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Fortuity and Inevitability
This Is Why Quantum Mechanics Is So
Compelling

Lung- hsing Tian
Abstract

With the upgrading of laboratory equipment and analysis capabilities, physicists
found that many phenomena seen in experiments can not be explained by using classical
physics. For example, why does the hydrogen atom spectrum show regular series
formula? What is the cause of the fine structure of the spectrum? Why does the
blackbody spectral distribution results derived from classical theory show divergence?
What is the model of the atom? For explaining these strange and special phenomena,
physicists in the early twentieth century (Planck, Einstein, Rutherfold, Bohr, de Broglie,
Heisenberg, Schrodinger, Born, Pauli, Dirac, and so on) had raised many innovative
hypotheses and concepts. After continually verified and validated for about 26 years
(from 1900 to 1926), most immature hypotheses and concepts were abandoned and the
essence of the theory was left and became the cornerstone of the construction of
qguantum mechanics. This paper describes the evolution of quantum physics and its

theoretical foundations of uncertainty principle and statistical probability

interpretation.

Key words : uncertainty principle, statistical probability interpretation, quantum

mechanics
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SPEIZEREANE » FEEE A TR IS AR TR R(y) » IR IS 2 e P
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T 15 R (R R ) Al HH 3R 5 BV 45 2R > VB B R HUR R R RO (UV
catastrophe) > 1900410 - {2 B4 F s B E2 52 B 5 (M. Planck) S HSHRS HE T 70 7
At Ry FE AR ST B G 2k AR AR R R 1 T E S AE B R R B 45 R

! Rybicki & Lightman 1979. p.22
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L B B e P T A B A A (LR P R Wien's law) L5 EE P 519
(A AR » RIS~ EREPUERE RS i S
PHRT IR AR 20)= Y » R BIHRET AN TR R EUERARN &

e™K 1
SRS EAER S I E RS R G - AR ST EHEEAT AN - (3
s D ARHTERE o R TR LB IEREBLSE MR o G EAST Y 19004F 712 F R T8
Foi SYBRAT R G IR TR IR TREE R TR0 1R (Planck postulate) -
HH S (8RR & v L 442 /7 fffi(Boltzmann distribution) » m] #E25 HH BL BT ) &
A T R A B
e BH 7 32 R FUE DU RS IR R TERRZ 40 ER SR U RE & 1y
EFALS » BERERRIR T AR R E R EE TR -
FEFFAIRTRE R (RIARFFRIERRAIAER) E = nhy = nho
Hef n=012,.. /%= T#(Quantum number) -
w = 2nv FREN FAIER -

h=6.63x10"%(J-s) T Ry B & E(Planck constant)

h=h/2x T8 RE ) EHE BAC L -

BE NEWIRTREEE T b fify el Es T Y E R R ER
AR (HEE TR —RERED - £ BB BRI IR TV REE T 8n
ATHEPROR - LR A S AT B S i & IEk - 3B IRGR S8 20 R BB AE
BB MHVER  EERE T LRSI ERE RV TREE i - A
IR A R T ARE BB A B by (G © A E] > MEAE - A
TTREEETERAFEN) - KZ - BB A% (R0 R #UEER
TS Ik TREENVETEHEZHEZELK > ERETERIEEEEH AR
HEHY - M EH R DDAERE T R AR SRR YRR - SRS MR SR — i fg
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B0 - Ry fARE L EE S (photoelectric effect) & E& - & RHTEH (A. Einstein) 21905442
t TEERRR A BT o BYIREE @) - MR S R AR IR TRE R E T 0 WA
— SRR  (RIRA B RS A 5 52— (EYEEAIR R 240 T BRIV AE &
e R b » B RN AROER K — R & PO+, (photon)y
RLFPATaHRL - kS i E IR AR EDE T FE B HERIMRAE T 1S
Bk T- AR -
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) . E
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At g By 3 ISR R TR R B
h = 6.63x107%4J-s Fy % BH5e i

FRHHHE R AFDETHIRE R E, ERINYIEIIIREL g - AP T &R R

ERGERGE T AR T > M2 ERAETRE B RAEHARCE TAVBIREK - K2 - &
AFOETHIRE R/ N PTE DI AR S OB T - ST AR PR AR Y

AR Ry D EEE T2 IR g B AV RN - 19104E% 1R (R. Millikan)Fo b B E Bt
B ENBHHADE TSV IERENE - 19234 55 1H (Compton) Hi 155 AE & HY X & Edhik
HERVECH B B o TRV R RS B A TR TR JIEE » FEEIEE

