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A Donatella, 
alla mia famiglia

“Beyond the horizon of the place we lived when we were 
young In a world of magnets and  miracles

Our thoughts strayed constantly and without boundary The 
ringing of the division bell had begun ...”

“High Hopes”, Pink Floyd
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𝐵𝐵 𝐵 𝐵𝐵0 + ℎ cos 𝜔𝜔𝜔𝜔

ℎ 𝜔𝜔
𝐵𝐵0

𝑀𝑀𝑀𝜔𝜔𝑀 𝐵 𝑀𝑀0 +  𝜒𝜒𝑀𝜔𝜔𝑀ℎ

𝜒𝜒′

𝜒𝜒′′ 𝜒𝜒𝑀𝜔𝜔𝑀

𝜒𝜒𝑀𝜔𝜔𝑀 𝐵 𝜒𝜒′ cos 𝜔𝜔𝜔𝜔 + 𝜒𝜒′′ sin 𝜔𝜔𝜔𝜔 

𝑀𝑀𝑀𝜔𝜔𝑀 𝐵 𝑀𝑀0 + 𝑀𝜒𝜒′ cos 𝜔𝜔𝜔𝜔 + 𝜒𝜒′′ sin 𝜔𝜔𝜔𝜔𝑀ℎ

𝜏𝜏

𝜏𝜏−1 𝜔𝜔𝜏𝜏 ≪ 1

𝜒𝜒𝑇𝑇
𝜏𝜏−1 𝜔𝜔𝜏𝜏 ≫ 1

𝜒𝜒𝑆𝑆

𝜏𝜏−1

𝜒𝜒′ 𝐵 𝜒𝜒𝑇𝑇−𝜒𝜒𝑆𝑆
1+𝜔𝜔2𝜏𝜏2 + 𝜒𝜒𝑆𝑆 ( 9 )

𝜒𝜒′′ 𝐵 𝑀𝜒𝜒𝑇𝑇−𝜒𝜒𝑆𝑆𝑀𝜔𝜔𝜏𝜏
1+𝜔𝜔2𝜏𝜏2
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𝜒𝜒′(𝜔𝜔) = 𝜒𝜒𝑆𝑆 + (𝜒𝜒𝑇𝑇 − 𝜒𝜒𝑆𝑆) 1+(𝜔𝜔𝜔𝜔)1−𝛼𝛼 sin(𝜋𝜋𝜋𝜋 𝜋⁄ )
1+𝜋(𝜔𝜔𝜔𝜔)1−𝛼𝛼 sin(𝜋𝜋𝜋𝜋 𝜋⁄ )+ (𝜔𝜔𝜔𝜔)2−2𝛼𝛼

𝜒𝜒′′(𝜔𝜔) = (𝜒𝜒𝑇𝑇 − 𝜒𝜒𝑆𝑆) 1+(𝜔𝜔𝜔𝜔)1−𝛼𝛼 cos(𝜋𝜋𝜋𝜋 𝜋⁄ )
1+𝜋(𝜔𝜔𝜔𝜔)1−𝛼𝛼 sin(𝜋𝜋𝜋𝜋 𝜋⁄ )+ (𝜔𝜔𝜔𝜔)2−2𝛼𝛼

𝛼𝛼
𝛼𝛼

𝜏𝜏
𝛼𝛼 

𝜏𝜏 𝛼𝛼
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𝛥𝛥𝛥𝛥 = 𝐾𝐾
𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝑐𝑐

tan−1{𝑧𝑧 tan[𝜋𝜋𝜋𝜌𝜌𝑞𝑞−𝜌𝜌𝑐𝑐)𝜌𝜌𝑞𝑞
]}

𝛥𝛥𝛥𝛥 𝜌𝜌
𝑓𝑓𝑐𝑐 𝑓𝑓𝑞𝑞

𝐾𝐾 𝑧𝑧
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ℎ𝜐𝜐 𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾
𝐸𝐸𝐵𝐵

𝐸𝐸𝐵𝐵 = ℎ𝜐𝜐 𝜐 𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾 + 𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜐 𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜐 𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾′

𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾

𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾′ = 𝐸𝐸𝐾𝐾𝐾𝐾𝐾𝐾 − ∆𝐸𝐸
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𝐸𝐸𝐵𝐵′ = 𝐸𝐸𝐵𝐵 + ∆𝐸𝐸

