530.12 PAU

CONTENTS
Paar
PrEFACE . .. . . . . . . . ..o oY
CHAPTER [
SURVEY OF CLASSICAL MECHANICS
SEcTION

1. Newton’s Equations of Motion in the Lagrangian Form . . . . . 2
la. The Three-dimensional Isotropic Harmonic Osecillator. . . 4
1b. Generalized Coordinates. . . . . 6

l¢. The Invariance of the Equations of Motmn in th( Lagran-
gian Form. . . . 7

1d. An Example: The Isotropl(‘ H'mnonl( ()sullator in Polar
Coordinates . . . e Q9
1e. The Conservation of Angular Mom( ntum e |
2. The Equations of Motion in the Hamiltonian Form . . . . . . . 14
2a. Generalized Momenta. . . Lo .. 14
2b. The Hamiltonian Funection and Equatmns S (¢
2c. The Hamiltonian Function and the Energy . . . . . .16
2d. A General Example., . . . . . 4
3. The Emission and Absorption of Radmtmu T 1 |
4. Summary of Chapter 1. . . . . . . . . . . . . . .. . ... 23

CuavrTeER 11
THE OLD QUANTUM THEORY

5. The Origin of the Old Quantum Theory . . . . . . . . . . . . 25
5a. The Postulates of Bohr . . . 1§
5b The Wilson-Sommerfeld Rules ()f Q\mntlzatlon ... .. 28
. Seclection Rules. The Correspondence Principle . . . . . 29
6. The Quantlzatlon of Simple Systems. . . ... ... 30
6a. The Harmonic Oscillator. Degoneratc btdt( s . ... .. 30
6b. The Rigid Rotator . . . - 3
6¢c. The Oseillating and Romtmg Dlatonu( Molm ule ... 32
6d. The Particle in a Box. . . . .. .. . . . ... 33
6¢. Diffraction by a Crystal Lattlce . e 34
7. The Hydrogen Atom. . . . P ¢
7a. Solution of the Equqtmns ()f Motlon - |
7b. Application of the Quantum Rules. The Energy Levels. . 39
7c. Description of the Orbits . . . . . . . . . . . . . . . 43
7d. Spatial Quantization . . . T £,
8. The Decline of the Old Quantum Theory O

vii


Administrator
Text Box
530.12 PAU


viii CONTENTS .
SECTION

CHAPTER 111

THE SCHRODINGER WAVE EQUATION WITH THE
HARMONIC OSCILLATOR AS AN EXAMPLE

9. The Schrodinger Wave Equation .
9a. The Wave Equation Including th(‘ Tlm(‘
9b. The Amplitude Equation .
9¢. Wave Functions. Diserete and ( ontmuous Sets of (‘hm e
teristic Encrgy Values.
9d. The Complex Conjugate Wave l‘un(tl()n \ll*(x t)
10. The Physical Interpretation of the Wave Funetions .
10a. w* (z, )¥(x, t) as a Probability Distribution Fumnon
10b. Stationary States. e
10¢. Further Physical Interpretation. Average Values of
Dynamical Quantities.
11. The Harmonie Oscillator in Wave Meohdm(
11a. Solution of the Wave Equation.
116. The Wave Funetions for the Harinonie ()smllator and tlwn
Physieal Interpretation .
11¢. Mathematical Properties of the Hﬂrmom( ()b(}ll]dt()r Wl\(
Functions .

CHarTER IV
THE WAVE EQUATION FOR A SYSTEM OF POINT
. PARTICLES IN THREE DIMENSIONS

12. The Wave Equation for a System of Point Particles.
12a. The Wave Equation Including the Time.
12b. The Amplitude Equation . R
12¢. The Complex Conjugate Wave Fun( ’n()n Wy * ( ceezy, 1)
12d. The Physieal Interpretation of the Wave Tumtmns.
5. The Free Particle. Lo
[4. The Particle in a Box .
15. The Three-dimensional H(leom( ()bCl]]dTOI in ((Ll‘tebldll (,001111—
nates .
16. Curvilinear (oordlnat(‘ .
17. The Threc-dimensional Harmonie ()5( llhtor in ( xlmdn(‘\l ( oor(ll—
nates .

