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A, FAAand B g4, #3, AR, A shE, B, kS 4t

1. LA

REHRT BT HFREFOFERAEFXIK, SAMEA TSI 39 88, AR AL 13

C BTHEME A
BTFH MK

% B kT Bk = Ze?
u=h=y=1 py=h=F=1 py=h=w=1 puy=h=x=1
8 (E] oy Ih? (22 /)" hew 2 [h?
KAL) Py (w2 /)" Vhipw 72
AT 53R (hu/F2)'"° 1w 13/ ux?
# 4 [0] /h (hF/2)"° Vhoru x/h
#HE[p] pylh (huF)'/3 huw K /h

K1 B AREALH

2.1. Schwarz 1~ % =
(@la)(BIB) = I{a|B)P
X E T VLA

(al + A*(B]) - (la) + AB)) = 0

< = c 5 J& _ _(ﬁl“) 422
SIEFZE A REL, A= T W AAFE

22. ZAEFK
sin(a) sin(b) = ! (cos(a —b) —cos(a+1))

2

2.3. Levi-Civita /%

HEFLELT @
1
2 2 gijx = 10 for equal indices
3 3 —1
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51‘1 5im 51'11
Okt Okm Okn

EijkE€lmn =

L@ agite) Kig F Xt T —A4 ) n ks
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2.4. KA A

2.5. X AHfE KA 29 2

. 190
V.ii= r_2§(r2ur) +

3
Z Eijk€imn = (Sjm(skn - 5jn5km
i=1

rsin @ ﬁ(sm Ouo)

1 9
+rsin9§pu¢

AR Z R RLFe 2, TAEXF E e fd i

2.6. AINIET

2.7. 472k R

2.7.1. # % Legendre % 1 X,

2.7.2. # % Legendre % 1l X #9.E

2.7.3. Legendre % 1l X,

# # Legendre % X Fm = 0891 iL

2.7.4. Legendre % i X #.E 12

(A X B)k = EkijAl'Bj

[A,BC] = B[A,C] + [A,BIC
[AB,C] = A[B,C]1+[A,CIB

[A,[B,C]1] + B[C,A] + [C,[A,B]] =0

d2p dp
—F\_ _oFr_
1112
+(l(l+l)— W)PIO
- ) m2 Jl+m ) I
PP = s (1-0) T (32— 1)

2 (4m)!
f_lpk (&)P"(¢)d¢ = 2l+1(l_—m)!5kl

1 d!

2 2

Py(x) =

1
j_l Py (x)Py(x) dx = Okl
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2.7.5. HiE R %k

2.7.6. K& B &M

Ylm(gf(p)
214+ 1 (I —m)! ,
:(_1)m\‘ i El+m;!P’m(C°SQ)eZm¢
1 3
YOO = —, YlU = ECOSQ
2|3 g
Yig=7F gsmGe—‘P

Yoo = 16_7'[<3C0529_ 1)

’ 15 )
YZil =F % cos 0sin 06i1¢
115 .
— 4= gin2 +2i¢p
Yoo 5\ g7 S Oe

8]

=

F TR I DI AT — A R4 E

2.7.7. K& R A A B AR

2.7.8. Ju Kk % M X6y £ XM

I[YMWY¢n$n9d9d¢::5wémm

+oo 4]

Z Z Ylm(ef ¢)Y;m’(9’/ 4)’)

1=0 m=—1

1 / !
=m5(9—9)5(¢—¢)

z
;Ylm = cos 0Y,

= aleZ+l,m + al—l,mYl—l,m

X+ iy
T

Yy, = et sin 0Yy,,

= bl—l,—(m+1)Yl—1,m+1 - blel+1,m+1

X —1i .
Yy, =e®singyY,,

p
= =bi_1m-1Yi—1,m-1 + b —m Yi41,m-1

CJa+nr—m?
fm =\ 20+ 1) (20 + 3)

VA +m+ 1) (1 +m+2)

bim = (2 + 1) (2 + 3)

[ (@), (2)e e 4 = vm2mmts,,
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2.7.9. ok % @ X 693 4 % A

