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2. Rutherford 147 B WA (1911)
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In this model, as energy is lost through light emission, the electron is
drawn ever closer to the nucleus and eventually spirals into it. The .
collapse of the atom would occur very quickly.
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A Story of Atomic Theory: from Rutherford to Bohr
(EFEHKREHEE. WS FRBIFUR)

1. Rutherford’s nuclear atom (553 X% R FHER)
2. Particle nature of wave: a bridge from Rutherford to Bohr
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% Plank’s equation (BT 52
% Photoelectric effect (3% exkR)
% Emission spectrum of hydrogen atom (8EFR5HEiE)
% Balmer’s empirical relationship (E/REFZBAR)
3. Bohr Model of the hydrogen atom (B/REJE FHLH)
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Planck’s equation

E = hV(E: energy; h: Planck’ constant; v: frequency)
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The photoelectric effect

In the photoelectric effect, electrons(called (b) Potasium,
photoelectrons) are given off by certain metals when ® Ei?my -
light shines on them. @
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The hydrogen emission spectrum ' s
The atomic hydrogen spectrum oo
consists of 5 series of lines:
% Pfund series (in IR region)
% Brackett series (in IR region)
% Paschen series (in IR region) &
% Balmer series (in Vis region) A i
% Lyman series (in UV region) o
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Energy is quantilized (EE E
Light consists of photons (Jt5&
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Spectrum of hydrogen atom consists of characteristic lines,
(FERETIIERSINEE)
n in Balmer’s empirical relationship are a series of integers.
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DANMARK

% Niels Bohr (1885-1962) received his doctor’s degree the same year that Rutherford announced
his discovery of the atomic nucleus, 1911. After studying with Thomson and Rutherford in
England, Bohr formulated his model of the atom. Bohr returned to the university of Copenhagen
and, as Professor of Theoretical Physics, directed a program that produced a number of brilliant
theoretical physicists. He received the Nobel prize for physics in 1922.
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The Heisenberg Uncertainty Principle

It Is Impossible to know simultaneously both the exact
momentum and the exact position of an electron.

AX -Ap> h/(4x)

X, position of the moving electron
AX , the uncertainty in position

p , momentum of the moving electron
Ap , the uncertainty in momentum

19274 G FR &
Fzh g —MAHEREL,

R A RE, AEE

H

e 45 i R

s!i!ll a\ ,E

R

GHEsEH)

& T EEARYIEE N

Jiti=Ly/i% 3

22 =

e

y
. ¥



rg-_’f‘f’{ﬁ}ﬁ \.’% Xi’an Jiaotong University
YN AT R R R T BB — SR 2
Bl: BRI TI0E T, m=9.11 x 103kg, 4% r = 1018 m, MAXE/DEXF)
10-19 mzZ-FHXER, U FOE B AR N A7

X Fm=10 g7, BHAETHERIAX=001 cm, NHEENAER
N

5 h 6.626 x10>*
_1¥ AV 2 = 31 19
ArimAX 4x3.14x9.11x107°" x10

=5.29x10""m-s™

%5@3 AV > h 6.62 x107>* oigE
~ A7mAX 4%x3.14x10x103x0.04x107%2 ~— ~ X Mm-S

A L ZBE AN ! o

23 " s




Xi’an Jiaotong University

ZEHME—% LA R AHITHIRZ :
1) AHEEUNNERE, BEFHARNNEFREARRANERTERFIXE

TRFHFE “BL” ME, —BRE, metER—UAmE.

2 fRBIMENSIERANFEARIFEANTS, FHEFEYT K. ZEH

HERRONAABRFHEET K BTPRNRXXERANAFER

R EATR), FRAZERRERS T NAN. BRAXFRAZIAFHE

TR o, =2

A

=i

HAFAKN, XEME—EFILTH “ZRXEIX” .

24 v

=m0



Xi’an Jiaotong University

JRFH B FRIE3 R
P RBUT 2 T2

FRTFE&EMBFEREE: NIRBREER

25 8~

S



T F XA A Xi’an Jiaotong University

gl

ERAS B D) AUE R T >0 B 738 I AR A A b7 Y BN,

W

WEEHEHE, [EZSETHMAE MR,
B, FE A% ob 2% B Xt HE B PR LR K, T g — 8 (X e B 1
I JLZRE DN

BT 1N
BT %I T RIS 3 AR LR AR g v E .