CHAPTER V
THE HYDROGEN ATOM

18. The Solution of the Wave Equation by the Polynomial Method

and the Determination of the Energy Levels . S

18a. The Separation of the Wave Equation. The Transla-
tional Motion .

18b. The Solution of the ¢ ]Lquat]ou

Page

50
53
56

58
63
63
63
64

65
67
67

73

77

84
85
86
88
88
90
95
100
103

105

. 113

. 113

117



CONTENTS ix

SECTION Page
18c. The Solution of the # Equation. . . . . . . . . . . . . 118
184. The Solution of the r BEquation. . . . . . . . . . . . . 121
18¢. The Energy Levels . . . . . oL 124
19. Legendre Funetions and Surface H(umomos L ... . 125
19a. The Legendre Functions or Legendre Poly nonnal\ Lo 2126
19b. The Associated Legendre Funetions. . . . .. 127
20. The Laguerre Polynomials and Associated Laguerre I‘ un(tmns .. 129
20a. The Lagucrre Polynomials. . . . . L0129
20b. The Associated Laguerre Polynomals and 14 umtmm L 13
21. The Wave Functions for the Hydrogen Atom. . . . . . . . . . 132
21a. Hydrogen-like Wave Functions. . . o132
215. The Normal State of the Hydrogen Atom Lo . 139

21c. Discussion of the Hydrogen-like Radial Wave T‘un( tl(lll\ . 142
21d. Discussion of the Dependence of the Wave Funetions
on the Angles dand . . . . . . . . . . . . . . . . 146

Cnavrer VI

PERTURBATION THEORY

22. Expansions in Series of Orthogonal [Munctions. . . . .. 151

23. First-order Perturbation Theory for a Non-degenerate Lovel ... 156

23a. A Simiple Example: The Perturbed Harmonie Oseillator. . 160

23b. An Example: The Normal Helium Atom. . . . ... 162

24. Iirst-order Perturbation Theory for a Degenerate Levol R 165
24q. An Example: Application of a Perturbation to a Hvdrogen

Atom. . . . . . B 41

25. Sccond-order Perturbation Th(‘nr\ A A V(6]

25a. An Example: The Stark Effect of t}\o Pl.mo Ro‘mtor R ¥ &

CHarrer VII

THE VARTATION METHOD AND OTHER APPROXIMATE

METHODS

. The Variation Mcethod., . . . . . N (0
26a. The Variational Integral ‘Lnd lts Pr()portl(' A ... 180
26b. An Example: The Normal State of the Helium Amm ... 184
26¢. Application of the Variation Method to Other States . . . 186
26d. Linear Variation Functions. . . o188
26e. A More General Variation M(‘thod . ¢
27. Other Approximate Mcthods . . . B L)1
27a. A Generalized Perturbation Th(‘on T L} |
27h. The Wentzel-Kramers-Brillonin Method. . . . | ... 198
27c¢. Numerical Integration. . . ... 201
27d. Approximation by the Use of Dlﬂ’er(‘n( o Equwtmnx L. L 202

27¢. An Approximate Sccond-order Perturbation Treatment . . 204



X CONTENTS

SecTION PaGE

Cuarrer VIII

THE SPINNING ELECTRON AND THE PAULI EXCLUSION
PRINCIPLE, WITH A DISCUSSION OF THE HELIUM ATOM

28. The Spinning Electron. . . . oL 207
29. The Hclium Atom. The Pauli Exclusmn Prm( 1ple Lo ..o 210
29a. The Configurations 1s2sand 1s2p. . . . . . . . . . . . 210

29b. The Consideration of Electron Spin. The Pauli Exclusion
Principle. . . . . .. 214
29¢. The Accurate Treatment of the Normal Hehum Atom . 221
29d. Excited States of the Helium Atom. . . . ... 225
29e. "The Polarizability of the Normal Helium Atom ... . 226