Hyp o1 (&) — 26H,,(€) + 2nH, 1 (§) = 0

2.7.10. AR IJUATHM Y 7 42

d?y dy
P T A =0
2.7.11. 5 7AB JUIT & 3L
F(a,v,z) = OOE a2
L k=0 Yk k'

wherea = a(a+1)...(a + k- 1)

Te=7(r+1)...(y +k-1)
2.8. 5 H3L

2.8.1. R

d(ax) = l(S(Jc)
lal

1 oo .
_ ikx
5(X) N 27 J.—ooe di
x6(x) =0

(f(x)) = Z 0

(x — x;)
If" (x)
2.8.2. =4 6 Rk

fR1% & & L — 4 Dirac &%k 6(x), AR 4

6(F) = 0(x)0(y)d(2)

1
= 6(r)o(0)5(¢)

r2sin@

= 29
2.9. 14 2ot T 4%
1 )
(x) = — | e**g (k) dk
fx mfe 8 (k)

g(k) = \/% j e~ kf (x) dx

2.9.1. Parseval

FHITRJFARAREGE T RIPRIETT

[ vicopa@adr= [ ¢i(k)¢ak) dk

2.10. 29~
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(30)
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40
f rhe~rla dy = nlgh+1
0

2.11. %

nxnBEEREUAn ANEAR MET 2MAEEE ERA n2 AW A,
l\.s"" /)£

3.1. MR R E

3.2. MBABE

LA
= =5 (VY = yVy")

1
5 VPP — YpyT)
3.3. A Fla
BE G 2) T2 0 o X
% +V.7=0

3.4. 6 X FAAEAL
2T A F R AR 9K B I R B, T AR R

fl/);f(x)l/)p(x) =6(p' —p)

(alp) = (Bla)*

3.5. positive definite metric

(alay =0

HEM L IEH[1] ARARH 4h[2].
4.1. AARRE

KRk

4.1.1. FM B

AT BEHE TXHEFAEHES hat, BV ERSEF - TRMEREFOER LT AR EFCHAYLE

Alp) = (plA*
4.1.2. KK EAF

A A RAFH S BAL S

A=A = (ylAlp) = ((plAlp))*

for arbitray 1, ¢
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HEER T OERK ), P ARF I, AR EER |p) ETHE |p) £ k) 7 & L8

KRk

4.1.4. FAZHFF

REGHERNTH

Jo R AT 69 AAEAE & R S 8.

Jo K JEAF B R R RAEAL 89 RAE A E X

4.1.5. F¥14

HHAGFHEZ XA

JRR B8 TRz,

PG AR 8 TR R,

4.1.6. 3 5 F

B ABOSHTA:

Py = [k) (k|
I= Z|kn><kn|
szwﬂﬂdx

(A = (YIAlY)

[A,B] = AB—BA

Yo R AR FAFA 3 R 8 AE R b, 2B 5.

4.1.7. B3t 5 F
BHABWHRNSTFELAY:
4.1.8. L R E 5

MRAARBRKER S Hixd

SRS S TERCIER Y 20

2 ke

4.1.9. /£ F 4%

4.1.10. THE X% &

AEZ P A

RETAZHRA: A o) = 6A|p) 5 |B) = 6B|y) # A AT @6 Schwarz T~ F X T4

{A,B} = AB + BA

SA = A —(A)

((6A)2)((6B)?) > % K[A, B

((6A)2)((6B)?) > |(6ASB)?

6

(40)
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(42)

(43)

(44)

(45)

(46)

(47)

(48)



W
0AOB = %[M, 0B] + %{M, OB}
- %[A,B] 4 %{M, 0B}
B GRS A0 T390 52 3, BB KSR 0 T 30484 1 SO M AR, A
((6A)2)((6B)?) >
1 1
(1A BD? + 7({04,6B))?
>

([A, B])?

