Formulario

Medida. Probabilidad de obtener a al medir el observable A en un sistema que se encuentra en el estado |¢))

9a
A =" Gail)*, Algw) = aldar),  i=1,.
=1

ey Ja, ga = degeneracion de a.

Momento angular: Jy = J; +iJs,

J?|jmy = R?j(j + 1) |jm), Js=hmlim), Ji|jm)=h/jG+1)—m(mE1) [jm+1).

Matrices de espin s =

N[ =

. Para un vector unitario a cualquiera,

_h ) 0 1 (0 = (1 0 i0(ao) _ . A
Sfia, Oy i= (1 0), oy = (z 0), o, = (O _1>, e =cosf1l+isinf(a-o).

Autoestados de Sz = S 11, con i = (sin @ cos ¢, sin O sin ¢, cos §) direccién arbitraria en coordenadas esféricas

h cos sin ¢ h
Sa =+— = .21, )= 2 , Sa =+—1.
9s) =45 102)  164) <¢ Smg> 6-) (_e@ cosg> (64lSalos) =+ 5
n 01 0 n 0 —i 0 1 0 0
Matrices de espin s = 1: Se=—=11 0 1], Sy — (i 0 -i}, S.:=h|0 0 O
V2 01 0 V2 0 i O 0 0 -1
Armoémicos esféricos:

1 3 . 3 ~ 3 i
YP0.0) == V0.0 =\ me¥sind,  YP(0,6) = \[i-cosh,  ¥i'(6,6) =/ —e ¥ sind.

Perturbaciones independientes del tiempo H = Hy + H;. Niveles no degenerados Hy|¢

W) =B ow):

(0)‘H ‘¢(0)>’ (0)
HI|¢7L > (0)
By~ BO + (60 Hi|6®) + 3 e 6n) = 60 + 37 L2 60},
n n n 0 _ 50 n EOREON
k#n En” — Ek k#n En E

Niveles degenerados H0|<[)£10i)> = g |q§(0)>. Las correcciones ES”

") son los autovalores de la matriz H = (H; ij); con
0 0
Hy 5= <¢’Eli)|HI|¢’ELj)>.

Perturbaciones dependientes del tiempo H = Hy + V (¢):

t
/ di’ el st =to) Yo (¢

to

2 (0) (0)
By - E;

K2

Psglto, )~ 5 Cepm T V@) = PV, A

h?

H
Método variacional: FEpfng ~ E(Amin), con E(X) = W
PYLI2N

Pozo infinito unidimensional de anchura a centrado en el origen

2 2 B2
¢n(x):\/7cos<m), n=173,5...; ¢n(x):\/7$in(m), n=246,...; SIS
a a a

a En = 2ma?
Oscilador armonico unidimensional:
E, = hw (n+ %) , aln) = valn—1) atn)=vatilatl), |aat] =1,
az%(aw+;%), a+:\%(ax ;Z) mz\/lia(cﬂ—a*'), p:ij;g(cﬁ'—a); a= %
Z2e?
Atomo de hidrégeno: nm, = Ry (1) Y, (0,90), E,=—

