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1900 46 12 A 14 H BRI K Planck EHIAKE IR EE YA 2E 2 b
HOBE T BB GBI OB A& i E D) BRI e e L. EEX R B,
Planck 51 # T f0AL 7 fE & A & 7 (L BE& , DD e B 1 28 (A48 5 [m) &80, M 1T €1 57
TH#Fie. LA Planck (& Fi& N Al , £33 Einstein, Bohr,de Broglie, Heisen-
berg.Schrodinger,Born Dirac % —#t R WY B F# KW h . B F h2@Ews 7.
BTSN — MR T IR BN R, & 072 A xS 0
A AR BB T ONATTRE T i (] 2 1] B G WA, A AT % 49 5 iz 3l T XD
MR T HEHTRIAR.
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R FEAR MBI SL A A T E B B T #OEE AR IR B+ R
FRFm B, s b, A R — 20 ARk 5 40 b UR 220 b i 28 AR, A B A
K omET 54T,

B2, & F 7¢It AE B TE . B 0 — 2o 08 R B, R 5 R R 8 10 4 485X
i N A E R % T JLAA A 3R 51 T Einstein, Bohr R} 22 E A Z A £
48 . Einstein,Schrodinger % 5 F & F 25 i & i Bt T 3000 0 B 45 2R 09 A 0
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1.1 ZHaYBFNERERRAE“BI

fEdE AR F 2R IRRZAET, RATE BB — T 7E 19 42 K 5E K F5 A
25 B B¥ (classical physics) BB IR R . B @ IR 401 1% (Newton’s
mechanics) s ¥ 11 2% 555 i+ 4 # 2% (thermodynamics and statistical physics), 3
712# (electrodynamics) ,

R 2 AR T A P R R R ILGE B 1 L. X BB R R T IH 4R
AW =R, TREEMER AFERTE. DR B2 R SFHYE, E
I1AE s K — AR A 2= A . B 7 19 2R, 4 2 Kk R 2 & e 1 R Y
WA, BEENERSE B WIE, 19 e B, ATABR X ER W
54 WEERAF. 1846 4 Adams F AR M1 T 4 Bliz gh € B 1 11 H
SRR MR BEERERMEME—HE LH B2 RENITEFE. G
MBRXEEMNZS . YeHBIIH S, 8 —FMEAXHXBEKRHAEL BT .
A MBS M E S ATRARKA T —FHE XMEEER. X
— 55 50 JC A] G A b 1 B A 4N 2F B RS .

BT 19 HER, AMIRTRAZHE B WL T — 20K R, X2 H
NS5, ROFERRTHRIRMZEWEE, Mty Rk T M3
LML . A ERBERTFRIARY =N ERE BRI ¥ =/, #H1TH
28 Y T 0 TR A5 A0 ) IO A AR A BT O 5 G B AE U\ W R e R T
JEF 20 X — 3 58 kL 4 56 T I AR % WA AR O O B ) G 28 L B b
RRE T & R A R B BRI

X THEAZWEL — B hF W REBRY A FH — PN HB 5. 1864
4, 15 [ P 2% K Maxwell $ Coulomb, Ampere, Faraday %55 A X THEHE R
TEERBRMA R, TGS . Maxwell ) #3738 iU b f#
BTHAARABGFAMS MBS . Maxwell i 81 RE3 FEIE F156 T L BE % A0 14 4%
B —— LA K Cether) fAAE R — MR TR BB RL M BAIRER.

B A2 ¥ 55 R E I E TR S sy B, B E X A
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RAWKIARZY ARG TN ERHRE. B, A8 A AL AR R
Py B A 3 RN TR B AR 52 8 A 5 W B 2 AT 55 AN b 2 X A ) 3 A ) R
B8 &b 0 — 26 HLAA m] B BF 5