∆𝐸𝐸

υ
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100 < ℎ𝜐𝜐 < 1500

𝑙𝑙 𝑙 0

𝑗𝑗 𝑗 𝑙𝑙 𝑗 𝑗𝑗
𝐽𝐽 𝑗 ∑ 𝑗𝑗

𝑙𝑙 𝑙 0

𝑗𝑗 𝑗 𝑙𝑙 𝑗 1 𝑗⁄

𝑗𝑗𝑗 𝑗 1𝑗

𝜎𝜎
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𝐴𝐴
𝐵𝐵

𝐼𝐼𝐴𝐴
′

𝐼𝐼𝐵𝐵
′ =  

𝑁𝑁𝐴𝐴{1−𝑒𝑒𝑒𝑒𝑒𝑒[−𝑑𝑑
𝜆𝜆𝐴𝐴𝐴𝐴𝐴⁄ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑁𝑁𝐵𝐵{𝑒𝑒𝑒𝑒𝑒𝑒[−𝑑𝑑
𝜆𝜆𝐵𝐵𝐴𝐴𝐴⁄ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝜆𝜆𝐴𝐴𝐴𝐴𝐴 𝜆𝜆𝐵𝐵𝐴𝐴𝐴 𝐴𝐴
𝐴𝐴 𝐵𝐵 𝑁𝑁𝐴𝐴 𝑁𝑁𝐵𝐵


A 𝐵𝐵 𝜆𝜆𝐴𝐴𝐴𝐴𝐴~𝜆𝜆𝐵𝐵𝐴𝐴𝐴 = 𝜆𝜆

d

d = λcosθ ln (IA
′ NB

IB
′ NA

+ 1) = λcosθ ln (IA
′ IB∞

IB
′ IA∞

+ 1)

IA∞ IB∞ 𝐴𝐴
𝐵𝐵 d

NB NA⁄ IB∞ IA∞⁄ IB∞
IA∞

IA
′ IB

′

d
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𝜆𝜆𝐴𝐴𝐴𝐴𝐴~𝜆𝜆𝐵𝐵𝐴𝐴𝐴 = 𝜆𝜆

 

 

1
2
3
2
5
2
7
2

→ → →
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10 < ℎ𝜐𝜐 < 50
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𝐽𝐽

𝐿𝐿 𝐿 ∑ 𝑙𝑙𝑖𝑖 𝑆𝑆 𝐿 ∑𝑠𝑠𝑖𝑖 𝐽𝐽 𝐿 𝐿𝐿 𝐽 𝑆𝑆

𝐿𝐿 𝑆𝑆
𝑙𝑙𝑖𝑖 𝑠𝑠𝑖𝑖

Luigi Malavolti
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|𝑖𝑖⟩ |𝑓𝑓⟩

𝑇𝑇𝑖𝑖𝑖𝑖 = 2𝜋𝜋
ħ |⟨𝑓𝑓|𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖|𝑖𝑖⟩ + ∑ ⟨𝑖𝑖|𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖|𝑖𝑖⟩⟨𝑖𝑖|𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖|𝑖𝑖⟩

𝑖𝑖−𝑖𝑖
𝑖𝑖 |

2
𝜌𝜌𝜌𝑖𝑖)𝑑𝑑𝑑𝑖𝑖 − 𝑖𝑖)

𝑖𝑖, 𝑖𝑖 𝜌𝜌𝜌𝑖𝑖)
𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑑𝑒𝑒 𝑒𝑒𝑒𝑒⁄ ) 𝑝𝑝𝑝 𝑝 𝑝𝑝𝑝

𝑒𝑒 𝑒𝑒𝑒𝑒 𝑝𝑝𝑝
𝑝𝑝𝑝

�⃗�𝐸𝑝 = − 𝛿𝛿𝑝𝑝⃗⃗⃗⃗ �⃗� 𝛿𝛿𝛿𝛿⁄ 𝜎𝜎
𝜙𝜙0

𝜎𝜎 = 𝑇𝑇𝑖𝑖𝑖𝑖
𝜙𝜙0

→
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→

 

 

𝝈𝝈+ 𝝈𝝈−
𝝈𝝈− − 𝝈𝝈+
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𝜎𝜎+

𝜎𝜎−

𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 𝑋 𝜎𝜎− − 𝜎𝜎+

→
𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜

𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜 𝑋 −
4 ∫ (𝜎𝜎−−𝜎𝜎+)𝑑𝑑𝑑𝑑𝐿𝐿2+𝐿𝐿3
3 ∫ (𝜎𝜎++𝜎𝜎−)𝑑𝑑𝑑𝑑𝐿𝐿2+𝐿𝐿3

