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5.1. i JF

QRN — P E R BERE, A — DM IRSZ B8 R B AR, WIARIZ RESOZ AR R Y, S ] FRE2

LM AR BR B N BN E R I
5.2. RF—4EE & Schrodinger 7RIS, IE

5.2.1. Wronski

FHH

LREEV () fE—c0 < x < +oo LA AT AL,y () Ry, (x) Ei2 —4EE R Schrodinger 77 F2 B, I & T4

[FIFIRER AR 20

Y1 P
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5.2.2. JLH

BREV (x) 2 LRI A LA e it R R
5.2.3. R4

LV (x) = V(—x)IBLHp(x) 2 (—x) 2 fE
5.2.4. TR

—HERAEA RIS

5.3. —4EICRRIRTT B

)0 if0<x<a
V(x) = {oo elsewhere

212

T4h

E, = n? wheren =1,2,3, ...
2ma?

P, (x) = {\/gsm(naﬂ> if0<x<a
0

elsewhere
5.4. —~#EJCRRIRTT BB
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FBHFINRIE R RN Y HI

BN E =

7S Jtan(d) =1

HEFTHRNE
AT =G eot(E) =7

5.6. —~4EARRE T4

ERIBZ PR
BHREN
18 xa > 1HHEHLT,

> T A T RE R

T:s2=(“($—§)<i—%>

0 if x| < %
Vix) = {VO if |x| > %

CeP* ifx < -3
(x) = { Asin(kx) + Bcos(kx) if |x| < 5
De ¥ ifx> 2

= k=

2
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+ = —
AR A FFRRELR
2h?
E, = _262
ma

_ VO lf O <x<a
Vix) = {0 elsewhere

_ Jetk* 4+ Re=tkx if x < 0
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5.7. —~4Es %8

£ Schédinger 77 F2HIET Fix = 0L, " DFLE, ¢ NIESLXS Schodinger 77 FEFH 7Y

HESME SRR ST

RHEKEAL = 1 FHERERNE =

5.8. —4EIER T

T = 16E(Vy — E) e—%,/zm(vo—ls)

16
IRZ+1S2 =1

V(x) =yé(x)
h? d%y

2mdx? (E=70@)y

2
¥ (1) =9/ 0) = =)

_ [etkx 4 Re=tkx if x < 0
p) = {Seik" ifx >0

2mE
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Bl 1 —4EE IR AR
5.8.1. WLk

B E S TR N
h? d2d 5
( 2m@+§kx )¢:Elp
d?y
k 2E mw
wherew:\I;,A 7 ,C =X o
N
1
mwNi 1 &2
W(X) = | —= H,(l)e 2
a0 = (=) (@)
2 dn 2
where H,,(x) = (—=1)"e* —e™*
dx”

5.8.1.1. ¥k 7B BB HE 2 X

' h 1
X, = %(\glpn—l"' %¢n+1)

5.8.2. THRESHATA
2% Modern Quantum Mechanics 3rd edition[2]

2 2.2
mw=x
H=1 4

2m 2

X 3 DALY
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a= mew X+ p annihilation operator
N u 2h mw P

s [mw ip t‘ . (106)
a’ = ﬁ<x — %) creation operator
N =a'a
EIPSEE:
+ 1, )
[o,0"] = 5 (=ilx,p] +ilp,x]) = 1
(107)
,_H 1
=
1
H = hw(N + 5) (108)
BENBIARIEETE I, BIN|n) = nn),NE
Hin) = (n + —)hwlm
(109)
1
E, = (n + —>hw
F4h
[N,a] = —a
110
[N,a'] =a (1O
F AR AR IR T
Na'lny = ([N,a’] +a'N)in) = (n + Da'|n)
(111)
Naln) = ([N,a] +aN)n) = (n — 1)aln)
Mifiat n)yFlain)y 2 NEFIARMER. N EFER] &2
any =cn—-1) =
112
<n|a+a\n> =Ic2=1= WNn)=n (112)
MIT— M N SZEL Hee > 00 et Nt iRE &5 E
alny = ynjn — 1)
(113)

atmy = Vn+1n + 1)
XANERIEE En > 0,8IN W IEEJC KBS, ol UEAnyS B A, H i/ N ARAEEn, = 0. MTIEHR FRESHE

=
2=
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1
EO = Ehw

NFEIFTA RIAMES, WESI0) R R AR e A

n!

ny = \/i_(a*)”|0>

RIS BAMESIEABPR R R FHIFRITR Mo (x) = (x|0), AT EMEBIaRIALE T2

a0y =0

RIEA Ko () KI5 FE

) — iR R Y

XTI M Ha A1

6. ~F1E 55X FR T
6.1. “FlHE

6.1.1. Ehrenfest

1
([A,H])

<A) ¢

X AT AOXFEGERA: B RN EBAG LR p¢)) ERE M, AR
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d dA 1
E<A> = <§> + %([A,HD

AN B EI AL = 0.
G EARNDENELEIA, H] = 0JUATEEA g t)) SHESE SR A A EE.

