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Boltzmann, Balmer, Planck, Einstein, Bohr,
sommerfeld, Wigner, Compton, Bose, Pauli, Fermi,
de Broglie, Heisenberg, Jordan, Born, Schrdalinger,
Goudsmit, Uhlenbeck, Dirac, von Neumann,

Davisson-Germer , Hilbert, Weyl, Feynman, Bell
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WA ARNES T BT A%

Aussi I’ homme ne peut etre heureux par la science,
mais aujourd’ hui il peut bien moins encore etre
heureux sans elle.

BAAGETREARERERT, ER WA RH
T B2 AT A& 4 B8 E AR A K,

—Poincaré La valeur de la Science
a2, NMIT2BEAEGETAFERAMEFRT,

HzHXRWAMTBEALNEET IFTENE T2
BEFWNE, TRLER REF!

—caozexian
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Did you hear the voice from Bohr when you sat beside
his desk? Were you guantized at that moment?
—Liucheng 2011.08.29
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Quantum physics makes me so happy.




Why you felt little Tiffany deserved to die?

-scene from Men In black
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May I ask why you feltlittle Tiffan ed to die Sl aboutitostartis

She was the only one that seemed dangerous type, sir. ...... Then I
saw little Tiffany, 8-year-old white girl, middle of the ghetto, bunch
of monsters at night with quantum physics books. She is about to
start some shit. She Is about 8-year-old, and those books are way
too advanced for her. That means, | say she is up to something. 7




| think I can safely say, nobody

understands quantum mechanics.
--Feynman 1965
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Think different




QM In my opinion

Quantum Mechanics:
An Adventure of Mind
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HETHER!

Neither does Quantum Mechanics
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The Planck constant!
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Figure 2.2: The basic Ptolemaic system of the world showing the celestial bodies from the Earth in the
order, Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn and the sphere of fixed stars. (From Andreas

Cellarius, 1661, Harmonia Macrocosmica Amsterdam. Courtesy of F. Bertola, from Imago Mundli,
1995, Biblios, Padova.)

Himmer, Heaven, Harmony
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The Dictionary of Quantum Physics Igor R. Shafarevich, Basic Notions

: : : of Algebra, Springer (2005).
In QM, the basic physical notions are : SI7 G (2L

‘coordinatised’

by mathematical objects:

Physical notion

Mathematical notion

State of a physical system

vector ¢ in an infinite-dimensional
complex Hilbert space ¢

Scalar physical quantity

Self-adjoint operator

Simultaneously measurable quantities

(you it has many eigenvalues, how can
you get all the values once)

Commuting operators

Quantity taking a precise value AAin
state ¢

Operator having ¢ as eigenvector with
eigenvalue A.

Set of values of quantities obtained by
measurement

Spectrum of an operator

Probability of transition from state ¢to
state y

(o) o =l| =1
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Quantus, Quantum, Quanta,

how muchi) BH. =1, FAMHHE

Quantity, Quantitative
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Quanto equesto? St il ™ - e
Quanto costano? = "
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- Quantum of Rain Fall - -
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UANTUM OF
SCLACE

OCTOBER 31
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Atom & Integer
R 45 T A E

Integer!

r RERa2E
ftrt‘ ¢ q7Le.com

Palm-fingers

Digital, digitus: finger, toe
Integer: untouched, as a whole
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http://www.china016.com/news/meitui/2007822/078229470.html
http://www.digalist.cn/item/2711
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BHFFART], EEZHE.
Bfg =8, RHEREMM.
R UER R ? HEE TG T
JIaerFr L, SCREZEHIAC
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Bk is something that is in some sense an atom! 17
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Tangible
B ] (191471976), ZHAEA, YELNERX 4R, # phys!cs
NZERX F] A R 1955@%&&%4%?4@. %}é—%%ﬂ}'}gﬁﬁﬁm—. Sensible
CRA /]iqj physics
5 > “,V ‘|Quantized!|
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http://gxywys.com/
http://tv.3eat.net/2007/0804/36389.html
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7 FFE R Z Boltzmann

18774 gt & E TR &K

— i RTER, MR TEA
(0. 1., 2 p) MNEEEE IR E (Ludwig Boltzmann,1844-1906)
NMERE N TESZMT AFT?

