
CONTENTS
 
PAO. 

PREFACE...••••.•.. vii 

CHAPTER I 

EARLY HISTORICAL DEVELOPMENTS IN ATOMIC SPECTRA ...••.•... 
1.1. Kirchhoff's Law. 1.2. A New Era. 1.3. Balmer's Law. 1.4. Ryd­
berg's Contributions. 1.5. The Rydberg-Schuster Law. 1.6. Series Nota­
tion. 1.7. Satellites and Fine Structure. 1.8. The Lyman, Balmer, 
Paschen, Brackett, and Pfund Series of Hydrogen. 1.9. The Ritz Com­
bination Principle. 1.10. The Ritz Formula. 1.l1. The Hicks Formula. 
1.12. Series Formulas Applied to the Alkali Metals. 1.13. Neon with 130 
Series. 1.14. Normal and Abnormal Series. 1.15. Hydrogen and the 
Pickering Series. 1.16. Enhanced Lines. 

CHAPTER II 

INTRODUCTION TO THE QUANTUM THEORY AND THE BOHR ATOM. • • • • • • 23 
2.1. Planck's Simple Harmonic Oscillator. 2.2. The Bohr Atom. 2.3. 
Bohr's First Assumption. 2.4. Bohr's Second Assumption. 2.5. Bohr's 
Third Assumption. 2.6. Characteristics of the Bohr Circular Orbits. 2.7. 
Bohr Orbits and the Hydrogen Series. 2.8. Series of Ionized Helium, He II 
(He+). 2.9. Series of Doubly Ionized Lithium, Li III (Li++) and Triply 
Ionized Beryllium, Be IV (13c+++). 2.10. Energy Level Diagrams. 2.11. 
Unquantized States and Continuous Spectra. 2.12. The So-called "Reduced 
Mass" of the Electron. 2.13. Variation of the Rydbcrg Constant. 2.14. 
rohr's Correspondence Theorem. 

CHAPTER III 
SOMMERFELD'S ELLIPTIC ORBITS AND SPACE QUANTIZATION. . . . . . . . . 42 

3.1. Two Degrecs of Freedom. 3.2. The Radial QuantuJIl Numbcr. 3.3. 
The Total Energy W. 3.4. General Characteristics of Sommcrfeld's 
Elliptic Orbits. 3.5. Space Quantization. 3.6. Larmor's Theorem. 3.7. 
Ml;lgnetic Moment and the Bohr Magneton. 

CHAPTER IV 

QUAN'i'UM MECHANICS AND THE SCHRODINGER WAVE EQUATION. . . . . . . 54 
4.1. De Broglie's Corpuscular Wave Equation. 4.2. The Schrodinger Wave 
Equation. 4.3. Schrodinger's Wave Equation Applied to Hydrogen. 
4.4. Eigenfunctions. 4.5. The <p Factor .p,. of the Eigenfunction of. 4.6. 
The 0 Factor 8,.,1 of the Eigenfunction of. 4.7. Correlation of .p,..p: and 
8,.,,8':,1 with the Bohr-Sommerfeld Orbits. 4.8. The Radial Factor Rn,t of 
the Eigenfunction of. 4.9. Correlation of Rn,iR:,1 with the Bohr-Sommerfeld 
Orbits. 4.10. A General Interpretation of the Eigenfunction of. 4.11. Use­
ful Atomic Models. 4.12. Spherical Symmetry. 

CHAPTER V
 

THE ALKALI METALS AND THE PERIODIC TABLE. . . . . . . . . . . . . . 77
 
5.1. Energy Level Diagrams. 5.2. The Bohr-Stoner Scheme of the Building
 
Up of the Elements. 5.3. The First Period. 5.4. The Second Period. 5.5.
 

ix 

Training09
Text Box
535.84 WHI



CHAPTER VI 

ExCITATION POTENTIALS, IONIZATION POTENTIALS, AND THE SPECTRA OF IONIZED 

ATOMS. . • . • . . . . . . . . . . . . • . . . . • . • • • • . •• 92 
6.1. Critical Potentials. 6.2. The Spectra of Ionized Atoms. 