X E AT DUXFEBEH: BN E B Ehrenfest ¢ R UEAH, #7310 W AT % N A 77 A0 HL

& A, HENI 1R 58 258 RS p) A 52 2R R AMES |y ) T

W) = a®l)
k

Hra, (t) = (Yelyt)) BILEH EMEZR 2L
d > dag ,dag
a|ﬂk(t)| = q T %gr
T
d(l]t _ 1 _ Ek "
T = " \VHIY) = ——a
d(lk . Ek
a =

AL Sy (8] = 0.
B, LAy {12, 1)
filan, B BHRFa8Se] PUH {px, Py, pz}i‘/ﬁa,iﬂ‘ﬁ\jﬁE%E’Jﬁﬁ#E#&%j—n%jﬁ.

6.1.2. Feynman-Hellmann

£ ARG EW R S H LS8 E, NG i E R AEE A RN A — A AMES GRS Mg, ), B

oH

dE,
- \Plon

)
0, R — 4R TR RACE A5 0 (x2)

(), = (n * %)%

{5an, UERH—4E IR A RE B AR 2

1
<T>|n) = <V>|n) = EEn

6.1.3. fii ) (virial)

KTV (7)) P RIR 7 ShREBRTE E S LI EEE N
T) = Lz vV
(T) = 5(7-VV)
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HHE AT 1S, BB ARFRAI IR TR R N
n
() = §<V> (130)

6.2. 1w et
6.2.1. CSCO

RN, BARR 2 B JE R BT A AL R AR A U0 R BEME— (A R ARG IR A X B ot 5 )

#5047 % (complete set of commuting observables).

6.2.2. CSCCO

WmEX 5 %R eET SRR E I HBRE R T ERC TSN ) A% 2T %
= AE S E 2 XA FE R AR 5 57 H 552 422 (complete set of commuting conserved observables).

6.3. Schodinger FEl{% 5 Heisenberg %

6.3.1. Schodinger %

[ (b)) BT 13 e, A (S Schrodinger 772, 75 B BT (R i & I 1) 5 16 1606 JX R 77 AR A
Schrodinger &4

6.3.2. Heisenberg {4

) AR TR 22 f, ) B BT A () BEIN R EEAL JX A1 77 ZXFR N Heisenberg BI&. FRASTTAN, HRHE MY
XH Schrodinger E{&.

6.3.3. Heisenberg /7%

BRFA () RES TR 2R 1N

%Ao&) = %[A(t),H] (131)
6.4. tHHAEH 1%
MEAEFH BB T Schrodinger EI{5F1 Heisenberg E{5 2 8] 7E F M HLIERAC BRI BN AT 12 B B A,
6.5. X FRTEE
P /2 DA 22 B X IE BT QIR R B PR A 46

[Q H]=0 (132)
QAR AR, 5 MR A P 1H
X A IE AR BRI, 77 CE A B P <1
6.5.1. JL55 /M
XS B e — 0t
Q =1+ ieF (133)
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HA PR UZ TR FRIX A #Q R TC T /N Hk.
6.5.2. L5 /NEST
IR AL N QRITE T NERE, ERGH — N ER
6.5.3. 230 R G 2E
X ASFIBERFES AT A3 I 23 ] S A8 P
Pp(%) = (%) (134)

PF(%,p)P" = F(-%, ) (135)
6.5.4. 2] RGP FRE
EIG R E [P, H] = 0 < PHP' = H VARG EA S AR SR,
HA 7 A RSN FRIE R R G TR E.
6.5.5. 22X FRE
HREENE (D, H] = 0 = DHD' = H VARG EE 2 RIFER N PR
AR FRIER R S8 & <.
6.5.6. ZZ MIELEITFRTE
HIEEME[R, H] = 0 = RHR' = H ARG EA 2 RIS PR
HA 2 AL PRI R R G ) &P e,
6.5.7. IR X FRPE
G EWE[D,H] = 0 & DHD' = H ARG A AN BER N FRIE.
LA IN ISP X AR P ) R 8 2 A 255 N T, R~ . R R e R S I T P A R A 5 P 1) 8
IREC R, B AW RIS,
6.6. X [FPRL ¥ 1A 5 5 2O PRI
6.6.1. Ik F

2 Brp TR AP BOARAS AT USSR KA MR B IE 2 FAESERR R 2 & i) 8 T1F
— (N EL BV RNER o, FLwT, B e A RE, 7, PAER&S AL S HH R]) RORL PRy 2[RI RL .