∙ (𝑛𝑛3𝑑𝑑)

𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜 𝜎𝜎− − 𝜎𝜎+ 𝑛𝑛3𝑑𝑑

𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑋
6 ∫ (𝜎𝜎−−𝜎𝜎+)𝑑𝑑𝑑𝑑𝐿𝐿3 −4 ∫ (𝜎𝜎−−𝜎𝜎+)𝑑𝑑𝑑𝑑𝐿𝐿2+𝐿𝐿3

∫ (𝜎𝜎++𝜎𝜎−)𝑑𝑑𝑑𝑑𝐿𝐿2+𝐿𝐿3

∙ (𝑛𝑛3𝑑𝑑) ∙ (1 + 7⟨𝑇𝑇𝑧𝑧⟩
2⟨𝑆𝑆𝑧𝑧⟩)

−1

⟨𝑇𝑇𝑧𝑧⟩ ⟨𝑆𝑆𝑧𝑧⟩
𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ⟨𝑇𝑇𝑧𝑧⟩ ⟨𝑆𝑆𝑧𝑧⟩⁄

(𝜎𝜎− + 𝜎𝜎+)

𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜 𝑋 −4q∙𝑠𝑠3𝑑𝑑
2𝑜𝑜

𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑋 −(6p−4q)∙𝑠𝑠3𝑑𝑑
6𝑜𝑜
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(𝜎𝜎− + 𝜎𝜎+) 2⁄

→
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θ
𝐸𝐸𝑖𝑖

𝐸𝐸𝑖𝑖/𝐸𝐸0 =  {±[(𝑀𝑀𝑡𝑡
2 − 𝑀𝑀1

2𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃𝜃1/2 + 𝑀𝑀𝑖𝑖𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃𝑐/(𝑀𝑀1 + 𝑀𝑀𝑡𝑡𝜃}2   
 

𝐸𝐸0 < 1000

Single molecule magnets sublimated on conducting and magnetic substrates

34



𝜓𝜓(𝑧𝑧)
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[− ħ
2𝑚𝑚

𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝑉𝑉(𝑧𝑧)]𝜓𝜓(𝑧𝑧) = 𝐸𝐸𝜓𝜓(𝑧𝑧)

𝑉𝑉(𝑧𝑧) = 0
𝑉𝑉(𝑧𝑧) = 𝑉𝑉

𝜓𝜓(𝑧𝑧) = 𝜓𝜓(0)𝑒𝑒

𝑘𝑘 = √2𝑚𝑚𝑚𝑚
ħ

2

𝜓𝜓(𝑧𝑧) = 𝜓𝜓(0)𝑒𝑒

𝑘𝑘 = 𝑘 √2𝑚𝑚(𝑚𝑚 −𝑚𝑚)
ħ

2 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝐸𝐸 < 𝑉𝑉

|𝜓𝜓 (0)|𝑒𝑒
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𝐼𝐼 𝐼 2𝜋𝜋𝜋𝜋
ħ ∑ {𝑓𝑓𝑓𝑓𝑓 [1 − 𝑓𝑓𝑓𝑓𝑓 ] − 𝑓𝑓𝑓𝑓𝑓 [1 − 𝑓𝑓𝑓𝑓𝑓 ]}  ∙ |𝑀𝑀 |𝜇𝜇𝜇𝜇𝜇 ∙

       𝛿𝛿𝑓𝑓𝑓 − 𝑓𝑓 )

𝑓𝑓𝑓𝑓𝑓) 𝑓𝑓 𝑓𝑓
𝜓𝜓 𝜓𝜓

𝛿𝛿𝑓𝑓𝑓 − 𝑓𝑓 )
𝑀𝑀

𝑀𝑀 𝐼 − ħ
2𝑚𝑚 ∫[𝑓𝜓𝜓 ) �⃗⃗�𝛻𝜓𝜓 −  𝜓𝜓 �⃗⃗�𝛻𝑓𝜓𝜓 ) ] 𝑑𝑑𝑑𝑑

𝐼𝐼 𝐼 𝐼𝐼 ∙ 𝐼𝐼 𝑓𝑓𝑓 ) ∙ 𝐼𝐼  𝑓𝑓𝑓 𝜇 𝑟𝑟 ) ∙ 𝑒𝑒2𝑘𝑘𝑘𝑘
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𝜌𝜌 (𝐸𝐸 ) 𝜌𝜌  (𝐸𝐸 , 𝑟𝑟𝑟 )

