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1 Prvni ¢éast

Céstice ve sféricky symetrickém potencidlu ve stavu:

(1,0, ¢) = C(sin? 0 cos 2¢ + i sin 20 sin ¢) f ()

U(r,0,¢9) = Cf(r)[3 sin® 0 + 1 sin® fe~2% + sin 0 cos e — sin 6 cos e =]
To je linearni kombinace kulovych funkei:

¢(7"7 97 gb) = 2Of<T)D/2,2(‘97 ¢) + }/2,—2(07 gb) - YZ,l(Q’ ¢) - }/2,—1(67 ¢)] Po nor-

malizaci:

1.1 Rozpis do kulovych funkci

¢(T, 07 fb) = %f(r)[}/Q,Q(Oa ¢) + Y27—2(97 ¢) - %,1(97 QS) - }/2,—1(67 ¢)]
) =5 f(M2,2) +2,-2) = [2,1) — |2, -1)]

Vyskytuji se zde kulové funkce s kvantovymi ¢isly:
l=2ame{-2;-1;1;2}

1.2 Vyskyt hodnot L2

L? muze nabyvat hodnoty pouze 652, protoze o(L?) = {h2l(l+ 1)} = {6h%},
a tedy P(L? =6h%) =1



1.3 Vyskyt hodnot L,

~

L. miize nabyvat hodnoty U(L ) ={hm} =
P(L. = ~2h) = |(b]2, ~2) = P(L, =
(12, 1)* = P(L. = 2h) = |(1[2,2)] Zi

1.4 Stfedni hodnoty L;
(L.)y = L(—2h — h+h+2h)—0

{—2h; —h; I 2h} a to s pravdépodobnostmi
h) = [(¢2, - = P(L. = h) =

L = (L. + L) = (La)y = § 1 Le + Lo |9) = 5[((2, -2+ (2,-1] -
(2,1]=(2,2)) L+ +L_(]2, —2>+!2 —1> 12,1)=12,2))] = 55[((2, —2|+(2, - 1| -
(2,1] —(2,2))(2]2, —1>+f|2 0)—2(2,2)+2|2,—2) —v6]2,0) —22,1)) =
%<2+2T2+2>_ =1 )

Ly = 3(Ls iL—)A_> (Ly)p = 5 (W Ly — L) = 55[((2,-2] + (2, -1 -
(2,1]=(2,2)) L = L_(]2, =2)+[2, - 1) = |2, 1) = [2,2))] = 55[((2, —2[+(2, - 1| -
(2,1] = (2,2))(2]2, =1) +v6[2,0) —2(2,2) —2(2, —=2) +/6[2,0) +2]2,1)) =
2(-2+2-2+2)=0

1.5 Energie

Energii urcit nelze, protoze zavisi na funkei f(r).

1.6 Casovy vyvoj

Casovy vivoj téz nelze uréit explicitné. ¥ (r, 8, ¢, t) =

Zi:o hmlequ(T 0 gb)



2 Druha ¢ast

Systém s Hilbertovym prostorem 5# = C3, kde Hamiltonian je: H=

0
V3

1 0
s pozorovatelnou A= | =1 0 1] jevt=0 vestavu [y =
0

0 -1

2.1 Mozné hodnoty H

-2 1 0
O=detL=|1 =X 1[==-NM+22=X2-)?)
0o 1 =X

o(L) ={0,—v2,v2} = o(H) = {0,—¢,¢}

L a H maji stejné vlastni vektory.

2.1.1 Vlastni podprostor k A =0
010 1 01 1
1 01)~f010]=5]0]=]|0)
010 010 —
2.1.2 Vlastni podprostor k \ = /2
-2 1 0 -2 1 0 1
1 =2 1 |~ 0 =1 V2 |—=3(V2]=l)
0 1 -2 0 1 —V2 1

£
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O = O

0
1
0

[ s R

o = O



2.2 Pravdépodobmost naméreni hodnot energie

0 1 2
P(E0)<¢0>2%<(1 (0)> =0

0/|\~1

0
P(E=¢)=|{ple)] =1 <(1 (

0

P(E = —¢) = (|- = 1

2.3 Casovy vyvoj

_ _ 1 _ 1 isin(%et)
VA0 = Dot (Vi) T8 In) = Jem i | V2 =t | =v2 | =g | V2eos(e)

isin(%st)

2.4 Hodnoty pozorovatelné A

-A 1 0

-1 =X 1

0 -1 =X
o(L) = {0, —iv/2,iv/2} = o(A) = {0, -1,1}
A’ a A maji stejné vlastn{ vektory.

0=det A = =X -2\ = -\(\2 +2)

2.4.1 Vlastni podprostor k A =0

0 1 0 -1 0 1 1
-1 0 1|~[0 1 0f—=5]|0]=]A)
0 -1 0 0 -1 0 1

2.4.2 Vlastni podprostor k \ = iy/2

—iv2 1 0 -1
( ~1 —iv2 1 ) - (Nﬁ) = |A})
0 —1  —iV/2 1



2.4.3 Vlastni podprostor k A = —iy/2
w2 1 0 ~1
-1 w2 1 | =35[iv2] =]A0)
0 -1 V2 1
2.5 Pravdépodobnost namieni hodnot A
l sm( ét) 1 2
< \/_COS 0 >
i sin(
2
isin
V2 cos 2 = 1 cos?(%et)
zsm 1
2
isin(
2COS —et —i 2 = 1 cos?(4et)
zsm 1

2.6 Stiedni hodnota A v ¢éase
(A oy = —35 cos?(Let) + L cos?(ict) = 0

P(A=0)=|{y(t)|A0)[* = = sin®(jet)

P(A=-1) = [(v(t)|A-)]" =

P(A=1)=[(W0)|A)[ = §

8