Ny+Nn+N,+...+Nn,=n n!
| — P =
O.n0_|_]_.n1_|_____|_ p.np:]/ nO!nl! ...... np!
ERAREHT, n, oc exp(—4p)
A A RILR 4

RR? 20



http://upload.wikimedia.org/wikipedia/commons/a/ad/Boltzmann2.jpg

(Max Planck, 1858 —1947)
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u(A) (kJ/nm)
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h=6.55x10""Js <

0'S, K
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aam_ﬂ k
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l_J —
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Ary? hv
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B F 7 FFEERE 2 -Planck

To distribute the energy U, (P portions) among N —
oscillators (for the calculation of entropy with P UV / h 4
classical concept of billiard balls) with frequency v. /
Suppose Uy, is indefinitely large, divisible, and the Planck called it
total number P of equal part ‘Energieelemen
t
P+N-1)!
w o )
PI(N -1)! 1 65
Sy = NK[@A+Y) In(1+Y)—LInY] T oU
_ & . 4y° hv
exp(e/kT)~1 " ¢ exp(hv/kT)-1

M. Planck, Annalen der Physik, 4, 553(1901). 23



B F 7] 3t Z -Einstein

19054, & [A A7 8 A %8 4 0y 2 A
REERMHEN, KBERET LR

|
%Ultra voilet rays

(_%ot *e e 0I+\
kP Photo electrons C)
‘ (Albert Einstein, 1879-1955)

: | | | | |
| |
| Photo electric emission

E.=hv—-¢
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B F 1 F 1 Z -Balmer

1885, Ordering of H Spectral Lines

(Johann Balmer,1825 -1898)

H H, H H,

o Y

6562.10 4860.74 4340.10 4101.2 A 25




y y 9 d 25 El

equivalent to
In 1884, Johann Jacob Balmer (1825-1898) E;’ E;’ @;’ 36 4
h 12 721 73z
2
n : 4n? U
2 2 — -
n _ 2 n2 . 22 22 n2
2
A = const. ( 2

|
| l
It also tells what is discrete energy 26

levels and energy band!!



B F 7] S It Z -Balmer

100 nm

visible

1000 nm

10 000 nm

27



%%7’7 '&%L'%L -%‘i-Bohr

1913F J /R T AR Ty al,
BREHT BTHENE THAMH

Jump, Sprung

1 R{ 1 1 } ~ (Niels Bohr, 1885-1962)
A 2 n 1 1
Viam & (_2 _—2)

E ocg, —1/n? n m
Bohr’ s Model

2 2,4
§pdxznh g __ermee 1

h°n n



B 7 FFE 1R Z -Bohr

1 1

o (— — —
(n2 m?

Vnm

Bohr’ s model B2 7 2[5 & ?
E, BE LR ALE A AL

X

|

ERNRME: LE, RE, LK, FEEH, HH




& F 7] I MW Z -Heisenberg

19254F, & & &1 B 23 & 89
R E A AL, B[RS F

Frequency — Intensity (Werner Heisenberg, 1901—1976)

Observable: frequencies observed in quantum jumps

Fictional: frequencies come from Fourier-analyzing
sharp classical orbits

X(t) _ ZeiZEnUTXn

X =X" et

The orbit x(t) Is periodic:



Matrix Mechanics (XP)m ?

H=%(x2+p2) X(t) = VJ2E cos(t) p(t) = V2E sin(t)

HEME TFAM, TERETHE
Planck % 3k i % % £, E=n#A

A(t) = x(t) +ip(t) = V2Eet 0 A

4 Fourier
iR |

X 2 H
E—:—‘I
éj\

AT (t) = x(t) —ip(t) = V2Ee™

31



Matrix Mechanics -
Xnm (t) _ eI(En—Em)t/h><nm (O)

A, 1s the (m — n)-th Fourier coefficient of the
classical orbit, the matrix for A is nonzero only
on the line just above the diagonal.

0 Jy1 0 0 0 iv1 0 0
V1.0 V2 0 W1 0 W2 o
Jx(@)=+vh/2z| o0 2 0 3 J2p)=vhi2z| o —iy2 0 i3
0 V3 0 0 -3 0
0 0

#1147 x(0), p(0), 4 5 R ?

32




%%77 '&%!’% X -i%‘i-Born

(Born wrote) and immediately there stood
before me the strange formula

XP —PX= 17 (Max Born, 1882-1970)

BT AL

C(n,m)=> A(n,a)B(a,m) Ko i 2%

33



& F 7 FFE R 2 -Jordan

XP —pPX =1
[X, p] =Xp —px
ﬂ (Ernst Pascual Jordan, 1902 — 1980)
[a,bc]=[a,blc+Db[a,c]
operator!
ll ,

o

[p1 Xn] — _ihnxn_l f)x - —ihﬁx

34



BTN FER -i%‘i-Compton

1923, & & 4t 57 X- 5t 2% #Y
B, AT

c=hv
p=hv/c=h/2

FEHY B TR =M T . 1926
S F— 5

Arthur Compton, 1892-1962

N
f-._J
I.-:--_-'

}'-.. N ';_-J -"-.I 0

B VAVAVAN - ===
, h
A=A = (1—cos )
m_cC
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& F /1 F I i Z -de Broglie

192448, De Brogliet® 147 7 ¥

R AT,
AR B, F XA R T
Z, &l

Luis De Broglie, 1892-1987

OOO
p=h/A A==
0
&
g=hv V=5 .