𝑘𝑘 𝑘𝑘 𝑘 √(2𝑚𝑚 𝜙𝜙)2 ħ⁄ 𝜙𝜙

𝜌𝜌 (𝐸𝐸 , 𝑟𝑟𝑟 ) 𝑘 ∑ |𝜓𝜓 (�⃗⃗⃗�𝑟𝑟)|∑ |  𝛿𝛿(𝐸𝐸 − 𝐸𝐸 )

|𝜓𝜓 (�⃗⃗⃗�𝑟𝑟)| |�⃗⃗⃗�𝑟𝑟|
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𝜒𝜒′′

𝜒𝜒′′ = (𝜒𝜒𝑇𝑇 − 𝜒𝜒𝑆𝑆)
(𝜔𝜔𝜔𝜔)1−𝛼𝛼 cos(𝜋𝜋𝜋𝜋 𝜋⁄ )

1+𝜋(𝜔𝜔𝜔𝜔)1−𝛼𝛼 sin(𝜋𝜋𝛼𝛼2)+(𝜔𝜔𝜔𝜔)
2−2𝛼𝛼

 

𝜔𝜔 𝜏𝜏 𝜒𝜒𝑇𝑇 𝜒𝜒𝑆𝑆
𝛼𝛼

𝜏𝜏 𝜏𝜏
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𝛼𝛼
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𝜒𝜒 𝜒 𝐶𝐶
𝑇𝑇𝑇𝜃𝜃

𝜃𝜃
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1 2⁄
𝛾𝛾 (2𝜋𝜋)⁄

𝜇𝜇+ → 𝑒𝑒+ + 𝜐𝜐𝑒𝑒 + 𝜐𝜐𝜐μ
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𝜐𝜐𝑒𝑒
𝜐𝜐𝜐μ 𝑒𝑒+

𝜃𝜃

𝑊𝑊+(𝜃𝜃𝜃 𝜃𝜃) = 1 + 𝐴𝐴+(𝜃𝜃) cos 𝜃𝜃

𝜃𝜃 𝐴𝐴+
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𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑀𝑀

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑀𝑀 ∙ 𝑀𝑀𝑤𝑤

𝑀𝑀𝑤𝑤

𝜐𝜐 𝜐𝛾𝛾𝛾𝛾)⁄ 𝜐𝜐
𝛾𝛾 𝜐𝛾𝛾𝛾)⁄

𝛾𝛾
≪

≫
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𝐴𝐴(𝑡𝑡) = 𝐴𝐴0
3 [1 + 2(1 − 𝛾𝛾𝛾𝛾)𝑒𝑒−𝛾𝛾𝛾𝛾𝛾𝛾]𝑒𝑒−√𝜆𝜆𝛾𝛾

𝐴𝐴0 𝜆𝜆

 𝜆𝜆 𝛾𝛾

 

𝜆𝜆 𝛾𝛾
𝜆𝜆 𝛾𝛾 𝜆𝜆 𝛾𝛾

Luigi Malavolti

61



𝛿𝛿
𝛿𝛿

𝜆𝜆

𝛿𝛿
± ±

𝛿𝛿

𝜆𝜆
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𝜆𝜆

𝜆𝜆

𝜆𝜆

 

𝛾𝛾𝛾𝛾 𝜆𝜆 𝐴𝐴(𝑡𝑡)
𝜆𝜆 (2 3𝜏𝜏)⁄

𝜏𝜏

𝛾𝛾
𝜆𝜆 𝜆 2𝜏𝜏(𝛾𝛾𝛾𝛾0)2 𝛾𝛾0

𝛾𝛾0 𝜆  𝛾𝛾(𝛿𝛿 𝛿
0)

𝜏𝜏
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± ±

1
𝜏𝜏𝑠𝑠𝑠𝑠

= 𝐶𝐶𝐶3exp (𝐶
𝑇𝑇)

𝐶𝐶
𝐶

𝜏𝜏
𝐶

𝜏𝜏
𝜏𝜏𝑞𝑞

1
𝜏𝜏 = 1

𝜏𝜏𝑠𝑠𝑠𝑠
+ 1

𝜏𝜏𝑞𝑞

𝐶 𝐶𝐶 𝜏𝜏𝑞𝑞
𝐶

𝜏𝜏

𝐶𝐶

 𝐶𝐶

 

