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Milestones of Quantum mechanics

1897
1900
1904
1905
1909
1911
1911
1913
1926
1927

Discovery of electrons: ].]J. Thomson
Planck’s law: Max Planck

Saturnian model: H. Nagaoka

Photon theory: A. Einstein
Elementary charge: R. Millikan
Planetary model: E. Rutherford
Superconductivity: H.K. Onnes
Rutherford-Bohr model: N. Bohr
Schrodinger equation: E. Schrodinger
Uncertainty principle: W. Heisenberg
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Discovery of electron

o Charge: recognized since
ancient Greeks

® “De Magnete” 1600

° Faraday's laws of electrolysis

1834
® Named by GJ. Stoney 1874
* Cathode rays

e W. Crookes: electron is
negatively Charged particle

* ].J. Thomson performed
experiments




J.J. Thomson (1856-1940)

* Cathode rays
* Mass spectrometer
~ 1 * Supervisor of Rutherford, Oppenheimer,
W.H. Bragg, Born, Langevin, ...
* Nobel prize for physics (1906)

Jd Thomson
Avenue
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Thomson and Rutherford at Cavendish

Slevons. KMaasdorp  CLSmith. X&Marshall 1884?
Frof WHOrew. ANMagy LH.Fremlin. FElLYates. FlLincoln. BCBroane: GXMeary KShinohara. .
CHWesteott. WY/ Chang, AERKempton, JawWilson. Mioldhober NSchoenbery, Mra. Heil. DrdiHeil. JCBowen
DrdEALen. KELL, WEBennwth, WTDurics Hiarmichael, CoGilbert COCmillaigh. WEBurcham. ENimmo, Mok lidin e Kara-Michailona,
Pl GH Brigga, DeWB Lownis. Fllee: PrGRCtearle:  Frof $ieJ) Thomsen.  Prof Lond Rubtherford. Prof CTEWileon, DednEis JA Raboliffo  Miss AL Davies | 1919’)
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W. Thomson, Lord Kelvin
(1824-1907)
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FiG. 100. Resistance-temperniure curves of copper alloys; the figures
show the atomic percentages of the metal named. {(From Linde, 4nn.d.
Physik, 15 (1932), 219.)
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(H. Kamerlingh Onnes,1853-
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Nobel l[aureates among SC people

1913 1987

1972 2003

1962
1973 1977
1991
1998

I. Giaevar, B. D. Josephson

A. Abrikosov, V. Ginzburg

L.D. Landau

P.W. Anderson
P. G. de Genne
R. B. Laughlin
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Nature 401 680 (1999)

Wave-particle duality
of Cg, molecules

Countsin 50 s

Markus Arndt, Olaf Nairz, Julian Vos-Andreae, Claudia Keller,
Gerbrand van der Zouw & Anton Zeilinger

Countsinils

Position (um)

Figure 2 Interference pattern produced by Cay molacules. a, Experimental recording
{open circles) and fit using Kirchhoff diffraction theory (continuous ling). The expactad
zeroth and first-order maxima can be clearly seen. Details of the theory are discussad in
the text. b, The molecular beam profile without the grating in the path of the molecules.
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eeman effect

FEBRUARY 11, 1897]

NATURE 347

metals, still 7 cms. apart. We then found the difference
of zeros to be — 89 sc. divs., or — 0’64 of a volt; but
instead of seven minutes, scarcely a quarter of a minute
was taken to reach the rays-zero after the metallic _con-
nection was broken. These results are substantially in
accordance with Erskine Murray’s §§ ¢ of his paper
already referred to.

KELVIN.

J. C. BEATTIE.

SMOLUCHOWSKI DE SMOLAN.

THE EFFECT OF MAGNETISATION ON
THE NATURE OF LIGHT EMITTED BY A
SUBSTANCE}

IN consequence of my measurements of Keri’s mag-

neto-optical phenomena, the thought occurred to
me whether the period of the light emitted by a flame
might be altered when the flame was acted upon by
magnetic force. It has turned out that such an action
really occurs. 1 introduced into an oxyhydrogen flame,

e . v . ENREN = A .

mination of the ratio of the electric charge the ion bears
to its mass. We may designate the ratio ¢/m. | have
since found by means of a quarter-wave length plate and
an analyser, that the edges of the magnetically-widened
lines are really circularly polarised when the line of sight
coincides in direction with the lines of force. An alto-
gether rough measurement gives 107 as the order of
magnitude of the ratio e/m when ¢ is expressed in electro-
magnetic units.