6.6.2. ZXHRBLF

;

Pl]lp<, Qireees q], ,t)

(136)
= ¢(...,q]~,...,qi,...,t)

TR R TR,
R E A 1EH.
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6.6.3. E[FITHIR%

= { Gk AR =Y RN DR 0 o T R VAR R = = S UK R T e Y AR R e 1 N et % 2= 7
BUIRES.

HH A B SR 4 R P AR AT AT, TR 1 2R A T8 BRI 45 J2

Py = Cyp
(137)
C=+1
6.6.4. IR FIISETHEAZE
22 [FIR T 22 B TR PR o R 2 AN BE S TRI 22 (LAY, B Bose 4t 1T EX Fermi Siit /2 A 22HY.
6.6.5. NP o 1A R PAEL
Yo (01 4N)
;! (138)
= H;V! 2P (P ()P ()
6.6.6. A FRLBELT
1
A=y ; SpP (139)
X B PRFENANRL T B —FiHES 6 p 1F PR 20 A R N RIS 2 I A — 1 BB R +1
6.6.7. NN TR AR NI PR %L
Yo (01 AN)
1| %k (@) - P, (an)
1k (@1) - P, (aN)

= A, (91) -, (AN)
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What Particle Are You?

elementary fermions

. . elementary bosons
Start (Standard Model particles only! Dark matter and other exotica not welcome.) composite particles
here! T
How many just a few Are your particles ouarea Youarea
smaller particles strongly-interacting? hadron! glueball.
are you made of? A colorless collection You are hypothetical at best.
of quarks and gluons.
no
Frobably a
How many nucleus,
N 1 r
ane You might be an gl.:ess you ‘are quarks are ‘more than although you could
atom positronium wetalking? three be a pentaquark (or worse),
or a molecule or whatever. orsomething?
Do you take Too complicated for particle physics. Weirdo.
one quark,
up ?lpace‘? or one anti-quark Youarea
prieon” baryon!
pile on You are a Which isa kind of fermion.
Youarea
» Is your field . b . meson!
‘ou are a .
nonzero even in nggs qson. Which is a kind of boson. You are some excited
boson! empty space? You mysterious or strange or heavier
A force-carrying particle. recluse, you. \ Are you baryon. Enjoy your

" Yeah I'm not going found in brief lifetime!
Lape to list all the mesons. atomic nuclei?
You are a Fions, kaons, v
space etas, rhos, etc, ouares
gauge boson! nucleon!
You reflect a symmetry You are kind of
of Nature, a big deal.
gravity electro-
magnetic
Youare a You are a You are a Youarea You are a
. A( ¥
graviton! gluon! photon! W boson! Z boson! ouares ouares
And you exist. In one of eight From radio to When fermions change Neutral currents protol‘l! neutron!
Ignore the haters. colorful hues. gamma rays. flavar, it's your fault! for the win! Go you! Not bad!
You are an | I |
up-type quark! [ | | ] [ ]
You are a Youarea P yp q i up Charm top
fermion! quark! Youarea T I ]
A particle of matter, You are stuck inside | | | | l |
- 1
some hadron. down-type quark! down strange | | bottom
You are a [
You are a
Do you feel lepton! charged lepton! |e|ectron| | muon | [ tau |
the strong force? epton:
Light, but powerful!
You area [ | |
Sean Carroll 2012 neutrino! electron muon tau
http://preposterousuniverse.com,

neutrino | |neutrino | | neutrino

6.6.8. Pauli A% R A
RARFE RN A E 2R TR A0 F Rl — Bk 74

fBan, xt 3 SRR R RS, 1R ATRERY SR 754 3 #, AR Boltzmann Siit (2HL5E1T), Bose 51
A Fermi 8N, RGRIATRESEH 725000 27, 10 F0 1. — ki, M T 3 DA 3 DA ERI R RR AR,

Bose #tit5 Fermi it M REAEH EUZ2/DT Boltzmann Sl KINEHEIEE SEANFRIES A AR
XERRIERTIRES.