W b T 45

)\

P=R+B2+12

L S
T Tsin000° "7 90 " sin2g”

43. % H X &
[x0pp] = ihd,g
[Larxp] = eapyiicy
[ pp ] = 2apaitipy
[l 1] = €apy il

[7,H] =P

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)
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4.4. Schédinger 7 12

Schédinger 7 #2 % 3EAa 2t 16 & T /7 6 A F AL, TR A ALK S 095 dob B AL 2T

ih2i) = Hiy) (64)
4.4.1. % FME
ob B8 L 69 RAEAR A0 B 0 E
Hlyp) = Elg) (65)

4.42. &

% ph) AL BMEHAES, ML A FA RARKAGREAATMORA,
TAT, — R LA R 6 FYEFE 9 A4 R R T AL,

4.5. AFHE

FEREATT, AHEHENDBERTH

0 0
L, = ih(sin <p£ + cot 6 cos <pa—¢>

I, =ih 9 t 0 si o

y = ih| —cos 47% + cot fsin ¢% (66)
., 0

lz = —lh%

HREREY(0,9) X1, 5 2 thkFAES (24T AT).

Y(0,¢) = O()¥m(9)
2Y (6, ¢) = AK2Y (6, ¢)

1 (67)
I (P) = Eei’"‘/’
O(¢) A% # Legendre 742, £ F¢ = cos
%\ =1(1+1) i, A& F Legendre % R K Py (&) 14 i, ARVEAT @ 69 )2 —LE R K4, TIAE
O () = (1) ﬂil%ég%mwmyn 68)
i
ﬁ;®m4®®mwmmede=@, 69)
s
Yim (6, ¢)
A R H i



2Y,,, = 1(I+ 1)h2Y,,,
ZzYlm = mhylm
1=0,1,2,...

(71)
m=—-,-1+1,...,.1-1,1
Jjnd¢ﬁfgn9d9Y;my5m2=5hb@mm2
4.6. FLAF 89 K3
4.6.1. Backer-Hausdorff
st HM4 A B, % C:=[AB]#~&[C,Al=[C,B]=0, MA
eA+B = pApBp3C = oBpAgsC (72)
4.7. % EH X,
4.7.1. 4 E4ETE
RAALEEME 3 HRE
At =A-1 (73)
4.7.2. X ER
2 EEAER B— KK HELELF UEF
|by) = Ulay), ..., 1b,) = Ulay) (74)
BETARERY: ik
u= ;lbnxanl (75)
EEE
utu = Z ;Ian><bnlbk><akl =1 (76)
M U & 4 B A
Bldo, 2 1 =18 XZT, I, SR X2
ARFH T - ERI=1TEAIARES, EH 1) =|1,-1),12) =11,0),13) = [1,1) IR A |, 6946 R T2 H
(ULI1) (112) (1)[3) —h
(2,11) (2l:12) (2L3) | = ( 0 j (77)
(3I11) (3IL.12) (3III3) h

fldo, ~ARARBENE H=Hy+H, & Hy R 5+ A

E ] Hj

Y H = Eq|1)(1] + EI2)(2] + Hi5[1)(2 + Hj;[2)(1]



4.7.3. E X2t AL

A = PDP-!
(")
D= ,P=(v1 ... v,)
)Ll’l
4.8. TR & & F o0& T
1 _ix
<W%ﬁ%e
ipx (80)
{xlp) = er
27th
p? d
(1) = St + v (i ot 1)

5. & £ 33 F 69 RAE 5] &
5.1. 4 3f
Yo R 2t —ANB TR EE R — NSRS 09 0k B A, AR TR RE 2R T 3R 1A F 89,5 M AR E ST R I 69,3 S gk T 6 I o 4k g
AR A € 8 R
5.2. X T —4 A Schrodinger 7 4289 it 8 2%
5.2.1. Wronski
% HRV () —co < x < +oo LB A A Ay (x)Fr i, () AP A — R E & Schrodinger 7 A2 89 ##, f EL & T 48 Fl 49 4 & R 4

Y1 P
¥ P

= constant (82)

5.2.2. F+4e

BRV (x) & 5 RIS A% PR, ff
5.2.3. &4t

ZV(x) = V(=x),78 L 25 (x) 2R (—x) 82 R
5.2.4. 7 fi 7

5.3. — L IRIE 7 $ B

_Jo if0<x<a

Vix) = {oo elsewhere (83)

2h2
E, = ;T 2112 wheren =1,2,3, ...
ma
(84)
P, (x) = Fsm(”nx) if0<x<a

0 elsewhere
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5.4, =% L IRIR 77 $ %

