Quantum Mechanics

Charles

2025 41 H5 H



A%k

H %

1

WM Schrodinger J5#:

L1 BEBREL - o o e e
1.2 Schrodinger HHE . . . . . e
1.3 %EF Schrodinger 5FE . . . . . .

— Y H ik g d)

2.1 —HETERRIEFTHBE . o o
2.2 —HEHFRIEFBBE . . o
23 FERBIITITEGEE o o o
2.4 —HE ST e
2.5 —HEEIETE

IR R

3.1 MEEBEMEET
3.2 JERHIIE ..,
3.3 FEEEARERTR ..
3.4 FEAHL

a1 ik ¥-ig )

41 FOHHPRTEI TR
4.2 TRRIRERTHBE . . o
4.3 EHEANFEMEIRET . .
A4 GUET o

ML PRk 1igg)

5.1 HREAFRITFH) Schrodinger HHE . . . . o .
5.2 IEFE Zeeman AURY . .. e
5.3 Landau GBZL . . . . . .o

EV73

6.1 FEFHEE . - o o o
6.2 BFZNE
6.3 HEIFEESFIZES - o o

WAL

71 RIS - .
7.2 RIHBILIE . .
7.3 GURTFREANZEFT . . .
T4 Zeeman FUMY. . . o oo o e

HTERE

8.1 EEMMILIE . . .
8.2 JHHIBKIL . . . .
8.3 WML . . . .
8.4 R SHRET . . . .

D O O D

© o o N 9

10
10
11
11
12

13
13
13
14
15

16
16
16
16

18
18
18
19

20
20
20
21
21



A%k

8.4.1 ZWWIBCIZBERST . - o o
8.4.2 HREES . . e

9 IBUHELE
9.1 Lippmann-Schwinger J7HE . . . . . . . L
9.2 WEHEEU: Born Tl . . . . . e
9.3 REREEUST: 2 U8E . .

10 Jy2f s AR AR B it v
10.1 —ZEEIRTREREMIARAEEE . . . .
10.2 HEEREAHIAIEE . .
10.3 MAEIERGH CCG B . . . o o

11 “kEE
11.1 R TEURZ . . e
1011 ZARMERREL . . . o
1112 PRAERNERELE . o o o o e
11.2 Bose TRAMRFI MARBAFFGAR - . . o o
11.2.1 BARBERF . . e
11.2.2 THRKBR .« o
11.3 Fermi FHAARI —AREAFRIZEE . L o
11.3.1 BARBERE . e
11.3.2 THRBER o
114 RTFHESS T IRBETAIEER . .

12 JEAm e
12.1 28T .
12.1.1 Schrodinger Z25¢ . . . . . . e e
12.1.2 Heisenberg ZX5¢ . . . . . . e e
12.1.3 MHEAERZE . . . e
12.2 ERBIRIE o o o o e
12.3 BHERFE . o
12.3.1 BRIFIERE . . e
12.3.2 BUOHLFE . o e
12.4 BORERTE . . . . e
12.4.1 A LI RBIEERER . . . . .
12.4.2 BRUFRBREOEONERT . . . . . .
125 AMBETE © o o e

13 fhgha it
13.1 ZHEZSIEEEIBEL TR .
13.1.1 BENEAT . e
13.1.2 Ash BRSNS D BREC . . . . . o
13.2 PEMEFOBEZNTE . . . . .
13.2.1 PEEBMAEEIINE EE o o o
13.2.2 PEBMAAIEMIETIE . . .



A%k

13.2.3 RFRFEMBEIEEE . . . . 38

13.2.4 AEMFRPEMBRUEEZNIE . . . 38

13.3 RE[ZBREELT o o 39
13.4 Wigner-Eckart FHE . . . . . . . . 39
14 BTk R FRTE 40
4.1 RFREESSFIER . . . o 40
14.2 SRS BTN . o 40
14.3 SFRPESREEEIM © o o o o 41
14.4 MRS - . . . 41
15 Hihfa] 2 i % Bk 42
15.1 BHEISZIEDS . o o o 42
15.2 T2 A SGTE .« - o o 42
15.3 Kramers fAjFE . . . . o o o e 42
15.4 JEBMIAZE o 42
16 A REE 43
16.1 TSR 43
16.2 I . . . 43
16.2.1 AESHUBEERME . . . 43

16.2.2 IRESHBEARIE . . . . 44

16.3 BEARE . 44
16.3.1 ZHBBREIIE . . . . 44

16.3.2 Schmidt ZMBEFILIAL . . . o o 44

16.4 AU © o 45
16.4.1 BWHLTFABAS . . o o o e 45

16.4.2 WOETFLUEZS .« o o 45

16.4.3 GHZ 5 o o o o o 45

16.5 ZYZHEEE . . . o 46
17 B 47
17.1 IR A S 47
1701 I . 47

17.1.2 BEBUIE . 47

17.1.3 ToXE POVM . . .o 47

17.2 BRI . . . o e 47
17.3 BTSRRI . .« o o o 48
18 AT 49
181 FHTZS o o o e e 49
18.1.1 IR THITZS . - o o o e 49

18.1.2 FHTZS . o o o 49

18.1.3 AHTAIUMEIT .« o o e 49

18.1.4 FITFE - o o 50

18.1.5 HTRHIBKIE . . o 50



A%k

18.1.6 FITSHIFEAERIEAL « . . o
18.2 TEARAS © o o o o e e e e
18.2.1 JEAISHEZEZ « o o o
18.2.2 JEHZS « o o o o e
18.2.3 JEAISHIIKTE . .
1824 JEHSHIRITEUN « o o o e e
18.3 ZREAEZAS o o o o o e e e
18.3.1 MEAZS o o o o e
18.3.2 ZMIIEAZS « o o o
18.4 ZFMEZAS © o o

19 # oA Plig
19.1 Glauber-Sudarshan P 78 . . . . . . . e
19.2 Husimi Q 7R . . . . o o e
19.3 Wigner-Weyl W 2278 . . . . o o o o o o e

194 SHATTEREIIER o e

20 Wiz u 11k
20.1 ERIENIEEITETAL o
20.2 HHZSHEIMHEEGETIL - . .

21 M TR T
211 BETAHERREL . .
21.2 ZMUIA-3T3E . e
21.2.1 Michelson T-#AYFIG| JTIAEM . . . o o o o
21.2.2 Sagnac FIETHAL . . o o o o
21.2.3 Michelson EYCTHAL . . o o o o
21.2.4 Young's MAETHE . . o o o e
21.3 BTG TH e
21.3.1 Hanbury-Brown-Twiss T3 . . . . . . . . .
21.3.2 Hong-Ou-Mandel T#% . . . . . o o
214 JpRESHIE T 2R e
2L.5 RGBT . . e
216 JEIMI TR R THIE . . . o

22 LIV S M
221 E TR ERIBMEMGELL -« o o
22.2 Rabi JR15 .« . o o o
2221 BERIETTEE © o o o e e
22.2.2 MEAEHZETTIE o o e
22.3 BEREEARREMIRAL . . . . o

22.4 FEMUBIEREMEIAL .
22.5 Maxwell-Schrodinger HFHE . . . . . . . e

51
51
52

53

55
55
56
o7
58

59
59
59

60
60
60
60
61
61
62
62
62
63
64
64
65

67



A%k

23 H e SRR
23.1 Jaynes-Cummings £ . . . . ...

9310 MEERIETIYE o o o oo
23.1.2 Heisenberg 225 ¥E « o v o o o e

23.1.3 FIHAEHZETIE . o
23.2 THERIE T H KRS Weisskopf-Wigner FEIS . . . . . . ...
23.3 BUOGCTRIE . .

A Bk

B WKB U1l

C T HINRAY

D JRiisAei S T A m A i

72
72
72
73
74
(0]
76

(44

78

80

81



1 9% %34 SCHRODINGER 7 #2
1 JEREAl Schrodinger J5%

11 PR
1 A

(1) = el BT
2. GitaRE:

P(r,t) = g(r.t)Pdr
5. L B

/ o D2dr = 1

1.2 Schrodinger Jjfi

1. —4E Schrodinger J5#%:
h® 92 0
{ — + V(ac,t)} W(x,t) = 1haw(aﬁ, t)

~ 2m da?

2. =4 Schrodinger J#%:

2m

V()] ) = )

3(r1) = 5o (W OV (r,0) = 0 (, )V, 0)

dp(r,t)
ot

+V-jg(r,t)=0
1.3 %A Schrodinger Jifd
1. %35 V(r) N AR, Schrodinger JFEAE Ay

V()] vl = b )

2m

=
s
I
el

P(r,t) = (r)T(t)

. T 1 2
ndf_ [—hV2+V(r)} Y =F
2m

T dt
3. BHALS
T(t) = Tpe = E*
4. ESPREL
h(r,t) = p(r)e =5
5. EZ% Schrodinger JfE:

2m

2w V)] vt = Bt

(1.6)

(1.7)

(1.8)

(1.9)

(1.10)

(1.11)

(1.12)

(1.13)

(1.14)



R AL
2 —4eHYrhik 1iga
2.1 —HEICRE ISPk

L TR P

0 0<zr<a
V(z) = (2.1)
400 others.
2. Schrodinger J5#%:
o, 2 2mE
gz TR =00 K= (22)
Y(x) = Asinkz + B coskx (2.3)
3. WA
P(0) =¢(a) =0 (2.4)
B=0, ka=nm, n=12,... (2.5)
4. AIEREL:
2 . nmx
Yo (z) = \/;sm Y (2.6)
5. fE& sio oo
k,h”  nimeh
En = = S 27)
2.2 —HEATIREE D BB
L —4EARET R B <V
0 —a<z<a
Vo others.
2. Y |z| < a B}:
o, »  2mE
Tz TR0, K= (2.9)
() = Asinkz + B cos kx (2.10)
3. 4 |z| > a B}
d2y 0 2 2m(Vy — E)
oz =0 B= T (2.11)

CeP~ T < —a
Y(z) = (2.12)
De P z>q
4. BT

De B T >a

Y(z) = Bcoskr 0<z<a (2.13)
Y(—z) =<0
AT
De P = Beoska, —fDe P*=—kBsinka (2.14)
B = ktanka (2.15)
2mV;
K+ 6% = H;Q - (2.16)



2 RGP TES
5. AFFPRA:
De=P= x>a

Y(x) =4 Asinkz O<z<a

—(—z) <0
NIRRT
De P = Asinka, —fDe P =kAcoska
B8 =—kcotka
2mV,
K45 = °

2.3 BRI AH S EE
1 e E<V,

2. M @ <0 W A AR R

3.3 0<x<ahf:

4. Y x> a B EH NGB

il

w(x) Felk:w
5. PR GA
A+B=C+D, ik(A—B)=p3(C—-D)
CeP* + De P = Fe'* B(CeP* — De™P%) = ik Felt®
6. B RELC
LI 1 |y, s
AR (k2 + B2)2sh%Ba + 4k252 z (1 —z
7. U REL
o IBF_ (K4 53%)*sh*Ba
AR (k2 + 82)2sh?Ba + 4k232
2.4 —4k 5 #H
1. —4 § %
V(z) =~6(z)
2. 4 x=0W: i
h? 42
*%@1/) = (E —~d(x))y
V(00 = 0(0) = Zu(0)

(2.17)

(2.18)
(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)
(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)



2

_ B w?/20°E

— e sy b a4 TR
.M £ 0 B ,
d 2. 2 2mE
Q2 TRY=0 = h?
Ac*® 4 Be7k® 2 <0
Y(z) = .
Celks x>0
LTS S )
mry
A+B=C, A-B=cC(1-
( ﬁm)
. BT R
|C? 1 1
T= 5 = 270 2
AP 14+ 22 /K2 14 2 /207
FTIEYAE

R — =
AP ~ 14 o2 /1B
5 YRR TR
—YEEIR T )
V(z) = §mw2x2
. Schrodinger J5f%:
,ﬁ£¢+l 2 2¢—E1/)
2m dx? g Y=
- x| — oo I AFTEREEES
_ﬁﬁw 4 1 222 =0
2m dx? MY =
e—det? 2 TW
Y(x)=-e , Q@ 3
— A
Y(z) =e 2" " u(z)
AR
£ =ax
d%u du 2F
_ 22 1) u=0
ae "Xt (hw )“
BERAR M - o
— —1=2n, n=0,1,2,
hw
AERE
1
FE, = (n—|—2> hw, n=0,1,2,.
- AAERR AL
12,2 «
wn(x)_N e * Hn(ax)7 Nn (ﬁanl
o 7loc2:r2
to(x) = 1£/4e

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)

(2.42)

(2.43)

(2.44)

(2.45)

(2.46)

(2.47)

(2.48)
(2.49)
(2.50)

(2.51)



3 hFEhk 2T
3 IR A
3.1  JFERM R R

1. Hamilton B4 :

-y (3.1)
2m
2. BEEAAT: 5
=ih— 2
E lhat (3.2)
3. SRR
p = —ihV (3.3)
4. PuB M ERA
L, = yﬁz - Zﬁya Ly = Zﬁm - xﬁm Lz ﬁ yﬁz (34)
L, = —in (— singo(;?e cos @ cot 9) (3.5)
A 3}
L, = —ih ( +cos o= —sinpcot 0— (3.6)
00
i 0
= —ih— 3.7
i (3.7
A 1 0 3} 1 02
2 2
=— — 60— — :
L h [sin@ 00 <sm 89) * sin? 6 8@2} (38)
5. Xt o KA
[.’f}a,ﬁg] = ihéaﬁ, [.fa, Lg] = Eag.yihi‘,y, [ﬁa, Lﬁ] = Eargvihﬁ.‘/ (39)
(Lo, Lg) = €apyibly, [L* Lo =0 (3.10)
6. Bt S TR
L,=1L,+iL,, L_=1L,—iL, (3.11)
Ly, L_]=2hL,, [L. Li]=+hL. (3.12)
7. Heisenberg A€ £ & .
AAAB>§HCH,[Ajﬂ:x§ (3.13)
8. AEH-I AL & KA - 51400)
1
> - = = .
AHAO > 5 )([H,OD‘ 2’ - ‘ (3.14)
h AO
AEAt> =, At= —1—— 3.15
2 a(0) /i 319
9. Baker-Campbell-Hausdorff /A%
Ap.—A _ P iR Lozii A
e” Be :B+[A,B]+§[A, [A,B]] +--- (3.16)
AP = eAeBem 3Bl = oBeAesABl (1A B], A =[[A, B],B] =0 (3.17)
10. Schneden A=: X
ieA(”) = / dyet 04 4/evA (3.18)
dx 0
e L@ _ a4y Y vy Tuan A A+ (3.19)
dz 21777 3

10



3 AFeshERETH
3.2 JpEE i
1. Hermite 545 :
0" =0 = (¥|0g) = (Oy|¢)
(1) AAFE AR

(2) AMERSIERIH—:

2 PR
(1) BTSRRI FEAESH LA G

n

(2) WHE] A, HIHERR [c. 2
(0) =Y emen (6mlOldn) = D crenhabum = Y leal*An

3. SpfEE:

(1) PGB B ) i g -

(2) IMECHEA 737 AN Bl N ] R 2% -

Dhan@) = (o BB (Ol) (n (1) + . = 0
4. Feynman-Hellmann 5g#f :
OE, oH
ox \"loax|"

3.3 JIHERIIFEAOR
L. IR AR RR -
O11 Or
O= |02 O , Oy = (1|O0))
2. Schrodinger HFERISEIE 2 :
(1) BT A AR |
|¢> = Zaneiim |n>

(2) A Schrodinger J7#%#:
Ezan In) = Zanf{ |n)

(3) ZEFAMERREL (im ]
Ea,, = Zan <m|I:I|n> = ZHmnan

(4) AR
H,-F Hy, ai
Hy Hyp—-E --- az | =0

11

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)



w

w

e

EET TR TN
RS R R

(04 Un Uz -+ (G
1[}& = U Uy --- ¢2 s Uzj:<wj|w;>

- AR T Sy R A AL

o — ﬁTOﬁ, U=u"

3.4 RRAEMR

1.