On the contrary, if one looks at the flame in a direction,
at right angles ta the lines or.force, then the edges of the
broadened sodium lines appear plane polarised, in accord-
ance with theory. Thus there is here direct evidence
of the existence of ions. .

This investigation was conducted in the Physical In-
stitute of Leyden University, and will shortly appear in
the “ Communications of the Leyden University.”

1 return my best thanks to Prof. K. Onnes for the in-
terest he has shown in my work. P. ZEEMAN.

Amsterdam.
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Qbservation of splitting of the D-line from sodium under magnetic
fields by Zeeman; Nature 55, 347 1897. doi:10.1038/055347a0
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Pieter Zeeman (1865-1943, Netherlands)
sSupervised by Heike Kamerlingh Onnes

oNobel Prize for Physics (1902) with H. Lorentz
*\Van der Waals-Zeeman Inst. at U. Amsterdam
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2. Mr. P. Zeeman cbserved the same phenomenon at
at Zonnemaire, near Zierikzee (51° 42’ lat. and 57° W.

Amsterdam),

He wrote me the foilowing on November

19 and 24 :—“ About 6h, zom. (I saw) a magnificent,
splendid white arch, beginning a little north of east, and
prolonging itself to south-west, but in the meantime
shortening at the east end and disappearing in a very short
time.” Mr. Zeeman declares in his second letter that this
arch went through Aldebaran, and through a Pegasi.
This gives me a horizontal bearing of E. 20° N.-W, 20
S., as the observations of Prof. Cudemans gives also.

May 31, 1883]

NATURE

105

THE TRUE ORBIT OF THE AURORAL
METEQROID OF NOVEMBER 17, 1882

FTER many fruitless efforts to conciliate the appa-
rently widely diverging data, given by the nume-

rous obscrvations of this most interesting phenomenon ;
and after having been many times on the same point
as Mr. H. D. Taylor (vol. xxvii. p. 434), who has

valoire de Bruxelles, November 18, 1882 : “A 6h, 23m.
un ¢énorme rayon d’un blanc vif s’éléva 2 D’horizon
E.N.E.; il traversa le ciel en passant le zénith et alla
s'éteindre a lhorizon 0.5.0.” A similar phenomenon
has been observed by Dr. F. Terby at Louvain. The
great attraction of the Laon observation consisted in the
fact that the meteor’s apparent path was there seen at
the north side of the zenith, this being in harmony with
the Brussels zenith observation, and promising a good

Nature 28, 105 - 107 (31 May 1883),

20
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Paschen-Back effect in high magnetic

field
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Observation of the Paschen-Back splitting in the D line of Na.
H. Hori et al., J. Phys. Soc. Jpn, 51 1566 (1982)
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W. Shockley (1910-1989)
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e Co-inventor of the transistor

® Nobel prize (1956) with J. Bardeen and
W. H. Brattain

° Shockley semiconductor Lab.

® Fairchild semiconductor

Intel, National SC, Advanced MD
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“Electrons and holes in
semiconductors” by W. Shockley

v CHAPTER 14
- —— ELEMENTARY QUANTUM MECHANICS WITH

ELECTRONS

CIRCUIT THEORY ANALOGUES
14,1 ON THE NATURE OF AN APPLIED

AN " HOLES I \ MATHEMATICAL THEORY'
_ o N s ; Quantum mechanics is recognized as one of the more difficult branches
SEMICO \ D l ‘, TORS of theoretical physics, chiefly because it employs certain abstract mathe-
matical tools which in themselves have no direct physical interpretation.
WITH APPLICATIONS TO Thus one is told, for example, that applying an operator to a wave func-
TRANSISTOR ELECTRONICS tion in the proper way will lead to predicting the outcome of an experi-

ment. Neither the operator, the method of applying it, nor the wave
function has a direct physical interpretation. This lack of a straight-
forward interpretation is a definite disadvantage from a pedagogical view-
point—it makes the theory harder to present—but it does not indicate any
lack of validity of the theory in its applications. In so far as its applica-
tions are concerned, a mathematical theory of an experimental science
must satisfy one supreme requirement: I must agree with experiment.
Although this requirement can be simply stated, we shall give several ex-
amples to illustrate its meaning before discussing the agreement with
experiment achieved by quantum-mechanical theory and the procedures

used to test it.