CHAPTER VII 

PENETRATING AND NONPENETRATING ORBITS IN THE A,LKALI METALS .••.• 100 
7.1. The Quantum-mechanical Model of the Alkali Metals. 7.2. Penetrat­
ing and Nonpenetrating Orbits. 7.3. Nonpenetrating Orbits. 704. Pene­
trating Orbits on the Classical M()del. 7.5. Quantum-mechanical Model 
for Penetrating Orbits. 

CHAPTER X 

THE ZEEMAN EFFECT AND THE PASCHEN-BACK EFFECT •••••••••.·149 
10.1. Early Discoveries and Developments. 10.2 The Vector Model of a 
One-electron System in a Weak Magnetic Field. 10.3. The Magnet,ic 
Moment of a Bound Electron. lOA. Magnetic Interaction Energy. 10.5 
Selection Rules. 10.6. Intensity Rules. 10.7. The Paschen-Back Effect. 
10.8. Paschen-Back Effect of a Principal-series Doublet. 10.9. Selectiun 
Rules forthe Paschen-Back Effect. 10.10. The Zeeman Effect, and Paschen­
Back Effect, of Hydrogen. 10.11. A Quantum-mechanical Model of the 
Atom in a Strong Magnetic Field. 

CHAPTER XI 
SINGLET AND TRIPLET SERIES OF TWo-VALENCE-ELECTRON SYSTEMS.••••• 171 

11.1. General Series Relations. 11.2. Triplet Fine Structure. 11.3. The 
Quantum Numbers nand l of Both Valence Electrons. 11.4. Penetrnt.ing 
and Nonpenetrating Electrons for Two-electron Systems. 11.5. The ExClta­
tion of Both Valence Electrons. 

CON 
I 

PREFACE••• 

GRA 
SOMMERFELD'S ELLIPTIC ORBITS AND 

3.1. Two Degrees of Freedom. 3. 
The Total Energy W. 304. Ge 
Elliptic Orbits. 3.5. Space Quan 
Magnetic Moment and the Bohr M 

C 
INTRODUCTION TO THE QUANTUM 

2.1. Planck's Simple Harmonic 
Bohr's First Assumption. 2.4. 
Third Assumption. 2.6. Characte 
Bohr Orbits and the Hydrogen Be • 
(He+). 2.9. Series of Doubly 10 • 
Ionized Beryllium, Be IV (Be+++).' 
Unquantized States and Continuous 
Mass" of the Electron. 2.13. Va . 
rohr's Correspondence Theorem. ' • 

CR 
QUANTUM MECHANICS AND THE SCHa 

4.1. De Broglie's CorpUscular Wave 
Equation. 4.3. SchrOdinger's Wa 
404. Eigenfunctions. 4.5. The " 
The (J Factor em,l of the Eigenf 
em"e':;,l with the Bohr-Sommerfeld' 
the Eigenfunction,p. 4.9. Correia' 
Orbits. 4.10. A General Interprets 
ful Atomic Models. 4.12. Spheri 

CR 
'THE ALKALI METALS AND THE PERlO 

5. I. Energy Level Diagrams. 5.2.': 
Up of the Elements. 5.3. The Fi 

c~ 
EARLY HISTORICAL DEVELOPMENTS IN 1 

1.1. Kirchhoff's Law. 1.2. A New! 
berg's Contributions. I. 5. The R 
tion. 1.7. Satellites and 'Fine 
Paschen, Brackett, and Pfund 
bination Principle. 1.10. The Ri 
1.12. Series Formulas Applied to 
Series. 1.14. Normal and Abno 
Pickering Series. 1.16. Enhanced 

CONTENTS 
PAO. 

