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P> P’
H=-"1+—24+V(x,x,)
2m  2m

H(1,2)= H(2,1)
H(1,2)¥,(1,2) = E¥ .(1,2)
HQ,DY,(2,1)=EY¥ . (2,1)

PY . (1,2)=Y¥,(2,])

H(L,2)W - (2,1)= E¥ -(2,1)

H(1,2)PY¥ . (1,2) = EPY . (1,2)

H(1,2)P¥ . (1,2) = PEY ;(1,2)
(1,2)P¥ (1,2) = PHY . (1,2)

HP=PH = |H,P|=0

Permutation is conserved



|H,P]=0
P and H have common eigenstates

PY¥(1,2) = A¥(1,2)
P*¥(1,2) = AP¥(1,2)

¥(1,2)=A"P(1,2)

/Bosons
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\ Fermions
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Always we can separate a wavefunction into symmetric and asymmetric parts

For two particles we have

¥(1,2) = %(\P(l, 2)+ ¥ (2, 1))+%(\P(1,2)—‘P(2,1))

w(1,2) = %ﬁ\lj“)(l, 2)+ %ﬁW) (1,2)

¥(1,2) = g{qf@” (1,2)+ ¥ (1,2)}

For three particles we can write

1
) (1,2,3) = 7 [W(1,2,3) + ¥(2,3,1) + ¥(3,1,2) + ¥(1,3,2) + ¥(3,2,1) + ¥(2,1,3)]

P (1,2,3) = % [W(1,2,3) + ¥(2,3,1) + ¥(3,1,2) — ¥(1,3,2) — ¥(3,2,1) — ¥(2,1,3)]



For non-interacting particles

PO 1,2)=—=[ ¥, ¥, )=, ¥, ()]

J2

PO (1,2)=—=[W, (W, 2)+¥, %, ()]

J2

v, () P, (2) .. P, (W)

w1, Ny=| e Fal e Ha ()
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Antisymmetric
property is
satisfied.

ie—j=>V=-Y

Y, Y2 . YW
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What is the lowest energy of a set of 24 electrons in a cubical box? What would it be in the absence
2 of the exclusion principle? o

SOLUTION The energy in units of L 'ni_
L

is nf + n3 + nj with (n;, n,, n3) = 1,2, 3,. ... The energies and

the number of electrons for each energy, corresponding to the integers are, in order,

{11, 1)—3 2 electrons
(2, 105 (152, 1AL, B2i=—> 3 X 2 = 6 electrons
2.2,1),2,1,2),(1,2,2)—>9 3 X 2 = 6 electrons
(3.1,1),01,3,1),(1,1,3)>11 3 X 2 = 6 electrons
(2,2,2)—> 12 2 electrons
(3.2,1),3,1,2),(2,3,1),(2,1,3),(1,2,3),(1,3,2) > 14 12 electrons
We see that energy levels 3, 6, 9, 11, 12 can hold 22 electrons, so that the remaining 2 electrons are
in the energy 14 levels. Thus the total energy in our units is (2 X 3) + (6 X 6) + (6 X 9) + (6 X

11) + (2 X 12) + (2 X 14) = 214. In the absence of the exclusion principle, all of the electrons
would go into the lowest energy state, so that the total energy would be 24 X 3 = 72,
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[remy ||| £ = ni + 05 + 0 ||[ Degeneracy ||| Number of iectrons
CEVN | [EECESCESCH | IR TR

(2,1,1) 6 =2%+1%+1%
(1,2,1) 6 =12+ 2% + 172 3 3x2=6
(1,1,2) 6 =12 + 12 + 22
(2,2,1) 9 =2%+2% 4172
(2,1,2) 9 =22% +12% + 22 3 3x2=6
(1,2,2) 9 = 1% + 22 + 22

3X2=6




(ny,ny, n,) Number of Electrons

(3,2,1)
(3,1,2)
(2,3,1)
(2,1,3)
(1,2,3)
(1,3,2)

14 = 3% + 2% + 17
14 = 3% + 17 4 2°
14 = 2% + 3% + 12
14 = 2% 4+ 1% + 32
14 = 1% + 2% 4 3%
14 = 1% + 3% + 27




(6) N=22+2=24E =186 +28 =214

(1) N =22,E =186

(3) N=14+6=20,E =96+ 66 = 162
E=11|E0==_ L = 1| 2| E=6x11=66|

(3) N=8+6=14E =42+ 54 =96
E=9 |Em= L = 1 | E=6x9=54|

(3) N=24+6=8E=6+36=42
E=6 |Em= L = 1 2| E=6x6=36|

(1) N=2E=6




h2r? B 107 h2 2
2ml2  mlL?2

E =214 X

(1) 3 b Lol Olé 33 &5

E=3 N=24FE=3X24=172

h2 2 B 36122
2mlL2  mlL2

E=72X
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