Bardeen vs Shockley

GENIUS

THE LIFE AND SCIENCE OF

The Only Winner of
Two Nobel Prizes in Physics

CE&TDR OF THE ELECTRONIC AGE
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1924 Pauli’s exclusion principle

1924 Matrix dynamics by
. Heisenberg

W. Pauli W. Heisenberg ﬂ tE. Sehrodinger 1926 SChrédinger €q.
1900-1958 1901-1976 1887-1961
1927 Hartree approx.
1929 Slater Det.
1930 Hartree-Fock

1951 Hartree-Fock-Slater eq.

Douglas Hartree
1897-1958 Vladimir Fock Johf C. Slater
o5 1898-1974 1900-1976
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Hatree-Fock-Slater Eq.

PHYSICAL REVIEW VOLUME 81, NUMBER 3 FEBRUARY 1,

A Simplification of the Hartree-Fock Method

J. C. SLATER
Massachusetts Institute of Technology,* Cambridge, Massachuselts

(Received September 28, 1950)

It is shown that the Hartree-Fock equations can be regarded as ordinary Schrédinger equations for the
motion of electrons, each electron moving in a slightly different potential field, which is computed by
electrostatics from all the charges of the system, positive and negative, corrected by the removal of an
exchange charge, equal in magnitude to one electron, surrounding the electron whose motion is being in-
vestigated. By forming a weighted mean of the exchange charges, weighted and averaged over the various
electronic wave functions at a given point of space, we set up an average potential field in which we can
consider all of the electrons to move, thus leading to a great simplification of the Hartree-Fock method, and
bringing it into agreement with the usual band picture of solids, in which all electrons are assumed to move
in the same field. We can further replace the average exchange charge by the corresponding value which we
should have in a free-electron gas whose local density is equal to the density of actual charge at the position
in question; this results in a very simple expression for the average potential field, which still behaves quali-
tatively like that of the Hartree-Fock method. This simplified field is being applied to problems in atomic
structure, with satisfactory results, and is adapted as well to problems of molecules and solids.
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Periodicity of elements

1.0

| 4f 55 Ce -

Fr 87 8
Ra 88 s

Ac 89 ¢%d
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_ e u 92 s2dst
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Am 95 s df®
= = (AN Cm 36 szf}
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Mviol  sfdrt?

J.C. Slatg;Quantum Theory of Matter, McGraw-Hill, 1968
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QUANTUM THEORY

OF MATTER

SECOND EDITION

JOHN C. SLATER Preface v

Graduate Research Professor, Chapter 1 Modern Physics from 1900 to 1926 1

Unaversity of Florida 11 Introduction 1

Institute Professor Emeritus, 1-2 The Electron and the Nuclear Atom 3

Massachusetts Institute of Technology 1-3 The Development of the Quantum Theory from 1901 to 1913 6
1.4 The State of Atomic Spectroscopy in 1913 11
1-5 The Postulates of Bohr's Theory of Atomic Structure 13
1.6 The Quantum Condition and Bohr's Theory of Hydrogen 16
1.7 Elliptic Orbits, Space Quantization, and Zeeman Effect in Hydrogen 19
1-8 Waves and Photons in Opties 21
19 The Wave Hypothesis of de Broglie 25

Chapter 2 Schrodinger's Equation 29

2-1
2-2
2-3
2-4
2-5
2-6
2-7

28

Hamiltonian Mechanics and Wave Mechanics 29

Schrédinger's Equation and the Existence of Stationary States 32
Motion of a Particle in a Region of Constant Potential 35
Joining Conditions at a Discontinuity of Potential 37

Wave Functions in a Potential Well 40

The Sommerfeld Quantum Condition 45

The Linear Oscillator 47




Periodic table of the elements
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Magnetism of ions 1

# 2-1 closed shell % 3, DB FIs LU #+ v O HRME SRR

(mol %472 h 107%em® RHfrL42)

&M

EBRERTHRDEFREICISIRAEVETMEDE K,

TIT oL Y % Wi

He -1.9 -1.9 Li* -0.7 -0.7
Ne —7.2 —8.6 ! Nat* —6.1 —5.6
A ~19.4 —20.6 K+ —14.6 =15.3
Kr —28 Rb* —22.0 —29.5
Xe —43 Cs* =35.1 —47.5
F- -9.4 —~17.0 Mg** —-4.3 —4.2
Cl- —24.2 —30.4 Ca** —-10.7 -13.1
Br- —34.5 Srt+ —18.0

I- =50.6 Ba*t —29.0

ERIERERTHEME | (FEREE) &Y,

30

"9 1 2 3 & 5 6 T & & 1
mz

2 —_ 4 — 4— 4 A A
1 e —— e A A A
0 — — — 44— = 4= = A
-1 —_— — - — 4 44— 4 =
2 _— — — — — 44— 4= 4= = A
S=3s - 172 1 32 2 5/2 2 32 1 1/2 —
Le=3m: 0 2 3 3 2 0 2 3 3 2 0
J=L+S 0 32 2 3/2 0 572 4 9/2 4 5/2 0