 

𝜏𝜏𝑞𝑞
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𝐴𝐴(𝑡𝑡)

𝛾𝛾

𝜌𝜌 ±
 ∼∼∼

∼∼∼
∼∼∼

𝜏𝜏𝑞𝑞
𝜏𝜏

 

𝜏𝜏𝑞𝑞
𝜏𝜏𝑞𝑞
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∼
 

𝜏𝜏𝑞𝑞

𝜏𝜏𝑞𝑞
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𝑑𝑑

Luigi Malavolti

73



 

𝑑𝑑 = 𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆 ln (𝐼𝐼𝐴𝐴
′ 𝜎𝜎𝐵𝐵
𝐼𝐼𝐵𝐵′ 𝜎𝜎𝐴𝐴

+ 1) 
 

𝜆𝜆 𝐼𝐼𝐴𝐴′ 𝐼𝐼𝐵𝐵′ 𝜎𝜎𝐴𝐴
𝜎𝜎𝐵𝐵
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𝐻𝐻𝑧𝑧𝑧𝑧𝑧𝑧 = 𝐷𝐷[�̂�𝑆𝑧𝑧2 − 1
3𝑆𝑆(𝑆𝑆 + 1)]

�̂�𝑆𝑧𝑧
�̂�𝑆𝑧𝑧

 

∆𝑬𝑬 = 𝑫𝑫𝑺𝑺𝟐𝟐
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𝐹𝐹𝐹𝐹% = 𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹⁄
𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹+𝐴𝐴𝐶𝐶 𝜎𝜎𝐶𝐶⁄ +𝐴𝐴𝑂𝑂 𝜎𝜎𝑂𝑂⁄⁄

𝐶𝐶% = 𝐴𝐴𝐶𝐶 𝜎𝜎𝐶𝐶⁄
𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹+ 𝐴𝐴𝐶𝐶 𝜎𝜎𝐶𝐶⁄ + 𝐴𝐴𝑂𝑂 𝜎𝜎𝑂𝑂⁄⁄

𝑂𝑂% = 𝐴𝐴𝑂𝑂 𝜎𝜎𝑂𝑂⁄
𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹+ 𝐴𝐴𝐶𝐶 𝜎𝜎𝐶𝐶⁄ + 𝐴𝐴𝑂𝑂 𝜎𝜎𝑂𝑂⁄⁄
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ΔΔ 𝐴𝐴𝑂𝑂 𝐴𝐴𝐶𝐶 𝜎𝜎𝐹𝐹𝐹𝐹 𝜎𝜎𝑂𝑂 𝜎𝜎𝐶𝐶
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(𝐴𝐴𝐴𝐴𝐴𝐴 𝜎𝜎𝐴𝐴𝐴𝐴)⁄ (𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹)⁄⁄
𝐴𝐴𝐴𝐴𝐴𝐴 𝜎𝜎𝐴𝐴𝐴𝐴 𝐴𝐴𝐹𝐹𝐹𝐹

𝜎𝜎𝐹𝐹𝐹𝐹
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(𝐴𝐴𝐴𝐴𝐴𝐴 𝜎𝜎𝐴𝐴𝐴𝐴)⁄ (𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹)⁄⁄

(𝐴𝐴𝐴𝐴𝐴𝐴 𝜎𝜎𝐴𝐴𝐴𝐴)⁄ (𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹)⁄⁄
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(𝐴𝐴𝐴𝐴𝐴𝐴 𝜎𝜎𝐴𝐴𝐴𝐴)⁄ (𝐴𝐴𝐹𝐹𝐹𝐹 𝜎𝜎𝐹𝐹𝐹𝐹)⁄⁄
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|𝑆𝑆,𝑚𝑚𝑠𝑠⟩ |5, ±5⟩
|5, ±4⟩

|5, ±5⟩ |5, ±4⟩

|𝟓𝟓, ±𝟓𝟓⟩
|𝟓𝟓, ±𝟒𝟒⟩

Δ ± Δ ±
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Δ ± Δ ±

|5, ±5⟩
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𝐻𝐻 = �⃗�𝜎 ∙ 𝑆𝑆 + 𝑢𝑢

�⃗�𝜎 𝑆𝑆 𝑢𝑢
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