JAE 28 B0 32 1 50 B IR 1R R BB X R B () ) BB 4 4 A N A
B R A B e DL v AR B R M L A — 2 B 5 Tk 4 L) B A R O R
PR o G A ST R) R, A A b BT R O IO 5 J I R M R DT O Y R
P VLR JE B AR AE SR M), X S (R B B e it ) B0 2 | i 3l ) 2 55 0 2 S8 AR U
AR UM 3 > 2 B ) B2 ) B il PRt o AT 5 SRR B 2 ML 3 2 T Il 7 L S
BL” SR R NB ST o N AR 3, 28 i 3 2 SR 0k R T B 4
XS PR ME I Y R R R P LR S 17— DI S AfEL HY)
FE A BOHE B2 15 B i o, 2 B 2R IR RAKSR AW BB 1

SR 3 1 20 T 2290 s AT A 3k L JH B8 24 5 23, DRy 3K 4 ) e g AR U b AT
BEBEHEZARZ . Y ERTHILA S Z"SETYHEEN - K 4, B
PR T A 2 1 PR A —— & F 712 (quantum mechanics) FIAH X 18 (rela-
tivity theory) FJH#EA: .

PATR LS s ARG A A8 AE 19 20 K 0 28 TR 4 470 P 2 51 11 — 46 R X LA R X 2 [
ME AL BT B TR

1.2 ZE{XiEEF0 Planck H=FRi%

1.2.1  #ig 4t

FRATHGE X B W) K BE 8 KO0, A [A) Ui BE B9 9 4 &t AS [) 53 % (frequency)
BIG. BN, —4 10 W i B ARKT M & DG I, 45 22 i IR B2 AT 3k 2130 °C, ATOB R 3,
HeLk K B R AID SE LA 882 5 — 1> 100 W AT I 1) #8522 & S, JRBE W 3k 2580 °C
IR S KT O & O T B A B B B E . B R L R AR I IR R L R Ok
1 AR (B M) . X e iR K R i T A R T L A T IR 3 5 R
o U L R T T R PR S A O, R SO AR L g AR K. A 1 X e
KOGt B Y /e B 5 (thermo-radiation) ,

HARIA ARG BE RIS . B, B G 8oL & Ot B A R34
A . REEMERK S ROCEMIRERA BEEMNXR. HIEITBR K ERK
ARSTE MR AR . XA REER TR AR FRRERKTI RN,

1.2.2 Rayleigh-Jeans #y 2 K 45 4 £ i
J. W. Rayleigh (1900 4F) il J. H. Jeans (1905 4F) B8 2 5 5% 3o SA 1A 3048 B 5o 72



F1E ZAYEBEFN"BINHNEFHENEE 3

IRERS . BTl B K (black body) s j2 il % W% Wi B8 5 20 & L 1 4 38 0% O g ) i) 3
A, — A B A% B Ccavity) AT I BL A 2 PR AK

FIE— DR 1-1) . JRAAHY P BEAS W7 b 2 55 118 WA i,
P CRR ST « B A B AT . VR ST IR BF- S et p R BE R T
TE7E AR R R AE vy dv VR ST RE R JH E.dv K %
7. Rayleigh (9 AR5 28 8 r Bl 7 % FIGE TH97 38 25 16 BRI 45 1
8m/’kTdy

EFdV: =dnu .E (1_1)

¥ 1-1

e=kT, dm="dy
.

Hoh e BR T 00 F X RE & dne WBURTE v—v -+ dv B4R T (oscillator) $e % i s k=
1.381X10 * J « k '#/) Boltzmann # ¥;c=2. 998 X 10°m » s ' K ;v K5
T FER TRl % . X (- 1D m4E Rayleigh-Jeans () B &% 4f (black body
radiation) A2, 1905 4F Jeans iF B T3X 23 2 0 IF W 1 .

Rayleigh-Jeans 2 A AEMIRA X A] 5 SEHGAR 47 o £F & (R AE @ 0 (X, A 5 52 8

TR E = [ Eudy— co | B0 B A B 2 T 560 0 2 4
fi f 4 S

E=aT' (a AHEO (1-2)
X — 2 fE Stefan-Boltzmann 243 . 40f, ¥ 8 « HAE#E S LR E .
1.2.3 Planck &y & F1& ik .