AEbRRAR
(1) ABARAYAHE T RE

(2) ARtRRGe P ARBRI AL B K

(3) AetpRGe bl R AL R

(zlp') = \/ﬁeﬁp/w
FPEERLR:
(1) BhEMAAE T :
plp') =pIp)

(2) BhERE TR R
(plp") = o(p— 1)

(3) B ER T ARARI AL R £ 1

T
WA F A
wm-mw—/w@M@W—l/®&m@w
—
8(0) = (plv) = [ do ple) (alu) = J/Memww
- ARRRG T JjEEp R

Ogry = (a;’|(j(x)\a:> = O(z)d(x' — x)

O ¢ )
P = (@'Plw) = —ihz—d(z — a)

BERL T IR
Opp = (P'|O(p)Ip) = O(p)d(p’ — p)
%m=@%@%=m§ﬁ@—ﬂ)
- RGN RN -
77/J1 Sll 512 Tt ¢1
Yo | = |51 Sz - b2 |, Sij = (o))
UNGIE=S WISy il e
O = S0,ST

12

(3.33)

(3.34)

(3.35)

(3.36)

(3.37)

(3.38)

(3.39)

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)

(3.48)



4

b ) o g T 05 )

4 ik 1iga

4

1.

4

1 by TiEa R
FERS Schrodinger J7FE:

{—val+vwﬂ¢Wﬁ#ﬁ—E¢m&¢)

2m r2 or " or 2mr?
R
1/1(7", 07 @) - Rl(r)}/hn(ea 90)
el - o
/! / —"_
&+T&+[;%Evm) > }m_o
ETINY
Ry(r) = XliT)
2 (l+1
W+ 2 E- v - 5 =0
W 0 A
2V (r) =90
(1+1
Xi — ( ; )Xl =0
T

xi(r)=r*=s(s—1)—-l(l+1)=0=s1=1+1, so=—I

MR A e RE, s HAEHL L+ 1:
xi(r) =r'T Ry(r) =7

2 JoPREEERTT Pk
. ToBRIEBR T B
0 r<a
WHI{
o0 r>a
1 =0 R e
_ 2mE

Xo +kxo=0, k*= .

Xo(r) = Asinkr + B cos kr

NS S L
X0(0) = xo(a) =0
B=0, ka=n.m n.-=12,...
A28 ) 8 BR
\/5 . MeTr
Xn,0(r) =1/ —sin
a a
f it
B .- n2n?h?
" 2ma?

13

Y(r,0,0) = EY(r,0,9)

(4.1)

(4.2)

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)



4 P AT R TES
6. 1 # 0 fyFeIa L
2 (l+1
R/ 4+ =R + (k@— ( t )>Rl:0
r r
R = C]l(k‘T')
7. MR
Rl(a) =0= ]l(k}a) =0= km,la =Tn,|
8. FRIi R L
2 /. . 2
Ru) = (=2 [ ieathani-+ D)) i)
9. fiht: 2
™
Eni = o2ma2” "
4.3 Y% [ PR T
L =% 1] [ PR 4 .
Vir)= gmw%‘z
2. felm e 4+ 1)
2, [2m 1 ,,\ i+1
R2/+TRZ+|:h2<E—2mWT>— 2 :|Rl:0
3. 2 r— 0 H}:
Ri(r)=r!
4. 24 r — +oo H}:
2, 2
R} (r) = " Rifr) = 0
_ _Mw 2
Ry(r) —exp( o7, " >
5. fris i
mw
Ri(r) = rlexp (fﬁflﬂ)ul(r)
2 mw 2mE  3mw  2lmw
" “ 2 ’ o - _
ul—i—r(l—f—l hr)ul+(hz 3 3 )ul 0
ESTNY
d2ul 3 dul 1 3 FE
1 3 FE 3
UKT’)—F(O{,’}/,&'), O[2<l+2_hw>7 ,y*l—’_i
7. BORAH X s
a+nr—§ (l+2_hw> +n.=0, n.=0,1,2,
8. FREImi KL
o (22 4 2, A DI i 3 ., ,
R, . (r) = a2 < (@4 1)11)2 > (ar)e 2" F (—nr,l + 3T ) ,
9. BE&:
Ey = (l—l—?nr—l—g) hw = <N—|—2> hw, N =0,1,2,...
10. REZRfAIH

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)

(4.29)

(4.30)

(4.31)

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)



4 PP askTias)
4.4 Hhr
1. Coulomb 4EfH#:
2
e
Vi) =-S
()=~
2. fRm R 1+1)
, 2m e Il+1
5 (me ) -1 =0
3. % r— 00t
xi(r) =r*t
4. M r — 400 Bf: )
X+ h—?EXl 0, E<O0
2m
at =e, ==z F
5. R iR
xi(r) = e Py (r)
" / 2m 2
ru] + (2(14+1) = 20r)u; — [ 2(0+1)8 — Sre | u= 0
6. ARt
&=2pr
d?u, du; me?
e TR - - <(l+1)—h2ﬂ>ul—0
2
me
ul(’l“):F(O[,’}/,f), O‘:(l_‘_l)_%v 7:2(l+1)
7. BRI
me>?
a—l—nT:(l—i—l)—%—i—nT:O, n,=0,1,2,...
m—e2—l+1—|—n =n, n=12
h2I8 - T T b - b 9
8. F& ) PR AL
2 (n+l)' ] 1
R(r) = — 2XF(—n+1+1,21+2,€),
) a>n?(20 +1)! (n—l—l)!ge (=n &
9. i 4 2
me* 1 e’ 1
n = QFLQE——%E, n—1,2,...
10. ARG B
n—1
fa= @+1)=n
1=0
11, TS
Py(r)dr = Ril(r)r2dr = Xil(r)dr
12, IR

Py (0, 0)d02 = [Y;"(0, ¢)|*d$2 = | P (cos 0)[*d12

15

(4.37)

(4.38)

(4.39)

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)

(4.48)

(4.49)

(4.50)

(4.51)

(4.52)

(4.53)



5 WEE e TiE A
5 Wik 1iss
5.1 g hRi1-1%) Schrodinger Jjf

1. Hamilton & :

2. Schrodinger H##:
1
<—W—A1u-qAﬂw@¢
2m me
5.2 1E% Zeeman ()W
L BT - X
A= §B xr, B = Bez, GLP(T) =
1 1
A, =—-B A,==-B A, =
T 2 Y, Y ) Z, z

2. Hamilton & :

~ 1 ~ 2 A e 2 N
H=— — P, P?
g | (7 50) + (e )
_ L fpep By B e ] v
- 2m T g BT "
1 - eB -
~—P24+V —L,
2m V) + 2mec
3. PEeREL:
1/}n lm(r 67()0) Rn l(r)iflm(ev (P)
4. el
eB
EnTlm = Enrl + —mh = Enrl + mth
2me
5.3 Landau fg%9%
L. Y5035 .
A §B><r B =DBe,, ¢(r)=0
1
A, = fiBy, A,=_-Bx, A, =0

2. Hamilton & :

- 1
H=—

(7.

3. Schrodinger J7#%:

B0 1 2
pop’op " P og? T 922
4. AR
P(p,p,2) = R(p)e™™ e, m=0,+1,+2,...
5. flm i
h? 2 1d B2 m2 1 ,
() R+ TR + gt R(p) =

. 1 2
H:—(P—QA) + qp
2m c

2 ¢B \?2
_ = ]5 eP 152
20y> +<y+2cx> + P;

16

eB

0
adj

1
[P2+L +—

R k2

(-
2m

e’B

42

2

(2 + 9%

)1/1—1th w—i-lmw p2p = Ev

i) B(p)

(5.1)

(5.2)

(5.3)

(5.4)

(5.10)

(5.11)

(5.12)

(5.13)



5 wEEyPaykTFiEs)
6. 24 p — +oo Hf:
R d2 1
“omdp (p) + imW%PZR(P) =0
- _me 2
R(p) = exp (=720
7. 2% p— 0/}
R (d>  1d h* m?
“om <OW pdp> (p) %TR(P) 0
R(p)=p°= —s(s—1)+s+m>=0=s=4m = R,(p) = pI™
8. fBistisfifg :
_ ‘ml 7me 2
Runp) = p" exp (= "5220% ) (p)
W+ 2 (@l +1) = 22 ) (@) + )™ 2B = 0
9. AR g
o mwry, 2
h
d?u,, du,, 1 E
—n 1 =n_ = 1— — | u, =0
€+ (ml +1- 2 - 5 (|mr+ M) u
(0) = Plar ), a=(iml+1- 2 ). 4=pml+1
Um\P) = a,7,6), a_2 m hew Y =1m
10. ELR AW - B
1 FE
a+np:§ |m\—|—1—m +n,=0, n,=0,1,2,...
11. WEREc:
~ [m| _me 2 _ mwr o imp  ikz
Yn,m (s 05 2) ~ p wp( 2hp>F(7%mm+1,h p>e e
12. Landau HgZk:
R k> R2 k>
ENZ@mﬂﬁm%Hn+DMq+-%l:(N+1mmﬂ—%n, N=0,2,4,...
Remark. FAZERAEATHETF. WwH I Landau H -
L. H 4w
2. Schrodinger ¥ #%:
1 . eB \> . R
5 (Pw—y) + P, + P =Dy
m C
3. n BT E
w(p’ QO,Z) — eik”gzﬁ(y)eikzz
R dPo(y) 1, ) h2k2 hkyc
_ z — = FE - z =2 =
e o) Ly~ o) = (B 5 ) o), o= 2o =T
4. W& ¥
1 2 mw.
Dpon(y) ~ ¢ 2T H  (ay — o)), of =
5. Landau & % :

1 R2k2 R2k2
Ex={(n+=|hw + 2 =(N+1)hwy + 2. N=0,24,.
2 2m 2m

17

(5.14)

(5.15)

(5.16)

(5.17)

(5.18)

(5.19)

(5.20)

(5.21)

(5.22)

(5.23)

(5.24)

(5.25)

(5.26)

(5.27)

(5.28)

(5.29)

(5.30)

(5.31)



6 B
6 i
6.1 LT HbE
L. TR R AL
h
1/)(7'752) = ( w(r, 2?3 )
¢(7“7 §)
2. Hamilton A %5 Qg &, 1A S &
P(r,s.) = p(r)x(s:)
3. HEk REL:
a 1 0
S,) = =a +b —aa—+b
4. HBEM N EEAT
N h{0 1 1 (1 1 1
Swzf y w:iia ) — T = 3 ) — T =
5 <1 0) £ X+ (8z) 7 <1> X1(82) 5 (_1>
- h (0 —i 1 (1 1 1
Sy - 5 <1 0) 3 Sy j:*a XT(Sy) - ﬁ <1> ) XJ,(SU> - ﬁ (_)
N R({1 O 1 0
Sz =35 ) =t z) = =&, z) = =
5 <0 _1> 5 x+(s2) (O) a,  x(s:) 1) B
[ﬁa,Sﬂ} = €a571h57
5. Pauli %iJ:
) (01) ) (0-1) ) (1 0)
0p = . oy =1 , 0, =
1 0 i 0 0 -1
60, 65] = Casy 26,
Gr=62=062=1, 6l=6, ol=6, 6l=6.
0y0y = —0y0y =10,, 040, = —0,0, =10,, 0,0, = —0,0, = idy,
6. Pauli FFEET )
64 = =(6,+1i6y), o_= 5(% ioy)
61,6 1=6., |[6.,64] =220

6.2 Kiffighi

- R ERAT
J=L+S8
PP %
[ja,jﬁ} = capnihid,, [jQ,Ja] —0, [ﬂiﬂ =0
Smsherr:

(L + L2+SQ+QS-L:L2+ZFL2+FL( oLy + 6,0, +6.L.)
+3R% + hL, hL_
hL. L? 4+ 30° — L,

18

(6.1)

(6.4)

(6.5)

(6.6)

(6.7)

(6.8)

(6.9)
(6.10)
(6.11)

(6.12)

(6.13)

(6.14)

(6.15)

(6.16)



6 Bt

4. BABIET I AL R

5. WAL

<l(l+1)+3+m—>\

j2 CLYEm _ /\FLQ aﬁm
bYi(m+1) bYi(m+1)

4

\/1(1+1)—m(m+1)a+(l(z+1)+i—(m+1)—A>b:o

0D D)

6. SAZhE AL

-

7. BASIER AL

¢ljmj (97 ®, 32)

M2 =G +DR%, j=1+=

1 T Wi _ frmd +\/my
/= R B TS B T EF R

VGRS
1 —/l —mY;,, [l—m
¢ljmj (97907 sz) = : = - lemXT +
V2U+ T \VTFm+ Wignsn 20+1

6.3 Fligifam =
L AR & RS H AL

2. I HEMZ R A

52:(51+Sz)2:511+5§+251.52:§h2+§7‘12 (612690 + 61,09y + 61.62.)

