HHOI3E Mogic Nambers in Reroche. Tabbe
Take a dbser ook ot the Structue of the. perosiic

fabbe . Tt o easy fo spot #\_e"mc@»f'c Nemnbers oo
2 (S

{O

metals fransibon mefals Non-metafs
Can Schidinger equation expban these magic rumbess ? Let
wy try to fircl the solufion Step by Siep.
Loy _ _K2/By sy . By\_ Ze* |
1o firdl the stationary Stafe with energy E =AW , the wave
fenchon acouired a_fime-depercient phase,

e e o —CE |y BOyy,2) Safisfes the fine-
(‘x”@%i‘,t) PGy, 2) Inclperdert Shrickingar &0
ol 8 Bes b B Tt feerS cut thet the

V4 = ——fr
o VP e, [XeyE ® P SHetion becomes easir

when Trandferming fo sphenoal Coorclinates (16, ¢).

D Spherical ceordinates. Let os trandrm XY, 2) ints
the sphencal crordinates (56,¢).

X= I'SINn® CeS
X \ 1 \

Y = rsSin®@Sine = r(SintscSp I Sh e
+ CoSO) g
2= rCcose® (0]

— X%-y??- R
It shall be cear
That fhe poferhol erergy s simplized .
BUTY The kinetic ercrgy becomes rather messy .-
Qe for cunoun aals, you mow went 1o fircl ot soo
what ¢ - inthe, Spheriaal Gomlpalen ®
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To sdre the Sohddinger equation o the Spherical
Coordinatey beyond the Scope of~ the dsd. Thuw,

T shall st write down the. sobutions @
- Principas
"%e (r;@/(p) =228, ™ Quanizem Nember

The other two guanteem rumberd €, M, are assocated with

the argubar momentem L and safisfy the. redes $
€=0,1,2,--,n"L | The Statonary Sktes are bele
M=Gxl,£2 -, tL | by the Quantzem rembers 7,6 M.

For Aydlegen atonm, ko quilke remankable that the quantized

cregies are given by )
mek [ . 13éely|d Same ad Bohrs mook,

E’\H_B.zzrﬁ.eo nz N NEy cdependls on n {

D Quantization of angular momeniteum.  Consder o parficde. rkting
arourd the 2 axis with Constant angeder momenteem Lz .

R L¢(®)= L

Makirg aralg with the 1D plane wave, (& e reasorable fo

guesd the wave farction PO) as showon here. However, we
expect thal the wave fanction goes back fo dselF affer one
Complefe. rofahon of” 21T %@M_

el
¢(t9+27r)=¢((9) L (:3627]-2/;—‘ =1/ /-fmii

The anguar momenteem Lz s uartizesl 8 ¥ This e cute — the
argular range (0, 2) O finite and Geadls to Lz 9 Za,fb?
Jant G ha the @ﬂe@y/ﬂﬂome/v%ah quanrtization o the

infinite potertia well.

Department of Physics National Tsing Hua University



page 3
Relotions cn 3D are not- s 43"""10&2 Bl stoge the

: o ected
el (L Ly Lé) Un@'ke_ the Cinear momentzem
once Lz can be pirved down,
%ﬁfﬁ the other two aomponerts Lx, Ly are wncertain .

That u fo Say, there are wrcertainty refations between Lx, Ly,
Lz anrd onB, one of them Canbe Quantize. The quantizahon
redes foun ced fo be. pecubiar,

/L/= ele+) A e 3

= — R oy
Ly = mA My = O £, £9, -, 0

0=0 In gerer, there Oy no apper bocnd 13r €.
But, cn Aydlregen atom, €=0,1,2,-+, N~

D Grecendl state of Hyelegen alom.  The Cowent energy State

i H atom correspondds To N=1. Inthis case, €=0, M,=O.
_Pao s : l‘ 8

gé/oO(@‘P) \/‘—,}:‘:} (S/ &> 0o & the Bohr radlius

77163 above wave fanchon s very S/mp/e withoudt (6, @) clarerdence.