5.5. — 4 A IRIR 77 # B

E:A AN P € R Sl 5P d

EEmEk =k =L

{5545 San(g) =7

AEFHRANG

FFRE —Fcot(E) =7

252
EVoa? > T w4 T he ik

56. —RARZH H 4

TR % £k

Hh4 R EA

V(r) = {

oo elsewhere

¢n1n2n3 (x,y,2z) =

8 (”17'“() , (”27?‘/) . (”3772
— sin sin sin
abc a b c

E _nzhz(n% n%+ﬁ)

iy = oy a_z b_z c2

0 if x| <

Ve = {Vo if || >

INTEYNTES

CePx ifx < —%

p(x) = {Asin(kx) + Bcos(kx) if [x| < §

De P* ifx >3

\J2m(Vy — E) L _ anE

h ’ h

mVa?

2 2
n-+¢c = 2

_ VO if 0 <x<a
Vix) = {0 elsewhere

_ |etkx 4 Re~tkx if x < 0
pe0 = {Seikx ifx>0

11

0 if (x,y,z) € [0,a] x [0,b] x [0, c]

)

(85)

(86)

(87)

(88)

(89)

(90)

1)

(92)



-1

T=1S%=|1+ sinh? (xa)
(#)(-%)
where ¥ = —'Zm(‘;O_E)

7= WEWo —E) 2 fom(v,-E)

FE ka > 189HF AT,
V3

B4t &% A
IRZ+1S2 =1
5.7. —o#H 2
V(x) = 7é(x)
h? d2y
“omdez = (BT 100y

£ Schodinger 7 A8 4 Ax = 04, ¢" T AL, ' T & 4 3% Schodinger # #2AR 4 T 4394 T & 4

2

Y(0) 907 = S p0)
_ [etkx 4 Re~tkx if x < 0
poo = {Sez‘kx ifx >0

2mE
where k = Tm

WS GRTEHA
1

5= 1 imy

2k

1

1
T=IS?= -
14+ 22
2h2E
IR +1S> =1
BAEREAL = 12 iefe g HE = 1T
5.8. —ZEHIRT
1
Vix) = Ekx2

12
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H1 —HfERTAES

5.8.1. F & ¥k

BRiEFRRTH
‘%ﬁ +(A=)p=0
where w = \Ig’/\: %,é{:x mh_w
&%

1
mw\1i 1 &
L (%) = —= ) ——=H, -
o = (57) (@)
n,x2 —x2
where H,,(x) = (=1)"e dx”e

5.8.1.1. F IR T ¥ty 4 X,

, h 1
X, = %(\/g¢n—l+ %¢n+l)

5.8.2. FHEH ik

%% Modern Quantum Mechanics 3rd edition[2]

T3 AEA

a= me X+ ip annihilation rator
“\ mw onoperato

at M x ip ti t
=,/—| x — —— | creation operator
2h mw P

N =ata

T VAL 3|

13
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F4 N &g AAEAE1E A1, BPN|n) = njn), WA

ZED
[N,a] = —a
[N,a'] =at
T F A 09 % AR R T
Na'in) = ([N,a'] + a'N)in) = (n + 1)a'|n)
Naln) = ([N,a] + aN)|n) = (n — 1)aln)
M atin) A ain) RN # AR N B XE T A
any =cn —-1) =
<n|a+a|n> =lcP=1=wNmn =n
AT — B A = F e > 0,7t at dudm LARAE R B A
any = Jynjn — 1)
aflny = fn+1n+ 1)

BAFXEE SN > 0N ELRKIHA,TIEAn A 5 B0 R EMEny = 0. AR &R TAEEREA

1
EO = Ehw
IR PTG RAEA MBIV X R EAER &= A et A
1 n
Iny = —(a")"10)
ﬁg)

FRAFB|AMES £ LR R F T HRT 2oy (x) = (x]0), 7T vAE Bha by ARAE 77 42

al0) =0

BPARA K i (x) B9 B 77 A2

ARAT Ja — AL R & 2

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)



T —Ag 8gn, B Mat =T 1%

n!
_ 1 (mw)i
2\ Tt

514w, 3 — S AR T 00 AL A ) 9 (x2)

6. Tl 5k
6.1. Fla &

6.1.1. Ehrenfest
ENFEFATLARE A

d 1
$<A> = %([A,HD

BET AR BN 2 FADEEZ|P)) Lo EA, TH

d J0A 1
a(fb = <—> + %<[A,H])

ot

WITAT L B AL = 0,

ENEEATLENE A[A H] = 0,MAEET| () FHFHBEGBMES»HTATE.