6.7. —RETLITi4
X2 R T-90 5 AR R 2RI, N HEMBEERL A RN TR RN E T SENTTE.
1TERl—#ghizash 2 RIR AR RS UHBER 78 ERK TG H5FR

|n1n2n3...> = |1’11>|1’12>|7’l3>... (141)
EDE |¢1>, |¢2>,|¢3>, J:%%Uﬁ nq,ny, N3, ... /I\*j?
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7. LI AL )

7.1. Sommerfeld & L& 1E

§pdq=<n+%>

HDy 3375 H A R B
. V= V(r), BRI RE

- |TH] = 0, o
DRI R R R e {2, 1.
7.2. Ul i3 ia b1 B G A

7.3. PN RER AL TR
— IR RN
¥(7,0,9) = R()Y1, (6, )

2 x(r) =rR(r), H

X1 =

a2 I(I+1
m-+@£@—vw-(ﬂ)>

7.4. TCRRIRERT5 23 B

_ 0 ifr<a
V(r)_{ooifl’>a

s &

RN
v (2
Xo + h_Z(E = V) |xo=0

HFREME N X (0) = xoa) =0
TEBRHFNAE
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(142)

(143)

(144)

(145)

(146)

(147)



R A5 o]

ST R R = ke

_ i (n, + 1)?

E.o0= T 0,1,2,...
B \IE . (n,+1)mr
ano =\3 s P
2 I(1+1
R/ + =R/ + (kz — (—2))R =0
r r
V2uUE
where k = T‘M

d?R, 2dR I(1+1
_;+__l+(1_<+2>)Rl
dp? ~ pdp P

HTAEERTT BB, IX1NEK Bessel TTRRHIBERN BUAR, (r) o jj(kr).
icjy (ka) KIARMKIX NG, | IR REBAMEE N

R A AR ECN

hz

wgn,l

nd =

n,=0,1,2,...

Rnrl(r) = Cn,ljl<knrlr)

| Ejl+1 (knrla)

Ct = \l_a3jll<knrla>

£ la — oo M T H HIRL T 38 H RAUTRRYSH—1L

7.5. —#E% W R g R T

AEEH

B
e

2
Ry = \I;k]l(kr)

1
V(r) = Eywzrz
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(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)



3
N =2n, +1
n,l=0,12,..

1
RIAAERECY

21+2=m (2] 4 211, + 1)!!

R — 4l+3/2
nl (1) = \J Jrn (20 + 1))2

3
rle=a?r?/2F ( —n,, |+ 5 azrz)

QUERAEE A AR AR ORI XN EA LRSS A A AR K

Poim = Z lpnxnynz f l/J;xnyan?()lm dr

[NT

_1 _ip
Po11 V2 V2 P100
Po1-1 | = % _L‘/'_ 0 || Po10
2 2
$o10 s 3 Yoo1
7.6. A5 T
oSN EEE]
02
V() =——
r
7.6.1. Bohr 12
hz
= ue
REEAMHEN
P ptl el
T2 T 2an2
n=mn,+1+1
n,=0,1,2,...
R IR R ECH
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(156)

(157)

(158)

(159)

(160)

(161)

(162)



_ 2 (n+1)!
R”“r)_'a&0n2(21+-1y (n—1-1)!

e=$/2&F(=n,,21 4+ 2,&) (163)
2r
where ¢ = —
AAERECH
Yuim = R (MY 1,,(6, 9) (164)
n—1
fu=) (@ +1)=n? (165)

1=0
7.6.2. HLI /0 A0 FRE
Gt R X b AT (5% 2 BRI R ) N

7= 2 vy - oy
] 20
" 1 (166)
ehm ~
~ T4 rsin 9'1’0”1’”'28"’
SSRIRERE R
. ehm _
M = _Z_‘u(:zj |l/}nlm|2 dr
4 (167)
ehm _
= —Z—‘uC
7.6.2.1. Bohr W+
eh
HB = Z_Plc (168)
7.6.2.2. g Al
M, e
8= 7= " 2uc (169)
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Hydrogen Wave Function

Probability density plots.

2 3(’,1,[,1! P . R .
<7> - ) "7/)/’2011‘,21[:1_1(/—)) ) }'1,,,(1).‘ ‘rj)

nag ) 2n[(n+1)] ‘

(170)
RZ — 1 ze—r/2a
2164324
2
Ry = 2 g ir —r/3a
3\/5413/2 3a 2742

7.6.4. RAH T

STFHUR THISEE, TEREB T (Het, Lit+, ...) L ULE, QAL o BUR +Ze, LLREHURA
REM 1. ECREZRA R

== = - __ (171)



8. faahi

AERE RIZZZ M P X E A AR B (A 15 15 3522 >
9. Hjje

10. i

10.1. ERIFESEE

10.2. fFFRHLIE

11. SIS BT

11.1. SINA R R FIOERILE
11.2. JERIBC S RO Ee i i
12. B
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