3. BB EA T AL

4. MERR HIEAES:

|TT>12 ’ |T\l’>12 ’ |J’T>12 ’ H"l’>12

S [1)15 = 217 1)y,
S M)y = B2 1) 1 + B2 11D,
S2 M) yp = B2 1) 1 + B2 D)
S [1) 15 = 20 L)y,

X11 = |11> = |TT>12
X1,-1 = |1 - 1> = H¢>12
1
X10 = |10> = 72 (ku + |¢T>12>

1

Xoo = |00> = (’T¢>12 - |¢T>12)

S

2

>a+\/l(l+1)—m(m+1)b20

(6.17)

(6.18)

(6.19)

(6.20)

(6.21)

(6.22)

(6.23)



7 SRS
7 iﬁﬁﬁﬁﬁw
7.1 AERIRR LR

L. B A A AL S E I ETT - o )
H = Hy+ \H' (7.1)
E,=EY + \XED + N2 E® ... (7.2)
In) = @) + X M) + A2 [n®) 4 ... (7.3)
2. fRA Schrodinger J7 & LA [ 9 R %L
(H EW)|1» (Ew-JT)m@> (7.4)
(ﬁo - Eff’)) In®) = (E,(}) - FI’) M) + E@ [n©) (7.5)
3. RERAESTEZHAMESEIT
nM) =3 "a KO), n®) =" a0l k) (7.6)
P P
4. KERBHRALELS (mO):
aV (E1<3> — E©) = EM6,,,, — (mO|H|n®) (7.7)
al? (B = 0V ED 5 = al) mOH 1K) + ED6, (7.8)
hm s
5. RERAML(ER—FEIE:
EL = (n©H'1n) (7.9)
6. HERASEAS I —FIETE S
w»;gﬁﬁﬁ?ﬁyﬂwm (7.10)
7. REEAE(EN —HEIE:
[m @A)
E® = ,;n R (7.11)
7.2 WIFMILE
L BRSO FRAMES T
n(®) Za ) [n(©@) (7.12)
2. FRA(7.4):
(E%E$0|nuU::(ES)fT)iéaAﬁHan> (7.13)
3. HERBHAMLEEL (np®)]: .
fi (H,, — EM6w) a,(v) =0 (7.14)
1. AERAE( - GIEIE -
EY  v=1,..,f (7.15)
5. REEFHAML: .
In7) = " a, (7) [nv®) (7.16)
s



7 S
7.3 AN TREANEE R
1. Hamilton SJAHXTISEIE

o 4
- = p D
H' = \/p2c2 + m2c* —mc®> — — ~ — =

2m 8m3sc

[, L% =0, [H),L.]=0, [H,5]=0
2. AERAERAHISIEIE

1
EW = _ pt = — E - 2
s oy (nlm|p*|nlm) Sre? (nlm|( V(r))?Inim)
1 ez /1 2\’ /1
= - E? —2E, - -
2me? | " 47eg <T> + <47r50> <r2 >]

E? 4n
- _ n 7_3 ~ 4 2
2mc? (1—1—1/2 ) ame

3. Hamilton B H e ER SEIE:

S DO T B
so 2,u " 247eq m2c2r3
[[—AI;O’[AP] =0, [H;o’ j2] =0
4. REEANEER B B A2
1 e 1 11, ., - .
B = gy v (e |53~ £ = 89 i )

_e[j(j+1>—l<l+1>—5<8+1>]<:3>

16meqm?2c?
_EXn[j(j+1)—1(1+1)—3/4]
 me? I(1+1/2)(1+1) ~ atme?
5. BERAMEEREHE A IE

E? 4n
EY =gV 4 ED = 3—
Is + 2mc? j+1/2

7.4 Zeeman Zp
1. Hamilton &) Zeeman W AEIF

ﬁ; = _(ﬂl =+ /18) “Begt = (L + 25) ext

2m
2. 5937 Zeeman R 1 Beyt < Bint ~ 10T

Hy=Hy+H,,, H =H
e . - 5 .
EM = %Bemt - (miljmy|(L + 25)|nljm;)

ST\ 4
( j2>Jnljmj>

JU+1) =1 +1)+3/4
Jj+1)

(& A~

- %Bext . <ml]mj

= pupBext (1 + ) mj = upgsm;Best
3. Y Zeeman R Bey: > Bine ~ 10T
fy— fly+ 1L, 01— i),
B im, = En + 15 Ber (i + 2m,)

nm;ms

4. Ji[a)3 Zeeman FY :
Hy=H,, H = ‘H}s + H,

21

(7.17)

(7.18)

(7.19)

(7.20)

(7.21)

(7.22)

(7.23)

(7.24)

(7.25)

(7.26)

(7.27)
(7.28)

(7.29)



8

it

8 wTHE
8.1 it

1.

£%4; Hamilton &
H = Hy+ \H'(t)

ST ASTEAAES R
= Cu(®)e 75 n), [1(0)) = [k)

. f& A Schodinger J5f%:

ihY " Cor(t)e” 75 ) = XY Cop(t)e™ *EH(t) |n)

. E%Zkﬁlu\ < |

B (t —AkamevE (/[ (8)|m)
BRI AL
RUNEC TS ELE

inC (1) Zeﬁ(E’» “Ets K| H (8)|n) = e B =B (1 F (£)| k)

BRI B M )
1 )
Céﬁ@)_.ﬂl/mdtewwﬁﬁgwxw
0
BRI
(1 2 1 ! iwgr it 7/ ’
Wik ( ‘Ck’k ‘ =73 /0 dt e e" Hy, . (t)
PR R 4
W = aWk’k(t)

A FFRES: WA, ARESKA

Wk = f Zzwk/

j=1 i=1

8.2 JAMIGIL

—

- I
f{/(t) — [le vt
BRIE PRI . ;
(1) 1 iwgst H];/k e!\Wkk =t ]
Cri(t) = 1TL/O di e Hyp(t) = . o o
BRIEAR AR i
|Hllc k| sin [(wk/k - W)t/2] L +oo 27L 2
Hy, e —
Wi k( ) h2 (wk’k — w)/2 2 | k‘ 5(wk k w)
BRAT R

2 2
ik = S ol S(wnn = w) = T2 [ Hinl 6By — By — hw)

22

(8.1)

(8.2)

(8.3)

(8.4)

(8.5)

(8.6)

(8.7)

(8.8)

(8.9)

(8.10)

(8.11)

(8.12)

(8.13)

(8.14)



8 ETHKit
8.3 WHL

L e :
H'(t) = H'[O(t) — O(t — T)]

2. BRATHRIR t o
1 . Hl elwre kT _ 1
Cl(t) = / dt e Hyp (1) = —— Kb 2
kk( ) in ) . € kk( ) 7 O
3 EEETE%$ 2 2
|H]I€/k‘ sin (wk/kT/2) T—+o0o 2w ;2
Wi (t) = — |H |7 6(Ey — Ex)T
kk() h2 wk’k/z h | kk| ( k k)
4. PR
W (T 27T
Wiy = ’“j’j( ) |H,;,k| §(Ey — Ey)

5. Fermi B4 HLN :
2
wpi = [ ABewnnp(Ee) = 2 il o)

8.4 OEmWedk kRt
8.4.1 SR Z s

L AGPE:
E(r,t) = Egcos (wt — k- r)
B(r,t) = |,1c|k x E(r,t)
Lorentz Jjpo/NFHLEg 17
|¢v x B N M <1
|eE]|
CEREUISURVE
FE = Eqcoswt

2. ASPHEXT TR AR -

H'(t) = —ep = —d - Egcoswt = H' coswt, d=er

1t
c&m=mﬂﬁgwmmw:—

2h We'k + W Wg'l — W

4. AR B BRI PR - .
Hyp el @we=@)t _ ]

2h We'le — W

Cint) ==

5. S BETER

2
> R 2h2 |Hk k| S(wpr —w)

Wii(t) = |[Hi|? (Sin (Wi — w)t/2]

4712 (wk/k. - UJ)/2

(cos? 6) / d(p/ cos 951n9d9— -

1 1 Ei(w) 1 E2(w)
(E* + B*) = — (FE*) = / cos® wtdt =
8 4 Amr T 0

6. WA BRI R -

p(w) =

2,2

4m%e
Wik = H;Q/k|2 Mwirp —w) = WWWJ p(Wr'k)

i
Py

23

Hk'k <ei(wk/k+w)t -1 ei(wk/k—w)t -1
+

(8.15)

(8.16)

(8.17)

(8.18)

(8.19)

(8.20)

(8.21)

(8.22)

(8.23)

(8.24)

(8.25)

(8.26)

(8.27)

(8.28)

(8.29)



8

7.

it

FEL A R S ) e S U+

(1 +1)2 — m? 12— m?
Y [ G e WL oy
c05 OYirm ¢@u4xm+$l“”+ Q@ —1)

(l£tm+1)(I+m+2) IFm)(lFm+1)
Yi-ﬁ—l,m-‘rl Yl—l,mil

sin Ae™¥Y;,, = +

x = rsinfcosp = Lsinf(e'¥ +e7¥)
y =rsinfsing = L sinf(e'? — e 1¥?)
z =rcosf

(2014 1)(21+ 3)
Al=1-1=%1, Am=m'—-m=0, £1

20— )20+ 1)

8.4.2 HA'kKiEM
1. 2P0 SO A2 e 5
W' = Bk’kp(wk’k)7 Wik = Bkk’p(wk’k)
2. KA
Wek = Appr
3. K T4 Boltzmann 41 :
if — (B —Bu)/KT _ Jhwyy /KT
T
4. PR BRI R
g Brp(wik) = g (Brr p(wrrk) + Agrr)
5. BRI ) ) 2
kk' 1 kT >hwry, kk’ kT Wik
k) = : = kT
p(wk: k) By efwiri /KT — 1 By hwpry, m2c3
6. B AIEI R g )
o U‘)k'k o 46 wk/k 2
A = Taa Pow = g I

24

(8.30)

(8.31)

(8.32)

(8.33)

(8.34)

(8.35)

(8.36)

(8.37)

(8.38)

(8.39)



9 HATRZiE
9 HUHAR
9.1 Lippmann-Schwinger Jjf#

L A&k
(V2 +EHG(r, ) =6(r — 1)

h2< ‘ 1
— (T |7
2m E—H(]+l€

G(r,r") =

2. Lippmann-Schwinger J7f#:
1 ~

out) — —V ou
o E—fotic Vo

‘d)zn> + |¢sc> =

’(/)out (T)
3. B IR RIS :

= /(/)’LTL(T) + wsc( ) wzn

m/d’rGTT)V( Voo (')

/
rT-r lae e ool ! ’ r
|7‘—7‘" ~rl1— ’ elk|r r'| ,.&_,/el(kr k r)y k' = k=
r2 r

12 ikr L, . ikr
V() % (1) = 157 0 [ Ao WV ) = 4 S 4(6)
4. FERIE - .
f(0) = gy /dr’e_ik TV (P ) hour ()
5. ASHIEBR AL i " N
. 1 x x B B LR oA L
iin = g (O = V)| = | (2| = 2
6. TR L B
vy _ | 1R 0 . 0 _in o LFO)P ] Rk [F(O)
jsc(e) - % <¢Scarrwsc_wscarwsc> - %<_2lk) 72 - E 72
7. HC AR o
_ W' ke _]scr _ 2
.(6) = b = 2 1(9)
9.2 WSHEBCH: Born WPl
L. #Hmlh )
qg=k —k, q:2ksin§
2. Born jT{Ll:
__m 1 —ik’ -’ AW A o m 1 —ig-r’ A m
£6) == [ are V) = =0 [are v = v

3. Bl RO -

2 2 2 +oo
4m
.(0) = 92:m /d —1qu/ _
0) = O = 2 | [ areor v | = B2
4. Yukawa BB BT
Zer . 4m2Z2e? 1
Vir) = ¢ = 0.(0) = B (a2 + ¢2)2
5. Rutherford A= :
0) = 4m22262i - Z2%e?2 1
T T T T 16E? sin

25

'V (r") sin gr'dr’

2

9.1)

(9.2)

(9.9)

(9.10)

(9.11)

(9.12)

(9.13)

(9.14)

(9.15)



9

A2

3 RREWCH: or Dk
- NI R AL
“+oo
Yin(r) = &= = F7e0s0 = N "(9] 4 1)i" - jy(kr) Pi(cos 0) Z\/zm (20 + 1)i* - 5y (kr)Yio(6)
=0
r~>oo Z\/m Qk [ i(kr—lm/2) _ i(k’l‘*lﬂ'/2):| }/10(9) (916)
Hh S R
Yout (1) = in (1) + oe(r) 55 Z VAT(20 + 1 2 k [(1+ ap)elr=in/2) — e=ikr=In/2] v, () (9.17)
BRI A AS
1+a|=1=a =% —1=2ie"sing, (9.18)
B R A
400 ikr
Vse(T Z VAT (20 + 1)il—e' sin §,e! 1"y (9) = ; wem sin 51150(9)8: (9.19)
- BRI -
+00 /4 t+oo
0) = Z fi(6 Z 21 e sin 6;Y}o(0) = Z L]—:lei‘sl sin 0; P (cos 0) (9.20)
=0 =0
(LI CaE Ik ,
N
0o(0) = [F(O)]2 = ‘% 31T Tt sin 6, Yio (6) (9.21)
AR -
= 042 = TS 01+ 1) sin?s 9.22
awt_/ac() k2§( +1)sin? g, (9.22)
JE e N
Imf(o) - L 212— 1 Sin2 51 = %O-tot (923)
SKIRHH 6
(1) SRR PRI A