2 Serway, Raymond; Jewett, John. Physics for Scientists and Engineers with Modern Physics 9th.
Cengage Learning. 2013. p.1194
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FINHrHA T E 4 B v Y R IR T RE B E b i (R Hy S5 —(EE =
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Y RE ERERLAE - IS AT A0 1 26 fd % o 2L R LR 1 Y — B2 M (Wave-particle
duality) » $fLUR R IE IR Bl & TRy SR R A R SR MERYE IR - S59MER—
FEHY > 3HFE(P. Debye)jit 1912 45515 B oo 2 s o B S e o0 A 5 A i L S [EBG Y 5
HIEFER » S ERE (OB EREERSERY &SGR (C, «T7) M
BRI B R SR Y 20 G YR T N2 SR BN R A MR (4t
) MIREAHITHIEET - IERE R TR AE(phonon gas)5 [ ARYJEIA -

SRRy SRR B S LRt
1897454 A% (3.0, Thomson) 2k st 43 B B rh 35 2R B8 T-AYAFA(E » 19104E% 1L
fR(Millikan)fEHTEE SR T HEEE THVEE m, 2 9.11x10 kg EE e =-1.6x10"
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& r, =107 mEY, - 1T N EFH B 1115 I Ry R B LB 5 i 50 e Y =
B o ALEE R B R BT (lamu = 1.66 x 1072 kg ) VA & 22 VB S B BB Rty
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ST {EFETHYFEERET10 7O mEE - i EHLRIERIAR] - [RT-WEAETFE &
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(plum-Pudding model) - [F5-2H1 & F B Ry 10 mELR AV IEEEREGFTAHR » B
FIRATCIEBERAG P ES) o B EFEARR L2 8 2% JTHVERE © T EAFEEAR
B H— > S HTE R R E TR Y 2 s i B e BB A i )

o B BB R A B S A B T R PR 2 P R B Rl B 5 4R 1000 A » IEEL
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EERFTAIEIN o R EUH 72 74107258 - i iIHBLIE RN G4 R - RITSH
FREVIR T HIREAL A TERERY

19074Efir#E1w° (Emest Rutherford) FH 1% 2% 8 B B e 17 AT 38 (1 o K 75k /2

% RWXIFIEE - EERETEENVRIME - HE4.003 amu - ZF[Z2451E (Lenard)
BT R BB E5R(1903) AV & » Rt i Ty NEE & E NP tERT
ZEHEEIR o NIEE B AY R B) - &% (Geiger) N1 i & (Marsiden)sat 1 o FL T
REVESERUN B - RIL BT o LT8R B R S i B — R 8
wh b DR Bl - EEEAEE T AR E R o RrT-HYEH
HRGERARETR 25N - B RLZEH o Rl T EFF RSB - (H4751/8000
FY o AL AT EIRR 90° BB Al ink - A AV AEHRACAI L RHYIE FH JT76F o R
TRE ? R NER SRR T 7 RARRETE RIS - UEEN1911FE
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B E) - ALY 10 m o R AP T SR AV E PR - BT DAY
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% The Scattering of a and B Particles by Matter and the Structure of the Atom, 21. May 1911: p. 669-688
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QRETHEEHET > EREENET - DaFf Aot 2ie
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n2
ﬂ’BaImanoc( 2 4}, n:3,4,5,....
n

