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Magnetism is fully quantum mechanical
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VMagnetism is fully quantum mechanical
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Consider 2 electrons: their spins can combine to form either an antisymmetric
singlet state xs (S = 0) or a symmetric triplet state x7 (S = 1). The wave
function, which is a product of spatial and spin terms, must be antisymmetric
overall. Hence:

Us = [i(r)a(ra) + ¥a(r2)iha(re)] xs
Uy [th1 (r1)¥a(r2) = 1 (r2)a(r1)] xr
The energies of the two possible states are

Es = /\pgmfs dry dry
Er = / UL HUp dry drs
so that the difference between the two energies is
Es—Bp—4 / 1 (e )45 (v2) i (ra) o (1) iy .

The energy is then E = %(Eq +3E7) — (Eg — Er)S1 - S2. The spin-dependent
term can be written H™ = —JS; - Sy, 19

« Interaction between pair of spins motivates the
general form of the Heisenberg model:

H = — Zij JijSi - S;

« The quantity Jij gives the exchange energy
between two spins. Be very careful on the factor
of two between different conventions of the
definition of J.
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“J convention”

“2.J convention”
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« Interaction between pair of spins motivates the
general form of the Heisenberg model:

H = — Zij JijSi - S;

« Direct exchange: important in many metals such
as Fe, Co and Ni

* Indirect exchange: mediated through the
conduction electrons (RKKY)

» Superexchange: exchange interaction mediated
by oxygen. This leads to a very long exchange
path. Important in many magnetic oxides, e.g.
MnO, La,CuO,. 22
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Magnetism and metals
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1D electron gas unstable to SDW formation
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TMTSF salts

Stacks of TMTSF molecules = 1D chains
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Spin-density wave
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Exchange
1. Direct exchange
2. Indirect exchange

3. Superexchange
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« Interaction between pair of spins motivates the
general form of the Heisenberg model:

H = — Zij JijSi - S;

Direct exchange: important in many metals such
as Fe, Co and Ni

« Indirect exchange: mediated through the
conduction electrons (RKKY)

» Superexchange: exchange interaction mediated
by oxygen. This leads to a very long exchange
path. Important in many magnetic oxides, e.g.
MnO, La,CuO,. 44
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Toy model for superexchange

/
00O -t-t
H=\00 -t -t
t-t 0 O
LAY,

det (H-E) =0

- O -k ~t
o~k -t -t = 0
-k - U-€ 0O
-t -t o LU-E

ECv-g) [-¥ = Le+2¢ ] =0

T
= B=0,U, V£ O +8E
2

J‘/ﬁwﬂ _ 25 )

47

Toy model for superexchange
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Toy model for superexchange
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In the next lecture:

* magnetic order
« frustration and triangles
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