W, 4meg = 1 en unidades gaussianas.
TEQ ) 20N

o0

Integrales iitiles: / dge—ov*+ive — [T e_b2/4“, a > 0, b reales.
Va

oo




43. Clebsch-Gordan coefficients 1
43. CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS,
AND d FUNCTIONS
J J
Note: A square-root sign is to be understood over every coefficient, e.g., for —8/15 read —,/8/15. Notation: |
1/2x1/2] ! [3 M M2
+1[ 1 0 YO0 =/ cosd 5/2 )
[x172+172] 1] o o 4 2x1/2 w521 572 372 my  my | Coefficients
172 —1/2(1/2 172] 1 . 3 - Eza7e 1372432
-1/2 +1/2|1/2-1/2]-1 Yl =— 8_ sin 0 e* +2-1/21 1/5 4s5| 572 3/2
[-172-1/72] 1 4 +1+1/2| 4/5-1/5|+1/2 +1/2
yo_ |5 (3. 2p 1 +1-1/2| 2/5 3/5( 5/2 3/2
1x1/2 [372 2 =\ gz \g 8 2 0+1/2| 3/5-2/5|-1/2-1/2
X +3/2| 372 172 3 _ 0-1/2| 3/5 2/5]| 5/2 3/2
[+1 +172] 11724172 y21 - _ /8_ sin 6 cos § ¢t - -1 +1/2| 2/5-3/5|-3/2 -3/2
- T —1-1/2| 4/5 /5| 572
+1-172[1/3 23] 3/2 1/2 . 3/2x1/2 |27 |C2017%| 178 a2
0+1/2| 2/3-1/3|-1/2-1/2 1 /15 .
V2 = =, /22 qin2 g e2i¢ |+3/2 +1/2] 1| +1  +1 |72 _1/2 1
0121 273 1/3] 32 "2 74\ 2x +3/2-1/21/4 34 2 1
~1+1/2| 1/3-2/3|-3/2
2513 — — +1/2 +1/2|3/4-1/4 0 0
o I BER 3/2x1 2557 5 +1/2-17212 12| 2 1
[FZ+] 1] +2 +2 (37250 1|+3/2 +3/2 1724172172172 -1 1
+2 0|1/3 2/3 3 2 1 +3/2 0| 2/5 3/5| 572 3/2 1/2 -1/2-1/2| 3/4 1/4| 2
+1 +112/3 -1/3|] +1  +1 +1 +1/2 +1| 3/5 =2/51+1/2 +1/2 +1/2 -3/2 +1/2| 1/4-3/4|-2
+2-111/15 1/3  3/5 +3/2-1(1/10  2/5 1/2 |=372-1/2] 1
1x112 +1 0/8/15 1/6-3/10[ 3 2 1 +1/2 0| 3/5 1/15 -1/3| 572 3/2 1/2
- 1+~12 12 1 0+1| 2/5-1/2 1710 0 0 0O -1/2+1|3/10-8/15 1/6(-1/2 -1/2 -1/2
| ) R 1 1(1/5 1/2 3/10 T1/2-1|3/10 8/15 1/6
w1 oz 12 2 1 o 0035 0-2/5| 3 2 1 -1/2 0| 3/5-1/15 -1/3| 5/2 3/2
0+1[1/2-172| 0 0 o0 -1+11/5-1/2 3/10) -1 -1 -1 -3/2+1|1/10 -2/5 1/2}-3/2 -3/2
+1-1(1/6 1/2 1/3 0-1 2/5 1/2 110 —1/2-1| 3/5 2/5| 5/2
0 o273 0-173] 2 1 -1 0/8/15-1/6-3/10] 3 2 -3/2 0| 2/5 -3/5}-5/2
-1+1(1/6-1/2 13| -1 -1 _ —2+1[1715-1/3 3/5| -2 -2 [3721] 1
o-1)172 172 2 -1-1[2/3 173 3
Y[m = (-nmy™ -1 0[1/2-1/2|-2 -2 0|1/3-2/3|-3 (j1jamima|j1ie I M)
1 _ 47 i -2-1| 1 e . . ..
il dt o= Y e ime l = (=1)7 1792 (jyj1mamy |jojr M)
) 20+1°¢
dj, :(_1)m—m’ J ,:dj 3/2x3/2 +g 3 > a1 P d1/2 [4 a1 1+ cosf
m',m m,m —m,—m = COoSs = COS — =
' [[372+372] 1]+2 +2 0,0 1/2,1/2 D) 11 3
2x3/2 |72 w3/2+1/2[ 12 12 3 2 1 1/2 , sin