by

"~ RPN TFRIEIIRB ST AT AR |
26 = " “Q‘

-

e




ZF XA A \.’% Xi’an Jiaotong University

4. RSN 2 —Schrodinger 51 ( 1926)

F

E I BN T

¥ XE o 1R 1
— AR S Fiz s ZE A 5 E—F
2, N _MRBD %

O’y O%w Oy 8t °m

B SRS T

OX

| — H2 (E_V)W

2 8y2 822
l///BZIZ[é& m: E%
E. 68 h: Planck %k
V: A Xy, z: (R E A ARER




Xi’an Jiaotong University

ﬁﬁ: 2 2 2
81,#}81//}81//: 8t ° m(E V)W
ox° oy°® 0z°
BT 775 F R RO 5 0 B B B R IR MRLE SRS

PR HE TBIRSHEERAN, THIGEZ BB
B, P(x.y.z) B2 IR B R AT DATE G st B % Oy BT 32 30 Y 2 B T
H—A “RTEIE CORRTHER) 7

BRI B ]

B R T HIE !

R FHIERI AR AR TR S

KRB R THE

AR

—h

=]

| XTEER:

28 &



AN IR Oy | Oy | 821//_ 811: m

Xi’an Jiaotong University

OX?

I 6y2 I 622

(E—-V)y

> FITUE SR R 2 #5 7 2

SR RS SRS B R By || B, BIORAES 2y A AR EUE, e
LS 2 ARZSFHAS N e S E (@

Bl K || > bR TR R R - H 2R

FE=NAE (X, Y, 2) IRy (X, Y, 2).

FH—PNHETHE RS
JRFIEM SRS

|

RN RS IR AZ S HL T IE SRS F B2 (), TR T HLE iR R

iz shIRE . AR RB B LR R T HIERI R S,
EH SR

\l

HKEH = FEGTENGHEMRE = RTiuE

29 v falh g



ZF XA A \.’% Xi’an Jiaotong University

> WK E R HR 75 &
FERTBOIL A R B SPR A AR BT LU — N By kg «

v ERANMR LR KPR EF ERNDERR, ETUMNIT=/0AR:

D yREFEERKZERNES, BEBEA KD, SCRIES, BT A KIEEIE.

2) w2 RBRAE Ty IR A BN FE 28 [A) 3 B AR AR P B AR =R

3) MibFIBFEREA R EAERKAMER, WEEE. AZES, HEmrM
TR RIS PR IR

30 &



Xi’an Jiaotong University

> TR FHYSFE
1. BFA DIEEZMEERE, EFLBEYN yor Yooy, R

2. AN TRHMRSREFHEE, WNTHRRERBANE. E E.....EF7D
SLHIBUE, TIARELSANEE, IMERZAREER T,

3. FEF R,
4. NERAEMER, ATESHIE —ERNBI6EE.
5. KT RIS NFAELBAZsIHE, TR HIERD .

6. B EIE I, Wil AIEE. L, WAETPUAZ . y=0 SN =,
RN MRS ER .

=

X B A EGERR Y B TR o 2o

31 &



7]

Xi’an Jiaotong University

1 RERBHIERE X2 A?

2. Fak

BN

¥ETS T IEWXE, WifTAbEE?

42

B

.
B

32 &=



R IEE X ?

Xi’an Jiaotong University

fREE B IR B R (X,y,2), WIS EHE S8R
ANFTE, ARENNEBE, BHYAEEEHRKYER L.

[ B AR E R CRRE A R — AR T HBNEREE.

EJLREE).

TR R T A 2 R S A AT AR A

BIETHREE, AL

EI%IHE

33 = ;i @



T RA A

KBS R AAE T
Y(Xx,y,z2)

Xi’an Jiaotong University

DATETRFERE TR, 7FEETARRR,

A AL B ER AL AR

2)TESR AR E 75 T TR RIS

BH, NTRIAENE
iR, WRBFDIEIAENEEH CGEHIETE .

v, \
_\/::
s N

72!

34 .

e

y
. ¥



5. B FH

Xi’an Jiaotong University

1). EEFEH (n)
X (1) #HRHFEEZKZII;
(2) #HREBEFESRER R,
BE: BN IERES, KPS —PMERE—
TR (FR) .
FEFH (D 1 2 3 4 5
BT 2 FIE F2E FIE FL4E FSE
BT ERS: K L M N O
nMER/D, BFESZBIL, BEEEIK.

35

RN

>
. O
€ Wi, ' e



() 7 # X d £ %
;-

2). AETH (1)

Xi’an Jiaotong University

& X

() EZHETFEFPE—REREETFILEERGE,
B/, TERERL.

(2) F—NMEREBRTEFR—NMEE;

(3) F—MMERR —FHF-HE FIHIERR.