We are offen Curiows aboud the P’d:aérQr/y dé’/\SnLyaT radies ™

WAICh reqaired an extro Surnfece Eckor 4=,

o . _ 4pe ~2r/4, one Can check thad
[P(’") b = a3 © [ Pryar=1
f/( Nr‘) ot the. radial probabf@‘fy olensffy L) .
; 687 Ifs maximeem OCcarS at F=0,. Bul, by
: Simple. intfegretion, nr%%b&é’@i%@\
/////// —~ ~ finclthe elctron, culside. "
\

© %o Po % roclunOe o 687 Y
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prge #
The. above. resdfs Should Convince you fo give up the
SO caolled] S?bbez Or‘blfs "t Botyrd moctef. I/\ad:&/:m
gfmr\du‘afe in Bohr& meoleN camrien non - zero

afgaﬂzﬁmmem&m <@— weong & M

W all

D Higher erergy Siated. et wun mouch forward 1o N=2 Stafep .
There are 4 S?&!ﬁorarysfafeoaﬂ‘% Nn=2 — one Br =0 ard

three (Br ©=1 . The N=2, =0 State >
4 ~r/a, It Aas a nede
L%-OO(CQ@) - 4/277_?.-;5 (Z‘éi ) © & @ r= 2Q,

N ) o Poot the radlial pebability density
2ry = 4mr* 1P1% One nede @ r=2a,

arcl fwo pesks. M@&%\,W&@fm

rol ol r& modlel

an (Cfy e C/\#\/SG&Q).

The h=2, €= Shtes Carrycmgaﬁa/\q’epeno/enm

e

Fcé_]o( $e,@)= r—— aE e_%o COSO QO The pofertial)
: energy doex not
=5 - .
qbf’-!l(’)@’(o) - 8 a3 bn = s SINE ecqo deperdls on 6, ¢).
o ” : WAy do 1h
7% —Cp

- = ) depend on (0.p) ?
r N SING € QERENTON [C.P)

| %000 " ghm o, © |

Tryv‘oﬁ/\of%erode &5’ FC-J/“I'%/O, #E/bde occcerh al @:35_!:_
For By and B, , the rode happens at ©=0 (©=1T). \'\

—b AL N=2 Sfafx s Aave N-1=1 Node.
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D The misshg quariur reunber = Spin. Ih order
= faexpé?:um%e%cnmbers 2,6, [0, -, We heed

1" lo introdluce. another Quanieun Namber;
ansen tom (S =/SEH) A

fﬁqp M=ot
S R[ where S=7% 13r electremd IV

77:)6 Spin was introdluced to explkaun the sfructure of the pedodic

foble. first .F\fereohr@a/ ercygh, Spin also gives nise fo magnehe.
dipobe moment — Very much Gike rotating charged ohyject,
E“: ~94(S/x ) where g2 | Because an et &

a poirt, £ meeningless

fo 1ok cboud iy Spinning motion. Dirac Tried fo Solue the
puzzle by Combining quantun mechenics and spacial) rekativehy.
i ,, He. {2und #hat one negdls
g v Yo, Yoy
(GT gL ). ot Gt 4 Ccomponents 1o

descrbe the election 5 Spincup election, spin-clouwn eecton,
SPIDUD PO el Spinsaloln Poditp!y.. The ongin ofspin

ansey trom relakivity ard Canrot be dexcribed by the
Schrddlinger eguation O

D Rl exclusion principl . &lchors Carry S=7% ard they
are Rermiond. Acaorcling fo Rl exclusion princip. , no fwo
fermions Qen Ay N the Same Statiorary State.. Consider two
- Stationary Stafes ®,, ©,. They
Q—& = can al most~ accorvrodhte.
R Y% Qe 2 electrons. This givea wy

- - o~ asimple rde fo anale/\sﬁwﬁl
N, @, @ Q,  the pensdlic fabke. ;\
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T+ & Convenient 1o wae Qlter codens v L, -
€= 0 1 2 3 4 5 | [etwrtryto RRup

Cede S P o & § A | n=2 shhionaryshies &

/S 3% 2p

v += —= —— == 45 fmer’aﬁs
~+ ee —— —— ——  [S%28%
P Gew mviee m= —IS—Q‘ESEZF;-)'
C - o - o + - *— —— 18m2822p7‘
g ™ -+ ++ +— ~— <-—  |g'28%9p3
O -+ >  ee o - [Sh2g%0pk
F ~e +o e ve =—  [5725%p5
Ne ++ w4 s ws we  [Ghoglopb

sy —— g g g e gy e e e e e R — e e B U B

The magic Nember Br Transihion mefals arises fforn 3d shiea
@St x (2e+1) = 25 = [0 Stafey. Can you figure cut offer

mogic Nambers N the pericolic Table. ? Try o

BXER.
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