or ions with a 
single unfilled shell) states that if the unfilled shell is 
not more than half-filled the lowest value of J has the 
lowest energy while if it is more than half-filled the 
largest value of J has the lowest energy
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Good luck!
Examination time: 10:00—11:40, Jan. 18, 2019 (Friday) 




28/12/2018 Jinniu Hu