& F 7] 1 Z -Davisson & Germer

(Clinton Davisson,1881-1958)

19274F, ®F4THF (Lester Halbert Germer,1896-1971)

Mavahlke

Detadar . -~
ﬁﬁ Difradad

YR BN AR L e SN

9 AT g Fo X-ray — F£, o B
B DL & ‘X-ray’ AREE| |_| """" S cion Beam [ Target

i BB o 3




& F 1 F I E W Z -Schrédinger

19264F, BEEEAY K FHET
— MK AR,

& 7% (Peter Debye): #n R ZE 38 (Erwin Schrédinger, 1887-1961)
B, RERNKDHEE?

Quantisierung als Eigenwertproblem

Erste Mitteilung: Ann. Phys. 79, 361(1926)
Zweite Mittetlung: Ann. Phys. 79, 489(1926)
Dritte Mitteilung: Ann. Phys. 80, 437(1926)
Vierte Mitteilung: Ann. Phys. 81, 109(1926) 38




& F 1 F I E W Z -Schrédinger

—1hdy ot =Hy

H=p?/2m+V(r) Py > —110,

%i“%ﬁf&é@ﬁ@fﬁﬁ AR T L,
Z

T g
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5 1 o,. .0 1 ., e 2
S () (sing-<) + -~y =Ey E.,. o<—1/n

r’sing 00 00"  r’sin@ o¢ M

ER A2
RN

3
2 n—¢-1! _ | .
Vo (1, 0,0) = ( ) € p/2L2nz_£_l(p)Y£ (0,9)
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B F 0¥ 31

-i‘g‘i-Born

1925 3% B An g Y hBh L 7 4 %
F1%s 19264 4 H T W R E Y L

Eig L.

73—k Lwﬁmvzl

B Jm W =

w*ypdr

o, + oLy,

(Max Born, 1882-1970)

>y =(y,y)

AR T A doi T 2 I L& 40



& F 1 F I Z - Dirac
(X, p) =Xp — pX=if —

Poisson Bracket

[ul’vl] [UZ’VZ]
BFH oo,
i O%v —vu = K[u, V]
K=1n oqop 090
[a,p] = 2128 -1 -

41



B F 1 F FE W Z - Dirac

Relativity: E° = p°c® + m*c”
p, > —I%0, H 1 170,
(V? —Cizst—zz)w= m°c’y
2’ =X +Vy° = (ax+ By)° o' =p"=1
aff+ o =0
17y“0 w—mcy =0 o

CHRERRIERLEERT 4by 4
RRF, EHR atrix “



B F N R Z -Wigner

1922~19254F 25 4% 4 18 H A5 £ 15
XH BRI D TFHASH
& & W Ae, U F At #ET
* A X Ae. At~h, HEBEZR .

T A R HAX. Ap ~hZ &
1927 4.

Wigner & faWeyl — A2 4E 2 4 5|
NT ETHFS
HIBHRNE T AFT AR
TG Y A AR AE

(Eugene Wigner, 1902 — 1995)
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B F N R Z -Wigner

1922~19254F 2 #5401 L H £ 4
XHEREE D TFHASH
& & T Ae, U R TFHF4At #T
x Z R Ae. At~h, FE % .

g & EREAX. Ap ~h 2 &
1927 4,

Wigner i faWeyl — A2 4E 24 5|
NT ETHFS

AIBRNET IF A EEM
IR AL EIFE

(Eugene Wigner, 1902 — 1995)
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BT A FEEE Z -Weyl

WeylfaWigner— &2 # B 5N T £
T 7%

HITBARWNE T AFA e B
H 45 Fp AL

Weyl # B B 2 15 i 09 2 R 5 7] AL

SNEFAFMEN BT RRNE
EAA: Weyl & Einstein

Weyl Fermion, Weyl Semimetal

(Hermann Weyl, 1885-1955)
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T F 1 F I AE W Z -Pauli

1924 @ A HEW B F L 2 — N
EWESE, FRHET “THAER
2, AR E B A B
$§§§é§£?30$ , BABET (Wolfgang Pauli, 1900-1958)

Enfm — E

ném;s

2D complex Hilbert space of matrix, 4 4% 1 % &,
2 B 1y A~ # —Pauli Matrices.