RETARXHEBN: FHYMET T & Ehrenfest X R WL, BE S A N T T @ e 7 ELE,

BOLAHENKG N FF 7o % HETAP) A T4 EK £ R RES () R

(1) =) ar )l
k

HE¥a ) = (Plwt)) TAFZ BB E 0TI

d, o dat
a|ﬂk(t)| = Wﬂk +a
BT
dﬂ;: _ 1 _ Ek
3 = 7 \VHIp) = ——5a
dﬂk _ Ek
ar '™

A st = 0.

folde, A ?‘Lﬁ_%%]{H,P,ZZ}.

4o, 8t 4258 5T AR p,, p,, p. i, 5 E 8 B E— AR S K.
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(120)
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(123)
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6.1.2. Feynman-Hellmann

% ARG EMEAH LA BN, NS B F A ARG 17— LRI S (RAGE) D |p, ) A

9Ey = 126
T —< dFry n> (126)
14, IE B — AR IR T 89 58 FARAE K |n) 9 (x2)
1\ *h
2 — |l —
(x %n>—-<”4'2>,na, (127)
Bl 4o, B — 415 IR T 09 REF AAE S T
1
<T>|n> = <V>|n) = EE" (128)
6.1.3. 1 77 (virial)
RTHHVF)FoObF RAFETE LG FHEN
1 ->
(T) = 5(7-VV) (129)
WL A, B H AR AR R FoR R A
n
(T) = §<V> (130)
62. NFERAEE
6.2.1. CSCO
Motk B G R REF G R AMES W REEE—AH TR GRE B LRRZAN FERAN 5 ) 5 F 74 % (complete

set of commuting observables).

6.2.2. CSCCO

43,
&2 %

WRAHNFERZEEFOLENEFALENERTES(FRLENIANALR2RZLEFTHAN ZERATIE S, IHH
REREANHTlREEL AR

(complete set of commuting conserved observables).

6.3. Schodinger & 1% 5 Heisenberg A 1%

6.3.1. Schodinger & 1%
[ (t)) B R R AL, 3 R AL F Schrodinger 7 A2, 1 % & AF (R 280 1) & 8 18] £ X, 3 A 44 il 7 KAR A Schrodinger B 1%
6.3.2. Heisenberg A 1%
[) Rt R AL, Ty 2 & HAFA(H) M B R] R AL, 3 A 4 3 7 X AR 4 Heisenberg B 4%, Bt A 98, £ &3 539 R A Schrodinger B 4.
6.3.3. Heisenberg 7 2

FARFA(H) M BT R B9 AL A

dAt—lAtH 131
a()—%[(),] (131)

6.4. 18 ZAE A B 1%

A8 ZAE R B AT Schrodinger B %47 Heisenberg B A% 18] & F faf 8 sk QL 3 R B B A 7 72 69 2 .
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6.5. & ARk T 3

R AT &AF#) L FAF QA IR A 09 33 AR T 3

[QH]=0 (132)
QLM & 4 B8 T M EM R Fla
T LR AR G AL FlEE
6.5.1. £ % Tk
T EETHEEe - 0F
Q=1+ieF (133)
L P LM AR K ARZHGTHRQA LS T
6.5.2. &% I FHF
THREBRPYFRAQNUES N EF, ELBE—ATFlag
6.5.3. E A R4t T
xt A Ao JLAEAR T VA9 B & SLE B R4 & #P
Py (%) = p(-%) (134)
PF(%,p)P" = F(=%,—p) (135)

