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Wavefunctions, One Particle

. . A r and s are the variables.
Hamiltonian H(7, p, s)

Wavefunction ¢y, (7, s)

n is a state index and could

have several parts.

For an e™ in hydrogen ¢ = vy, |y, (7, 5)
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Wn (7, 8) often factors into space and spin parts.

Yn (7, 5) = P52 (7) " (5)

2
Space(:l?) ox e M /QHn(\/ax) H.O. in 1 dimension

wspace(?“) o etk T free particle in 3 dimensions
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RN (3)
Spin is an angular momentum so for a given value of
the magnitude S there are 25 + 1 values of mg.

For the case of § = 1/2 the eigenfunctions of the z
component of 5 are ¢;,,(5) and ¢_1/,2(5)

~ h
Sz ¢1/2(8) Eﬁbl/z(g)

. h
Sz ¢_1/2(5) 5 ¢_1/2(5)
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Sp'“( ) is not necessarily an eigenfunction of S,. For

example one might have

spln —») —

\/—¢1/2(S)

\/—Gb 1/2(8)

In some cases ¥, (7, 5) may not factor into space and

spin parts. For example one may find

Yn(zx,5) = f(x) ¢1/2(§) + g(x) ¢—1/2(§)
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Many Distinguishable Particles, Same Potential,

No Interaction

Lump space and spin variables together

1,51 — 1 715,50 — 2 etc.
H(1,2,---N) ="Ho(1) + Ho(2) 4+ - - - Ho(V)

In this expression the single particle Hamltonians all
have the same functional form but each has arguments

for a different particle.
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The same set of single particle energy eigenstates is
available to every particle, but each may be in a dif-
ferent one of them. The energy eigenfunctions of the
system can be represented as products of the single

particle energy eigenfunctions.

{n} = {n1,no,---ny}. There are N #s, but each n;

could have an infinite range.

H(1,2, - N) g0 (1,2,--- N) = Egp by (1,2, - N)
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Many Distinguishable Particles, Same Potential,

Pairwise Interaction

N
H(1,2,---N) =Y HoGi) + 5 Y. Hint(i,5)
i—=1 i7]

The w{n}(l,Q,---N) are no longer energy eigenfunc-

tions; however, they could form a very useful basis set

for the expansion of the true energy eigenfunctins.
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Indistinguishable Particles

sz(Z])Ef(jz)
(?ij)z =] = eigenvalues of ﬁij are +1,—1

It is possible to construct many-particle wavefunctions
which are symmetric or anti-symmetric under this in-
terchange of two particles.

ﬁijw(—l-) = p(+) pij¢(—) = — (=)
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Identical = no physical operation distinguishes be-
tween particle ¢+ and particle 3. Mathematically, this

Py

means that for all physical operators O
(O, P;;] =0

= eigenfunctions of ® must also be eigenfunctions of

= energy eigenfunctions y¥r must be either ng'l') or
(=)
(Ll
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= states differing only by the interchange of the spa-

tial and spin coordinates of two particles are the same

state.

Relativistic quantum mechanics requires

iInteger spin «— Yg (+) [Bosons]

half-integer spin « %DE(_) [Fermions]
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