(2) SAFHIFHE:

r—00

o . 1
(/{37’) oo, (zl ¥ 1) [6215zel(kr7l7r/2) _ efl(krfl”ﬂ'/Q)] — ‘DZH sin <k7" _ lj + 6[) (925)

2ikr

26



10 /%% A REM &

10 Jye s AR B ik
10.1  —4EigHE 1 fe A AR

1. AR T IR

4 1 i
a' = \/m(mwx ip), a \/m(mwx + ip)
h h
i=yg—(@+a), p=i m;(ﬁ—a)
ﬁ:hw<ﬁa+;>
2. Moy KA
[a,a') =1, [n,a4] = —a, [n,a']=al
3. FERAMETS .
filn) =nin), |n)= N @)" 10y, (nln') = Gum
aln)=vn+1ln+1), an)=+vnn—-1)
4. AERREL:
MW—OiﬂﬂW»—Oé/hfodﬂﬂm—O
= Q;mw <mwx+ﬁ )1/)0(I)—0=>1/10( )—%e za’e?
1 AT 1 A\ T 1 N )
Yn(z) = (z[n) = N (x| (a')" |0) = o (a')" vo(z) = W (a') i/
5. fEH

1
FE, = <n—|—2> hw, n=0,1,2,...

10.2  fHahE AP RIAAE RS

L. s R RAT
Jy=Jdu+Jd, J =J,—iJ,
~ 1 4 ~ A~ 1 - ~
Jx=§(J++J7)7 Jy = %(JJF_J*)
2. X5 K F&:
[J;,j_} = 2h.J., [J;,ji} = +hJ.
3. Bl RAIER: L
J2|jm) = j(j + 1)A? |jm), §=0,51,52...
J.|jm) = mh|jm), m=0,%1,..., 4]

4. T A:

(j(m+ )| [jm) = h/j(j + 1) —m(m + 1)
(j(m — 1)|J_|jm) = Wj (+1)—m(m—1)

(j(m+ 1)|Jo|jm) = v@a+1 m(m + 1)

(j(m = 1)|J,|jm) = \/JJ+1 m(m —1)

((m+1)|J,|jm) = —*%7 (j+1)—m(m+1)

(j(m = 1)|J,|jm) = *\/JJJF —1)

27

(10.1)

(10.2)

(10.3)

(10.4)

(10.5)

(10.6)

(10.7)

(10.8)

(10.9)

(10.10)

(10.11)
(10.12)

(10.13)

(10.14)

(10.15)

(10.16)
(10.17)

(10.18)
(10.19)
(10.20)

(10.21)



10 7152 AMEME A REAM X

1 = =

0.3 fMahEMAR CG RE
L Wi s G:

2. MERFHAEAILE:

3. CG R¥L:

lgm)

4. CG AP
(1) ARk

Jt 1,
j2 |j7
T3,
‘]Z |.7)

J:j1+j2

= j1(j1 + DR*|j,m)

=0+ 1)R*|j,m)

m)
m) = ja(ja + 1)h*|j, m)
m)
m)

= mh|j,m)

> (ima, jamalim) [jimy) @ [j2mo)

mimza

(Jima, jamal|jm) = 6m, '
(m1+m2) <]1m13j2(m - m1)|jm>

(2) ZI=fE:

Z <.71m ) j21m X .
1, J2me|j'm) (jima, jama|jm) = 0,1,
J

mi1msa

: <]1 L17]2 ‘ I ma mom
L2 Jm> <]1 LI 2 ]ll j v é 6
1 ] 2|] > n1Mmy 12 /2

jm

<]1m1,j2m2|j3m3> e (71)j1+j2_j3 N .
jimq, jo — mal|jz — m3)

— (_1)j17m1

— (71)j2+m2

(
(_1)j1+j2—j3 <

Jama, J11my |j3m3>

( 1)j17m1 2]3+1 < .
%0+ 1 Jima, js —ma|ja — ma)
275 +1 .
2y + 1 <]3 - m3,j2m2|j1 - m1>
253+ 1 .
20 + 1 <.73m3,.71 - m1|j2m2>
255 +1 G
J2 — Mg, jams|jima)

257 +1

28

(10.28)

(10.29)

(10.30)

(10.31)
(10.32)

(10.33)

(10.34)

(10.35)

(10.36)



11 k=Tt

11 —R&E it
11.1 ki FEk%
11.1.1 2k d %k

L R R A1k

~ ( Y= 1 ,27T( n L ) 1

Pnina,nz, L Y, 25 = \/‘7 exp (1 7 nixT + nay + N3z 0

~ ( 1 1 _271'( n n ) 0
ni,na,n y Y, 2, = — 1— (N1 n naz

® 1,n2,m3,) z, Y,z \/V exXp L 1 2y 3 1

2. Bose 2R RERS

nl'ng -ny!
Uk en (@155 AN) = Z Pk QP 1) “Phn (QP(N))

{P)
3. Fermi 12 &M REFRS
Uk, don (@15 - -+, AN) Z Por (ar@) -+ ey (arn)
VN P
ok (@) (@) o rn (@)
1 Oro(@2)  Or(@2) - Prn(a2)
or (an)  wr(an) - ery(an)

11.1.2 AR KA
L AR KEAF
al |0y =|ng =1), Galna=1)=10), @,|0)=0

e}

2. KL RO

3. XA KA

lGas @5] = Oap, [aa,as] = [al,a5] =0

{Car e} = 0ap,  {Cares}={el,ef} =0
4. Bose TR FH#ES:

ma ) = e @)™+ @) [0
ny:---NN-:

al [y na o ny) = Ve £ 1|ng o (na + 1) ny)
o N1 Ne - nN) = Vg 1 (g — 1) -+ - ny)
5. Fermi T2k 7434

[ny---ny), mg=1or0
&Ta|n1nanN> :(—1)i=1 |n1"‘10¢"'n1\/>6n(10

da|n1nanN> e (—1)i=1 |n1...0a...nN>5na1

(11.1)

(11.2)

(11.3)

(11.4)

(11.5)

(11.6)

(11.7)

(11.8)

(11.9)

(11.10)

(11.11)

(11.12)

(11.13)
(11.14)

(11.15)



11 —%x&F1it
11.2 Bose Tl ARAFNRBE X
11.2.1  AfRBELF

L. BASER:
F=>" fapalag (11.16)
aB
fas = {pr. (@) F(ar)lon, (@) (11.17)
2. BRSEAFI ARG TT:
<w”'1"'”'N7F¢n1“'nN> =N <d)n’1n3\,a f(q1)’l/}n1mnN> (1118)
(1) F (Rt e
(Fy="(-nj-m-|F|-nmg-my-) = Z”ifii (11.19)
(2) F xR RET:
(oolny—=1) - (ng4+1) - |F| - omy e omy ) = 1/ (ns + D)n fiy (11.20)
11.2.2 K54
1. KRB .
G=3 Z’; Zﬁ:ga’ﬁ',aﬁ@l/&%/&ﬁda (11.21)
98,08 = (k. (ql)SOkﬂ, (a2) [9(q15 g2)| ¢r. (q1) 9, (g2)) (11.22)
2. CHRERFRERET:
(gt Cronn) = = o 01,020 (11.23)

(1) G xR

(G)=(-mj-mi |Gl iy o) = ;;ni”j(gima‘ + ijigi) + % z;nz(nz —1)gii (11.24)
(2) G By R
a. (i,7) = (k1)

(-~-(nz+1)-~-(nk+1)-~~(nj—1)~-~(ni—1)~-~IGI-~-n¢--~nj-~-nk~--m-~->

= \/ning(ny + 1) (n + 1) (griij + G ji) (11.25)
b. (i,7) — (k, k):
(o (e +2)--(ny —1)---(ni—1)---IGI---n¢~'~nj'--nk--‘>

= \Jnan; (s + 1) (s + 2) gk i (11.26)

c. (i,i) = (k, k)

~

(oop+2)(ni—2) |Gl g mg-)

1
ziv%xm—wxnk+now+2mMﬂ (11.27)
d. j — k:

(o4 1) (nj— 1) |Gl oy mp )

= Z \/nj(nk + DnalGra,ja + Gak,jo) + /10 (e + 1)1 Grr ks + \/(n] — 1)2n;(nk + 1)gjk 55
a#j,k
(11.28)

30



11 ZkZFFi
11.3 Fermi ¥ ¥ ARTEAFIRIE K
11.3.1  MikFEF
L BAREAT:
F=>"faptlés
ap

Fap = (@r. (@) (@) o, (01))

2. FREATR AT )

(1) F A% AT

(2) F HydEX FAERETT:

11.3.2  RRFF
1. RBERF

A 1
_ z :z : AT At A 4
G - 5 ga/ﬂ”aﬂca/CB/cﬁca
a'f af

Jorprap = (i, (01) P, (02) [9(ar, a2)| @r. (@1)r, (02))
2. BRI

N(N —1)
2

(gt Coson) =

(1) G xR

<wn’1n’N ) f](fha q2)wn1~~nz\r>

(@) =( --n2n1|éln1n2 ) = %Zninj(gij,ij + Gijiji)
i#j
(2) G WHEX BRI (i,7) — (K1)

<"'1l"'1k"'0j"'0i"'\G|"'1i"‘1j"‘Ok"'oz"'>

11.4 R FEERZ S RE NG R
1. Bose THIHAT:
Wp(r) = Z&k%(r)
k
[0, 6] =6(r =), [§(r), 67(r)] = [$(r), )] =0
2. Fermi T3 E 4
Wb(r) = Z Crpr(r)
k
o), 1} =étr =), {1, 67} = {d(r),d(m)} =0
3. FHKREL: )
G(11, a3ty ) = —iO(ty — to) (i|1h(ry, t1)dT (ra, 2) 1)

31

(11.29)

(11.30)

(11.31)

(11.32)

(11.33)

(11.34)

(11.35)

(11.36)

(11.37)

(11.38)

(11.39)

(11.40)

(11.41)

(11.42)

(11.43)



12 B XA
12 JBEXMiE
12.1 5

12.1.1 Schrodinger 235t
1 ek

[s(t)) = e+ i (0))
2. BRI ,

i [0s(t) = H [vs(t)
3. Jf e R A d

EOS - O

4. 725 TS5 (L i o P A - d )

305 = 5 ([0, 1))

12.1.2 Heisenberg 2235t
1. JeR%L:
() = e s (1))
2. I bR BSE R T ) A -
1h44—th(t»
3. N

a3
i

Ou(t) = erHtOge w11

4. SRR A AL . Heisenberg iz 3 5 F

5. MG KA WIMAFH
it (0@l (1) = @by (Daan (t) = e (ausils — hgias) e H1 = bu

12.1.3 HMAENLsR

1. PEEL
1 (1)) = er ot [y (1))
2. I R ABEIT A AL , A
ih= [ (8)) = Hi(t) [n (1))
3. Sz

O](t) = G%HOtOSe_%HOt

4. Jyrp B TE] AL -

dt
5. X5 KA )
d. I hkG . 1 h°k2
aaal(t) 7 laal(t)a; 9 agr(t)as( )] = am ° aar(t)
h2k2
= Gar(t) = Gar(0)e” 75" = G450 Eat, € = 2ma
/

(12.1)

(12.2)

(12.3)

(12.4)

(12.5)

(12.6)

(12.7)

(12.8)

(12.9)

(12.10)

(12.11)

(12.12)

(12.13)

(12.14)

(12.15)

(12.16)



12 Rk
12.2 B AMILIE

L. AHHAE 225 F B i ) AL B4
101 (t)) = U(t, to) |[¥r(to))
Ulto,to) =1, Ult,ty) = U(t,t)U(t1,to), U'(t,te)U(t,to) = I
2. MR AL AT AR

ih%f](t,to) = Vi(t)U(t,to)

t
Umm=f+?/a%wme>
in /4,
3. Bt

. .1
Oltito) =1+ &w ( >/m/pM% Wit") +
ih Jy,

4. G EAT

PVi(ty)--Vitn (tmax) - Vi (tmin)

I
g/%/% /&%n Vit %w/&#lm / At Vi(ty) - - Vi(t,)

5. AN AL AT T A )
mM@:Rm«%/dﬂﬁw>
to

Vi(t) = entotygesltlo=ntot - 5  oF

6. R ZE IR :

7. AL
(1) T i A
Y1 (+00)) = U(+00, —00) [1h7(—00))
(2) —BCFCHE oy R
[¥1(0, 8)) = U(0, —00) [1h;(—00))

12.3  HUONIERE
12.3.1 WRiTHiIM
Lo AT A S .
|wzn> = |k> ) |wout> = ‘wm> + mv |wout>
2. BRESF
T ‘¢1n> = V |’(/)out>
PV V7
Ea — H() + i€
. . N 1 N N 1 N 1 -
I'=V+V——"-—-V+V - V . V+--
E—H0+i€ E—H0+i€ E—H0+i€
3. USRI -
_7i / —ik’r’ / ’ _7l 7111 _ m s
F0) = 55 [ Arte S TV (7)== (K1 ) = =5 (KT
4. B R 2 2
m S
7.6) = S0P = | 171K

33

(12.17)

(12.18)

(12.19)

(12.20)

(12.21)

(12.22)

(12.23)

(12.24)

(12.25)

(12.26)

(12.27)

(12.28)

(12.29)

(12.30)

(12.31)

(12.32)

(12.33)



12 MXBkit
12.3.2  FORHHRE
Lo ASSESAHI 17

hr(=00)) = ko), [¢1(400)) Zba ks) (12.34)

2. WA
S =U(+00,—0), StS=1 (12.35)

3. F AR
= [bs[* = [Spal? (12.36)

4. HUHFATI A

+o00 “+00 +oo
S = I+/ AtV (t ( >/ dt/ AV () (t") + - (12.37)

