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Contents: Symmetry / Anti- Symmetry wave function
Form of 2-particle wavefunction“t’( L )=
G s, e o o e e (5 B S (Eq. I)

Gives wrong answer for two electrons confined to He atom if
particle-particle interaction is neglected.

How to do better? Realized that at the microscopic level it is
impossible to distinguish between the two electrons. What does

fthis imply? Eq. I is ruled out.

For two pn:!.r"‘l‘icle.s_ we have two choices:
il as y=" 150 ) (Eq. IT)
R
e il @ A TR TR L (Eq. III)
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What+ are acceptable forms for the 2 -particle
wavefunction consistent with indistinguishable particles?

One possibility is

T = e DGO 00 €, oL DL T

The

this auromarically makes "V (rj115) = +'V (71311  “exchange”
Term
Another possibility is
1 _J
WOy )= |0 Y 7 Y= L P, 0 )

2

rthis caurtorncatically makes ‘1 LGP LTy ) = —*P o LP52 77 )

;

Any wavefunction is said to be
asymmetric under particle
exchange if the wavefunction
flips sign when the particles
are interchanged
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Numerically speaking, the
minus sign doesn't matter
much since ultimately you ==
calculate |“¥|=
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What are the consequences of these wavefunctions?

Focus on calculating the probability to find both particles in the
same quantum state w. There are three cases to consider:

Case I: Two distinguishable (identical) particles in same quantum
state w

Tpln ) =T, HIE, (n)

= M= M=

Probability Density o« \V_ (1; 'V ()W (r;

=M U X, ()

M () dYV dY,
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Case II: Two indistinguishable (identical) particles
described by symmetric wavefunction in same quantum
state w

B (a0 ) = ¥, (51OF,, (1) +F,, 0 1P, (1)]

\j"_ [ ) e = 1

751
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Probability Dersity oc ¥ _(ryovs WV (5.0 dT 7dT 7%

=C >V, (5 P, s WP O ) dT T
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Case III: Two indistinguishable (identical) particles described
by antisymmetric wavefunction in same quantum state w

- Py
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Probability Density oc "V _(ri7)¥  (Fin)dVdl, =0
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Which wavefunction ‘', or ‘1", should we
choose for electrons?

Pauli's exclusion principle helps us decide - since for
electrons in atoms, two electrons are never found in the
same quantum state.

Pauli exclusion implies that ‘¥, is the correct choice for electrons
since if n=m (i.e. if we insist that two electrons have the same
quantum state), we have:

1
LIJ {_.f' }‘_IJ {.f'.,_ } - LIJ

\E [ rr 1 i - n ( ;-: }'LIJ ”-l'{ !1 }]a_-.r'nn-- e

Gy ) =

1 =
— [\F,, O, () —F, (12, (1;D] =0

Writing ‘W, is just an elegant (and equivalent) way to express
the Pauli exclusion principlel
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This discussion implies that there are fundamentally
two different types of quantum particles

_ 1 - s
anans: ‘1-,.1.-["'} '...i": = [.LI-'H‘*"‘I }‘-I‘};u{j.: } -+ 'l‘{j.r.r{"‘:. }1'{’:;1{;1 :']

/>

s m 3 =T i)

Bosorns hvave ernrhrariced probabiliny of beirnng

frr the sarme gricarfin staite.

Fermions: lII“-['rI 5 N )y = J_ ['~II - l_I.-m{ P } — ‘I!”(;': }'ILI.J'!”(IE }]

e AP et N W N T
Fermions have zero probability of being

irt thhe sarnie giricrtiirn stare.
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To guarantee that no two particles have the same
quantum state, make sure the wavefunction is anti -
symmiric under the exchange of any two particles.
If the two states happen to be the same, the
wave function will automatically become ZERO.

Hence, ...........The Slater determinant:

Coordinates for particle 1

= = * “’ -
,L{_,”{;':;‘:) — ] .r.r(;l) ur(fl)
i 2! .‘-FJ}{;‘:'.) l_]:‘jll?{f‘:)

;

Quantum state n Quantum state m

Coordinates for particle 2

Important implication: ‘¥, says that either of the two
indistinguishable particles are equally likely to be found in
either state. @
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