The Third Period. 5.6. The Fourth Period or First Long Period. 5.7. The 
Fifth Period or Second Long Period. 5.8. The Sixth Period or Third Long 
Period. 5.9. The Seventh and Last Period. 5.10. Energy Levels of the 
Alkali Metals. 5.11. The Effective Quantum Number and tlie Quantum 
Defect. 5.12. The Selection Principle. 

x 

CHAPTER VIII 

DOUllLET FINE STRUCTURE AND THE SPINNING ELECTRON .•••••••• 114 
8.1. Observed Doublet Fine Structure in the Alkali Metals and the Boron 
Group of Elements. 8.2. Selection Rules for Doublets. 8.3. Intensity 
Rules for· Fine-structure Doublets. 804. The Spinning Electron and the 
Vector Model. 8.5. The Nonnal Order of Fine-structure Doublets. 8.6. 
Electron Spin-orbit Interaction. 8.7. Spin-orbit Interaction for Non­
penetrating Orbits. 8.8. Spin-orbit Interaction for Penetrating Orbits. 

CHAPTER IX 

HYDROGEN FINE STRUCTURE AND THE DIRAC ELECTRON. • • • • • •• 132 
9.1. Sommerfeld Relativity Correction. 9.2. Fine Structure and the Spin­
ning Electron. 9.3. Observed Hydrogen Fine Structure. 904. Fine Struc­
ture of the Ionized Helium Line X4686. 9.5. The Dirac Electron and the 
Hydrogen Atom. 9.6. The Angular Distribution of the Probability Den­
sity Pg. 9.7. The Radial Distribution of the Probability Density P,. 9.8. 
The Probability Density Distribution #.. 9.9. The Sommerfeld Formula 
from Dirac's Theory. 



on atomic spectra 
ies and knowledge 
~e for all time. 

"y by the working 
given at the end of 
',tions are assigned 

cd the second the 
~lIotion is to facili­

"eferred to in the 
Chap. IV, using 
.th equation in 

Hy to thank 
.able criticism 

extended to 
. reading of the 

of Chap. XVI 
,XII, XIII, 

it for reading 
lreading Chap. 
',. Ie reading of 

;R. B. Brode 
d chapters. 
and P. W. 
.enzel of the 
',stellar, and 

.t Wilson 
and chro­

•Hirsch for 
" Prof. M. 
, patterns 

k-effect 
aneand 

l,and H: 
,f. R. B. 
\absorp­
. :ofthe 
"'Grace, 

uced 

CONTENTS	 xi 
PAGE 

CRAPTER XII 

THE ATOM MODEL FOR Two VALENCE ELECTRONS. . . . . . . . . . . • . 184 
12.1. ll-coupling. 12.2. Spin-spin-, or ss-coupling. 12.3. LS-, or Russell­
Saunders Coupling. 12.4. The Pauli Exclusion Principle. 12.5. Triplet 
Multiplets in Ionized Scandium, Sc II. 12.6. Coupling Schemes for Two 

<"	 Electrons. 12.7. r Factors for LS-coupling. 12.8. The Lande Interval 
Rule. 12.9. ii-coupling. 12.10. jj-coupling in the Carbon Group of 
Elements. 12.11. Term Series and Limits in Two-electron Systems. 12.12. 
The Great Calcium Triad. 12.13. The Branching Rule. 12.14. Selection 
Rules. 12.15. Intensity Relations. 12.16. Relative Intensities of Related 
Multiplets. 12.17. Helium and Helium-like Atoms. 12.18. Quantum 
mechanical Model of Helium. 12.19. Fine'Structure of Helium-like Atoms. 