SRR SIS
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%%77 '&%"% X -i%‘i-Bose

1924 3% B ERIR ' THRLE TRK
(sublevel) By FT 32 T& H T BAKZE AT v 3o

(Satyendra Nath Bose, 1894 —1974)

ZHEMEZE RN THERRERLT HE-Z HHES
o B ey B AR AL AR R R B - AT St
WHARET
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ﬁ%ﬁ 'ﬁ%&'%L ' 1l‘gzi-Bose S F B AR AL A

Suppose we have a number of energy levels, labeled by index i, each
level having energy e; and containing a total of particles n;. Suppose each
level contains g; distinct sublevels, all of which have the same energy,
and which are indistinguishable. Then for these n; photons in g; cells,

_(n+g;, -D!
W= n!(g; -1)! 9 > 2

Lagrange Multipliers

f(n)=InW(n;,g;)+a(N _Zni)_l_ﬂ(E_znigi

=1
n = Ji SR: m=0 ]
" exp(a+Be)-1 g =

S. N. Bose, Plancks Gesetz und Lichtquantenhypothese. Z. Phys. 26, 178-181 (19243



& T /1 F FE 1 2 -von Neumann

[ -2

W=, + oLy,

von Neumann: R {1408 X & 244 24 & B ?

19264, H sk 24, HRNAMESKE I REZ M
HLEZ AT AR, = 787 LUE RA /LA F
H—RE; 192485 (EF 75N FEA) .
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B F 7 FIE R 2 -Sommerfeld

Werner Heisenberg
Wolfgang Pauli
Peter Debye

Paul Sophus Epstein
Hans Bethe

Ernst Guillemin
Karl Bechert

Paul Peter Ewald A AU
Herbert Fr&hlich

Erwin Fues

Helmut HG

Ludhwig Hopt Arnold Sommerfeld, (1868 — 1951)

Walther Kossel

Adolf Kratzer
Alfred Landé Herbert Kroemer

Otto Laporte Linus Pauling
Wilhelm Lenz Walter Heitler

Rudolf Peierls Werner Romberg
Walter Rogowski

Rudolf Seeliger

Heinrich Welker %%%%9&3581?}(, %ﬂ:&&%ﬁﬁ‘%ﬂ%% 50

Gregor Wentzel

MacTutor of Maestros



https://en.wikipedia.org/wiki/Peter_Debye
https://en.wikipedia.org/wiki/Paul_Sophus_Epstein
https://en.wikipedia.org/wiki/Hans_Bethe
https://en.wikipedia.org/wiki/Ernst_Guillemin
https://en.wikipedia.org/wiki/Karl_Bechert
https://en.wikipedia.org/wiki/Paul_Peter_Ewald
https://en.wikipedia.org/wiki/Herbert_Fr%C3%B6hlich
https://en.wikipedia.org/wiki/Erwin_Fues
https://en.wikipedia.org/wiki/Helmut_H%C3%B6nl
https://en.wikipedia.org/wiki/Ludwig_Hopf
https://en.wikipedia.org/wiki/Walther_Kossel
https://en.wikipedia.org/wiki/Adolf_Kratzer
https://en.wikipedia.org/wiki/Alfred_Land%C3%A9
https://en.wikipedia.org/wiki/Otto_Laporte
https://en.wikipedia.org/wiki/Wilhelm_Lenz
https://en.wikipedia.org/wiki/Rudolf_Peierls
https://en.wikipedia.org/wiki/Walter_Rogowski
https://en.wikipedia.org/wiki/Rudolf_Seeliger
https://en.wikipedia.org/wiki/Heinrich_Welker
https://en.wikipedia.org/wiki/Herbert_Kroemer
https://en.wikipedia.org/wiki/Walter_Heitler
https://en.wikipedia.org/w/index.php?title=Werner_Romberg&action=edit&redlink=1

B F 7] 1 Z -Sommerfeld

E SE Azimuthal quantum number & Spin
ném nemss guantum number

WA FRAE—NTEAN, BUEART L, BF
REUEBANAZGZEARETZITHN. ZHZENE— A0
)R] B AR A A LR, WAR T A, KR
MAOF T L Ao A TINE —E =& T4, 1916F KR
BN E THAER

2 2 2
E = P + ‘ ~ — € 1 §de= kh
2m,  2mr°  4mg, r

.

(L +K)
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Summary

PETERR AL HE R PWENK, BE—FLR
REWER;

Eﬁfé/&% ek, PEFAELGRMRES
» Be a genius, rush to the stormy front of
science to explore your talent.
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Terence Tao (P& ¥F) and Paul Erdos in 1985

WEFAERAL?
TERELE, RREERET .

-caozexian 20160103
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George Gamow

B3 Bir, KR 54






Q3 & F A F—RA (TR
Establishing QM: the play of geniuses

1900~1928 4 |8] = W 32 ¥ % & H B ah AL By B AR,
—#BAT, FEZFRA, ELH =T FrnE By

BT RHFNETAFERR, ANERETWEFNER,

WAHRHEE T ARE W EIR. A S R G H E
EFAFHAENTE, #RALRIMTWEL—&
DLR AR A 6 B B4 DL - £ ey B 48 K = A0 BB By N
Rk, ZAREHENEFAHEE T NFNER
TR, EFANFNRBLEM AFED, CRELHY
B ERE ., BHENLEL,
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