BUE: IAOR|(n-1)H) IEBEH

FEFHI): o0 1 2 3.. (n1

BYITERMS: S P

36 &



T F XA A Xi’an Jiaotong University

3). BEETFH(m)
&N #RRFHERETFSEZ R

BUE: SZLFR&], ATEL-1-2,-1,0,1,2,+1 (BFO,£142...%£1)
l: O 1 2

r A\

0.+1 0.+1+2
T FHE

4). HREFE (ms) §O>N<O>

&3 MRS TR B ORTS

(ST B S IRTERIEDY)
X @="@>

m: O

BUE: + 3
FEF 5K TBSRS TR SHSE SR, | %



Xi’an Jiaotong University

JR - H B R R BR 4
XA R FHE R R
n=1, 1=0, m=0

Wioo =Wis» Bl1sHlIE;

Wooo =W 25 HNIE;

Woto0=Wap, » 2P, HE ;

Wioo = ngzz ,3d HIE;




n=1,l=0,(1s) ,m=0
sz, £=01(25)9m=0

Xi’an Jiaotong University

MRBEETHN, |, mPPUEER, RTFHIERNEHETHEDT:

BiE 2N ]

t:l (2p) m:g!:—]

n=3,1=0,(38) y m=0
3211(3]3) 1??1:01:

Z'—_zy(Sd);m?—'O;f

:1!_

PLEBCN 4=2

LR 9=23

e

y
3 ¥
w" e



I EEERE 104

LUR R B P (n, |, m)ZR R R FIIERS, 1

ETRRRTE

O v G, 2 0

° ¥ (3, 1, 1/2)

© v G 32
Q v (4, 0, -1)

L

>
X Ve
€ Wi, ' e



| IR 0n

REZIMEFEIRSHEFHSA

n,l
n,m
n,l.m

n,l,m,ms




| IR 0n

EFH#¥n, /MnTEERE

O ETFHEnRER
O ETFHERITR
O ETHENSHE
O HTHHH

B

.
B



| EEEE 109

dMEMHE TR R

O 123

0, 1, 2

O
G 0, +1
O

0, +1, +2




| R
073

MAE
BEFH 95T

6 T, AIBERY

BIH#

7 BHZ
O °
o -
Q




V(r,0,p) = R(r) Y(6,9)

Xi’an Jiaotong University

LAIAPR R AR R

Z=rcost
y =rsindsing

X=rsinfcose

r=x+y>+7°
0: 0~2m
¢:O~7t

45

TRk



T RA A

Xi’an Jiaotong University

v (r,0,p) = R(r) Y(6,9)

Winim (r,0,9) = R, (r) *Yinm (0,9)

A P I R B A ]
> ﬁﬁ&@%ﬁmﬂ’ FABE SR F BRI BN 73T I 22 R 45 14

CEN

b

BMARFE R AL,

e

>
X Ve
el -

46 &



ZF XA A = Xi’an Jiaotong University

/1 r/a 1
l//ls:2 ?'e P [ Wls:R(r)'Y((91¢)
0

e, R(r)= Zw/%e'”ao v (6,0 )= 1
dg 4T

A H, a,=52.9pm, FRABohrEfZ,

B%: [RTESEPFL?




Xi’an Jiaotong University

RS

Y (@

Dy

BRI AR




ﬁnﬁ%ﬁé R — BT

VEAN: 330 o TR A2 1A 45— R D

A L
LR B

N

S HEGR, IRRNEN

Xi’an Jiaotong University

BRI BR T

—RARTEBRNEE, BERHHREANET .

Frbl, ¢ R RR R FZIN T

FL T2 B B T FE A% S 25 ]

| R A E A,

%Mi%

iy

B
Liyiy UK

49

R T RINEEE

T IRERNE,




FF XA A

BEEESH L
5=

> S YEEROG R 5 E S RITE BT BRIE

Xi’an Jiaotong University

> BENTIFF R Q2RI RN I 5

> BUORLY Y55 B -5 SIORLAE 22 TR 5 f B

MAREA HHIL B MRS (R BE 2R3 ) MR AR

YU RMEREE, BEMREERNSAERN “BFs” B

-
50 ’



T F XA A Xi’an Jiaotong University

A
Wi

s TS T B R BB

BTzl T HIISMREERNEZRAHER.