TR Rayleigh-Jeans 23 3 5 52 56 35 S AR FF 19 F J& , 1900 4, 48 [= ) 3 °%
% M. Planck $£ 1 71 F & 7R % (quantum assumption) : $ {4 W Y 5% & 5 B9 4
B ST A AR 220 S PR T R IR R B 1L 1T L RB I — R A1) O L AR
bR TR RE R R B U B R RE R LRI

e=hv=hw (1-3)
M. RAQA-3D P h=6.626X10 " ]« s.h=h/2x=1.055X10 * J «

soJa AFRZ A Planck %%, T .7ERE N T 0f k11 FHREE
£ = Ze,,('f%/Zef% - #- €, = nhy (1-4)

e —; e —

1
Planck I (1-O AL G IR b —4E R 70 F et e=£T. 45 15 7 Planck
RAREE A

hyvdy

AT 4

Edy= 8my” .

e |
C

L1150



4 BEFh%E
= A

oo Zk‘l
E:J E,dy = aT", =
g v MRSV E

X —45 RS LR HAR 47 o A &, T B2k Stefan-Boltzmann 23 3 A ) 2109 % 4%
a AT HEIBS K .

Planck {8 & & FILHES RS Y B2 T A M5 &, X — &K 5|
M BAEF AL S LR FLZ MM T EEBI WAL, TS5 g
NI TR0 T S5 3R ) o, R BT 7 AR LA ST A SR, th I R BT 2%
X— 2RI R .

1.3 StE I F0 Einstein B¢ 2 FB i

L3.1 teEM

B e Planck B R 2 Einstein, 1905 4, Einstein #] F Planck i &
TR U A T # i B T Hertz H R 7E 1887 4F % B #Y )t 1 %% 7 ( photoelectric
effect) , £ 4 T o6& F (light-quantum) /& . M

MOGER IR G B 4 J8 R I, G B R R L
MR MR, X —BRJFEN FIF A H A E B K% O 4
ATy, B 4 B R E AR FIRBOE LS B
BB I, LU BOd BB 9% ve IR 62 & 3R 1 A AL RE (IR 18 2D o
T 4 T AT S50 SR 4 T 20 04 0 ~
BT . st 105 % B N 1-2 R K J2 i 1]
FARh e 4R WS B AR, A R FER . SEREW, YOk
WEOCHRENARE N M B SRERT K &, R A 1-2
PR SRF O P AT 4 1 A, W S A LA L EL A0 SR BRSO RN O R R TE
Wo XYL AFOCKMRERRE T MM E, X—-LRFLE5EMPE IS
FHIWHTE ., &R e, PR R T AR IE, 5 A A A
p, v 8

1.3.2 Einstein % & F &t

HMT MR BEOE B R M, 1905 4F Einstein # H 06 & F i ¥ (light quantum
assumption) : ST & O E FHM . B — R TR

E=hy (1-6)

Einstein $2 ) , o 7 AR A 5 € W RE & Ay, T FLE B # € 0 sh & . i AT AR Xt




£1E ZAayBEFN"EN"NERTHENEE 5

BHIRAH R FHIR

h

=%

Hh 2 REH B (wave length) ;A & Planck # %,
5| 3B TS5, 6 RO B AY B ME ) 857 BI15 B ARk . X O6 R 5 2

cRERFEN, . EBPHEHBEFREOE.BEEE v, SX—BRERXKTHRELIA

Bt FAEBRmR L, & B FHRSEER

%rmﬂ:hy—A (1-8)

XEERUE, R FOLR PO RS AHGRIER Y X, 5 KIE
(amplitude) o3¢, 3R (R W) R M FRIMR. RAYAFIECHMELE K,
HHIRER v >A BB T ARG R RER L .

Einstein )6 & F B3 A SR DB T 6 A 805z . i HE 48 75 06 9 3 kL —
L BOEAMCRA Bt T HE B AR T, K TROR T A3 R —E PR
TR TESS 2 TPEAITIE .

Einstein,Debye % A& | F fE &k 5 7 1 M & n ol st D 17 381 4 B 8 5 LAt
KEXE (7] B

1.4 FEFHREME Bohr HEFIR

CL=7

1.4.1 RFABRERNE® .

1911 4, E. Rutheford i#iid o B FEST LR E S TR FROAZER. BET
i JE F #% (atomic nucleus) Fl1 H F (electron) ZH A, 7 1 H3 f B, F 48 35 47 1F HL A9 JR
FHES . (HRRETFHAZERHER T A,

1. R FHREMREE

R 4% 22 B H B g 2%, LT ARV N 02 B 11 R A DT S R S e OB BT L
i BE B OR B/ LB R R RN R EER IR TR L. XSRETHRE
AT E .