Dene{ S} 1.732 2.828 3.873 4.899 5.916 4.899 3.873 2.828 1.732
HERIE 'Sy Dae ‘Fy ‘Far Do "See Di Fer Fi Dap 'Se
Alem™) - 154 104 87 57 — =100 —180 =335 -850
Sc*+ Tidt V¢ Crt Ot Fe't Fet Co* Ni*t Cuo* Zn**
L

Ti*t V4 Tt Ma* Mn* Mn® Co'™
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Magnetism of ions 2

44 7 || e | 5w | mme 1 | e o
LaP* £° 15 dia 0.00 0.00
Cebt £ | 2.5 2.54 2.56
Pr** | %H, 3.6 | 3.58 3.62
Nd#* | 59 Yore 3.8 | 3.62 3.68
Pm?* | o — | 2.8 2.83
Sm'* £° "Hyp 1.5 | 0.8 1.55
Fud* £9 TFy 3.6 | 0.00 3,40
Ga+ 1 Som 7.9 7.94 7.94
TH™ £* "Fo 9.7 9.72 9.7
Dy** o Flgs | 10.5 | 10.63 10.6
Ho* f1 A 10.5 10.60 10.6
Ert Fu Tian 9.4 9.50 9.6
Tm** 1 H, 7.2 7.57 7.6
Yhot fu P 4.5 4.54 4.5
Lt | g 18 dia 0.00 0.00

t (2-81) A1 BRERED gr M g0/ JTFD) ZHRLEL

D

1 (2-82) REIGEEMED p CHB A~ THE) 2IHELED O

(Van Vleck-Franck),
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Rear earth ions

2-2%& (b)) HITETER® O M EFRALCBIT 2 A Y @O ER.
Landé BHF ¢ & de Gennes BFdG = (g — DE(J + 1).

\e 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
3 + + + 4 3 4 + = A S A = 4+

2 + +— 4 + 4 + 4 3 P 4 3 = 3

1 + 4 + + 4 4 4 4+ 4= 434 T+ =

0 4 4 % + t * % P e S s
-1 e i i e e e e o S o S 2
—2 T e el e e e e o o o
-3 4 4 4 4 e A A=
S=2s: 0 1/2 1 3/2 2 5/2 3 7/2 3 5/2 2 3/2 1 1/2 0
L=32m. 0 3 5 6 6 5 3 0 3 5 6 6 5 3 0
J=|L+S 0 5/2 4 9/2 4 5/2 0 7/2 6 15/2 8 15/2 6 7/2 0
Detr - 2.54 358 3.62 2.68 0.845 — 7.94 9.72 10.63 10.58 9.59 7.55 4.54 —

ar —  8/7T 4/5 8/11 3/5 2/T — 2 3/2 4/3 5/4 6/5 /6 87T —

a — 15/7 16/5 36/11 12/5 5/71 @ — 7 9 10 10 9 7 4 —

dG — 5/28 4/5 81/44 16/5 125/28 —  63/4 21/2 85/12 9/2 51/20 7/6 9/28 —
Alem™) 0 640 360 200 260 240 230 —290 —380 —520 —820 —1290 —2940 —
EE%% 180 2F5;z 3H4 4J‘S\.ﬂ2 5I4 EHE}Z TFﬂ BSTJZ 7FB BH 15/2 518 41 15/2 3H6 2F7.f2 180
A x> La** Ce** Pr** Nd* Pm* Sm* Eu* Gd* Tb* Dy* Ho*™ Er** Tm* Yb* Lut
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HEHo Lt LI=WVDADI=HIC

o Wt - BEE
o WA TTE TERDETHRI LE (19%)
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1996

o XFINE BELE, FHESIE (2005)

® M. Tinkham, “Introduction to Superconductivity, second ed.,” Dover (2004,
original: 1996)

- BT N%F - EikmE
® N.W. Ashcroft and N.D. Mermin, “Solid State Physics,” Thomson learning
(1976)

e C. Kittel, “Introduction to Solid State Physics, 8 ed. ,” Wiley (2004)

o KH#E— TERMRFZFOER/L ¥ 2 7)) vH—T28v (2007)
* P.W. Anderson, “Concepts in Solids,” World Scientitic (1998, original: 1963)

o FHIELH rﬁfti?ﬁ?J HESE (2004)
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