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V (x1), V (x2)/1�V (x1, x2)/¯í\(�⌘Ï˝e¯í\(. ⇡

Ĥ = ĥ1(x1) + ĥ2(x2), (7.10)

ĥ1, ĥ2⌃+/$*íPUÏ(1-ÑHamiltonian�,Åπ↵(7.8)- E(x1, x2) Ôç⌃ªÿœ

 E(x1, x2) =  E1(x1) E2(x2). (7.11)

s

Ĥ E1(x1) E2(x2) = ĥ1(x1) E1(x1) E2(x2) + ĥ2(x2) E1(x1) E2(x2)

= E E1(x1) E2(x2)

$πdÂ E1(x1) E2(x2),  

ĥ1(x1) E1(x1) = E1 E1(x1), (7.12)

ĥ2(x2) E2(x2) = E2 E2(x2), (7.13)

E = E1 + E2. (7.14)
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 E1(x1) E2(x2) ÔÄô: n1(x1) n2(x2) , �⇧)(Dirac∞˜�ô:|Ei = |n1i1|n2i2,

 n1(x1) n2(x2) =2 hx2|1hx1|Ei. (7.15)

Ωa0Ù�ŸÕ≈µ1/

 (~r1,~r2) =  a(~r1) b(~r2) (7.16)

íP1⌅éa��íP2⌅éb�.
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| (~r1,~r2)|2 = | (~r2,~r1)|2 (7.17)

,�*Íÿœ:,�*íPÑMn�,å*Íÿœ/,å*íPÑMn: Êπ:íP1(~r1�íP2(~r2�Û

π:íP1(~r2�íP2(~r1. £H

c (~r1,~r2) =  (~r2,~r1), (7.18)

v-|c| = 1.

�e§bó&P̂12:

P̂12 (~r1,~r2) =  (~r2,~r1) = c (~r1,~r2) (7.19)
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çe�!⇢

P̂12P̂12 (~r1,~r2) = c
2
 (~r1,~r2) (7.20)

F/P̂12P̂12 = 1, ‡:$!§bIé°b, @Â

c
2 = 1, c $ÕÔ˝{

1 Bosons §b˘

�1 Fermions Õ˘

1/Ù�h�íP‚˝p≈{·≥

 (~r1,~r2) = ± (~r2,~r1)

Ÿ/œPõfÑü⌃.

• @ ÍÀ:~tp�ÑãP:‚rP�⇧Ï��íP�üP�ÀP�IP

• @ ÍÀ:~Jtp�ÑíP:9sP�(P�5P�8K

• ÍÀ�§b˘'Ñs˚/¯˘∫Ñ”∫�⌘ÏŸÃ•◊

fi0MbÑãP�Â$*íPh�⇢m1 = m2,(n1 6= n2Ñ≈µ↵�˝œ,Å�î:⇢

Bosons :  E(x1, x2) =
1p
2
[ n1(x1) n2(x2) +  n2(x1) n1(x2)]

Fermions :  E(x1, x2) =
1p
2
[ n1(x1) n2(x2)�  n2(x1) n1(x2)]

�⇧ô⇣

| Ei =
1p
2
(|n1i1|n2i2 + |n2i1|n1i2),Boson (7.21)

| Ei =
1p
2
(|n1i1|n2i2 � |n2i1|n1i2),Fermion (7.22)

✏�/⇢���***íííPPP⌅⌅⌅ééén1������ÊÊÊ������***⌅⌅⌅ééén2���.

Sn1 = n2ˆ�

Boson :  E(x1, x2) =  n1(x1) n2(x2), (7.23)

Fermion :  E(x1, x2) =  n1(x1) n2(x2)�  n1(x2) n2(x1) = 0 (7.24)

$*ªrPÔÂ⌅é�*∂���$*9sP�L, Ÿ1/···)))���¯̄̄πππüüü⌃⌃⌃.

ÔÂ↵0, P12_Ô⌃„:$*íP§bÜ∂�.

1éíPh��»∆�ó&/§b�ÿÑ:

P12H(1, 2) = H(2, 1) = H(1, 2) (7.25)

‡d

[P12, H(1, 2)] (r1, r2) = P12(H(1, 2) (r1, r2))�H(1, 2)P12 (r1, r2)

= H(2, 1) (r2, r1)�H(1, 2) (r2, r1) = 0
(7.26)

ŸÙ�P12�H(1, 2) q�,Å�, vû1/Mb~0Ñ˘�Õ˘b✏. �ŸÕ˘'�Õ˘'/àR

Ñ��èˆÙÿ�Ñ.
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6�MbÑ®∫° ⇤QÍÀ∂�⇥Çú⇤QÍÀ∂�, íPÑ∂�îÂ/ n(~r)�ms
, çÅB§b�‚˝

p˘�Õ˘.

