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1. Introduction:

- Planck Radiation

- Bohr’s Model of the Atom

- Photoelectric Effect

- Compton Effect

- Dual Nature of Light: Particle Wave Dualism
- The Particle Wave: de Broglie Wavelength

- Heisenberg Uncertainty Principle

- Probability Function
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2. Quantum Theory of the free Particle:

- Schroedinger Equation of the free particle
- Time-independent Schroedinger Equation
- Eigenstate - Eigenfunction

- Particle in a box

- Linear quantum well

- The Harmonic Oscillator

- Quantum-mechanic Tunneling
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3. Atomic Wavewfunctions:

- Schroedinger Equation of the Hydrogen Atom
- Atomic wavefunctions

- Separation of the angular and radial part

- Orbitals

- Angular momentum and spin

- Quantum numbers: n, I, m, s

- Hydrogen atom in a magnetic field

- Pauli principle: periodic table of elements
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Figure 7-3 The Coulomb potential V(r) and its eigenvalues E,. For large values of n the
eigenvalues become very closely spaced in energy since E, approaches zero as n
approaches infinity. Note that the intersection of V(r) and E,, which defines the location
of one end of the classically allowed region, moves out as n increases. Not shown in this
figure is the continuum of eigenvalues at positive energies corresponding to unbound
states.

Figure 7-4 A comparison between the allowed energies of several binding potentials. The
three-dimensional Coulomb potential is shown in a cross-sectional view along a diameter;

from Eisberg/Resnick
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Table 8.4 The Radial Wavefunctions R, ¢(r) of

Hydrogen-like Atoms forn = 1, 2, and 3
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Figure 7-5 The radial probability density for the electron in a one-electron atom for n =
1, 2, 3 and the values of / shown. The triangle on each abscissa indicates the value of
T, as given by (7-29). For n = 2 the plots are redrawn with abscissa and ordinate scales
expanded by a factor of 10 to show the behavior of P,(r) near the origin. Note that in the
three cases for which / =/, =n — 1 the maximum of P,(r) occurs at rg,, = nzaolZ,
which is indicated by the location of the dashed line.
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Table 8.2 Some

; Associated
B .1 d Sin9d® N Ifffll 2@ _1(+1)© Legendrt.e
sind dé dg ) sin"6 Polynomials

Pi*“(cos 6)

Py=1
Py =2 cos 6
f’l = sin #

Ps = 4(3 cos® 8 — 1)

P = 4sin 0 cos 8

P5 = sin“ 0

P8 = 24(5 cos” 6 — 3 cos 6)
P;; = 6 sin B(5 cos= 6 — 1)
P3 = 6 sin- 6 cos 0

P3 = sin® 6
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2 I=3,m =13 Il=4,mp=*4

Figure 7-9 Polar diagrams of the directional dependence of the one-electron probability
densities for / =0, 1,2, 3,4, m; = +/.
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Figure 7-8 Polar diagrams of the directional dependence of the one-electron atom prob-
ability densities for I=3; m; =0, +1, +2, +3.
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Wolfgang Pauli in 1925
(Nobel Prize 1945)

The exclusion principle states
that no two electrons in an
atom can have the same set
of quantum numbers.

Is

£

H

H

[t
1 M
N[
HoH
th o [H

r

{

T
T
T
H [t [t

UNSW Quantum Physics PHYS2040

Is*2s*

1s*2%2p!

1s%25%2p?