6.5.4. % 8] R4t 5 AR

U EMEHRAIP,H] =0 = PHP' = HA X 2 B A F R R4« AR bk
BA R R A AR R R FAR T

6.5.5. %= A F 4% 2 bk

U BMEHRRLID,H) =0 < DHD' = HAR 4 Z % BAH % A T4 2 fRik
BA E R At ke A A E T,

6.5.6. % 18] 4% 7 2 ARt

ZHBMEHRLIRH] =0 = RHRY = HAR 2 2 % B A % 18 4 3 st R
LR ZRA#HAREGAALAHETE

6.5.7. B 8] P45 2 A bt

B BEMEHRAID,H] =0 = DHD' = H A& & 5B A 0t 7] F 4 st fj i

AR FA ARG AGLERMER LN A AETIEPALKRIME R & FELAES N RER LGB E X LA E Y
M

6.6. &Rk TR £ 5 X xR
6.6.1. &Rl -F

ZHRF HTREFORRFRETAEE T EREAM T EEAR LR EETEE TN ETR—X(AREMLRH
Bi#, AT, B Ak AR A, N3RS AE B A AL T AR A & Rl R T
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6.6.2. LI HIF

Pi]-lp(...,qi, cer s ...,t)

(136)
= lp(‘“/qj/“"qi/"‘/ t)
R FAF ALK,
R FAF & LB,
6.6.3. & Fl PLAR%
ARAETRAT,TAMNENEMTAMETFRIBALRYG EZRANERAE TR ATKTRAGHERS.
v S F A Ao A FUMABR T 4o, A FLRL 1R A 89 0% Byith
Pyyp=Cy
(137)
C=4+1
6.6.4. &Rl THRITER R
A B KLF A 6 R B A 2 ARk A R BT 18] T AL 89 BP Bose 447K Fermi 47t A& R % 69,
6.6.5. NNAF 3 & TR & 690 R %%
i,y (@17 AN)
[1;n! (138)
=\ ;P(lpkl(Ql)---lpkN(QN))
6.6.6. B3t ARALFA4F
A 1
A=\ ; 6pP (139)
& EPRANME T8 —FpBEF] 0p PR L2 F B A2 HAT B B 4 —1 4B A2 A4 +1
6.6.7. N2 Fl % KTk & 69 8 & 4
‘Pﬁl...nN(‘hv--/ qaN)
1% (@) o ¥, (an)
= J;;; : : (140)
N (1) - Y, (an)

= Al,bkl (5]1>---¢kN<qN>
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What Particle Are You?

(Standard Model particles only! Dark matter and other exotica not welcome.)

Start
here!

How many
smaller particles
are you made of?

Just a few

Are your particles
strongly-interacting?

Do you take

You might be an

atom

or a molecule or whatever.
Too complicated for particle physics.

| guess you are

positronium
or something?
Weirdo.

up space, or
pile on?

pile on

You are a

boson!

A force-carrying particle

Is your field
nonzero even in
empty space?

Youarea

Higgs boson!

You mysterious

recluse, you.

You are a

hadron!
A colorless collection
of quarks and gluons.

How many
quarks are
we talking?

one quark,
one anti-gquark

You are a

meson!
Which is a kind of boson.

\

more than
three

Are

Color code:
elementary fermions
elementary bosons
composite particles

Youarea

glueball.

‘You are hypothetical at best.

Frobably a

nucleus,
although you could
be a pentaquark (or worse) |

You area

baryon!
Which isa kind of fermion.

You are some excited
or strange or heavier

you baryon. Enjoy your

. Yeah I'm not going found in brief lifetime!
Lape to list all the mesons. atomic nuclei?
¥ ) Pions, kaons, yes Vi
o . dl: ) i What force etas, rhos, etc., \ °“I""E , 1
gauge boson: do you carry? At nucleon!
You reflect a symmetry y 4 What's your You are kind of
of Nature. electric charge? What's your a big deal.
gravity +] electric charge?
+1
Youare a You are a You are a Youarea You are a
graviton! gluon! photon! W boson! Z boson! fouares touarea
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. flavor, it's your fault! for the win! Go you! Not bad!
You are an | I 1
up-type quark! | up | | charm | | top |
You are a Youarea +2/3
fermion! quark! Youarea T I ]
A particle of matter, You are stuck inside | | | | I |
- - 1
some hadron. What's your down-type quark! down strange | |bottom
electric charge?
You are a I
You are a
Do you feel lepton! charged lepton! [electronl | muon | [ tau ]
the strong force? epton:
Light, but powerful!
You area [ | |
Sean Carroll 2012 neutrino! electron muon tau
http://preposterousuniverse.com/ neu tri no neutrinu neu trinu
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Probability density plots.

Hydrogen Wave Function
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