‘Ç5P�(7.22)ÔÂô:
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2
(|n1msi1|n2m

0
s
i2 � |n2m

0
s
i1|n1msi2) (7.27)

ô⇣‚˝p

 E(x1, x2) = 2hx2|1hx1| Ei

=
1p
2
( n1(x1)�ms

(1) n2(x2)�m0
s
(2)

� n2(x1)�m0
s
(1) n1(x2)�ms

(2)) (7.28)

Çú⌘ÏäœPp(n,ms)fl�∞:k, £H⌦✏ÔÂô:

| Ei =
1p
2
(|ki1|k0i2 � |k0i1|ki2) (7.29)

�⇧Äô:‚˝p

 E(1, 2) =
1p
2
( k(1) k0(2)�  k0(1) k(2)) (7.30)

Sn1 = n2ˆ, Çúms1 = 1/2 6= ms2 = �1/2, ˚fl∂�/

| Ei =
1p
2
(|n1, 1/2i1|n1,�1/2i2 � |n1,�1/2i1|n1, 1/2i2) (7.31)

ô⇣‚˝p

 E(x1, x2) =2 hx2|1hx1| Ei =  n1(x1) n1(x2)[� 1
2
(1)�� 1

2
(2)� �� 1

2
(1)� 1

2
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⌘Ï↵0dˆzÙ‚˝p§b˘�ÍÀ‚˝pÕ˘�t*‚˝p·≥§bÕ˘⇥vû(n1 6= n2ˆ_

ÔÂÑ Ÿ7Ñ‚˝p�‘Ç:

1p
2
[ n1(x1) n2(x2) +  n2(x1) n1(x2)]�00 (7.33)

É/(n1, 1/2;n2,�1/2)�(n2, 1/2;n1,�1/2)Ñ‡†�⇥

�⌃�(n1 6= n2ˆ�§bÕ˘ÿÔÂ/zÙ‚˝pÕ˘�ÍÀ˘.

1p
2
[ n1(x1) n2(x2)�  n2(x1) n1(x2)]

8
>>><

>>>:

�11

�10

�1�1

(7.34)

7.2.1 ���,,,'''®®®∫∫∫

⌘Ï∞(⇤Q˚✏$*‡¯í\(h�íPÑ⇣Ñ˚fl: H = h(1)+ h(2), h(1)�h(2)b✏¯��v,Åπ↵

:

h'k = ✏k'k, (7.35)

k:�ƒ}œPp�>6

H'k1(1)'k2(2) = (✏k1 + ✏k2)'k1(1)'k2(2) (7.36)

9nMbÑ®∫�˚flÑ˝œ,Å�îÂ/˘�Õ˘Ñ.
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• Bosons:

 
(S)
k1k2

= {
1p
2
['k1(~r1)'k2(~r2) + 'k2(~r1)'k1(~r2)], k1 6= k2

'k1(~r1)'k1(~r2) k1 = k2

• Fermions

 
(A)
k1k2

=
1p
2
['k1(~r1)'k2(~r2)� 'k2(~r1)'k1(~r2)]

=
1p
2

�����
'k1(~r1) 'k1(~r2)

'k2(~r1) 'k2(~r2)

�����

≈{k1 6= k2. pauli�¯πü⌃�

Ô®�0N*íPÑ≈µ

Pij (x1, · · · , xi, · · · , xj , · · · , xN )

=  (x1, · · · , xj , · · · , xi, · · · , xN )

= ± (x1, · · · , xi, · · · , xj , · · · , xN )

ãÇ�3*Bosons⌅é��Ñk1, k2, k3�⇢

 
(s)
k1k2k3

=
1p
3!
( k1(1) k2(2) k3(3) +  k2(1) k1(2) k3(3) + · · · )

3!/k1, k2, k3Ñ@ ��í⌫ÑpÓ.

$*⌅ék1, �*⌅ék2 6= k1:

 
(s)
k1k1k3

=

p
2!p
3!
[ k1(1) k1(2) k2(3) +  k2(1) k1(2) k1(3) +  k1(1) k2(2) k1(3)]

2!/¯�Ñ$*�k1, k2Ñí⌫p.

 *˝⌅é��*k1:

 
(s)
k1k1k1

=  k1(1) k1(2) k1(3)

;Ñyp/hí⌫pdÂ¯��KÙÑí⌫p⇥‡dR��‡P :yp⌃K�ç�π.

3*Fermion≈{(��Ñ�

 
(A)
k1k2k3

=
1p
3!

�������

 k1(1)  k1(2)  k1(3)

 k2(1)  k2(2)  k2(3)

 k3(1)  k3(2)  k3(3)

�������
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7.3 œœœPPPflflfl°°°

⇤Q�*˝ß✏/ ÕÄvÑ⇢k1, k2, k3, Ç˛7.1@:, $*íP`n�E = 2✏), ÔÂ ‡Õ��Ñ∂��

Figure 7.1: �* ÕÄvÑ˝ß.

˛7.2Ÿ˙ÜíP/ªrP�9sP�⇧Ô⌃® Õ≈µ↵ÑÆ¬∂�p.

Figure 7.2: $*íP`n ÕÄvÑ˝ß˘îÑœP�.
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