5. BRI TSGR € = hs

S = Gag (12.38)
S\ = —2rid(Es — )<k6|f/|k ) (12.39)
2) _ _ o _
Sﬁa = 27’[’15(E5 Ea) <k5 ‘ E — HO n 16 > (1240)
n) _ o _ 1 ” 1 - >
Sﬁa = 27T16(E,g Ea) <k/3 ‘ E ~ HO Tic E ~ HO n 16V -V ka (1241)
6. MR T
Spa = 0pa — 2mid(Es — Bo)(ks|T|ks) (12.42)
PV V— vyt oy Ly (12.43)
—H0+i€ Ea—Ho—l—iE Ea—Ho—l—iE
7. AEF AT
Es = E, (12.44)
12.4 g
12.4.1  FT—fld BB iBOR K
L U — A B R AL .
(rlk) = We_im (12.45)
2. gy Bl A -
) m2V? .
(0) =V=I£(0)| 2 | ksl T ko) (12.46)
12.4.2  BRo R B A0 CH #
L BRI R AL
ik-r km ik-r
(r|En) = Ce™" = 2n )72 (12.47)
2. Ty HICS A -
1 1 2 N 2 2 2
7:0) = Gl FOF = s oy [(Bama T\ Eama) | = ¢ 7| (ol o) (12.48)

34



12 MRk
12.5 4k
L. SRR T (i) XA
(Bal'm!|S|Ealm) = S5 6018mrm
2. SLPE A

<EanB|§‘Eana> = Z Z<nﬁ|l/m/> <l/m,‘*§aa(Ea)|lm> (Im|n,)

m U'm’

= ZZY S(l )5l’lém’mygjn(na)

lm U'm’

= 3 Vinln Vi (S ) = S 250 (8,)cost)

l

3. PR B A

2

2m)4 o 2 (2m)t S —
o.(0) = (k4) (Esng|T|Eane)| = (k4) <E5nﬂ E na>
2
472 20+1

= IS 50 (B Pcos0) = 3 (malim) (il

l lm
. 2

= 1= Z(Zl +1) (1 - S&%(Ea)) Py(cosb)

1

4. SR SO AR
27 T
Oc = /0 /o o.(0) sin 8dfdy = % ZI:(QZ +1) | - SO(E | = Za(l)
5. AU S A -
S@+1 Z‘s = 5>+ (1= [SUE]) = Do

Ba z 1

2
Otor = Oc +0r = 13 > (21 +1)(1 — ReSY(Ea))

l

k

I (2 W(E,)) = —
mf(0 ZI: L+ 1)(1 = ReSQ.(Ba)) = 0t
8. 1 A3 I P R A A -
(l) —0= ’5(1) ‘ —1= S(l)( W) = e201(Ea)
T ; 2 4r .
o) = @(25 +1) 1 — 2 EI|" = = — (214 1) sin® 6;(E,)

35

(12.49)

(12.50)

(12.51)

(12.52)

(12.53)

(12.54)

(12.55)

(12.56)

(12.57)



13

ek

13 g
13.1 =4 hhE R LR
13.1.1 5%

1.

LINER SR Nk EmI X
R(n,0) = exp (—ien :

B RS AT

R(n,0) = exp (—iHn .

13.1.2 Mg AGEEREE M D %

1.

s EAMES D) -
R(n,0) |jm) = e ™7 |jm) = > li'm')
=2 ljm) G| e |jm) =
FERN A =/ Buler ff53 TR

)
7)

‘m/| 70T |jm) 8

Z‘Dmm n, 9 |jm>

é(n 9) — e—ivjz//e—%ﬁjy/e—iajz _ e—iajze—iﬁjye—i'yjz
’

D %y
Din/m(a757’7) _ <]m/| e—iOnJ ‘jm> _ <]m/‘ e—iajze—iﬁjye—iajz |jm>
— efi(m’aer'y) <]m/| efiﬁjy |jm> — efi(m'aer'y)dznlm(B)
d BRI —Meeik=Cs v IUE N PRAERS TR JE R 8L
i (B) = [(G+ m>'<j = m)l(j +m)(G —m)?
XZ YG=m =G +m—v)(v+m —m)wl]!

2J+m7m’721/ m’ —m+2v
X | cos é —sin é
2 2

d BT PE R
(1) &y (=8) = &, (B)

(2) & (=) = (1) ", (B)

(3) &, (B) = (1) "d,,,.(B)

(4) & (B) =y, (B)

(5) B (1) = A (=70) = (=1 e

(6) &y (B+m) = (=1, (B)

D BRI

(1) Dl (=, =B, —a) = DI (o, B,7)

(2) Dy (e, 8,79) = (1) DY (o, B,7)

(3) D)=, =B, =) = (=1)" " D7 (@, 8,7)
(4) ZDM B D (0 B,Y) = Grm

36

(13.1)

(13.2)

(13.3)

(13.4)

(13.5)



13 Azx=Eik
D wER A a2

(s o (i = p)lip) D =D Grma, ga(m = ma)|jm) D3 D2 o,

D s By o i 3K

Z <j1u1,j2u2|j(,u1 + M2)> <j1m17j2m2|j(m1 + m2)> Dfu—&—,ug,ml—l-mg = thllmlfong
J

PRA B 225

872

K- / da / sin 8dB / YD (00 B ) D2 (0, 8,7) = o5, Bt
2, + 1

13.2  FESRRGEE ik
13.2.1  FEIRM AN 5 K&
LKL PREETERER, THRNLRE RN E M BT pahieh

(0, plim) = (0", ¢'[') = ™I (9, ' |jm) = ZD 0, ¢'|jk)

2 BFHE TIRER, EMRLE n HETLH/ME: WIKTHIER, BT R
(O, plim) =3 (7 Dl (0, 8,7)) (77 (0,9 lik))

k

:Z(nl ) > (a, B,y) k) = ZD (o By ( j) |7k)

3. my Ja] EHE
IA<D1J;k = kDf:k

[eDdy = 3 (\/g(g 1) — k(k— 1D, + GG+ 1) — kk T 1)D5,L(k+1))

QDﬁV:%(VGU+1nyk71ﬂﬂth—V@U+1y7Mk+)DﬁwHJ
4. FRR P RRFA SRR S KR
(i 0] = —inde, [0, 0] = —inde,  [Ie 1] = -int,
5. KL yMET FRIAR, LIERLE no BENTLI5/ MO WIHRREENIEs:, Ky pishiess
7 (9, oljm) = Ze“‘”“ "D (e, 8,9) (0, ¢'|k)

= (ng : j) 0, |ljm) = Z (n2 : j) D7 (a, B,7) (0'¢|jk)

k
6. mo [ S A R AR |
I.D¥, =mDl,

LDg =5 (ViG+ D =mm+1)Df, 1+ Vil + 1) —mm = 1D, )

1,05 = o (VG + 1~ mlm + DDl — VG + 1)~ mlm — 1Dl
7. SR R P B R AORE 5 X R

(04| =int.. [h,.0) =ind.. [i.0] =i,

37

(13.17)

(13.18)

(13.19)

(13.20)

(13.21)

(13.22)

(13.23)

(13.24)

(13.25)

(13.26)

(13.27)

(13.28)

(13.29)

(13.30)

(13.31)

(13.32)



13 A#sH=Eik
13.2.2  [eiRfndh i s 1k

1. PEI2AY Hamilton & :

B BT
- _S _n o, 25
2T 2, 2J: (13.33)
2. PRIRI A&
o . . 0 0 cosa O
I, = —ih (sm a% + cot (3 cos 5 + S (9’7) (13.34)
- . 0 . 0 sina 0
I, = —ih (cos a% - cotﬁmna% - sinﬁ@y) (13.35)
N
i e (13.36)
Poop(- 2 -le - fff+2 3 > 4+§E (13.37)
- sinfog \"P5 ) T sin2 g \0az T “ P 9ady T 972 '
13.2.3  XIBRBESRAY L 2 itk
1. XTFRFEMEH Hamilton H
gLty Lip_Lp (L 1)
HZ_QJ(Q%Q>4ZQL:_2JI+(QQ_ 2J>1¢ (13.38)
2. 12, I, I WSERAAERS:
21 +1 _,.
[IKM) = STD]IVIK(O%B)’Y) (13.39)
3. WIPRPERRREEhZEE - ) y
h RK? (1 1
B = gt + 0+ 5 (- 7) (13.40)
4. FEEYHIHE T
Re(m) |[IMK) = (=1)! IM(-K)) (13.41)
5. j27 jz7 f?a Rﬁ(ﬂ-) E]/‘J;H\:IEIZIK{EE%;% K>0
MK, +1) = \}5 (IME) + (~1)! [IM(~K))) (13.42)
IMK, —1) = \}5 (IME) — (~1)! [IM(~K))) (13.43)
6. JiERK:
Re(m)|[IMKr) = r|[IMKr), r==1 (13.44)
13.2.4 BRI BRBESRT 5 2%
1. AEXHFRFEEZAY Hamilton
~ A ~ A 1 ~ A A 1 A ~
HE:ad§+cmﬁ—%aﬂg:{QQM—%QQ(F——@>+wmﬁ}+lﬁay—agai+12) (13.45)
2. H {xtfc: X
(HWKUﬂHMK>:§@n+aQ[H[+1nyﬂ41%K2 (13.46)

3. H iyExtfaT:

uqu+aﬂﬁuMk3:i@h—ag¢u1+1—AxK+1»¢u1+U-4K+4xK+Q) (13.47)

UWHKAQMﬁHMkﬁ:i@h—aﬁJﬂI+1—KIK—1»JHI+UA(KAJXK72) (13.48)

38



13 ARk
13.3 AaZysk s Bisy
IV NIEGLIS =Ky
RTR™ = > DI, (R)TY,

2. RA YRR S 3L

[ T] = D7 G ) T, =
[J+,T } Jm|J+|Jm>TJ = Vi +1) —m(m+ 1)1},
ESAEDS WMJumT’=¢m+ m{m — 171,
&—%TT%%E#ﬁE
1= 2 (T-if) = T =T T = (T 41T)

4. AR T2 R A el 3
Ny A /1
T, = [ <72 = 37 G, galm = ma)jm) T, T,
m mi=—J1

5. [l AT 2K BT RAT N AR

[7,5] = ; Gm. iy 747, =S O g ('1)j1 (19,5)

o

AR BRI S RAE SR & 2 (J2,0.) BASHERS

@jm) = (ra, jo(m — @)|jm) T3 |aja(m — q))

q

13.4 Wigner-Eckart 5Bl

1. Wigner-Eckart E¥:

(o/5'm/|TF|Gjm) = (kq, jm|j'm’) (/5| T*|| @)

27 + 1
2. YMRIERETC: SRR TR K

Sk | 1 oy
(' 17" ag) = - > (i ulas n)

3. — W 2 R B
(JM'|J,

) J
05000 (M) (J M| T, | TM) = JO;+

1) |TM)
1)
4. WA AT LR PR AR R

(M J, (J,T)|TM) =

s MM G (D) )

5. —BrARH 2k s T — i A X
(I, T))1T)
J(J+1)V2T+1

8.0 70nr My (J' M| T, | TM) = (JM'|J,|TM)

39

(13.49)

(13.50)

(13.51)

(13.52)

(13.53)

(13.54)

(13.55)

(13.56)

(13.57)

(13.58)

(13.59)

(13.60)

(13.61)

(13.62)



14 =T ARk
14 w1 R R FRYE

14.1  XFRPES S
1. XFFRAR

v =p(r), ¥ =Q¢ (14.1)
(') =(r), H(r')=H(r) (14.2)
[Q,H} =0 (14.3)
2. Wigner ERL: XIHRASR H g2 X IR AR EY e L 1EAR i
(1) LIEAH: (Qv|Q0) = (V]¢) = Qaldr) +bés)) = aQ |61) +bQ |¢2) (14.4)
(2) RAEAES: (QU|Qs) = (¥]6)" = Q(a|é1) +bld2)) = a*Q ) +b"Q |¢2) (14.5)
3. PR |
D(r) = exp <—;_Lr -i)) (14.6)
4. Z3 (AR PR - )
v =r+6r, =Dy (14.7)
W (') = (1) = Dp(r) = v(r — or) = [i — oV + (9(57'2)} () (14.8)
[b,ﬁ} —0= [—&rv +O®51?), H} —0= [—v,ﬁ} —0= [p, H} —0 (14.9)
5. FEENFIL |
R(n,0) = exp (—%Hn : i) (14.10)
6. 23[Rl BRI )
r=r+dnxr, |[Y)=R[])) (14.11)
W) = (r) = By(r) = p(r — 60n x ) = [i —(66n x T) -V + 0(592)} b(r) (14.12)

[R,fﬂ —0= [~(00n x 1)V +0(360%)] =0= [—n.(r X V),H] —0= [nLH} —0 (14.13)

14.2 Xj‘ﬁﬂlﬁi %E%:U\Eﬁﬁ}%
L RFRAH R AR RS -

[0y) = QL) ZD (14.14)
2. DU(Q) MBXFRE: G I—A fi 4L ELMFon:
(1) B
Q1Q2 |1/Jf/> = ZDNV(Ql(QQ) W}f) (14.15)
Q1Q2[¢]) ZDLW Q2)(Q11¢,)) =D D, (Q)D;, ,(Q2) [15},) (14.16)
= Di@1Q2) = 3 D3 (QD;0(Q2) = [D1<Q1>D’<Q2>}W (14.17)
(2) LiEHE
WW>—<QWIQW>: » (14.18)
(QuilQYy) ZZD/;V M (@XCTATS ZD Q (14.19)
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é——\}2(aw+w,4-ewawwq, d——\}2(aw+w/—-e—ﬁawwq (18.81)
5(€) = exp ( SEEE — o) 4 et (e - cPei‘*)) = 8.(6e)Su(~e ™) (18.82)
5. DB :
o, B,€) = 5(€) e, B) = S(&) Drur () D (B) |0, 0) (18.83)
18.3.2 R4k
1. ZREGEHAT: w
S(e)) = [ G2 e (€ WNururtaar — €l il ) (18.84)
2. ZREGESE:
(0(w), §(w)) = S(§(w)) [0(w)) (18.85)
3. ZREALS:
la(w), §(w)) = S(EWw)) la(w)) = S(E(w))D(a(w)) [0(w)) (18.86)
18.4 Al
L. A
a}, = No(ja) — |—a)) = (sinhaf?)" Z o) (
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= zn: Zm:cnm(af)"am (19.1)
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T T