1896 F B BRI BIRASETR | =R, (Ziz_izj
Balmer n n=3,45,........

3+ ¥ R, =1.0067758x107 /m A5 § 8 E Y #

1908 FH AR 2 e A GR Ttal PR B 5 —RaEER AT T BIEARE S

1 :R{%’%J (#8025 b 40
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1 AR R T RS - %‘ _R, (iz _izj T T
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IR FHIBAEE TR T - R (S M 2 R T BT R Lt 57
BEAAREN » H AR AR TR AR - iRl T —Ee > HhETE
RERYSRAIME B R DT T TR R SR L e T — TR R
534/ (B R R B s B AR o 0 A S B o 2 Bt S | A A A
oh o EBER A - 19133 BB SR A SR TR TAF » 15— 28
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— BETSEEEATERE RO L = (BT
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MEGE R 29 (GJRT) WIVET-2FA -~ EEN ERRRERSTY - &1
TRETAEREAT B LR EYRERE | - 1 FTaR Y E Rl 2 & B IR E o e iF A~
BEREIGE R MRMAEE Tl - ERVHEE » 2B TR AN R
WV HSEGIPERR A o TEARER RN 1924 FH#E Y E 87 iR (5 (e s BA
TERRHIFAE » e REHVE R E 2 T 52(1926) 4 REfE SR -
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* On the Constitution of Atoms and Molecules. Phil.Mag. 26(1913)
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VU, ¥ 5 (Corresponding principle) (&%)
KEZ R E i EERFNE T En NS > 2V E T ERERIRE
B (HE T Hin RARFF > S8 RS0k BB LAY S MiHIEER - 55—
HEESAE  WREHAERh AR AT ARG EHE T ERE
2o EhAR A ARkt ml i o AR -

FHR H AT AR A Ry > SRR A TP T AEWUERYAE R - PUBFHE - 2R

FEATE T LM BB ARG TRrA SRS > CHE T &
AR SR S8 Ry B P B B A AR S SRR © A R e SRR T S R TR
SRR BRI T R EE AR ST R B TR B BRI - ERDhHI R T
JETEEE BN REA - 1T S oy B A B By R e e - BRI
S U R TR NE T B M EERSTR o EETREDGEER 0 KRERVZH
JF7 e REPERERL - MR A HIBkEHEEEFE AR - B TR REGRE RS - =00
NEPRTA R T AR AR RERERE - SRR A R TR - S R TIR
W eRt e B - HI IR R AE B R R TR WSO 2 K R HY FE A RE B AL RR B 2 &
REFE - EOEh b R EE R IR 251 (Lyman  series) tal - IS REE Ry (T
BRIERE LRI O LR - IO EEE R RS EEE R ARy e R R A B R S R Y
JRIN = 19144 A1 5o B 2k (Franck-Hertz) 1 T HI BRI RERE U RS - EOMIY
BRI T AR — 3 AR RE 22 154.9 eV » HEEE 53 SOHIZ $1FER253.6 nm
HVRINE - BEERGRE —IGEE T HNVE TR BN AR - B5#1915

FHEN SR THE R (m=1,0=2.3,....)» 19225 B GUF TATRLE S5 (m
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=4,n=5,6,7,...) > 1924FJF R T F T8 HI Dk (m=5,n=6,7,8,.) » LAY
SRR B HNTRN e =6 - ML TR EEF TR AR IEREM: (RET) -
HENR B AR TR E SIS BRI - B RIERR SR EI SR - SRR H
A ARG L CE IR - I bR D bR R R - B8 T
SRR it AR R HORSAHSS I r PR R T © MEPRAIIEL - 2 B Arie i AV fiie
ZERHVIERS ~ B  PROR(E - WEREEAFEE EFENNES > hETY
HUEA TR ERBraREER 2 (BT H20E P WA
THEO -

=4 ‘ -0.85ev
=3 || -15lev
Paschen series
=2 -3.3%v
Balmer series
HRF A2
Lymen series
n=1 -13.6ev
IS W Bl AT O 23 )|

AT RR P L RS

1923 473 B FR R 57 (818 75 (Louis de Broglie) 73 T —H{&4a BRI » {57
FEE : C RS BB TR+ AR T B B T
R, BRATHE RS AR - R R AR R -
PR R AT (OSBRI T 540 © IR o 195 - {82
SAFRE (R p, SR E BB B EAE b ER SRR v BUR R A 1)
WY+ ILREYEDN - (R ER R BRI TR RHTE R A S B R B
BT G S

I p=%=hk, E=hv=ho

® Recherches sur la théorie des quanta ( Researches on the quantum theory ) ,Thesis, Paris, 1924.
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1927 F 5[ B B Y W 4R PR ER 25 43 BIET T T R 5=t (Davisson-Germer ) Ei
787 (G.P. Thomson) MYEE T W LS4 st &6 - [FIHGERES TYEIRINET » Mk
AN EREGENER T BT  AUNEMIRSE > M T EAEEYE N R

FY A
applied volter !% e-gun pattern

e-beam

target

Bl T+ KRS T %L E R

E1 191317 1% (Bragg) S THe th XS 4RI BG S A U1 - MIFIXEERITFE e
St E i — B R MR RIS T E RN TR o XTSRS EG SR B 2 - ] TR
R R EL S Ra R4S TR o 1927 R RAEST- 2RIV E e (FES) BIEERx-rayt
IRHARE T NIRRT T B AR A BT AR B AV E R & 2 BT
[ElEE a A FR(EILR) - AR E T HA BRI - AT S Y e e n]
25 Bilx-ray —HR AV A SRR B 25 > ISR ERTECEkAY S B TR IR A S 45

