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Q|qi = q|qi (3.219)

 

hx|Q|qi = qhx|qi (3.220)

ó0

Q̂ q(x) = q q(x) (3.221)
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X

i

|iihi| = 1 (3.225)

Ÿõ˙‚ÔÂ(P⌥ha↵ô⇣‚˝p i(x) = hx|ii. )(
X
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0) (3.226)
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Çú/�*fiÌ1Ñha, ˙‚|ai, afiÌ⇥
Z

da|aiha| = 1 (3.231)
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0) (3.232)

‘Ç®œha� Z
dp p(x) 

⇤
p
(x0) =

Z
dp

1

2⇡~e
ipx/~

e
�ipx0

/~ = �(x� x
0) (3.233)
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3.9 ˝̋̋œœœhhhaaa

⇤Q˝œ,Å�

Ĥ|ni = En|ni, n = 0, 1, 2, · · · (3.235)

 |ni:˙‚�1ó0˝œha⇥
(˝œha↵»∆�œó&ÑÈ5Í6/˘“È5

Hmn = hm|H|ni = En�mn (3.236)
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|↵(t)i = Ĥ|↵(t)i (3.237)

i~ @
@t

hm|↵(t)i =
X

n

hmĤ|nihn|↵(t)i (3.238)

i~ċm(t) = Emcm(t) (3.239)

„:

cm(t) = cm(0)e�iEmt/~ (3.240)

cm(0)1�Àaˆö

|↵(0)i =
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m

cm(0)|mi (3.241)
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|↵(t)i =
X

m

cm(t)|mi =
X

m

cm(0)e�iEmt/~|mi (3.242)
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|↵(0)i = |ni (3.243)

⇡

cm = �mn (3.244)

˚fl⌅éKM⌘Ïv«ö�.

ÔÂ↵0 ÷˝œó&ĤÑ,Å‚\:˙‚/^8πøÑ⇥

3.9.1 ���©©©‚‚‚˝̋̋pppååå⇣⇣⇣°°°óóó

Çú⇤QíPÑzÙ–®�)(P⌥��Mn ha‚˝pe°ó/πøÑ⇥

‘Ç°ó˝œha↵õfœAÑÈ5Chm|A|ni

hm|A|ni = ( m, Â n) (3.245)
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Ĥ m(x) = Em m(x) (3.246)

/HÑ,Å˝p⇥

hm|↵(t)iÑ°ó_{<
hm|↵(t)i = ( m, ↵) (3.247)

ã⇢�Ù⇣/PÓò. ⌘Ïe°ó˝œha↵�ó&xÑÈ5C

xn,m = hn|x|mi =
Z
hn|xihx|x|midx (3.248)
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3.10 õõõfffœœœóóó&&&ÑÑÑqqq���,,,ÅÅÅ˝̋̋ppp

⌘ÏÂSõfœÑ^é��,Å<Ñ,Å‚/c§R�Ñ⇥F/, %<ÑÙ⌘Ïv° ‘∆vÄv(��

*,Å< $*Â⌦,Å‚)≈µ⇥Çú˙∞Äv��H›¡,Å‚c§b�)($*�⇢*õfœÑq�

,Å˝p�⌘ÏÔÂ„≥Äv&eÑÓò⇥

GæÂ�B̂/$*õfœÑó&. X(�ÕÔ˝: ÉÏw q�Ñ,Å˝p

Â|nli = an|nli, B̂|nli = bl|nli. (3.251)

|nli\Â, B̂Ñq�,Å�. ÇúíP⌅éŸ7Ñ∂�, KœAóan, KœBóbl. KœK�Ñ∂��ÿ. HK

�K‡@◆.

(ÂB̂ � B̂Â)|nli = (anbl � blan)|nli = 0. (3.252)

ËËË✏✏✏: Â, B̂˘̆̆◆◆◆///(((⌦⌦⌦✏✏✏˘̆̆˚̊̊✏✏✏‚‚‚˝̋̋ppp˝̋̋⇣⇣⇣ÀÀÀÑÑÑ≈≈≈µµµ↵↵↵. ⌦✏�≥ÂÙ÷Ï˘◆�F/Ÿ✏s@Â�B̂àààÔÔÔ

˝̋̋///˘̆̆◆◆◆ÑÑÑ.

Ÿ/ÔÂ¡�Ñ�M–/|nliÑ⇣å⌥˝p˚, ˚U�˝ÔÂ(ÉU�

| i =
X

nl

Cnl|nli, (3.253)

é/

(ÂB̂ � B̂Â)| i =
X

nl

Cnl(ÂB̂ � B̂Â)|nli =
X

nl

Cnl(anbl � blan)|nli = 0. (3.254)

‡d, [Â, B̂] = 0.

Õ«e, ⌘ÏÔÂ¡�: ÇÇÇúúúÑÑÑ∆∆∆óóó&&&Â, B̂˘̆̆◆◆◆, ⇡⇡⇡ÉÉÉÏÏÏ≈≈≈öööXXX(((���˚̊̊⌫⌫⌫qqq���,,,ÅÅÅ˝̋̋ppp.

¡�: Gæ| ni, n = 1, 2, · · · ,�|�li, l = 1, 2, · · · ,⌃+/ó&Â, B̂Ñ�ƒ,Å�, 1éA, B ˝/õfœ�

@ÂŸ$ƒ,Å�⌅⌅⌅ÍÍÍ˝/å⌥Ñ.