/d2a P(a,a*) =1 (19.5)
p= /anP(oz,a*)|oz><oz (19.6)

3. P BT
=2y + 1Yo, B=125+iys = Pa=dr,dy,., Ba* —Ba=2i(ysTe — T5Ya) (19.7)

<—Mﬁw>eﬂ2Zeﬁp/lpapﬁhaﬂ<—ﬁkw<aw>::/dﬂm{P@Laﬂe'Mﬂe&fWa

:/dmadya P(xomya)ei(xi+yi)GQi(yﬁxaizﬁyo‘) (198)
P(a,a”) = 3 /dxgdyB (—B|plB) T3 Y5 o2i(YaTs—Tayp)
™
‘042 2 * *
=S [ @B(-slpls) e s (19.9)
T
4. P BT
(1) #pas:
. (n)"
p= Z (1 _|_ yrtl In) (nl,  pon = (n|pln) = (1—#(71))"“ (19.10)

) " e8P —182)™ ( (n) \"
(—BlplB) = ; (1+<(72>)”+1 (=BIn) (n|B) = 1+ (n) ; ( ‘n!| ! (1 J<r <>n>>

I G
T 1+ (n) P( 1+<n>1> (19.11)

Pla,a*) = 7r2(flj—2(n>) /d25 exp (—1 |—f|(2n>> e Pl ral — 7T<1n>exp (—gj;) (19.12)
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19 ZFom32ie

(2) M

p = lao) (o
(—B1518) = (=Blaw) (ap|B) = e~lool”~I8I—aos™+5a
Pla,a") = %e'a‘z““‘”z /d25€_ﬂ(a*—a;)+ﬁ*(a—ao) — (- a)
(3) RFHE
p=|n)(n|

(—BlplB) = (~Bln) (n|B) = 71"

-1 ne|a|2 _ * *
( 732”' /d2ﬁ|ﬂ|2”e Ba*+p"a

_ eled H2n /dQﬁ et b _ elel H2n 52<a)

m2n! Qo da*n n! danda*m

(=18
n!

Pla,a") =

n>0, PEHLEFREH, RETRSEREFZXH P RT

19.2 Husimi Q F/R
L. IERHES AT

— Z Zdnma”(af)m
(Oa(a,ah)) = tr[pOa(@a, 0’ ZZdnm [par @)
— zn:%:dnmtr L/dza pa" o) (el (a )m}
_ /d%é?lr (a|ﬁ|a>;;dnma"(a
_ / Latelps(a— a)5(a” —ah) Z ;dnma"(a
_ / 2 Q(a,a*)0a(a, a*)

2. Q %L
Qla,a) = trlpb(a — a)5(a” — ab)]

5o —a)d(a* —al) = 7;lz/dQﬂ e Plam)fT(er-ah) _ % /d25 e 1Pla=@)g1f" (a7 —al)
/dzaQ(a.a*) =1
1
0<Qaa ZP|1/)1|0‘ ; :;
3. Q WEWITE:
Qava) = Lur | [ e it~ o'y @l 0" - a)| = L tala)

4. Q EEUGHIT
(1) #pzs:

= 7<n>” n){n
P= 2 5 gy 0

N (ny" o 1 1 |of?
)= 3 X e 1 = 2 (T )
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19 =T H5HhEk

(2) AT

p = lao) (o (19.28)
Qo) = <[ {afag) [ = Leml-eof (19.20)

(3) RFHGES:
p=n) (n| (19.30)

2n 5
Qlaa®) = | (aln) [ = %%efla\ (19.31)
(4) Egias:

p=18,£) (B:¢ (19.32)

(alB,€) = <a|aTS( IB) = (a|5( £)51(€)a'5(6)16)

<a|S( ) (@ coshr — ae™ sinhr) |B)

:;[mmr(+ 38°) e s (I35

B
= [coshraﬁ — Be sechr + <25* coshr — oz)] (a]S(€)|B) =0 (19.33)
— (] 8(€)I8) = K(a, ", 8,7, 0) exp (—;W + a* Bsochr + %e’ieﬁz tanhr) (19.34)
(] S(€)18)" = (BIS"(€)]a) = (BIS(=E)|e)
S K* exp <;|/3|2 + %eie(ﬂ*)Qtanh 7") ~ Kexp <;|a|2 - % ~if Qtanhr) (19.35)
K = (sechr)} exp (—;|o¢|2 - ;eio(a*)Qtanhr> (19.36)

= (0B, ) = (sechr)? xp{ - %(W +18J2) + a* Bsechr — %[ew(a*)Z - e*iw] tanhr} (19.37)

Qlasa) = ~[{al5,€) P

sechr

== exp{_(|a|2+|ﬁ|2)+(a5*+5a*)sech7~—%[ei"(a*2—52)+e*i"(a2—5*2)} tanhr} (19.38)

19.3 Wigner-Weyl W #753
L XFRHES R4

%(aﬁamaw :/dzaW(a,a*)aa* (19.39)
2. =Pk
Pmﬂﬂzé/ﬁwww““TWWﬁm C(,6%) = tr (770 p) (19.40)
1 . ok i an
Mmmzﬁ/ﬁmﬂwwmwwwmcwﬁmzm@“M%) (19.41)
W(O{,Oé*) — p /dQBelﬁa —if ac(s)(ﬁ’ﬁ*)’ C(S)(ﬁ,ﬁ*) —tr (61[3a7+1ﬁ ap) (1942>

3. Wigner pR%{:

1

+oo +oo
i ’ 1 i ’
W(z,p) = 7TFL/ (x —a'|plz +a') e 7" da’ = 7rh/ (p—p'lplp +p)e w2 P dp’  (19.43)

4. Wigner FREHE
Wia,at) = S [ @5 (plplgpe 20 (19.44)
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19 =FoHEib
19.4 SRV B X
W R e
p= 7r/d2a F9(a, 0 ) A (o — a,a* — al)
Ao —a,0"—a) = = [ @5 exp 205,67 exp [ - Bla” — ) + (2~ @)
(1) P # 2
(8.8 = 128
(2) Q %5
(.67 =128,

(3) W Fon:
Q8,87 =0, F9aa")=W(a,a)

2. =R EREI KRR

1 2 7 la—a’ *\ . 82 *
Qa, a” 7r/d o Pla/, o/ )e” , Pla,a") —exp< I Qa, )
Wi, o) = 2/dzo/P(o/ o )e o= pa,a*) =e L& W(a, o)
’ o ’ ’ ~ P\ 7280790 ’
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20 wEHETK
20 WikbpE T

20.1 EHENNHEZS R 1L

L. HREATENE N AEAR T
V2u(r) + kfuy(r) =0

T s ip =0, T 4 =0
Blr.t) = = S p(0ulr). Hlrd) = = 3T a(0V < w(r

2. WY Hamilton -
1 1
Hgy = 3 /v (60E2 + uon) dv = El 3 (P2(t) + w22 (1)) = ZHZ

3. G EA

Mw=¢gww@@+mm» @wzv%MW@mmw»

N 1
HE]V[ Z hwl (al a; + alal) Z hwl <al a; + )

4. iR e

=% @] (6) + an(t) )

hw
E(r,t) _12”255 ) — ay(t))u(r)

Hir =Y zy@@+mexmw>
l

20.2 [ WRES T
L BERIHIAT VR

A1) = < 3 e (A7) 4 a] o)
ko

2. LR R A
2e0Wg

h

N 1
HEM = Zhwk <d£a.a/k‘g + 2)

ko

Z / kael(kr wit) +a e (k'rfwkt)>
2eowiV
ko

l 1(k:'r' wit) e—i(k~r—wkt)>
i

ch X €y | hwy (akgemk.rfm) il e 1(k~r7wkt>)
P Wi 2,LLOV
2

N 1 N o
P = ; /V x HAV = 3 % hk(a), are + arodl,)

—iwgt __

Ak e—iwkt
o

&kg (t) = &kge

3. R T

ﬂ(r,t) =
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21 epiaFHALT S
21 JeM LT
21.1 - HCHRE
1. HIFAF:
E(r,t) = ET(r,t)+ E~(r,t)

E+(T, t) = Z eagkdka'ei(k'T_wkt)v E_ (7', t) = <E+ (Tv t))T
ko

2 BRI . A TR
wi(r,t) = S [(FIE* (r,0)]i) [2 = GLE (r, ) B (r,1)]i)
:

Wy (11, s by, bs) = (I|E™ (1, ta) E™ (o, t) ET (r1, t1) EY (1, 1))
3. —. B kg
G (ry, 1oty ty) = (B~ (11, 1) ET (72, 15))
GO (11,79, 15, 14 by, o, ts, ty) = (B (11, t)E™ (rg, to) BT (rs, ts) E (r4, t4))
4. —. ZHriT R
(B~ (r1,t)E*(ry, t))
VI (1, 0) B+ (ry, 1) (B~ (ra, ) B (ra, 1))

(B~ (1, t1)E~ (rg, t2) Bt (1o, t2) ET (11, 11))

gV (1, rosty, ty) =

9(2)(7“1,7’2,T2,T1;t1,t2,t2,t1) =

(B=(r1,t1) Bt (r, 1)) (B (ra, t2) B (12, t))
5. HMUEIE T, T2 (A e A7 B AL :

(at(t +7)a(t)) (at(t)a' (t + 7)a(t + 7)a(t))

My — @) () —
21.2 -1
21.2.1 Michelson F#HHARNS| % ERm
M,
AW [p—
By by
NAVAVAVAYS “LU VAVAVAVA
\ L L
— Le g —
Laser ]; ' D g —
s:l‘i‘{lnr:r v M, v

Detector ; ; ( 7

K 1: Michelson interferometer
LR
L,=L(1+ hgcoswyt), L,=1L
2. ¥HF%:
AP =CThe, AO, ~ — = 4|
c
3. F/ AT | i A -

L) c hw o | hw
min VE Ptm v

(21.10)

(21.11)

(21.12)



21 kpiaTrAEALTF
21.2.2 Sagnac HJE T- Y

Laser

Beam splitter
A(1=0)

€ 2: The Sagnac ring interferometer

IR VGRIITE )
N _
pr = 2o DT 2 (1 - m’") (21.13)
c c c
2 Q= 2 2.\
t_ﬂ-b—'—brt_Wb(l_'_b T) (21'14)
c c c
2. MhffE]ZE: 2 2
_ 4mb* (2, 47?12,
At =t -t = T ~—s (21.15)
3. R ,
47h? (2 20112
AL = At = 08 202 o, (21.16)
c c
21.2.3 Michelson BT
e
P
K 3: Michelson stellar interferometer
L iy :
ET(r,t) = Ef (r1,t) + Ef (ro,t) + Ep (71, 8) + Ep (12, 1), & = e,Eriine (21.17)
2. B -
~ A~ ~ . . ~ a1/ 1./ 2
I=K(E (r,t)ET(r,t)) =K <‘§k (e e* ™) 4 g (e T 4 eF ) >
_ K<2(|£k|2 + |£k’|2) + |ék|2(eik-(r1—rz) + C.C.) + |£k/|2(eik’-(r1—r2) + C.C.)>
=2K1, [2 + cos (k- (11 — 73)) + cos (k' - (r1 — T2>):|
!/
~ 4K, [1 + cos (k+ k) 2(7'1 r2) cos 777;(\)@} (21.18)
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21 AT HALTY

21.2.4 Young’s W& T

PI (rltt_t'l)

Sh S2

[l 4: Young’s double-slit experiment
L TWE Lt
E*(r,t) = KiEY(r,t —t) + Ko EY (1o, t — 1),  s; = ct; (21.19)
2. TWh LR :
(I(r,t)) = (B~ (r,t)E* (r,1))

= |K1‘2 <EA'7 (Tl, t— tl)E+<T1, t— t1)> + |K2|2 <EA17 (’I"Q,t — t2>E+(T2, t— t2)>
+ 2Re [([KG K (B (ry,t = 1) B (ra,t — 1))

= ]Kl\zG(l)(rl, T, 0) + |K2|2G(1)(7‘2,T2; 0) + 2Re [KTKQG(l) (7’1, T2, T)j|

= (Ii(7, 1)) 4+ (Iy(r, 1)) + 23/ (L1 (v, 1)) (I(r, 1)) |g(1)(r1,r2; 7)| cos {k(sl —$2) + qﬁ} (21.20)

3. T

L)) = L, D) _ 2V ) (B D)y
VT )y I )) . (L)) + (L(r 1) |90 (r1, 75 7)) (21.21)

21.3 w1 T

21.3.1 Hanbury-Brown-Twiss T-7#{Y

Io n
Photodetector

H -

K| 5: Hanbury-Brown-Twiss interferometer
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21 T RALTS
L it

E+(Ti7 t) = EA‘]—:(T% t) + EA‘I—:’(T% t)) ék = eo“:kdko’ (2122>

)

= K(J&l +1€w > + (G€le™ I 4 cc) ) (21.23)

2. A

I(ri,t) = K (B~ (ri, )BT (ri,t)) = K <‘ékeik'” + &

3. JERBEA TR
eI (ra,8) = K2 ( (il + 160 + Géie ™0™ 4 ce) ) (168 + €0 P + (G ™™ 4 e ) )
= K[ (&) + ()" + () 1w ) () 1)
= [ (6F) + 6"+ &) Pz cos (220 (21.24)

< (7) (7’1, t)E(i) (7’2, t)E(+) (7’2, t)E(Jr) (’I”l, t)>
_ S;j< (&Le—ik.m n &Zle—ikz"rl) (dze—ik.rz n &L/e—ik’~r2)
% (dkeik"l’z + dk/eik/'rz)(dkeik'rl + &k/eik/‘m)>