152050 P 3

I52ugdn |'|n1i



THE UNIVERSITY OF NEW SOUTH WALES

Table 9.2 Electronic Configurations of the Elements
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Ground Tonization Ground Ionization
Zz Symbaol Conliguration Energy (eV) z Symbol Configuration Energy (eV)
| H 15! 15,595 27 Co Fed 452 7.56
2 He 15% 24,581 28 Ni Fel 452 7.633
3 Li [He] 24 5,500) 20 Cu 3 045! 7.794
4 Be 252 6,390 30 In Bl 1045 4801
5 B 25igp! 8,206 41 Ca 3d'%45%4p! 6.0
6 C 257" 11.256 49 Ge B 452407 7.88
7 N 25795 14.545 33 As 34574 9.81
8 0 2579 15,614 34 Se 345t 4pt 0.75
Q9 F 25%2p" 17.418 45 B S5 ¥ap” 11.84
10 Ne 25%2p" 21,559 6 Kr 3 4574p" 13,5906
11 Na [Ne] 85 5138 87 Rh [Kr] 54 4.176
12 Mg 357 7.644 98 Sr 5s* 5.6
15 Al :1.1:‘!3]#' 5,084 a0 Y 44552 6.877
14 Si Fsd8p 8.149 40 Z 4552 6.835
15 P 35787 10,484 41 Nb 44d 154! 6.8981
16 5 3573 10,357 42 Mo 4d %5 7.10
17 cl RIE T 1501 43 Te 4 *5s° 7.028
18 Ar s '*?:"I‘F.ar.' 15,755 14 Eui 4d 55" 7.565
19 K [Ar] 45! 4.530 5 Rh 455! 7.461
20 Ca 457 6,111 46 Pd 4" 8.9
21 S¢ Feds* 6.54 47 Ag el 155! 7.574
99 Ti Fd24452 6,85 48 Cd 41052 B0 ]
23 v Fds* 6.74 49 In 4 P55 0! 5.785
24 Cr G 4 6.76 5 Sn 455550 7.542
25 Mn Fad 4 57 7.452 51 Sh 4d"5:54" 5.630
26 Fe Bl "4 5= 7.87 52 Te 455351 9.0
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Table 9.2 Electronic Configurations of the Elements
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Ground lonization Ground lonization
A Symbol Configuration Energy (eV) z Symbol Configuration Energy (eV)
53 I 4415525 p° 10,454 4 Au [Xe, 4/ 145417 65! 9,92
54 Xe 4d1"55%5p" 12.127 B Hg = L0434
55 Cs [¥%e| fs %.80% 81 Tl s~ 6, 106
56 Ba fs 5.210 82 rh Gy hip 7415
57 La Sdbis? .61 B3 Bi Gs6p* 7.287
58 Ce 4f Halfis? 6.54 84 Po Gs 26 8.43
50 Pr 4f 6s* 548 85 At G5 Gp” 9.54
) Nd 4f 6s* 5.51 A6 Rn Gy Gip" 10.745
fil Fm 4f M6s* A6 BT Fr [Rn] 7+ 3,04
62 Frni 4 H6a* 5.644 B8 Ra 75t 5277
63 Eu 4f 7 s 5.67 80 Ac 675" 517
64 ol 4f T dis” .16 M Th 6l “75° .08
65 Th 416" 6.74 9] Pa 5 %6d7s" 5,50
il Dy 4f 65" .82 w2 L 564 75* 6, 194
67 Ho 4 Mas? 6,022 a4 Np 5464757 6, 266
68 Er 4f 2ais? 6. 108 04 I'u 5f%s% 6061
00 Tm 4f i 6185 95 Am LT 5.499
70 Yh 4f Mg 6,22 “Hi Cm 5 T6dTs* 6,02
71 Lu 4 M5465" 615 a7 Bk 5/ %6d 752 .23
72 Hi 4f o644 6,83 o Cf 5 "™z~ 6,30
73 Ta 4f Mo ns” 7.88 e Es 5f17s* 6,42
74 W 4 154065° 7.08 1040 Fim 527y .50
75 Re 4 1547 04* T.ET 10 My 5f14Fst .58
76 Os 4 154% 7 8.71 102 No BTS2 6.65
77 Ir 4f 57642 9,12 104 Lw 5 16d 74
TR Pi 4f M5 a6 8,88 1044 Ku 5 Y6d*75°
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