Â| ni = an| ni, n = 1, 2, 3, · · · ,

B̂|�li = bl|�li, l = 1, 2, 3, · · · .
(3.255)

⇤Q0Ô˝ÑÄv, ⌘Ï⌃|�li ,Å<⌃ƒ(bi 6= bj , Çúi 6= j)

B̂|�i⌫i = bi|�i⌫i, i = 1, 2, 3, · · · ; ⌫ = 1, · · · , fi. (3.256)

fi1/biÑÄv¶⇥

˚✏÷�*ÂÑ,Å˝p| ni, U�⇣|�i⌫iÑ‡†

| ni =
X

i⌫
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|�i⌫i =
X

i

|�̃nii (3.257)

v-|�̃nii =
P

⌫
c
(n)
i⌫

|�i⌫i, Õ6/B̂Ñ,Å˝p, ^é,Å<bi. ⇤Q

(Â� an)| ni =
X

i

(Â� an)|�̃nii = 0. (3.258)

1éÂ�B̂˘◆, ⌘Ï 

B̂(Â� an)|�̃nii = (Â� an)B̂|�̃nii = bi(Â� an)|�̃nii. (3.259)

Çú(Â� an)|�̃nii�:ˆ, É1/B̂Ñ,Å�, ^é,Å<bi. F/(3.258)h�Ÿõ�/ø'¯sÑ. �*

Ñ∆ó&Ñ^é��,Å<Ñ,Å˝p/c§Ñ, �Ô˝ø'¯s. @Â

(Â� an)|�̃nii = 0. (3.260)
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_1/Ù|�̃nii/ÂÑ,Å�, ^é,Å<an.

Ûd�⌘Ï¡�Ü|�̃nii/A,BÑq�,Å�.

1éEq.(3.257)˘˚✏�*AÑ,Å�˝⇣À�sœ�*,Å�˝ÔÂh::A,Bq�,Å�Ñ‡†, �

| ni/å⌥Ñ�@Â|�̃nii___///ååå⌥⌥⌥ÑÑÑ.

�ˆ�⌘Ï ú0—∞|�̃nii, i = 1, 2, · · · ,˝^éan, �|dc§Ñ, ‡:÷Ï^éBÑ��,Å<bi.

Ÿ�ó˙Àå⌥Ñc§R�˙‚⇣:Ô˝⇥

3.10.1 ÄÄÄvvv���õõõfffœœœåååhhh∆∆∆

• ÇúÂÑhË,Å�(�,Å˝p)˝/^ÄvÑ, £HKœAó0Ñ,Å<1ÔÂnö˚flL)0Ñ,

Å�|ai.

Ÿˆ_Ô˝ ó&B̂�K˘◆. F/1é^Äv, AÑœ*,Å�˝/B̂Ñ,Å�. vûB̂≈ö/ÂÑ˝

p. ãÇ: �Ù˚flÑ®˝T̂�®œp̂.

• ÇúÂÑ�Ë⌃�hË,Å</ÄvÑ, £HŸöÂÑ,Å<v�≥Ânö,Å�. ⌘ÏÔÂ~�Â˘

◆ÑÊ�õfœó&B̂, ÉÏX(q�,Å�, (nöan�, çKB, nöbl�, 1ÔÔÔ˝̋̋nö,Å�Ü, ‘

Ç|an, bli.

• ÇúÂ, B̂Ñq�,Å�(nöan, bl�Õ6 Äv, sÕ6‡’nö,Å�. Ÿˆ⌘Ï�Å~, *õ

fœC.

• �ƒ¯í˘◆»|dÏÀÑõfœ, ÇúÉÏÑq�,Å��çÄv(/�nö), £HŸƒõfœ:

˚flÑõõõfffœœœåååhhh∆∆∆. KœÉÏK�ó0Ñ@ ,Å<1ÔÂåhnö˚flÑ∂�(q�,Å�).

• åh∆-ÑõfœÑ*pvû1/˚flÑÍÍÍ111¶¶¶.

ãP: ˘é�Ù_⇢�íP–®, �,˝œ1ÔÂÑ⇣õfœåh∆. ˘é^_⇢�ÔÂ ®œ:õf

œåh∆.  ÙíPÑ–®�Å *õfœÑ⇣åh∆. ˘é^_⇢�ÔÂ px, py, pz. ˘é-√õ_

⇢��ÔÂ ˝œ, “®œsπå“®œ–*⌃œ. Ÿ(�bÑÖπÃ⇢≤0.

ü⇡⌦Çú~0Üõfœåh∆�1ÔÂÂÉÏÑq�,Å�:˙‚˙Àha, Ÿõ˙‚/c§R�

Ñ⇥

ãÇ⇢õfœA, BÑq�,Å�/|lmi, A|lmi = al|lmi, B|lmi = bm|lmi. nöal, bm1ÔÂnö///���

ÑÑÑ q�,Å�|lmi. ⇡A�BÑ⇣õfœåh∆. ⌘ÏÔÂ«(|lmi:˙‚˙À(A,B)ha. 1éhlm|l0m0i =
�ll0�mm0 , ˙‚/c§R�Ñ. ⌘ÏÔÂŸŸõ˙‚ �öƒ⇡íè|lmi = |ii, i = 1, 2, . . . ,, 1ÔÂfi0⌘Ï

üâÑc§R�b✏hi|ji = �ij .

˚✏∂�|↵iÔÂ(|lmiU�.

|↵i =
X

lm

clm|lmi (3.261)

˚pclm = hlm|↵i//�nöÑ⇥