1s

-
,

51 =



1sHF 2= F 58 55 B 1) ] o

Xi’an Jiaotong University

BFR T _ERNEERE
1IsEF=RAEE .

i

FH N BT RIBEER >90%,

52 =

L

>
X Ve
€ Wi, ' e



T XA A Xi’an Jiaotong University
> HTESPEPEGHRE (B8 y MREKREEA:

2

E, = =2 (2179 x 107%) ] 2
/1

B, nAPEZETH

e

7=1, n=1 2179%107*8J (=-13.595eV)

1
n=207 Ly = T 5z T =-3.399 eV

BT 15 FIR R B A E 3 M Y e B R AR WAL FRIE IR

53 =

e

y
. ¥



| R 10n

ETNhFERmENREFHIERE

O HEEHYnLmm,
° R Y n,l,m

O =®mF=ERK
O Nx=E

e

>
X Ve
2 “ -



| EEEE 109

THETF vl BkchsiRma

O |2 ZFRETFHLE
O VP REEFHLEER
O v EZEsHHHSEEHRALTS
@

v° EATF PR




R 104

T3k iR a2
O R=nER, REEEHRNBIER

Q sHIERY]

O smEmu;

3/

b5

° REImiEE, AERKEREY0,0)FE[E
5T IR EREYS(0,0)

J

$0, oBX




| IR 0n

XTRFEREEFNNER, HRERNE

)
LI JLE K/
LR JLZ3RE B R/

=

N

(D
N

RN

>
: 'y
€ e, e



IR 104

T AR IREYE

O ARTHY

e JR T HERI

O ARTHY

R E SR T BB AE A7 18] 6

e R T HIET

H

N

%7 [F]

= 2% 8] fr) e

%7 [F]




T F XA A Xi’an Jiaotong University

7. AEFRBES
n=2ft, 1=0Lm=0+1-1 X*54MAESE

n:2,|:O,m=O,W25

n:2,| :1’m:O"7”2pZ
n:21I :11m:+1,'7”2px

n:2,| :1’m:_1’w2py

59 7

B

.
B



Xi’an Jiaotong University

2 A
=285 i TR i ™
I
1 1
2—r/a)e . | —
WZS 8a ( ) 471_

W H=n—1




Xi’an Jiaotong University

n=21=1m=0,y,,

/ 1 iy / 3
Wopz = Tag '(r/ao)e %% . E ®C0OS{H
0

n=21=1m=+ly,

Wopx = ], 2418.3 _(r/ao)e—r/ZaO ]/% esin fecosd
0

n=21=1m=-1y,

1 a3 .
Wapy = 24a3-(r/ao)e 2% Eosmé’-smq}
0

L



Xi’an Jiaotong University

LA2p, Bl v (6,4) = %cosezAcosH
T

& 0° 30° 60° 90°120° 180°--
cos@®@ 1 0.866 o5 0 -0 -1..
| y, A 0866A 0.5A 0 -05A -A-. |

z




Xi’an Jiaotong University

vz plane .

Y

xz plane
X X
¥ z
-
x X
P, Px

P

Representations of the three 2p orbits.

03

Pz

xy plane




SRy

Y 2N

Xi’an Jiaotong University

64



Xi’an Jiaotong University




Xi’an Jiaotong University

five d orbits.




Xi’an Jiaotong University

e

i % d s, p, d BB A E
& BT

zd
4
+ -
. 2 —
X X
” e,
dZZ + dx2_y2 2@/‘

67 =



SR TFHIR(r)-r i

Xi’an Jiaotong University

R(r)

2P




Xi’an Jiaotong University

- . WA A ey @ e om - —

P

R2(y)

]

?)

s

Yi(6

[N

PAY

<

NS H




T XA A Xi’an Jiaotong University
> iy N7 I
8. FIF] 73 AT BRI EK

MR = MR T < AN = wldr 2
dr Z=[EEH | )
dT — 47-5 rzdr 0 aim |
*%% = wz A redr s
A2 D(r) = 4 r2y?
PRI 153K v Bk AL

Ls& KD (r) B AME H IAES2.9pmiAL .

70 &



Xi’an Jiaotong University

3p
0 (8] ro
£l 2s 3 2p
Nl[,%:n —1
0 r
_ 3d
S
1s Q| \\ 4s
/' "
N\
\\
; -— e ~4
O o - ' R r
T SR




Xi’an Jiaotong University

1 pHLENZERE AWEKR, WE—PREAR—FERTFHE.
2 ERESHIEFLURERA B A EHERIE T, EiltsHEdaRATARER

BEGEE, EfilsalisEEMD.

3 T E#EFHEMBRAENERETFEIE,

TETET REEHE.

Z Lt e R BRGEE HBAHEE.

p

5 HBAETHmRE R T PIEAE SR HIH T H .

6 3TpHERRE. IR, KPHH

H

, {ERFEZ R ER A AN FE .

AT 4



Xi’an Jiaotong University

o« —ANBEFHIER Hn, | m 3N EFHHE.

s —~MNEFHESIRSBAHN | mm 4N EF
HHIR

‘n: REHT=HIRD
e l: REHETF=HIR
'm: REHETF=HHRESH

73 . ’ td