2. [R F & il R IR 6] B

JEF o i 7R B R ot AR b i TR R E SR AL B 561 (spectrum)
IO 1% J2 ¥ B o (H S5 BT WA B i AR Ot . BN, 1885 4F Balmer A B AR T
F AT DO T R A R A LA LA

u=Rc(%—%). n=2;m=3,4,5, (1-9)
n m
HAf,R=1.097 X10" m ' A Rydberg #%. BR, AN (1-9) &G HHHIERLK



6 BEFHF
i .
1.4.2 Bohr W& Fi#

R TR PRI S OF I L1913 4E L, AN 28 % [ FTE P 2E K Bohr #2148 TR T 1
7L (quantum theory) ., Bohr i FHIE T HEFEIN T :

(D JFF HABER & A7 7E T 5 B # (discrete) fE & E, L E, , - I B — R FAR
A (E 1-3), XEARE M E A (stationary state) , 4b FESMIEFAEI L.

() JEF RA EW A& A Z H BRE i A & 5 5k .
AT B . A S R MG e O A A R A R R 1 5

(frequency condition) ( E;
y=Ln—En (1-10) E
h
Pt E . A 13

8K Bohr [ i 15 B 95 1R 4 M fff 66 Ji 1 14 A 8 P LI F 0 O R

XF N T 25 A~ 52 A 1Y BE B 48U F B RE DR (energy levels of atom) , F {K B4 (1)
AR Y FEZ (ground state) , 4b TS M IE FAGE B & A5 6, {8 /] LA 4O 1 BR
i (transition) #| & fEH (34 & & sexcited state) 3. 4T & REL M R 0] LLBR T
FMRRE LI K .

JRFREBRERULRECEDSOMERREF ¥ HFANME. BEMERME
Ji W E fiE B AU 71k (energy quantization) , iX J& 2 i f) 22 B I A HOHT R &

M 4E Bohr 2 JF FHISE N EMBE B H A BEFHEHRESIEF+
Hfzshpy—SR e EMKR . B0 HPE LB FEAHERRE. Bohr X H
] L i 5z gl 42 T E 3 i B9 & T 46 & F (quantization condition) :

J=nh, n=1,2,3,% (1-11)
MR (1-11), Bohr i35 H B F B9 B BhiE 32 sh (9 42 (0L ) 78T 1-8)
r,,é% AT Z=1) (1-12)
& BEH 1Y RE =
__m,Zze" 1 .
Eo=—Tof s 5 (1-13)

He fMim, p5lFon g FROBAMBEER,Z RRETFH. diX0-12) 0 U5
RN/ 0 T8 7/ RIS e

2

r= k >0, 53X10 " m (Bohr 48) (1-14)

m.e
MAQ- 10U ESE FHEER N E, MEERIKKTBIGEE N E, WREHE T &




$1E SAYEFN"RINETFHENEE 7

y=

E.—E,_ me' (1_ 1 )zR"(%_%) (m>n)  (1-15)

h 2k« h\n® w
_ 2x*m.e’
R= R (Rydberg # %0 (1-16)

J7 2 (1-15) s 2 i T 42 21 A9 SR TR S R AL X (1-9) . Bohr B Fig A {X
IR AR T H ALK FEARBMEOGELR. M HEME AR (%
SNX IR R .

Bohr #ig B — -2 M A AOVMHER. HX—Hig (AR Fig) 8 1E
e bRE TR ERERNEMREC SR T hEIRAE.

BIE f S A E — R B T IE AR (AL Sommefeld %) "] FR

9§pdq= nh (1-17)

b, (prg) wmmuzm%mm,§ o3 A BE SSr— A T L B 1-4)

1.5 de Broglie ¥ & i

HITH 2L £ i BT CLRROG T photon) MIRERE E=hw. Bkt p=1-. ok
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