CHAPTER XIII 

ZEEMAN EFFECT, PASCHEN-BACK EFFECT, AND THE PAULI EXCLUSION PRINCIPLE, 
FOR Two ELECTRONS . . . . . . . . . . . . . . . . . . . . . . . 215 

13.1. The Magnetic Moment of the Atom. 13.2. The Zeeman Effect. 
13.3. Intensity Rules for the Zeeman Effect. 13.4. The Calculation of 
Zeeman Patterns. 13.5. LSc and Jj-coupling and the g Sum Rule. 13.6. 
Paschen-Back Effect. 13.7. LS-coupling and the Paschen-Back Effect. 
13.8. ii-coupling and the Paschen-Back Effect. 13.9. Complete Paschen­
Back Effect. 13.10 Breit's Scheme for the Derivation of Spectral Terms 
from Magnetic Quantum Numbers. 13.11. The Pauli Exclusion Principle. 
13.12. Pauli's g Permanence Rule. 13.13. Pauli's g Sum Rule for All Field 
Strengths. 13.14. Lande's r Permanence Rule. 13.15. Goudsmit's r 
Sum Rule. 13.16. The r Permanence and r Sum Rules Applied to Two 
Equivalent Electrons. 

CHAPTER XIV 

CoMPLEX SPECTRA . . . . . . . . . . . . . . . . . . . . . . . . . . . 248 
14.1. The Displacement Law. 14.2. Alternation Law of Multiplicities. 
14.3. The Vector Model for Three or More Valence Electrons. 14.4. Terms 
Arising from Three or More Equivalent Electrons. 14.5. The Lande 
Interval Rule. 14.6. Inverted Terms. 14.7. Hund's Rule. 14.8. The 
Nitrogen Atom. 14.9. The Scandium Atom. 14.10. The Oxygen Atom. 
14.11. The Titanium Atom. 14.12. The Manganese Atom. 14.13. The 
Rare-gas Atoms, Neon, Argon, Krypton, and Xenon. 14.14. The Normal 
States of the Elements in the First and Second Long Periods. 14.15. 
Houston's Treatment of One s Electron and One Arbitrary Electron. 14.16. 
Slater's Multiplet ftelations. 14.17. Multiplet Relations of Goudsmit and 
Inglis. 14.18. Relative Intensities of Multiplet Lines. ' 

CHAPTER XV 

THE ZEEMAN EFFECT AND MAGNETIC QUANTUM N UMBERS IN COMPLEX SPECTRA 286 
15.1. Magnetic Energy and the Lande g Factor. 15.2. The Calculation of 
Zeeman Patterns. 15.3. Intensity Rules and Zeeman Patterns for Quartets, 
Quintets, and Sextets. 15.4. Paschen-Back Effect in Complex Spectra. 
15.5. Derivation of Spectral Terms by Use of Magnetic Quantum Numbers. 
15.6. Equivalent Electrons and the Pauli Exclusion Principle. 

CHAPTER XVI 

X-RAY SPECTRA 299 
16.1. The Nature of X-rays. 16.2. X-ray Emission Spectra and the Moseley 
Law. 16.3. AbsorDtion Spectra. 16.4. "Energy "Levels. 16.5. Selection 



!

I

, 

C 

EARLY HISTORICAL DEVE! 
1 

Spectroscopy as a field of ex 
contributed much to our knowl 
things-knowledge not only of 
stellar space, and of the distllJ 
spectroscopy had its beginning I 
Sir Isaac Newton that different 
pass through a prism were refract 
that Newton actually carried Oul 

confined to a small pencil of ray! 
then allowed to pass through a 
band of color. Although it was: 
when placed in direct sunlight ~ 

for Newton to show that the co 
were the necessary ingredients 
lens in the optical path the ban 
series of colored images of the hol 
called a spectrum. 

Had Newton used' a narrow 
examined carefully its image in 
discovered, as did Wollaston l a 
years later, the dark absorption 
took it upon himself to map 0 
lines of the solar spectrum and I 
by the first eight letters of the: 
now known as the Fraunhofer li; 

1.1. Kirchhoff's Law.-Mor€ 
of spectroscopy before a satis 
lines was given, Foucault3 sh01 

1 WOLLASTON, W. R., Phil. Trans. 
• FRAUNHOFER, J., Gilbert's, Ann., 
3 FOUCAULT, L., Ann, chim. et phy 