Lo {5 R ASREE > SSTEIEE 0.91A » B THINTEREEEESAV - HITERIYIE N
ER167TA » EATHIRGERTEARELE © 2asing =nAd  BESTEMSEN 55— K& 4
R ABRF R BRI By ¢ = 67° > BB A e EhiR st S T Ry ARAE b > AHERT
THIEHTINE] ¢ =~ 67° Rp Sl LEER G AROA - 1T BT S50 A R e A (B 2R B I x-ray

FTEETTHISESTE R A& e 2V G > EEERIVEREEEE 7 ETHINEMR
G2 DN AE A Y GET (B 22 IR Ry B M AR A B O P i Y &5 R [R)— B - 32
R E AN S s BV E T R T AN E T R e S - B 2 R H
HUETTSRAT E R > FIREE TR T EEANIN: - REGREISNENEEYE

N E S 1937 F I EERS T3 H ML -
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B~ Be e et

1924-1925F [k G2 (W. Heisenberg) ££ /28 B HLGE SR FE T0F, fihsl Ryl
HAT R AR R SH D2 EENE N EEA AHEETER - 8 R &A A e
EREEEE RO ESRAE, PIOETSEEEe "HhiE . AT
Y o AR AR SR D R BB AR H? RS - BiREss
th TR R R, B MR R LS TEAR N2 EEYEAAEE - K
AHBAN R8T AR ENRERA - FEEERTE T - BAEhaF Tk
YA R M Lo S B (AT 1926 SR L T THEFETIER y (BT IRV —EhR
) » [ERFES T — S mT DY ) 22 B A FE RS - 2 SRR M AR TR Ry FEOHIEE +
BRI AT R AT e A TS SR H R R (B, FOR RERRAAY T
TRIFEAFI (M. Born), 8 BUIERERTE 8 LB RAH ~ T2V & E A

AR ARy, WEdAHLE  BEIE p M (EEAE R SAE FAR AT AT AlE

He By M - 15— B U  BE p ZEAEGHRENRL

M

i (Commute), ERVRAVEIE 2 (HE ? Mgdr BB RUE R IA S R H T HE

=z
EH ©°
I

G

[%, p]=%p- pr=ir=0

ZERE(M. Born) A 19265 Fr i H 78z ek Bt 224755 T 5 (statistical probability
interpretation)f s/ 2 - AR EEaR. R FEREE 7 £ v of B2 5 YY) S ek SRR B B o B
HEAEAE HA TR FERRA (5 > HH 22 SR Y B 47 P4 (Complementary) - fi#
FSR N BB R (i B BB B G BT & i e A R S o B IE A EE N
MR R ARV o IR B R B AR GBI N E M AU ERERY > EHE R
TR BRI SR A E AR R o B AR 1927 IE R Y T T AR AR AT
TE M Y B MRt (RN A MR T B, 19274 5 44178 (E. H. Kennard) HFEfe

® (Remarks on the origin of the relations of uncertainty ) ( 45 & K 2 4 (B§22) 55 23 #1)
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B2 Ry IERAEG T T BR AR AxAp > 1/ 2 > 1929 ER (A AR TSR B RATHYACHARE

AR SO R T AR B A R B - At [ B A P ) B2 A B R
EAETRL TR M R ) G IEMEE D2 E BRI RS A EERY) - [H
IF SR Hfee RV AT FME o AR ISR T AT DAR AERE B2 T —(EEERE - Al st )
S —(HEHIEAR - i S SRR — R e TR &R -

R 1 ERAE R T 82 AT A e 1 SR R ENAY A E R MRt AE R A e e 1 R
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TRl B RSN - W52 - 1927455 7% 05 25 11 15 JR PR AY 12~ 36 12
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" Max Jammer The Conceptual Development of Quantum Mechanics (McGraw-Hill, 1966)
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® Max Jammer The Conceptual Development of Quantum Mechanics (McGraw-Hill, 1966)F1 Herzog,
Thomas; et al.. Complementarity and the Quantum Eraser. Phys. Rev. Lett. 1995, 75: 3034-3037.
doi:10.1103/PhysRevLett.75.3034
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