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Retrospect: Indirect exchange via conduction electrons
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Double Exchange: Semi-classical model in two-ion case
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Double Exchange: Semi-classical model in two-ion case

Step 1: Diagonalize diagonal blocks in spin subspace In coupled basis: |S;,S;,, S, S)
|R1) |R2) |R1>|S+%,S’lz |R1>|S—%,S’lz
N . N |R1)|S+%,S’12 —2]S
. " 1_2/8,-5 b —2/51°s lRms;,s,ug 0] J(S + 1)]
IRz) ht IR2) IS + 5,55, > |Rz>|s—1 5, >
S, =5,+5 5/ =5+ Y S |
i =92iTS, 9 T3 |Rz>|s—5,s;z> 0 J(S + 1)

Mutually Commuting Observables:
{SIZ S/ SZ AZ}

/! I ol I ro! I o j© i 1

Si2|5i»5iz> = 5;(S; + DIS;, Siz) k_(S + 1), Sl =G — E

St1S,Siz) = S(S + DS}, Siy)

5+2)(S45+1) 5 GHD-S(S+1)
2

1S{,Si,)

S —s2 S

LS, Si,) —(

~ 1/1 S.5|S.S! s, S sl s

Szlsl, S’Z> _ _(_ + 1) |S,, S’Z> i Slll lzls ) | i lZ)
i’°1 Ll _(Siz)(SiE+1)—E(E+1) S(S+1) 15151y =

— Z

S>; i=1,2 2

(s+1)

1S/,S,) = 1S/,S/,, s =

Nlb—‘



Double Exchange: Semi-classical model in two-ion case .
Step 2: Get off-diagonal blocks in spin subspace In coupled basis: | S, Siz, s = 2’ S>

R1) IR2) 'R1>'S+%'532> 'R1>|5—%'5’1z> IR2) IS + 7.3, |R2>|S—%,S’2z>
R _|_1 ' __2 S O 7]
|R1) 2151 S - IR1)|S %,sllz J
AH: [R1)IS — 5,51, 0 J(S+1)
IR2) _2152 |Rz>|S+%,S’zZ -— —2J5 0
s ) L 5 0 J(S+1)

|Rz)|5—§;5'2z
Assumptions:
~ 1 1
B, ={j S, |blk S,,); i k=S+-85—=
b = <S + 5,51, ‘S + = Siz) Ik <]’ 1Z| ‘ ' 22)’ J> + 2’ 2
. 1 ~7 |I7le—1 A Cik= Slz
0=<SiE;Slz b‘5+51512> Ik, S%,,) <] >|]'Slz> 27297

We can solve Cjj, both classically and quantum mechanically



Double Exchange: Semi-classical model in two-ion case

X

Step 2: Get off-diagonal blocks in spin subspace A
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Double Exchange: Semi-classical model in two-ion case

Step 2: Get off-diagonal blocks in spin subspace f
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Double Exchange: Semi-classical model in two-ion case

Step 3: Diagonalize the whole AH
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Double Exchange: Semi-classical model in two-ion case
Discussions: (1)J > b
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Double Exchange: Semi-classical model in two-ion case
Discussions: (1)J < b
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m Conduction electron polarization in ferromagnetic metal



Supplementary: Pure quantum metho
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Racah’s Method: W coefficients
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