Caarter 1X
MANY-ELECTRON ATOMS

30. Slater’s Treatment of Complex Atoms. . . . . . . . . . . . . 230
30a. Exchange Degeneracy. . . . . . . . . . . . . . . . . 230
30b. Spatial Degeneracy. . . ... 233
30c. Factorization and bolutlon of thv Secular Equatlon ... 235
30d. Evaluation of Integrals . . . . . . . . . . . . . . . . 239
30¢. Empirical Evaluation of Integrals. Applications. . . . . 244
31. Variation Treatments for Simple Atoms . . . .. 246
3la. The Lithium Atom and Three-clectron Ions L. .47
31b. Variation Treatments of Other Atoms. . . . . . . . . . 249
32. The Mcthod of the Self-consistent Field . . . . . . . . . . . . 250
32a. Principle of the Method. . . . . 250
32b. Relation of the Sclf-consistent Flcld Meth()d t() the Varm-
tion Principle . . . L. L. 252
32¢. Results of the %ﬂf—consmtent F1eld M(‘thod ... ... . 254
33. Other Methods for Many-clectron Atoms. . . . ... 256
33a. Scmi-empirical Sets of Sercening (/onstante oo L 256
33b. The Thomas-Fernii Statistical Atom . . . . . . . . . . 257

CHarTER X
THE ROTATION AND VIBRATION OF MOLECULES

34. The Separation of Electronic and Nueclear Motion. . . . . . . . 259

35. The Rotation and Vibration of Diatomic Molecules . . . 263
35a. The Separation of Variables and Solution of the Anguldr

Equations. . . L. L. 264

35b. The Nature of the Eloctromc Energy Functlon ... .. 266

35c. A Simple Potential Funetion for Diatomic Molecules . . . 267

35d. A More Accurate Treatment. The Morse Funetion . . . 271

36. The Rotation of Polyatomic Molecules. . . . ... ... 275

36a. The Rotation of Symmetrical-top Molecules 1 £}

36b. The Rotation of Unsymmetrical-top Molecules. . . . | , 280



CONTENTS xi

SECTION ' Pace
37. The Vibration of Polyatomic Molecules . . . . . 282
37a. Normal Coordinates in Classical Mechamcs L. 282
37b. Normal Coordinates in Quantum Mechanies. . . . . . . 288
38. The Rotation of Molecules in Crystals. . . . . . . . . . . . . 290

CHarreEr XI

PERTURBATION THEORY INVOLVING THE TIME, THE
EMISSION AND ABSORPTION OF RADIATION, AND THE
RESONANCE PHENOMENON

39. The Treatment of a Time-dependent Perturbation by the Method

of Variation of Constants . . . . . . . . . . . . . . .. .24
39. A Simple Example . . . e e o296
40. The Emission and Absorption of Rddlﬂtl()u e ... 299
40q¢. The Einstein Transition Probabilities . . . . 299
40b. The Calculation of the Einstein Transition Probabllmos
by Perturbation Theory . . . . 302

40c. Selection Rules and Intensities for thc qumomo ()scﬂldtor 306
40d. Selection Rules and Intensities for Surface-harmonic Wave

Functions . . . 306
40¢. Selection Rules and Intensxtles for The Dlatomlc Molecule
The Franck-Condon Prineciple . . . .. 309
40f. Selection Rules and Intensities for the Hvdrogen Atom .. 812
40g. Even and Odd Elcctronie States and their Selection Rules. 313
41. The Resonance Phenomenon . . ... oo ... .. 814
41a. Resonance in Classical Mechamcs .. .. .. . .. . .315
41b. Resonance in Quantum Mechanies . . . . . . . . . . . 318
41c. A Further Discussion of Resonance. . . . . . . . . . . 322

Cuaprer XII
THE STRUCTURE OF SIMPLE MOLECULES

42. The Hydrogen Molecule-ion . . . . . . . . . . . . . . . . . 327
42a. A Very Simple Discussion . . . B V1
42b. Other Simple Variation Trem‘men‘(s .. .. . 331
42¢. The Separation and Solution of the Wave Equatnon ... 333
42d. Excited States of the Hydrogen Molecule-ion. . . . . . . 340
43. The Hydrogen Molecule . . . .. .. .. .. .34
43a. The Treatment of Heltler and London - 2 (1]
43b. Other Simple Variation Treatments. . . . . . . . . . . 345
43c. The Treatment of Jaines and Coolidge . . . . . . . . . 349
43d. Comparison with Experiment . . - 1.7 |
43e. Excited States of the Hydrogen Molocule ... . . . . . 353
43f. Oscillation and Rotation of the Molecule. Ortho and
Para Hydrogen. . . . 355
44 The Helium Molecule-ion He} and th(, Intcractlon Of Two Normal
Helium Atoms . . . - 1,1