7/2) 7/2 5/2 /24372 1/2-172| 41 11 41 d =-sing  dig=-—
[Fz+372] 1}s/2+45/2 1/2,-1/2 2 / V2
+3/2-1/2[1/5 1/2 3/10
+2+1/2| 3/7 4/7| 7/2 5/2 3/2 +1/2+1/2 | 3/5 0 -2/5 3 2 1 0 1 I—COSQ
+1+3/2] 4/7-3/7|+3/2  +3/2+3/2 eias ez 30l 0 0 o o di_y=—5—
+2-1/2| 1/7 16/35 2/5 _
+14+1/2| 4/7 1/35-2/5 7/2 5/2 3/2 172 :?g j;g ;fgg ]jj_?jgg_}jj
2x2 2 3 0+3/2| 2/7-18/35 1/5| +1/2 +1/2+1/2 +1/2 172 +1/2 19/20-1/4-1/20 1/4] 3 2 7
|+2+2+1 43 43 +2-3/2| 1/35 6/35 2/5 2/5| |-3/2 +3/2|1/20-1/4 9/20-1/4] -1 -1 -1
+1-1/2|12/35 5/14 0 -3/10 +1/2-3/21 1/5 1/2 3/10
+~12+‘]£ }g }g ‘2‘ g g 0+1/218/35 =3/35-1/5  1/5| 7/2 5/2 3/2 1/2| | 1/2_ 7721 38 0 —2/5[ 3 2
+1 + ; 5 ;’/14 1‘;2 2';7 -1 +3/2| 4/35-27/70 2/5 -1/10| -1/2 -1/2-1/2 -1/2 ~3/2+1/2| 1/5-1/2 3/10| -2 -2
+ 1 -3/2| 4/35 27/70 2/5 1/10
+1 41| 47 0-3/7[ 4 3 2 1 0 2175 18/33 “3/35-1/3 -1/5 |‘”2 -3/2 fuegte 3
0+2(3/14-1/2 2/7| +1  +1 41 41 -1 +17212/35-5/14 0 3/10| 772 572 3/9] =32 =1/2]1/2-1/2)3
> 11114 3/10 _3/7 _1/5 -2 +3/2| 1/35-6/35 2/5 —2/5|-3/2 -3/2-3/2 F3/2-3/2] 1
+1 0| 3/7 1/5-1/14-3/10 0 -3/2| 2/7 18/35 1/5
0 +1| 3/7 -1/5-1/14 3/10 4 3 2 1 0 -1 =172 | 477 =1/35-2/5| 7/2 5/2
-1 +2|1/14-3/10 3/7 -1/5 0 0 0 0 0 Zo 2l 171635 278l _52 _a2
+2 -2 | 1/70 1/10 2/7 2/5 1/5 -1-372| a/7 3/7| 7/2
+1 -1 | 8/35 2/5 1/14-1/10 -1/5 o _a7)-
0 0[1835 0-2/7 0 1/5 2-1/2] 37 _4/7pv/2
-1 +1 | 8/35 -2/5 1/14 1/10 -1/5] 4 3 2 1 -2-3/2| 1
32 1icosd 0 -2 +2 | 1/70-1/10 2/7 -2/5 1/5| -1 -1 -1 -1
d3)530 = —g cos; +1 -2|1/14 3/10 3/7 1/5
9\ 2 0 -1| 3/7 1/5-1/14-3/10
3/2 1+cosh . 0 g2, — (Lfcos -1 0| 3/7 -1/5-1/14 3/10] 4 3 2
3o = —V3—F—sing 2,2 2 —2 +1]1714-3/10 3/7 ~1/5| -2 -2 -2
oS 14 cosf . 0 -2(3/14 1/2 2/7
dg/g . 2:\/§ﬂ0039 d%ylffTsmﬁ 1 -1 47 0-37[ 4 3
/2,-1/ 2 2 /s |+ cosd -2 0[3/14-1/2 2/7| -3 -3
3/2 1—cosf . 6 9 6 . o 42 . = 59 (9c0s6 — 1 -1 -2[172 172] 4
Y dgo = sin®0 L1 g (Zeost—1) —2 —1[1/2-1/2|-4
32 3cosf—-1 ¢ 9 l—cosf 9o _ /3. ) [-2 2] 1
d1/271/2 = 5 0055 d2171 [ 5 inf dL0 = 3 sin 6 cos 6
3/2 3cosf +1 0 9 1 —cosf\2 9 1—cosf 9 3 5 1
d1/2,71/2:_f sm§ d27_2*( 3 ) dL_l*T(ZCOSQ-i-l) d070: (5 cos 0—§>

Figure 43.1: The sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The
Theory of Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957),
and Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif., 1974).