A4/ At At A A~ At At oA A
=& <a£a£akak + az/az,ak/ak,

4—azagakaw(1-%e—“k—”>““—rﬂ) +»&L&Lawak(1—+eﬂk—”>“ﬁ—rﬂ)>

::25£[<n2>——(n)—%(n)Q(l—%cos(k——k/)-(r1——1@))} (21.25)

(1) Bt s
(n?) =2(n)? + (n) (21.26)
G (ry,ry;t,t) = 264 [2<n2> + <n>2<1 + cos(k — k') - (ry — rg)ﬂ (21.27)

(2) Wot: MTE&
(n?) = (n)* + (n) (21.28)
GO (1, mait, 1) = 2gg[<n2>4—<n>2(1.+-cos(k —-k’)-(rl--r2)>} (21.29)

21.3.2 Hong-Ou-Mandel T-#{Y

K| 6: Hong-Ou-Mandel interferometer
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21 ABpraFHALTFF
1. Bl

1 = )
E*(r,) = §5k (iage™1 ™ + Gy’ ")
N 1 . =
E*(ry) = 58 (iare™ ™ + age™> ™)
2. BOGF RGBT -
P(ra,m0) = KoK, (1, 11EC) (1) EC) () EG) (7)) ) (7)1, 1)

K Kbc‘;k{l — cos |:(k2 — El) S, — (EQ —ky)- Tb]}

T2
1 2n(z, —
2K JKEL [1 — cos M}

3. FFHE:

Pmax( Tb) - mln('rav Tb)
Pmax( ) + Pmm(ra) Tb)

)= () )

PP+t =1, tr*+rt*=0

=1

Y=

21.4  SrAEARIYE T JIAANA
AN

2. SRR
(1) oA

(2) Zdm At X R

(3) R TARTTFES
pin = 1) (12 10) (0
G (ry, ot ) = (blbkbiba) = I [(@lan)?) — (alar)] =0
(4) XBOETT#:
pin = 11) (12 1) (1
GO (11, rost,t) = (bIbhb1bo) = ([t — |r[>)2 =0

Detector
2

21.5 JE4DEHFmER

d
a ,:2 c Detector
Beam-
splitter b

Lo a local oscillator

K| 7: Detection and measurement of the squeezed state via HD
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21 AT RALTS
L. o637

e=vVTa+iv1—Th, d=iv1—Ta+VTb
2. M TELC:

éte=Tala+ (1 - T +iy/T(1 - T)(a'd - b'a)

dtd = (1 - T)a'a+Tb'b — i/T(1 - T)(a'b — b'a)
3. RIRIEAHAH T3

E|/31> =0818), Bi= |ﬂl|ei¢l

4. 3 A -
T~1>R

(1) B TH
(@le) = T(a'a) + (1 = 1B —2v/TA = T)|al (X (¢ + 3))
~ (0 -T)aP -2y TA- DA (X (4 5)), X(6) = 5 (a0 +ale)
(2) B TR
@y = =1 {0~ 1) +a7 [2x (o + F)]}

(3) HAELDE: -
[AX (¢l + g)} < Z = (Anc)2 < (1 - T)|Bl‘2
5. PR -

T: = —
I 2

(1) SR T HE:
nea = éfe — did = —i(atb — bta)
(nea) = —2|5 <X (¢l + g)> , X(¢) = % (de_i¢ + dTei¢)
(2) BEE TRk 2
(Amea)? = 4132 [AX (6, + 7]

21.6 ST PR R RE
1. AT R 2 e

@ (r (L)1t + 7))
9:0) = "0 0) (B(0)
(LORW) > L) (L), (LOLE) > (LOLE+ )

9g@0) =1, ¢2(0) = ¢P(r)
2. W R E NS
(a'(t)a' (t + 7)a(t + 1)a(t))
(at(t)a(t)) (at(t)a(t + 7))

0®(r) = () = 14 B2 2 )
()’

9@(1) =

3. ST HRER AR -
gP(0) > g(1) = BERR

9®(0) < g2 (r) = BRI
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(21.45)

(21.46)

(21.47)

(21.48)

(21.49)

(21.50)

(21.51)

(21.52)

(21.53)

(21.54)

(21.55)

(21.56)

(21.57)

(21.58)

(21.59)

(21.60)

(21.61)

(21.62)



21 RpraTrALTF
4. ANEPETFEO R AT R

(1) MTa:
g (1) =g 0) =1 (21.63)
(2) PIE:
g?(r) = g@(0) =2 (21.64)
(3) B ¥
1
g@(r) = ¢?(0) = {; T " > (2) 1 (21.65)
n=yu,
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22 ZEXyL5R-FAHALIER

22 U0 SRR

22.1  JEER A AL B,
L. RSN UKL T AR GE AL - 5
_H’(ﬁ(?", t) = lha’(ﬁ(’l", t)

i= %(P — G A(r, D)2 + ep(r,t) + V(r)

2. Coulomb #3E:
©°(r,t) =0, V-A°(r,t)=0
(1) Rk
ih%w(r,t) = HY(r, 1)

|
HC:Hb+H§:§E§P—eAw¢D2+Vw)

(2) B El: A%(r,t) ~ A%(ro,t), FIrIARESEERE

2
Hf = == A%(r,1)- P+ o —(A(r,1))* & = A(ro,1) - P
m

m 2m

(3) FRGUIBREAE H H RE RAE SR BRI -
= an(t)gu(r) :>1h an(t) = Byt +Zm|H(’|n

n

(4) BRIEHFEIC:
T, = (m|Hln) = (m| = —A°(ro,t) - Pln)

3. HIgHE

A°(r,t) = A(ro,t) + VA(r,t) =0, ¢°(r,t) = f%/l(v“,t) = —r- E(rg,t)
(1) REifk:
o (1) = U (r, 1)

2

- - - P
HeZHo—FH; = %—FV(T)—d'E(To,t)
(2) RGLETAE A dREEAESRIT

Zan )t (r =>1ﬁ an(t) = Epan(t) + ) (m|Hfln)

(3) BRITAIMIC:
T = (m|Hf|n) = (m| — d - E(ro,t)|n)

4. IR RIER KR -
(1) BerRBI) KA
VE(r, 1) = en AT (r 1) = e AT Ty ()
(2) BRIEAMICHI R AR
E(rg,t) = Egcoswt, A°(rg,t) = % sin wt

Em - E Te Wmn Te
hUJ w mn

c —
Tmn -

67

(22.1)

(22.2)

(22.3)

(22.4)

(22.5)

(22.6)

(22.7)

(22.8)

(22.9)

(22.10)

(22.11)

(22.12)

(22.13)

(22.14)

(22.15)

(22.16)

(22.17)



22 ZEXyL5R-FAHALIER
22.2 Rabi #Eis

1. —HeZ R 11 Hamilton &:

N 1 -1 1
Hy = hwe |€) (e| + hwy |g) (9] = ih(we +wg)l + Ehweg&z — §hwegé’z (22.18)
Hy = —(le) (| + |g) (gl)d(le) (e| + |g) (g]) - E(t) = —(degb s + dye6—) - E(2) (22.19)
2. 2 yiga: 1B
E(t) = Eqcoswt, (2,, = —2 h O Qe =12, (22.20)
1?,:._g(r%g&+e*wt+szm&_éwt+:zm&+éwt+xzm&_e*Wﬁ (22.21)
22.2.1  HWEAIE )i ik
L DOEIAHIEE w T A bR & iy Hamilton & :
U(t) = e29%:", A=w,, —w (22.22)
~ AU ~,  ~ . ~ 1 1 1
—ih— T T = —— o) — 5, — — o
Hy =ih & U'"+UHU 2hwoz + 2hwegoz 27LAJZ (22.23)
H, =UH,U" = —g (2egb1 + 2geb— + Dogb e 4 Q25712 (22.24)
ﬁezéhA&Z+%hQR@W&++e*waJ (22.25)
2. ZREFE AL 5
H[(t)) = iho |9(t)) (22.26)
[9(t)) = U(t) [1p(t)) = Ce(t) |e) + Cy(t) |g) (22.27)
3. R
> (t i A —Qpe'? W(t
C,(t) 2\ —0Nge @ -—A C,(t)
4. ZBIE S
cos ot iA sin ot iQR e'? sin ot
e t ) 9 ) 9 e
(g 223) = 92 ? Qt2 (gzt A 2 0t (g Eg;) (22.29)
7R —ig i 09 i P .
g 1 e sm2 cos2 +1Qsm2 g
Qn = |Qeg| = [24e], 2= 1/02% + A2 (22.30)
5. J ¥ REZAT FE BUFR AL -
C.(0)=1, C,(0)=0 (22.31)
2 M2
Wﬁ%—@g—ﬂl@ﬁ—K&@F—zﬁQf%ﬂﬁ(gv%w%20?> (22.32)
6. JLHRI™4: Rabi fikiz:
W(t) =cos2gt, A=0, =494 (22.33)
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22.2.2 MHEMNL T
1. MEAEH2Z 59 Hamilton &

U(t) — e%ﬁ t —e i3 hwegbat

~ o~ h ) ) ) )
=UHU" = ) (020612 + Qg6 + Q5 @ 4 0 6 e i (wea W)

H; = ﬂmR( 5, +e7%6_), A=0

~ Q) . QR \ .
H?"(t):<R> , H?”*l(t):—<R> (6, +e %)

2 2
2. REGJR TR AL B
() = U(t,0)$(0))

- .1 [t~
U(t,()):]+ﬁ dt'Hy( <h>l/dt/ &WL }L(@

QRt o . QRt i A i
= COS <2> 4+ 1sin <2> ( ¢o + e 0'_)

v

22.3  WPEEHIFERBEAL
L. o R P AL -

d 11~

o= —|H. s

a’ " [ ,p}
d ig ig
&pee i(QRe Peg — QRe peg)
d L0 ol —ig
&pl]q _§<9Re Peg — QRe peg)

apeg = —iApey —1i B (Pec = Pgq)
2. Bloch &+

1 . 1, . R . .
i(pee - ng)Uz = 5(1 + Ry, + RZUy + R30z)

1. . R
- 51 + Peg0+ + Pgel— +
Ry = (6,) = t1(62p) = peg + Pye
Ry = (6y) = tr(6yp) = ipeg — pye
Ry = (6,) =tr(6.p) = pee — Pygq

3. J2# Bloch JifE:

R=QxR
) Re(fi:ge) —{2cos ¢
Q= 5 Ini(ng) =1 sin¢
= A
QHA

Sy :
R(t) = (0,—sin2t,cos 2t), A=0, ¢=0
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22 zikpLERTHAEZIER
22.4  FERNCHIEHIFER
L. FERRIMER s -
(1) AR A TCAERGE R . e =7y =7

(2) BEREREIEAEAE R TEI RO Yo = 2 +7e
2. KB ERTAL

dt 7 Pee = TV Pee

i .
+ 5(936 ¢pge - QRG ¢peg)

%pgy = —VPgg — %(QRei(bpge — 2re ™ pey)

iwg——h@+4ﬂww—1}f¢@w—pw)
3. FEHLUROE Bloch J5f:

Ry
R=— Ry +Q xR
(B3 + 1)7eq
4. RO T R B AR T
1 5 S

1 s -
pee—21+S, Pgg = Pee =

5. fAIZ%:

T L Q |peg|2 3
1+5 49eq (14 S)

o 12eP ) 1
e E )
Qr?  &PE} 1 1 1 R
Sy = 2] d =, I=—gycE? 1I,= fsoch Meg
Y Veg R YVeg I 2 2 d?
22.5 Maxwell-Schrodinger Jj#f%
= T i % o B
pZ7t>t0 Zpaﬁ(z tto |a>< |7 a,ﬁe{e,g}
2. JRF R EE B R )
pe) =3 [ dtaraleto)pan(aitite) o) (3
a,f T
3. TR LR AR MR AL -
d i . .
dtpee = Ae = VPee + E(QReuﬁpge — {2ge ¢Peg>
d i i —i
dtpgg )\g — YPgg — 5(‘91?6 (bpge — 2ge ¢p€g)
&peg = _(76g + iA>peg —1 - pgg)
Ae = Tapee(z7t07t0)7 )‘g = Tapgg(zﬂ to, tO)
4. eI 0B oD
V-D=0, VxE=—, V-B=0, VxH=J—-—
ot ot
D=¢gE+P, B=yH, J=0¢F
oF 0’E 0’P
VX(VXE)JFMOU(% +Mooat —Ho
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22 Z#HLRTF LR
5. JeIEa: 1
E(z,t) = Eexg(z,t)e’i(‘”t*kﬂﬂz’t)) +ee.
1 .
P(z,t) = 563;73(2,t)eﬂ(“t*’”W(z’t)) +ce.
P(2,1) = 2degpege’ = H0=0)

6. TBASIT :
E<wE, 0.E<KKE, ¢<w, O,p<k, P<wP, 0.P<kP

o 10N(_ 08 10\, _ _ OE &P
9z " cot 9z " cot) " T THT T Hogy

o 10 .
<az + Cat) ~ *21]€0E

7. Maxwell-Schrodinger J7#%:

o0& 10& 1 o
ve L IY% e Tk -2
0z ¢ Ot we 250k m(P), x 2e0C
do 10¢ w 1 1

0z + c ot F c 2 kE™ Re(P)
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23 ETARHERTMEIER
23 w1y SR

L AREAH L A ST -
’I") = z eké’k(&k + &L)
k

2. 5 FAEAEH R4 Hamilton &

fI:Zhwi\ |+Zhwkakak+h229 ) (G| (4 +al), g = — %dij~5kea

3. 2RO 5 —RYUR 71 Hamilton &

N 1 . L+ ~ ~ ~ ~
H = ihwegaz + Z hwkazak + thk(U+ +o_)(ar + aL)
k &

a(t) = de—iwt7 &T(t) — &Teiwt’ &7(” _ o’\_ie—iwegt7 5’+(t) _ 6+eiwggt

AT

~el@estlt 5 G —i(weg+tw)t

4. Rabi A : X
Hg::ihwwﬁz+hwaWp+hg@44%&,xa4fw

~—

5. Jaynes-Cummings 7 :
.HJC = hweqaz + hwata + hg (6 a—+ &_dT)

6. Dicke 7 :
N ~ hg ~ N ~ 1 . ~ )
— AT A —~ (A At = — L = ?
i m%mh+4mma+3¢ﬁ(a+a)(J++J;), Jo=5Y ok Ji=) ol
7. Tavis-Cummings &% :