44q. The Helium Moleoule—lon He2 . 1,1



xii CONTENTS

SECTION : PAGE
44b. The Interaction of Two Normal Helium Atoms. . . . . . 361

45. The One-clectron Bond, the Eloctron—pmr Bond, and the Threc-
electron Bond. . . . . . . . . . L. 362

CuapTER XIII
THE STRUCTURE OF COMPLEX MOLECULES

. Slater’s Treatment of Complex Molecules . . . 366
46a. Approximate Wave Tunections for the bybtgm ot Three

Hydrogen Atoms. . . ... . . . . . . . . 368

46b. Factoring the Sccular Equatmn < 1 1¢]

46¢. Reduction of Integrals. . . . . 370

46d. Liniiting Cascs for the System ()f Thr(( Hvdrog( n At()mb . 372
46¢. Generalization of the Method of Valenece-bond Wave

Functions . . . . 374
46f. Resonance among Two or More \'dlen((—l)ond btru(tur( s . 377
46g. The Meaning of Chemical Valence Formulas. . . . . . . 380
46h. The Method of Molecular Orbitals . . . . . . . . . . . 381

Cuavrer X1V
MISCELLANEQUS APPLICATIONS OF QUANTUM MECHANICS

47. Van der Waals Forces . . . ... ... . 383
47a. Van der Waals Forees for Hy dr()gen At()IIlb ... ... 384
47b. Van der Waals Forces for Helium. . . . 387

47¢. The Estimation of Van der Waals Foroes fr()m Molu llllI'
Polarizabilities. . . ... . 387
48. The Symmetry Properties of M()le( ular Wave Funotlonb R 388

48a. Even and Odd Electronic Wave Functions.  Selection Rul(s 390
48b. The Nuclear Symmetry Character of the Electronic Wave

Function . . . 391
48¢c. Summary of Rebults Regdrdmg Symmetrl(‘dl Dmt(nm(
Molecules . . . . - { ¢
49. Statistical Quantum Mee h inics.  Systems in Thermodynamic
Equilibrium . . . 395
49a. The Funddmontal Th(or( ghil ()f Stdtlbtl( 41 lentllln Me-
chanies . . . e o398
49b. A Simple Applic: 1t10n R - 12 74
49¢. The Boltzmann Distribution Law - {¢ 14
49d. Fermi-Dirac and Bose-Einstein Statisties . . . .. 402
49¢. The Rotational and Vibrational Energy of M()]an(\s ... 405
49f. The Dielectric Constant of a Diatomic Dipole Gas . . . . 408
50. The Energy of Activation of Chemical Reactions . . . . . . . . 412

Cuarrer XV
GENERAL THEORY OF QUANTUM MECHANICS

51. Matrix Mechanies. . . . .. 416
5la. Matrices and thmr Rclatl()n to Wt\e I‘unctlons The
Rules of Matrix Algebra. . . . . . . . . . . . . . 417



CONTENTS xliit

SECTION Pacr

51b. Diagonal Matrices and Their Physical Interpretation . . . 421
52. The Properties of Angular Momentum. . . . . . . . . . . . 425
53. The Uncertainty Principle . . . . . . . . . . . . . . . . . 428
54. Transformation Theory . . . . . . . . . . . . . . . . . . . 432
APPENDICES

1. Values of Physical Constants. . . . 439

I1. Proof that the Orbit of a Particle Movmg in a (emr‘zl 1< 1(\1(1
Lics in a Plane . . . . . 440

II1. Proof of Orthogonality of W(nc Tun(tlons (oxrespomhng to
Different Energy Tevels . . . . . - ©: ¥ |
IV. Orthogonal Curvilinear Coordinate SVbtoms Lo .. 443

V. The Evaluation of the Mutual Electrostatic Energv ()f Two
Spherically Symmetrical Distributions of Eleetricity with

Exponential Density Functions. . . S L4408

VI. Normalization of the Associated ]‘eg,ondre lectlons R S D
VII. Normalization of the Associated Laguerrc Functions. . . . . . 451
VIII. The Greek Alphabet. . . . . . . . . . . . . . . . . . . . 453
InvEX. . . . . . . . . . . . . . . .. .. .. .. .... .45





