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A bit on quantum mechanics
and atomic physics

Physics 114

References and photo sources:
K. Krane, Modern Physics, John Wiley and Sons, 1983
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Louis deBroglie (1892-1987)
First suggested matter has
wavelike properties

Erwin Schrodinger (1887-1961) —
Developed mathematical theory of wave
mechanics that permitted the calculation
of physical systems

Max Planck (1858-1947) — 1918 Nobel Prize
for work on spectral distribution of
radiation (blackbody radiation)

Three of the
players
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Energy or principal quantum number

n=1,2 3...

Orbital quantum number

|=0,1, ...n-1

Magnetic quantum number

1, -1, ..., 0,1, ... -1, |

O/ )



Probability distributions for
several allowed atomic
states for the 1-electron
atom

Increasing n adds new
radial layers, =0 give
spherical symmetry, | not O
brings in angular
dependence




General Quant. Mech. result regarding force on
magnetic dipole in a non-uniform magnetic field

Stern-Gerlach experiment

e- beam in |=1 state

has m=1,0,-1 components

expect to see this

detector



General Quant. Mech. result regarding force on
magnetic dipole in a non-uniform magnetic field

Stern-Gerlach experiment

e- beam in |1=0 state

Has m=0 component only

expect to see this detector



SURPRISE! ... fundamental particle have an intrinsic

magnetic moment. Call it spin.

Stern-Gerlach experiment

e- beam in |1=0 state
Has m=0 component only

Actually see this

m=+1/2

m=-1/2

detector



Intrinsic spin - two varieties

Huge effect on
multi-electron
atoms

pin, spich as 1/2, 3/2,5/2, ... , 73/2 ...

Fermions = half integre
protons, neutrons, are all fermions (s=1/2)

no two fermions can occupy the same exact quantum state

Bosons = integral spin,suchasO0, 1, 2 ...
photons (s=1) and pions (s=0) are examples of bosons

bosons can occupy the same exact qguantum state



Rules for Filling of state for multi-electron atom
n,l, m, mg

Spectroscopic notation - s: |=0, p: I=1, d: |=2, f: |=3, ...

» No two electrons in same state (Pauli exclusion)

» Electrons go into the state with the lowest possible
energy (Aufbau)

» Within a sublevel, electrons will have their spin unpaired
as much as possible (due to spin-spin interaction
contribution to energy)




Bt e, (n)

Vi X I

Chleuey ) 5

18 st 2p

—— —

——

i [} f
__1 1311:« 17 a8




Chemistry now “solved”

Transition metals
M;zl Se | 22T 23V | 240 25Mnl PEFeiZ7Col 28 Ni |2
i A9Y 407r (41 Nb |42 Mo 43 Te | 44 Ru | 45 Rh
=

71720 | 73T
|

_f1031r| 104 | 105
| 6d

Lanthanides (rare sarths]
= 3 : 59 Pr | 60 Nd |61 Pm |62 Sm | 63 Eu |64 Gd | 65 Th | 66 [y | 67 Ho| 68 Er |69 Tm| 70 Yh |
a8 ‘0 Th| 93 Np| 54 Pu |95 Am 36 Cm| 97 Bk 9B Gf | 99 Es [100Fm/101 Mv102 No|

= el e e o vl oS b

Actinides




Inert
Alkalis [

1 2 He
e Alkaline Halogens
| earths
3L | 4B | 5B | 6C | 7N B8O | 9F [10N
25 2p)

5|11 Ne 12 Mg ik
| Transition metaks
| 19K |20 Ca | 1218 | 22T | 23v | 240C |25 Mn| 26 Fel27 Co | ZRNi | 29Cu 30 Zn| 36 K
dg 3d|

| 54 %

[437Tc |44 Ru| 45 Rh | 46 Pd | 47 Ag| 43 0d

75Re 760s| 771r [78PL | 79Au BOHg| | BITI 82Ph 83Bi 84Fo 85At B6RE
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Transition metaks

r |26 Mn| 26 Fe {27 Co | 2 26 Gy | 30 Zn | 32Ge |33 A
43Tc |44 Ru 45 Rh | 46 Pd| 47 Ag | 48 Cc

75Re| 760s| 771r | 78 Pt | 79 Au| 80 Hg

Lanthanides {rare earths)
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The underlying physical laws necessary for the mathematical theory of a large part of physics and
the whole of chemistry are thus completely known, and the difficulty is only that the exact
application of these laws leads to equations much too complicated to be soluble. It therefore becomes
desirable that approximate practical methods of applying guantum mechanics should be developed,
which can lead to an explanation of the main features of complex atomic systems without too much
computation.

e Proceedings of the Royal Society of London. Series A, Containing Papers of a Mathematical and
Physical Character, Vol. 123, No. 792 (6 April 1929)
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