~ AT ~t 7 L i 7 i
HTC—hWng +hwa"'a+hg (CLJ +GTJ,); JZZ§ZUZ, Jj::ZO—i

23.1 Jaynes-Cummings 5%

L. BEOE 5 TR 1) Hamilton
EY::%hwwﬁz+—huﬁ&-%hg(&+&+—6,&w
2. MEAEMZ 5 TR Hamilton &:

HI _ eﬁHotH]e_EHOt _ ﬁg (6+ae L6 1At)

23.1.1 R
L ARG
lh* () = Hr |9(t)

B(0) =3 (Cenl®) lesn) + Conpr(®)lgin +1) )

n

2. RPEA TR
Ce,n (t) = —lg VN + 1€iAth’n+1 (t)

Cymir(t) = —igvn + Le ' 2C, (1)
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3. REIEASR

Gt At RTET Oty
( Con(t) ) _ C(?S 5 IQn sin — Q. sin ——e ( Ce.n(0) ) (23.16)
Cons1(t) —2190771“ sin %e*i% cos % + iQA sin % Cyin+1(0)
22 = A% +4¢*(n+1) (23.17)
4. TR TR e):
Ce’n(()) = C’ﬂ(o)v Og,nJrl (0) = 0 (2318)
Qut A 2t e
Cen(t) = CL(0) (cos 5 IQn sin — ) (23.19)
2ig+/ 1 {2
Cymia () = —C,(0) 22 Qn+ sin 2ot g -iae/2 (23.20)
5. AR n At TR L
P(n) = (n] pp(t) [n) = [Cen(t)]” + |Con(t)?
Ot AN Lt 4¢°n 2,1t
_ 2 2 n" = i 2 Sont 2 s 2 °4n
= |C,(0)] lcos 5t (Qn> sin” — ] +[Ch—1(0)] o2 sin” — (23.21)
6. JEl T REGAT s SRR AT AL -
A? 4g%(n+1
W) = 3 (1Cn O = [0l = i (5 + L0 o) 232
7. WIS A TS in)
n " —{n
[Cn(0) = {alm)[* = = et (23.23)
(1) Rabi #zyz - X X
tp ~ = 23.24
f Q(n) \/ A2 + 492 <TL> ( )
(2) ARt :
1 1 A2
te~ ~ o1t (23.25)
L/ = Lomy—fey 29 4g%(n)
(3) &IEJEM:
9 / 2
= tmm 2V A (23.26)
Q(n) - Q(n}—l g 49 <TL>
8. WHRIE N E AR
Cn(0)|* = o (23.27)
- 1 2 2 2 2 A4=0, g
W(t) = A7 dg? [A +4g cos( A2 4 4g t)] — cos 2gt (23.28)
23.1.2 Heisenberg 25t 5k
1. Heidenberg jzzl T FE :
4 = —iwdi — igs_ (23.29)
0. = iWe,6_ +igb.a (23.30)
o, = 2ig (ato_ — 5_a) (23.31)
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23 ETARLSRTHZIER
2. B E ALY

N=ala+é6.6_ (23.32)
Cz%A@+@Qﬁd+ﬁ&J (23.33)
[N,H]=[C,H] =0 (23.34)
62::€§~+92N; g6.a=2C6_+ A6_ — ga (23.35)
3. AR
RO\ cosnt4—mjsuzﬂt Angh;Rt & (0)
<a<t> ) o ( L Cosmlcsmf“) (am) > (250)
3 2
@2::§§~+92@V-+1) (23.37)
4. T BB e U A
W (t) = ((0)[6-(6)|(0)) = 2 (¥ (0)|6 ()5 (£)|¥:(0)) — 1 (23.38)
SIS GIPRER &
(¥(0)|64()o-(t + 7)[1(0)) = tr [64(t)5-(t + 7)p(0)] (23.39)

} Xa 1 0 A 0
(e,a|a4(t)o_(t+ 7)|e, &) — gmiwr—laf? E |oz|' 10 <cos A sin an)
n!
n=0 n

2 20,1 2
x <(Qn LA e 4 (0, — A e 4 8g%(n + 1) cos W) (23.40)
23.1.3 MIHEML Tk
1. MEAER 25 F 1) Hamilton & :
Hy = et e+t =g (5,0 +6_a"), A=0 (23.41)
(6a+6_a")" = (aa")'|e)(e| + (a'a)'|g)(g] (23.42)
(62a+6-a)""" = (aa')ale)(g| +a'(aTa)'|g) (e] (23.43)
2. RSN o
() = U (t.0) [4(0)) (23.44)
0(t,0) = Pesp (% / t dt’f[,) ~exp (—hﬁt>
= cos (gtv/afa+ 1) |e){e| + cos (gtv/aTa) |g) (g
sin (gtm) sin (gtvaTa+1)
9)(el (23.45)

T Vaarr YT
3. RLNGHIL:

(1)) = U(t,0) ZC )|e, n) ZC [cos gtvn+1) le,n) —isin (gtv/n+1) |g,n + 1)] (23.46)
Cen(t) =Cn(0)cos (gtvn+1), Cynii(t) = —iCyn(0)sin (gtv/n + 1) (23.47)
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23.2  HEET A RSN Weisskopf-Wigner Bilig
1. 28535 AR 719 Hamilton & :

1 . At a A N
= ihwegoz + zk: hwkalak +h zk: gk (G ay + U_a,t)

2. MHAER %5 F ) Hamilton & :

fII*eﬁHOtHIe wH TLZ gk0+ake(w€9 wr) —I—hc)
k

3. BB P
R—W@»:HH¢@>

5(0) = Cul®)les0) + X Con(®) s 10
C0) =1, Cpu(0)=0

4. REEAL R
Cul(t) = —1 Y gie' e =0'Cy 4 (1)
k

Cyalt) = —igee™ o, (1)
5. REMIEA SR

t
== o’ / di’ o008, gl =
k 0

_M e dws w3 ! dt’ ei(weg_wk)(t_t/)c (t/) ﬂ) _EC (t)
(2m)%26heoc J, " ’ 2"

|d.q|? cos® 0

27LV

1 4wPlde)?
 dmey  3he3

t
Cng(t) _ _igk/ d+ efi(wegfwk)t’ce(t/) = g1 |:
0

6. T IAAS R AL -

Ce(t) =72,

1— e—i(weg—wk)t—Ft/Q

(W — Weg) +1I"/2

7. RERYEAL:
1— ei(wﬁyfwk,)tfft/2

(W — Weg) +1I"/2

B(B) = T2 1e,0) + 3 g [

t—+oo
] l9: 1) == 19.%0)

8. W3 -

1
0 E+ t 0 , , 1wk/t+1k -r 1
(OIE™ (7, 1) 7o) = =\ e VZ |Vwrraxre gk(wk—weg)—l—iF/Ql k)

kk’

7 o 1
— ) e—lUJkt-‘rlk"I‘ .
Vz%vézvkk T (e — weg) +1/2

B ic (d y E) y C /+oo " k2 eikr _ eflk.r e—iwk.t
8m2eqr r r Jo (W — weg) +1I7/2

w2 r T . .
_ d )nge_,)ﬂmrwmww@
47r25002 < r c ¢

Q

SR SO . 2_ &P (Y e
|[E(r,t)]" = (vo|E™ (r,t) E™(r,t)[v0) = [(O|ET (7, t)]70)| = 2 Ot e

C
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23.3 BTGk
L. ZEO65 = R85 71 Hamilton # :

H,_hZ(ghka+ ak+hc)+h2(gqu+ aq+hc> (23.65)

2. M HAER %5 Hamilton & :

H[ = hz (gh ko-grh)ake l«)t + hc) + hz (ge qo'gf)a e( g*wq)t + hc) (2366)
q
3. ARGk 5

h* [v(t)) = Hi (1)) (23.67)
[(t)) = Ch(t) |k, 0,0) 4-jgjczzk ) 1€, 14,0) + > Corg lgs 1 1) (23.68)

kq
Ch(0) =1, C.p(0)=Cypq(0)=0 (23.69)

4. RPCE
= =i g Cop(t)e/@remerlt (23.70)
k
Ce7k(t) = —ighkch(t)eii(whﬁiwk)t — IZ g;ch’k’qei(wegqu)t (2371)
q
Cyrg(t) = —ige oCo o (t)e i @eo—wa)t (23.72)
Weisskopf-Wigner FiS 45 H :
. * i(whe—w FL
tp?q%hqumNMkﬁz—é@m (23.73)
1Y gk Cong Byt = Lo 1) (23.74)
e,k~9,k,q 2 €,
q
faifk A :
: I

Cu(t) = —EhCh(t) (23.75)

. 4 I,
Ce,k(t) = _igh’ke—l(whe—Wk)t—th/Q _ ?Ce,k(t) (23.76)
Cykg(t) = —ige oCo (t)e(@es—wat (23.77)

5. AR

ei(wk_whe)t_F}Lt/Q _ e—Fet/Z

Celt) = =05 o F )/ =50 (23.78)
_ _gh,kge,q
CaraH00) = oo o ony = Tn/2] [i(wn —wng) = T3] (23.79)
6. FEHEIHE: -
. —Yh,kYe,q
. ) “jé; {@n T 0y — eong) — L)% iy —aong) — 1273 1) (23.80)
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A Eoik
A BH
LRI R AL

) =3 e ln) (A1)
2. AR5y
)= Y Erenl > .Y e — B, (r2)
0
£ (Hy=0 (A.3)
3. HR RS , ,
g_ Mg oy & (2,2 1
H = 2m(v1 +V3) 47eg <r1 + ry |ri— 7"2) (A4)
Z3
Y(ry,re) = 736—2(7“1-‘”2)/11 (A.5)
Ta
, 5 , 27
(HY = (22" —4Z(Z —2) — ZZ)El =(-22°+ IZ)El (A.6)
B 27 1/3\°
4. G TET , ,
O RE_, e (1 1 1
== 4mo<ﬁw3> (A.8)
1 1 .
$0) = A +0alt), A= g () = et (A9)
D+X 2
<H>_(1+21+I _x) 1 (A.10)
I= (1+x+1x3> e, D= 1 <1+1> e X = <1+1> e’ x= B (A.11)
3 T T T a
5. ST 2 2
g Mior ey ¢ (2,1, 1 1 1 1
= 2m(Vl +V3) 4reg <7"’1 + ] + 9 + rh o |ry— 7o R) (A.12)
/ / 1 _r
i (r1,1m2) = Ay (o(r1)bo(rh) £ o (r)o(r2)),  to(r) = 7ra3e @ (A.13)
B 1 2D - D, (2IX — X)
<H>i—2(l—x+ T )El (A.14)
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B WKB kil

1 #p5ens:

Az) dV (z) 1 dk(x)
wE-V@) d | T ew a | < (B.1)
2. PRREC
A T +ik(z)x T m _ .
¢(m)={ (x)e E>V( )’ K(a) = 2 (E 2v< ) 52)
A(z)eFF@lz B < V() h

BiFE: ExV(r)= MNx) — oo, WKB £ RiE A
3. ZHLX I
(1) Schrodinger J#%:

2
Y’ = —%% p(x) =+/2m(E —V(x)) >0 (B.3)
U(e) = Afa)e® (B.4)
R R ©.5)
(2) HEW: .
QA" + A =0 = (A2¢) =0 = A — B6
¢+ Ag (A%¢") Nird (B.6)
(3) SEi: ZMgZALHy A”
2 2 1
A AP =T (@) - T =05 6(0) = 5 [ plads (8.7
(4) PRy . .
— et Ip@)dz + -1 [p(z)d= B.S
Y= Vo) )
4. BETERLNY :
(1) 24 = <0 HY:
Y(z) = Ae'*® + Be F* (B.9)
(2) Y4 x> a Hf:
Y(z) = Fe*” (B.10)
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1 xT ’ ’ D 1 T ’ ’
P = 7 Jo Ip(z")|dz N I3 Ip(a")|dz B11
e el (B11)
5. B4
(1) 2RI BRI 25 T 4
1 |:Be% jg? p(z/)dm’ + Ce*ﬁjf p(m,)dx/i| T < 0
P(z) = pix) o (B.12)
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(2) 5t AT ) S P 25
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(3) RS4RI Schrodinger JyfE:
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— 5 ¥p(@) + (B + V(0)a)iy(2) = Ey(z) (B.14)
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(4) JE LRI R R AL
Yp(z) = aAi(ax) + bBi(ax)

(o) = V"2V 0z = oty =z

o

* s [* 2
/ Ip(2")|dz’ = ha? / Va'de' = gh(ax)
0 0
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_2(aa)?/?
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e =>"In)(n+1], e = |n+1)(n (C.2)
n=0 n=0
elemi = [ o700 = ] |0) (0], [ei‘z’,e_i(&] =0 (C.3)
[,€9) = —e®, [, e7 ] =7 (C4)
2. ALY AERS
m Zem [n),  ¢?19) = o) (C:5)
3. IEHULIIMAIEAF: X 1E. Hermite
eido _ Zk:elek 104) (6], O = 6o + 1\5711 k=01,... M (C.6)
1 < 1 <
_ infg _ —infg
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4. IEHUEAR G AT AR RS -
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0
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1. Bell A%
[P(a.b) ~ P(a,c)| < 1+ P(b.c)

2. CHSH A%t :
|P(a,b) + P(a’,b) — P(a,b') + P(a’,b)| < 2

3. GHZ E#i:

— 2 _
Mg M2y N3y = TN1yMM2 T3y = TN1y T2y TN3y = 17 Mo = 1

= (mlmmZymL’:y)(mlym2zm3y)(mlym2ym3x) = MigMogM3y = 1
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